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ABSTRACT 

Estimation of Carbon Stock in Dry evergreen Montane Forest and Its Role in Climate 

Change Mitigation: The Case of Bale Mountains National Park. 

Aman Hoboro 

Addis Ababa University, 2015 

The role of forests in mitigating the effects of climate change depends on carbon 

sequestration potential of the vegetation. This research investigated carbon stock 

potential of vegetation type in a dry evergreen montane forest of Bale Mountains 

National Park. Moreover vegetation characterization was done before carbon stock 

was estimated from different carbon pools (above and below ground biomass, litter 

and soil). Systematic transect sampling method was used to measure all trees/shrubs 

with diameter at breast height ≥ 5cm for its diameter at breast height and height as 

well as representative samples for litter and soil was taken in the plot size of 10x20m. 

Regarding the vegetation cover, at the lower altitude the grasses are densely 

populated and associated with the domination of Juniperus procera tree species. The 

middle zone is characterized by mixed vegetation like Juniperus procer, Hagenia 

abyssinica, Hypericum revolutum and Myrsine melanophloeos trees population 

whereas the higher zone is dominated with Erica arborea species that associated with 

flat land rock and different grasses. The average total carbon stock density of the 

Park Forest was 181.98 t/ha of carbon where the litter biomass account 1.38t/ha, tree 

biomass account 57.91 t/ha and the soil account 122.69t/ha.  

 

 

Key words: Bale Mountains National Park, Carbon stock, Climate change Mitigation, 

Diameter at breast height and Dry evergreen montane forest. 
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  CHAPTER ONE 

INTRODUCTION 

1.1. Background 

One of the environmental issues of global concern today is the increase of carbon 

dioxide in the atmosphere and its potential effect on climate. Rise in global surface 

temperature is mainly related to increase in carbon dioxide concentration in the 

atmosphere (Petit et al., 1999). According to Samalca et al. (2009) and Wigley 

(1993), when the concentration of carbon dioxide gas in the atmosphere increases, the 

temperature of the earth’s surface is also expected to increase. At the end of 20th 

century global surface air temperature may increase by 1.4 0C to 5.8 0C (IPCC, 2001). 

The issue of global warming has resulted in investigation of innovative methods that 

can be used to minimize the atmospheric greenhouse gasses like carbon dioxide effect 

(IPCC, 2000 and 2007, Penman et al., 2003). Methods for capturing carbon dioxide 

are one of the primary global focuses, (IPCC, 2007). There are a number of 

techniques under investigation for sequestering carbon from the atmosphere. These 

include ocean sequestration, geologic sequestration and terrestrial sequestration 

(IPCC, 2000). 

Forests, which are terrestrial sequestration, play a critical role in the natural global 

carbon cycle by capturing carbon from the atmosphere through photosynthesis, 

converting that photosynthesized carbon to forest biomass, and emitting carbon back 

into the atmosphere during respiration and decomposition. They sequester and store 

more carbon than any terrestrial ecosystem i.e. they store more than 80% of all 

terrestrial aboveground carbon and more than 70% of all soil organic carbon (Jandl et 

al., 2006; Perschel et al., 2007 and Sundquist et al., 2008). The forests are a reservoir 
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of carbon (FAO, 2008) because they have a good capacity to stock carbon from the 

atmosphere (Ullah and Amin, 2012). 

Especially, undisturbed forest ecosystems are important global carbon sinks (Lorenz 

and Lal, 2009). International agreements on climate change recognized forests playing 

an important role in mitigating climate change by naturally taking carbon out of the 

atmosphere, thereby reducing the impact of CO2 emission (Perschel et al., 2007). As a 

result, forest ecosystems are regarded as the largest terrestrial carbon pool. Forests 

have an average biophysical mitigation potential of 5,380 Mt CO2/year until 2050 

(IPCC, 2007).  

Even though the role of forests in climate change mitigation is widely recognized, due 

to anthropogenic factors, the cover of natural forests like dry evergreen montane 

vegetation type of the county is reduced. One of the most important reason behind is 

the rapid deforestation rate in the country is the ever increasing human population 

growth. This rapid increase in human population is associated with a very high 

demand for agricultural and grazing lands, forest resources for firewood, charcoal, 

timber, construction, and many other purposes. Others like fire, inappropriate 

investment activities, and lack of viable land use policy have also been key factors for 

the rapid decline of forests in the country (Friis, 1992; Taye Bekele et al., 1999 and 

Haile Yineger et.al., 2008). 

The importance of the surrounding biodiversity of the forest to man and other 

organisms is immense and nearly impossible to quantify. It provides essential 

functions and services that directly impact life on earth. Besides providing food, 

medicines, clothes, construction materials, dyes etc., they play direct roles in the 

regulation and composition of atmospheric gases, regulation of the global climate, 

generation and maintenance of soils and nutrient recycling.  
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Carbon stock evaluation in different vegetation type helps for managing the forests 

sustainably from the economic and environmental points of view for the welfare of 

human society beside their aesthetic, spiritual, and recreational value.                                           

Therefore, this study was undertaken to estimate the carbon stock of dry evergreen 

montane vegetation type of Bale Mountains National Park. Estimation of the forest 

carbon storage have high importance as an information for the Park to attract the 

finances for its role in climate change mitigation and so to expand especial attention 

for its conservation. 

1.2. Statement of the problem 

Unprecedented land use conversion has led to rising levels of CO2 in the atmosphere 

(Perschel et al., 2007). The disturbances in the forest due to human influences lead to 

more carbon released into the atmosphere than the amount used by vegetation during 

photosynthesis (Brown, 2002). According to IPCC (2000), forests are a current focus 

for action since they play an important role in mitigating climate change by naturally 

taking carbon out of the atmosphere. Increasing the amount of trees and proper 

managing can potentially slow the accumulation of atmospheric carbon (Fearnside 

and Laurance, 2003 and 2004). Thus, it is widely recognized that large scale 

reductions in CO2 emissions are required to fairly strict limits on how much carbon 

absorbed so as to mitigate the climate change. 

According to FAO (1985), the major threats to the conservation of the Ethiopian 

vegetation are increasingly intensive use of forest lands for agriculture and livestock, 

need of fuel wood and construction materials, forest fires and human settlement. 

These major causes of forest destruction are very much interrelated and most are 

ultimately initiated by the rapid population growth in the country that led to a high 

demand for agricultural land. The dry evergreen montane vegetation type of Bale 
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Mountains National Park is degraded by the above mentioned anthropogenic factors. 

The degradation in forest has a number of consequences including reduction capacity 

for carbon sequestration, loss of biodiversity and instability of ecosystems, soil 

erosion and reduced availability of various wood and non-wood forest products and 

services (Alemu Mekonnen and Bluffstone, 2007). 

Since Ethiopia is climate change vulnerable country, the government of Ethiopia has 

drafted Climate Resilient Green Economy in 2011 to achieve sustainable development 

by means of reconciling the environment, economic and social aspects. Keeping 

emissions constant by applying abatement measures in sectors such as forestry, 

agriculture and industry, becoming green economy frontrunner by investing into low 

carbon economy and reducing climate change vulnerabilities is the Climate Resilient 

Green Economy Strategic framework to achieve the middle income status by 2025 

(CRGE, 2011). The availability of accurate data on forest resources is an essential 

requirement for management and planning within the context of sustainable 

development (FAO, 2007).  

Carbon stock evaluation in forest helps for managing the forest sustainably from the 

ecological, economic and environmental points of view for the welfare of human 

society beside their aesthetic, spiritual and recreational value. Therefore, the aim of 

this study is to estimate the carbon stock of the dry evergreen montane vegetation type 

of Bale Mountains National Park in order to fill the gap created as a result of absence 

of data on the carbon stock estimation among different vegetation types. 
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1.3. Objectives of the Study 

1.3.1. General objective 

The overall purpose of the study is to estimate the carbon stock of the dry evergreen 

montane forest of Bale Mountains National park so as to examine its role in climate 

change mitigation. 

1.3.2. Specific objectives 

 To characterize the dry evergreen montane vegetation type of Bale 

Mountains National park, 

 To estimate the carbon storage of the forest by assessing above and below 

ground biomass, dead litter and soil organic carbon, 

 To determine the effect of altitudinal variation and aspect on carbon 

sequestration and biomass composition, 

 To provide baseline information for the future management of the Bale    

Mountains National Park forest for its role in climate change mitigation. 

1.4. Research questions 

To meet the above objectives, the study takes into consideration the following 

questions: 

 What are the dominant tree species in the park? 

 Which vegetation species sequestrate more carbon? 

 What is the potential of forest for carbon sequestration? 
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1.5. Significance of the study 

There is no detailed research work on dry evergreen montane forest of Bale 

Mountains National Park for its carbon sequestration potential rather than it’s serving 

as home for different fauna and flora species.  

Land use conversion and high population growth surrounding this forest area is 

associated with high demand for livestock grazing, illegal cutting for different 

purposes, harvesting for firewood and constructions result in degrading all carbon 

pools of the forest.  

 The country does not have carbon accumulation records and databank to monitor and 

enhance carbon sequestration potential in different forests. Thus, this study will 

provide base line information on dry evergreen montane forest type in terms of carbon 

sequestration that helps to increase the values of forest for climate change mitigation. 

1.6. Organization of the thesis 

The study has five chapters. Chapter one is an introductory part of the paper in which 

background to the research is briefly described and the problem to be researched is 

identified. Moreover, this chapter highlights the objectives and significance of the 

study. Chapter two reviews literature in which basic terms, relations and correlation of 

ideas related to the study has been conceptualized. The research methodology i.e. 

sampling techniques, research methods in data collection and analysis are discussed in 

chapter three. Chapter four is concerned with data presentation, analysis and 

interpretation while the last chapter, chapter five, deals with conclusion and 

recommendations of the study. 
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     CHAPTER TWO 

  LITERATURE REVIEW 

2.1. Dry Evergreen Montane Forest Ecosystem in Ethiopia 

Ethiopia is one of the countries in the world endowed with rich biological resources. 

One of these resources is natural vegetation where floristic and faunistic life forms 

dynamic ecosystems (Girma Balcha, 2002). As defined by Goldsmith et al. (1986), 

vegetation is an assemblage of plants growing together in a particular location and 

characterized either by its component species or by the combination of structural and 

functional characters that determine the appearance, or physiognomy of vegetation. 

The varied topography, the rift valley and the surrounding lowlands have given 

Ethiopia a wide spectrum of habitats and a large number of endemic plants and 

animals (EFAP, 1994; Demel Teketay, 1999; Zerihun Woldu, 1999). 

Plant Genetic Resources Center of Ethiopia (1996) reported that, the dry evergreen 

montane forest in the extreme north, characterized as the climate is much hotter and 

drier than further south on the plateau. The area receives an annual rainfall of 400 mm 

to 700 mm with an annual temperature between 180C and 200C. In the western and 

central parts (Gojam, Shewa, Wello and Tigray plateaus) the lower altitudinal limit is 

about 1,900 masl with an annual rainfall of 500 mm to 1,500 mm and annual 

temperature of 140C to180C. 

In the south and southeastern of the country (Sidama, Bale and Hararge) this forest 

type identified with the dominant tree in all cases is Juniperus procera, a tree well 

adapted to dry conditions. This zone, with a long history of sedentary cereal-based 

mixed agriculture is densely populated. 

The Bale Mountains National Park encompasses a broad range of habitats between 

1,500 and 4,377 m altitude. Altitudinal and associated climatic variations along Bale 
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Mountains have resulted in the formation of different distinct vegetation zones each of 

which has its own unique flora and fauna. The main sub-sections of the park which 

controls vegetation zonation includes Northern Gaysay area, which is characterized as 

woodlands, grassland, and swamp; Central peaks and Sannetti plateau area, which 

largely consists of Afroalpine vegetation and Southern Harenna area of dense forest 

that each section is demarcated by respective altitudes. 

The Northern Woodlands of vegetation zone occupies a narrow belt in the northern 

west, north and north east of the park and is a magnificent example of dry evergreen 

montane vegetation type. The upper limit is the tree line at 3,400 m, and the lower is 

the grasslands in flat valley bottoms at around 3,000 m. This zone is characterized on 

the ground cover by herbs and grasses are good and it is found on slopes that are 

relatively steep. The species that dominated in this vegetation zone are the Juniperus 

procera. Most Junipers are relatively small (15-20 m) tall. The species Hypericum 

revolutum, produces a dense bush growth at the lower edge of the woodlands, while at 

the upper tree line the species grows as a tall, slender tree to at least 5m. Extensive 

grass area occurs within the woodland especially on the steepest slopes (Hillman, 

1986; Yalden, 1983 and Williams, 2002). 

2.2. Forest carbon sequestration 

Forests cover about 31% of the earth’s land area, corresponding to about 4 billion 

hectares (FAO, 2011). According to Lorenz and Lal (2010), the smallest fraction has 

temperate forests, covering only 5%. Boreal forests cover about 11% and tropical 

forests 15%. More than half of the total forest area can be attributed to only five 

countries: Russia, Brazil, Canada, the United States of America and China (FAO, 

2011). 
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Deforestation declined from 16 million hectare per year in the 1990s to 13 million 

hectare per year from 2000 to 2010 (FAO, 2011), even though it is still exceeding 

afforestation efforts (IPCC, 2007b). Main deforestation activities occur in the tropical 

regions, while afforestation primarily takes place in the temperate and boreal zones. 

South America and Africa have the largest deforestation and lowest afforestation rate, 

losing 4 million hectare per year and 3.4 million hectare per year during 2000 to 2010, 

respectively. 

Since forests provide multiple environmental services, it is difficult to designate 

forests for one specific use. About 24% of all forests provide a multiple use, meaning 

that their management considers a combination of several environmental services, 

such as protection of soil and water, production of goods, provision of social services 

and conservation of biological diversity. Yet, forests (30%) are predominantly used 

for production of wood and other forest products, the remaining are mainly subject to 

one function (for instance, conservation of biodiversity) (FAO, 2010). 

Regarding the carbon stock of forests, not only the different forest biomes essentially 

impact the potential carbon storage, but also different management practices (Gorte, 

2009; Lorenz and Lal, 2010 and Dixon et al., 1994). The sequestered carbon is mainly 

bound as organic compounds in plant tissue, detritus (accumulating on the forest 

floor) and soil. It accumulates in the soil through root growth and as decomposition 

product of dead organic matter via microorganisms (Gorte, 2009). Though, the 

process of  carbon storage is dynamic as the amount of carbon that is converted into 

biomass and transferred to the detritus and soil pools varies with tree species, age, 

growth pattern and other local conditions (Gorte, 2009, Lorenz and Lal, 2010). In 

addition, temporal changes of the carbon stock depend on disturbances and stand 

development, including canopy cover and stand age. These factors cause significant 
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changes in the microenvironment, for instance the intensity of radiation, the amount 

of precipitation that reaches the forest floor. 

Forests present a paramount importance to the global carbon cycle since they store 

about half of the total terrestrial carbon. Boreal forests represent the greatest share in 

terrestrial carbon stock, containing 26%. Temperate forests account only for 7%, 

while the carbon stock in tropical forests amounts to 20% of the terrestrial carbon 

stock (Nieder and Benbi, 2008). As stated in the Global Forest Resource Assessment 

Report FAO (2010), the carbon stock in the world’s forest ecosystem amounts to 162 

t/ha in 2010, of which 45% were stored in forests soils, closely followed by biomass 

carbon stock with 44% of total forest  carbon stock. Dead wood and forest floor 

carbon constitute 11%. In forests, up to 80% of all aboveground carbon and 40% of 

all belowground carbon is stored (Dixon et al., 1994). The ratio of soil and biomass 

carbon varies between forest biomes. Temperate forests store two-thirds of total forest 

carbon in soils, while the soil carbon stock of boreal forests is 5 times higher than its 

biomass carbon stock. Tropical forests depict a one to one ratio of soil and biomass 

carbon pool (Dixon et al., 1994; FAO, 2010; Lorenz & Lal, 2010). 

2.3. Factors influencing forests carbon storage 

According to Tyrrell et al. (2012), carbon storage depends on the balance between 

photosynthesis, autotrophic respiration and heterotrophic respiration. These factors in 

turn are affected by the length of the growing season, fire, drought, wind and ice, 

insects, N, ozone, as well as forest management and land use. Also the interaction of 

those variables should not be disregarded, though they are poorly understood. 

A fire event leads to direct CO2 release to the atmosphere through combustion. 

Carbon is also lost due to increased decomposition rates of the burned area and 

reduced biomass of the regenerated area. In addition, depending on the frequency and 
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magnitude, fire outbreaks promote bigger areas of younger forests with lower carbon 

stocks. Drought events have a major influence on forest carbon storage since water is 

the predominant factor controlling tree growth as well as tree species distribution and 

therefore forest composition. Though, water limitation leads to a reduction of 

decomposition of soil carbon. Particularly wind storms affect forest succession phases 

(Tyrrell et al., 2012 and Lal, 2005). Generally, storms do not result in big carbon 

losses as long as the downed trees or branches remain on the ground (Jandl et al., 

2007). Hence, the biomass carbon pool decreases, while the dead wood carbon pool as 

well as the forest floor carbon stock increase. 

In nitrogen limited forest types, nitrogen deposition increases tree growth and carbon 

uptake as well as decreases CO2 emissions (Lal, 2005 and Jandl et al., 2007) due to 

declined soil respiration, at least in the short term (Tyrrell et al., 2012). As N becomes 

directly available, the demand for recalcitrant nitrogen forms is reduced and 

consequently, lowers the soil respiration (Bowden et al., 2000). In contrast, the 

fertilization effect of nitrogen on nitrogen limited forest sites is controlled by the 

specific site conditions (mainly soil processes). Thus, it does not necessarily lead to 

an increased carbon uptake, but could also decrease the soil carbon content when 

nitrogen additions cause root biomass to decline (Jandl et al., 2007). Moreover, high 

ozone levels diminish tree growth especially in conifers by injuring foliar, 

subsequently, reducing carbon sequestration. High ozone levels occur in areas with 

high levels of sun radiation and fossil fuel emissions (Tyrrell et al., 2012). 

In addition to those abiotic disturbances, insects, particularly defoliating insects, can 

alter the carbon sequestration rates in forests by increasing the mortality rate of with 

widespread defoliation. Though, increased litter fall and accompanied changes in 

Carbon: Nitrogen (C:N) ratio, photosynthesis and decomposition rate through 
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defoliation may affect nutrient cycling. Increased mortality result in a shift of carbon 

from biomass pool to dead wood pool as well as overall decreasing photosynthesis 

rates but increasing decomposition rates and consequently in a higher soil carbon 

stock. 

Finally, the forest management affects carbon sequestration and storage. Management 

for timber harvesting, for instance, includes various rotation phases where carbon is 

released at the initial phase and later on, sequestered again. Beyond the harvesting, the 

gained wood products still contain stored carbon. The turnover time, however, varies 

by product (Tyrrell et al., 2012). 

2.4. Climate Change Impacts on Forest Ecosystems 

Climate change will have both negative and positive effects on carbon sequestration in 

forests. They have to adapt to changes in mean temperature, combined with an 

atmospheric CO2 increase and precipitation as well as to an increased variability of 

conditions. In addition to this, they also have to adjust to extreme weather events such 

as droughts, storms and floods as well as their changed frequency and duration (Lindner 

et al., 2010). Since there are different climate change scenarios, the impact on forests 

might vary (IPCC, 2007a and Lindner et al., 2008). For instance, global temperature is 

predicted to increase within a range of 1.8°C to 4°C by 2100 compared to 1990. 

Furthermore, precipitation pattern will differ, depending on topography and vegetation. 

All in all, these changes and the kind of impact vary between seasons and regions and 

its different site conditions. 

In general, all these changes will affect the forest area extent, biodiversity comprising 

competition between species, health and vitality including resistance to pest and disease 

outbreaks, tree growth, productivity and changes in damage by natural disturbances 

such as fire or storms, and ecosystem services. However, boreal, temperate or tropical 
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forests show a different vulnerability (FAO, 2012; Lorenz and Lal, 2010 and Lindner et 

al., 2008). Climate change has the potential to transform entire vegetation systems, 

shifting vegetation distribution and composition (Stenseth et al., 2002). 

The management of forests must be an important element of any international 

agreement on climate change. Forest carbon flows comprise a significant part of overall 

global greenhouse gas emissions. While global forests as a whole may be a net sink 

global emissions from deforestation contribute between 20 and 25 percent of all 

greenhouse gas emissions (Sedjo and Sohngen, 2007; Skutsch et. al., 2007). The 

amount of global carbon pool in forest vegetation has been estimated at 359 Gt carbon, 

as compared to annual global carbon emissions from industrial sources of 

approximately 6.3 Gt C (IPCC, 2000). The potential impact of vegetation on climate 

change mitigation on the global carbon cycle of both natural and anthropogenic changes 

in vegetation is enormous. 

2.5. Key Assumptions in Carbon Sequestration 

There is a significant variability in the volume of carbon that is stored in a forest. The 

differences of these can appear by region of the country, the variety of tree species, 

and forestry activities. Many of the available carbon sequestration studies focus on 

specific areas or sites, which makes direct comparisons complex. The different land 

use practice at a site will affect the estimated volume of carbon. For instance, 

agricultural land and previously forested lands will typically have different initial 

levels of soil carbon and this will affect the volume of carbon sequestered 

subsequently (Gorte, 2009). 

Carbon dioxide (CO2) is the dominant greenhouse gas in the atmosphere. The 

increased atmospheric CO2 is attributable mostly to fossil fuel combustion and 

deforestation worldwide (Hamburg et al., 1997). Trees act as a sink for CO2 by fixing 
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carbon during photosynthesis and storing excess carbon as biomass. The net long term 

CO2 source/sink dynamics of forests change through time as trees grow, die and 

decay. In addition, human activities influences on forests can further affect CO2 

source/sink dynamics of forests through such factors as fossil fuel emissions and 

harvesting/utilization of biomass (Nowak and Crane, 2002). As the tree biomass 

experience growth, the carbon held by the plant also increases carbon storage. 

2.6. Carbon sequestration measuring methods 

Carbon sequestration is the process or mechanisms of capturing and securely storing 

carbon dioxide (greenhouse gas) from the atmosphere. Concern about global warming 

has resulted in investigation of innovative methods that can be used for ameliorating 

greenhouse gasses effect (IPCC, 2000; Penman et al., 2003, IPCC, 2007). Methods 

for capturing carbon dioxide are one of the primary global focuses, (IPCC, 2007). 

There are a number of techniques under investigation for sequestering carbon from 

the atmosphere. These include ocean sequestration where-by carbon is stored in the 

oceans through direct injection or fertilization, geologic sequestration in which natural 

pore spaces in geologic formations serve as reservoirs for long-term carbon dioxide 

storage, and terrestrial sequestration where by a large amount of carbon is stored in 

soil and vegetation (IPCC, 2000). 

There is an increasing interest in estimating forest biomass for both practical forestry 

issues and scientific purposes. Biomass estimates are critical for studying the 

ecosystem structure and function and provide the means for assessing the forest 

productivity, regeneration, decomposition, and fire effects. As an environmental issue 

of global concern, the estimates of biomass will directly help to predict the increase of 

carbon dioxide in the atmosphere. The carbon content of vegetation is surprisingly 

constant across a wide variety of tissue types and species. Carbon content of biomass 
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is almost always found to be between 45 and 50% (by oven-dry mass). In many 

applications, the carbon content of vegetation may be estimated by simply taking a 

fraction of the biomass, determined carbon content by mass equal to oven-dry 

biomass multiply by forest region type of conversion factor (in this case 0.47 or 0.5) 

for tropical forest (IPCC, 2000). 

Based on the IPCC (2006) report, there are several carbon pools of terrestrial 

ecosystem involving biomass, namely the above-ground biomass, below-ground 

biomass, the dead mass of litter and soil organic matter. The carbon dioxide fixed by 

plants during photosynthesis is transferred across the different carbon pools. 

2.6.1. Carbon in Above-ground biomass (CAGB) 

The AGB carbon pool consists of all living vegetation above the soil, inclusive of 

stems, stumps, branches, bark, seeds and foliage. It is the most important and visible 

carbon pool of the terrestrial forest ecosystem (Ravindranath, NH and Ostwald M, 

2008). In aboveground biomass, the tree species composition is an important factor 

for the carbon sequestration potential.  Forests with a mixed-species stand proposed 

that they contain more carbon than single species stands. On the one hand, an 

explanation would be that in a mixed species stand, the characteristics of the tree 

species complement each other enabling the stand at a whole to be more efficient in 

resource use. On the other hand this effect can be explained by a facilitation effect 

between different species. According to this, one species might increase the nutrient 

availability for others due to its relatively nutrient rich litter (Tyrrell et al., 2012). 

The most comprehensive method to establish the biomass of this carbon pool is 

destructive sampling, where by vegetation is harvested, dried to a constant mass and 

the dry-to-wet biomass ratio established. Destructive sampling of trees, however, is 
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both expensive and somewhat counter-productive in the context of promoting carbon 

sequestration (Aleves et al., 1997). 

Two further approaches for estimating the biomass density of tree and biomass exist 

are more commonly applied. The first directly estimates biomass density through 

biomass regression equations. The second convert’s wood volume estimates to 

biomass density using biomass expansion factors (Brown, 1997).Where stand tables 

of all trees in a particular diameter class are available; the biomass per average tree of 

each diameter class of the stand table can be estimated through biomass regression 

equations, also called allometric equations. Alternatively, the results of direct 

sampling of tree diameter in the area of interest can be used in these regression 

equations. The total biomass of the forest stand is then derived from the average tree 

biomass multiplied by the number of trees in the class, summed across all classes. In 

both tropical and temperate forests, such diameter measurements explain more than 

95% of the variation in tree biomass (Brown, 2002). 

There are a number of databases and publications that present default regression 

equations, stratified by rainfall regime and region (Brown, 1997; FAO, 1997 and 

Luckman, 1997). These default equations, based on a large sample of trees, are 

commonly applied as the generation of local allometric equations is often not feasible. 

However, the application of default equations will tend to reduce the accuracy of the 

biomass estimate. For instance, rainfall guides generally apply to lowland conditions. 

However, as elevation increases potential evapotranspiration decreases and the forest 

are wetter at a given rainfall: thus a regression equation applied to highland forest 

may give in accurate biomass estimates (Brown, 1997 and IPCC, 2003). 

Where information on the volume of wood stock exists: such as from commercial 

inventories, biomass density can be estimated by expanding the merchantable volume 
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of stock, net annual increment or wood removals, to account for biomass of the other 

above-ground components. To do this, either Biomass Expansion Factors (BEFs) or 

Biomass Conversion and Expansion Factors (BCEFs) are applied. BEFs expand dry 

wood stock volume to account for other, non-merchantable, components of the tree. 

To establish biomass the volume must also be converted to a weight by multiplication 

of the wood density as well as the BEF. In contrast, BCEFs used only a single 

multiplication to transform volume into biomass; this is useful where wood densities 

are not available. Default BEFs and BCEFs reported in the literature can be applied in 

forest carbon accounting. However, unless locally-specific equations exist to convert 

direct measurements of tree height and diameter to volume, regression equations to 

directly estimate biomass from tree diameter are preferable. Any changes in the land 

use system like forest degradation and deforestation has a direct impact on this 

component of the carbon pool (IPCC, 2003). 

2.6.2. Carbon in below ground biomass (CBGB) 

The belowground biomass which constitutes all the live roots plays an important role 

in the carbon cycle by transferring and storing carbon in the soil (Ravindranath, et al., 

2008). It is one of the most common descriptors of the relationship between root 

(below ground) and shoot (above ground) biomass is the root-to-shoot ratio, which 

has become the standard method for estimating root biomass from the more easily 

measured shoot biomass. Belowground biomass estimation is much more difficult and 

time consuming than estimating aboveground biomass. 

The BGB carbon pool consists of the biomass contained within live roots. As with 

AGB, although less data exists, regression equations from root biomass data have 

been formulated which predict root biomass based on above-ground biomass carbon 

(Cairns et al., 1997; Brown, 2002). According to 160 studies reviewed by Cairns et al. 
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(1997), covering tropical, temperate and boreal forests and find a mean root-to-shoot 

ratio of 0.26, ranging between 0.18 and 0.30. 

Although roots are believed to, depends on climate and soil characteristics (Brown & 

Lugo, 1982). Study conducted by Cairns et al. (1997) found that, root-to-shoot ratios 

were constant between latitude (tropical, temperate and boreal), soil texture (fine, 

medium and coarse), and tree-type (angiosperm and gymnosperm). As with AGB, the 

application of default root-to-shoot ratios represents a trade-off between costs of time, 

resources and accuracy. BGB can also be assessed locally by taking soil cores from 

which roots are extracted; the oven dry weight of these roots can be related to the 

cross-sectional area of the sample, and so to the BGB on a per area basis (MacDicken, 

1997). 

In general, the carbon allocation of trees to belowground biomass is lower than in 

aboveground biomass, but highest on dry sites, whereas the stand age shows no effect 

on the aboveground to belowground biomass proportion (Tyrrell et al., 2012). 

2.6.3. Carbon in Leaf litter (CLL) 

The leaf litter is defined as all dead organic surface material on top of the mineral soil. 

Dead wood with a diameter of less than 10 cm and greater than 2mm is included in 

the litter layer (Pearson et al., 2005). This pool comprises biomass in various states of 

decomposition prior to complete fragmentation and decomposition where it is 

transformed to SOM (FAO, 1997). 

The litter quantity and quality varies with tree species and hence for forest types 

(Lorenz and Lal 2010; Jandl et al., 2007; Currie et al., 2003). The decomposing of 

litter results in emission of CO2 to the atmosphere as well as in further distribution to 

the soil in form of organic compounds. Under given conditions of dryness and older 

stands, the litter carbon pool constitutes about 10% of the total carbon stock (Tyrrell 
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et al., 2012). Moreover, environmental changes such as alterations in tree species 

composition cause rapid changes in the forest floor layer. All in all, this pool is highly 

variable due to its rapid turnover times (Baritz et al., 2010 and Currie et al., 2003). 

2.6.4. Soil carbon (SC) 

The soil carbon stock accumulates depending on climatic conditions (precipitation), 

soil type, turnover rates of fine roots, leaching, decomposition rate as well as input 

rate of litter and SOM, perturbations (Raich and Nadelhoffer 1989 and Lal, 2005), and 

activity of arthropods (Lorenz and Lal 2010). Rapid decomposition of litter due to 

high arthropod activity can result in declining soil carbon stock and higher soil 

respiration rates. As part of the SOM the root mortality and decomposition varies with 

soil type and influences the soil carbon stock (Silver and Miya, 2001and Jandl et al., 

2007). 

Globally, the world’s soils store more carbon than is present in living biomass and the 

atmosphere combined (Jobbágy, E.G. and Jackson, R.B. 2000).The main source of 

carbon to soil stocks is plant litter, the decomposition of which is controlled by a 

mixture of physical, chemical, and biological processes (Liski, J., Perruchoud, D. and 

Karjalainen, T., 2002). Bacteria and fungi are the dominant biota responsible for 

decomposition, and are known to breakdown upwards of 90% of terrestrial plant 

biomass (McGuire, K.L. and Treseder, K.K., 2010). 

Soil carbon includes carbon in both mineral and organic matter is a major reserve of 

terrestrial carbon. Inorganic forms of carbon are also found in soils in form of 

carbonate minerals. However, forest management has greater impact on organic 

carbon and so inorganic carbon impacts are largely unaccounted (Lal and Bruce, 1999 

and IPCC, 2006). 
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According different soil carbon and soil carbon dynamics study results are showed 

that; soil organic carbon is influenced through land use and management activities 

that affect the litter input, and soil organic matter output rates. In soil carbon 

accounting, factors affecting the estimates include the depth to which carbon is 

accounted, commonly 30 cm, and the time lag until the equilibrium stock is reached 

after a land use change, commonly 20 years. In addition forest management impacts 

on soil carbon are highly variable; this is due to large differences in carbon impact, 

dependent on the site-specific ratio of mineral to organic soil types, uncertain carbon 

impacts of soil erosion, and long time periods of adjustment after land use changes 

(IPCC, 2006). 

Soil carbon is an important determinant of site fertility due to its role in maintaining 

soil physical and chemical properties such as aggregate stability, cation exchange and 

water holding capacity (Davidson et al., 2000). Soil stores 2 or 3 times more carbon 

than that which exists in the atmosphere as CO2 and 2.5 to 3.0 times as much as that 

stored in plants in the terrestrial ecosystem (Post et al., 1990 and Houghton et al., 

1996). Land-use and soil-management practices can significantly influence soil 

organic carbon (SOC) dynamics and carbon flux from the soil. So that as soil organic 

matter is a chief contributor to the carbon stocks of forests (Kumar et al., 2006) next 

only to the above-ground biomass soils is a major source of carbon emissions 

following deforestation. Spatially distributed estimates of SOC pools and flux are 

important requirements for understanding the role of soils in the global carbon cycle 

and for assessing potential biosphere responses to climatic change or variation 

(Schimel et al., 2000). 
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CHAPTER THREE 

    MATERIALS AND METHODS 

3.1. Description of the study area 

This study was conducted in Bale Mountains National Park located in south-central 

Ethiopia. Its 400 km away from the capital Addis Ababa in southeast, which is located 

in Bale Zone, Oromia Regional state.  The local boundary of the Bale Mountains 

National Park lies within five woredas: Adaba (west), Dinsho (north), Goba 

(northeast), Mana-Angetu (south) and Berbere (east). It covers about 2,200 square 

kilometers. It is administered under federal government by the Ethiopian Wildlife 

Conservation Authority (EWCA). The park area is encompassed within geographical 

coordinates of 6º29' – 7º10'N and 39º28' – 39º57'E and covers the largest area above 

3000 m.a.s.l. in Africa. It is home for a wealth variety of fauna and flora species. The 

study sites were located on altitude range of 3078m-3539m. The data collection in the 

study sites conducted from February 02 to March 12, 2015. 

3.1.1. Climate and rain fall 

The climate of Bale Mountains National Park is characterized by a high rainfall and 

periods of damp cloudy weather. The climatic year can be divided into three seasons: 

the dry, early wet and wet seasons. The dry season is usually from November to 

February. The early wet season lasts from March to June, and about two-thirds as 

much rain falls in this period, as in the wet season from July to October. The mean 

annual temperature of the area is ranging from 2.4 to 15.5°C. Precipitation for the area 

averages 1,219 mm annually and has a bimodal distribution pattern (Assefa et al., 

2010). 
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3.1.2. Vegetation 

Altitudinal and associated climatic variations along Bale Mountains have resulted in 

the formation of different distinct vegetation zones each of which has its own unique 

flora and fauna. The northern Gaysay area (where the present study conducted) 

characterized as woodlands, grassland, and swamp. 

The Northern Woodlands of vegetation zone (near Dinsho town) occupies a narrow 

belt in the northern west, north and north east of the park and is a magnificent 

example of dry evergreen montane forest type. The landscape of the northern Gaysay 

section extends from one mountain range to another with a central broad flat valley 

with an altitude ranging from 3000 and 3550masl. This zone is characterized on the 

ground cover by herbs and grasses are good and it is found on slopes that are 

relatively steep. The species that dominate in the northern woodlands of vegetation 

zone are the Juniperus procera and Hagenia abyssinica. The species Hypericum 

revolutum, produces a dense bush growth at the lower edge of the woodlands, while at 

the upper tree line the species grows as a tall, slender tree to at least 5 m. Extensive 

grass area occurs within the woodland especially on the steepest slopes (Hillman, 

1986, Yalden,1983 and  Williams, 2002). 

3.1.3. Soil 

The present topography of Bale Mountains National Park is a reflection of long term 

weathering processes originating from Oligocene lava outflows (Assefa et al., 2010), 

which have resulted in the loamy, fairly fertile, and low-density soil. According to 

Yineger et al. (2007), the soil type commonly associated with these volcanic sites are 

Mollic Andosol soils. 
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3.1.4. Land use and Agriculture 

Land use systems and human actions strongly influence the natural ecosystems 

(Redman, 1999). According to Foley et al. (2005), human population growth and 

development lead to the appropriation of extensive areas of land for settlement, 

agriculture, resource extraction and the infrastructure to support these activities, 

which in turn are responsible for habitat loss and fragmentation.  

People surrounding and within the park area are traditionally agro-pastoralists and 

small-scale subsistence farmers that cultivate wheat and barley as a dietary staple and 

cash crop. To a lesser extent, cattle, goats and sheep are kept by most households. 

During the months of cultivation, the livestock are moved into open areas within the 

surrounding Park where they graze until the end of harvest. Overall these activities of 

the farm land expansion and livestock grazing in this area may have strong impacts on 

ecosystem function and structure (Stephens et al., 2001). 

3.2. Sampling Techniques 

The vegetation data of the area were collected systematically from 10x20 (200m2) 

quadrants. In each quadrant there were five sub sample plots of 1m x 1m four at the 

corner and one at the center which was used to sample litter and soil (figure1). Plot 

locations were systematically selected at every 300m horizontally and 600m vertically 

by using GPS instrument, i.e., beginning from the bottom parts to the upper part of the 

study area. For each sampled plot the GPS coordinates were recorded as well as the 

altitude of each plot was recorded. The number of sample units taken for each 

sampled plot of litter and soil was forty five. 
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                   Figure 1: Sample Plot Design  

                    (Source: Pearson et al., 2005) 

3.3. Measurements in a plot 

3.3.1. Diameter at breast height measurement 

Diameter at breast height (DBH at 1.3 m) was measured for every individual 

tree/shrub having DBH ≥5cm using diameter tape in each sampled plots. The 

measurements of diameter at breast height were carried out as following;  

 If the tree is on a slope, the measurement of diameter at breast height was 

taken on the uphill side of the tree.  

 If the tree is forked at or below the diameter at breast height, measurements 

were taken just below the fork point.  

 If it is impossible to measure below the fork, diameters at breast height 

measurements were treated as two trees.  
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 A tree with multiple stems at diameter at breast height, were treated as a single 

individual and diameter at breast height of the largest stem was taken (Pearson 

et al., 2005). The pictorial presentation on how the DBH measurement 

locations for irregular and normally shaped trees were given on figure 2 

below. 

 

Figure 2: DBH measurement locations for irregular and normally shaped trees 

(Source: Pearson et al., 2005). 

3.3.2. Tree height measurement 

Height of all trees/shrub having diameter at breast height ≥5cm in sample plots were 

measured using clinometer (Suunto PM-5) a vertical angle gauge that measures the 

slope from our eye to either the top or bottom of the tree. 

3.3.3. Species identification 

To estimate the above ground biomass all tree/shrub species encountered in each 

sample plot having diameter at breast height ≥ 5cm was recorded using vernacular or 

local names and representative samples were collected for species identification. To 

identify the plants fresh specimens were collected, pressed, dried and identified at the 
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National Herbarium of the Addis Ababa University using specimens in the Herbarium 

and Flora of Ethiopia and Eritrea. 

3.3.4. Leaf litter sampling 

Litter samples were collected in a 1m x 1m square sub-plot (figure 1) within the larger 

plot (10mx20m). A total of five sub-plots (four at corners and one in the center) were 

used for litter collection. In each plot, five samples of fine litter, including leaves, 

twinges, fruits/flowers, grasses and barks were collected and weighted on the field. 

Each sample was measured for wet weight while 100g of evenly mixed sub-samples 

were brought to laboratory to determine dry biomass and percentage of carbon. The 

total samples for laboratory analysis were forty five. 

Laboratory analysis: The 100 g of evenly mixed sub-sample wet weight was taken 

for laboratory and oven dried at 650C for 24 hour. The oven dried samples were 

grinded and 2 g sample was taken and placed in pre-weighted crucibles. Finally the 

crucibles with sample placed in the furnace at 5500C for one and half hour to ignite 

and cooled crucibles with ash were weighted to determine percentage of organic of 

carbon in the litter using the loss on ignition method according to (Allen et al., 1986). 

The detailed procedure of ashing method for litter carbon determination is described 

in appendices part of this paper.  

3.3.5. Soil sampling 

The soil samples for soil carbon and bulk density determination were collected as 

following; soil samples for carbon determination collected in the 1m × 1m sampling 

unit. For bulk density determination one soil sample from each quadrat was collected 

by 30cm depth core sampler auger. Exact locations of each plot were recorded using 

GPS. 
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Laboratory analysis: Five equal weight of the air dried soil sample from each sub-

samples were mixed homogenously and one hundred grams of soil samples were 

selected and brought to laboratory and placed in oven at 1050C overnight.  

Then carbon fraction of each homogenous sample was measured by using Walkley-

Black Method (the detailed procedure in the appendices part).  Finally the dry bulk 

density and the soil organic carbon per hectare were calculated on the basis of 

laboratory results.  

3.4.Carbon Estimation in different pools 

3.4.1. Above Ground Biomass (AGB) Carbon Estimation 

Above ground biomass of a tree comprises of the biomass of stem, branches, twigs 

and leaves. The selection of the appropriate allometric equation is crucial in 

estimating aboveground tree biomass. Bhishma et al. (2010) defined allometric 

equation as a statistical relationship between key characteristic dimension(s) of trees 

that are fairly easy to measure, such as DBH or height, and other properties that are 

more difficult to assess, such as aboveground biomass. They allow an estimate of 

quantities that are difficult or costly to measure on the basis of a single (or at most a 

few) measurement. 

There are different allometric equations that have been developed by many 

researchers to estimate the above ground biomass (Table 1). These equations are 

different depending on type of species, geographical locations, forest stand types, 

climate and others (Negi et al., 1988; Brown et al., 1989 and Baker et al., 2004). 

Therefore, the application of these equations to the study area was advantageous in 

view of cost and time. From the different available equations to estimate the above 

ground biomass, the model that was developed by Brown et al. (1989), is 

recommendable for the study site because the general criteria described by the author 
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fits with the study site and also literature revealed that this method is nondestructive 

and is most suitable method (Alves et al., 1997; Brown, 1997; Schroeder et al., 1997; 

FAO, 1997). The general equation used for estimation of Carbon in the Aboveground 

Biomass is given as: 

           –        (   )         (       )         

Where, Y = aboveground biomass and DBH is diameter at breast height. 

Table 1: Different literature suggested different models for above ground biomass 
estimation. 

S/No Equations precipitation   Forest type Source Specific
ation 

1 Y= e[-3.141 + 0.9719 * 

Ln(DBH*DBH*H)] 
1500 mm to 
4000 mm 

Wet forest Winrock 

(from Brown 

et al.,1989) 

 

 

5 to 130 
cm 
 

2 Y= 34.4703 -8.0671(DBH) 
+06589(DBH2) 

< 1 500 mm 
 

Dry forest Winrock 
(from Brown 
et al.,1989) 

> 5 cm 

3 Y = Ex {-1.996 + 2.32 * 
Ln(DBH) 

>900 mm 
 

Dry 
transition 
to moist 

FAO (1997) 
 

5 to 40 
cm 

4 Y = 0.2035 * DBH2.3196 900 to 1500 
mm 

Dry forest 
 

Brown 

(unpublishe

d) 

63 cm 

5 Y= 2.286 + 2.471 ln(DBH) 2078 mm Primary 
Forest 
 

Sierra et al. 
(2007) 

0.5 to 
198 cm 

6 Y= –2.322 + 2.422 ln(DBH) 2078 mm Secondary 
Forest 
 

Sierra et al. 
(2007) 

0.9 to 40 
cm 

7 Y= exp[–2.289 + 2.649*  
ln(DBH)-0.021(ln(DBH))2] 

>3500 mm Moist 
forest 

Brown 
(1997; IPCC 
2003) 

5 to 148 
cm 
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3.4.2. Below Ground Biomass (BGB) Carbon Estimation 

According to MacDicken (1997), standard method for estimation of below ground 

biomass was obtained as 20% of above ground tree biomass i.e., root-to-shoot ratio 

value of 1:5 is used. Similarly Pearson et al. (2005), described this method as it is 

more efficient and effective to apply a regression model to determine belowground 

biomass from knowledge of aboveground biomass. 

Thus, the equation developed by MacDicken (1997) to estimate below-ground 

biomass was used: 

                                      

Where, BGB is below ground biomass, AGB is above ground biomass, 0.2 is 

conversion factor (or 20% of AGB). 

Then the tree biomass was converted into carbon by multiplying the above ground 

tree biomass by 0.5 (MacDicken, 1997and Brown, 2002). 

Biomass carbon stock = Biomass x 0.5. 

Biomass carbon stock was then converted in to CO2 equivalent as follows: 

                                                

3.4.3. Estimation of Carbon Stocks in the Leaf Litter Biomass 

The litter layer is defined as all dead organic surface material on top of the mineral 

soil. Some of this material is still recognizable as dead leaves, twigs, dead grasses and 

small branches and some are unidentifiable decomposed fragments of organic 

material. In addition dead wood with a diameter of less than 10 cm is included in the 

litter layer. 

According to Pearson et al. (2005), estimation of the amount of biomass in the leaf 

litter can be calculated by: 
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Where: LHG = Litter, herbs and grass (biomass of litter t ha-1) 

A = size of the area in which litter were collected (ha); 

W sub-sample, dry = weight of the oven-dry sub-sample of litter taken to the 

         laboratory to determine moisture content (g), 

W sub-sample, fresh = weight of the fresh sub-sample of litter taken to the 

        laboratory to determine moisture content (g)  and 

W field = weight of wet field sample of litter sampled within an area of size 

1m2(g); 

The Carbon stocks in litter biomass (LHG) are calculated by multiplying LHG with 

the IPCC (2006), default carbon fraction (carbon fraction determined in the 

laboratory) which is calculated the following equation; 

                            

Where; 

           CL = total carbon stocks in the litter in t/ ha, 

           % C = carbon fraction determined in the laboratory. 

3.4.4. Soil carbon estimation 

To obtain an accurate inventory of organic carbon stocks in mineral or organic soil, 

three types of variables must be measured: (1) soil depth, (2) bulk density (calculated 

from the oven-dried weight of soil from a known volume of sampled material), and 

(3) the concentrations of organic carbon within the sample. For convenience and cost-

effectiveness, it is advised to sample at a constant depth, maintaining a constant 

sample volume rather than mass. In this study soil was sampled at constant depth of 

0.3m. 
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 Where: 

                  V = volume of the soil in the core sampler in cm3, 

                  h = the height of core sampler in cm, and 

                   r = the radius of core sampler in cm. 

Then the bulk density of a soil sample can be calculated as follows: 

                          
       

 
       

   Where; 

BD = bulk density of the soil sample g/cm3, 

Wav, dry = average air dry weight of soil sample per 10 m × 20 m quadrant, 

V = volume of the soil sample in the core sampler auger in cm3 (Pearson et al., 2005). 

Then, the carbon stock in soil can be calculated as follows: 

                                         

   Where; 

           SOC = Soil Organic Carbon stock per unit area (t/ha), 

            BD = soil bulk density (g/cm3), 

             D = the total depth at which the sample was taken (30 cm) and 

           %C = Carbon concentration (%) determined in the laboratory. 
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3.5. Total Carbon Stock Density 

The carbon stock density is calculated by summing the carbon stock densities of the 

individual carbon pools of the stratum using the (Pearson et al., 2005) formula. 

                                                      

   Where: 

             C density = Carbon stock density for all pools (t/ha) 

              CAGTB = Carbon in above -ground tree biomass (t/ha) 

              CBGB = Carbon in below-ground biomass (t/ha) 

  C Lit = Carbon in dead litter (t/ha) 

SOC = Soil organic carbon (t/ha) 

3.6. Data Analysis 

The collected data from the study area were organized and recorded on the excel data 

sheet. Moreover SPSS software version 20 was used to analyze DBH, height of each 

species, fresh weight, dry weight of litter and soil. Analysis of variance (one-way 

ANOVA) was used to determine statistically significant differences of carbon stocks 

along altitude and aspect for different carbon pools. Differences at the 0.05 level were 

reported as significant. 
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  CHAPTER FOUR  

RESULTS AND DISCUSSION 

4.1. Existing forest conditions and vegetation structure of the study area 

The exiting forest condition of the study area was classified by demarcation into three 

different classes based on altitude. The lower part of the forest (park) area, grasses are 

densely populated and associated with the domination of Juniperus procera tree 

species. The middle zone of forest area is characterized by mixed tree species like 

Juniperus procera, Hagenia abyssinica, Hypericum revolutum and Myrsine 

melanophloeos where relative to the rest of tree species found in this area more 

number of stems counted for the Myrsine melanophloeos species in this zone. 

Whereas the higher zone (top area) is characterized by the domination of Erica 

arborea species with few Hypericum revolutum species associated with flat land rock 

and different grasses. 

The number and types of tree/shrub vary from place to place based on the plot laid 

where some tree species recorded in some plots with different altitude and there are 

also no trees/shrubs were found where the land is covered with different types of 

grasses.  Based on species composition of the study area the highest density was 

recorded for  Juniperus procera species with 30.3% of the sampled area and Myrsine 

melanophloeos as the next dominant tree species which accounted for 22% (Annex 1 

and Figure 3). Hypericum revolutum, which found relatively at the middle altitude of 

the study area, was the third abundant species with 18.8% of the sampled area. Erica 

arborea was the fourth abundant species with 17.4% and fifth was Hagenia 

abyssinica with the amount of 10.3% and the least one among the species was Rosa 

abyssinica in which (DBH ≥5cm) was 0.9%. 
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                       Figure 3: Graphical Representation of Species in the sampled Plots 
 

4.2. Diameter at breast height and Height distribution of trees 

The DBH (diameter at breast height) and height of tree species were categorized into 

seven classes as follows: (5-10cm,>10-20cm,>20-40cm,>40-60cm,>60-80cm,>80-

100cm and >100cm) and (<5m,5-10m,>10-15m,>15-20m,>20-25m,>25-30m and 

>30m) respectively. Within the seven categories of diameter at the breast height 

classes, in the third class category (>20-40cm) as shown on figure 4 had the highest 

density of tree species with 30.3% followed by the second class category (>10-20cm) 

which accounts about 28.6%. Whereas the lowest number of tree species found within 

diameter at breast height classes of seventh (>100cm) with the amount of 1.1%. 



 
 

 
35 

 

Regarding the comparison of diameter at breast height by tree/shrubs species 

Juniperus procera was represented by highest diameter at breast height classes in the 

seventh class (>100cm) which were found in the Northeast, Northwest, South and 

West part of the study area and relatively maximum number of this tree species found 

in the Southeast which decreases from the lower part to the middle part of the study 

area which accounts 6.2% of the total number ( Annex 2) also this tree species have 

the minimum value in the first DBH class category (5-10cm). The Hagenia abyssinica 

tree species was represented with minimum tree density in the second DBH class 

(>10-20cm) and the maximum density in the seventh class category (>100cm). The 

density of this tree species found in the Northwest part of the study area (3.1%) of the 

total number.  Both Hypericum revolutum and Myrsine melanophloeos trees species 

DBH class category were found in the minimum range in the first class (5-10cm) 

whereas the maximum class found in the fourth class (>40-60cm) for Myrsine 

melanophloeos and fifth (>60-80cm) class for Hypericum revolutum while the density 

of both the tree species accumulated in the South. Another characteristic of these two 

tree species is that they mostly found in the middle altitude of the study area.  In the 

case of Rosa abyssinica both minimum and maximum DBH class category fall under 

the second class (>10-20cm) while Erica arborea tree species the DBH class category 

fall in the first class for minimum value and maximum value in the second class (5-

10cm and >10-20cm) respectively. The maximum number of this tree species found 

in the Northern part of the study area with the amount of 7%. As a general speaking, 

all the tree species in the study area have different minimum and maximum DBH 

class categories which indicate there is the natural regeneration of tree/shrub species 

in the area. 
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                 Figure 4: Diameter at breast height distributions of trees species 

As the same way in the diameter at breast height classes the height classes categorized 

into seven classes, of which the highest density of trees per hectare found in the third 

class (>10 - 15m) as shown on figure 5 which accounts about 27.1% followed by the 

first class (<5cm) with 25.2% while the least density of tree species found in the last 

(seventh) class of height categories (>30m) which was 1.8% only. 
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                                Figure 5: Height distributions of trees species 

Based on the tree/shrub species type with their aspects in the study area Erica arborea 

height classes fall under the first and second classes categories where the maximum 

height was less than ten meters in which the maximum number of tree found in the 

Northern  part (7%) of the total number of the species. In the case of Hagenia 

abyssinica tree species the height class category lies in the second, third, fifth, sixth 

and seventh class categories where the maximum number of this tree found in the 

Northwest (3.1%) of the total number of species (Annex 3). For Hypericum revolutum 

tree species, the minimum and maximum height class was ranged from the first to 

fourth classes where maximum number of this tree species found in the Southern part 

of the study area with the percentage of 4.6%. In the case of Juniperus procera tree 

species, the minimum and maximum classes height found between the first to the last 

or the seventh (<5 to >30m) classes in which the maximum number of this tree 

species found in the Southeast part (6.2%) of the study area where the species 

characterized as the maximum number of the tree was found in the highest height 
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class (>30m). The minimum and maximum height classes for Myrsine melanophloeos 

tree species lies between the first and the fourth classes (<5m to 20m) where high 

density of this tree type found in the South part that account 4.8% of the  total number 

of the species. 

Generally speaking, there were distributions of trees/shrubs in all diameters at breast 

height and height classes. It indicates there is some natural regeneration of trees/shrub 

species in the study area. 

4.3. Above ground and below ground biomass 

Concerning biomass difference by tree species Juniperus procera occupied the 

highest among the existing tree species with the total above ground biomass of 

397.34t/ha where the minimum and maximum values are 0.0099-13.65 tone per tree 

with the mean value of 1.22tone per tree (Figure 6 and Annex 4). The second highest 

total above ground biomass was recorded for Hagenia abyssinica and Hypericum 

revolutum that had moderate total above ground biomass with values of 82.1 and 

61.14t/ha respectively Whereas Erica arborea and Rosa abyssinica have least 

biomass with the values of 2.69 and 0.78 t/ha respectively (Table 2). This indicates us 

that among the species/shrubs Juniperus procera sequestered highest carbon per trees 

while the rest of tree/shrub did the least, due to direct relationship between biomass 

and carbon sequestration potential. Thus, the conservation of the existing the natural 

trees which have more biomass plays significant role in reducing concentration of 

carbon dioxide in the atmosphere which is the major cause of  global warming than 

those which sequestered. Regarding the below ground biomass, the minimum and 

maximum below ground biomass of the species shows as the same trend in the above 

ground biomass since the below ground  biomass depends on the above ground 

biomass. 
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Table 2: Above and below ground biomass with their carbon stock of tree/shrubs 
species in (t/ha) 

Scientific name Family TAGB TBGB TB TAGBC TBGC    TC 

Juniperu procera     
    Hochst.exEndl. 

Cuperssaceae 397.3 79.5 476.8 198.7 39.7 238.4 
 

Hagenia abyssinica  
    (Brace)JF.Gmel. 

Rosaceae 82.1 16.4 98.5 41.0 8.2 49.2 

Myrsine melanophloeos  
    (L)R.Br 

Myrsinaceae 35.15 7.03 42.18 17.6 3.5 21.1 

Hypericum revolutum    
    Vahl 

Hypericaceae 61.14 12.13 73.27 30.6 6.1 36.7 

Rosa abyssinica Lindley Rosaceae 0.78 0.16 0.94 0.39 0.08 0.47 

Erica arborea L. 
 

Ericaceae 2.69 0.54 3.23 1.34 0.27 1.61 

  Average 96.53 19.29 115.8 48.27 9.64 57.91 
 

  Total 579.16 115.76 694.9 289.63 57.85 347.48 
 

 

The average of above ground biomass of the present study were 96.53 t/ha(Table 2) 

which was greater than the previous study like (Habtemu Agonafir, 2012) in the 

Gullele Botanical Garden where the mean above ground biomass was 34.21 t/ha. 

As cited in different literature the global above ground biomass in tropical dry and 

wet forests ranged between 30-273 t/ha and 213-1173 t/ha respectively (Murphy and 

Lugo, 1986). According to Weaver and Murphy (1990), the above ground biomass in 

tropical and subtropical forests in Puerto Rico ranged between 80 - 190 t/ha. The 

average above ground biomass reported in the present study was coincide with the 

value of the above mentioned global above ground biomass in the tropical dry forests 

however, it was less than the values recommended by IPCC for tropical dry forest 

130.00 t/ha (IPCC, 1997) and value of 101 t/ha of plant biomass for forests of 

Ethiopia (Brown, 1997). 
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Figure 6: Mean of above ground and below ground biomass per tree 

4.4. Carbon stock in different pools 

4.4.1. Carbon stock in the above ground biomass 

Among the most dominantly recorded tree/shrub species in the study area the 

Juniperus procera stored enormous density of above ground carbon with the mean of 

0.611 tone per tree which accounts for approximately 30.3% of the study area where 

the minimum and maximum values are ranged from 0.0049- 6.825 tone per tree. The 

lowest carbon was 0.0049tone per tree that recorded for 17%, 18.8%, 22.2% and 

30.3% of Erica arborea, Hypericum revolutum, Myrsine melanophloeos and 

Juniperus procera tree/shrub species respectively (Annex 4). 

Thus the maximum total carbon density of species were recorded for Juniperus 

procera tree species 198.7t/ha since the carbon stock density of the tree species 

depends on the above ground biomass of the tree. Alone this tree species accumulated 
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the total carbon with the amount of 238.4t/ha (Table 2).  The least carbon stock was 

0.39 t/ha recorded for the Rosa abyssinica species.  Moreover the total carbon density 

of the above ground biomass tree species of the study area was 289.63 t/ha with the 

total mean of 48.27t/ha. 

Since a trend of carbon dioxide in the above ground biomass is also the same as 

carbon in the above ground biomass, minimum carbon dioxide of 1.43t/ha while at 

maximum 729.23 t/ha in Rosa abyssinica and Juniperus procera respectively. Over 

all summations of carbon dioxide stock sequestered in the above ground biomass of 

the present study were 1062.94 t/ha. This shows us that significance of the Park Forest 

for its role in climate change mitigation. 

4.4.2. Carbon stock in below ground biomass 

The minimum below ground biomass carbon of the study area per tree/shrub species 

was 0.001tone per tree that recorded as 17%, 18.8%, 22.2% and 30.3% of Erica 

arborea, Hypericum revolutum, Myrsine melanophloeos, and Juniperus procera 

respectively (Annex 4). The maximum carbon stock was recorded as the same trend in 

the above ground biomass for Juniperus procera species with 39.7t/ha while the 

minimum carbon stock in below ground biomass was 0.08t/ha recorded in the Rosa 

abyssinica shrub species.   As the same trend in the above ground biomass carbon the 

total summation of the study regarding the below ground biomass carbon was 

57.85t/ha (Table 2). Accordingly the existing tree in the study area in addition to 

above ground biomass the below ground biomass was also captured significant 

amount of carbon in their roots. 

In general, the carbon allocation of trees to belowground biomass is lower than in 

aboveground biomass (Tyrrell et al., 2012). All in all trees in the study area were 
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played significant role by capturing 347.48t/ha and 1275.25t/ha carbon and carbon 

dioxide respectively. 

 
Figure 7: Carbon stocks distribution within DBH classes 

Regarding the carbon stock of the tree/shrub species in the diameter at breast height 

class distribution of the study area, the enormous density of carbon stock were found 

in the highest class categories of the species (>100cm) and the least carbon was 

reserved in the lowest (first class) of DBH class category (Figure 7). Generally, the 

tree species of the study area is characterized by higher carbon sequestered in the 

higher diameter at breast height class than the lower diameter at breast height class. 

4.4.3. Litter carbon stock 

From the result of laboratory analysis for litter carbon concentration of the sampled 

plot a minimum of 42.09% and maximum of 53.65% were found the study area in 

plot number 29 and 24 or plot code/type of T2G9 and T2G4 respectively. The mean 

litter carbon concentration in all sample plots of the study area was 46.89 % (see 

Annex 5). Accordingly these results were coincide with literature value which is 45 % 

to 50 % of dry weight of litter biomass is carbon (Chan, 1982 and IPCC, 2000). The 
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mean total carbon stock of litter biomass in the present  study  was 1.38 t/ha  with 

range 0.623 t/ha  to 2.253t/ha  while the mean litter carbon dioxide was 5.055ton/ha 

where the minimum and maximum litter carbon dioxide of the study area were 2.286 

ton/ha and 8.27 ton/ha respectively. These values were approximately near to the 

values cited in IPCC (2006), where carbon in dead litter pool was 2.1t/ha for tropical 

dry forests and 49 t/ha for moist boreal broad leaf forests and also the value of the 

present study was greater than the value found in Danaba community forest Bazezew 

at el. (2014), while the carbon in dead litter pool was ranged from 0.31 to 1.06 t/ha. 

Regarding the litter biomass, the minimum and maximum litter biomass were 

0.014t/ha and 0.043t/ha found in plot number 11 and 13 (plot code T1G4 and T1G6) 

with average of 0.029t/ha and the total sum of the litter biomass was in the present 

study was 1.32t/ha (Annex 5). However this value is less than the value reported by 

Brown and Lugo (1982), while annual litter fall in a tropical dry forest in Puerto Rico 

was 2.0 t/ha and also dead litter fall in tropical and sub-tropical forests in Puerto Rico 

ranged between 3.1- 8.61 t/ha (Weaver and Murphy, 1990). The reason behind small 

quantity of litter biomass in this study may be due to huge closed canopy of Juniperus 

procera which extended up to near ground making the growth of grasses and herbs 

unsuitable and also the vegetation type of the area is dry evergreen that contribute to 

the small litter falls. The carbon in dead litter biomass also the same trend as biomass. 

On the other hand, dead litter biomass in tropical forests range 2 -16 t/ha and its 

contribution to above ground biomass is less than 5% (Brown, 1997). Accordingly 

contribution of dead litter biomass for above ground biomass in the present study was 

around 0.23%. 
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4.4.4. Carbon stock in soil 

From the laboratory result, the soil organic carbon concentration ranged from 

minimum value of 2.94 % to a maximum of value of 7.14 % with the average value of 

5.319%. The average soil carbon stock of the study was 122.69t/ha whiles the 

minimum and maximum value was 59.34 t/ha and 200.85t/ha that were recorded in 

the plot code or type T1G5 and T2G1 (plot number 12 and 21). This indicates average 

carbon captured in the soil pool was relatively greater than the other pools (Annex 6). 

Thus, soil carbon pool of the present study sequestered an average carbon dioxide 

value of 450.28 t/ha where the minimum and maximum value ranged from 217.79 

t/ha to 707.11t/ha respectively. The above mentioned results of the present study were 

less than the Danaba Community Forest Bazezew at el. (2014), where the average soil 

organic carbon was 186.40 t/ha. The soil bulk density of the study area ranged from 

0.414g/cm3of minimum to 0.986 g/ cm3 of maximum value and 0.774g/cm3 value was 

record for the average soil bulk density. This value of bulk density was little bit 

greater than the Danaba Community Forest Bazezew at el. (2014), where the soil bulk 

density was ranged from 0.054 g/cm3 to 0.937 g/cm3. These variations may be due to 

the soil carbon stock accumulates depending on climatic conditions precipitation, soil 

type, turnover rates of fine roots, decomposition rate as well as input rate of litter and 

soil organic matter (Lal, 2005). 

4.5. Carbon stock in different pools along different altitudes and aspects 

4.5.1. Above and below ground carbon stocks along different altitudes 

Based on the altitude, the study area was classified as lower, middle and higher 

classes. As shown in table 3 the lower altitude parts of the vegetation is high in above 

ground biomass and carbon stock than the upper and middle altitude classes. The 

above ground biomass in the lower altitude was very high as compared to the middle 
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and upper/higher class where the values ranged 464.37t/ha,111.8t/ha and 2.97t/ha 

respectively. The same trend was observed in the case of below ground biomass. The 

total biomass which obtained from the sum of above ground and below ground 

biomass of the study area in the lower altitude was 557.24t/ha which account 

approximately 80.19% of the total biomass found in the lower class. Since the carbon 

stock depends on the above and below ground biomass the enormous density of 

carbon accumulated in the lower altitude class as the same trend in the above and 

below ground biomass. Accordingly the total carbon stock in the lower, middle and 

upper classes of altitude were 278.63t/ha, t/ha 67.08t/ha and 1.75t/ha respectively. 

The carbon stock in the above ground ad below ground biomass shows statistically 

significant at confidence of 95% interval (α=0.05) of (F=41.315, P=0.005) (Table 6) 

which indicates that the above and below ground biomass and their carbon stock of 

the forest is affected by the altitudinal gradients. The trend is as increasing of altitude 

the biomass and carbon stock decrease. 

Table 3: Biomass and carbon stock in above and below ground biomass along 
altitudinal gradient 

Altitude 
Class 
 

Altitude 
Range 
(m a. s. l) 

AGB 
(t/ha) 

BGB 
(t/ha) 

TB 
(t/ha) 

AGC 
(t/ha) 

BGC 
(t/ha) 

TC 
(t/ha) 

        
Lower 3078-3231 464.37 92.87 557.24 232.19 46.44 278.63 

Middle 3232-3385 111.8 22.34 134.14 55. 9 11.18 67.08 

Higher 3386-3539 2.97 0.59 3.56 1.45 0. 3 1.75 

        
Where: AGB: Above ground biomass: BGB Below ground biomass; TB: Total 
biomass AGC: Above ground carbon; BGC: Below ground carbon; TC: Total carbon. 
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The result of the present study with the above and below ground tree/shrub biomass 

and its carbon stock decline with an increase in altitude coincide with different 

literatures that have been reported in many studies in other parts of the world (Luo et 

al., 2005, Leuschner et al., 2007; Moser et al., 2007 and Zhu et al., 2011). The lower 

altitude of the present study is also characterized by the domination of Juniperus 

procera tree species that may result in the higher accumulation of carbon density than 

the other classes due to its larger diameter at breast height in the lower altitude range. 

4.5.2. Above and below ground carbon stocks along different 

aspects 

Aspect plays significant role in affecting the carbon stocks of different pools through 

which the direction of the plots were found to determine the direction of the highest 

and lowest carbon stocks is found in the study forest. Accordingly the highest above 

ground carbon stock of the present study accumulated in the Northeast part of the 

study area whereas the lowest aboveground carbon stock was found in the East part 

with 59.21t/ha and 6.57t/ha respectively. Similar trend was observed for below 

ground carbon stocks with the highest value in the Northeast direction with 11.84t/ha 

and the lowest in the East part with the value of 1.31t/ha (Annex 7 and Table 4).  The 

aspect plays significant role on the carbon stock of the study area since the confidence 

interval at (α=0.05) was at (F=8.475, P=0.000) (Table 6). 
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                    Table 4: carbon stock in different pools with different aspects 

Aspects AGC 

(t/ha) 

BGC 

(t/ha) 

LC 

(t/ha) 

SOC 

(t/ha) 

Total carbon 

Stock (t/ha) 

S 27.84 5.57 11.29 659.85 704.550 

SW 35.45 7.09 8.102 926.85 977.492 

SE 47.72 9.54 9.872 655.64 722.772 

E 6.57 1.31 4.36 472.82 485.060 

N 21.62 4.32 9.343 781.92 817.203 

NE 59.21 11.84 7.624 653.53 732.204 

NW 57.48 11.50 7.614 897.87 974.464 

W 33.68 6.74 5.156 472.67 518.246 

 

4.5.3. Carbon stock in litter and soil along different aspects 

Regarding to the litter carbon density with respect to aspect, the maximum carbon 

stock was accumulated on the south part followed by southeast part of the study area 

with 11.29t/ha and 9.872t/ha respectively and the least litter carbon stock found in the 

East direction of the study area with 4.36t/ha (Table 4). In the litter carbon pool there 

was a significance difference in carbon stock (F=3.532, P=0.005) of the forest at 95% 

confidence interval (α=0.05) which shows the litter biomass is affected by the 

differences of the aspects (Table 6). Generally the arrangement of litter carbon stocks 

of the present study from the lowest to the highest was as follows; 

East<West< Northwest<Northeast<Southwest<North<Southeast<South. 

The litter quantity and quality varies with tree species and hence for forest types 

(Lorenz and Lal, 2010). Forest growing on the southern aspects are generally exposed 

to various natural disturbances like wind fall. Thus, the presence of high wind fall on 

the southern aspects could probably be the cause for higher values of litter biomass 
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and carbon on the southern aspects. In addition, the absence of high decomposition 

rate of litter on southern aspects may contribute for the presence of high litter biomass 

and carbon than the other aspects (Sharma et al., 2011). Similarly in the present study, 

the litter carbon stocks were recorded higher values on the southern aspect than the 

other aspects. 

On the other hand soil organic carbon in different aspects, the soil carbon stocks in the 

present study were recorded higher value on the Southwest part than the other aspects.  

Accordingly the maximum carbon stock in the soil accumulated in the Southwest 

accounts followed by Northwest part of the study with 926.85t/ha and 897.87t/ha 

whereas the least soil carbon stock found on the West (472.67t/ha) part of the study 

area (Table 4). However, the differences were not very much significance at 95% 

confidence interval (F=1.871, P=0.103) of the forest at 95% in the soil carbon stock 

(Table 6). 

Thus arrangement of soil carbon stocks of the present study from the lowest to the 

highest was as follows; 

West<East<Northeast<Southeast<South<North<Northwest<Southwest. Generally the 

minimum and maximum total carbon stock of the present study along with respect to 

the aspects was recorded on the East and Southwest with 485.06t/ha and 977.49t/ha 

respectively. 

According to Sharma et al. (2011), reported that the higher amounts of soil carbon are 

available on cooler and moister Northern aspects. Despite of the fact that in most of 

the studies larger amount of soil organic carbon was found on the northern aspect, 

however, in the present study the higher amount of carbon stock was recorded on 

southwest aspect. This may be due to landscape pattern (many mountains chains and 
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also due to the several streams that join the Web River in the Southwest direction of 

the study area). 

4.5.4. Carbon stock in litter and soil along different altitudes 

The litter and soil carbon density did not show clear patterns along the altitudinal 

gradient and reached higher in middle altitude with the mean carbon density of 

1.71t/ha and 130.95t/ha respectively. In both litter and soil pools the lowest carbon 

density was recorded in lower altitude with the mean value of 1.29t/ha and118.17t/ha 

respectively (Table 5 and Annex 8). 

Table 5: Mean carbon stock (t/ha) in dead litter and soil pools along altitudinal 
gradient 

Altitude Classes Altitude Range 
(m.a.s.l) 

LC (t/ha) SOC(t/ha) TC(t/ha) 

Lower 3078-3231 1.29 118.17 119.45 

Middle 3232-3385 1.71 130.95 132.66 

Higher 3386-3539 1.26 124.42 125.68 
The litter carbon pool shows there was a significance difference at α=0.05(F=6.861, 

P=0.003).  However, in the case of soil carbon pool, the trend changed. There was no 

significance difference at α=0.05 (F=0.576, P= 0.566) soil organic carbon stocks 

(Table 6). Similar result was reported in Mt Changbai of China Zhu et al. (2011), 

indicating insignificant relation between the litter and soil carbon and with altitude in 

absence of clear pattern along the gradient. The absence of the clear pattern and 

peaked at the middle altitude in both litter and soil organic carbon densities of the 

present study may be due to the domination and huge canopy cover of Juniperus 

procera which affect in litter fall amount and rate of decomposition whereas the more 

peaked of litter and soil carbon density at the middle may be due to the presence of 

different tree/shrub species like Myrsine melanophloeos, Hagenia abyssinica and 
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Hypericum revolutum tree species  which are characterized in high fall of litter than 

Juniperus procera species. 

Table 6: Summarized values of significance for one-way ANOVA of both altitude and 

aspect gradient for AGC, BGC, LC and SOC stock 

          Variables  Carbon pools F-value  p-value  

           Altitude  

 

AGC 41.315 0.0005 

BGC 41.315 0.0001 

LC 6.861 0.003 

SOC 0.576 0.566 

            Aspect  AGC 8.475 0.000 

BGC 8.475 0.000 

LC 3.532 0.005 

SOC 1.871 0.103 

                  Where the values are significant at the p< 0.05 level 

4.6. Total Carbon Stock in different Pools 

The lowest carbon stock recorded in dead litter pool while the highest carbon stock 

found in the mineral soil pool. In addition to this the percentages of carbon in each 

pool were not uniform. Overall the averages of total carbon in different carbon pool 

were 181.98t/ha where 1.38t/ha counts for dead litters, 9.64t/ha for below ground 

carbon, 48.27 t/ha counts for above ground carbon (where 57.91 t/ha for tree) and 

122.69t/ha for mineral soil pool. 
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            Figure 8: Comparison of carbon stock in different pools 

Accordingly 67% carbon was found in the soil pool, 32% for trees (above round and 

below ground biomass carbon) and the least carbon found in the dead litter pool 

which accounts 1% only (Figure 8). Thus, the highest carbon stocks were captured in 

the mineral soil pool, which is in conformity with the already established knowledge 

of the maximum carbon was captured by soil carbon pool than any other pools of 

carbon. The present study shows that the total summations of average carbon stock in 

different carbon pools of the study was 181.98 t/ha while the equivalent average  

carbon dioxide was 667.87 t/ha which is playing significant role in the mitigation of 

climate change. 
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 CHAPTER FIVE 

 CONCLUSION AND RECOMMENDATIONS 

5.1. Conclusion 

The vegetation composition of the Park Forest is characterized by different tree 

species as the different altitudes. At the lower altitude the grasses are densely 

populated and associated with the domination of Juniperus procera plant species. The 

middle zone is characterized in mixed vegetation like Juniperus procera, Hagenia 

abyssinica, Hypericum revolutum,and Myrsine melanophloeos plants population 

whereas the higher zone is characterized as the domination of Erica arborea species 

associated with flat land rock and different grasses. 

The tree species found in park played a significant role in reducing carbon emission 

from the atmosphere though it varies on species specific and diameter at breast height 

size. Accordingly the Juniperus procera plant species reserved the highest biomass 

and carbon stock. 

The carbon stock of the Park Forest is determined by the environmental variables of 

altitudes and aspects. The biomass carbon stock shows that highest in the lower 

altitude and with increasing altitude the biomass carbon stock decline. Regarding 

biomass carbon stock with the aspect the highest carbon accumulated on the northeast 

and the lowest on the east part of the forest. Both the litter and soil carbon stock 

accumulated in the middle altitude in the absence of significance statistical difference 

in the case of soil carbon stock, whereas the highest carbon stock for litter found on 

the south and southwest for the soil. The total carbon stock was found to be higher on 

southwest part of the forest which could be attributed to the occurrence of moist 

climate and favorable environment on this aspect. 
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Moreover, among the different carbon pools the soil mineral is the most carbon 

reservoir areas and followed by above ground carbon pools while the least carbon 

stock was recorded for the litter biomass. Overall, the current established carbon stock 

in all pools is found to be an average value of 181.98 t/ha carbon by sequestering an 

average 667.87t/ha of carbon dioxide equivalents which is playing significant role in 

the mitigation of climate change. 

5.2. Recommendations 

 To sustain the contribution of forest in climate change mitigation there should be 

awareness creation for the community near by the Park Forest for further 

conservation. 

 In order to enhance the carbon stock of the forest there should be further planting 

of indigenous trees and encouraging the rules of protections to reduce the forest 

park degradation. 

 The Park Forest has to be managed and conserved for its vegetation composition 

found in the area as well as for its carbon sequestration potential since the carbon 

stock of the forest is varies with species specific. 
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APPENDICES  

Annex 1. Species name, number of tree, minimum, maximum and mean DBH and 
height and percentage of species per plot in the study area 

Species name Statistical 
descriptions 

DBH 
(cm) 

Height 
(m) 

Erica arborea L. Number of tree 187 187 
Minimum 5.00 2.50 
Maximum 19.00 9.00 
Mean  5.954 2.887 
Std. Deviation 2.639 1.037 
% of Total number 17.4% 17.4% 

 
Hagenia abyssinica 
(Brace)JF.Gmel. 

Number of tree 110 110 
Minimum 14.50 6.00 
Maximum 108 40.00 
Mean 35.373 16.814 
Std. Deviation 16.248 5.143 
% of Total number 10.3% 10.3% 

 
Hypericum revolutum 
Vahl 

Number of tree 202 202 
Minimum 5.00 2.50 
Maximum 70.00 17.00 
Mean 22.629 9.50 
Std. Deviation 13.15 3.343 
% of Total umber 18.8% 18.8% 

 
Juniperus procera 
Hochst.exEndl. 

Number of tree 325 325 
  Minimum 5.00 3.00 

Maximum 150.00 38.00 
Mean 40.76 17.136 
Std. Deviation 25.36 6.966 
% of Total number 30.3% 30.3% 

 
Myrsine melanophloeos 
(L)R.Br 

Number of tree 238 238 
Minimum 5.00 3.00 
Maximum 46.00 18.00 
Mean 17.693 8.687 
Std. Deviation 8.70147 3.24815 
% of Total N 22.2% 22.2% 

Rosa abyssinica Lindley Number of tree 10 10 



 
 

 
67 

 

Minimum 15.00 8.80 
Maximum 20.00 17.00 

 Mean 16.20 10.66 
Std. Deviation 1.68655 2.779 
% of Total number 0.9% 0.9% 

 
Total Number of tree 1072 1072 

Minimum 5.00 2.50 
Maximum 150.00 40.00 
Mean 25.368 11.242 
Std. Deviation 20.858 7.0714 
% of Total N 100.0% 100.0% 

 

Annex 2. Diameter at breast height class distributions of tree/shrub with respect to 

Aspects. 

Species name Aspects  Minimum Maximum Mean Std.     
Deviation 

% Total 
Number 

Erica arborea L. N 5-10 5-10 1.0 0.0 7.0% 
S 5-10 5-10 1.0 0.0 1.9% 
E 5-10 5-10 1.0 0.0 2.2% 
SE 5-10 >10-20 1.23 0.429 2.1% 
SW 5-10 5-10 1.0 0.0 1.7% 
NW 5-10 >10-20 1.185 0.396 2.5% 
Total 5-10 >10-20 1.053 .22616 17.4% 

 
Hagenia 
abyssinica 
(Brace)JF.Gmel. 

S >20-40 >40-60 3.25 0.50 0.4% 
W >10-20 >40-60 2.89 0.583 1.7% 
SE >20-40 >60-80 3.64 .727 2.1% 
SW >10-20 >100 3.67 1.435 1.1% 
NE >10-20 >60-80 3.476 0.93 2.0% 
NW >10-20 >40-60 2.64 0.603 3.1% 
Total >10-20 >100 3.173 0.907 10.3% 

 
Hypericum 
revolutum Vahl 

N 5-10 >60-80 2.38 1.277 3.5% 
S 5-10 >20-40 2.37 0.727 4.6% 
E >10-20 >40-60 2.684 0.671 1.8% 
W 5-10 >20-40 2.33 0.707 0.8% 
SE >10-20 >20-40 2.455 0.51 2.1% 
SW 5-10 >60-80 2.57 1.207 2.0% 
NE >10-20 >40-60 3.0 0.679 1.3% 
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NW 5-10 >20-40 2.129 0.846 2.9% 
Total 5-10 >60-80 2.436 0.913 18.9% 

 
Juniperus 
procera 
Hochst.exEndl. 

N 5-10 >60-80 3.33 1.234 1.4% 
S 5-10 >100 2.905 1.284 3.9% 
E >10-20 >20-40 2.375 0.50 1.5% 
W 5-10 >100 3.471 1.619 3.2% 
SE >10-20 >80-100 3.288 1.13361 6.2% 
SW >10-20 >60-80 3.362 0.845 4.4% 
NE 5-10 >100 3.74 1.468 4.7% 
NW >10-20 >100 3.80 1.445 5.1% 
Total 5-10 >100 3.382 1.311 30.3% 

 
 
 

Myrsine 
melanophloeos 
(L)R.Br 

N 5-10 >40-60 2.33 0.674 4.2% 
S 5-10 >20-40 1.804 0.849 4.8% 
E 5-10 >20-40 2.129 0.619 2.9% 
W >10-20 >20-40 2.429 0.535 0.7% 
SE 5-10 >20-40 1.949 0.56 3.6% 
SW 5-10 >20-40 1.647 0.702 1.6% 
NE >10-20 >40-60 2.38 0.604 3.2% 
NW 5-10 >20-40 2.07 0.475 1.3% 
Total 5-10 >40-60 2.076 0.708 22.2% 

 
Rosa abyssinica 
Lindley 

S >10-20 >10-20 2.0 0.0 0.4% 
SW >10-20 >10-20 2.0 0.0 0.5% 
NW >10-20 >10-20 2.0 0.0 0.1% 
Total >10-20 >10-20 2.0 0.0 0.9% 

 
Total N 5-10 >60-80 1.849 1.103 16.1% 

S 5-10 >100 2.18 1.07 15.9% 
E 5-10 >40-60 1.99 0.814 8.4% 
W 5-10 >100 3.059 1.292 6.3% 
SE 5-10 >80-100 2.66 1.16 16.0% 
SW 5-10 >100 2.6 1.286 11.2% 
NE 5-10 >100 3.22 1.236 11.1% 
NW 5-10 >100 2.64 1.363 15.0% 
Total 5-10 >100 2.474 1.253 100.0% 
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Annex 3: Tree height classes with respect to Aspects. 

 
Species name Aspects Minimum Maximum Mean Std. 

Deviation 
%Total 
Number 

Erica arborea L. E <5 <5 1.0000 .00000 2.2% 
N <5 <5 1.0000 .00000 7.0% 
NW <5 5-10 1.1852 .39585 2.5% 
S <5 <5 1.0000 .00000 2.0% 
SE <5 5-10 1.0455 .21320 2.1% 
SW <5 <5 1.0000 .00000 1.7% 
Total <5 5-10 1.0321 .17670 17.4% 

 
 
Hagenia 
abyssinica 
(Brace)JF.Gmel. 

NE 5-10 >25-30 3.8095 .92839 2.0% 
NW 5-10 >20-25 3.2424 .75126 3.1% 
S >10-15 >20-25 4.0000 .81650 0.4% 
SE >10-15 >25-30 4.3636 .65795 2.1% 
SW >10-15 >25-30 4.1667 1.02986 1.1% 
W 5-10 >30 3.6667 1.23669 1.7% 
Total 5-10 >30 3.7727 .97359 10.3% 

 
Hypericum  
revrevolutum Vahl 

E 5-10 >10-15 2.7368 .45241 1.8% 
N <5 >15-20 1.9730 .86559 3.5% 
NE 5-10 >15-20 2.7857 .80178 1.3% 
NW <5 >15-20 2.1935 .79244 2.9% 
S <5 >10-15 2.2653 .67006 4.6% 
SE <5 >10-15 2.3636 .58109 2.1% 
SW <5 >10-15 2.2857 .90238 2.0% 
W <5 >10-15 2.2222 .66667 0.8% 
Total <5 >15-20 2.2921 .76545 18.8% 

 
Juniperus procera 
Hochst.exEndl. 

E 5-10 >15-20 2.6250 .61914 1.5% 
N <5 >20-25 3.6667 1.29099 1.4% 
NE <5 >30 3.9800 1.47759 4.7% 
NW 5-10 >30 4.3273 1.49139 5.1% 
S <5 >30 3.1429 1.24100 3.9% 
SE 5-10 >30 3.7727 1.17402 6.2% 
SW 5-10 >30 3.6809 1.25293 4.4% 
W <5 >30 4.1176 1.57181 3.2% 
Total <5 >30 3.7785 1.38783 30.3% 
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Myrsine 
melanophloeos 
(L)R.Br 

E <5 >10-15 2.1613 .45437 2.9% 
N <5 >10-15 2.0889 .59628 4.2% 
NE 5-10 >10-15 2.4412 .50399 3.2% 
NW <5 >10-15 2.2857 .61125 1.3% 
S <5 >10-15 1.8039 .84899 4.8% 
SE <5 >10-15 2.2308 .74203 3.6% 
SW <5 >10-15 1.7647 .83137 1.6% 
W 5-10 >15-20 2.8571 .89974 0.7% 
Total <5 >15-20 2.1218 .72177 22.2% 

 
Rosa abyssinica 
Lindley 

NW >15-20 >15-20 4.0000 .0000 0.1% 
S 5-10 5-10 2.0000 .0000 0.4% 
SW 5-10 >10-15 2.6000 .54772 0.5% 
Total 5-10 >15-20 2.5000 .70711 0.9% 

 
Total E <5 >15-20 2.0556 .79833 8.4% 

N <5 >20-25 1.7267 .99753 16.0% 
NE <5 >30 3.3697 1.29448 11.1% 
NW <5 >30 2.9876 1.54510 15.0% 
S <5 >30 2.2222 1.11555 16.0% 
SE <5 >30 2.9649 1.38009 16.0% 
SW <5 >30 2.7667 1.45944 11.2% 
W <5 >30 3.6176 1.47648 6.3% 
Total <5 >30 2.6390 1.40470 100.0% 
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Annex 4: The mean, minimum and maximum values of above and below ground 

biomass and their carbon stock of tree/shrubs species per plots 

 
Species 
name 

Field 
code 

Statistical 
description 

AGB 
(t/ha) 

AGC 
(t/ha) 

BGB 
(t/ha) 

BGC 
(t/ha) 

Ju
ni

pe
ru

s p
ro

ce
ra

 H
oc

hs
t.e

xE
nd

l. 
 

T1G1 Minimum .0617 .0309 0.012 0.006 
Maximum 2.6984 1.349 0.54 0.27 
Std. 
Deviation 

0.742 0.37 0.148 0.074 

Mean 1.072 0.536 0.214 0.107 
Sum 18.23 9.116 3.65 1.82 
% of Total N 1.6% 1.6% 1.6% 1.6% 

T1G10 Minimum 0.062 0.031 0.012 0.006 
Maximum 1.397 0.67 028 0.14 
Std. 
Deviation 

0.56 0.28 0.11 0.056 

Mean 0.754 0.377 0.15 0.0754 
Sum 6.03 3.015 1.2061 0.6030 
% of Total N 0.7% 0.7% 0.7% 0.7% 

T1G11 Minimum 0.137 0.068 0.027 0.0137 
Maximum 0.766 0.3830 0.1532 0.0766 
Std. 
Deviation 

0.281 0.14 0.056 0.028 

Mean 0.456 0.228 0.0912 0.0465 
Sum 1.8259 0.9129 .3652 0.1826 
% of Total N 0.4% 0.4% 0.4% 0.4% 

T1G12 Minimum 0.0617 0.0309 0.0123 0.0062 
Maximum 1.1654 0.5827 0.233 0.1165 
Std. 
Deviation 

0.347 0.174 0.069 0.035 

Mean 0.339 0.17 0.068 0.034 
Sum 5.09 2.54 1.0180 0.509 
% of Total N 1.4% 1.4% 1.4% 1.4% 

T1G13 Minimum 0.062 0.031 0.0123 0.0062 
Maximum 2.6984 1.349 0.5397 0.2698 
Std. 
Deviation 

0.899 0.45 0.18 0.09 

Mean 0.717 0.359 0.1435 0.072 
Sum 11.479 5.74 2.296 1.1479 
% of Total N 1.5% 1.5% 1.5% 1.5% 
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Ju
ni

pe
ru

s p
ro

ce
ra

 H
oc

hs
t.e

xE
nd

l. 

T1G2 Minimum 0.103 0.05 0.021 0.01 
Maximum 10.1212 5.0606 2.0242 1.0121 
Std. 
Deviation 

3.164 1.582 0.633 0.316 

Mean 1.737 0.869 0.3475 0.17373 
Sum 26.0592 13.0296 5.2118 2.6059 
% of Total N 1.4% 1.4% 1.4% 1.4% 

T1G3 Minimum 0.9551 0.4776 0.1910 0.0955 
Maximum 13.6497 6.8248 2.7299 1.3650 
Std. 
Deviation 

4.697 2.3485 0.939 0.4697 

Mean 4.564 2.282 0.9128 0.456 
Sum 27.383 13.692 5.477 2.738 
% of Total N 0.6% 0.6% 0.6% 0.6% 

T1G4 Minimum 0.766 0.383 0.1532 0.077 
Maximum 4.6455 2.3228 0.929 0.465 
Std. 
Deviation 

1.225 0.6126 0.245 0.123 

Mean 2.367 1.184 0.473 0.237 
Sum 23.672 11.836 4.734 2.367 
% of Total N 0.9% 0.9% 0.9% 0.9% 

T1G5 Minimum 0.0741 0.0370 0.0148 0.0074 
Maximum 4.4271 2.2135 0.8854 0.4427 
Std. 
Deviation 

1.274 0.637 0.255 0.1274 

Mean 0.956 0.478 0.191 0.096 
Sum 12.428 6.214 2.486 1.243 
% of Total N 1.2% 1.2% 1.2% 1.2% 

T1G6 Minimum 2.533 1.2663 0.5065 0.2533 
Maximum 4.1093 2.0547 0.8219 0.4109 
Std. 
Deviation 

0.6209 0.3105 0.124 0.062 

Mean 3.381 1.691 0.676 0.338 
Sum 16.9050 8.453 3.381 1.691 
% of Total N 0.5% 0.5% 0.5% 0.5% 

T1G8 Minimum 0.3252 0.1626 0.0650 0.0325 
Maximum 3.6061 1.8030 0.7212 0.3606 
Std. 
Deviation 

1.4927 0.746 0.299 0.149 

Mean 2.007 1.003 0.4013 0.2007 
Sum 10.0337 5.0169 2.0067 1.0034 
% of Total N 0.5% 0.5% 0.5% 0.5% 
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T1G9 Minimum 0.0617 0.0309 0.0123 0.0062 
Maximum 0.7660 0.3830 0.1532 0.0766 
Std. 
Deviation 

0.2636 0.1318 0.053 0.0264 

Mean 0.324831 0.16242 0.065 0.0325 
Sum 3.2483 1.6242 0.6497 0.3248 
% of Total N 0.9% 0.9% 0.9% 0.9% 

T1P1 Minimum 0.0617 0.0309 0.0123 0.0062 
Maximum 4.6455 2.3228 0.9291 0.4646 
Std. 
Deviation 

0.9163 0.4582 0.1832 0.0916 

Mean 0.7675 0.38377 0.154 0.0768 
Sum 19.9558 9.9779 3.9912 1.9956 
% of Total N 2.4% 2.4% 2.4% 2.4% 

T1P2 Minimum 0.0099 0.0049 0.002 0.001 
Maximum 4.1093 2.0547 .8219 0.4109 
Std. 
Deviation 

1.1598 0.5799 0.232 0.11599 

Mean 0.967 0.4835 0.193 0.0967 
Sum 15.4724 7.7362 3.0945 1.5472 
% of Total N 1.5% 1.5% 1.5% 1.5% 

T1P3 Minimum 0.01 0.0050 0.0020 0.001 
Maximum 2.8261 1.4131 0.5652 0.2826 

Ju
ni

pe
ru

s p
ro

ce
ra

 H
oc

hs
t.e

xE
nd

l. 

Std. 
Deviation 

0.864 0.432 0.1728 0.0864 

Mean 1.0837 0.54187 0.2168 0.10838 
Sum 16.2562 8.1281 3.2512 1.6256 
% of Total N 1.4% 1.4% 1.4% 1.4% 

T1P4 Minimum 0.766 0.383 0.1532 0.0766 
Maximum 3.5094 1.7547 0.7019 0.3509 
Std. 
Deviation 

1.119 0.5595 0.2238 0.1119 

Mean 2.257884 1.128942 0.452 0.2258 
Sum 22.5788 11.2894 4.5158 2.2579 
% of Total N 0.9% 0.9% 0.9% 0.9% 

T1P5 Minimum 0.0106 0.0053 0.0021 0.0011 
Maximum 9.3214 4.6607 1.8643 0.9321 
Std. 
Deviation 

2.5723 1.286 0.5145 0.2572 

Mean 1.8621 1.931 0.372 0.18621 
Sum 35.3798 17.6899 7.0760 3.5380 
% of Total N 1.8% 1.8% 1.8% 1.8% 
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T2G1 Minimum 0.0617 0.0309 0.0123 0.0062 
Maximum 2.6984 1.3492 0.5397 0.2698 
Std. 
Deviation 

0.8008 0.40042 0.16 0.080 

Mean 1.0464 0.5232 0.2093 0.1046 
Sum 12.5568 6.2784 2.5114 1.256 
% of Total N 1.1% 1.1% 1.1% 1.1% 

T2G11 Minimum 0.1367 0.0683 0.0273 0.0137 
Maximum 0.2446 0.1223 0.0489 0.0245 
Std. 
Deviation 

0.039 0.0195 0.0078 0.0039 

Mean 0.182 0.091 0.036 0.0182 
Sum 0.9090 0.4545 0.1818 0.0909 
% of Total N 0.5% 0.5% 0.5% 0.5% 

T2G12 Minimum 0.1191 0.0595 0.0238 0.0119 
Maximum 0.7660 0.3830 0.1532 0.0766 

Ju
ni

pe
ru

s p
ro

ce
ra

 H
oc

hs
t.e

xE
nd

l. 
 

 Std. 
Deviation 

0.2328 0.11639 0.0466 0.02328 

Mean 0.399 0.1995 0.08 0.0399 
Sum 3.9909 1.9954 0.7982 0.3991 
% of Total N 0.9% 0.9% 0.9% 0.9% 

T2G13 Minimum 0.0617 0.0309 0.0123 0.0062 
Maximum 1.9225 0.9612 0.3845 0.1922 
Std. 
Deviation 

0.74213 0.3711 0.1484 0.0742 

Mean 0.5672 0.2836 0.1134 0.0567 
Sum 5.1046 2.5523 1.0209 0.5105 
% of Total N 0.8% 0.8% 0.8% 0.8% 

T2G3 Minimum 0.0617 0.0309 0.0123 0.0062 
Maximum 0.3855 0.1927 0.0771 0.0385 
Std. 
Deviation 

0.10173 0.0509 0.0203 0.0102 

Mean 0.153635 0.0768 0.0307 0.0154 
Sum 2.4582 1.2291 0.4916 0.246 
% of Total N 1.5% 1.5% 1.5% 1.5% 

T2G4 Minimum 0.1027 0.0514 0.0205 0.0103 
Maximum 0.7660 0.3830 0.1532 0.0766 
Std. 
Deviation 

0.3134 0.1567 0.0627 0.0313 

Mean 0.4566 0.2283 0.091 0.0457 
Sum 2.2828 1.1414 0.4566 0.2283 
% of Total N 0.5% 0.5% 0.5% 0.5% 
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T2G5 Minimum 0.3252 0.1626 0.0650 0.0325 
Maximum 0.3855 0.1927 0.0771 0.0385 
Std. 
Deviation 

0.0426 0.0213 0.0085 0.00426 

Mean .355318 .177659 .07106 .035532 
Sum .7106 .3553 .1421 .0711 
% of Total N 0.2% 0.2% 0.2% 0.2% 

T2G6 Minimum .0106 .0053 .0021 .0011 
Maximum 2.6984 1.3492 .5397 .2698 
Std. 
Deviation 

.8106526 .4053263 .16213 .081065 

Mean .541077 .270539 .10821 .054108 

Ju
ni

pe
ru

s p
ro

ce
ra

 H
oc

hs
t.e

xE
nd

l 

Sum 7.0340 3.5170 1.4068 .7034 
% of Total N 1.2% 1.2% 1.2% 1.2% 

T2G9 Minimum .1191 .0595 .0238 .0119 
Maximum 1.2212 .6106 .2442 .1221 
Std. 
Deviation 

.4200354 .2100177 .08400 .042003 

Mean .479583 .239792 .09591 .047958 
Sum 2.8775 1.4387 .5755 .2877 
% of Total N 0.6% 0.6% 0.6% 0.6% 

T2P1 Minimum .3547 .1773 .0709 .0355 
Maximum 9.7172 4.8586 1.9434 .9717 
Std. 
Deviation 

3.106312 1.553156 .62126 .310631 

Mean 2.535537 1.267769 .50710 .253554 
Sum 38.0331 19.0165 7.6066 3.8033 
% of Total N 1.4% 1.4% 1.4% 1.4% 

T2P2 Minimum .6794 .3397 .1359 .0679 
Maximum 8.5546 4.2773 1.7109 .8555 
Std. 
Deviation 

2.427405 1.213702 .48548 .242740 

Mean 2.710436 1.355218 .54208 .271044 
Sum 27.1044 13.5522 5.4209 2.7104 
% of Total N 0.9% 0.9% 0.9% 0.9% 

T3G1 Minimum .1027 .0514 .0205 .0103 
Maximum 10.2851 5.1425 2.0570 1.0285 
Std. 
Deviation 

4.132246 2.066123 .82644 .413224 

Mean 3.117882 1.558941 .62357 .311788 
Sum 21.8252 10.9126 4.3650 2.1825 
% of Total N 0.7% 0.7% 0.7% 0.7% 
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T3G2 Minimum .0103 .0051 .0021 .0010 
Maximum .1367 .0683 .0273 .0137 
Std. 
Deviation 

.0663182 .0331591 .01326 .006631 

Mean .082666 .041333 .01653 .008267 
Sum .4133 .2067 .0827 .0413 
% of Total N 0.5% 0.5% 0.5% 0.5% 

Total Minimum .0099 .0049 .0020 .0010 
Maximum 13.6497 6.8248 2.7299 1.3650 
Std. 
Deviation 

1.847975 .9239878 .36959 .184797 

Mean 1.222550 .611275 .24451 .122255 
Sum 397.3288 198.6644 79.465 39.7329 
% of Total N 30.3% 30.3% 30.3% 30.3% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
77 

 

H
ag

en
ia

 a
by

ss
in

ic
a 

(B
ra

ce
)J

F.
G

m
el

. 
 

T1G11 Minimum .2204 .1102 .0441 .0220 
Maximum .8580 .4290 .1716 .0858 
Std. 
Deviation 

.3164721 .1582360 .06329 .031647 

Mean .542383 .271192 .10847 .054238 
Sum 2.1695 1.0848 .4339 .2170 
% of Total N 0.4% 0.4% 0.4% 0.4% 

T1G13 Minimum .4510 .2255 .0902 .0451 
Maximum 1.1654 .5827 .2331 .1165 
Std. 
Deviation 

.3264232 .1632116 .06528 .032642 

Mean .684065 .342032 .13681 .068406 
Sum 2.7363 1.3681 .5473 .2736 
% of Total N 0.4% 0.4% 0.4% 0.4% 

T1G2 Minimum .0617 .0309 .0123 .0062 
Maximum .1027 .0514 .0205 .0103 
Std. 
Deviation 

.0193529 .0096764 .00387 .001935 

Mean .075063 .037532 .01501 .007506 
Sum .3003 .1501 .0601 .0300 
% of Total N 0.4% 0.4% 0.4% 0.4% 

T1G3 Minimum .1367 .0683 .0273 .0137 
Maximum .8580 .4290 .1716 .0858 
Std. 
Deviation 

.3138449 .1569224 .06276 .031384 

Mean .412562 .206281 .08251 .041256 
Sum 1.6502 .8251 .3300 .1650 
% of Total N 0.4% 0.4% 0.4% 0.4% 

T1G4 Minimum .3252 .1626 .0650 .0325 
Maximum .3855 .1927 .0771 .0385 
Std. 
Deviation 

.0426373 .0213186 .00852 .004263 

Mean .355318 .177659 .07106 .035532 
Sum .7106 .3553 .1421 .0711 
% of Total N 0.2% 0.2% 0.2% 0.2% 

T1G5 Minimum .3855 .1927 .0771 .0385 
Maximum 2.5327 1.2663 .5065 .2533 
Std. 
Deviation 

.9182375 .4591188 .18364 .091823 

Mean 1.393219 .696609 .27864 .139322 
Sum 5.5729 2.7864 1.1146 .5573 
% of Total N 0.4% 0.4% 0.4% 0.4% 
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T1G6 Minimum .7220 .3610 .1444 .0722 
Maximum 2.2940 1.1470 .4588 .2294 
Std. 
Deviation 

.6084184 .3042092 .12168
37 

.060841
8 

Mean 1.121613 .560806 .22432
3 

.112161 

Sum 6.7297 3.3648 1.3459 .6730 
% of Total N 0.6% 0.6% 0.6% 0.6% 

T1G7 Minimum .3855 .1927 .0771 .0385 
Maximum 1.2784 .6392 .2557 .1278 
Std. 
Deviation 

.3881576 .1940788 .07763
15 

.038815
8 

Mean .837232 .418616 .16744
6 

.083723 

Sum 3.3489 1.6745 .6698 .3349 
% of Total N 0.4% 0.4% 0.4% 0.4% 

T1G8 Minimum .2701 .1351 .0540 .0270 
Maximum 1.0057 .5029 .2011 .1006 
Std. 
Deviation 

.2704962 .1352481 .05409
92 

.027049
6 

Mean .611145 .305572 .12222
9 

.061114 

Sum 4.8892 2.4446 .9778 .4889 
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 % of Total N 0.7% 0.7% 0.7% 0.7% 
T1G9 Minimum .1367 .0683 .0273 .0137 

Maximum .6794 .3397 .1359 .0679 
Std. 
Deviation 

.2127233 .1063616 .04254 .021272 

Mean .411823 .205912 .08236 .041182 
Sum 2.0591 1.0296 .4118 .2059 
% of Total N 0.5% 0.5% 0.5% 0.5% 

T1P1 Minimum .4510 .2255 .0902 .0451 
Maximum .6794 .3397 .1359 .0679 
Std. 
Deviation 

.1168760 .0584380 .02337 .011687 

Mean .550762 .275381 .11015 .055076 
Sum 1.6523 .8261 .3305 .1652 
% of Total N 0.3% 0.3% 0.3% 0.3% 

T1P4 Minimum .0617 .0309 .0123 .0062 
Maximum 2.7406 1.3703 .5481 .2741 
Std. 
Deviation 

.9925248 .4962624 .19850 .099252 
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Mean 1.127011 .563505 .22540 .112701 
Sum 10.1431 5.0715 2.0286 1.0143 
% of Total N 0.8% 0.8% 0.8% 0.8% 

T2G10 Minimum 1.5840 .7920 .3168 .1584 
Maximum 6.8486 3.4243 1.3697 .6849 
Std. 
Deviation 

2.090727 1.045363 .41814 .209072 

Mean 3.419376 1.709688 .68387 .341938 
Sum 17.0969 8.5484 3.4194 1.7097 
% of Total N 0.5% 0.5% 0.5% 0.5% 

T2G11 Minimum .1191 .0595 .0238 .0119 
Maximum .7660 .3830 .1532 .0766 
Std. 
Deviation 

.2545829 .1272914 .05091 .025458 

Mean .374314 .187157 .07486 .037431 
Sum 2.2459 1.1229 .4492 .2246 
% of Total N 0.6% 0.6% 0.6% 0.6% 

H
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T2G12 Minimum .1191 .0595 .0238 .0119 
Maximum .5593 .2796 .1119 .0559 
Std. 
Deviation 

.1597265 .0798633 .03194 .015972 

Mean .260159 .130080 .05203 .026016 
Sum 1.8211 .9106 .3642 .1821 
% of Total N 0.7% 0.7% 0.7% 0.7% 

T2G13 Minimum .0878 .0439 .0176 .0088 
Maximum 1.0057 .5029 .2011 .1006 
Std. 
Deviation 

.3380916 .1690458 .06761 .033809 

Mean .363334 .181667 .07266 .036333 
Sum 2.5433 1.2717 .5087 .2543 
% of Total N 0.7% 0.7% 0.7% 0.7% 

T2G9 Minimum .4510 .2255 .0902 .0451 
Maximum 3.6061 1.8030 .7212 .3606 
Std. 
Deviation 

1.259951 .6299755 .25199 .125995 

Mean 1.436038 .718019 .28720 .143604 
Sum 7.1802 3.5901 1.4360 .7180 
% of Total N 0.5% 0.5% 0.5% 0.5% 

T2P1 Minimum .0560 .0280 .0112 .0056 
Maximum .2323 .1162 .0465 .0232 
Std. 
Deviation 

.0618117 .0309059 .01236 .006181 
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Mean .110882 .055441 .02217 .011088 
Sum .9979 .4990 .1996 .0998 
% of Total N 0.8% 0.8% 0.8% 0.8% 

T2P2 Minimum .4176 .2088 .0835 .0418 
Maximum .9551 .4776 .1910 .0955 
Std. 
Deviation 

.2004834 .1002417 .04009 .020048 

Mean .650980 .325490 .13019 .065098 
Sum 3.9059 1.9529 .7812 .3906 
% of Total N 0.6% 0.6% 0.6% 0.6% 

T3G1 Minimum .2446 .1223 .0489 .0245 
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Maximum 1.1654 .5827 .2331 .1165 
Std. 
Deviation 

.3977604 .1988802 .07955 .039776 

Mean .645759 .322880 .12915 .064576 
Sum 2.5830 1.2915 .5166 .2583 
% of Total N 0.4% 0.4% 0.4% 0.4% 

T3G2 Minimum .2446 .1223 .0489 .0245 
Maximum .5980 .2990 .1196 .0598 
Std. 
Deviation 

.1501984 .0750992 .03003 .015019 

Mean .428465 .214232 .08569 .042846 
Sum 1.7139 .8569 .3428 .1714 
% of Total N 0.4% 0.4% 0.4% 0.4% 

Total Minimum .0560 .0280 .0112 .0056 
Maximum 6.8486 3.4243 1.3697 .6849 
Std. 
Deviation 

.9251094 .4625547 .18502 .092510 

Mean .745911 .372955 .14918 .074591 
Sum 82.0502 41.0251 16.410 8.2050 
% of Total N 10.3% 10.3% 10.3% 10.3% 
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T1G3 Minimum .1027 .0514 .0205 .0103 
Maximum .1975 .0987 .0395 .0197 
Std. 
Deviation 

.0669906 .0334953 .01339 .006699 

Mean .150116 .075058 .03002 .015012 
Sum .3002 .1501 .0600 .0300 
% of Total N 0.2% 0.2% 0.2% 0.2% 

T1G4 Minimum .0617 .0309 .0123 .0062 
Maximum .2204 .1102 .0441 .0220 
Std. 
Deviation 

.0803447 .0401724 .01606 .008034 

Mean .133720 .066860 .0267 .01337 
Sum .4012 .2006 .0802 .0401 
% of Total N 0.3% 0.3% 0.3% 0.3% 

T1G5 Minimum .0617 .0309 .0123 .0062 
Maximum .0617 .0309 .0123 .0062 
Std. 
Deviation 

0E-7 0E-7 0E-7 0E-7 

Mean .061716 .030858 .01234 .006172 
Sum .1851 .0926 .0370 .0185 
% of Total N 0.3% 0.3% 0.3% 0.3% 

T1G6 Minimum .0617 .0309 .0123 .0062 
Maximum .1759 .0880 .0352 .0176 
Std. 
Deviation 

.0418626 .0209313 .00837 .004186 

Mean .107076 .053538 .02141 .010708 
Sum 1.4991 .7495 .2998 .1499 
% of Total N 1.3% 1.3% 1.3% 1.3% 

T1G7 Minimum .0617 .0309 .0123 .0062 
Maximum .1367 .0683 .0273 .0137 
Std. 
Deviation 

.0252523 .0126261 .00505 .002525 

Mean .095419 .047709 .01908 .009542 
Sum 1.4313 .7156 .2863 .1431 
% of Total N 1.4% 1.4% 1.4% 1.4% 

T1G8 Minimum .0617 .0309 .0123 .0062 
Maximum .2204 .1102 .0441 .0220 
Std. 
Deviation 

.0669261 .0334630 .01338 .006692 

Mean .133061 .066531 .02661 .013306 
Sum .7984 .3992 .1597 .0798 
% of Total N 0.6% 0.6% 0.6% 0.6% 
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T1G9 Minimum .0617 .0309 .0123 .0062 
Maximum .1191 .0595 .0238 .0119 
Std. 
Deviation 

.0264071 .0132035 .00528 .002640 

Mean .082725 .041363 .01654 .008273 
Sum .6618 .3309 .1324 .0662 
% of Total N 0.7% 0.7% 0.7% 0.7% 

T2G10 Minimum .0106 .0053 .0021 .0011 
Maximum .2204 .1102 .0441 .0220 
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 Std. 
Deviation 

.0669669 .0334835 .01339 .006696 

Mean .076029 .038014 .01520 .007603 
Sum 1.0644 .5322 .2129 .1064 
% of Total N 1.3% 1.3% 1.3% 1.3% 

T2G2 Minimum .0617 .0309 .0123 .0062 
Maximum .9551 .4776 .1910 .0955 
Std. 
Deviation 

.3588549 .1794275 .07177 .035885 

Mean .421826 .210913 .08436 .042183 
Sum 5.4837 2.7419 1.0967 .5484 
% of Total N 1.2% 1.2% 1.2% 1.2% 

T2G3 Minimum .0617 .0309 .0123 .0062 
Maximum .0741 .0370 .0148 .0074 
Std. 
Deviation 

.0054497 .0027249 .00108 .000545 

Mean .064463 .032231 .01289 .006446 
Sum .5802 .2901 .1160 .0580 
% of Total N 0.8% 0.8% 0.8% 0.8% 

T2G4 Minimum .0098 .0049 .0020 .0010 
Maximum .6380 .3190 .1276 .0638 
Std. 
Deviation 

.2479601 .12398 .04959 .024796 

Mean .246586 .123293 .04931 .024659 
Sum 3.2056 1.6028 .6411 .3206 
% of Total N 1.2% 1.2% 1.2% 1.2% 

T2G5 Minimum .0617 .0309 .0123 .0062 
Maximum .4510 .2255 .0902 .0451 
Std. 
Deviation 

.1329491 .0664746 .02658 .013294 

Mean .216334 .108167 .04326 .021633 
Sum 3.0287 1.5143 .6057 .3029 
% of Total N 1.3% 1.3% 1.3% 1.3% 
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T2G6 Minimum .0098 .0049 .0020 .0010 
Maximum .0617 .0309 .0123 .0062 
Std. 
Deviation 

.0154886 .0077443 .00309 .001548 

Mean .015030 .007515 .00300 .001503 
Sum .1653 .0827 .0331 .0165 
% of Total N 1.0% 1.0% 1.0% 1.0% 

T2G7 Minimum .0617 .0309 .0123 .0062 
Maximum .3855 .1927 .0771 .0385 
Std. 
Deviation 

.1122498 .0561249 .02245 .011225 

Mean .177857 .088928 .03557 .017786 
Sum 3.2014 1.6007 .6403 .3201 
% of Total N 1.7% 1.7% 1.7% 1.7% 

T2G8 Minimum .0617 .0309 .0123 .0062 
Maximum 1.0576 .5288 .2115 .1058 
Std. 
Deviation 

.3070660 .1535330 .06141 .030706 

Mean .374279 .187139 .07485 .037428 
Sum 5.2399 2.6200 1.0480 .5240 
% of Total N 1.3% 1.3% 1.3% 1.3% 

T2G9 Minimum .0617 .0309 .0123 .0062 
Maximum .1367 .0683 .0273 .0137 
Std. 
Deviation 

.0305351 .0152675 .00610 .003053 

Mean .090223 .045111 .01804 .009022 
Sum .7218 .3609 .1444 .0722 
% of Total N 0.7% 0.7% 0.7% 0.7% 

T2P2 Minimum .0617 .0309 .0123 .0062 
Maximum .7220 .3610 .1444 .0722 
Std. 
Deviation 

.2816009 .1408005 .05632 .028160 

Mean .349972 .174986 .06999 .034997 
Sum 1.7499 .8749 .3500 .1750 
% of Total N 0.5% 0.5% 0.5% 0.5% 

T3G10 Minimum .0325 .0163 .0065 .0033 
Maximum .0507 .0253 .0101 .0051 

 

 

 



 
 

 
84 

 

M
yr

si
ne

 m
el

an
op

hl
oe

os
 (L

)R
.B

r 
 

 Std. 
Deviation 

.0128189 .0064094 .00256 .001281 

Mean .041611 .020806 .00832 .004161 
Sum .0832 .0416 .0166 .0083 
% of Total N 0.2% 0.2% 0.2% 0.2% 

T3G11 Minimum .0106 .0053 .0021 .0011 
Maximum .0197 .0098 .0039 .0020 
Std. 
Deviation 

.0048503 .0024251 .00097 .000485 

Mean .015522 .007761 .00310 .001552 
Sum .0621 .0310 .0124 .0062 
% of Total N 0.4% 0.4% 0.4% 0.4% 

T3G12 Minimum .0098 .0049 .0020 .0010 
Maximum .0098 .0049 .0020 .0010 
Std. 
Deviation 

0E-7 0E-7 0E-7 0E-7 

Mean .009788 .004894 .00195 .000979 
Sum .0294 .0147 .0059 .0029 
% of Total N 0.3% 0.3% 0.3% 0.3% 

T3G2 Minimum .0617 .0309 .0123 .0062 
Maximum .0617 .0309 .0123 .0062 
Std. 
Deviation 

0E-7 0E-7 0E-7 0E-7 

Mean .061716 .030858 .01234 .006172 
Sum .1234 .0617 .0247 .0123 
% of Total N 0.2% 0.2% 0.2% 0.2% 

T3G4 Minimum .0617 .0309 .0123 .0062 
Maximum .3855 .1927 .0771 .0385 
Std. 
Deviation 

.1121496 .0560748 .02242 .011215 

Mean .175548 .087774 .03511 .017555 
Sum 2.8088 1.4044 .5618 .2809 
% of Total N 1.5% 1.5% 1.5% 1.5% 

T3G5 Minimum .0098 .0049 .0020 .0010 
Maximum .1759 .0880 .0352 .0176 
Std. 
Deviation 

.0622195 .0311097 .01244 .006221 

Mean .065904 .032952 .01318 .006590 
Sum .9227 .4613 .1845 .0923 
% of Total N 1.3% 1.3% 1.3% 1.3% 

T3G6 Minimum .0098 .0049 .0020 .0010 
Maximum .1027 .0514 .0205 .0103 
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 Std. 
Deviation 

.0397094 .0198547 .00794 .003970 

Mean .035473 .017736 .00709 .003547 
Sum .4611 .2306 .0922 .0461 
% of Total N 1.2% 1.2% 1.2% 1.2% 

T3G7 Minimum .0197 .0098 .0039 .0020 
Maximum .1759 .0880 .0352 .0176 
Std. 
Deviation 

.0581743 .0290871 .01163 .005817 

Mean .088860 .044430 .01777 .008886 
Sum .7109 .3554 .1422 .0711 
% of Total N 0.7% 0.7% 0.7% 0.7% 

T3G8 Minimum .0106 .0053 .0021 .0011 
Maximum .1027 .0514 .0205 .0103 
Std. 
Deviation 

.0423549 .0211774 .00847 .004235 

Mean .043545 .021773 .00870 .004355 
Sum .2177 .1089 .0435 .0218 
% of Total N 0.5% 0.5% 0.5% 0.5% 

T3G9 Minimum .0121 .0061 .0024 .0012 
Maximum .0121 .0061 .0024 .0012 
Std. 
Deviation 

0.0 0.0 0.0 0.0 

Mean .012103 .006052 .00242 .00121 
Sum .0121 .0061 .0024 .0012 
% of Total N 0.1% 0.1% 0.1% 0.1% 

Total Minimum .0098 .0049 .0020 .0010 
Maximum 1.0576 .5288 .2115 .1058 
Std. 
Deviation 

.1816844 .0908422 .03633 .018168 

Mean .147686 .073843 .02953 .014769 
Sum 35.1493 17.5747 7.0299 3.5149 
% of Total N 22.2% 22.2% 22.2% 22.2% 
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T1G10 Minimum .1027 .0514 .0205 .0103 
Maximum .3252 .1626 .0650 .0325 
Std. 
Deviation 

.0962112 .0481056 .01924 .009621 

Mean .223886 .111943 .04477 .022389 
Sum .8955 .4478 .1791 .0896 
% of Total N 0.4% 0.4% 0.4% 0.4% 

T1G11 Minimum .0617 .0309 .0123 .0062 
Maximum .5219 .2609 .1044 .0522 

 Std. 
Deviation 

.1966781 .0983390 .03933 .019667 

Mean .291993 .145996 .05839 .029199 
Sum 1.7520 .8760 .3504 .1752 
% of Total N 0.6% 0.6% 0.6% 0.6% 

T1G12 Minimum .1367 .0683 .0273 .0137 
Maximum .3252 .1626 .0650 .0325 
Std. 
Deviation 

.0944368 .0472184 .01888 .00944 

Mean .227415 .113707 .04548 .022741 
Sum .6822 .3411 .1364 .0682 
% of Total N 0.3% 0.3% 0.3% 0.3% 

T1G3 Minimum .0617 .0309 .0123 .0062 
Maximum .1759 .0880 .0352 .0176 
Std. 
Deviation 

.0501058 .0250529 .01002 .005010 

Mean .128078 .064039 .02561 .012808 
Sum .5123 .2562 .1025 .0512 
% of Total N 0.4% 0.4% 0.4% 0.4% 

T1G4 Minimum .0106 .0053 .0021 .0011 
Maximum .2701 .1351 .0540 .0270 
Std. 
Deviation 

.1165962 .0582981 .02331 .011659 

Mean .136590 .068295 .02731 .013659 
 Sum 1.0927 .5464 .2185 .1093 

% of Total N 0.7% 0.7% 0.7% 0.7% 
T1G6 Minimum .0617 .0309 .0123 .0062 

Maximum .2446 .1223 .0489 .0245 
Std. 
Deviation 

.0655384 .0327692 .01310 .006553 

Mean .117756 .058878 .02355 .011776 
Sum 1.0598 .5299 .2120 .1060 
% of Total N 0.8% 0.8% 0.8% 0.8% 
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T1G7 Minimum .3547 .1773 .0709 .0355 
Maximum 1.9225 .9612 .3845 .1922 
Std. 
Deviation 

.6930696 .3465348 .13861 .069307 

Mean 1.295062 .647531 .25901 .129506 
Sum 6.4753 3.2377 1.2951 .6475 
% of Total N 0.5% 0.5% 0.5% 0.5% 

T2G1 Minimum .7660 .3830 .1532 .0766 
Maximum 2.3722 1.1861 .4744 .2372 
Std. 
Deviation 

.6011035 .3005517 .12022 .060110 

Mean 1.433182 .716591 .28663 .143318 
Sum 7.1659 3.5830 1.4332 .7166 
% of Total N 0.5% 0.5% 0.5% 0.5% 

T2G11 Minimum .0106 .0053 .0021 .0011 
Maximum .3855 .1927 .0771 .0385 
Std. 
Deviation 

.1320836 .0660418 .02641 .013208 

Mean .164687 .082343 .03293 .016469 
Sum 1.4822 .7411 .2964 .1482 
% of Total N 0.8% 0.8% 0.8% 0.8% 

T2G12 Minimum .0098 .0049 .0020 .0010 
Maximum .3252 .1626 .0650 .0325 
Std. 
Deviation 

.1279465 .0639733 .02558 .012794 

Mean .140446 .070223 .02808 .014045 
Sum 1.4045 .7022 .2809 .1404 
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% of Total N 0.9% 0.9% 0.9% 0.9% 
T2G13 Minimum .0106 .0053 .0021 .0011 

Maximum .3252 .1626 .0650 .0325 
Std. 
Deviation 

.1181882 .0590941 .02363 .011818 

Mean .118382 .059191 .02367 .011838 
Sum 1.0654 .5327 .2131 .1065 
% of Total N 0.8% 0.8% 0.8% 0.8% 

T2G2 Minimum .0617 .0309 .0123 .0062 
Maximum .5593 .2796 .1119 .0559 
Std. 
Deviation 

.1697062 .0848531 .03394 .016970 

Mean .265085 .132542 .05301 .026508 
Sum 2.3858 1.1929 .4772 .2386 
% of Total N 0.8% 0.8% 0.8% 0.8% 
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T2G4 Minimum .0106 .0053 .0021 .0011 
Maximum .4858 .2429 .0972 .0486 
Std. 
Deviation 

.1714670 .0857335 .03429 .017146 

Mean .294987 .147493 .05899 .029499 
Sum 2.0649 1.0325 .4130 .2065 
% of Total N 0.7% 0.7% 0.7% 0.7% 

T2G5 Minimum .0106 .0053 .0021 .0011 
Maximum .3855 .1927 .0771 .0385 
Std. 
Deviation 

.1212047 .0606024 .02424 .012120 

Mean .194079 .097040 .03881 .019408 
Sum 3.1053 1.5526 .6211 .3105 
% of Total N 1.5% 1.5% 1.5% 1.5% 

T2G6 Minimum .0617 .0309 .0123 .0062 
Maximum .3547 .1773 .0709 .0355 
Std. 
Deviation 

.1156798 .0578399 .02313 .011568 

Mean .194163 .097081 .03883 .019416 
Sum 1.3591 .6796 .2718 .1359 
% of Total N 0.7% 0.7% 0.7% 0.7% 
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T2G7 Minimum .0617 .0309 .0123 .0062 
Maximum 1.5202 .7601 .3040 .1520 
Std. 
Deviation 

.3973569 .1986784 .07947 .039735 

Mean .346419 .173209 .06928 .034642 
Sum 6.5820 3.2910 1.3164 .6582 
% of Total N 1.8% 1.8% 1.8% 1.8% 

T2G8 Minimum .0617 .0309 .0123 .0062 
Maximum 2.6984 1.3492 .5397 .2698 
Std. 
Deviation 

.86243 .4312175 .17248 .086243 

Mean 1.042968 .521484 .20859 .104297 
Sum 15.6445 7.8223 3.1289 1.5645 
% of Total N 1.4% 1.4% 1.4% 1.4% 

T2G9 Minimum .0617 .0309 .0123 .0062 
Maximum .5593 .2796 .1119 .0559 
Std. 
Deviation 

.1543464 .0771732 .03086 .015434 

Mean .262919 .131459 .05258 .026292 
Sum 2.8921 1.4461 .5784 .2892 
% of Total N 1.0% 1.0% 1.0% 1.0% 
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T3G1 Minimum .0617 .0309 .0123 .0062 
Maximum .2970 .1485 .0594 .0297 
Std. 
Deviation 

.0813257 .0406629 .01626 .008132 

Mean .115163 .057581 .02303 .011516 
Sum .9213 .4607 .1843 .0921 
% of Total N 0.7% 0.7% 0.7% 0.7% 

T3G10 Minimum .0741 .0370 .0148 .0074 
Maximum .0741 .0370 .0148 .0074 
Std. 
Deviation 

. . . . 

Mean .074075 .037038 .01481
5 

.007408 

Sum .0741 .0370 .0148 .0074 
% of Total N 0.1% 0.1% 0.1% 0.1% 
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T3G12 Minimum .0110 .0055 .0022 .0011 
Maximum .0173 .0086 .0035 .0017 
Std. 
Deviation 

.0044324 .0022162 .00088 .000443 

Mean .014164 .007082 .00283 .001416 
Sum .0283 .0142 .0057 .0028 
% of Total N 0.2% 0.2% 0.2% 0.2% 

T3G2 Minimum .0103 .0051 .0021 .0010 
Maximum .1191 .0595 .0238 .0119 
Std. 
Deviation 

.0627993 .0313997 .01255 .006279 

Mean .082801 .041401 .01656 .008280 
Sum .2484 .1242 .0497 .0248 
% of Total N 0.3% 0.3% 0.3% 0.3% 

T3G4 Minimum .0098 .0049 .0020 .0010 
Maximum .2701 .1351 .0540 .0270 
Std. 
Deviation 

.1017940 .0508970 .02036 .010179 

Mean .095988 .047994 .01919 .009599 
Sum 1.1519 .5759 .2304 .1152 
% of Total N 1.1% 1.1% 1.1% 1.1% 

T3G5 Minimum .0325 .0163 .0065 .0033 
Maximum .0741 .0370 .0148 .0074 
Std. 
Deviation 

.0293650 .0146825 .00587 .002936 

Mean .053311 .026655 .01066 .005331 
Sum .1066 .0533 .0213 .0107 
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% of Total N 0.2% 0.2% 0.2% 0.2% 
T3G6 Minimum .0103 .0051 .0021 .0010 

Maximum .2204 .1102 .0441 .0220 
Std. 
Deviation 

.0930061 .0465030 .01860 .0093 

Mean .086483 .043241 .01729 .008648 
Sum .6919 .3459 .1384 .0692 
% of Total N 0.7% 0.7% 0.7% 0.7% 

T3G7 Minimum .0098 .0049 .0020 .0010 
Maximum .0121 .0061 .0024 .0012 
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 Std. 
Deviation 

.0009651 .0004825 .00019 .000096 

Mean .010776 .005388 .00215 .001078 
Sum .0431 .0216 .0086 .0043 
% of Total N 0.4% 0.4% 0.4% 0.4% 

T3G8 Minimum .0106 .0053 .0021 .0011 
Maximum .0878 .0439 .0176 .0088 
Std. 
Deviation 

.0396925 .0198462 .00793 .003969 

Mean .044735 .022367 .00894 .004473 
Sum .2237 .1118 .0447 .0224 
% of Total N 0.5% 0.5% 0.5% 0.5% 

T3G9 Minimum .0325 .0163 .0065 .0033 
Maximum .0325 .0163 .0065 .0033 
Std. 
Deviation 

. . . . 

Mean .032547 .016273 .00650 .003255 
Sum .0325 .0163 .0065 .0033 
% of Total N 0.1% 0.1% 0.1% 0.1% 

Total Minimum .0098 .0049 .0020 .0010 
Maximum 2.6984 1.3492 .5397 .2698 
Std. 
Deviation 

.4586731 .2293366 .09173 .045867 

Mean .302690 .151345 .06053 .030269 
Sum 61.1433 30.5717 12.228 6.1143 
% of Total N 18.8% 18.8% 18.8% 18.8% 
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T1G10 Minimum .0617 .0309 .0123 .0062 
Maximum .1027 .0514 .0205 .0103 
Std. 
Deviation 

.0176946 .0088473 .00353 .001769 

Mean .077601 .038801 .01552 .007760 
Sum .3880 .1940 .0776 .0388 
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% of Total N 0.5% 0.5% 0.5% 0.5% 
T1G12 Minimum .0617 .0309 .0123 .0062 

Maximum .0741 .0370 .0148 .0074 
Std. 
Deviation 

.0061794 .0030897 .00123 .000617 

Mean .064806 .032403 .01296 .006481 
Sum .2592 .1296 .0518 .0259 
% of Total N 0.4% 0.4% 0.4% 0.4% 

T1G3 Minimum .1367 .0683 .0273 .0137 
Maximum .1367 .0683 .0273 .0137 
Std. 
Deviation 

. . . . 

Mean .136688 .068344 .02733
8 

.013669 

Sum .1367 .0683 .0273 .0137 
% of Total N 0.1% 0.1% 0.1% 0.1% 

Total Minimum .0617 .0309 .0123 .0062 
Maximum .1367 .0683 .0273 .0137 
Std. 
Deviation 

.0247361 .0123680 .00494 .002473 

Mean .078392 .039196 .01567 .007839 
Sum .7839 .3920 .1568 .0784 
% of Total N 0.9% 0.9% 0.9% 0.9% 
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T2G11 Minimum .0617 .0309 .0123 .0062 
Maximum .1191 .0595 .0238 .0119 
Std. 
Deviation 

.0262808 .0131404 .00525 .002628 

Mean .095331 .047665 .01906 .009533 
Sum .4767 .2383 .0953 .0477 
% of Total N 0.5% 0.5% 0.5% 0.5% 

T3G10 Minimum .0098 .0049 .0020 .0010 
Maximum .0106 .0053 .0021 .0011 
Std. 
Deviation 

.0002581 .0001291 .00005 .000025 

Mean .010493 .005247 .00209 .001049 
Sum .3148 .1574 .0630 .0315 
% of Total N 2.8% 2.8% 2.8% 2.8% 

T3G11 Minimum .0098 .0049 .0020 .0010 
Maximum .0106 .0053 .0021 .0011 
Std. 
Deviation 

.0003804 .0001902 .00007 .000038 

Mean .010368 .005184 .00207 .001037 
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Sum .2488 .1244 .0498 .0249 
% of Total N 2.2% 2.2% 2.2% 2.2% 

T3G12 Minimum .0106 .0053 .0021 .0011 
Maximum .0106 .0053 .0021 .0011 
Std. 
Deviation 

0E-7 0E-7 0E-7 0E-7 

Mean .010607 .005304 .00212 .001061 
Sum .1909 .0955 .0382 .0191 
% of Total N 1.7% 1.7% 1.7% 1.7% 

T3G5 Minimum .0098 .0049 .0020 .0010 
Maximum .1027 .0514 .0205 .0103 
Std. 
Deviation 

.0264592 .0132296 .00529 .002645 

Mean .024266 .012133 .00485 .002427 
Sum .5339 .2669 .1068 .0534 
% of Total N 2.1% 2.1% 2.1% 2.1% 

T3G6 Minimum .0098 .0049 .0020 .0010 
Maximum .0106 .0053 .0021 .0011 
Std. 
Deviation 

.0002977 .0001488 .00006 .00003 

Mean .010459 .005230 .00209 .001046 
Sum .2196 .1098 .0439 .0220 
% of Total N 2.0% 2.0% 2.0% 2.0% 

T3G7 Minimum .0106 .0053 .0021 .0011 
Maximum .0106 .0053 .0021 .0011 
Std. 
Deviation 

0E-7 0E-7 0E-7 0E-7 

Mean .010607 .005304 .00212 .001061 
Sum .2334 .1167 .0467 .0233 
% of Total N 2.1% 2.1% 2.1% 2.1% 

T3G8 
  

Minimum .0098 .0049 .0020 .0010 
Maximum .0106 .0053 .0021 .0011 
Std. 
Deviation 

.0003989 .0001995 .00007 .000039 

Mean .010322 .005161 .00206 .001032 
Sum .2374 .1187 .0475 .0237 

Er
ic

a 
ar

bo
re

a 
L.

 % of Total N 2.1% 2.1% 2.1% 2.1% 
T3G9 Minimum .0098 .0049 .0020 .0010 

Maximum .0106 .0053 .0021 .0011 
Std. 
Deviation 

.0002913 .0001457 .00005 .000029 

Mean .010466 .005233 .00209 .001047 
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Sum .2303 .1151 .0461 .0230 
% of Total N 2.1% 2.1% 2.1% 2.1% 

Total Minimum .0098 .0049 .0020 .0010 
Maximum .1191 .0595 .0238 .0119 
Std. 
Deviation 

.0171708 .0085854 .00343 .001717 

Mean .014362 .007181 .00287 .001436 
Sum 2.6858 1.3429 .5372 .2686 
% of Total N 17.4% 17.4% 17.4% 17.4% 
Total 579.1413 289.5707 115.83 57.9141 

 

Annex 5: litter biomass and carbon stock distribution per plot. 

 
S/
N
o 

Field 
Code 

wet 
weight 
(gm.) 

Fresh 
weight 
(gm.) 

organic 
carbon 
percent 

oven 
dry 
weight 
(gm.) 

Litter 
Biomass 
(t/ha) 

Litter 
carbon 
(t/ha) 

Litter 
CO2 

(t/ha) 

1 T1P1 265.0 100 44.450 89.6 .024 1.067 3.915 
2 T1P2 250.0 100 48.795 81.5 .020 .976 3.582 
3 T1P3 330.0 100 46.847 80.8 .027 1.265 4.642 
4 T1P4 300.0 100 46.670 91.9 .028 1.307 4.796 
5 T1P5 270.0 100 44.470 91.6 .025 1.112 4.080 
6 T2P1 400.0 100 48.310 87.0 .035 1.691 6.205 
7 T2P2 350.0 100 45.420 90.1 .032 1.453 5.334 
8 T1G1 305.0 100 48.532 90.4 .028 1.359 4.987 
9 T1G2 290.0 100 44.983 89.6 .026 1.170 4.292 
10 T1G3 280.0 100 46.254 91.8 .026 1.189 4.363 
11 T1G4 150.0 100 45.141 92.3 .014 .623 2.286 
12 T1G5 460.0 100 53.143 86.6 .040 2.126 7.801 
13 T1G6 475.0 100 44.000 91.0 .043 1.892 6.944 
14 T1G7 315.0 100 48.100 88.3 .028 1.347 4.943 
15 T1G8 210.0 100 48.865 90.0 .019 .928 3.407 
16 T1G9 215.0 100 48.327 83.8 .018 .870 3.192 
17 T1G10 330.0 100 48.810 89.5 .030 1.464 5.374 
18 T1G11 300.0 100 46.784 94.3 .028 1.310 4.808 
19 T1G12 295.0 100 43.682 91.9 .027 1.184 4.344 
20 T1G13 290.0 100 45.164 89.4 .026 1.170 4.293 
21 T2G1 285.0 100 46.784 88.6 .028 1.310 4.808 
22 T2G2 470.0 100 46.540 89.9 .042 1.955 7.174 
23 T2G3 315.0 100 50.916 87.0 .027 1.375 5.045 
24 T2G4 475.0 100 53.650 87.4 .042 2.253 8.270 
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25 T2G5 355.0 100 45.200 87.8 .031 1.401 5.142 
26 T2G6 440.0 100 48.450 88.0 .039 1.890 6.935 
27 T2G7 480.0 100 49.526 75.4 .036 1.783 6.543 
28 T2G8 390.0 100 44.750 80.3 .031 1.387 5.091 
29 T2G9 340.0 100 42.092 81.5 .028 1.179 4.325 
30 T2G10 450.0 100 48.500 89.1 .040 1.940 7.120 
31 T2G11 235.0 100 44.719 70.8 .017 .760 2.790 
32 T2G12 250.0 100 47.630 89.2 .022 1.048 3.846 
33 T2G13 235.0 100 50.620 92.7 .022 1.114 4.087 
34 T3G1 310.0 100 49.150 95.3 .030 1.475 5.411 
35 T3G2 315.0 100 42.180 90.8 .029 1.223 4.489 
36 T3G3 320.0 100 44.355 90.9 .029 1.291 4.737 
37 T3G4 450.0 100 45.792 92.8 .042 1.923 7.058 
38 T3G5 430.0 100 46.590 87.5 .038 1.770 6.497 
39 T3G6 365.0 100 50.935 91.8 .034 1.732 6.356 
40 T3G7 295.0 100 43.150 90.6 .027 1.165 4.276 
41 T3G8 340.0 100 50.950 88.7 .030 1.529 5.610 
42 T3G9 335.0 100 47.170 86.8 .029 1.368 5.020 
43 T3G10 345.0 100 46.063 89.6 .031 1.428 5.241 
44 T3G11 325.0 100 42.952 85.9 .028 1.203 4.414 
45 T3G12 255.0 100 44.586 85.4 .022 .981 3.600 
Average 
Minimum 
Maximum 

330.78 100 46.89 88.11 .0293 1.377 5.055 
150 100 42.09 70.8 0.014 0.623 2.286 
480 100 53.65 95.3 0.043 2.253 8.270 

 
          Annex 6: carbon stocks in soil pool  
 
S/
No 

laborator
y code 

Field 
code 

Soil
Dept
h 
(cm) 

Bulk 
Density 
(g/cm3) 

Percent 
Organic 
Carbon 

Percent 
Organic 
matter 

Soil 
Organic 
Carbon 
(t/ha) 

Soil 
CO2 
(t/ha) 

1 L-AU-01 T1P1 30 .899 4.70 13.94 126.76 465.21 
2 L-AU-02 T1P2 30 .693 4.68 13.881 97.30 357.08 
3 L-AU-03 T1P3 30 .564 4.06 12.042 68.70 252.11 
4 L-AU-04 T1P4 30 .896 4.24 12.576 113.97 418.27 
5 L-AU-05 T1P5 30 .414 5.69 16.877 70.67 259.36 
6 L-AU-06 T2P1 30 .772 4.96 14.711 114.87 421.59 
7 L-AU-07 T2P2 30 .854 4.92 14.593 126.05 462.60 
8 L-AU-08 T1G1 30 .763 3.84 11.389 87.90 322.58 
9 L-AU-09 T1G2 30 .658 5.06 15.008 99.88 366.58 
10 L-AU-10 T1G3 30 .905 6.41 19.012 174.03 638.70 
11 L-AU-11 T1G4 30 .876 3.34 9.906 87.78 322.13 
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12 L-AU-12 T1G5 30 .655 3.02 8.957 59.34 217.79 
13 L-AU-13 T1G6 30 .733 5.36 15.898 117.87 432.57 
14 L-AU-14 T1G7 30 .749 6.27 18.597 140.89 517.05 
15 L-AU-15 T1G8 30 .864 4.52 13.406 117.16 429.97 
16 L-AU-16 T1G9 30 .968 6.42 19.042 186.44 684.22 
17 L-AU-17 T1G10 30 .851 6.55 19.427 167.22 613.70 
18 L-AU-18 T1G11 30 .976 2.94 8.72 86.08 315.93 
19 L-AU-19 T1G12 30 .843 4.14 12.279 104.70 384.25 
20 L-AU-20 T1G13 30 .939 3.04 9.017 85.64 314.29 
21 L-AU-21 T2G1 30 .986 6.79 20.139 200.85 737.11 
22 L-AU-22 T2G2 30 .751 5.04 14.949 113.55 416.73 
23 L-AU-23 T2G3 30 .958 6.42 19.042 184.51 677.15 
24 L-AU-24 T2G4 30 .938 3.94 11.686 110.87 406.90 
25 L-AU-25 T2G5 30 .643 7.10 21.059 136.96 502.64 
26 L-AU-26 T2G6 30 .472 7.11 21.088 100.68 369.49 
27 L-AU-27 T2G7 30 .857 5.92 17.559 152.20 558.59 
28 L-AU-28 T2G8 30 .763 7.12 21.118 162.98 598.12 
29 L-AU-29 T2G9 30 .698 6.34 18.804 132.76 487.23 
30 L-AU-30 T2G10 30 .765 6.24 18.508 143.21 525.57 
31 L-AU-31 T2G11 30 .696 5.23 15.512 109.20 400.77 
32 L-AU-32 T2G12 30 .879 5.14 15.245 135.54 497.44 
33 L-AU-33 T2G13 30 .769 5.41 16.046 124.81 458.05 
34 L-AU-34 T3G1 30 .685 7.08 20.999 145.49 533.96 
35 L-AU-35 T3G2 30 .875 6.12 18.152 160.65 589.59 
36 L-AU-36 T3G3 30 .861 3.69 10.945 95.31 349.80 
37 L-AU-37 T3G4 30 .893 5.13 15.216 137.43 504.38 
38 L-AU-38 T3G5 30 .985 4.51 13.377 133.27 489.10 
39 L-AU-39 T3G6 30 .474 4.30 12.754 61.15 224.41 
40 L-AU-40 T3G7 30 .559 5.34 15.838 89.55 328.66 
41 L-AU-41 T3G8 30 .598 5.49 16.283 98.49 361.46 
42 L-AU-42 T3G9 30 .579 5.80 17.203 100.75 369.74 
43 L-AU-43 T3G10 30 .685 6.30 18.686 129.47 475.14 
44 L-AU-44 T3G11 30 .698 6.50 19.279 136.11 499.52 
45 L-AU-45 T3G12 30 .897 7.14 21.177 192.14 705.14 
Average 0.774 5.319 15.776 122.69 450.28 
Minimum 0.414 2.94 8.72 59.34 217.79 
Maximum 0.986 7.14 21.177 200.85 707.11 
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Annex 7: above and below ground biomass with their carbon stock along different 

aspects 

 
Aspects Statistical 

description 
AGB AGC BGB BGC 

E Minimum .0098 .0049 .0020 .0010 
Maximum 1.5202 .7601 .3040 .1520 
Mean .145918 .072959 .029184 .014592 
Std. 
Deviation 

.2264437 .1132218 .0452887 .0226444 

Sum 13.1326 6.5663 2.6265 1.3133 
N Minimum .0098 .0049 .0020 .0010 

Maximum 2.8261 1.4131 .5652 .2826 
Mean .251393 .125696 .050279 .025139 
Std. 
Deviation 

.5306923 .2653461 .1061385 .0530692 

Sum 43.2395 21.6198 8.6479 4.3240 
NE Minimum .0099 .0049 .0020 .0010 

Maximum 9.3214 4.6607 1.8643 .9321 
Mean .995129 .497564 .199026 .0995 
Std. 
Deviation 

1.4110614 .7055307 .2822123 .1411 

Sum 118.4203 59.2102 23.6841 11.842 
NW Minimum .0098 .0049 .0020 .0010 

Maximum 13.6497 6.8248 2.7299 1.3650 
Mean .714044 .357022 .142809 .071404 
Std. 
Deviation 

1.7134988 .8567494 .3426998 .1713499 

Sum 114.9610 57.4805 22.9922 11.4961 
S Minimum .0098 .0049 .0020 .0010 

Maximum 10.2851 5.1425 2.0570 1.0285 
Mean .325672 .162836 .065134 .032567 
Std. 
Deviation 

1.0179962 .5089981 .2035992 .1017996 

Sum 55.6899 27.8450 11.1380 5.5690 
SE Minimum .0098 .0049 .0020 .0010 

Maximum 4.6455 2.3228 .9291 .4646 
Mean .558113 .279056 .111623 .055811 
Std. 
Deviation 

.8969443 .4484721 .1793889 .0896944 

Sum 95.4373 47.7187 19.0875 9.5437 
SW Minimum .0098 .0049 .0020 .0010 
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Maximum 6.8486 3.4243 1.3697 .6849 
Mean .590789 .295394 .118158 .059079 
Std. 
Deviation 

.9372311 .4686156 .1874462 .0937231 

Sum 70.8947 35.4473 14.1789 7.0895 
W Minimum .0103 .0051 .0021 .0010 

Maximum 10.1212 5.0606 2.0242 1.0121 
Mean .990676 .495338 .198135 .099068 
Std. 
Deviation 

1.9433007 .9716504 .3886601 .1943301 

Sum 67.3659 33.6830 13.4732 6.7366 
Total Minimum .0098 .0049 .0020 .0010 

Maximum 13.6497 6.8248 2.7299 1.3650 
Mean .540244 .270122 .108049 .054024 
Std. 
Deviation 

1.1865246 .5932623 .2373049 .1186525 

Sum 579.1413 289.5707 115.8283 57.9141 
 

 

Annex 8: Mean carbon stock (t/ha) in dead litter and soil pools along altitudinal 

gradient 

Altitude range 
(m.a.s.l) 

Statistical 
description 

litter 
biomass 
(t/ha) 

litter 
carbon 
(t/ha) 

Soil 
organic 
carbon 
(t/ha) 

organic 
carbon 
(t/ha) 

3078-3231 Mean .02767 1.29442 118.1676 5.0677 

Minimum .014 .623 59.34 2.94 
Maximum .043 2.126 186.44 7.12 
Std. Deviation .007663 .371264 33.41988 1.25923 

3232-3385 Mean .03569 1.70507 130.9467 5.4638 
Minimum .027 1.223 61.15 3.69 
Maximum .042 2.253 200.85 7.11 
Std. Deviation .005893 .329129 37.85407 1.18941 

3386-3539 Mean .02733 1.25677 124.4168 6.0950 
Minimum .022 .981 89.55 5.34 
Maximum .030 1.529 192.14 7.14 
Std. Deviation .003204 .206193 37.93768 .68134 

Total Mean .02994 1.377 122.6925 5.3191 
Minimum .014 .623 59.34 2.94 
Maximum .043 2.253 200.85 7.14 
Std. Deviation .007599 .386662 34.95114 1.21044 
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ANOVA Results 

1. One way ANOVA for above and below ground carbon stock along altitude 
 
 Sum of 

Squares 
df Mean 

Square 
F Sig. 

Above ground 
carbon 

Between 
Groups 

27.046 2 13.523 41.315 0.0005 

Within 
Groups 

349.903 1069 .327 

Total 376.949 1071 
Below ground 
Carbon 

Between 
Groups 

1.082 2 .541 41.315 0.0001 

Within 
Groups 

13.996 1069 .013 

Total 15.078 1071 
 

2. One way ANOVA for the above ground and below ground carbon along 
 with aspects 

 
 Sum of 

Squares 
df Mean 

Square 
F Sig. 

Aboveground 
carbon 

Between 
Groups 

19.920 7 2.846 8.475 0.000 

Within Groups 356.959 1063 .336   

Total 376.879 1070    

Belowground 
Carbon 

Between 
Groups 

0.797 7 0.114 8.475 0.000 

Within Groups 14.278 1063 
0.013 

  

Total 15.075 1070 
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3. One way ANOVA by aspect for litter and soil carbon stock 
 
 Sum of 

Squares 
df Mean 

Square 
F Sig. 

litter carbon(t/ha) Between 
Groups 

2.635 7 .376 3.532 0.005 

Within 
Groups 

3.943 37 .107 

Total 6.578 44 
Soil organic 
carbon(t/ha) 

Between 
Groups 

14051.83 7 2007.404 1.871 0.103 

Within 
Groups 

39697.79 37 1072.913 

Total 53749.62 44 
 

 

4. One way ANOVA by altitude range for litter and soil carbon stock 
 

 Sum of 
Squares 

df Mean 
Square 

F Sig. 

litter carbon 

(t/ha) 

Between 

Groups 

1.620 

 
2 .810 

6.861 0.003 
Within Groups 4.958 42 

.118 
Total 6.578 44 

Soil organic 

Carbon(t/ha) 

Between 

Groups 
1435.906 2 717.953 

0.576 0.566 
Within Groups 52313.708 42 

1245.56 
Total 53749.615 44 
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Walkley-Black Method 

Equipment: 

1. 500-mL Erlenmeyer flasks. 

2. 10-mL pipette. 

3. 10-and 20-mL dispensers. 

4. 50-mL burette. 

5. Analytical balance. 

6. Magnetic stirrer. 

7. Incandescent lamp. 

Reagents: 

1. H3PO4, 85%. 

2. H2SO4, concentrated (96%). 

3. NaF, solid. 

4. Standard 0. 167M K2Cr2O7: Dissolve 49.04 g of dried (105oC) K2Cr2O7 in 

water and dilute to 1 L. 

5. 0.5 M Fe
2+

 solution: Dissolve 196.1 g of Fe (NH4)2(SO4)•6H2O in 800 mL of 

water containing 20 mL of concentrated H2SO4 and dilute to 1 L. The Fe2+ in 

this solution oxidizes slowly on exposure to air so it must be standardized 

against the dichromate daily. 

6. Ferroin indicator: Slowly dissolve 3.71 g of o-phenanthroline and 1.74 g of 

FeSO4•7H2O in 250 mL of water. 

Procedure: 

1. Weigh out 0.10 to 2.00 g dried soil (ground to <60 mesh) and transfer to a 500-mL 

Erlenmeyer flask. The sample should contain 10 to 25 mg of organic C (17 to 43 
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mg organic matter). For a 1 g soil sample, this would be 1.2 to 4.3% organic 

matter. Use up to 2.0 g of sample for light colored soils and 0.1 g for organic soils. 

2. Add 10 mL of 0.167 M K2Cr2O7 by means of a pipette. 

3. Add 20 mL of concentrated H2SO4 by means of dispenser and swirl gently to mix. 

Avoid excessive swirling that would result in organic particles adhering to the 

sides of the flask out of the solution. 

4. Allow to stand 30 minutes. The flasks should be placed on an insulation pad 

during this time to avoid rapid heat loss. 

5. Dilute the suspension with about 200 mL of water to provide a clearer suspension 

for viewing the endpoint. 

6. Add 10 mL of 85% H3PO4, using a suitable dispenser, and 0.2 g of NaF. The 

H3PO4 and NaF are added to complex Fe3+ which would interfere with the titration 

endpoint. 

7. Add 10 drops of ferroin indicator. The indicator should be added just prior to 

titration to avoid deactivation by adsorption onto clay surfaces. 

8. Titrate with 0.5 M Fe2+ to a burgundy endpoint. The color of the solution at t2he 

beginning is yellow-orange to dark green, depending on the amount of unreacted 

Cr2O7 
2- remaining, which shifts to a turbid gray before the endpoint and then 

changes sharply to a wine red at the endpoint. Use of a magnetic stirrer with an 

incandescent light makes the endpoint easier to see in the turbid system 

(fluorescent lighting gives a different endpoint color). Alternatively use a Pt 

electrode to determine the endpoint after step 5 above. This will eliminate 

uncertainty in determining the endpoint by color change. If less than 5 mL of Fe2+
 

solution was required to back titrate the excess Cr2O7
2-

 there was insufficient 
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Cr2O7 
2-

 present, and the analysis should be repeated either by using a smaller 

sample size or doubling the amount of K2Cr2O7 and H2SO4. 

9. Run a reagent blank using the above procedure without soil. The blank is used to 

standardize the Fe2+ solution daily. 

10. Calculate %C and % organic matter: 

 % Easily Oxidizable Organic C 

%C = (B-S) x M of Fe2+ x 12 x 100 

                 g of soil x 4000 

Where: 

B = mL of Fe2+ solution used to titrate blank 

S = mL of Fe2+ solution used to titrate sample 

12/4000 = milliequivalent weight of C in g. 

To convert easily oxidizable organic C to total C, divide by 0.77 (or multiply by 1.30) 

or other experimentally determined correction factor. To convert total organic C to 

organic matter use the following equation: 

 % Organic Matter = % total C x 2.966 
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Ashing method for litter carbon estimation 

Equipment: 

1. Oven capable of being heated up to 350oC. 

2. Crucibles - 20 ml. 

3. Furnace capable of being heated approximately to 650oC 

4. Balance sensitive to ± 1 mg 

Procedure: 

1. Dry the Fresh weight of sample of litter at 650C in oven for 24 hours. 

2. Grind the oven dried sample 

3. Put two gram of the grinded sample in pre-weighed crucible and place in 

the furnace at 5500C for one and half hour. 

4. Cool the furnace and weight the crucible with ash 

 The percentage of organic carbon is calculated as: 

Ash (%) = (W3 − W1)/ (W2 − W1) × 100, 

C (%) = (100 − Ash) × 0.58 (considering 58% carbon in ash-free litter material). 

Where: 

C – Biomass carbon stock, 

W1 – weight of crucible, 

W2 – weight of the oven-dried grind sample and crucible, 

W3 – weight of ash and crucible. 

 

 


