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Abstract  
 
The Forest Fire in Västmanland, South Central Sweden, and its Effects on Soils and 
Forest Recovery 
Sophia Sjödin 

 
Forest fires can have a great impact on the relationship between soil organic matter (SOM) and soil 
bulk density (SBD). SOM will reduce with increased fire intensity, which ultimately leads to more 
compaction of the soil. The compaction rate might increase to the limit of where root growth will be 
absent thus leading to actions to restore the soil. This study investigates changes in the relationship 
between SOM and SBD in spodosol and histosol in Seglingsberg, located in South-central Sweden, 
where a forest fire occurred summer 2014.  In addition, changes of pH values in the two types of soil 
were examined in order to receive information about the chemical states of the different soil types.  

A total of 29 samples at depths of 0-17 cm were received from one day of fieldwork and these were 
later analysed concerning the pH, the SBD and the SOM content. The results showed an increase of 
pH-values in the fire-exposed area compared to pH values measured at the reference site (pH ~5). 
More importantly, the results from the SBD and SOM analyses indicated that there was in fact an 
inversely proportional relationship between the two soil parameters. In addition, high pH values were 
measured at the same subareas of which the highest SBD- and the lowest SOM values were obtained. 

Statistical analyses were applied on the results in order to conclude if the soil property changes 
caused by the fire were significantly different from normal conditions or not. The results from the 
statistical analyses revealed that 25% of the fire-exposed sites had changed significantly. However, 
more samples should have been taken while in field, since lack of data is thought to have had a great 
impact on the final results. 

Although there were no strong statistical evidence for the hypothesis, it is clear that the forest fire 
in Västmanland year 2014 affected both the SOM, SBD and pH values in the soils. 
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Populärvetenskaplig sammanfattning  

Skogsbranden i Västmanland, sydvästra Sverige, och dess inverkan på markegenskaper 
och skogens återhämtning  
Sophia Sjödin 

Under sommaren år 2014 utbröt en omfattande skogsbrand i Västmanlands län, vilket medföljde 
dramatiska konsekvenser för framförallt ett flertal skogsbolag, men även för boende i området. Med 
skogsbränder följer negativa såväl som positiva konsekvenser, där de positiva framförallt gäller med 
avseende på arter som har evolverat i samband med bränder. Förutom ovannämnda konsekvenser så 
finns det risk för att markförhållandena ändras till följd av en skogsbrand. I denna studie undersöktes 
hur markegenskaper i torv- samt podsoljordar hade förändrats med avseende på pH, halten av 
organiskt material samt packningsgrad. Fältstudien genomfördes i ett drabbat brandområde strax norr 
om Seglingsberg, Surahammars kommun. Totalt togs 29 stycken jordprover inom fem stycken 
transekter i området. Av dessa kunde 25 stycken användas till alla tre analyserna. Resultaten från 
jordprovsanalyserna användes därefter till att genomföra statistiska undersökningar. Detta för att se 
hur stor spridningen var mellan och inom de fem transekterna samt för att kunna avgöra om 
jordproverna visade sig vara signifikant förändrade från ursprungsförhållanden. 

Resultaten från jordprovsanalyserna visade att det fanns mest organiskt material kvar i de östra 
delarna av området, medan det var kraftigt reducerat ju längre nordväst jordproverna hade hämtats. I 
samband med att markens organiska material hade reducerats kunde man även bevittna att jordtäcket 
hade blivit mer kompakterat. Resultaten från pH-analysen pekar också på att förändringarna varit som 
störst i de nordvästliga delarna. pH-analysen bevisade att markkemin ser annorlunda ut än innan 
branden, då värdena ibland låg 2 enheter för högt än vad man vanligen brukar observera i podsol- och 
torvjordar. Då pH-skalan är logaritmisk innebär detta en minskad försurning med 100 gånger. 
Resultaten från alla jordprovsanalyser tyder att branden varit som mest intensiv i den nordvästra delen 
av undersökningsområdet, i området bestående av ungskog.  

Även om resultaten från jordprovsanalyserna pekade på att branden orsakat tydliga mark-
förändringar, visade majoriteten av de statistiska undersökningarna inte på signifikanta förändringar. 
Det är därför inte möjligt att generalisera resultaten och således applicera dessa på hela brandområdet i 
Västmanland.  

Eftersom att naturligt förekommande skogsbränder är relativt få till antalet i Sverige, finns därmed 
få studier tillgängliga inom ämnesområdet. Det finns en upplaga av studier inom kontrollerade och 
anlagda brandfält, men i och med att dessa förhållanden är fixerade, så påverkas markegenskaperna 
sällan avsevärt. Forskningsrapporter indikerar på ett mer extremt klimat i framtiden, som förmodas 
leda till en ökad omfattning samt ett ökat antal naturligt förekommande skogsbränder. Om denna 
prognos stämmer är det viktigt att undersöka markförhållandena, då en skogsbrand kan ha direkt 
avgörande effekt på återväxten. 

Nyckelord: Skogsbrand, packningsgrad, organiskt material, pH 
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1. Introduction   
 

Soil undergoes physical, chemical, biological and mineralogical changes when it has been exposed to 

a forest fire. Depending on the fire intensity, the changes can last for a very short time period, last over 

a few years or in extreme cases, the changes can be permanent (Certini, 2005). Studies related to how 

forest fires affect the soil properties usually cover the impacts the fire has on nitrogen and phosphorus 

in the soil, how water-repellent layers are formed resulting in increased erosion, general ecosystem 

responses after fires and carbon pool storage (DeBano, 2000; Bond & Keeley, 2005; Balshi et al., 

2009). These studies are certainly important in order to understand the effects wild fires have on soil 

properties. However, there is one topic that is less studied when it comes to soil responses to fires. 

That is how the relationship between the soil’s bulk density (SBD) and the soil organic matter (SOM) 

shifts as a result of different fire intensity ranges. This relationship is important to investigate, since it 

affects how and if plants can grow.   

SOM includes all living and dead organic material of different decomposition rates within the soil 

(European Commission, 2009). Organic matter (OM) is important as a soil stabilizer, since it prevents 

the soil from erosion, compaction and it also contributes to a good soil structure. (European 

Commission, 2009). OM is usually the first thing to be consumed by a forest fire and as the SOM 

content is decreasing, the unhealthier the soil will get. As a result, the SBD values may increase. SBD 

values indicate the degree of soil compaction, where higher values mean less pore space available for 

water and air. The less pore space in a soil the more unfavorable conditions for plant growth it will be. 

SBD and SOM interact in such way that a decrease in OM leads to an increase in SBD. 

One criterion for plant regeneration is that the SBD cannot be higher than 1.6g/cm3, with lower 

values for finer soils (Brown & Wherrett, unpublished data, 2015). With exceeding values i.e. more 

compaction, root growth may be totally restricted. Studies of this relationship in natural forest fire 

environments are most often performed in warmer climates such as in Mediterranean soils, which 

mean that the values cannot be compared here, as the Mediterranean and Scandinavian soils differ 

from each other.  Instead, information about the SBD and OM relationship in Canadian forests are 

used in this study as a guide to predict the soil disturbances in Swedish soils, since the environments 

are similar.  

Although there are some studies that are performed in similar climatic environments as in Sweden, 

many studies that have been performed were in controlled environments and not where forest fires 

have occurred naturally. In such studies, the fire is therefore controlled and extinguished before it gets 

more intense. As a result, the effects on soil properties are lower and more homogenous than in reality. 

When performing fieldwork in controlled environments, it is easy to manipulate the environment so 

that unwanted parameters are excluded and the results received may not be completely reliable. 
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Although reliable results can come out of such studies, they should not be used as a guideline, since 

the duration of the fire is usually shorter when controlled than if naturally occurring. A real wildfire 

can cover large areas and last for several days, whereas controlled fires do not. Also, the fire intensity 

ranges more when the fire is uncontrolled. To be able to present the actual impacts on the SBD and the 

OM, one has to consider the probability of fire intensity shifts during the fire event. The intensity is 

directly affecting how the soil will respond to the fire, where a soil that has been exposed to a high 

intensity fire (i.e. high energies), will most likely be more affected than a soil exposed to low energies. 

Therefore, it is best to take as many soil samples as possible over large areas if one wants to examine 

the regeneration ability. 

In addition, the pH values may rise as an effect of forest fires, where distinctive increases of pH 

values means that the temperature in the soil has reached up to ~ 500°C (Certini, 2005). High 

temperatures as such will also lead to a complete reduction of OM content in the soil (Certini, 2005). 

A high increase in pH values followed by forest fires is therefore an indication that the fire intensity 

has been high in that particular site. Furthermore, the formation of ash can contribute to higher pH 

values though ash is alkaline (Noble et al., 1996).  

Several studies from year 2000 and onwards reveals that the natural occurring forest fires will most 

likely increase as an effect of the global warming (Flannigan et al., 2000; Westerling et al., 2006; Liu, 

et al., 2010; Flannigan et al., 2013). These articles point out that the fire seasons in the northern 

hemisphere will be longer as a result of a warmer climate that causes the spring to occur earlier than 

seen today. Not only do several studies reveal a possibility for increased amount of wild fires, a study 

performed by Randerson and colleagues has concluded that small wildfires are already increasing 

globally. This increase is significant between the years 2001 to 2012 with forest fire increase of 100% 

and more at several continents (Randerson et al., 2012). However, whether or not this increase is only 

due to global warming is not certain. 

Forest fires in Sweden are and have not been as common as in other continents in the past although 

fires do occur and leave behind favorable as well as destructive impressions. However, if the 

predictions of increased amount of wildfires are to come, it is important to study the effects of the fires 

occurring in present time in order to predict how long the internal changes in a soil will last.  
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2. Aim  
 

The aim with this Master’s thesis is to investigate changes in soil properties in a post-fire area in the 

county of Västmanland, where a forest fire occurred during the summer of 2014. The purpose is to 

investigate whether or not there is an increase in SBD and decrease in SOM as an effect of the fire. 

The expectation is that the SBD has increased and the SOM decreased due to increased fire intensity 

and that a greater fire intensity will cause greater changes between the two parameters. Additional pH 

measurements of the soil samples will be performed. It is hypothesized that a high concentration of 

ash was formed as a result of the fire and if so, it would have increased the pH significantly. The 

results from the study will provide information about how the soil has been affected as well as 

information about the regeneration ability, which is important from both an ecological and economic 

perspective. In addition, the results from the soil analyses will be used in a statistical analysis in order 

to conclude whether or not the burnt sites have changed significantly from the reference site. If there is 

a significant difference, then the results can be applied to the rest of the fire affected area and for 

similar studies in the future. 

The first section will bring an overview of the study area followed by an introduction of the fire 

that occurred summer 2014. Furthermore, the background section includes more detailed information 

about how soil properties are affected by forest fires. Fieldwork, performances of lab analyses as well 

as GIS-interpretations are described in the methodology section. ArcGIS is also used to present the 

results from the soil analyses in a simple way. Ultimately, discussion and implications of the received 

results are described, followed by a conclusion section.  

The results from this study are expected to bring more information about the relationship between 

fire intensities and how the intensity ranges affect the physical and biological properties of soil in 

Sweden. Furthermore, this information will provide a scientific foundation for further studies in this 

field of research, where scientists in the field of Quaternary geology, physical geography, biology, 

forestry ecology and hydrology would find it useful. In addition, the study brings a foundation for 

further studies in the geographical area. Authorities, sectors and private forest owners can use the 

results received from this study, since this Master’s thesis will provide information such as where 

actions to restore the soil will be needed the most. 
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3. Background  
 

3.1 Study area  

The study area lies in the woodlands located northwest and northeast of Seglingsberg (37 25’19.1“N, 

122 05’06”W), which is approximately 145 kilometers northwest of Stockholm (Fig. 1). Seglingsberg 

lies in the Municipality of Surahammar, which in turn lies in the County of Västmanland. The 

woodlands of interest have an area of approximately 10 square kilometers. However, the actual study 

area is less than that, since the fire took place in the northern part of the area. 

Before the fire, the study area was mostly comprised of Scots pine (Pinus Sylvestris), which was 

used for foresting. Quaternary deposits are present in the area, where till and peat are the two most 

common ones. The most common soil types are spodosol and histosol, which have been formed on top 

of the Quaternary deposits. 

Seglingsberg is located in Bergslagen, which is a geological unit of the Fennoscandian Shield. The 

bedrock in this area was formed about 1.78 – 1.56 Ga during what is known as “The Svecofennian 

Orogeny” (also named the Svecokarelian orogeny; Stephens et al., 1994). As an effect of the orogeny, 

granites and granodiorites, which are both felsic intrusive igneous rocks, are present in the area. 

Granite and granodiorite are the two most common rock types in the study area, but in the southern 

part, small features of silicic intrusive igneous rocks of gabbro and basalt are present (Stephens et al., 

1994).  

 

Figure 1. The Swedish boundaries with the study area marked as a red box in the picture to the left (Scale 1:50 
000) (google maps; SGU, received 2015). The GIS map to the right shows a more detailed image of the whole 
study area (Bergvik Skog; Lantmäteriet). 

 

 

The Quaternary period (2.6 million years ago to present) is marked by the presence of several glacial 

and interglacial periods. The last glaciation in Sweden, named Weichsel, lasted for more than 100 000 
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years and ended approximately 10 000 years ago (Fredén, 2009). Ice sheets with several kilometers of 

magnitude cause huge impacts on the Earth’s surface, among them are depressions of the crust and 

also formation of various soil types. Due to the former presence of glacials, it is very common with 

glacial and post-glacial soils covering the land surface and bedrocks in Sweden, including the study 

area of this thesis. The most common Quaternary deposits in the woodlands of interest are sand till, 

various types of peat and some presence of glacial clay (based on GIS information from Bergvik Skog 

and Lantmäteriet).  

3.1.1 Quaternary deposits and soil types 

Many soils present in Sweden are formed by fractions of bedrock known as parent material in soil 

science (Jenny, 1994). From parent material, many processes occur and ultimately, soil is formed. The 

mineralogy of soil deposits is mainly determined by the bedrock type in the area (Jenny, 1994). For 

example, Granitic bedrock produces an acidic type of soil whereas bedrock containing calcite gives 

rise to a fertile land with a high pH value (Fredén, 2009) . However, there are many other factors 

influencing the composition and the structure of the soil. Quaternary deposits are mainly determined 

by climatic conditions, where advancing and retreating of large ice sheets will have a large impact on 

the structure of the deposits. In addition, the climate will also have impact on the soil formation on top 

of the Quaternary deposits (Jenny, 1994).  In Sweden, the extent of Quaternary deposits formed by 

glaciers cover large areas and the evidence is distinct. This also applies to the actual study area of 

interest. 

The study area is mainly comprised of till and peat, which have resulted from the actions of 

glaciers. Till is one of the most common Quaternary deposits occurring in Sweden and almost 75 % of 

the surface in the country is till. This type of Quaternary deposits is constituted of particles from the 

bedrock and is an unsorted mineral soil, meaning that all types of fragments exists (Eriksson et al., 

2005). In the study area, the till includes fragments of granite. Granitic bedrock usually generates a till 

type that is sandy and rich in boulders as well as cobbles (Eriksson et al., 2005). When originating 

from granite, the Quaternary deposit as well as the soil type will be acidic rather than alkali. Till, such 

as the one present in the study area (0.06 – 2mm), is not suitable for agriculture, since it lacks in 

nutrients. However, sand till is very well suited for forestry (Eriksson, et al., 2005) due to a low clay 

contents, which otherwise might restrict an optimal growth for coniferous trees (Johansson, 1995; 

Eriksson et al., 2013). 

Peat is a quaternary formation present in the woodlands of interest. Peat is very common in 

Scandinavia and can be seen in the northern part of the study area (Fig. 2). Peats are formed in situ and 

are known to give rise to organic soils with a low decomposition rate of organic material (Eriksson, et 

al., 2005). Peat is formed in forests with high ground water level and where the decomposition rates 

are anaerobic. Fen peat is formed in depressions in the terrain, whereas moss peat is usually produced 
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on top of the fen peat and is much poorer in nutrients (fen peat is richer though it receives ions from 

surrounding mineral soil).  

  

Figure 2. A demonstration of the horizons in a spodosol to the left and to the right a map showing the distribution 
and the quaternary deposits present in the study area. The pink color represents areas of thin deposits on top of 
parent rock. Spodosol is present at the blue color on the map to the right. Illustration to the left by Sjödin (2015) 
and GIS map Information based on pre-forest fire conditions (Bergvik Skog; Lantmäteriet)  

 

The uppermost part of the soil represents, among other things, microbial activity, root growth and 

leaching of minerals through the soil profile. In the study area, the most upper part of the soil type 

consists of spodosol (on top of coarse grained moraine/till) and histosol (along with peat) (Eriksson, et 

al., 2005). Soil formation and soil type is mainly determined by five parameters, which are the 

topography, the geology, organisms, the climate and time. 

 Spodosol (classified as Podsol in Sweden) has several horizons within the soil itself (Fig. 2). The 

O-horizon, which is present near the land surface, is rich in organic material. In this horizon, the litter 

layer is found above the humus layer and the decomposition rate increase with increased depth known 

as a process called humification. The O-horizon is mainly dependent on the addition of fallen litter and 

the type of undergrowth on top of it (Erisskon et al., 2005). Most of the SOM is present in this 

horizon. SOM include decomposed dead and living organisms (European Commission, 2009) in the 

soil and is defined as “The organic fraction of the soil exclusive of undecayed plant and animal 

residues” by the SSSA (Soil Science Society of America, 2015).  

 Further down in the spodosol, one will find the A-horizon followed by the E-horizon. In the 

former horizon, there is a mixture between organic material and mineral soil and the color is usually 

dark. Here, the OM is more decomposed than the O-horizon. In spodosol, it is common that the 

humification does not reach the full stage i.e. the decomposition rate is not fulfilled. This is due to the 

low pH which leads to absence of a lot of activity by organisms like worms and that in turn lead to less 
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mixture between the horizons. Not only does it lead to incomplete decomposition, but it also it takes a 

long time for organic material in the soil to be decomposed (Eriksson et al., 2005; Nilsson et al., 

2007). The thickness of this layer varies between 1 to 15cm and depends on the relationship between 

decomposition rate and the addition of litter the layer (Eriksson et al., 2005).  

The E-horizon (Eluvial) is characterized by a low pH due to leaching of organic acids from the 

overlying layers (Lundström et al., 2000). The E-horizon is known to have a high level of weathering 

and leaching of Fe and Al elements. Leaching of these elements continues downwards to the B-

horizon, where Al and Fe will accumulate (Andréasson, 2006). The B-horizon is known as illuvial, 

(washed in compounds) and is often reddish due to the accumulation of Fe. Ultimately, the Spodosol 

is constituted by a C-horizon, which is known as parent material, which is the unaffected horizon. 

(Jenny, 1994). The C-horizon lies on top of the bedrock, seen as (R). 

Histosol is the second most common soil in the area and the formation process differs from that of 

Spodosol. To be classified as a histosol, most of the soil has to be dominated by organic material, such 

as peat (Andréasson, 2006). For histosol to be formed the decomposition rate of the organic material 

has to be low and drainage of water is low or absent. The histosol type in this area is comprised of 

horizons known as Histic Epipedon, which means that the soil is wet most of the year and the organic 

layer is at least 20cm thick (Staff, 2010). 

3.1.2 Soil, vegetation and trees 

The vegetation, soil type and tree species is a complex system. First of all, the soil is what mainly 

determines how and if plant as well as vegetation will grow and may have effect on tree species 

(Nilsson et al., 2007; Puhe, 2003). However, vegetation and trees will affect the soil properties, such 

as water content within the soil and the pH values. In addition, canopy can reduce sunlight from 

reaching the soil surface, which leads to a vegetation that will adapt to the given solar radiation 

reaching the surface (Nilsson et al., 2007). There are many more interactions between vegetation, soil 

and trees but the most important ones are how they affect the pH, the production of OM and how roots 

are able to influence the bulk density.  

Before the fire, the majority of the study area was comprised of Scots pine (Pinus Sylvestris), with 

small proportions of spruce (Picea abies) and only a small subarea is constituted by birch (Betula) 

(Fig. 3). Pine, spruce and birch are all very common tree species in Sweden as well as in Scandinavia. 

The woodland of interest in this project was owned by Bergvik Skog before the forest fire took place. 

The woodlands were therefore included in the forestry activity thus why the most interesting tree 

species to examine concerning the regeneration ability are spruce and especially pine trees.  

The undergrowth, which lies on top of the Spodosol, is Ericaceae where lingon berry, bilberry and 

black crowberry are included. Undergrowth constituted of Ericaceae species will produce a litter and a 

humus layer of lower pH than seen in areas where birch is present (Nilsson et al., 2007). The low pH 
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leads to presence of fungus, rather than a lot of activity by other organisms. Fungus often lives in 

symbiosis with plant roots, which is the main process of determining the root growth in Spodosol. 

Pine is very well suited for growth in relatively harsh conditions and where coarse grained soil, 

such as Spodosol, is present (Hallsby, 2009). Where the soil is thin and is nutrient poor, one can 

expect pine to grow. However, the concurrence between pine and spruce as well as between pine and 

birch increase with increased fertility and soil moisture (Hallsby, 2009). In this study area, the nutrient 

poor and dry soil covers most of the area. This is why the presence of birch is almost absent and the 

presence of spruce is low. Although Spruce trees are more suited for nutrient poor soils than birch, 

spruce trees usually grow where the soil is moist and nutrient rich (Johansson, 1995). 

 

Figure 3. Distribution of tree species that were present before the forest fire occurred. The most dominant species 
were pine, followed by minor distributions of spruce. Birch is present in a small zone in the south-eastern part of 
the study area. The grey color corresponds to peat lands, areas not used for forestry and also to other non-
forested areas (Bergvik Skog, 2015; Lantmäteriet). 

Criterions for pine and spruce root growth differ from each other concerning the pH value and the bulk 

density. When it comes to the different pH values for soils along with a dominant tree species, it is not 

only the soil that determines the pH values. The tree species itself has great impacts on the pH-values 

of litter and humus, as the litter is partly produced from fallen leaves and needles (Nilsson et al., 

2007). Nilsson and colleagues investigated the pH values from woodlands on top of sandy till at 

different places in Sweden. They could conclude that the pH-values in the O-horizon were highest for 

woodlands represented by birch, followed by spruce and later pine. However, when investigating the 

pH of the B-horizon, the values were highest for pine and lowest for spruce (ranged approximately 
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between 4,8 to 4,6) (Nilsson et al., 2007). The low pH for the humus layer in the soil is probably due 

to less bioactivity, which leads to more storage of carbon. The increased carbon content will cause a 

lower pH and the older the forest, the more carbon will be present (Nilsson et al., 2007).  

Each type of soil has a pH-value that is characteristic for that specific soil type. Till is known to be 

an acidic soil, where it usually becomes more acidic the further south it is present in Sweden. The 

increase in acidity is most likely because the till is younger in northern Sweden and has therefore not 

been subjected to the same amount of weathering as the moraines in southern Sweden (Fredén, 2009). 

Due to variances in pH for different soil types, vegetation and biota has adapted and can be very 

distinctive for a certain pH-value. If the pH value of a soil changes (lowered or increased), the 

vegetation type are likely to change as well. A pH value of a soil can vary with season variations, but 

is more or less always the same unless some radical outer factors have affected the soil, such as forest 

fires (also known as wildfires). pH for bog peat ranges between 3.5 – 4.5 thus an acid soil and histosol 

is in general known to be acidic (Eriksson et al., 2005).  

Bulk density values for soils are also important concerning the root growth. In soils that are coarse 

grained, the bulk density is usually higher than of finer soils (European Commission, 2009). Spodosol 

has in general a much higher than histosol, which means that the values of restricted root growth is 

higher in the spodosol. The restricted root growth for pine and spruce, based on the information from 

Agriculture, are values exceeding 1.8 g/cm3. 

 

3.2 Forest fires  

Forest fires are common phenomena occurring worldwide. They are known to be destructive as they 

can cause great damages, but a forest fire is also an occurrence that is benefitting for the biodiversity 

(Angelstam et al., 1997). Forest fires are caused either by humans or occur as a natural phenomenon, 

where lightning is the main responsible for wildfires to take place (Flannigan, et al., 2013).  The forest 

fire dynamics is very complex thus the effects of them might be hard to predict. There are many 

parameters that are important to examine to be able to determine how soils will respond to forest fires.   

3.2.1 Variables influencing fires 

Although forest fires are common worldwide, the distribution of them and their impact depends of 

several of variables (Angelstam et al., 1997). Variables that are mainly influencing the occurrence of a 

forest fire and its distribution are human activity, climatic conditions, the fuel load available and 

agents determining the ignition (Flannigan et al., 2013). When a forest fire has appeared, the degree of 

intensity determines the fire severity/burn severity and the ecosystem responses (Keeley, 2009). Fire 

intensity is a measure of the actual energy released from the fire. Beside the energy release, the term 

also corresponds to the temperature and the duration of the fire itself (Keeley, 2009) 
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Fuel load and wind speed may have a great influence on the fire properties (Granström, 2005). Fuel 

load is mainly referred to the vegetation present in the actual fire area, where different undergrowth 

has different properties. For example, Ericaceae dominated vegetation on top of a spodosol will burn 

more easily than a grass dominated vegetation, since these differ in soil moisture content (Granström, 

2005). Wind speed and its direction is an outer factor that can have a significant role when it comes to 

fire development and distribution, since a forest fire can have a significant increase in intensity only 

due this parameter.  

There are also natural and anthropogenic barriers occurring in the landscape, which reduce the 

spreading of a forest fire. For example, roads are obstacles preventing the fire from spreading due to 

lack of fuel load at the surface. Other naturally occurring obstacles are rivers, streams or lakes.  

How often a forest will be sufficient to forest fires are mainly determined by the soil type, 

vegetation, moisture content, slopes and topography. Besides these variables mentioned, a forest fire is 

said to occur coincidentally, meaning that the intensity of the fire is determined by humid conditions, 

which varies with time and space (Angelstam et al., 1997).  

 

3.3 Change in soil properties due to fires 

How the soil properties will change is determined by several contributing factors and is therefore a 

very complex system. A soil that is exposed to a forest fire will be subjected to internal changes such 

as physical, chemical, mineralogical and biological changes (Certini, 2005). Some of the changes 

might restore fast, while others may last for many years. At some extreme conditions, a soil might also 

be subjected to permanent changes (Certini, 2005). The intensity of the fire, the soil type, the duration 

of the fire and the slope are the four most crucial factors for how the soil properties will be affected 

(González-Pérez et al., 2004; Granström, 2005). 

3.3.1 SOM  

OM is, independent of soil type, present in the upper part of the soil and its presence makes the soil 

stable (European Commission, 2009), due to its ability to store water (Eriksson et al., 2005). The OM 

content in mineral soil leads to both aggregation of mineral particles and to water storage in the soil. 

These two mechanisms are important, as they benefit the soil and ultimately plant growth. Sandy tills 

are acting the opposite of root growth if no OM is present in the soil. A high content of OM will 

prevent the soil from compaction, thus leading to more favorable conditions for plant growth.  

The intensity of the fire determines the degree of OM loss in and above ground. OM might be the 

most vulnerable component in the soil when it comes to forest fires, since it is consumed at relatively 

low degrees (Certini, 2005). A decrease in OM content in the soil is not only caused by the fire itself 

but can also be a result of increased erosion, which is caused by water repellent layer formed as an 
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effect of the fire (González-Pérez et al., 2004). Therefore, a fire influences the OM content both 

directly and indirectly.  

A constantly wetted soil, such as Histosol, is rarely burned whereas a dry spodosol is more 

susceptible to fires. However, the moisture content of the humus layer included in a spodosol varies 

due to weather conditions, thus influencing the effects of the fire itself (Angelstam et al., 1997; 

Granström, 2005). When the humus layer in the soil is wet, it would not be as easily affected as a 

humus layer that is subjected to drought. Decreased soil moisture due to for example longer periods of 

warm weather and drought,  means that the fire can act further down in the soil profile thus leading to 

faster combustion of SOM. However, a fire can have great implications even if the humus layer is 

partially moist (Granström, 2005).  

3.3.2 SBD and OM relationship 

SBD is another parameter that can be affected by fires and the SBD reflects how well compacted the 

soil is (Agriculture, 2008). Independent of soil type, the SBD usually increase with depth as the 

compaction rate increases due to the overburden pressure. The SBD differs between finer and coarse 

grained soil, where finer soils normally has lower SBD values than large grain soils. This is mainly 

due to a higher porosity in finer soils (Agriculture, 2008; Nimmo, 2004). When affected by a forest 

fire, the aggregates in the soil, which are the reason for presence of water and air in the soil, may 

collapse thus leading to compaction and less favorable conditions for root growth (Mataix-Solera & 

Doerr, 2004). The collapse of aggregates is, among other things, an effect of decreased OM in the soil 

(less pore space). The relationship between OM and SBD is therefore important when it comes to root 

growth. Restrictions for root growth are for sandy soils, such as sandy till, are values exceeding 

1,8g/cm3 and the optimum values lies somewhere around 1.6g/cm3 (Agriculture, 2008). 

 One can tell something of the bulk density by simply analyzing the OM parameter in the soil. If there 

is a large decrease of OM in the soil one can expect the BD to have increased, which has also been 

confirmed by work performed in Quebec on Canada (Périé & Ouimet, 2008). 

3.3.3 pH values 

pH is a measure of the concentration of hydrogen ions (H+) (Eriksson et al., 2005), where the scale is 

logarithmic, meaning an increase of one pH unit is an acidic decrease of 10 times (Fredén, 2009). An 

alkaline soil (pH > 7) usually means that calcium carbonates are present in the soil thus increasing the 

pH. On the other hand, an acidic soil (pH < 7) means either leaching of base cations or presence of 

organic acids, formed by the OM in the soil (Eriksson et al., 2005; Fredén, 2009). Neither till nor peat 

are known for high pH values (Eriksson et al., 2005). However, when soils on top of these Quaternary 

Deposits have been exposed to wildfires, the normal conditions are no longer valid. 

The pH value of a soil could get more alkali as an effect of increased temperatures in the soil 

(Certini, 2005). This increase in pH value in the soil is partly because of reduction of organic acids but 

mainly due to formation of ash. Ash is an end product from the fire, which if present has an alkaline 
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effect on the soil (Ring, 1997). Depending on the weather conditions after the fire, ash has the ability 

to be imbedded in the soil, thus leading to leaching of base cations. The increased pH value followed 

by the presence of ash may stay high for several of years and if so, a new biota is to be expected 

(Berglund, 2014) 

 

3.4 Actions to restore the soil 

Actions of soil scarification might be necessary after a wildfire has taken place, since the soil can be 

affected in a way where trees are not able to grow. Soil scarification is a process where mineral soil is 

exposed to the surface thus reducing the compaction rate and increase chances for root growth. This 

action is normally performed by forestry companies in order to optimize the growth and regeneration 

ability. If one knows how the soil has been affected by the forest fire, one can tell whether or not soil 

scarification is needed. By analyzing SOM, BD and pH, one could tell how the soils in the area have 

been affected by the fire. 

 

3.5 The forest fire in Västmanland 

The forest fire in Västmanland started on 31st of July year 2014. What set the fire is yet not certain, but 

the assumptions are that the fire was not naturally occurring. The area of where the fire started is 

located between Seglingsberg and Öjesjön, which means that the fire actually started in the study area 

Fig. 4). Data received from people working in the “Analysgruppen” at Kyllesjö Skog shows that the 

following three days, the fire spread from northeast to northwest (Appendix A). Also, this data shows 

that the fire had its fastest spreading rate on Monday fourth of August (Fig. 4). This fast spreading 

lead to evacuation operations in Norberg, which is located about 28 km NW from where the fire 

started.  
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Figure 4.  Progression of the fire was in the study area between Thursday 31/7 2014 (pink color) and Monday 
4/8 2014 (red color). The fire area expanded rapidly between Sunday (yellow) and Monday (red). Data received 
from Bergvik Skog, Lantmäteriet and “Analysgruppen” at Kyllesjö Skog. The data from Analysgruppen was 
modified from PDF into polylines in ArcMap.  

 

Figure 5. Approximate fire spreading area and the fire spreading rate. Affected soil types are sandy till, fen and 
moss peat, glacial clay and postglacial sand. Data received from Bergvik Skog, Lantmäteriet and 
“Analysgruppen” at Kyllesjö Skog (Lantmäteriet). 
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According to the fire spreading map and the fire’s distribution, the most affected soil types are sandy 

till, fen and moss peat and glacial clay (Fig. 5). The tree species that has been most affected by the fire 

event was Pinus Sylvestris. From the maps of fire spreading, one can see that the fire has not acted in 

the most southern part of the study area. Therefore, it was decided that the fieldwork would be 

performed within the polylines seen on these maps. 
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4. Methodology  
 

4.1 Field study 

The field study was performed on April 9th 2015 in the woodlands near Seglingsberg (37 25’19.1“N, 

122 05’06”W). The one day of field study resulted in 29 samples which ultimately were analyzed in 

lab. A total of 5 transects was walked where sampling was performed in an interval of 20 meters. 

Samples from transect 1-4 were all burned soils, whereas samples from transect 5 were taken in order 

to have reference values (Fig. 6). The 29 samples were later stored in a cold room.  

The sampling technique was first determined before going out in field. Based on the fire spreading 

map, the idea was to take several samples in transects from each day of the fire spreading. This since it 

was assumed that the burn severity had increased from Thursday to Monday and if so, the values from 

the results should differ from east to west in the study area. In addition, it was desirable that the 

Transects would be in the same direction as the fire spreading in order to determine the pattern of 

intensity. However, due to obstacles, terrain difficulties and incorrect spreading maps, the sampling 

technique became slightly different than expected. Thus, some changes of the sampling technique had 

to be done when in field. 

Instruments used in the field were 2 GPS receivers, spades, a small soil corer, and a total of 29 

sample cylinders with two belonging lids. The GPS receivers used for the field study were an Oregon 

450 T (also known as “code-phase GPS receiver) produced by Garmin International, Inc. The Oregon 

450 T GPS-receivers were chosen because the devices are easy to carry in field and they are not as 

sensitive to canopy such as a geodesic GPS receiver.  

 

 

Figure 6.  Transects where the sampling was performed. All of the samples were collected at sites where pine 
used to be present. The image to the left shows the whole area (12. 53 km2) whereas the picture to the right 
illustrates the actual area of interest (4.71km2) (Bergvik Skog; Lantmäteriet).  
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4.1.1 General area description  

When first arriving to the study area, the first impression was that the effects from the fire were clearly 

visible. The dominating color of the ground was black and an obvious reduction of undergrowth was 

observed. However, some regrowth of grass could be seen in the northwestern part in the study area 

and the vegetation in peat lands appeared intact. The black color demonstrated how well the litter 

layers in the fire-exposed regions had been charred. The charring was also evident several meters up 

on the still standing tree-trunks, whereas the canopy was surprisingly preserved. In addition, presence 

of ash was significant in the whole area. 

In the northernmost part of the study area, the forest was young and the litter layer had been 

completely charred. However, optical analysis of the surface floor revealed regrowth of both grasses 

and fungus. This phenomenon observed was not prominent at any other subareas of which were 

examined.  

In the northeastern part, previous work had been performed to remove the burned trees from the 

site. The area had become a clear-cut with some burned trees left on the ground. The trees that were 

left were growing in a small wetland of which seemed to have been unaffected.   

There were two other sites, both located west of the main road that had been exposed to the fire. 

However, in a northern direction, the more the results from the fire were visible. Here at these two 

sites, there were a lot of boulders and cobbles and bedrock at the surface was visible.   

When in field, it was clear that the sampling technique had to be performed slightly different from 

what was previously determined. This was due to incorrect geographical estimation of the fire 

distribution and also due to elevation and terrain difficulties. 

4.1.2 Field sampling 

The 29 samples were collected in 5 different transects with intervals of 20 meters. Transect 1 includes 

sample no 1 – 10, transect 2 sample no 11 – 15, transect 3 sample no 16 – 20, transect 4  sample no 21 

– 24 and the last transect sample no 25- 29. Transect 5 includes the reference samples taken at the end 

of the day of fieldwork.  

 Since the terrain was not optimal for collecting samples (due to fallen trees and thin soils), it was 

decided that the samples should be collected in intervals of 20 meters. This made it possible to collect 

many samples in one transect even if there were obstacles in the terrain. The first transect started in the 

northeastern part of the area where the road ended. The transect was walked in a N-S direction and a 

total of 10 samples were obtained, where 9 out of the 10 samples were containing Spodosol. Only one 

sample in this transect was taken in the small wetland area present (Table 1). 

Transect 2 included 5 samples, which were obtained in a NW-SE direction, starting east of the 

main road. Sample no 11 to 15 that were collected in this transect contained a large amount of 

charcoal and one of the samples (no 15) was including a lot of visible OM both on top and at greater 

depths. The other four samples was either the E- or B-horizon on the bottom of the cylinder (Table 1). 
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As for location 3, the Transect was walked in a NE-SW direction and a total of five samples were 

obtained (sample no 16-20). The area was much wetter here than the previously two subareas, which 

also lead to that three out of the five samples were collected in wetland. These three samples included 

OM in both the upper part as well as at greater depths of the Histosol. The other two cylinders 

contained Spodosol samples (Table 1). 

The fourth transect was the last transect where samples were obtained from fire exposed soils. 

Here, only four samples were obtained in a S-N direction, starting at the end of the main road. This 

transect was located in the northernmost part of the study area and the forest was considered as young. 

The fifth and final transect was performed east of the main road in a N-S direction. A total of five 

reference samples were obtained, all of the spodosol type. Since the reference value for histosol was 

not obtained in field, the maximum pH value had to be based on previous studies and on consultants 

with professor in the particular subject. The maximum reference values used for the thesis are 

presented were pH < 5.5 (Eriksson et al., 2005).   

The process of obtaining the samples was an easy method. When collecting the soil, a small soil 

corer was used to be able to determine where the soil should be collected i.e. e where the soil layer 

thickness was great enough to fill the cylinder. The bottom of the cylinder was pushed into the top 

layer of the soil and a maul was used so that the cylinder was filled. As the cylinder was filled with the 

sample, a spade was used to dig out what was around the cylinder, which made it easier to pick up the 

sampler from the ground. The two lids were then applied at the edges of the cylinder and an arrow was 

marked on the container, indicating which side was up and which one was bottom. The cylinder was 

placed in a plastic bag together with a note, describing the sampling number, the amount of soil in the 

cylinder (how much was filled from the height) and surrounding describing (Fig 7). Note that this 

sampling technique was performed in order to perform all three types of soil analyses. 

 

 

Figure 7. Field sampling methodology. The picture on the left demonstrates how the cylinder was pushed down 
into the soil. Picture to the right shows an arrow marked cylinder filled with soil and the maul that was used in 
field (Photos: Anna Svensson, 2015). 
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Table 1. Description of different soils as well as Podsol horizons from the upper and the lower part of the soil 
samples in the cylinders. E = Eluvial horizon, B = Illuvial horizon, OM = organic material 

 

4.2 Soil analyses 

Three types of soil analyses were performed on the 29 soil sample cylinders, where pH was the first 

analysis to be performed. The pH analysis was effective and the results, which were indicating 

whether or not the fire had influenced the pH, were received within a few days. A total of 5.00 grams 

of soil was removed both from the upper and from the lower part of the soil filled cylinders (10 g in 

total). Although it would be possible to determine the pH of peat by squeezing out water and measure 

the pH of that, the procedure of the pH measurements was performed in the same way independent on 

the soil type. 

 Secondly, samples for the Loss-on-ignition analysis were air dried for five days, before oven dried 

and later burned. The total OM loss were noted and calculated meanwhile the tests were ongoing. Two 

subsamples from every cylinder were used, meaning that a total of 58 samples were analyzed 

concerning the OM content. The start weight of the LOI (before air dried) was 4.00 g per crucible, 

Transect Site no Surface Bottom 
1 1 E B 
  2 OM + ash + some E E 
 3 OM + ash + some E B 
 4 OM OM 
 5 OM + ash B 
 6 Ash + some E B 
 7 charring + OM E 
 8 OM + ash B 
 9 OM + ash + charring E 
 10 OM + ash +charring B 

2 11 OM B 
 12 E + charred + ash E 
 13 OM + charred E 
 14 OM + charred E 
 15 OM + charred OM 

3 16 E + ash B 
 17 OM OM 
 18 OM OM 
 19 OM OM 
 20 E + charred B 

4 21 E + charred + OM E 
 22 E + charred + OM E 
 23 E + charred E 
 24 E + char + ash B 

5 25 OM B + OM 
 26 OM E + OM 
 27 OM E + OM 
 28 OM E 
 29 OM E+ OM 
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excluding the crucibles weight. The subsamples received from the upper part of the cylinder did not 

include charcoal. Charcoal was removed and the most intact layer beyond it was used for this method. 

The SBD analysis was the last analysis to be performed. The bulk density test included two days of 

oven drying at 105°C. Subsamples analyzed in this method were received from the upper part of the 

cylinder (between 1-5 cm from the surface). Due to disturbances of the soil in some of the cylinders, 

there were only 25 samples that were analyzed in this test. 

These three methods were chosen because they are generally not time consuming and they are also 

qualitative without needing a lot of lab equipment. Due to these properties, it was possible to analyze 

many soil samples at the same time. 

4.2.1 pH analysis 

The pH of the different collected soil types in field were analyzed, using a 713 pH meter. It was 

expected that the pH value for all the samples should have increased, although if till and especially 

peat are known to be acidic. To determine how much and if the pH value had changed, the reference 

samples, of which included unaffected till and intact litter, were used as guideline values. Since pH-

values tend to increase with increased added water content, it was decided that all of the samples 

would have a 1:2.5 solution, meaning 1 part of soil and 2.5 parts of deionized water. Equipment used 

for this analysis were 250 ml plastic bottles, a scale showing grams with two decimals, beakers, a 

spatula to remove soil from the cylinders, a pH-instrument including an electrode sensor and a 

magnetic stirrer, magnets to be placed in the plastic bottles, deionized water and a machine where the 

samples were placed to be blended. Since there was a lack of plastic bottles, the test was run twice, 

where the first run was performed for the upper part of the soil, whereas the second run included soil 

from 17 cm in the subsurface. 

The soil was gently removed from the cylinder with a spatula. Soil was removed from the upper 

part for the 1st run and thereon the same procedure was done for the bottom part of the cylinder (2nd 

run). The small amount of soil was placed in an empty and already weighed beaker, which was placed 

on the scale. When the weight of 5.00 grams was reached, the soil was placed in a plastic bottle and 

later in a plastic bag with a note, so there would be easy to tell the samples apart. 12.5 ml of Deionized 

water was poured into the plastic bottle. As this procedure had been repeated for all the samples, the 

bottles were placed in a machine to allow the water and the soil to blend over the night (12 hours).  

The bottles were removed from the container and placed on the pH-instrument. However, before 

starting the analysis itself, calibration of the pH-measurement had to be done. To do the calibration, 2 

fluids with known pH-values were used. The first calibration was done for the fluid with a pH of 7 and 

the second calibration for the fluid with pH-value of 4. One could use other known pH-values of the 

fluid if the pH of samples are expected to be higher than 7. Fluid values of pH = 4 and pH =7 were 

chosen since the values from the analysis were thought to be somewhere between these two known 

values. As the calibration itself was finished, one had to re-check the value of the known pH fluid and 
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if the display did not show 7.00 one had to take that into account when the results from the soils were 

received.   

After the calibration, the samples from the plastic bottles were placed in a small beaker (á 20 ml) 

and a magnet was placed in the bottom of this. Following, the beaker was placed on the magnetic 

stirrer, which was switch on. The electrode sensor was placed in the solution and the pH-value was 

eventually showing up on the screen of the 713 pH meter. The procedure was performed for the 

remaining 28 samples.  

4.2.2 Loss-on-ignition (LOI) 

Burn severity, also known as fire severity, is determined by the fire intensity and includes the 

investigations of OM loss and changes in and above soil (Keeley, 2009). One way of determining how 

much OM content is left in the soil is to perform a Loss-on-ignition (LOI) analysis. There are several 

ways that this method can be performed and for this study, applications used by Jenny Johansson were 

also used in this thesis (Johansson, 2013). The LOI method used by Johansson (2013) is a modified 

method presented by Santisteban (2004), where the soil sample is oven dried and weighed three times 

before the final results. Equipment used were subsamples from the filled cylinders, porcelain 

crucibles, muffle furnace, tongs, desiccator and a scale showing four decimals (g).  

To perform the analysis, one had to first burn all of the 58 crucibles at 550°C in a muffle furnace. 

Burning of the crucibles before the analysis was necessary, since it guaranteed that the crucibles were 

clean from particles that potentially could have remained after previous LOI tests. After the first 

burning, the crucibles were placed in a desiccator to cool and were later weighed on a scale showing 

grams with four decimals. Further on, four grams of subsamples from the soil filled cylinder were 

placed in each crucible. There were two subsamples from every cylinder, one subsample from the top 

of the cylinder and the other from the bottom, meaning that a total of 58 LOI samples were used for 

this analysis. The crucibles including soil samples were air dried for at least 5 days and later weighed, 

before the first oven drying test was performed. 

After five days of air drying, 20 crucibles including soil samples were placed in a furnace to dry for 

24 hours at 105°C. According to Santisteban, one should dry the samples between 12 – 24h to be sure 

that the samples were completely dry. After the first oven drying test, the subsamples were placed in 

the desiccator and later weighed when cooled. When the weight was received, equation 1 was applied 

(Santisteban et al., 2004).  

  (105) =  ( − 105) ∗ 100                                                    (1) 

 

where WS is the sample weight after air drying and DW105 is the weight after 24 hours of oven drying.  

By multiplying with 100, the results were given in percentage of OM loss. 
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Ultimately, a final burning was performed, where the samples were placed in the muffle furnace 

again for 2 hours at 550°C. Since the muffle furnace could not contain more samples due to risk of 

overheating, the process of burning took days to perform. It was necessary to place the crucibles to 

burn at 550°C, since it was causing complete burning of all the OM that potentially was left in the 

sample. Furthermore, that would indicate whether or not there was a lot of organic material left in the 

soil after the fire (Santisteban et al., 2004). The crucibles were removed from the oven, placed in the 

desiccator to cool and ultimately the final weighing for this test was performed. Furthermore, equation 

number two was applied (Santisteban et al., 2004). 

 (550) = ( 105 − 550) ∗ 100                                                   (2) 

 

One thing to keep in mind while performing this analysis is the weight loss between when the samples 

were wet and when they had been air-dried for five days. That reduction, known as water loss, can 

influence the out coming final results (Appendix A). 

4.2.3 Bulk density 

The bulk density test was performed in order to investigate the ability for air and water to move freely 

in the soil. The core method was used in field when sampling and most of the cylinders were 

completely filled with soil, whereas some were not. Since the soil volume had to be known in order to 

perform the SBD analysis, one had to choose new smaller containers with known volume. Although 

the heights of the not completely filled cylinders were noted in field, risks were that these estimations 

would not be good enough for the analysis, thus affecting the results more than desirable. In addition, 

the bulk density test was the last analyse to be performed, meaning that a total of 18 grams from each 

cylinder had already been removed thus further affecting the volume. 

One criterion to perform this analyse is that the soil has to be as unaffected and undisturbed as 

possible from when taking the sample to when it is analysed. As the ends of the cylinders were already 

disturbed, it was determined that the middle part of the cylinders would be analysed. As the cylinders 

contained different soil volume, the depth of which the soil was taken from varied. 

 Before adding soil into new glass bottles, each glass bottle had to be weighed and the volume of it 

had to be known. Knowledge about the weight and volume was crucial, since one wants to know the 

weight of the dry soil and divide it with the wet soil’s volume when the drying was performed 

(Equation 3).  

The soil was carefully removed from the cylinder and placed in the small glass bottle with known 

volume. Since the glass bottle was not completely filled with the soil sample, a known volume of 

water was added to the bottle. The known water volume would give the soil’s volume, since the total 

volume of the glass bottle was already known. As follows, the glass bottles were placed in the same 
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type of oven that was used in the LOI analysis to dry at 105°C for two days. When all water was 

removed, the glass bottles including the dry soil samples were weighed. Further on, the equation from 

Brown & Wherrett (Equation 3) was modified as follows: 

 =   ℎ  ( )  ( )                                                                (3) 

 

A total of 25 samples were used to perform the bulk density measurement, meaning that some 

cylinders were not used for this analysis, as they were considered to be too disturbed.  

4.3 Statistical analyses 

Statistical analyses were applied on the results received from the soil analyses, in order to tell whether 

or not the results from the burnt sites were significantly different from the reference site. The results 

from the SBD, SOM and LOI were analyzed concerning spreading of the results within the transects. 

The subsamples from similar depths of the different transects were later compared, in order to 

investigate the spreading rate. 

In order to be certain that the results were significantly different from the reference site, t-tests on 

every soil analysis were performed. The t-test revealed the probability of having two transects with the 

same mean value of pH, SBD or LOI. If the same mean value was measured between two transects, 

one could not reject the null hypothesis i.e that the samples have the same mean. However, if the mean 

values between the samples are significantly different from each other, the null hypothesis could be 

rejected. The level of confidence was set to 95%, which means that p-values lower than 0.05 was 

favorable for the alternative thesis i.e that the mean values between the transects are not the same. 

4.4 Mapping of results  

The two global positional system (GPS) hand computers that were carried out in field brought exact 

coordinate positions of the soil samplings sites. One of the GPS-receivers was placed in the northern 

part of the study area, directly when arriving to the location. This receiver was left at the same place 

and registered the same coordinates every 10th second until the fieldwork was completed. Every 

sample was marked as a “Waypoint”, starting on Waypoint 193 and ending on 201. 

The 29 waypoints were imported from the Garmin device into the PC. The “Basecamp” plugin was 

downloaded in order to convert gpx into txt-files, since the gpx format was not compatible for ESRIs 

product ArcGIS, which was the software used for this study. The coordinates in the text file were 

given in Universe Transverse Mercator coordinate system (UTM) and Map datum in WGS 84. UTM 

is not the same as coordinates given in latitude and longitude, since the UTM divides Earth into 60 

zones (6 degrees each). Conversions from WGS84 to Sweref99 (the projected coordinate system used 

in Sweden) had to be performed. 
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The accuracy of the Oregon 450 T device was ± 5 meters horizontally and ± 10 meters vertically, 

meaning it was relatively accurate. After converting to Sweref99, the waypoints were placed at the 

same coordinates in ArcMap as they were in field, meaning that no Differential GIS interpretation was 

needed. However, the vector data downloaded from Lantmäteriet were not that accurate, especially not 

the Road vector. The vector data had probably not been updated for some time which, was visible 

when comparing the vector data against aerial photographs (also downloaded from Lantmäteriet). By 

downloading this photo, one could extend the polylines of the road so that it would fit with reality. 

After importing waypoints as Shapefiles into ArcMap and extending the roads, the results from the 

soil analyses i.e. the pH, LOI and the density test was added in the waypoint shape files. This step 

made it easier to visualize the final results.  

  



24 
 

5. Results 
 

5.1 Soil analyses 

The results from the pH analysis are the first ones presented in the results section, followed by results 

from the LOI test. 58 samples for both the pH and the LOI test were analyzed. The third analysis was 

the bulk density, where only 25 samples from the most upper part of the soil were analyzed. The 

spreading of the results from all three analyses are presented in tables (calculated standard deviation) 

and box- and whisker plots. This type of histogram was chosen, since it makes it easy to visualize the 

spreading of the values within the transects and also compare the transects with each other.  

A t-test analysis was performed, in order to determine whether or not there was a significant 

difference between Transect 1-4 compared to the reference site (Transect 5). A low p-value (less than 

0.05) indicates that there is a significant difference of the mean value between the burnt site and the 

reference site, thus it confirms the alternative hypothesis. Larger p-values indicate that the spreading 

of the mean results between the reference site and the burnt site does not differ significantly.   

5.1.1 pH values 

A total of 58 different pH values were received from three days of lab analysis. The first run included 

the uppermost part of the soil for all of the 29 samples, whereas the second run gave pH results for 

depths between 9.5 cm to 17 cm from the surface (Appendix A). The results from the soil analysis are 

presented as box- and whisker plots (Fig. 8 - 9) in order to visualize the spreading of the results within 

every transect. This spreading is also presented as numbers, seen in Table 2. The higher the standard 

deviation around the mean, the higher the insecurities will be in the t-test. 

Results from the t-test are presented in table 3. The numbers represents the p-value from when 

comparing the pH-values from the burnt site with the pH - values from the reference site. A p-value < 

0.05 means that there is a significant difference between the mean values of the burnt and the 

reference site. 
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Figure 8. pH values from the surface presented as box- and whisker plots. The median values for transect 1-4 is 
higher than for transect 5. Most of the boxes (except transect 1) are asymmetrical. Highest spreading is seen in 
transect 2.  

 

 

Figure 9. pH values for the sub-surface (15 cm) for all five transects. Values are slightly lower for transect 1-4 
than seen in previous figure. The pH values for Transect number 5 (the reference site) have increased with depth. 
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Table 2. Mean pH values and the standard deviation for the transects. The standard deviation analysis includes 
samples taken near the surface and at greater depths.  

Transect 
Mean Standard deviation 

Surface Sub-surface Surface Sub-surface 

T1 5.62 4.92 1.04 0.37 

T2 5.40 4.90 1.44 0.79 

T3 5.54 4.88 0.82 0.24 

T4 5.61 4.93 1.11 0.28 

T5 4.33 4.71 0.36 0.52 

  

Table 3. Presenting of results from the t-test. A high p-value is considered to be larger than p = 0.05. 

  

Results t-test 
Transect 

T1 T2 T3 T4 

Surface 0.004 0.174 0.026 0.099 

Sub-surface 0.458 0.667 0.532 0.448 
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5.1.2 LOI 

The weight from the air-drying, 24 hours drying at 150°C and 2 hours burning at 550°C are all 

presented in Appendix B. Sample number 1 to 15 (total of 30 subsamples) were burned first, whereas 

the remaining 28 subsamples were burned the following day. The percentage weight loss from the LOI 

corresponds to the amount of organic material that was present before the burning. This means that the 

lower the LOI value, the more likely it is that the soil has been affected by the fire. 

The spreading of the results within each transect is seen in Fig. 10 for samples taken close to the 

surface and Fig. 11 for the sub-surface. The box-and whisker plots are followed by values of the 

standard deviation (Table 4) and results from the t-test (Table 5). 

 

Figure 10. Box plot illustrating the total weight loss of samples at the surface. The higher the weight loss, the 
more OM was present in the total amount of soil samples within each transect. The graph shows the median, and 
upper and lower percentile (whisker). Complete tables are found in Appendix B 
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Figure 11. Total weight loss for every transect (x-axis) of the sub-surface approximately 15 cm depth.  

 

Table 4. Mean LOI values and the standard deviation for transects 1 to 5. The standard deviation analysis 
includes samples taken near the surface and at greater depths. 

 

Table 5.  Results from the t-test. Numbers are representing the p-value, which is considered to be large if p > 
0.05. 

T-test 
Transect 

T1 T2 T3 T4 

Surface 0.721 0.705 0.184 0.140 

Sub-surface 0.583 0.542 0.671 0.313 
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Transect 
Mean Standard deviation 

Surface Depth Surface Depth 

T1 6.87 2.15 2.18 1.07 

T2 5.45 2.34 3.50 1.36 

T3 3.94 2.12 1.24 0.92 

T4 3.24 1.24 2.29 1.00 

T5 6.28 1.90 3.17 0.68 
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5.1.3 Bulk density  

Unlike the pH – and LOI analysis, the bulk density included fewer samples. The 25 soil samples used 

for the BD analysis were taken at depths of about 5 centimeters, which means that the LOI values 

taken at greater depths (i.e. at the bottom of the cylinder) have not been used in studying the trend 

between the two parameters. Since there were only 25 samples used for this analysis, it means that 

there are some samples from the LOI results that are excluded from the comparison of the two 

parameters. The results are presented in the same order as for the pH and the LOI results, with the only 

difference that no sub-surface samples are included in the soil – or the statistical analysis.  

 

Figure 12. Bulk densities presented in box-plots. The bulk density values on the y-axis represents samples taken 
close to the surface at each transect (x-axis). 

 
Table 6. Mean SBD values and the standard deviation for transects 1 to 5. The standard deviation analysis 
includes 25 samples taken near the surface.  
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Mean Standard deviation 

Surface Surface 

T1 0.26 0.19 

T2 0.23 0.23 

T3 0.49 0.48 

T4 1.14 0.48 

T5 0.20 0.04 
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Table 7. Results from the t-test. A high p-value is considered to be larger than p = 0.05. 

 

 
  

T-test T1 T2 T3 T4 

Surface 0.436 0.752 0.251 0.029 
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5.2 GIS interpretation 

The results (mean values for each Transects) from the soil analyses are presented in maps made in 

ArcMap. Note that only 1/3 of the whole study area is presented in the maps below (Fig. 13 -15) and 

that the circle at each Transect represents the mean values for the whole Transect. 

 

Figure 13. Mean pH values near the surface (left) and further down in the soil profile (right). At the surface, the 
burned sites have mean pH values greater than one unit compared to the reference transect. pH values at greater 
depths are too higher for the burned sites (Bergvik Skog; Lantmäteriet). 

 

 
 
Figure 14. Mean values for the LOI analysis are presented above. Map to the left is values of soils analyzed at 
the surface whereas the map to the right shows results from soil analyzed at greater depths. At the surface, the 
highest organic material content was seen in east of the main road i.e. Transect 1 and 5 (Bergvik Skog; 
Lantmäteriet).   
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Figure 15. Mean values from the LOI analysis and the mean results values for the BD are presented above. Map 
to the left is values of SOM loss (%) at the upper cm of the soil, whereas the map to the right shows the mean 
values results from when analyzing the bulk density. The bigger the yellow circle, the higher the value is (same 
for both of the maps). At the surface, the highest organic material content was seen in east of the main road i.e. 
Transect 1 and 5 (Bergvik Skog; Lantmäteriet).    
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6. Sources of errors 
 

Errors will always occur in scientific related studies and it is important to point out the most potential 

sources of errors. It is likely that the incorrect maps, the different lab analyses performed and the 

amount of data are the three biggest sources of errors affecting the obtained results.  

6.1 Fire spreading map  

GIS-data from different companies and authorities turned out to differ from each other and this was 

detected both before and when out in field. For example, differences between satellite data received 

from Bergvik Skog and from Lantmäteriet differed from each other concerning the wetland 

distribution. This was detected before the fieldwork but the errors were considered be too small to be 

able to affect the upcoming soil sampling technique and execution. Yet, the difference will still be 

considered as an error thus it should not be ignored.  

Data from Kyllesjö Skog and from Länsstyrelsen were also processed before going out in field. 

This dataset showed that the fire had spread southwards and that the southwestern part of the road 

most likely would have suffered from the highest fire intensities. However, when driving on that road, 

it turned out that the area had not been sufficient to the fire. At some places, the error concerning the 

fire distribution reached up to several hundreds of meters. An error of such magnitude must be 

highlighted, since it had a direct impact on the fieldwork execution. 

Processed data presented in maps will always include errors, which will propagate further if 

processed even more. No raw data concerning the fire-spreading map were available, thus the already 

presented maps from Kyllesjö Skog and Länsstyrelsen were used. The map from Länsstyrelsen did not 

involve any real measurements of the fire-spreading, it was created based only on estimations. The 

map used from Kyllesjö Skog was based on actual field surveys, thus it was considered to be accurate 

enough to use as a reliable material for the thesis.   

6.2 Soil sampling and laboratory analyses 

Since three different soil analyses were performed, possible errors are most likely embedded in the 

results. It was hard to avoid disturbances of the soil samples although the sampling was performed 

carefully. The extents of the errors are unknown, but it is likely that the SBD-analysis includes more 

errors than both the LOI- and the pH-analysis. This mainly since the SBD analysis was performed 

after the pH- and the LOI analysis. This source of error could have been avoided by analyzing the 

SBD first, since the analysis demands the sample to be intact and undisturbed. Since the SBD analysis 

was performed lastly, the subsample weight for all three analyses had to be adjusted thus became 

smaller than desirable. In order to perform the SBD analysis on undisturbed soil, the subsamples for 

each analysis had to be very small, weighing < 4 grams.  
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The LOI analysis might have been most affected by the low subsample weight. This mainly since 

the analysis required the sample to be air-dried before it went oven-dried. A few of the samples 

showed a great weight reduction from when taken out of the cylinder to being air-dried. This large 

weight reduction means that errors were most likely present before the analysis itself had started. 

These errors should be taken into consideration when analyzing the LOI results.  

When it comes to the bulk density analysis, many of the samples were taken ~ 5cm from the 

surface. This decision was based on that if the SBD would have been changed i.e. increased, it would 

most likely be seen in the upper part of the soil horizon. Since the soil sample could not be too 

disturbed, it resulting in that the subsamples taken for the SBD and the LOI analysis were taken at 

different depths. To be able to compare the LOI and the BD test more accurately, the subsamples 

should have been collected at similar depths. 

6.3 Amount of data 

The amount of data was to low in order to obtain best possible results. This partly due to lack of time, 

but also due to unexpected errors in the map, which turned out to be greater than first predicted. The 

biggest source of error in the thesis is most likely due to lack of data. That is mainly visible in the T-

test results. T-tests require a large amount of data in order to be certain whether or not the hypothesis 

should be approved. 
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7. Discussion 
 

The results from the soil analyses and from the statistical analyses are partly clear, partly ambiguous 

thus making the interpretation of the results somewhat difficult. The results from the soil analyses and 

from the statistical analyses are sometimes contradictory to each other and the causes for this is 

discussed down below. In the discussion section, the main focus lies on results from samples taken 

close to the surface, since these results were most interesting. 

7.1 Soil analyses 

The results from the soil analyses are not presented in the results section, but in the Appendix A, B 

and C. Overall, the pH analysis showed an increase of the pH value at transects 1-4. The results from 

the LOI analysis showed an expected reduction of the SOM content in some of the samples. Like the 

LOI analysis, some of the SBD values differed from the reference site. However, most of the results 

from the t-test were not significant enough to be able to reject the null hypothesis. 

7.1.1 pH – values 

The results from the pH analysis were quite easy to interpret, although there are some question marks 

that needs to be further discussed and investigated. It was hypothesized that the pH values from the 

reference site would have been lower than measured at transects 1-4. However, the results from the 

reference site were sometimes as high as measured values from the burnt sites. In addition, the pH 

values at transect 5 increases with increased depth and these values sometimes exceeds values from 

the same depths at burnt sites. Possible explanations for this would be that there are some mixture of 

the B-horizon in some of the analyzed reference samples. Since the illuvial zone accumulates leached 

compounds, it will cause the pH to increase. Therefore, a sample including the b-horizon will show 

greater values than if only containing the A-horizon.  

Measured pH values from the soil samples containing peat were showing remarkably high results. 

The high values were unexpected since the wetlands seemed to have been relatively intact and 

unaffected by the fire, this although the wetlands were situated near or in the fire field. However, it 

was visible that the pine trees growing near and in the wetlands were affected at the lower ends of the 

tree trunks. Burnt tree trunks and high pH-values indicate that the fire had acted directly on the 

wetlands without the effects on peat being directly visible. If so, wetlands usually burn from below 

and the burning takes far more time to extinguish than at places such as where till is present. 

There are many sites showing an increase in pH-values and according to several studies, the pH 

values may not decrease for several years before recovered to normal pH conditions. The high results 

from the pH analysis may have a big influence on the regeneration, since the pH values at some sites 

were more than 2 units higher than normal conditions.   
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By studying the results from the pH analysis, it seems that the pH values at transect 1-4 had 

increased compared to transect 5. This increase in pH value corresponds very well with the hypothesis 

that the pH would rise as an effect of the forest fire. 

The t-test reveals that transect 1 (with mean value = 5.6) have a significantly different mean value 

than the reference site (mean = 4.3). In addition, the mean value of transect 3 (pH = 5.5) was also 

higher than the mean value for transect 5. These results means that one can be 95% certain that the 

mean pH values differs from the reference site, thus the alternative hypothesis is supported.  

7.1.2 LOI  

The results from the LOI analysis reveal that many of the samples showed a low reduction of the SOM 

content. This indicates that the SOM content had been reduced due to the actions of the fire. The 

highest values of OM loss was observed in samples taken in the beginning of the transects, which 

might seems like a strange coincidence. However, since all of the transects started close to a road, it is 

possible that the roads have acted as barriers thus preventing the fire from acting near the roads. 

If studying the total SOM loss between transects, it turned out that the highest SOM loss observed 

at greater depths was seen in Transect 2, whereas the lowest loss was seen in Transect 4. These values 

are certainly of interest, but differences are quite small. A fire would usually not reach down to greater 

depths of soils, but what can be affecting greater depths is the convection temperature released from 

the fire itself. So, the very low values seen in the Eluvial (E-) horizon in particular, can be due to high 

temperatures released from the fire that lead to combustion of OM.  

Due to the results, it is more interesting to discuss the SOM loss values in samples taken close to 

the surface. For the surface results, the highest SOM losses were observed in Transect 5 and in 

Transect 1. The high SOM loss in transect 5 was expected, but for Transect 1 it was not thus the 

results were a bit shocking. Based on what was observed in field and on the high pH values received 

from the primary analysis, one would expect the subarea to have a low OM content close to the 

surface. These assumptions were also based on that the area had a relatively thin soil profile and that 

the trees previously standing there were sparsely distributed.  

A possible explanation for the high SOM loss in Transect 1 can be that the area was, based on 

aerial photos from Lantmäteriet, previously a clear-cut. Just like roads, clear-cuts act as barriers since 

they are usually wetter than at places where trees are growing. If this subarea was moister than the 

other Transects, it would explain the low burn severity rate. 

The lowest SOM loss observed at the surface was for Transect 4. The low OM content present in 

Transect 4 might have to do with that the forest was young, thus the canopy was small. A small 

canopy leads to more undergrowth due to more solar radiation reaching the surface. More 

undergrowth means that there will be more fuel load available for the fire thus a higher burn severity 

is expected. Due to these parameters, it might be so that the fire was most intense here. 
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None of the Transects showed a significant difference from the reference site, although mean T4 

(value = 3.2) and mean T5 (value = 6.3) might seem to differ enough to be considered as significant. 

The high spreading of the results within each transect (seen in the box- and whisker plots) is most 

likely the reason for why the null hypothesis cannot be rejected for any of the LOI results. More 

importantly, the spreading of the results was high within the reference site, which is not ideal due to 

the many times the value from this site is used for the t-test.  

7.1.3 SBD and the SOM 

Overall, the SBD values were quite low thus lower than first expected. Due to lack of data, it was hard 

to interpret the results from the SBD analysis. There were only 25 samples used for this analysis and 

instead of analyzing both the bottom and the top of the cylinder, it was only subsamples from the 

surface that were used. This mainly due to lack of time, but also due to difficulties caused by disturbed 

samples. Fortunately, one out of the four fire exposed transects showed an increase of the SBD value 

and the increase was high enough to be able to verify the hypothesis. This was Transect 4, in the 

northeastern part of the area. 

Transect 4, which was constituted by young forest, had a mean SBD value of 1.14 which is much 

higher than the mean value at the reference site (0.2). The lowest value at transect 4 was measured in 

the sample closest to the road, which once again indicates that the road has acted as a barrier. More 

importantly, the most interesting results from both the SBD analysis and the LOI analysis are from 

samples taken at Transect 4. This young forested area with sparse canopies could have let in a high 

amount of solar radiation to the surface, leading to vegetation growth. Dry weather conditions and a 

lot of vegetation in combination with a forest fire would have lead to the surface floor to act as fuel 

load. This could have been the scenario in the northern part of the area, thus it would explain why the 

SOM is low and the SBD is high. 

The results from the bulk density test showed that transect no 4 had the highest BD values as well 

as lowest OM present. The t-test performed on the mean BD results from this transect was 

significantly higher (BD = 1.1) than the mean value measured at the reference site (BD = 0.2) at the 

95% level of confidence. If the t-test for the mean LOI values at the same site had shown a significant 

reduction from the reference site, it would have been supported the idea that the fire would have 

affected the SBD and the LOI relationship. Still, the overall results from the LOI and the SBD tests 

shows that intense forest fires would most likely affect the relationship between SOM and SBD, which 

then also supports the hypothesis of the thesis.  

Whether or not the high SBD values at the transect 4 will affect the root growth or not is hard to 

predict since the SBD was only studied near the surface. A high SBD value further down in the soil 

profile will most likely have a great impact on the regeneration.  
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7.3 Additional studies 

Clearly, more samples would be needed in order to understand how soil properties changes due to 

forest fires. Also, one could apply some additional measurements at the fire site. For example, 

measuring of nitrogen, which is an important component for plant regeneration. Water repellent layers 

could too have been examined in order to receive more information about the soil properties. 

Ultimately, further studies and analyses of forest fires occurring in young forested woodlands 

concerning soil properties (and also concerning ecology) are strongly recommended.  
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8. Conclusion 
 

This Master’s thesis aimed to investigate changes in soil properties caused by a forest fire occurring in 

Västmanland, Sweden year 2014. More specific, the aim was to investigate whether or not one could 

conclude an increase of SBD where there was a decrease in SOM due to the fire. The output results 

from the soil analyses indicated that the hypothesis was true, since the inversely proportional 

relationship was most prominent in the northern part of the area, where the fire seemed to have been 

most intense. 

Since it was expected that the pH, SBD and SOM parameters had changed from pre-forest fire 

conditions, it was necessary to apply statistical methods in order to conclude if the changes of the 

mean values had changed significantly from the reference site. The majority of the t-tests did not show 

any significant differences between the mean values from the burnt sites and the reference site, thus 

the null hypothesis could not be rejected. However, where the significant differences at the 95% level 

of confidence were measured, the results confirmed the hypothesis of the thesis i.e an increase in both 

mean pH and SBD values.  

Forest fires in Sweden are expected to be more common and these will have an impact on both the 

ecology and the economy. Based on the results, it is recommended to further examine the 

consequences of forest fires, related to soils located in young forested areas. 
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Appendix A: pH data 
 
Table A1. Results from the pH-analysis. Transects 1-4 are burned sites, whereas Transect 5 represents the 
reference samples. 1st run was close to the surface and the second run was further down in the soil profiles. WP = 
Way points from the GPS receiver. Note that the values of 0.06-0.07 from the calibration have been added to the 
pH values. 
 

Transect Site no. WP Type pH  @ surface 
(2-3 cm) 

2nd run 
(9.5-17 cm) 

Depth 
(cm) 

1 1 193 till 5.27 4.98 12.7 
 2 194 till 7.20 5.32 17 
 3 195 till 5.41 4.86 17 
 4 196 peat 6.93 5.11 17 
 5 197 till 6.43 4.54 17 
 6 198 till 5.42 5.27 12.5 
 7 199 till 6.23 4.42 11 
 8 200 till 4.40 5.11 17 
 9 201 till 4.49 4.31 10.5 
 10 202 till 4.41 5.26 17 
2 11 203 till 3.59 4.83 16.5 
 12 204 till 7.39 6.26 17 
 13 205 peat 6.15 4.66 17 
 14 206 peat 5.07 4.27 17 
 15 207 peat 4.80 4.48 11 
3 16 208 till 6.56 5.05 16.2 
 17 209 peat 4.60 5.04 17 
 18 210 peat 6.23 4.49 9.5 
 19 211 peat 5.90 4.81 13 
 20 212 till 5.14 5.02 15 
4 21 213 till 4.84 4.56 15.5 
 22 214 till 4.75 4.9 12.5 
 23 215 till 5.73 5.2 17 
 24 216 till 7.14 5.06 17 
5 25 217 till 3.97 5.13 16 
 26 218 till 4.68 4.84 13 
 27 219 till 4.63 5.11 12.5 
 28 220 till 4.44 4.62 17 
 29 221 till 3.94 3.85 17 
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Appendix B: LOI data 
 

Table B.1. Data from subsamples taken from the bottom of the cylinder. 

 

 

 

Sample no Depth (cm) Horizon Crucible (g) Sample (g) Crucible + soil sample (g) 
before air drying 

1 12,3 B 10.56 4 14.56 

2 16 E 11.03 4 15.03 

3 14 B 10.41 4 14.41 

4 16 OM 14.16 4 18.16 

5 15 B 11.77 4 15.77 

6 11 B 14.26 4 18.26 

7 11 E 11.84 4 15.84 

8 16 B 12.31 4 16.31 

9 11 E 11.44 4 15.44 

10 15 B 11.39 4 15.39 

11 16,5 E 12.23 4 16.23 

12 16 B 13.80 4 17.80 

13 16 B 11.20 4 15.20 

14 16 B 10.56 4 14.56 

15 11 OM 14.65 4 18.65 

16 15,2 E 12.63 4 16.63 

17 16 OM 13.50 4 17.50 

18 8,5 OM 14.62 4 18.62 

19 12,4 OM 12.02 4 16.02 

20 14 E 10.93 4 14.93 

21 15 B 19.80 4 23.80 

22 12,5 B 9.92 4 13.92 

23 16 B 12.74 4 16.74 

24 16,5 E 11.49 4 15.49 

25 16 E + OM 10.80 4 14.80 

26 13 B + OM 13.92 4 17.92 

27 12,5 B + OM 13.56 4 17.56 

28 16 B 10.99 4 14.99 

29 16 B + OM 11.09 4 15.09 
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Table B.2. Data for each subsample taken from the top of the cylinder. 

 

 

Sample no Depth 
(cm) 

Horizon Crucible (g) Sample (g) Crucible + soil 
sample (g) 

before air drying 
1 1 E 11.87 4 15.87 

2 3 to 4 OM + ash + some E 10.33 4 14.33 

3 1 to 2 OM + ash + some E 10.88 4 14.88 

4 2,5 OM 9.73 4 13.73 

5 3 to 4 OM + ash 11.39 4 15.39 

6 4,5 Ash + some E 14.04 4 18.04 

7 2 charring + OM 12.40 4 16.40 

8 3,5 OM + ash 14.06 4 18.06 

9 4 OM + ash + charring 10.93 4 14.93 

10 2 OM + ash +charring 13.57 4 17.57 

11 2 to 3 OM 11.88 4 15.88 

12 2 B + charring + ash 9.22 4 13.22 

13 4 OM + charring 14.33 4 18.33 

14 2 OM + charring 11.37 4 15.37 

15 0-1 OM + charring 12.35 4 16.35 

16 1 B + ash 12.79 4 16.79 

17 1 to 2 OM 13.96 4 17.96 

18 1 OM 9.79 4 13.79 

19 3 OM 8.98 4 12.98 

20 1 B + charring 8.44 4 12.44 

21 1 B + charring + OM 11.03 4 15.03 

22 2 to 3 B + charring + OM 13.82 4 17.82 

23 2 B + charring 9.82 4 13.82 

24 2 B + charring + ash 12.71 4 16.71 

25 2 OM 11.17 4 15.17 

26 1 OM 9.82 4 13.82 

27 1 OM 13.09 4 17.09 

28 2 OM 11.41 4 15.41 

29 1 OM 12.17 4 16.17 
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Table B.3. Results from the LOI analyses. The table is presenting the remaining weight after air-drying, oven 
drying and burning for the subsamples taken at the greatest depths. 
 
 
 

Sample no LOI after air drying  
(WS) 

LOI after 24h at 105°C 
(DW105) 

LOI after 2h at 550°C 
(DW550) 

1 14.05 13.91 13.37 

2 12.88 12.83 12.36 

3 13.17 13.11 12.82 

4 14.50 14.46 14.19 

5 14.59 14.55 14.34 

6 17.29 17.22 16.90 

7 15.27 15.24 15.11 

8 15.51 15.47 15.34 

9 13.88 13.82 13.38 

10 14.21 14.14 13.88 

11 15.29 15.27 15.14 

12 16.93 16.89 16.55 

13 12.71 12.66 12.22 

14 11.96 11.91 11.43 

15 14.87 14.85 14.65 

16 16.13 16.08 15.82 

17 16.27 16.24 16.09 

18 15.20 15.08 14.68 

19 12.65 12.61 12.19 

20 14.11 14.05 13.75 

21 22.77 22.73 22.53 

22 12.83 12.78 12.43 

23 16.02 15.99 15.90 

24 15.09 15.07 14.95 

25 13.48 13.41 13.08 

26 15.08 15.00 14.69 

27 14.20 14.08 13.71 

28 13.74 13.72 13.55 

29 14.09 14.05 13.89 
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Table B.4. Results of LOI analyses from subsamples taken close to the surface. The weight after air-drying, 
oven drying and burning is presented down below. 
 
 
 

Sample no LOI after air drying  
(WS) 

LOI after 24h at 
105°C (DW105)

LOI after 2h at 550°C 
(DW550) 

1 13.30 13.24 12.25 

2 12.09 12.04 11.30 

3 12.65 12.59 11.87 

4 10.14 10.12 9.76 

5 12.67 12.60 11.50 

6 16.91 16.86 16.29 

7 13.89 13.81 12.54 

8 15.73 15.65 14.52 

9 12.32 12.26 11.07 

10 14.96 14.88 13.71 

11 13.59 13.46 11.97 

12 11.60 11.56 10.83 

13 15.15 15.11 14.52 

14 11.99 11.94 11.41 

15 12.60 12.58 12.37 

16 16.38 16.35 15.92 

17 14.91 14.85 14.09 

18 10.09 10.07 9.81 

19 9.45 9.43 9.00 

20 11.51 11.47 10.91 

21 13.46 13.41 12.68 

22 16.72 16.66 16.25 

23 11.71 11.68 11.13 

24 16.19 16.17 16.11 

25 12.61 12.55 11.23 

26 10.36 10.34 9.83 

27 13.52 13.50 13.11 

28 12.04 12.01 11.48 

29 13.44 13.38 12.21 
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Table B.5. Percentage of weight loss from the oven-drying and burning of samples. The samples analyzed were 
taken at depth, below the surface.  
 
 
 

Sample no % OM loss from LOI (105)  
((WS-DW105/WS)) * 100 

% OM loss from LOI (550)  
((DW105 - DW 550)/WS) * 100 

1 0.10 3.84 

2 0.39 3.65 

3 0.46 2.21 

4 0.28 1.86 

5 0.27 1.44 

6 0.40 1.85 

7 0.20 0.85 

8 0.26 0.84 

9 0.43 3.17 

10 0.50 1.83 

11 0.13 0.85 

12 0.24 2.01 

13 0.39 3.46 

14 0.42 4.01 

15 0.13 1.34 

16 0.31 1.61 

17 0.18 0.92 

18 0.79 2.63 

19 0.32 3.32 

20 0.43 2.13 

21 0.18 0.88 

22 0.39 2.73 

23 0.19 0.56 

24 0.13 0.80 

25 0.52 2.45 

26 0.53 2.06 

27 0.85 2.61 

28 0.15 1.24 

29 0.28 1.14 
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Table B.6. Percentage of weight loss from the oven-drying and burning sequence in the LOI analysis. Results 
presented are from subsamples taken close to the surface. 
 
 
 

Sample no % OM loss from LOI (105)  
((WS-DW105/WS)) * 100 

% OM loss from LOI (550)  
((DW105 - DW 550)/WS) * 100 

1 0.46 7.44 

2 0.41 6.12 

3 0.47 5.70 

4 0.20 3.56 

5 0.55 8.68 

6 0.30 3.37 

7 0.58 9.14 

8 0.51 7.18 

9 0.49 9.66 

10 0.53 7.82 

11 0.96 10.97 

12 0.34 6.29 

13 0.26 3.89 

14 0.42 4.42 

15 0.16 1.67 

16 0.18 2.63 

17 0.40 5.10 

18 0.20 2.58 

19 0.21 4.56 

20 0.35 4.87 

21 0.37 5.42 

22 0.36 2.45 

23 0.26 4.70 

24 0.12 0.37 

25 0.48 10.47 

26 0.19 4.92 

27 0.15 2.88 

28 0.25 4.40 

29 0.45 8.71 
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Table B.7. Weight loss of water from the wet sample to air dried for five days. The table shows the weight loss 
from samples taken close to the surface.  
 
 
 

Sample no Start weight (g) (Crucible + wet sample) - WS* 
water loss (g) 

Remaining weight (%) 

1 4 2.57 64.24 

2 4 2.24 56.03 

3 4 2.23 55.74 

4 4 3.59 89.66 

5 4 2,72 67.97 

6 4 1.13 28.23 

7 4 2.51 62.75 

8 4 2.33 58.24 

9 4 2.61 65.19 

10 4 2.61 65.28 

11 4 2.29 57.32 

12 4 1.62 40.62 

13 4 3.18 79.58 

14 4 3.38 84.60 

15 4 3.75 93.70 

16 4 0.41 10.21 

17 4 3.05 76.19 

18 4 3.70 92.44 

19 4 3.53 88.26 

20 4 0.93 23.20 

21 4 1.57 39.14 

22 4 1.10 27.38 

23 4 2.11 52.70 

24 4 0.52 13.02 

25 4 2.56 63.90 

26 4 3.46 86.43 

27 4 3.57 89.34 

28 4 3.37 84.21 

29 4 2.73 68.17 

* WS = air dried sample. 
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Appendix C: Soil bulk density (SBD) analysis 
Table C.1 SBD analyses of subsamples taken close to the surface.  
 
 
 

Sample no. Bottle (g) 
soil volume 

(mL) 
Bottle + dried 

sample (g) 
Dried sample 

only (g) 
g/mL 

1 50.35 4 51.12 0.77 0.19 
2 49.7 2 50.21 0.51 0.25 
3 51.6 5 55.08 3.48 0.70 
4 49.73 5 50.47 0.74 0.15 
5 49.62 6 50.27 0.65 0.11 
8 50.38 3 51.33 0.95 0.32 
9 51.63 3 52.01 0.38 0.13 

10 49.76 6 51.05 1.29 0.22 
11 49.66 3 50.29 0.63 0.21 
12 50.27 3 52.17 1.9 0.63 
13 49.64 2 49.88 0.24 0.12 
14 49.71 2,5 50.06 0.35 0.14 
15 49.58 3 49.78 0.2 0.07 
16 49.68 3 52.3 2.62 0.87 
17 49.69 4 50.73 1.04 0.26 
18 49.69 4 50.03 0.34 0.09 
19 50.25 3 50.53 0.28 0.09 
20 49.59 2 51.83 2.24 1.12 
21 50.31 2 51.48 1.17 0.58 
22 50.28 3 53.89 3.61 1.20 
23 49.63 6 55.77 6.14 1.02 
24 49.59 3 54.84 5.25 1.75 
25 50.28 4 51.22 0.94 0.23 
28 53.11 6,5 54.09 0.98 0.15 
29 49.63 3 50.26 0.63 0.21 
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