
 

 

 

SOIL PROPERTIES OF FOREST-GRASSLAND ECOTONES IN 

SOUTHWEST YUKON 
 

 
A Thesis Submitted to the School of Environmental Studies 

Queen’s University 

By 

Sinead Murphy 

 

 

In Partial Fulfillment of the Degree 

of Bachelor of Science (Honours) 

in the School of Environmental Studies 

 

 

 

Kingston, Ontario, Canada 

©April 2012 

 

 

 

 

 

 

 

 

 

 



2 
 

Abstract 

 The vegetation within the southwest Yukon consists of a complex mosaic of boreal 

forests dominated by white spruce (Picea glauca) and Festuca-Artemisia grasslands. In this 

study, these forest-grassland ecotones were used to study the effects of different vegetation types 

on a variety of soil properties including; percent moisture, fine earth bulk density, pH, total 

carbon and nitrogen, organic matter, total carbonate carbon and soil organic carbon. The effects 

of vegetation on these soil properties were able to be studied independently from other soil-

forming factors because the transition in vegetation occurs over relatively small spatial scales in 

which other soil-forming factors such as parent material, climate, topography and time are 

similar. Total carbonate carbon did not differ at any depth or position along the ecotone, and the 

only variation in soil pH across the ecotone occurred in the 5-10cm depth increment. Bulk 

density varied along the ecotone in all depth increments except the 10-20cm. All other soil 

properties varied significantly along the ecotone, but only in the organic horizon, if analyzed, 

and 0-5cm depth. Therefore, the only significant difference in soil properties occurred in surface 

horizons, which can be used to hypothesize that the forest-grassland mosaic in the southwest 

Yukon is not driven by differences in soil. However, because this study examined the 

relationship between soil and vegetation by assuming that the southwest Yukon was a steady-

state system, future research may wish to examine all state factors to confirm this assumption 

before further analysis is completed. Additionally, since the patterns of ecotonal and vertical 

distribution of soil properties appear to be linked to the patterns of organic matter, future 

research may consider quantifying controls on organic matter such as above and belowground 

plant allocation in order to gain a better appreciation of total ecosystem carbon dynamics and 

potential effects of climate change on soil.  
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Introduction    

The Soil-Vegetation Relationship 

The interaction between soil and vegetation has a longstanding history within academic 

discourse (Eyre, 1968). This research has generally focused on determining variability in soil 

properties beneath different vegetation types. To better understand this relationship, many soil 

studies have been conducted in areas subjected to changes in vegetation such as natural land-

cover change (Hughes et al., 2006; Pinno and Wilson, 2011) and anthropogenic land-use change 

(Ross et al., 1999; Phil-Eze, 2010). In contrast, some studies have focused on transitional areas 

between different vegetation communities called ecotones such as forest-savanna (Dezzeo et al., 

2004), forest-tundra (Drew and Shanks, 1965; Rodionov et al., 2007) and forest-grassland 

(Rhoades et al., 2004). Ecotones provide a unique opportunity to study the relationship between 

soil and vegetation independently from other soil-forming factors such as parent material, time, 

climate, and topography (Jenny, 1994) because the transition in vegetation occurs over relatively 

small spatial scales. In general, an area in which there is a rapid transition in plant species should 

contain soil developed from similar parent material, formed over the same temporal scale and 

subjected to similar climatic and topographic conditions. If an area does possess these uniform 

conditions, it can be assumed to be a steady state system where observed differences in soil 

properties are a result of differences in vegetation (Jenny, 1994). It is important to study 

vegetation effects on soil formation as an independent variable because it can play a major role 

in soil formation and development of soil properties. Additionally, understanding this interaction 

may improve predictions of the consequences of climate change on soil if vegetation community 

structures are altered.  

Despite the vast collection of scientific studies on the interaction between soil and 

vegetation, there is still disagreement among soil scientists as to the exact role of vegetation as a 



9 
 

soil-forming factor. Some argue that vegetation and life in general are the most important soil-

forming factors and without them, no soil would be able to form (Jenny, 1994). Others contend 

that vegetation is dependent on local edaphic properties (Jenny, 1994). Although this conundrum 

may never be resolved, research quantifying differences in soil properties under different 

vegetation types continues to be important especially when considering vegetation responses to 

global climate change (Smith and Johnson, 2004). If vegetation significantly affects soil 

formation, climate change may indirectly affect soil formation through the alteration of 

vegetation community structure such as woody encroachment into grassland ecosystems (Pinno 

and Wilson, 2011). Furthermore, positive or negative feedback mechanisms may be created if the 

alteration in community structure modifies soil carbon storage. For example, if rising 

temperatures cause forests to encroach into grassland systems and soil carbon storage is greater 

within forest ecosystems, a negative feedback on the climate system could occur (Pinno and 

Wilson, 2011). Conversely, if soil carbon storage is lower within forest systems, a positive 

feedback may be created through decreased terrestrial carbon sequestration, which could then 

lead to an increasing climatic effect.   

 

Forest-grassland Ecotones in the Southwest Yukon 

Ecotones have been of considerable ecological interest around the world because of the 

many fundamental, biological processes and functions that occur along them (McArthur and 

Sanderson, 1999). Furthermore, ecotones between forest and grassland biomes have provided 

scientists with many “ecological puzzles” such as stability, the role of disturbance, and controls 

on composition, productivity and nutrient cycling (Scholes and Archer, 1997). Despite this 

interest, few studies have been conducted on the forest-grassland ecotones in the southwest 
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Yukon and essentially none have studied the relationship between soil and vegetation in any 

great detail. A Queen’s University graduate student, Alix Conway, is currently completing one of 

the first major studies on the forest-grassland ecotones in the southwest Yukon. Conway has 

been examining forest stands to determine if and to what extent woody encroachment may be 

occurring along these ecotones. In coordination with this study, this thesis examines the 

variability in soil properties along the forest-grassland ecotones at five of her study sites.   

 

Study Rationale 

The goal of this study was to characterize soil properties across the forest-grassland 

ecotones in the southwest Yukon and analyze possible reasons for any observed differences. 

Three specific research questions were identified: (1) Is there a significant difference in soil 

properties between forest and grassland vegetation along the ecotonal gradient? (2) Do all soil 

properties follow a similar vertical distribution? (3) Is there a significant difference in total 

carbon and nitrogen storage between forest and grassland vegetation that could be altered by 

future climate change? 

It is expected that this study will provide information on the relationship between soil and 

vegetation in the southwest Yukon and add to the general base of scientific knowledge on 

interactions between soil properties and different vegetation community structures. Additionally, 

this information will improve our understanding of the spatial patterns and controls on soil 

carbon in these ecosystems and allow for better predictions of potential consequences of global 

climate change on the area. Moreover, the knowledge gained from this research will be a basis 

for further study on the implications of woody encroachment on ecological functions and soil 

processes as well as terrestrial carbon sequestration and the global carbon budget.  
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Literature Review  

 In order to better understand the relationships between soil and vegetation, many studies 

have examined changes in soil properties that accompany land cover change (Pinno and Wilson, 

2011; Hughes et al., 2006). In recent years, the effect of woody encroachment on soil properties 

has been of considerable interest due to potential implications for the global carbon budget and 

climate change. To aid in the prediction of these implications, is it important to understand the 

main factors that influence the formation of soil. In general, there are five major soil-forming 

factors which can be used to determine potential controls on soil properties and soil-carbon 

dynamics: parent material, climate, time, topography, and biota (Jenny, 1994).  

 

Land Cover Change and Climate Variation 

As a fundamental component of global environmental transition, land cover change has 

been the basis of a number of different scientific studies. One such change, referred to as woody 

encroachment, has become of recent scientific interest because of its implications for the global 

carbon budget and climate change (Smith and Johnson, 2004). Many studies have reported that 

the expansion of woody species into grassland or savanna ecosystems has implications for many 

soil properties including soil carbon storage (Balogh et al., 2011). These studies are not only vital 

in improving our understanding of soil-carbon dynamics, but also of the relationships between 

terrestrial carbon cycles, atmospheric carbon dioxide concentrations and vegetation change 

(Smith and Johnson, 2004).  

Over the past century, woody encroachment has been occurring in many grassland and 

savanna ecosystems of North and South America, Africa and Australia (Hughes et al., 2006). 

There has been considerable debate as to the exact cause of woody plant encroachment, which 



12 
 

includes reasons such as global climate change, high levels of herbivory, change in fire 

frequency, changes in grass competitive ability, and combinations of these factors (Van Auken, 

2009). Grassland and savanna ecosystems represent over 45% of the Earth’s land surface and 

account for approximately 35% of global terrestrial net primary productivity (Hughes et al., 

2006). As woody encroachment continues around the world, the loss of these grassland and 

savanna ecosystems and their functions is of considerable concern since they provide essential 

resources and wildlife habitat. In addition, it has been reported that the expansion of woody 

plants into grassland ecosystems can cause major changes in various chemical and physical soil 

properties such as bulk density, texture and pH (Balogh et al., 2011). Furthermore, research has 

shown that substantial alterations in the sequestration and cycling of carbon and nitrogen are 

likely to occur as increasing woody vegetation transforms grasslands into woodlands (Hughes et 

al., 2006). However, there is a high degree of uncertainty as to how soil carbon pools will be 

altered because net ecosystem effects are often unclear and difficult to quantify. For example, the 

mechanisms involved in carbon cycling within a particular ecosystem are very complex. A study 

conducted by Hughes et al. (2006) found that aboveground carbon gains from woody biomass 

can be offset by belowground carbon losses due to decomposition.   

Due to this uncertainty, results describing the effects of woody encroachment on soil 

carbon and nitrogen pools have been conflicting. Studies have reported decreases (Jackson et al., 

2002), increases (McCulley et al., 2004), and spatial redistribution, although not necessarily a 

change in total amount (Wilson and Thompson, 2005). Depending on the balance between litter 

inputs, decomposition rates and soil organic matter formation, soils can act as both a source and 

sink for atmospheric carbon dioxide (Tate et al., 2000). Therefore, the consequences of woody 
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encroachment will be unclear until there is a better appreciation of the mechanisms and controls 

on soil dynamics and net ecosystem effects are understood (Pinno and Wilson, 2011).  

 

Soil Carbon Formation 

  Considerable controversy still exists among soil scientists as to the relative importance 

of different soil-forming factors. Although climate is usually considered the dominant factor, 

many advocate that parent material and the role of vegetation are just as important (Jenny, 1994). 

To aid in the analysis of potential controls on soil properties in a region such as the southwest 

Yukon, it is important to quantify all soil-forming factors. Furthermore, recognizing the 

importance of biotic and abiotic factors such as plant productivity, decomposition, soil texture 

and climate is essential to increase our understanding of soil-carbon dynamics and the global 

carbon cycle.  

 

Soil Forming Factors in the Southwest Yukon 

Within pedology, soils are treated as open, physical systems which are characterized by 

the soil properties they contain (Jenny, 1994). Due to the inherent variability within these soil 

properties, the boundaries between different soil types are not always sharply defined. In order to 

help explain the geographic distribution of different soil types, and their variable soil 

characteristics, soil properties have been correlated with independent variables referred to as 

“soil-forming factors” (Jenny, 1994). Jenny (1994) describes five soil-forming factors that are 

used to define a particular soil system: parent material, climate, time, topography and biota 

(Jenny, 1994). During any scientific study exploring controls on soil properties, it is important to 

quantify the effects of each of these soil-forming factors independently in order to better 
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understand what controls the soil properties it contains and any potential interactions between 

state factors. For example, the interaction between parent material and climate can be significant 

when soils formed from the same parent material turn out quite differently due to differences in 

climate (Jenny, 1994).  

The southwest Yukon contains a unique set of soil-forming factors, which have created 

distinctive soil types. Parent material within the study area is composed of coarse glacio-fluvial 

deposits and contains a 10-30cm thick layer of calcareous loess (Sanborn and Jull, 2010). This 

silty material is eolian in origin and has been reported to have accumulated during the late 

Pleistocene as well as during the Neoglacial (Sanborn and Jull, 2010). The most recent 

Neoglacial loess deposit was derived from the delta of the glacier-fed Slims River and typically 

contains a 1-2cm thick layer of White River volcanic ash (Laxon et al., 1995). This ash, or 

tephra, is from prehistoric volcanism in the St. Elias Mountains and has been dated to 

approximately 1150 years BP (Richter et al., 1995). Variable mixing of these parent materials 

has occurred due to redistribution of loess throughout the soil profile through a combination of 

bioturbation and treethrow and has created a large diversity of microstructures in upper mineral 

horizons (Sanborn and Jull, 2010).  

 Located within the rain shadow of the St. Elias Mountains, the study area receives a mean 

annual precipitation of approximately 230mm (McLaren and Turkington, 2010). Half of this falls 

as rain during the summer, while the remainder falls in the winter with an average annual 

snowfall of approximately 100cm (McLaren and Turkington, 2010). Not only do the St. Elias 

Mountains act as a rain shadow for the southwest Yukon, they also block the dispersion of many 

maritime air masses into the area and therefore maintain a semiarid, continental climate, with 

cold winters and warm summers (Laxon et al., 1995). In regards to time, soils within the study 
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area predominantly began forming after the late Pleistocene glaciations. As extensive ice sheets 

retreated, sheets of outwash and other drift materials were deposited creating the glacio-fluvial 

parent material on which soils began to form (Denton and Stuiver, 1966). Topography consists of 

a number of esker ridges (Sanborn and Jull, 2010); however, study sites for this thesis were 

confined to flat or level areas.  

Vegetation in the study area consists of a number of different types including Festuca-

Artemisia grasslands which transition abruptly to boreal forest dominated by white spruce (Picea 

glauca) (Sanborn and Jull, 2010). A definitive reason for the persistence of these grasslands has 

yet to be agreed upon. Today, the Slims River valley serves as an effective funnel for 

southwesterly katabatic winds off the Kaskawulsh Glacier which are likely responsible for high 

evapotranspiration at the south end of Kluane Lake and may be a contributing factor to the 

presence of grassland vegetation within the study area (Laxton et al., 1996).  

 

Soil-Carbon Dynamics 

The global carbon cycle is a complex system of inputs and outputs and includes three major 

carbon reservoirs: the oceans, the atmosphere and the lithosphere (Falkowski et al., 2000). 

Although oceans have been acknowledged as the largest reservoir, the carbon it contains is 

generally unavailable and therefore does not greatly influence the global carbon cycle over short 

time scales (Falkowski et al., 2000). Conversely, carbon contained within the soil is present in 

many different forms and therefore is composed of a very dynamic, fluctuating system of inputs 

and outputs (Shumacher, 2002). For this reason, the amount of carbon in the soil can have 

significant effects on the global carbon cycle. However, present understanding of the global 

carbon cycle is limited by uncertainty over soil-carbon dynamics (Ritcher et al., 1999). Our 
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capacity to better understand this complex cycle greatly relies on a better understanding of the 

distributions and controls of soil organic carbon and how vegetation change affects soil organic 

carbon distributions with depth (Jobbagy and Jackson, 2000). 

There are many different forms of carbon within the soil. Shumacher (2002) indentified 

three basic forms that may be present within soils and sediments; elemental, inorganic and 

organic. Elemental carbon is primarily present in the soil from geological sources or due to 

incomplete combustion of organic matter (Shumacher, 2002). Some examples of elemental 

carbon are charcoal, soot, graphite and coal. The second form of carbon present in soils is 

inorganic carbon, which is derived from parent material sources and typically occurs in soils and 

sediments as various carbonate minerals (Shumacher, 2002). Finally, the third form of carbon in 

soils is naturally occurring organic carbon. The source of this form of carbon is from 

decomposition of plants and animals and can range from fresh litter to highly decomposed forms 

such as humus (Shumacher, 2002). When quantifying carbon storage within a particular type of 

soil, the majority of studies combine both inorganic and organic carbon forms and refer to it as 

total soil carbon. If inorganic forms are not present within the soil, total soil carbon is assumed to 

be equivalent to organic carbon (Shumacher, 2002).  

Although total soil carbon is easy to measure, predicting changes can be difficult due to 

the influences of several different properties of the soil. However, since inorganic forms are 

generally dependent on parent material, the focus is often on factors that influence the amount of 

soil organic carbon - this has been accepted as an adequate approach in understanding 

distributions and controls on soil-carbon dynamics. Previous studies have recognized that there 

are many biotic and abiotic factors that determine the amount of soil organic carbon including: 

plant productivity, decomposition, soil texture, and climate (Jackson et al., 2002).  
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Research on biotic factors has determined the amount of soil organic carbon by 

estimating carbon inputs from plant production and outputs through decomposition, focusing on 

two general carbon reservoirs; aboveground and belowground pools (Jobbagy and Jackson, 

2000). Aboveground organic carbon inputs into soils have been estimated by determining the 

amount of canopy litter fall (Zhang et al., 2010). Both the quantity and quality of this litter have 

an effect on aboveground organic carbon input and vary between grassland and forest vegetation. 

For example, a study conducted by Peichl et al. (2012) in southwest Ireland found that the 

aboveground carbon pool in the forest was approximately five times that of the grassland. Even 

though a greater amount of canopy litter fall would clearly increase aboveground organic carbon 

input, the quality of the litter material can greatly influence carbon output.  

Studies determining above and belowground carbon outputs have reported soil organic 

carbon losses from decomposition, microbial respiration, and hydrological leaching of dissolved 

organic carbon from several sources (Ritcher et al., 1999). The chemical composition of canopy 

litter fall can also greatly influence soil organic carbon accumulation. The relative amount of 

lignin or cellulose within a particular material influences soil organic carbon outputs due to the 

differences in the rate of decomposability (Jerry et al., 1982; Jobbagy and Jackson, 2000). Lignin 

has an aromatic structure with strong double bonds, making it very hard to breakdown; while 

cellulose is able to decompose relatively rapidly (Jerry et al., 1982). Additionally, lower nutrient 

content of dead tree litter in comparison to fresh material can largely inhibit outputs of organic 

carbon through microbial decomposition if essential nutrients such as nitrogen are lacking (Jerry 

et al., 1982).  

Carbon inputs from belowground have been estimated by root turnover, root exudation 

and the microbial activity around the rhizosphere (Ritcher et al., 1999). Additionally, allocation 
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of detrital inputs belowground between shallow and deep roots can influence the vertical 

distribution of soil carbon (Jobbagy and Jackson, 2000). A number of studies have reported this 

difference in distribution by contrasting belowground plant allocation between forest and 

grassland vegetation. For example, Canadell et al. (1996) found that the average maximum 

rooting depth for grasses was 2-2.5 m, but maximum rooting depth of trees was considerably 

deeper with an average of 5-7 m. Conversely, Reich et al. (2001) found that although fine root 

biomass was greater in grasslands than forest communities, it was not due to differences in 

belowground net primary production or greater proportional allocation to roots, but rather due to 

lower root turnover rates within the grassland sites. Jackson et al., (2002) found differences in 

rooting depths, nematode distributions and the integrated depth of soil cation uptake between 

grassland and forest vegetation, which lead to differences in the vertical distribution of soil 

carbon and nitrogen. Soil carbon and nitrogen were distributed more deeply in grasslands than in 

forests (Jackson et al., 2002).   

The amount of soil organic carbon is also largely controlled by abiotic factors such as soil 

texture and climate (Jobbagy and Jackson, 2000). Previous studies have found that soil organic 

carbon and percent sand are negatively correlated (Jobbagy and Jackson, 2000; Pinno and 

Wilson, 2011). Sandy soils have larger grain sizes, which create relatively large pore spaces 

within a soil profile when compared to finer textures such as clay and silt. These large pore 

spaces allow for increased aeration and oxygen to circulate within the soil, which allows for 

greater decomposition of organic material and therefore lower organic carbon content within the 

soil. Additionally, a sandy soil texture offers little protection for organic carbon from soil 

microorganisms, which decreases amount of soil organic carbon though increased microbial 

respiration (Pinno and Wilson, 2011). In comparison to finer textures such as silt and clay 
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particles, sand is unable to stabilize organic matter due to its low cation exchange capacity and 

limited surface reactivity. Finer textures such as clay are able to decrease carbon outputs through 

humus stabilization from their high cation exchange capacity (Jobbagy and Jackson, 2000) and 

reactivity.  

In addition to soil texture, climate plays an important role in influencing organic carbon 

inputs and outputs within the soil. A study conducted by Jobbagy and Jackson (2000), found that 

the amount of soil organic carbon was significantly correlated with climate. This study found 

that in wet, humid climates both gross primary production and decomposition increased with 

temperature (Jobbagy and Jackson, 2000) leading to a net balance of organic carbon in the soil. 

However, in some cases relative increases in decomposition were greater than production 

(Jobbagy and Jackson, 2000) which lead to a net loss of organic carbon in the soil. In arid to sub-

humid biomes, the lack of precipitation can constrain carbon inputs and outputs via plant 

productivity and decomposition respectively and lead to a net balance of soil organic carbon 

(Jobbagy and Jackson, 2000). In cold climates, the rate of microbial respiration and 

decomposition can be very slow and therefore allow soil organic carbon to build up over time 

(Jobbagy and Jackson, 2000). For example, the tundra has one of the greatest pools of soil 

organic carbon among all Earth ecosystems in spite of having some of the lowest global 

productivity of anywhere in the world. 

In reviewing some of the many biotic and abiotic factors that influence the amount of soil 

organic carbon, it is apparent that although it is easy to quantify soil organic carbon, predicting 

changes is difficult due to multiple mechanisms. However, predicting these changes is becoming 

increasingly important in order to better our understanding on the distributions and controls on 

soil-carbon dynamics and the role of soil within the global carbon cycle.  
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Methods and Materials 

Field Methods 

Study Area: Southwest Yukon 

 Under the supervision of Dr. Ryan Danby of Queen’s University, field research was 

conducted in the summer of 2011 out of the Kluane Lake Research Station (KLRS) located at 

mile 1054 of the Alaska Highway in the southwest Yukon. The southwest Yukon was selected as 

the study area because it contains many forest-grassland ecotones, which provide the opportunity 

to study the relationship between soil and vegetation independently from other soil-forming 

factors. The area surrounding Cultus Bay (61°09'17" North and 138°25'26" West) was selected to 

represent the forest-grassland ecotones in the southwest Yukon (Figure 1a). Cultus Bay is 

separated from Kluane Lake by a spit that is breached at its south end (Brahney et al., 2008) and 

is surrounded by an intermingled mosaic of grassland and boreal forest vegetation on esker 

ridges (Sanborn and Jull, 2010) (Figure 1b). Mainly consisting of Festuca-Artemisia (Laxton et 

al., 1996), these grasslands have also been referred to as “boreal-steppe meadows” (Zazula et al., 

2006) and transition abruptly to boreal forest vegetation. Dominated by white spruce (Picea 

glauca), these boreal forests also contain lesser amounts of trembling aspen (Populus 

tremuloides) (Sanborn and Jull, 2010) and an understory of willow shrubs (Salix sp.) and various 

forbs (Krebs et al., 2001).  
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Sampling Design  

Soil samples were collected at five different grassland sites in the Cultus Bay area. Each 

site had limited relief and a gradual transition from grassland to spruce forest. Two transects 

were established across the forest-grassland ecotone at each site. Location of the first transect 

was based on a random number and the second transect was established 14m away. The length of 

each transect varied according to the length of the ecotone at each site; however, the average 

transect length was 23.3m (+/- 5.74).   

Four locations were sampled along each transect: grassland (G), edge of aspen (E), 

transition (T) and forest (F) (Figure 2). Location E was defined by the edge of aspen vegetation. 

Figure 1b: Forest-grassland Ecotones around Cultus Bay 

Figure 1a: Location of Cultus Bay in the southwest Yukon 
(Brahney et al., 2007) 



22 
 

Similarly, F was defined by the edge of mature, spruce forest vegetation. Location T was then 

positioned half way between E and F, and G was positioned by using half the distance between E 

and F and extending it into the grassland from location E. If the total grassland was too small for 

this approach to work, G was positioned in the middle of the grassland area. 

 

 

 

 

 

 

 

  

 

 

The organic horizon at each location along the transect was collected inside a 20 x 20cm, 

quadrat and stored in labeled, brown paper bags. Any course-woody debris greater than the width 

of a pencil, approximately 5mm, was not included in the collection. Before collection, the depth 

of the organic horizon layer was recorded for subsequent bulk density calculations. After the 

entire organic horizon was collected, one soil core was obtained with a Giddings 2-5/8” diameter 

slide hammer corer at each location (Giddings Corp., Fort Collins, CO). Both the length of the 

core and the depth of the pit resulting from the soil core removal were recorded to ensure no 

compaction of the sample during sampling with the slide hammer corer. The length of each soil 

core greatly depended on localized factors such as rocks and roots that interfered with core 

Figure 2: Schematic of Sampling Design 
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penetration. Therefore, although the goal was to obtain 50cm long cores, the average length of 

the soil cores collected was 34.9cm (+/- 6.89), with a minimum length of 17cm and a maximum 

of 49cm.  

Intact cores were transported to KLRS in plastic sleeves and divided into four 

increments; 0-5cm, 5-10cm, 10-20cm, and 20cm-as deep as possible. Each increment was placed 

into a Ziplock® bag, weighed, and then stored in a refrigerator until they were sent to Queen’s 

University in Kingston, Ontario.  

 

Laboratory Methods 

Laboratory research was completed in the Geography Department at Queen’s University 

in Kingston, Ontario in both the Facility for Biogeochemical Research on Environmental Change 

and the Cryosphere (FaBRECC) and in Dr. Danby’s Research Lab. Fine earth bulk density (< 

2mm), percent moisture, pH and total carbon and nitrogen were determined for all soil and 

organic horizon samples. Additionally, percent organic matter and total carbonate carbon and 

soil organic carbon (SOC) were determined for all mineral soil samples. However, due to the 

variation in the length of each soil core, the bottom depth increment (20cm-as deep as possible) 

was not used within laboratory analysis. 

 

Charcoal and White River Volcanic Ash 

 Charcoal and volcanic ash from prehistoric volcanism in the St. Elias Mountains (Richter 

et al., 1995) were present in nearly all samples. As a form of elemental carbon in the soil, 

charcoal can have a significant effect on the amount of total carbon in the soil (MacKenzie et al., 

2008). There are a variety of different methods used to quantify the amount of charcoal in the 

soil, however finding one that would separate total carbonate carbon (inorganic carbon) and 
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charcoal (elemental carbon) present within these particular samples proved to be difficult. Due to 

the time constraints of this thesis, charcoal was therefore assumed to be a part of the soil and its 

effects on total soil carbon were not examined.  However, general observations on the amount of 

charcoal and ash were documented in order to aid in subsequent analysis and interpretation of the 

other physical and chemical properties of the soil. The relative amount of ash was measured 

using a scale ranging from 0-5, where 0 represented no visual evidence of ash particles and 5 

represented approximately 50% ash. Additionally, a nearly pure subsample of ash was ground 

and analyzed for total carbon using a LECO TruSpec carbon/nitrogen analyzer (Leco Corp., St. 

Joseph, MI) to determine its carbon and nitrogen composition.  

 

Soil Moisture 

In order to calculate the percent moisture for all soil samples, approximately 10g of wet 

sample was weighed and then dried overnight in a 105
o
C oven. The following day, the dry 

weight of each sample was recorded and percent moisture was determined by equation 1.  

Equation 1: Percent moisture (%) = [(wet weight (g) – dry weight (g)) ÷ dry weight (g)] x 100 

However, because organic horizon samples had air-dried before percent moisture was 

determined in the lab, a 2g sub-sample of each was oven-dried at 65
o
C overnight to drive off any 

excess moisture and percent moisture (field sample) was determined by using the field-moist, 

air-dried and oven-dried weights of each sample with equation 1.  

 

Fine Earth Bulk Density 

Fine earth bulk density is the density of a volume of dry soil, which includes air space and 

fine organic material, but excludes rocks and roots greater than 2mm (Gardiner and Miller 2008). 
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In order to calculate the fine earth bulk density of each mineral soil sample, samples were passed 

through a 2mm sieve and the material that remained on the sieve was separated into roots or fine 

woody material and rocks. Roots/woody material were dried in an oven at 65
o 
C overnight to 

obtain a dry weight. Subsequently, the volume of both rocks and roots within each sample was 

calculated by taking the dry weight of each and dividing it by the standard rock or root particle 

density (2.65g/cm
3
 and 0.5g/cm

3
, respectively). In order to calculate the fine earth bulk density 

of each organic horizon sample, collected material was cut up with scissors until it passed 

through a 5mm sieve. Fine earth bulk density for all samples was determined by first using 

equation 1 to calculate percent moisture and dividing it by 100 to obtain the moisture content (g). 

The dry weight of the full sample was then determined by equation 2. Finally, fine earth bulk 

density was determined by using equation 2 and 3 to calculate both the total volume of the 

sample and the fine earth bulk density respectively. 

Equation 2: Dry weight of full sample (g) = (total mass of wet sample (g) – dry roots and rocks (g)) ÷ (1 

+ moisture content (g)) 

Equation 3: Volume of the sample (cm
3
) = total volume (cm

3
) - volume rocks (cm

3
) - volume roots (cm

3
) 

Equation 4: Fine earth bulk density (g/cm
3
) = total dry mass of the sample (g) ÷ volume of the sample (cm

3
) 

 

Soil pH 

An Oakton WD-35619-Series Benchtop pH/Conductivity meter was used to measure the 

pH for each soil and organic horizon sample. Ten grams of each mineral soil sample was mixed 

for 2 minutes with a mechanical shaker with 10mL of deionized (DI) water with the exception of 

all mineral surface samples (0-5cm), which were exceptionally hydrophilic and therefore mixed 
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with 20mL of DI water. The pH of organic horizon samples was determined by mixing two 

grams of each organic horizon material with 20mL of DI water.  

 

Total Soil Carbon and Nitrogen  

In order to determine total carbon and nitrogen of all samples, roughly 5g of each air-

dried mineral soil was placed into a mortar and pestle and ground into a fine powder; while 5 g 

of each organic horizon sample was mechanically ground in a Spex ball mill (Certiprep 8000D 

mixer/mill) for 2 minutes. Approximately 0.1g of each sample was then weighed out into foil 

containers and combusted in a LECO TruSpec carbon/nitrogen analyzer to obtain the percent 

total carbon and nitrogen in each sample. 

 

Soil Organic Matter and Total Carbonate Carbon 

 Percent organic matter was determined for all soil samples using the loss-on-ignition 

(LOI) technique (Rayment and Lyons 2010). Ceramic crucibles were pre-ashed in a muffle 

furnace at 550
o
C for 2 hours, cooled in a dessicator and then weighed to the nearest 0.1 mg. 

Approximately 2g of each ground, air-dried, soil sample was placed into each crucible, weighed 

again and then placed in an oven at 105
o
C for 24 hours. After 24 hours, samples were cooled in a 

dessicator, reweighed and then ignited in a muffle furnace at 550
o
C for 2 hours. Samples were 

then cooled in a dessicator and reweighed again. Finally, percent organic matter was determined 

with equation 5 (Rayment and Lyons 2010) which assumes that percent organic matter 

approximates LOI at 550
o
C. 

Equation 5: LOI550 (%) = Percent organic matter (%) = [(weight105 (g) – weight550 (g)) ÷ weight105 (g)] x 100 
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In order to determine the total carbonate carbon of each soil sample, crucibles containing 

soils combusted at 550
o
C were returned to the muffle furnace and ignited at 950

o
C for 2 hours. 

After 2 hours, samples were cooled once again in a dessicator and reweighed. Rayment and 

Lyons (2010) maintain that ignition at 950
o
C should evolve all carbon dioxide (CO2) from any 

carbonate materials. Therefore, by assuming that the mass lost during this final combustion is 

strictly CO2 evolved from the carbonate within the samples, percent carbon in carbonate form 

can be found by converting the CO2 lost at 950
o
C into carbon and then dividing it by the LOI at 

105˚C. In order to find the amount of carbon lost at 950
o
C, equation 6 was used in which 0.273 

represents the ratio of C/CO2 (12gmol
-1

 / 44 gmol
-1

). Finally, carbon lost was converted into 

percent carbon in carbonate form by equation 7.  

Equation 6: Mass of carbon lost (g) = [weight550 (g) – weight950 (g)] x 0.273 

Equation 7: Percent carbonate (%) = [mass of carbon lost950 (g) ÷ weight105 (g)] x 100 

 

Soil Organic Carbon  

 Soil Organic Carbon (SOC) was determined for all soil samples by equation 8.  

Equation 8: SOC (%) = total carbon (%) – total carbonate carbon (%) 

 

Statistical Analysis 

 Statistical analysis was carried out by using IBM SPSS 20. Before using SPSS, 

homogeneity between all variables within different sites and transects was verified and variables 

expressed in percent were arcsine transformed. All soil properties were analyzed using a two-

way, nested ANOVA with position and depth as fixed factors and transect as a random factor. 
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When significant values occurred (p < 0.05), Bonferroni corrected post hoc tests were performed 

on both position and depth to determine where the variability existed.   

 

Results 

White River Volcanic Ash 

Results confirmed that the White River volcanic ash did not contain any significant 

amounts of carbon or nitrogen. Percent carbon and nitrogen of the (nearly) pure ash sample was 

0.6% and 0.129% respectively in comparison to the mineral sample mean of 4.34%C (+/- 5.91) 

and 0.33%N (+/- 0.31). Furthermore, ANOVA tests run on the relative amounts of ash recorded 

for each sample confirmed that although there was a significant difference in the amount of ash 

with depth (p < 0.0001), ash content did not vary across the ecotone (p = 0.102).  

 

Soil Moisture 

There was a significant interaction between position along the ecotone and depth (p = 

0.006) where percent moisture varied with position as a function of depth. The greatest 

variability between positions along the ecotone occurred in the organic horizon and 0-5cm depth 

increment, while percent moisture in the 5-10cm and 10-20cm increments showed little to no 

variation along the ecotonal gradient (Figure 3). The lowest percent moisture in the organic 

horizon occurred in the grassland soils, while the greatest occurred in the edge. In the 0-5cm 

depth increment, grassland soils still contained the lowest percent moisture, but forests soils 

contained the greatest. In general, percent moisture varied significantly with depth (p < 0.0001), 

but did not vary along the ecotone (p = 0.275). Bonferroni post-hoc analysis showed that the 
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percent moisture of all depth increments varied between each other except for the bottom two 

increments, 5-10cm and 10-20cm, which had similar moisture values (Figure 3).  

 

 

 

 

 

 

 

 

 

 

Fine Earth Bulk Density  

 There was a significant interaction between position along the ecotone and depth (p = 

0.01) where bulk density varied significantly across the ecotone in all depth increments except in 

the 10-20cm (Figure 4). The greatest difference between bulk densities under different 

vegetation types was seen in the 0-5cm soil increment (Figure 4). Results also identified that the 

effect of depth on bulk density varied by position. While bulk density of the forest soil increased 

linearly with depth, bulk densities of the grassland, edge and transition soils increased linearly 

until 5-10cm and then become similar in the lower depth increments (Figure 4). Overall, bulk 

density varied significantly across the ecotone (p = 0.012) where the grassland soil had the 

highest bulk density and the forest had the lowest (Figure 4). Bonferroni post-hoc analysis 

Figure 3: Mean Soil Moisture (%) with Depth (cm) and Position Along the Ecotone. Error bars +/- 1SE. 
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indicated that bulk density varied significantly between grassland and forest, edge and forest, and 

transition and grassland soils. Additionally, results showed an overall significant difference in 

bulk density with depth (p < 0.0001) where surface samples (O hor and 0-5cm) had a lower bulk 

density than deeper samples (5-10cm and 10-20cm) (Figure 4). Post-hoc test showed similar 

results to percent moisture in that bulk density varied significantly between all depth increments, 

except between the lowermost sample increments (5-10cm and 10-20cm) (Figure 4).  

 

 

 

Soil pH 

 The average pH for all samples collected was 6.62 (+/- 0.78). A significant interaction 

existed between position and depth (p = 0.039) where the only variation in pH along the ecotone 

was in the5-10cm depth increment (Figure 5). Within this depth increment, grassland and 

transition samples were slightly more acidic than edge and forest (Figure 5). In general pH did 

Figure 4: Mean Soil Bulk Density (g/cm
3
) with Depth (cm) and Position Along the Ecotone. Error bars +/- 1SE. 



31 
 

not vary significantly along the ecotone (p = 0.117) but did vary with depth (p < 0.0001). 

Bonferroni post-hoc analysis indicated that the only difference in pH occurred between the 

organic horizon to any mineral soil as well as between the 0-5cm and 10-20cm depth increments. 

 

 

 

 

 

 

 

 

 

 

Total Soil Carbon and Nitrogen 

When expressed on an area basis (kg/m
2
), total soil carbon showed a significant 

interaction between position and depth (p = 0.032), where the only significant difference in total 

soil carbon along the ecotone was in the organic horizon and the 0-5cm depth increment (Figure 

6). Overall, total soil carbon content varied significantly with depth (p < 0.0001), but not along 

the ecotone (p = 0.458) (Figure 6). Bonferroni post-hoc analysis showed that all depth 

increments varied in total carbon between each other except between the organic horizon and 5-

10cm increment (Figure 6). Although data in Figure 6 suggests slight differences between total 

carbon in the whole soil profile (organic horizon plus mineral horizons from 0-20cm) under 

Figure 5: Mean Soil pH with Depth (cm) and Position Along the Ecotone. Error bars +/- 1SE. 
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different positions along the transect, the results are not significant, indicating no differences in 

total soil carbon storage as a function of vegetation type.  

When expressed as a concentration (%), total soil carbon showed the same significant 

interaction between position and depth (p < 0.0001) but did not show a significant variation with 

depth (p = 0.786) and did show a significant variation along the ecotone (p = 0.001). Post-hoc 

test identified that edge and transition soils contained similar percent total soil carbon, while all 

others varied significantly from each other. The highest average concentration of total soil 

carbon was found in the forest (16.39% +/- 19.5). The lowest average concentration was found in 

the grassland (11.95% +/- 18.1).  

The variation in total soil nitrogen at different positions along the transect and with depth 

was similar to what was found for total soil carbon (Figure 6 and 7). Total soil nitrogen content 

(kg/m
2
) showed a significant interaction between position and depth (p = 0.016), where the only 

significant difference along the ecotone was in the organic horizon and the 0-5cm depth 

increment (Figure 7). Results also showed that overall, the amount of total soil nitrogen varied 

significantly with depth (p < 0.0001), but did not vary significantly along the ecotone (p = 

0.290). Similar to total carbon, total soil nitrogen in the total soil profile did not vary 

significantly under each position along the ecotone.  

When expressed as a concentration (%), total nitrogen still showed a significant 

interaction between position and depth (p < 0.0001) but did not show a significant variation with 

depth (p = 0.945) and did show a significant variation along the ecotone (p = 0.001). Post-hoc 

results showed that all positions differed from one another except between edge and transition 

soils. The highest average concentration of total soil nitrogen was found in the forest (0.72% +/- 

0.7). The lowest average concentration was found in the grassland (0.46% +/- 0.4).  
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Figure 7: Mean Total Soil Nitrogen (kg/m
2
) with Depth (cm) and Position Along the Ecotone. Error bars +/- 1SE. 

Figure 6: Mean Total Soil Carbon (kg/m
2
) with Depth (cm) and Position Along the Ecotone. Error bars +/- 1SE. 
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Soil Organic Matter  

A significant interaction was found between position and depth (p = 0.015) where organic 

matter varied significantly along the ecotone but only in the 0-5cm depth increment (Figure 8). 

Overall, organic matter concentration varied significantly with depth (p = 0.000) but not with 

position (p = 0.105). Post-hoc test showed that the only significant variation in organic matter 

was between the 0-5cm depth increment and the other bottom two increments, 5-10cm and 10-

20cm (Figure 8).  

 

Total Carbonate Carbon and Soil Organic Carbon 

 There was no significant interaction for total carbonate carbon between position along the 

ecotone and depth (p = 0.352). Additionally, overall total carbonate carbon did not vary 

significantly by position (p = 0.177) or depth (p = 0.095) (Figure 9). On the other hand, results 

demonstrated that there was a significant interaction between the amount of soil organic carbon 

with position and depth (p = 0.047) where soil organic carbon varied between position but only 

Figure 8: Mean Soil Organic Matter (%) with Depth (cm) and Position Along the Ecotone. Error bars +/- 1SE. 
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in the 0-5cm depth increment (Figure 10). Furthermore, although soil organic carbon content 

overall did not vary significantly between position (p = 0.085), there was a significant overall 

difference with depth (p < 0.0001). Post-hoc test showed that all depth increments varied in soil 

organic carbon content expect between the lowermost samples, 5-10cm and 10-20cm.  

 

 

Figure 9: Mean Soil Carbonate (%) with Depth (cm) and Position Along the Ecotone. Error bars +/- 1SE. 
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Discussion   

 Results from this study answered the three research questions previously stated: (1) There 

was a significant difference in soil properties between forest and grassland vegetation along the 

ecotonal gradient but only with surface horizons. (2) In general, measured values of all soil 

properties decreased with depth with the exception of bulk density and soil pH, which increased 

with depth and total carbonate carbon, which did not vary with depth. (3) Although relative 

amounts of total carbon and nitrogen storage did not vary significantly between forest and 

grassland vegetation, differences were found as a function of depth. While forest soils had a 

greater proportion of carbon and nitrogen within the organic horizon than grassland soils, they 

had a lower proportion within the 0-5 depth increment. Therefore, potential alteration of 

vegetation community structure due to climate change would not affect the amount of total soil 

carbon or nitrogen but rather the vertical distribution of it within the soil profile.  

 

Figure 10: Mean Soil Organic Carbon (%) with Depth (cm) and Position Along the Ecotone. Error bars +/- 1SE. 
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Comparing Soil Properties in the Southwest Yukon 

Factors Controlling Soil pH 

 Previous soil research in the southwest Yukon classified grassland and forest soils within 

the Canadian System of Soil Classification as Dark Brown Chernozems and Brunisols 

respectively (Sanborn, 2009). When compared to other soils within the Boreal Cordillera 

ecozone, the southwest Yukon has a significantly siltier soil texture, a much weaker expression 

of granular structures ranging from spongy to massive, and the highest pH values (Sanborn, 

2009). Laxon et al. (1995) reported that grassland soils in the southwest Yukon exhibited 

effervescence when exposed to HCl and alkaline soil reactions, which are congruent with the 

relatively high pH values found in my samples and can be attributed to the calcareous, loess 

parent material within the region. Measured average grassland mineral soil pH was 6.81 (+/- 

0.65), which is slightly more acidic than the 7.49 average found by Laxon et al. (1995). 

However, soil pH in Laxon et al.’s (1995) study was determined for all soil horizons including 

the IICca horizon, which is extremely rich in carbonates and therefore could have contributed to 

a higher average pH.  

Results of this study indicated that soil pH varied significantly across the ecotone, but 

that this variation depended on soil depth. The only variation occurred in the 5-10cm depth 

increment where edge soils were the most alkaline and transition soils were the most acidic 

(Figure 5). This variation could be due to differences in rooting systems and quality and quantity 

of litter inputs associated with the different vegetation along the ecotone. Soil pH was also found 

to increase or become more alkaline as depth increased, which could be due to the loss of 

carbonates in upper soil horizons and the presence of carbonate rich parent material deeper in the 

soil profile (Laxon et al., 1995).  
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In examining eight different soil properties, the amount of measured carbonate in the 

mineral soil was the only soil property that did not exhibit depth or positional effects, or have a 

significant interaction along the ecotone. The reason for this homogeneity could be the varying 

degrees of mixing of calcareous loess with underlying glaciofluvial material via soil 

bioturbation. Soil bioturbation caused by borrowing of arctic ground squirrels (Spermophilus 

parryii) and treethrow has previously been identified as a primary agent in redistributing loess 

throughout the soil profile within the study area (Sanborn and Jull, 2010) and therefore could be 

the reason why carbonate content does not vary significantly along the ecotone or with depth. 

The average percent carbonate in the grassland soils was 0.3% (+/- 0.2), which is significantly 

lower than the average reported value of 0.95% in a study conducted by Marsh et al. (2006) on 

the grassland soils in the Kluane Lake region of the southwest Yukon. The variation between 

these two averages could be due to the different methods used to quantify carbonate content in 

grassland soils. Marsh et al. (2006) used acid fumigation to obtain quantitative results with 

carbonate standards, which may have overestimated carbonate content due to the formation of 

salts when HCl interacts with calcium carbonate (CaCO3). Conversely, carbonate content for the 

purpose of this study was determined by the loss-on-ignition (LOI) technique, which may have 

underestimated the amount of carbonate present in the soil through incomplete combustion.  

 

Factors Controlling Soil Moisture 

Of the few soil studies that have been conducted in the southwest Yukon, essentially 

none have compared the water content, or percent moisture, between grassland and forest 

vegetation. The results from this study showed that although there was not an overall significant 

difference in moisture content along the ecotonal gradient, there was a significant interaction as 
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well as a significant difference with depth. This significant interaction identified that moisture 

content only varied along the ecotone in the organic horizon and 0-5cm depth increment (Figure 

3). A possible explanation for this difference is the extreme variation in the type of O horizon 

material collected along the ecotone. Organic horizon material ranged from kinnikinnick 

(Arctostaphylos uva-ursi) and sage (Artemisia sp.) within the grassland position to moss, leaves 

and woody debris within the edge and transition positions to spruce cones and needles and larger 

woody debris within the forest. Percent moisture was highest in the organic horizons of the edge 

and transition soils because they contained moss, leaves and woody debris, which tend to be 

more hydrophilic than kinnikinnick, sage, spruce cones and needles found in the grassland and 

forest. This pattern is similar in the 0-5cm depth increment, which is not surprising since this 

mineral layer contains organic material largely derived from the O horizon.  

In addition to the significant interaction between position and depth, moisture content 

also significantly decreased with depth (Figure 3). However, this decrease was much more 

gradual in grassland soils than in the forest. This dissimilarity could be due to the lack of an O 

horizon in the grassland and a presence of a large one in all other positions as well as the vertical 

distribution of organic matter in the soil profile. Since organic material is able to hold a 

substantially greater amount of water than mineral soil per unit mass, the presence of a large 

organic horizon in the forest would entrain much of the moisture in the organic horizon and 

surface mineral layers. In contrast, the lower organic matter content caused by a minimal 

presence of an organic horizon within the grassland may allow water to infiltrate into mineral 

soil and percolate to greater soil depths (Sanborn, 2009). 
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Factors Controlling Soil Organic Matter and Carbon  

Many studies have found a positive correlation between soil organic matter and soil 

organic carbon (Perie and Ouimet, 2007). This relationship is not surprising considering soil 

organic matter is comprised of roughly 58% organic carbon (Perie and Ouimet, 2007). The 

results of this study showed this positive correlation where both organic matter and organic 

carbon had a significant position by depth interaction, where the only significant difference along 

the ecotone was in the 0-5cm depth increment (Figure 8 and 10). In the 0-5cm surface increment, 

the forest soils contained the greatest amount of soil organic matter and carbon while the 

grassland soil contained the least. A possible explanation for this difference could be variation in 

the allocation of detrital inputs between the two vegetation types. Forest systems tend to focus 

allocation of detrital input aboveground via leaf biomass, while grassland systems allocate a 

greater proportion of organic material belowground to root systems (Jobbagy and Jackson, 

2000). Therefore, grassland soils would contain a lower amount of soil organic matter and 

carbon in the surface horizons than forest because organic matter/carbon is more evenly 

distributed throughout the soil profile via its extensive root system (Jobbagy and Jackson, 2000). 

When compared to a study conducted by Laxon et al. (1995), percent organic matter in 

the grassland soils for this study were slightly higher. Laxon et al. (1995) reported percent 

organic matter of 5.5% and 7.0% in the 0-8cm and 8-14.5cm depth increments respectively and 

4.5% in the lower B horizon at approximately 32cm depth. Conversely, the average percent 

organic matter measured in the grassland sites for this study decreased with depth (average of 

10.34%, 4.25% and 3.97% in the 0-5cm, 5-10cm and 10-20cm depth increments, respectively). 

The main difference between these two reports is evident in the surface mineral layer, where 

percent organic matter was significantly higher in the grassland samples examined in this study. 
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When compared to a study conducted by Sanborn (2009) on the grasslands within the 

southwest Yukon, soil organic carbon concentrations in the grassland soils measured here were 

significantly lower. The average organic carbon concentration in the grassland surface horizons 

(0-10cm) reported by Sanborn (2009) was 19.5 g/kg; while the average grassland surface 

horizons (0-10cm) collected for this project was 5.52 g/kg. Deeper horizons (15-35cm) in the 

study conducted by Sanborn (2009) had an average organic carbon concentration of 8.3g/kg, 

while deep horizon samples (10-20cm) averaged 1.06 g/kg.  

In conclusion, results of this study showed that the interaction between position and depth 

with soil organic carbon are comparable to those of percent moisture and organic matter content 

where a significant interaction and significant overall difference with depth exist but not a 

significant overall difference along the ecotone. It can therefore be concluded that the controls on 

soil organic carbon are likely to be similar to those that control percent moisture and soil organic 

matter, including above versus belowground plant allocation, quantity and quality of organic 

horizon material and rates of decomposition and microbial respiration.  

 

Vegetative Effects on Soil Properties 

Although interactions between soil and vegetation has always been a popular subject for 

pedologists to debate (Eyre, 1968), few studies have examined this interaction within the 

southwest Yukon, let alone many other ecosystems of this type. For the eight different soil 

properties examined along the forest-grassland ecotone in the southwest Yukon, bulk density 

was the only soil property that had an overall significant difference along the ecotone. However, 

there was also a significant interaction where bulk density varied significantly across the ecotone 

in all depth increments except 10-20cm. Although some studies have reported that bulk density 
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does not significantly differ between forest and grassland vegetation (Pinno and Wilson, 2011), 

others have found that forest and grassland vegetation does generate significantly different bulk 

densities (Rhoades, 2004). Results from this study indicated that grassland and forest soils have 

significantly different bulk densities. Overall, grassland soils within the southwest Yukon had the 

highest bulk density while the forests had the lowest (Figure 4). This variation could be 

attributed to a number of different factors related to vegetation, including soil organic matter 

content, root system structure, soil structure, and soil microorganisms. The addition of organic 

matter in the mineral soil profile generates lower bulk densities due to its high structural 

organization (Perie and Ouimet, 2007). Although the amount of soil organic matter did not vary 

significantly along the ecotone within the southwest Yukon, there was a significant position by 

depth interaction. Soil organic matter content varied substantially along the ecotone in the 0-5cm 

increment and then became similar along the ecotone in the 5-10cm and 10-20cm increments. 

The variation along the ecotone in the 0-5cm increment was largely between grassland and forest 

soils, where the forest contained the greatest amount of soil organic matter and the grassland 

contained the least. Since forest soils contained a substantially greater amount of soil organic 

matter in the 0-5cm depth increment than any other position along the ecotone, they also have 

the lowest bulk density values.  

Results also identified that bulk density varied with depth along the ecotone. The bulk 

density of the forest soil increased linearly with depth; while bulk densities of the grassland, edge 

and transition soils increased linearly until 5-10cm and then became similar in the lower depth 

increments. This vertical variation in bulk density is a natural form of horizontality and can be 

explained by lower organic matter content, less aggregation, fewer fine roots and lower 

populations of soil microorganisms deeper in the soil profile, all of which contribute to higher 
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bulk densities (Perie and Ouimet, 2007). Additionally, the difference in vertical organic matter 

distribution between forest and grassland soils is likely due to differences in allocation of detrital 

inputs where forests had a higher concentration of organic matter inputs in surface layers and 

grasslands have a greater proportion of organic matter inputs belowground.  

 

Soil Carbon and Nitrogen Storage 

A former study that examined soil carbon and nitrogen storage within the southwest 

Yukon found that total soil carbon and total soil nitrogen were positivity correlated to one 

another (Laxon et al., 1995). This is congruent to results of this study that demonstrated that total 

soil carbon and nitrogen had very similar patterns with respect to depth and ecotonal position 

(Figure 6 and 7). Both total soil carbon and nitrogen varied significantly with depth and also had 

a significant interaction between ecotonal position and depth. Although ANOVA results on total 

soil carbon and nitrogen expressed on an area basis (kg/m
2
) did not differ significantly along the 

ecotone, total carbon and nitrogen expressed on a percent basis did. The difference between these 

two results is associated with the variability in bulk density that was found along the ecotone. 

Since total soil carbon and nitrogen expressed in kg/m
2
 does take bulk density into consideration, 

a significant difference along the ecotone was not detectable. However, when total carbon and 

nitrogen are expressed as a concentration, where bulk density is not taken into consideration, a 

significant difference along the ecotone was found. It can therefore be concluded that the 

differences in bulk density counteracted the differences in total soil carbon and nitrogen.  

The vertical distribution of total soil carbon and nitrogen in the mineral soil profile 

showed a decrease with depth. This pattern could be attributed to a number of different factors 

such as soil organic matter content and soil texture. Since soil organic matter is roughly 
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composed of about 58% organic carbon (Perie and Ouimet, 2007) and the surface, 0-5cm depth 

increment contained the highest proportion of organic matter, it also contained the greatest 

amount of total carbon. Soil texture may also influence the amount of total carbon and nitrogen 

contained in the soil. Clayey soils are able to stabilize organic matter through its high surface 

area and stabilization capacity, allowing soil carbon to accumulate (Jobbagy and Jackson, 2000). 

While sandy textures largely inhibit the accumulation of soil carbon by allowing decomposition 

of organic material via large pore spaces which increase aeration and oxygen as well as offering 

little protection from soil microbial respiration (Pinno and Wilson, 2011). The vertical decrease 

of total soil carbon and nitrogen in the southwest Yukon may also be influenced by the 

decreasing amount of clay content with depth reported by Sanborn (2009). In comparison to 

other soils within the Boreal Cordillera ecozone, the southwest Yukon soil has a significantly 

siltier texture and contains a relatively low amount of clay (Sanborn, 2009). Therefore, it also 

contains a relatively small amount of total soil carbon in comparison to other soils within the 

Boral Cordillera ecozone, which contain higher amounts of clay (Sanborn, 2009).  

Previous soil research in the southwest Yukon found relatively similar levels of soil 

carbon and nitrogen accumulation as found in this study. Laxon et al. (1995) reported total 

carbon values in grassland sites of 3.45%, 2.86%, 3.81% and 1.77% from surface to 

approximately 30cm deep. Similarly, results from this study identified grassland total soil carbon 

values of 5.3%, 1.6% and 1.4% from 0-5cm, 5-10cm and 10-20cm respectively. Total nitrogen 

values found by Laxon et al. (1995) were 0.21%, 0.17%, 0.23% and 0.13% from surface soil to 

approximately 30 cm deep. Additionally, Sanborn (2009) reported total nitrogen values in 

grassland sites of 2.3%, 1.8% and 1.0% (g/kg) from 0-10cm, 10-15cm and 15-35cm respectively. 

Both of these studies reported similar total soil nitrogen values to this study, where total nitrogen 
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in grassland soil ranged from 0.4%, 0.2% and 0.2% from 0-5cm, 5-10cm and 10-20cm, 

respectively. 

 

Equivalent Soil Mass Basis  

 Within soil research, area-based estimates of carbon and nitrogen stocks expressed as 

Mg/ha or kg/m
2
 have been identified as the most appropriate way to describe stocks of elements 

in the soil, particularly when comparing different ecosystems, because it considers bulk density 

(Ellert and Bettany, 1995). However, very few studies have used these area-based estimates and 

have instead represented element masses as concentrations, which do not effectively reflect 

element masses per unit area or volume (Lee et al., 2009). In doing so, these studies must 

consider the influences of dissimilar relative masses between the soils being compared in order 

to obtain accurate results. In general, the relative mass of a particular soil can be quantified by its 

bulk density value expressed as g/cm
3
 (Ellert and Bettany, 1995). If bulk density varies 

significantly between the soils being compared, then disregarding these differences may lead to 

over or underestimates of element pool sizes in the soil and greatly influence the interpretation of 

comparative data.  

A variety of different methods and calculations have been devised to correct for potential 

differences in the relative soil mass between soils being compared. In recognizing the 

dependence on bulk density, most researchers calculate element stocks in the soil as a product of 

concentration by soil bulk density and soil thickness (Ellert and Bettany, 1995). However, this 

calculation is still considered insufficient in assessing stocks of elements in the soil because bulk 

density can vary both spatially and temporally and therefore can be very difficult to completely 

correct for (Lee et al., 2009). In order to correct for these unjustifiable differences in relative soil 
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masses, some studies have compared soils on an “equivalent soil mass basis”. In doing so, the 

influence of differences in relative soil masses can be eliminated by calculating the mass of a 

particular element in comparison to the mass of soil in a standard or reference surface layer 

(Ellert and Bettany, 1995).  

Numerous studies have recognized the importance of comparing element stocks such as 

soil carbon and nitrogen on an equivalent soil mass basis. For example, Rodionov et al. (2007) 

found that greater bulk density in soils contributed to large soil organic carbon stocks. However, 

they also found that these relationships were very complex in that greater bulk density values 

only contributed to larger soil organic carbon stocks in the first two depth increments (0-20cm 

and 20-50cm), but not at the third depth increment (50-90cm). Results on total soil carbon and 

nitrogen within this study identified that differences in carbon and nitrogen concentration along 

the ecotonal gradient were likely compensated for by differences in bulk density. Due to the 

scope of this study and the large variation in the approaches used to correct for differences in 

relative soil masses, comparing on an equivalent soil mass basis was not done in this thesis. 

Therefore, future research examining soil properties along the forest-grassland ecotone in the 

southwest Yukon may consider calculating total soil carbon and nitrogen stocks on an equivalent 

soil mass basis to take into account the changes in bulk density that occur along these ecotones.  

 

Conclusions and Suggestions for Future Research 

 In conclusion of this study, it is apparent that vegetation does effect soil properties in the 

southwest Yukon, but the effects are not consistent among all depth increments. In general, 

significant variation along the forest-grassland ecotones were only evident in the organic 

horizon, if analyzed, and the 0-5cm depth increment. Since differences across the ecotone are 
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mainly near the surface, it can be hypothesized that the forest-grassland mosaic in the southwest 

Yukon is not driven by differences in soil. Furthermore, the patterns of ecotonal and vertical 

distribution of soil properties in the study area appear to be linked to the patterns of organic 

matter, which are greatly influenced by differences in above and belowground allocation of 

detrital inputs between forest and grassland vegetation. Therefore, potential alteration of 

vegetation community structure due to climatic change may greatly modify ecotonal and vertical 

gradients of organic matter and therefore lead to the redistribution of other properties within the 

soil profile as well.  

Results also identified that the overall difference in bulk density along the ecotone is 

likely to have offset the differences in total carbon and nitrogen leading to no differences in total 

soil carbon and nitrogen pools across the ecotone. Although there were no significant differences 

in the relative amounts of total carbon and nitrogen along the ecotonal gradient, vertical 

distributions were different between vegetation types. Therefore, alteration of vegetation 

community structure with future climatic change may not alter the amount of total carbon and 

nitrogen in the southwest Yukon, but rather the vertical distribution of carbon and nitrogen 

within the soil profile. Results of this study demonstrate that if woody encroachment were to 

occur in the southwest Yukon, a greater proportion of total carbon and nitrogen would be 

allocated to surface horizons. Future research may wish to examine the vulnerability of this 

redistribution to disturbances such as fire to determine if it could lead to a significant 

modification of total soil carbon and nitrogen pools within the southwest Yukon. Additionally, 

future research may consider quantifying above and belowground inputs and outputs as well as 

residence time of soil carbon within these ecosystems to gain a better appreciation of total 

ecosystem carbon dynamics. Furthermore, research in this area could also focus on quantifying 
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charcoal content and its effects on total soil carbon storage. Although there has been some 

research conducted on fire-activity in the area and its effects on the redistribution of loess via 

episodic soil movement (Sanborn and Jull, 2010), the effects of charcoal content on total carbon 

content has yet to be quantified. 

If woody encroachment does occur in the southwest Yukon, future research on the 

vegetation-soil relationship will be useful in quantifying the implications of woody 

encroachment on ecological functions and soil processes such as organic matter dynamics, 

nutrient cycling, chemical weathering, net primary productivity and biogeochemical cycling 

(Pinno and Wilson, 2011).  However, since the study of this relationship assumes that the 

southwest Yukon is a steady-state system, future research should first examine all state factors to 

confirm this assumption.  
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Summary 

The present study was undertaken on the forest-grassland ecotones in southwest Yukon to 

evaluate the effect of vegetation on eight different soil properties; percent moisture, fine earth 

bulk density, pH, total carbon and nitrogen, organic matter, total carbonate carbon and soil 

organic carbon. A two-way, nested ANOVA was used to analyze differences across the ecotone 

as well as with depth. Additionally, possible reasons for any observed changes were analyzed. 

Results showed that with the exception of total carbonate carbon, all determined soil properties 

had a significant interaction between ecotonal position and depth. This interaction suggested that 

vegetation in the southwest Yukon has an effect on soil properties, but that the effect is not 

consistent among all depth increments. The only significant variation in percent moisture and 

total carbon and nitrogen occurred in the organic horizon and the 0-5cm depth increment. Soil 

organic matter and soil organic carbon only varied along the ecotone in the 0-5cm depth 

increment. Soil pH varied significantly along the ecotone, but only in the 5-10cm depth 

increment. Bulk density varied across the ecotone in all depth increments except the 10-20cm. 

Finally, total carbonate carbon did not vary along the ecotone or with depth.  

  These interactions suggest that the only difference in soil properties occurred near the 

surface and it therefore the forest-grassland mosaic in the southwest Yukon may not driven by 

differences in soil. However, because this study examined the relationship between soil and 

vegetation by assuming that the southwest Yukon was a steady-state system, future research may 

wish to examine all state factors to confirm this assumption before further analysis is completed. 

Additionally, since the patterns of ecotonal and vertical distribution of soil properties appear to 

be linked to the patterns of organic matter, future research may consider quantifying controls on 

organic matter such as above and belowground plant allocation in order to gain a better 

appreciation of total ecosystem carbon dynamics and potential effects of climate change on soil.  
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Appendix 

Carbon:Nitrogen Ratios 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Mean C:N Ratios with Depth (cm) and Position Along the Ecotone. Error bars +/- 1SE. 
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Total Soil Carbon ANOVA Results  

Total Carbon Concentration (%)

 

Total Carbon Content (kg/m
2
) 


