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ABSTRACT 
 

 In a geographically isolated wetland (GIW) area, located in Georgia, longleaf pine forests 

have been experiencing frequent rotational prescribed burning for more than 10 years. In general, 

because wetlands provide ecosystem services, such as sediment retention and nutrient storage, it 

is important to understand how fire can alter biogeochemical processes. Previous research has 

shown that prescribed fires can release nutrients, alter soil properties, and modify soil moisture 

dynamics. Prescribed fire effects to Longleaf pine forests have been documented in the 

Southeast, but few have investigated effects to forested GIWs. These studies generally focus on 

prescribed fire impacts to water quality. In comparison, this research studies the effects of 

prescribed fire on hydrological properties, soil properties, nutrient movement, as well as carbon 

and nitrogen isotopic ratios to further understand immediate (short-term) changes in surface and 

subsurface horizons as well as chronic (long-term) impacts along a low-relief hillslope where 

there is a transition from forest to wetland. The main objectives of this research were to: (1) 

document soil moisture alterations immediately after prescribe fire, in the surface horizon, (2) 

determine whether or not prescribed fire can increase vertical nutrient movement with depth in a 

soil profile over short time scales, and (3) identify the immediate and chronic effects prescribed 

fire will have on nutrient concentrations and carbon and nitrogen isotopic ratios in surface and 

subsurface soil horizons. Two forested GIW watersheds at the Jones Center at Ichauway, GA 

were selected for study. Both are managed with prescribed burns bi-annually, one burned during 

the study (immediate site) and one burned the year prior (chronic site). Sampling was conducted 

before the prescribed fire, after the prescribed fire, and after a large rain event. Two-way 

ANOVA analysis and unpaired t-tests show no significant short-term changes to hydrological 

properties, but shortly after the fire, hydrophobicity increased promptly after the fire in all 
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sampling points but only remained high on the hillslope after the rain event contrary to the 

expected decrease in hydrophobicity with increasing soil moisture. There were no prominent 

effects to soil texture and bulk density immediately after the prescribed fire or after the rain 

event. There were observable temporal changes to nutrient concentrations in surface and 

subsurface horizons and we found a positive correlation existing post-fire. The expressed 

significant differences in the horizons and the higher nutrient levels found in the chronic site is 

potentially caused by the addition of ash into the system overtime. In our immediate site, there 

were nutrient (total C, P, Mg, K, Ca, and Mn) increases found along the wetland edge. Also after 

the large rain event, total Al and Fe concentrations increased in subsurface horizons at the 

immediate site suggesting a fire signature. There were no significant temporal changes to carbon 

and nitrogen isotopic signatures despite finding some enrichment. Overall, a prescribed fire may 

cause immediate effects to hydrological properties, but it can also lead to chronic impacts due to 

the observed alterations to soil properties and nutrient dynamics. This work shows that short-

term and long-term effects are difficult to resolve and specific impacts to soil nutrient cycling 

requires more study.  
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CHAPTER 1: INTRODUCTION  
 
1.1. Introduction 

 In the United States, forests cover an estimated 21.73 square kilometers of a total wetland 

area (Bridgham et al. 2006). Modern prescribed fire practices are a primary management tool 

used to reduce the likelihood of wildfire events, pathogens, overgrowth, and overpopulation of 

foliage communities (Boring et al. 2004; Richter et al. 1982, Mitchell et al. 2014). Prescribed 

fires are applied to a forest when fuel and soil moisture levels are either normal or high so that 

only the forest understory is burned (Carter and Foster 2004). Because less than 50% of litter 

available on the forest floor is consumed in any given burn and there are fewer nutrients 

released, this separates them from wildfires (Carter and Foster 2004).  

 When compared to the rest of the United States, 2/3 of the areas that are burned in the 

South are due to prescribed fires and not wildfires (Figure 1). Specifically in the Southeast, 

forests have been undergoing prescribed fire regimes for more than 10,000 years (Fowler and 

Konopik 2007). Because the Southeastern US is composed of young forests, making them ideal 

for nutrient sequestration due to the aggradation, or build-up of sediments, and high level of net 

primary productivity, it is important to understand the environmental implications associated 

with this essential land management tool (Mitchell et al. 2014). A variety of studies have looked 

at the overall effects of wildfires in the western US, but few have investigated the effects of 

prescribed fires on nutrient cycling in the south with the emphasis being to forested wetland 

regions.  
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Figure 1. Prescribed fire-affected areas (solid bars) and wildfire areas (hatched bars) within the 
United States investigated in 2011 (Mitchell et al. 2014).  

1.2. Wetland Ecosystem Services 

 Wetland regions have a biogeochemical function that aids in carbon sequestration, 

sediment trapping, and uptake of nutrients, all of which are ecosystem services (Marton et al. 

2015). The anoxic conditions in wetlands are ideal because when oxygen is removed from a 

system, this enables microbial processes to slow down and allow nutrients to accumulate and be 

stored. Because of the redox conditions in wetlands, this helps protect aquatic environments by 

retaining and preventing the transport of solutes, chemicals, and nutrients from reaching into 

downstream aquatic ecosystems (Marton et al. 2015). Although wetlands are ideal for nutrient 

storage, they can also influence the release of gases into the atmosphere. For example, anoxic 

soils in wetlands are ideal for denitrification processes which promotes the release of nitrogen 

gas (Racchetti et al. 2011). Currently, due to the ecosystem services, wetlands, with the 

exception of geographically isolated wetlands, that are connected to navigable surface waters, are 

being protected under the Clean Water Act (Marton et al. 2015). 
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  Geographically isolated wetlands (GWIs) are referred to as being “isolated” because they 

are surrounded by upland regions (Marton et al. 2015). These wetlands are naturally created as 

depressions in the landscape that accumulate rainfall, which aids in maintaining soil saturation, 

and retaining nutrients in sediments, all of which supports hydrophytic vegetation and organisms 

in the area (Marton et al. 2015). Despite the lack of hydrological connectivity to nearby open 

water bodies, geographically isolated wetlands still have hydrological, ecological, and chemical 

connectivity to the broader landscapes that can provide ecosystem services, which is why they 

are worth investigating. Numerous research has evaluated the effects of prescribed fire on 

longleaf pine stands broadly both internationally (Näthe et al. 2018; Fernández et al. 1997; Blake 

et al. 2010) and in the US (Lavoie et al. 2010; Boring et al. 2004; Carter and Foster 2004), but 

few have focused on the effects within forested geographically isolated wetland sites. It is 

important to document how these unique systems respond to prescribed fire.  

1.3. Objectives 

  The purpose of this study is to determine the short-term (immediate) and long-term 

(chronic) effects prescribed fires have on nutrient cycling in a longleaf pine forested 

geographically isolated wetland region.  By comparing two wetlands and their surrounding 

uplands, with one representing immediate (burned over a 2-month interval) and the other 

demonstrating chronic (one-year post-fire) effects, I will determine to what extent does fire affect 

soil moisture dynamics, specifically unsaturated hydraulic conductivity and water repellency, 

soil texture, nutrients, and carbon and nitrogen isotopic ratios. Using two-way ANOVA analyses 

and unpaired t-tests, paired by sampling locations, I will focus on alterations to nutrient 

dynamics, soil texture, as well as carbon and nitrogen isotopic ratio signatures in surface and 

subsurface soil horizons along a low-relief hillslope. An unpaired t-test will also be utilized to 
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determine changes to soil moisture dynamics. By performing a principal component analysis, 

similar ordination of nutrients will be represented in respect to pre-fire and post-fire conditions in 

the experimental site. These different data sets will serve to evaluate (1) fire-induced changes to 

soil moisture dynamics deriving from the surface horizon (2) whether or not prescribed fire can 

change nutrient movement with depth in a soil profile and (3) the effects prescribed fire will have 

on nutrient content and carbon and nitrogen isotopic signatures in surface and subsurface 

horizons. 

1.4. Study Site 

 The study site is a longleaf pine forest with geographically isolated wetlands (GIW) 

located at the Jones Center at Ichauway, a private research center, in Baker County, Georgia 

(Figure 2). In this study, I used two GIW sites, which are reference sites for a larger collaborative 

project investigating the temporal and spatial variability of nutrient processes in an agricultural 

ecosystem. Although these sites have not been altered by modern agricultural production, they 

have experienced frequent rotational prescribed burning for more than 10 years, making them 

ideal sites for this study.  

 

Figure 2. Study site at the Jones Center at Ichauway in Georgia, USA. 
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1.5. Previous Research on Prescribed Fire Effects to Wetlands 

 Because forested areas are managed with prescribed fires in geographically isolated 

wetlands, it is important to understand the allochthonous contributions this forest management 

practice has within these watersheds. Although prescribed fires are low in intensity, they have 

the potential to change soil characteristics, which can impact soil stability, soil aggregates, and 

hydrological properties (Shakesby and Doerr 2006). For example, fire in general, has been 

shown to influence soil erosion, which can alter sediment composition and transport. It has been 

mentioned that prescribed fires could increase sediment yield, but it all depends on the severity 

of the fire (Scott and Van Wyk 1990). In one study, rainfall simulations and infiltration 

experiments for different burn severities were used to study wildfire effects to hydrology, soil 

erosion, sediment yield, and phosphorus concentrations along a hillslope (Blake et al. 2010). 

Water and sediments samples were collected and analyzed for phosphorus contents in a hillslope 

after a 20, 40, and 60 mm h–1 rainfall simulation event (Blake et al. 2010). They found that in 

hillslopes that were burned severely, sediment yield, dissolved inorganic phosphorus, and 

particulate phosphorus concentrations were high in eroded sediments (Blake et al. 2010). 

Because particulate phosphorus yield was higher than dissolved inorganic phosphorus yield, this 

indicated that sediments are the vectors that facilitate nutrient movement in a watershed basin 

(Blake et al. 2010). This was significant because after an intense rainfall and severe fire, a 

hillslope can be susceptible to erosion causing the sediment and phosphorus transport to increase 

downslope, which could be detrimental to nearby aquatic systems (Blake et al. 2010). Although 

this study focused on wildfires effects to phosphorus concentrations, it will be interesting to see 

if prescribed fires could affect the movement of other elements as well. Because sediments are an 

integration of different components, they have a role in nutrient storage and can signalize 
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landscape processes in a wetland basin. In general, if fire has the potential to alter soil structure, 

movement, and hydrological properties, low-intensity fires can potentially change 

biogeochemical functions in a wetland basin.  

 Research has shown that fire events can affect the biogeochemical processes of a forested 

watershed by releasing nutrients from the forest floor into either the atmosphere, nearby fluvial 

systems, or into other areas in close proximity (Richter et al. 1982). Studies have documented 

changes in water quality and gas emission resulting from an applied burn. For example, Battle 

and Golladay (2003) has shown the effects prescribed fires have on water quality where there 

was an increase in pH, bioavailable phosphorous, dissolved organic carbon, alkalinity, and 

ammonium in water samples exposed to fire treated soils (Battle and Golladay 2003). Akagi et 

al. (2014) also showed prescribed fires influencing the release of trace gases which can have 

health implications (Akagi et al. 2014).  

 Few studies have recorded changes to nutrient cycling in wetland soils after a fire. In one 

study, researchers investigated the effects of prescribed fire on nutrient availability and the 

importance of the changes in a bog ecosystem (Wilbur and Christensen 1983). They found that 

after a fire there was in increase in available K, PO4-P, Mg, NO3-N, and NH4-N but only PO4-P 

and NO3-N showed a difference in spatiality where it could potentially lead to the creation of 

nutrient patches (Wilbur and Christensen 1983).  In another study, nutrient alterations and gas 

emissions were investigated in marsh ecosystems one year after a prescribed burn (Schmalzer 

and Hinckle 1992). Nitric oxide and methane were also of focus in this research. In burned 

marshes, they found that pH increased post-fire and eventually returned to pre-fire conditions 

one month after the event. In the upper horizon, they found an increase in organic matter content 

and observed burned residue in the waterbody of the marsh (Schmalzer and Hinckle 1992). The 



 7 

nutrients Ca, Mg, and K increased a month post-fire and researchers attributed such change in 

the soil to the release of the cations from the burning of biomass. Because conductivity increased 

as well, they stated that burned biomass and ash could cause cations to increase. It was also 

mentioned that a month, after the prescribed fire occurrence, PO4-P and NH4-N increased as well 

(Schmalzer and Hinckle 1992). Overall, if prescribed fires have the ability to alter natural 

biogeochemical cycling in a wetland basin, this can affect nutrient availability, transport, and 

sequestration.  
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CHAPTER 2: LITERATURE REVIEW- PRESCRIBED FIRE AND SOIL MOISTURE 
DYNAMICS 

 
2.1. Introduction 

 Studies have shown that fire can impact soil stability and porosity which can alter water 

infiltration (Shakesby and Doerr 2006). As fire changes soil properties, soil structure, and 

vegetation this, in turn, affects the hydrological and geomorphological processes in the landscape 

(Shakesby and Doerr 2006). As these three different components are modified, this can then 

influence infiltration rate, overland flow, and detachment of soil particles (Shakesby and Doerr 

2006).  

 Under natural conditions, hydrophobicity in the soil can be caused by multiple factors 

deriving from water-repellent compounds originating from root systems, formed as a byproduct 

from fungal or microbial communities, or generated as organic matter decays (Dekker and 

Ritsema 1996; Doerr 1998; McGhie and Posner 1981, Doerr et al. 2005). As fire consumes more 

organic matter, this can cause the soil structure to collapse making the soil denser (Neary et al. 

2005). As soil structure changes, this can affect water infiltration which changes hydraulic 

conductivity. It is said that when soil moisture surpasses 12-25%, hydrophobicity is not present 

in the soil (Huffman et al. 2001).  

 Because soil moisture content varies, hydrophobicity and hydraulic conductivity have an 

inverse relationship which can potentially alter the transport of water-soluble elements as water 

infiltrates and percolates within a soil profile. Due to potential implications in nutrient transport, 

it is imperative we understand the effects associated with fire-induced alterations to soil moisture 

dynamics. In this literature review, we will focus on the direct effects prescribed fire has on 

hydraulic conductivity and water repellency. Mathematical models used to quantify and measure 
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soil hydrophobicity and hydraulic conductivity will be discussed as well as research studies that 

investigated prescribed fire effects.  

2.2. Approaches to Determine Hydrophobicity 

2.2.1. Water Droplet Penetration Time Test (WDPT) 

 One of the most common techniques developed to test for hydrophobicity in the soil is 

referred to as the Water Droplet Penetration Time (WDPT) where a drop of water is initially 

placed on the soil and then the time it takes for the drop to infiltrate within the surface is 

recorded (Olorunfemi et al. 2014). The time it takes for the drop to penetrate in the soil can 

determine the strength of the hydrophobicity. Researchers have developed different 

classifications using this method but there are limitations because other factors such as surface 

roughness can affect measurements (Olorunfemi et al. 2014).  This technique is effective in that 

it can help indicate the hydrological effects of hydrophobicity (Doerr 1998; Leelamanie et al. 

2008).  

2.2.2. Capillary Rise Method (CRM) 

 The Capillary Rise technique is used to determine the contact between a liquid and a 

solid (Olorunfemi et al. 2014). This test is utilized to evaluate the capillary rise on a liquid in an 

unsaturated column containing either powder or more granular matter (Letey et al. 1962; 

Leelamanie et al. 2008). The contact angle can be determined with the use of the equation 

(Washburn 1921; Leelamanie et al. 2008; Olorunfemi et al. 2014):  

Y= ∆ pghr/2 cos θ	

Where p is represented as the liquid’s density, g is gravity, h is the height of the capillary rise, r 

is the pore radius, and θ is the angel of the contact between a liquid and a solid (also referred to 

as the wetting angle) (Olorunfemi et al. 2014).  

(Equation 1) 
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2.2.3. Molarity of an Ethanol Droplet Test (MED) 

 The molarity of an Ethanol Droplet test (MED) measures what the molarity of an ethanol 

droplet is needed to record infiltration in the soil surface (Olorunfemi et al. 2014). Different 

ethanol concentrations are used to modify the tension of the liquid’s surface. Water repellency 

can be inferred from this tool where the least concentration of ethanol adsorption that can enable 

infiltration of a water drop is determined (Olorunfemi et al. 2014). The surface tension can be 

recorded by increasing ethanol concentration which can allow researchers to determine the 

strength of the repellence of the water in the soil. It has been mentioned that this method can 

poorly indicate infiltration rates in the soil (Olorunfemi et al. 2014).  

2.2.4. Du Noüy Ring Tensiometer 

 An instrument is used to measure the surface and interfacial tension where a platinum 

ring is placed in a test liquid to determine repellency (Olorunfemi et al. 2014). This method can 

help evaluate the surface and interfacial tension at distinct interfaces whether it be liquid to 

liquid or air to liquid. The force required to extract the platinum ring from the liquid test can be 

calculated using the equation:  

 
 

Where y is, the total force needed, P is the saturated perimeter of the three-phase contact, θ is the 

contact angle recorded from the contact from the meniscus of the liquid to the surface of the 

object, ƒ is represented as the correction factor that can range from 0.75-1.05, and F is the force 

(Olorunfemi et al. 2014).  

 

 

 

(Equation 2) 
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2.2.5. Minidisk Infiltrometer 

 A minidisk infiltrometer apparatus has also been used to evaluate infiltration in the soil 

where two different liquids are used to assess changes (Olorunfemi et al. 2014, Figure 1). In this 

apparatus, the top chamber, or mariotte chamber, is filled with water, while the bottom chamber, 

or reservoir, is filled with 95% ethanol (Lichner et al. 2007). Using the suction control tube, the 

suction rate is set to 2 cm. After this setup, the researcher can select a designated timing interval 

to determine ethanol infiltration in the soil (METER 2021). The timing it takes for the ethanol to 

infiltrate the soil surface can be indicative of the presence of hydrophobicity (Lichner et al. 2007) 

(METER 2021).  

 
Figure 1. Minidisk infiltrometer apparatus (METER 2021) 

 
 In order to determine soil water repellency, the slope of the cumulative infiltration can be 

calculated using the formula (METER 2021):  

I=Se√t 
 

(Equation 3) 
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Where I is the cumulative infiltration, Se is ethanol sorptivity, and t is the square root of time in 

seconds. The slope of the water sorptivity can be calculated using the expression (METER 

2021):  

I=Sw√t 
 

Where I is infiltration, Sw is water absorptivity, and t is the square root of time recorded in 

seconds. Once the slope of both ethanol and water sorptivity are calculated, hydrophobicity can 

be determined using the repellency index equation (Hallett et al. 2001):  

 
R=1.95 ((Sethanol)/( Swater)) 

 

Where R is the repellency index, Sethanol is the slope of the ethanol sorptivity, and Swater is the 

slope of the water sorptivity.  

2.3. Prescribed Fires Effect on Hydrophobicity 

 Fire induced soil water repellency can leave an area vulnerable to erosion, by increasing 

erosive energy in a given hillslope which can potentially create overland flow (Scott and Van 

Wyk 1990). Hydrophobicity is difficult to isolate due to its relationship with soil moisture, 

organic matter content, hydraulic conductivity, air permeability, and other such parameters, but 

studies have attempted to investigate its persistence in a region where changes are contingent on 

fire intensity, fire duration, and soil type. The repellency in the soil is dependent upon the time 

since the initial burn, but the effects of water repellency typically weaken after a period of three 

months (Macdonald and Huffman 2004). Fire that burns over 20 minutes, with temperature 

ranges between 800-900 degrees, can potentially destroy non-wettable property in soil, but there 

is still uncertainty when it comes to measuring water repellency (Debano and Krames 1966). 

(Equation 4) 

(Equation 5) 
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Some studies have shown that water repellency can reduce infiltration in the soil, while others 

mention the contrary (Debano and Krames 1966).  

 In one study, researchers studied the effects of wildfire and prescribed fires on soil 

hydrophobicity in a ponderosa and lodgepole pine forests (Huffman et al. 2001). Researchers 

were interested in investigating the effects that time, burn intensity, vegetation, soil type, and soil 

moisture has on soil water repellency after an initial burn. Soil water repellency was determined 

by using the water drop penetration time technique and the critical surface tension measurements 

at different soil depths. They found that at sites that experienced moderately to severe fire, there 

was strong soil hydrophobicity at the soil depth of 0, 3, and 6 centimeters. On the other hand, 

sites that were burned at low severity, which is similar in scale to prescribed fires, were repellent 

on the surface only. Soil water repellency seemed to increase with increasing fire intensity, but 

because there was such variability in between study sites, it was difficult to determine if there 

were significant statistical differences (Huffman et al. 2001). They determined that although 

hydrophobicity was not present when soil moisture was high, it persisted in the area the more 

sand content there was in the soil. After 3 months, soil hydrophobicity decreased but was still 

present in the soil for about 22 months. Researchers mentioned that prescribed fires can cause 

strong water repellency in soil if there is a higher fuel load. If there is higher fuel load in an area, 

this could potentially impact the depth and durability of the soil water repellent layer in the soil. 

Researchers mentioned that the effects of soil moisture on soil water repellency could be further 

investigated in the future by determining if there exists a threshold for saturation in hydrophobic 

soils. In the future, they recommended that critical surface tension measurements were better at 

determining hydrophobicity than water drop penetration time measurements because it was 

easier to calculate and had less variability (Huffman et al. 2001).   
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 In another study, water repellency was measured by using the water drop penetration time 

method in a shrubland before and after fire events (Stoof et al. 2011). They were interested in 

determining to what extent did fire affect hydrophobicity and whether or not soil moisture was 

the main driver for differences in soil water repellency. They also investigated the effects organic 

matter content has on soil water repellency. Researchers found that surface water repellency was 

influenced by soil moisture in samples. There was a negative correlation found where soil water 

repellency tended to increase as soil moisture decreased. They also found that in severely to 

extremely repellent samples, soil water repellency increased with organic matter composition. 

Saturated soil samples had greater organic matter content than slightly to severely repellent 

samples (Stoof et al. 2011). This difference could be attributed to the greater moisture content 

present in wet soil samples where organic matter could potentially increase water retention in 

soil. Fire increased the water drop penetration time in the samples, or commonly referred to as 

persistence of soil water repellency, in this study but did not significantly impact soil moisture 

content in the soil. After a fire, hydrophobicity in the soil appeared rapidly, but disappeared in a 

span of 4 days due to continuous rainfall in the samples collected. In a fire affected area, soil 

water repellency disappeared faster than in an unburned site. Both, vegetation removal and fire, 

minimized the time and precipitation required to remove hydrophobicity in soil and foliage litter 

from an initial rainfall of about 650 mm in a time period of 75 days to 30-50 mm in 4 to 6 days. 

Researchers concluded that soil water repellency is influenced by both soil moisture and organic 

matter content, which can affect hydrological processes (Stoof et al. 2011).  

 Overall, it is difficult to address water repellency because not only does fire affect 

regions differently, but it is hard to isolate it from other hydrological parameters (Doerr et al. 

2003). The studies mentioned have attempted to investigate the parameters used to determine the 
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impacts of repellency where severity, spatial distribution, transient characteristics, and character 

and spatial distribution of routeways and wettable subsoil are variable factors. It is important to 

study the effects of all these different parameters because a change in one factor can potentially 

impact other variables (Doerr et al. 2003). Although it is hard to isolate hydrophobicity, it will 

impact soil type differently.  

2.4. Approaches Used to Evaluate Hydraulic Conductivity 

2.4.1. Saturated Hydraulic Conductivity 

 The study of water movement through a porous media was first applied by Henry Darcy 

where he helped experimentally design the methodology to evaluate hydraulic conductivity 

(Darcy1856; Zhang and Schaap 2019). Hydraulic conductivity or the coefficient of permeability 

can be calculated by using the formula of Darcy’s law that indicates: 

 
K= -Q/A(dh/dl) 

        
Where K is hydraulic conductivity, Q is discharge, A is cross-sectional area, and dh/dl is the 

hydraulic gradient. This formula has been altered by Hubbert 1956 where he discussed that K is 

a function of porous medium and the fluid (Hubbert 1956; Fetter 2001). Hydraulic conductivity 

of sandy sediments has also been discussed where K is related to the square of an attribute 

dimension of a sediment (Hazen 1911; Fetter 2001). Another study has also evaluated hydraulic 

conductivity and connected it to grain size (Shepherd 1989; Fetter 2001). 

 The Kozeny-Carman equation has also been used in different studies to evaluate changes 

to hydraulic conductivity by means of permeability referred to as intrinsic permeability with the 

use of the formula (Zhang and Schaap 2019): 

K= φRH2/GT2 

 

(Equation 6) 

(Equation 7) 
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Where K is hydraulic conductivity, φ is porosity, RH is hydraulic radius, G is the pore shape 

factor, and T is tortuosity. Another study has also represented the Kozeny-Carman equation to be 

(Glatstein and Francisca 2014; Zhang and Schaap 2019): 

K= (pg/ μ)1/K*T2S02(ℯ3/1+ ℯ) S3 

 
Where K is hydraulic conductivity, p is the density of the fluid, g is gravitational acceleration, μ 

is viscosity of the fluid, T is tortuosity, K* is the pore shape factor, S0 is the wetted surface area 

per unit volume, ℯ is the ratio of the void, and S is the saturation degree. 

2.4.2. Unsaturated Hydraulic Conductivity 

 Gravity potential and moisture potential are used to determine water infiltration in the 

unsaturated zone giving segue to the theory of unsaturated flow (Childs 1967; Fetter 2001). 

Darcy’s law is still applicable when discussing unsaturated flow thus introducing the concept of 

unsaturated hydraulic conductivity. In unsaturated soil, soil moisture moves downward in water-

filled pores where there can be air as well (Fetter 2001). As water content increases, more pores 

can retain water which will eventually increase the downward movement of water. Unsaturated 

hydraulic conductivity is determined as being the function of volumetric water content whereas it 

increases, unsaturated hydraulic conductivity increases as well (Fetter 2001). This relationship 

regarding volumetric water content and moisture potential is currently expressed using Richard’s 

Equation (Varado et al. 2006):  

 
 

Where K is hydraulic conductivity, h is the pressure head, θ is volumetric water content, z is the 

depth, and t is the time.  

(Equation 8) 

(Equation 9) 
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 With the use of minidisk infiltrometer, an effective method was also developed to 

measure sorptivity of water and unsaturated hydraulic conductivity expressed as (Lichner et al. 

2007; Zhang 1997):  

I=C1(h0)t1/2 +C2 (h0)t 
 
Where I is infiltration, h0 represents pressure head, C1(h0), and C2 (h0) are indicative of pressure 

head functions while unsaturated hydraulic conductivity is expressed as (Lichner et al. 2007; 

Zhang 1997):  

K(h0)=C2(h0)/A1 

 

Where unsaturated hydraulic conductivity is represented as K(h0), C2 (h0) is a function of the 

pressure head, and A1 is a constant.  

2.5. Effect of Prescribed Fires on Unsaturated Hydraulic Conductivity 

  Calculations derived from the moisture retention curve has been effective in determining 

fire-induced changes to hydrological properties, but such method has biases incorporated and is 

normally utilized in spatial studies (Vogel and Cislerova 1988). Rainfall model simulations are 

used to determine unsaturated hydraulic conductivity where the difference between precipitation 

and runoff are computed (Robichaud 2000; Kennard and Gholz 2001; Savadogo et al. 2007; 

Plaza-Alvarez et al. 2018; Rau et al. 2005).  Although indirect methods have been demonstrated 

to be more practical, there have been few studies that have investigated changes to hydraulic 

conductivity directly with the use of an infiltrometer.  

 In one study, researchers used an air permeameter and a minidisk tension infiltrometer to 

determine the effects a single low intensity prescribed fire has on near-saturated hydraulic 

conductivity, air permeability, and physical soil properties under canopy and interspaced 

microsites before and after fire treatment in a semiarid shrub woodland transition zone region 

(Equation 10) 

(Equation 11) 
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(Chief et al. 2012). Using the measurements collected, they were interested in determining the 

impacts that the fire-affected soil structure has on hydraulic properties (Chief et al. 2012). They 

determined that in situ air permeability increased from 21% to 37% post-fire in both under 

canopy and interspace microsites, however this was not statistically significant. Researchers 

found that water repellency did not change near-saturated hydraulic conductivity in under canopy 

microsites and was absent in interspace microsites (Chief et al. 2012). This could have been due 

to the expansion of water as it vaporized through the soil pores as soil structure collapsed (Chief 

et al. 2012). Because prescribed fires are small-scale and low in intensity, surface temperature 

was not high enough to volatilize organic matter and change physical soil properties within 

interspace microsites. They determined that this could be due to heat transfer and water 

vaporization, which eventually caused soil structure to collapse as soil pores expanded (Chief et 

al. 2012). Based on their findings, they concluded that after a fire, changes to soil structure had a 

greater impact on soil hydrology and physical soil properties than soil water repellency alone 

(Chief et al. 2012).  

 In another study, the effects of fire frequencies on soil hydrological properties were 

investigated where they looked at the changes to saturated and unsaturated hydraulic 

conductivity in a Savanna (Strydom et al. 2019). A tension disc infiltrometer was used to assess 

such changes. They found that frequent annual fires did not reduce unsaturated hydraulic 

conductivity when compared to unburned sites where fire has not been used as a management 

tool in the last 60 years since the study took place (Strydom et al. 2019). They determined that 

there was a significant difference in the rates of unsaturated hydraulic conductivity in between 

the various fire frequencies on soils where the dominant parent material was granite (Strydom et 

al. 2019). Unsaturated hydraulic conductivity was lower on the granite burned plot when 
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compared to the unburned plot. In soils where the parent material was dominantly granite and 

basalt, fire did not significantly affect saturated hydraulic conductivity (Strydom et al. 2019). 

Researchers discussed that there was an apparent strong positive correlation between unsaturated 

hydraulic conductivity and the time after a fire in granite plots (Strydom et al. 2019). 

 In a study, researchers were interested in determining the effects prescribed fire has on 

infiltration in the soil in Mediterranean forests (Plaza-Alvarez et al. 2019). A minidisk 

infiltrometer was used to determine hydraulic conductivity. It was found that prescribed fire did 

not affect unsaturated hydraulic conductivity significantly (Plaza-Alvarez et al. 2019). There was 

no relationship nor pattern found between hydraulic conductivity, prescribed fire, treatment nor 

with time after the fire. It was concluded that fire intensity could have impacted their results 

causing there to be no significant changes resulting from the treatment (Plaza-Alvarez et al. 

2019).  

 In West Africa, researchers investigated the effects prescribed fires and grazing 

intensification had on infiltration, vegetation cover, and forage productivity (Savadogo et al. 

2007). Double ring infiltrometers were used in this study to determine the effects. It was found 

that prescribed fire impacted steady state infiltration where there was a decrease in infiltrability. 

Researchers discussed that they were unable to control fire intensity which can have varying 

impacts on soil properties (Savadogo et al. 2007).  

 Indirect methods are commonly utilized to determine the spatial impacts prescribed fires 

have on hydrological properties, but direct measurements can demonstrate potential temporal 

effects. It is crucial that potential temporal effects are taken into consideration because there can 

be variable changes in ecosystems according to different soil textures. Relying on indirect 

approaches creates generalizations and can underestimate or overestimate effects. If temporal 
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effects of prescribes to hydraulic conductivity are further evaluated, this can help create more 

accurate simulation models in the future.  

 2.6. Conclusion 

 Prescribed fires are beneficial in the creation of a diverse mosaic forest community, but 

there is a research gap in addressing the connection between the short-term effects of prescribed 

fire on soil moisture dynamics and nutrient movement in sediment soils according to specific 

biomes. Although direct methods take time and are not as feasible, they can help quantify the 

temporal effects to hydrological properties. Investigating temporal changes to water infiltration 

can aid in the development of more accurate models to improve forest management. Decreasing 

the potential biases of models, can help inform how we adapt our forest management practices in 

response to climate change to better protect ecosystem services.  
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CHAPTER 3: PRESCRIBED FIRE EFFECTS ON SOIL PROPERTIES AND 
NUTRIENT DYNAMICS  IN A FORESTED WATERSHED 

 
3.1. Abstract 

 Historically, forests in the southeastern USA have been managed with prescribed fire, 

which has been shown to impact soil moisture dynamics, physical soil properties, and nutrient 

cycling. The objectives of this study were to evaluate prescribed fire effects on hydrological and 

physical properties of the soil as well as vertical and lateral movement of key nutrients to further 

understand immediate short-term (within 2 months post-fire) and chronic long-term (one-year 

post-fire) temporal changes in soil horizons along a low-relief hillslope where there is a 

transition from forest to wetland. Using two-way ANOVA and unpaired t-tests, there are no 

statistical differences in unsaturated hydraulic conductivity or water repellency, within sampling 

points of the immediate site. Soil properties remained consistent within study sites. There are 

significant differences found in nutrient concentrations between the immediate and chronic sites 

for soil A (total P, K, Mn, Fe, Mg, and Al), and soil B (total P, K, Mg, Fe, and Al) horizons. 

There are also significant temporal changes in nutrients at individual sampling points during the 

study. Subsurface alterations to total Al and Fe alterations are expressed in the immediate site 

which could be attributed to the prescribe fire. Alterations to carbon and nitrogen isotopic ratios 

were significant between sites with evident enrichments found in our immediate site. Spatial 

alterations could exist along a flat hillslope, due to the nutrient increase found in the soil A 

horizon near the wetland edge of the immediate site. Overall, a prescribed fire can potentially 

alter hydrological properties and nutrient dynamics and the effects are integrated into the soil 

over decadal or even longer temporal scales.  

Keywords: Prescribed fire, Hydrological Properties, Longleaf Pine Forests, Nutrient dynamics, 

Hydraulic Conductivity, Soil Properties, Geographically Isolated Wetlands 
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3.2. Introduction 

  In the coastal plain of the southeastern United States, prescribed fire is a common 

management approach performed with the intention of imitating natural disturbance events, 

increasing biological diversity, as well as managing both the landscape and commercial timber 

production (Collins et al. 1998; Mitchell et al. 2002, Boring et al. 2004, Lafon 2010). 

Specifically, fire-tolerant pine tree species, such as longleaf pine stands, depend on prescribed 

fires (Fowler and Konopik 2007). Burning the understory helps the trees reach maturity by 

removing shrubs and competing tree species. In addition, herbaceous plants also benefit from the 

approach, because they are able to colonize in between fire events which enables them to also 

successfully reach maturity (Lafon 2010). Prescribed fire has been shown to increase forest 

productivity by promoting the release of nutrients from plants (Christensen 1977; Lafon 2010). 

This release of nutrients can potentially affect watersheds as materials are displaced and 

transported in soil sediments.  

 Nutrient and sediment export are controlled primarily by waterflow and landscape 

heterogeneity along a hillslope. Rainfall in particular influences the lateral movement of water 

along the ground surface and through the subsurface, but flow can vary spatially and temporally 

(Stieglitz et al. 2003). For example, in certain soil types, where rainfall surpasses 

evapotranspiration, lateral water movement in the soil profile can be more predominant in the 

soil (Grayson et al. 1997). Under a dry hydrological state, when there is low hydraulic 

conductivity horizontally along a hillslope, vertical movement will be prevalent because 

macropore flow cannot function unless the soil is saturated (Grayson et al. 1997).  Hydraulic 

conductivity has a nonlinear relationship with water content in the soil that can influence 

macropore flow thereby creating a positive feedback loop where there is an increase in horizontal 
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subsurface movement under saturated conditions in a catchment along the hillslope (Grayson et 

al. 1997).  

 When fire is introduced to the soil, it will volatilize hydrophobic constituents causing 

compounds to be released to the atmosphere, become translocated, or condensed (Huffman et al. 

2001). Once constituents condense after a fire, this can form hydrophobic coating around soil 

aggregates (Debano and Krames 1966; Savage 1974; Huffman et al. 2001). Because fire 

introduces changes to organic matter content in the surface soil layer, porosity and pore size 

decreases (Neary et al. 2005). As porosity and pore size is reduced, soil density increases and 

there is a loss of macropores, which reduces the capacity for water infiltration (Neary et al. 

2005). Specifically, in fire-induced hydrophobic sandy soils, water can flow through preferential 

flow paths when the pressure head gradient is positive (Rooij 1995). This process is referred to 

as “fingering” and the preferential flow paths are referenced as “fingers,” which influences the 

leaching of substances (Rooij 1995). In the top hydrophobic soil surface, water flows laterally 

towards the preferential flow paths and then moves vertically until it reaches the B or C horizon. 

Capillary forces cause water to then disperse (Rooij 1995). Research has shown that prescribed 

fires can have variable effects on the strength of hydrophobicity and infiltration rate (Debano and 

Krames 1966; Huffman et al. 2001; Savadogo et al. 2007; Stoof et al. 2011; Strydom et al. 2019).  

 As fire removes vegetation, this can also expose the soil surface to the effects of rainfall 

causing crusting (Moyo et al. 1998; Mills and Fey 2004; Savadogo et al. 2007). As rain 

infiltrates the soil, clay particles are dispersed thus reducing infiltration (Hillel 2004; Savadogo 

et al. 2007). Clay dispersion can result in the reduction of macroporosity, water percolation, 

aeration, and an increase in cloggage (Brady and Weil 2008). In sandy soils, clay and silt 

movement is slow as particles translocate from the A to a B horizon, and changes may not be 
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visible within shorter time spans of 1-2 years (Birkeland 1999). If clay is moving through water 

suspension, clay content will be high in the B horizons and low in the A and C horizons. Clay 

cannot disperse if the soil has high electrolytes and if colloids have a positive charge (Birkeland 

1999). Like clay, silt can be suspended in water as long as pore spaces permits in the soil 

(Birkeland 1999). Soil texture--consisting of the relative percent of sand, clay, and silt-- affects 

the depth of leaching in soils where it will be greater in coarser particles and less in fine-grained 

material (Birkeland 1999).  

Studies have found potential prescribed fire effects to soil structure (Chief et al. 2012), 

hydrological properties (Gonzalez-Pelayo et al. 2010, Robichaud et al. 2008; Badia-villas et al. 

2020; Sharenbroch et al. 2012; Savadogo et al. 2007; Strydom et al. 2019; Stoof et al. 2011), and 

nutrient dynamics (Coates et al. 2018; Lavoie et al. 2010) separately. Prescribed fire effects to 

longleaf pine forest soils have been documented in the Southeast (Richter et al. 1982; McKee 

1982; Boring et al. 2004; Boyer and Miller 1994; Lavoie et al. 2010; Butnor et al. 2020), but few 

have focused on soils within forested geographically isolated wetland (GIW) watersheds (Battle 

and Golladay 2003; Jansen et al. 2019). Using a muffler furnace to simulate prescribed fire 

events, Battle and Golladay (2003) found an increase in bioavailable phosphorous, pH, dissolved 

organic carbon, alkalinity, and ammonium to water samples exposed to the burned soils. Jansen 

et al. (2019) found significant decreases in total P concentrations in wetlands that were grazed 

and treated with prescribed fire. The mentioned studies have all highlighted impacts to soil 

properties, hydrological properties, and nutrient cycling separately but nevertheless there exists a 

knowledge gap addressing the combined prescribed fire effects to soil properties, hydrological 

properties, and nutrient dynamics along a gradient in forested geographically isolated wetland 

watersheds in particular. 
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 In this study, I investigated the immediate short-term (over 2 months) effects a recent 

prescribed fire treatment has on soil nutrient, hydrological, and texture dynamics and compared 

them to chronic prescribed fire effects one-year post-fire. The research objectives are: (1) 

document alterations to soil moisture dynamics immediately after a prescribed fire, indicated by 

changes to hydrophobicity and unsaturated hydraulic conductivity in the surface horizon (2) 

determine if prescribed fire can increase the movement of nutrients with depth in a soil profile on 

a short temporal scale and (3) identify the immediate and chronic effects prescribed fire has on 

nutrient content as well as carbon and nitrogen isotopic ratios in the surface soil horizon when 

compared to the subsurface. I hypothesize that prescribed fire will cause nutrient losses in the 

surface horizon on short temporal scales, due to mineralization and eluviation of materials, as 

compared to the subsurface. Furthermore, I expect alterations to carbon and nitrogen isotopic 

ratios along the slope immediately after the fire. In comparison, the chronic effects to the 

landscape should diffuse given the year since the last fire. I also hypothesize that there will be 

short-term changes to hydrological properties by the recent fire. Overall, I am interested in 

predominant short-term changes to soil dynamics and how it can affect nutrient cycling in a GIW 

watershed while determining if chronic long-term effects will still be expressed after one year 

since a prescribed fire. 

3.3.  Methods 

 The study area is a managed long leaf pine forest with GIWs at the Jones Center at 

Ichauway, a 117.36 square kilometer research site located in the Dougherty Plain of Georgia 

within the Coastal Plain physiographic province (Figure 1). The study site has a karst topography 

with dynamic interaction between groundwater and surface water. Two wet-mesic longleaf pine 

savanna forested sites were selected to represent immediate and chronic effects respectively—
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site W37, which was burned during the study period, and site W29, which was burned the 

previous year (Figure 1). In the immediate site (W37), soil samples were collected along one 

transect that was established vertically along a low relief hillslope running from an upland 

forested site towards the wetland extending 25 meters from a midpoint of 70 meters where an 

additional transect was placed horizontally (Figure 2). Similarly, in the chronic site, a transect 

was established vertically running 25 meters from a midpoint of 42.5 meters with the other 

transect intersecting horizontally at this point. Soil cores were taken at four end points of each 

transect at both sites. Sampling points are referred to by their location -- upland, transition zone 1 

and transition zone 2 across the mid-point, and wetland edge near the land depression (Figure 2). 

For the purpose of this study, field work and sampling occurred over three months within a 

single calendar year (2021), before a prescribed fire (T1), after the fire, and after a large rain 

event (T2).  

 

 



 33 

Figure 1. Map illustrating our study area at the Jones Center at Ichauway in Georgia, USA 
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Figure 2. Field setup schematic for immediate site and chronic site with established transect and 
4 soil sampling points along a low-profile hillslope. 
 

According to the Web Soil Survey, both study sites have soils belonging to the Tifton 

loamy sand and Grady fine sandy loam map units with drainage class being well-drained to 

poorly drained. Sites are relatively flat with a topographic relief range of 100-450 feet above 

mean sea level (Soil Survey Staff, accessed 2022). The chronic site (W29) watershed is 

approximately 0.14 square kilometers surrounding a 0.025 square kilometer wetland, while the 

immediate site (W37) is approximately 0.053 square kilometers surrounding a 0.0089 square 

kilometer wetland. Both watersheds have been managed with prescribed fire treatments 

approximately every two years from 2018-2021. The chronic site contains a cultivated area 

which was not present in our immediate site. Water levels in our immediate site initially 

decreased overtime and began increasing after a large rainfall event (Figure 3). Although there is 
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limited data available for the water levels in our chronic site, we expect a similar pattern due to 

the close proximity between watersheds.  

 

Figure 3. Wetland water levels and rainfall amounts measured in the immediate study site 
(provided by Dr. Steven Brantley at the Jones Center at Ichauway). 

3.3.1. Soil Infiltration Sampling  

 We measured soil infiltration rates at all four points in the immediate site using a 

minidisk infiltrometer, with a suction rate of 2 cm and radius rate of 2.25 cm, pre-fire (T1) and 

post-rainfall (T2). We took measurements within a day after the fire at the upland area and 

transition zone 1. Water and ethanol infiltration rate was determined by performing calculations 

using the formula (METER 2021):  

I=Sw√ t 
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where I (cm) is the cumulative infiltration, Sw (cm x s-1) is water sorptivity, and t (s) is the 

square root of time in seconds (METER 2021). Unsaturated hydraulic conductivity (K)            

(cm x s-1) was then determined by using the equation: 

K = C1/A
 

where C1 (cm x s-1) is the slope of the cumulative infiltration rate per square unit of time and A 

was determined to be 2.4286 following van Genuchten variable parameters used for the loamy 

sand soil type in this region (METER 2021). Ethanol sorptivity was measured by using the 

formula:   

 
I=Se√t 

where I (cm) is the cumulative infiltration, Se (cm x s-1) is ethanol sorptivity, and t (s) is the 

square root of time in seconds. Water repellency (R), or also referred to as hydrophobicity, could 

be determined with the use of the equation:  

R=1.95 ((Sethanol)/(Swater)) 

where the slope of the line for ethanol sorptivity (Sethanol) (cm x s-1) and water sorptivity 

(Swater) (cm x s-1) is utilized to perform such calculation (Hallett et al. 2001). We collected 

separate surface soil samples for bulk density in the laboratory.  

3.3.2. Soil Laboratory Analysis  

 We collected 16 soil core samples with a hand auger, split in between 2 separate 

sampling periods with 8 retrieved pre-fire (T1) and the other 8 post-fire after the prescribed fire 

and a rain event (T2) at each study site. Grain size was determined by using both a sieving 

method to remove coarse particles and the micropipette method to analyze fine particles (Miller 

(Equation 2) 

(Equation 3) 

(Equation 4) 



 37 

and Miller 1987). Bulk density was evaluated by weighing each soil sample separately and then 

determining the volume of the material where we report it as g/cm3 (Brady and Weil 2008). The 

loss on ignition methodology test was used to estimate the percent of organic matter present and 

organic C, as determined using the conversion factor of 0.469 (Heathcote and Downing 2012), 

within collected soil samples where samples are first oven dried and then placed in a muffler 

furnace at a temperature of 500°C for 3 hours (Storer 1984).  

Surface and subsurface samples from the soil cores were analyzed for grain size, bulk 

density characteristics, organic matter, and nutrient concentrations. Samples were sent to Waters 

Agricultural Laboratories, Inc. located in Camilla, Georgia for elemental analysis, with the use of 

an Inductively Coupled Plasma Mass Spectrometry (ICP-MS) following nitric acid digestion in a 

heated block, to evaluate the total carbon (C), phosphorus (P), potassium (K), manganese (Mn), 

iron (Fe), calcium (Ca), magnesium (Mg), and aluminum (Al) present in our samples (EPA 

6010B). Samples for carbon and nitrogen isotopic ratios were sent to the University of Arkansas 

Stable Isotope lab in Fayetteville, Arkansas. For organic carbon, samples were treated with HCL 

for approximately 2 hours to remove carbonates prior to analysis (E. Pollock, Personal 

Communication, 2022).  

3.3.3. Statistical Analysis  

 A principal component analysis was performed to evaluate ordination of nutrients in our 

immediate site under pre-fire and post-fire conditions (SAS Institute Inc. 2008). Two-way 

ANOVA analyses were used to evaluate changes to soil properties, in terms of bulk density and 

soil texture, alterations to nutrient pools, and effects to hydrological properties, referred to as 

unsaturated hydraulic conductivity and water repellency. Changes in hydraulic conductivity and 

water repellency, with the use of logarithmic values, within the soil A horizon were evaluated 
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under the pre-fire, immediately post-fire, and post-fire with large rain event condition using 

unpaired t-tests. Unpaired t-tests were utilized to evaluate if the differences between pre- and 

post-fire values at the same sampling point locations were significantly different between the 

immediate and chronic site in terms of alterations to soil texture, nutrients, or carbon and 

nitrogen isotopic signatures. 

3.4. Results 

 Although the study sites are in close proximity to each other and have similar soil texture, 

results show heterogeneity in soil nutrients between the immediate and chronic watershed. I also 

observe temporal changes to hydrological properties at the immediate site before and after a 

large rain event. Temporal changes in nutrient content in surface and subsurface horizons 

(referred to as A and B horizons respectively moving forward) are evident. There appears to be 

some nutrient movement in surface A horizons along the hillslope. Evident alterations to carbon 

and nitrogen isotopic ratios also occur in the A and B horizons between watersheds.   

3.4.1. Soil Bulk Density and Texture 

 Bulk density is not significantly different between sampling times or among our 

immediate and chronic sites, as determined by two-way ANOVA, with p-value > 0.05.  

Differences within each sampling location are also not significant, as indicated by unpaired t-

tests (Table A18-A19). In the soil A horizon, grain size analysis shows soil texture, loamy sand, 

is homogenous at all sampling points in both the immediate and chronic sites with no significant 

temporal changes, as determined by unpaired t-tests (Table A22-A23). The relative percent of 

sand and clay is significantly different between sites, as determined by two-way ANOVA with p-

value < 0.05. Similarly, in both immediate and chronic sites, soil texture in the B horizon is 

consistent, identified as sandy clay loam, loamy sand, or sandy loam, with no statistical 
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differences (Table A24-A25). Overall, soil textures in both watersheds are in accordance with 

the web soil survey for the A and B horizons (Web soil Survey accessed 2022). A complete data 

set with statistical calculations is available in Appendix A. 

 Statistical analysis shows soil texture within the A horizon is consistent within each 

watershed, but there is variability between the two sites. Sand content ranges between 77.5% and 

83.7% in the immediate site and 78.4% and 81.1% in the chronic site . Relative silt content 

increases and clay content decreases from T1 to T2 at both transition zone sampling points. At 

the wetland edge, relative sand content decreased from T1 to T2 by about 5%, while silt and clay 

content increased by 4.5% and 0.5% respectively. In the chronic site, fluctuations at all points 

were minor with no obvious pattern.  

 At the immediate site, sand content varies greatly from 49.5% to 84.4% and 57.4% to 

72.7% at the chronic site in the B horizon. Fluctuation in silt and clay content was not uniform 

within or between the watersheds. Of note, relative sand content increased by about 23.3% and 

clay content decreases by 25.3% at the upland sampling point (approximately 37 cm in depth). 

This change is not evident in other grain size samples in this auger core or at other sampling 

points, suggesting it is an outlier.  

3.4.2. Unsaturated Hydraulic Conductivity and Water Repellency 

 Overall, there is variability in unsaturated hydraulic conductivity and water repellency 

within the immediate site. As predicted, water repellency increased immediately after the fire at 

the Transition Zone 1 sampling point and after the rain event (Table 1). At the upland and both 

transition zone sampling points, water infiltration decreased immediately after the fire and 

increased post-rainfall. The post-rainfall measurements indicate the soil was saturated. Overall, 

there is variability in unsaturated hydraulic conductivity and water repellency within the 
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immediate site. Although there were evident variabilities in unsaturated hydraulic conductivity 

and water repellency within sampling points, they were not statistically significant according to 

unpaired t-tests, with p-value>0.05 within the sampling points in both sites (Table B9-B10). 

Table 1.  Calculated water repellency and unsaturated hydraulic conductivity for all sampling 
points in immediate site.  
  

Water 
Sorptivity   

(Sw) (cm x s-1)  

Ethanol 
Sorptivity   

(Se) (cm x s-1)  

Water 
Repellency   

(R) (cm x s-1)  

Unsaturated 
Hydraulic 

Conductivity  
(K) (cm x s-1)  

 Pre-Fire (T1) 

Upland  0.0018 0.0053 5.74 7.55x10-4 

Transition Zone 1 0.0020 0.0063 6.14 8.18x10-4 

Transition Zone 2 0.0020 0.0043 4.19 8.41x10-4 
Wetland Edge 0.0020 0.0008 0.78 8.41x10-4 

 Post-Fire 

Upland  0.0011 0.0024 4.25 4.36x10-4 
Transition Zone 1 0.0003 0.0048 31.2 1.32x10-4 

 Post-Rainfall (T2) 

Upland  1 1 1.95 2.80x10-2 
Transition Zone 1 0.0018 1 1083.33 7.31x10-4 
Transition Zone 2 0.0341 1 57.18 1.40x10-2 

Wetland Edge -0.0550 0.0800 -2.84 -2.26x10-2 
 

3.4.3. Nutrient Content 

Nutrient analysis of the soil cores taken at both watersheds show differences within sites 

and between sites (Table 2). Total P, K, Mn, Mg, and Fe contents are significantly different 

between sites in A horizon samples while total P, K, Mg, Fe, and Al changes are significant in 

the B horizon samples (Table C1-C4). There are significant changes in total C, Mn, and Al 

between study sites for the surface soil A horizon and Mn in the subsurface soil B horizon. Total 

C increases in the A horizon from T1 and T2 at all sampling points except the wetland edge in 
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the chronic site. However, in the B horizon, concentrations vary slightly within and between sites 

over the period of the study trending towards a slight decrease. Mn levels in the soil remain 

constant from T1 and T2 except for an increase from no measurable concentration to 0.26 mg/g 

and 0.05 mg/g in the A and B horizons respectively after the rain event at the wetland edge 

sampling point in the immediate site. Mn concentrations within the B horizon between the 

chronic and immediate sites are significantly different as indicated by unpaired t-tests with a p-

value < 0.05. Total Al concentrations in the soil A horizon fluctuate at all sampling points, 

generally increasing from T1 to T2 in the immediate site, while generally decreasing in the 

chronic site. This pattern is the same for the B horizon at the immediate site, but there is 

negligible Al concentration in the B horizon at the chronic site. There are small fluctuations in 

Fe, Ca, and Mg concentrations between sampling times at both sites, but there is no discernable 

pattern and P, K, and Na are very low with no significant change at all sampling points and 

times. Nutrient concentrations overall are significantly different between the immediate and 

chronic site; therefore, it is difficult to attribute induced alterations to the legacy effect of the 

prescribed fire itself, precipitation, or other unexplored factors.  

Principal component analysis was performed to differentiate between pre-fire (T1) and 

post-fire/rain (T2) conditions for soil A and B horizons together at the immediate site (Figure 4). 

Principal components 1 and 2 explained 42.8% and 22.8% of the variability in the data 

respectively, that in pre-fire condition, P, Ca, and organic C were positively correlated, as 

determined by eigenvector values, and ordinated together while the elements K and Mg were 

positioned towards the post-fire condition (see Appendix C).  
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Table 2. Nutrient concentrations in immediate and chronic sites under Time 1 (T1) and Time 2 
(T2).  

*- indicate concentrations <0.000015 mg/g

 
 

 C  
 (%)  

 P   
(mg/g) 

 K   
(mg/g) 

 Mn   
(mg/g) 

 Fe   
(mg/g) 

 Ca   
(mg/g) 

 Mg   
(mg/g) 

 Na   
(mg/g) 

 Al   
(mg/g) 

Im
m

ed
ia

te
 S

ite
 T

1  

Upland                    
A Horizon  1.54  0.03  0.01  0.08  2.53  0.59  0.10  0.01  3.42  
B Horizon  0.95  0.04  0.02  0.02  - 0.46  0.16  - - 

Transition Zone 1                    
A Horizon  1.59  0.04  0.02  0.12  3.19  0.49  0.13  0.05  3.68  
B Horizon  0.78  0.05  0.05  0.02  - 0.46  0.19  0.05  11.45  

Transition Zone 2                    
A Horizon  1.42  0.03  0.02  0.13  2.38  0.60  0.16  0.05  4.71  
B Horizon  0.58  0.02  0.02  0.05  4.20  0.36  0.15  0.05  7.31  

Wetland Edge                    
A Horizon  1.39  0.03  0.01  0.00  4.28  0.34  0.08  0.05  4.16  
B Horizon  0.83  0.02  0.01  0.00  2.82  0.29  0.10  0.05  5.98  

C
hr

on
ic

 S
ite

 T
1  

Upland                     
A Horizon  1.55  0.07  0.04  0.29  5.26  0.42  0.18  0.06  8.02  
B Horizon  0.91  0.05  0.05  0.15  - 0.37  0.20  0.05  - 

Transition Zone 1                    
A Horizon  1.15  0.05  0.05  0.41  3.27  0.49  0.18  0.04  6.07  
B Horizon  0.63  0.05  0.06  0.16  - 0.37  0.22  0.04  - 

Transition Zone 2                   
A Horizon  1.90  0.07  0.03  0.23  4.82  0.81  0.23  0.04  7.16  
B Horizon  1.01  0.09  0.08  0.05  - 0.55  0.29  0.06  - 

Wetland Edge                     
A Horizon  1.80  0.06  0.03  0.31  5.08  0.85  0.20  0.06  6.89  
B Horizon  0.69  0.06  0.05  0.02  - 0.46  0.22  0.05  - 

Im
m

ed
ia

te
 S

ite
 T

2 

 Upland                    
A Horizon  1.62  0.03  0.02  0.08  2.64  0.87  0.14  0.04  4.27  
B Horizon  0.85  0.04  0.04  0.02  - 0.60  0.19  0.05  - 

Transition Zone 1                    
A Horizon  1.97  0.04  0.02  0.11  3.45  0.49  0.14  0.05  4.01  
B Horizon  0.73  0.03  0.03  0.03  - 0.42  0.17  0.05  9.08  

Transition Zone 2                    
A Horizon  1.75  0.03  0.02  0.14  2.17  0.55  0.15  0.04  4.47  
B Horizon  0.65  0.02  0.02  0.07  4.09  0.41  0.18  0.06  8.46  

Wetland Edge                    
A Horizon  2.30  0.06  0.03  0.26  2.75  0.99  0.23  0.04  4.29  
B Horizon  0.68  0.02  0.02  0.05  5.59  0.44  0.18  0.05  7.14  

C
hr

on
ic

 S
ite

 T
2  

Upland           
A Horizon  2.18  0.06  0.05  0.31  4.44  0.64  0.20  0.05  7.27  
B Horizon  0.81  0.09  0.09  0.03  0.00  0.48  0.32  0.06  - 

Transition Zone 1                    
A Horizon  1.72  0.06  0.04  0.42  3.25  0.65  0.19  0.05  5.38  
B Horizon  0.79  0.05  0.06  0.11  - 0.43  0.25  0.05  - 

Transition Zone 2                    
A Horizon  2.18  0.09  0.04  0.24  4.85  1.01  0.32  0.04  7.38  
B Horizon  0.84  0.09  0.08  0.04  - 0.45  0.31  0.06  - 

Wetland Edge                    
A Horizon  1.67  0.04  0.01  0.25  3.25  0.55  0.14  0.06  5.49  
B Horizon  0.64  0.05  0.04  0.02  - 0.51  0.20  0.07  - 
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Figure 4. Principal component analysis biplot portraying nutrient pools across immediate site 
under pre-fire (blue) and post-fire (red) conditions in A and B horizons. 
 
3.4.4. Carbon and Nitrogen Isotopic Ratios 

 Carbon and Nitrogen isotopic ratios are statistically different between the immediate and 

chronic sites, as indicated by the two-way ANOVA results with p-value < 0.05. There are small 

observable temporal changes within each watershed between T1 and T2 (Table D2-D5). In the A 

horizon of the immediate site, carbon isotopic ratios, or δ 13C, decrease in the upland area from   

-26.39‰ to -26.54‰  and in wetland edge from -26.30‰ to -26.78‰  (Figure 5a). In transition 

zone 1, δ 13C ratio increases from -25.76‰ to -25.06‰. Similarly in transition zone 2, carbon 

isotopic ratio increases from -26.80‰ to -26.00‰. Changes to carbon isotopic ratios are minimal 

in the B horizon within samples collected (Figure 5b). Despite there being slight changes to 

carbon isotopic ratios in our immediate site, there is evident carbon depletion in both upland and 

wetland edge localities. There was also enrichment in the transition zones. In the chronic site, 
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changes to carbon isotopic ratios are minimal in the upland area, where there is a partial decrease 

from -25.32‰ to -26.28‰ (Figure 5c). In the wetland edge, δ 13C ratio increases from -24.28‰ 

to -24.17‰, and there was also an increase in transition zone 1 from -24.07‰ to -23.98‰ while 

there was a decrease in transition zone 2 from -25.07‰ to -25.17‰. Comparably to our 

immediate site, there are minimal changes present in the soil B horizon (Figure 5d). Our chronic 

site shows minimal carbon enrichment in upland and wetland edge area, but depletion to 

transition zones, which completely differed from our immediate site. Unpaired t-tests, with p-

value > 0.05, showed that changes in both horizons are not significant among the sampling 

points nor between sites (Table D2-D5).  

 Despite there not being statistical significance pertaining to each paired sampling point, 

as determined by unpaired t-test, with p-value > 0.05, observable changes to nitrogen isotopic 

ratios, or δ 15N, are minimal in the B horizon but are more prevalent in the A horizon. In the 

immediate site, there is an increase in the upland area from 1.26‰ to 4.08‰, partial increase in 

transition zone 1 from 2.61‰ to 2.65‰, and an increase in transition zone 2 from 2.57‰ to 

5.05‰. In the wetland edge, δ 15N decreases from 1.99‰ to -1.22‰ (Figure 5a, b). In the 

chronic site, there is an overall decrease in upland area, from 3.85‰ to 3.42‰, and in transition 

zone 1 from 4.30‰ to -3.40‰ (Figure 5c, d). Nitrogen isotopic ratio increases in transition zone 

2 from 2.57‰ to 5.05‰ and decreases in wetland edge from 1.99‰ to -1.22‰. Overall, there 

are slight visible changes in carbon and nitrogen isotopic signatures along the sampling points of 

the study sites (see Appendix D).
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Figure 5. Carbon and nitrogen isotopic ratios for soil A (a,c) and B horizons (b,d) in immediate 
and chronic site under sampling time 1 (blue) and sampling time 2 (orange) conditions where 
n=8 in A horizon and n=8 in B horizon.  
 
3.5. Discussion 

3.5.1. Soil Properties 

 Supporting our hypothesis that prescribed fire should not significantly alter soil, temporal 

changes to bulk density or soil texture are not significant between study sites, following previous 

research (Kennard and Gholz 2001, Sharenbroch et al. 2012). Since both immediate and chronic 

sites have been managed with fire between 2018-2021, and show uniformity in soil texture and 
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bulk density, prescribed fire is not a primary control on these properties within our study area. As 

compared to wildfire, carefully managed prescribed burns are designed to clear the understory, 

but not burn hot enough to damage mature healthy trees therefore should not negatively impact 

soil. In terms of soil texture, clay is the most sensitive to fire intensity. Clay particles start to 

break down at 400°C and will be destroyed at temperatures > 700°C (Verma and Jayakumar 

2012). Therefore, prescribed fire effects may be more significant in soils with higher clay content 

but have minimal effect on the sandy soils found in our study site.  

3.5.2. Hydrological Properties  

 Rejecting the hypothesis regarding short-term changes to hydrological properties within 

our immediate site, in terms of unsaturated hydraulic conductivity and hydrophobicity, there are 

no statistical differences in unsaturated hydraulic conductivity and water repellency 

measurements found in the immediate site. Despite this, there is evidence of temporal small-

scale alterations to hydrological properties within sampling points at the immediate site that 

suggests that within the first few days after a prescribed fire, water repellency increases. In the 

Transition Zone 1 sampling point, water infiltration decreases immediately after the fire while 

ethanol infiltration increases indicating water repellency and research has discussed that 

unsaturated hydraulic conductivity can be affected by water repellency (Lichner et al. 2007). 

Water repellency also increases after a large rain event which could be an error when gathering 

the data because water repellency should disappear within the soil once soil moisture surpasses 

12-25% (Huffman et al. 2001). The short-term changes to water infiltration in this study are 

similar to what was observed in Mediterranean pine forests and shrublands (Gonzalez-Pelayo et 

al. 2010; Robichaud et al. 2008; Badia-villas et al. 2020). Similar to Sharenbroch et al. (2012), 

changes to hydrophobicity were not significant. It is important to note that water repellency was 
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relatively high at T1, prior to the fire, therefore it naturally existed in our soil samples at the 

immediate site (e.g. Huffman et al. 2001). Overall, ethanol infiltration increased while water 

infiltration decreases immediately post-fire, this combined with the increase in unsaturated 

hydraulic conductivity after the large rain event, illustrates that water infiltration capacity can 

change on very short temporal scales.  

 Once water infiltration decreases and water repellency increases in the sandy soil, this 

may promote the accumulation of nutrients in the surface horizon or could lead to the leaching of 

nutrients through preferential flowpaths (e.g. fingering). Rainfall intensity can have an effect as 

the soil becomes saturated and more pore spaces are filled. As saturation increases, this could 

have potentially facilitated lateral nutrient movement in the soil leading to surface runoff which 

could affect accumulation in the wetland itself that may impact water quality. Despite studies 

showing fire significantly affecting soil water repellency and hydraulic conductivity (Savadogo 

et al. 2007; Strydom et al. 2019; Stoof et al. 2011), we were unable to tease out this relationship 

with our sampling. In the future, more measurements could be taken across a hillslope, such as 

installing in situ soil moisture data loggers, to determine overall effects prescribed fires have on 

hydrological properties.  

3.5.3. Nutrient Concentrations  

 There is significant variability between the immediate and chronic sites with respect to 

total nutrient concentrations within and between the two watersheds, but no strong evidence of 

nutrient losses in the A horizon. The data collected for this study cannot resolve if the effects to 

nutrient content, in the surface and subsurface horizons, are due to repetitive use of prescribed 

fire or influenced by other factors such as rainfall intensity. The variability in Mn and Fe 

concentrations in A horizon samples and P, K, and Fe concentrations in B horizon samples is 
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similar to what was found in previous coastal plain research focused on short- and long-term 

effects of prescribed fire (Coates et al. 2018).  Significant changes and increases to K and Mg 

concentrations found in our A horizon is similar to what other researchers found in the top 5-10 

cm of soil, 1-3 years after a prescribed fire (Lavoie et al. 2010). In our study, there is a positive 

correlation between Mg and K concentrations, which, following previous research, can be 

attributed to an increase in concentrations of both elements after a burn due to the deposition of 

wood ash. Research has also shown that prescribed fire can increase extractable concentrations 

of Mg, K, and Ca concentrations which can increase soil pH and affect nutrient availability (Park 

et al. 2005; Pereira et al. 2011). In our study, total Al and Fe are the only elements that are of low 

concentration, notably in the B horizon samples from the chronic site. It is difficult to conclude if 

such changes are due to the prescribed fire or other factors, such as the agricultural plots in the 

chronic site. The significant changes in P in the surface and Mg as well as Al concentrations in 

the subsurface have implications that bear further investigations.  

In both watersheds, there are significant changes in total C, Mn, and Al concentrations 

within A horizon points and Mn concentrations in the B horizon. Our chronic site exhibited 

higher nutrient levels, in surface horizons, than in our immediate site, but the mean of the 

changes in total C concentration within sampling points of the immediate site is higher than the 

differences present within the chronic site which indicates prescribed fire has an immediate 

effect. The increase of C concentrations is expected as biomass is burned. For example, Butnor et 

al. (2020) documented a short-term pulse of C in the topsoil after a fire. The increases in total 

Mn within the immediate and chronic sites can also be attributed to the fire, since Mn is released 

by the burning of pine trees after a fire (Gonzalez-Parra et al. 1996; DeMarco et al. 2005).  



 49 

In the wetland edge sampling point in the immediate site, there are increases in total C, P, 

Mg, K, Ca, and Mn concentrations which I interpret as a short-term response to fire. Because the 

wetland edge is anoxic and there is low microbial activity, the observed accumulation of 

nutrients in the soil could be due to the increase in nutrient stocks and nutrient losses from 

upslope immediately after the fire and rain event. The heterogeneity in infiltration rates and soil 

properties across the slope gradient from upland to the wetland edge could potentially affect 

nutrient export and movement. More research is needed to determine if there is a change in total 

C, P, Mg, K, Ca, and Mn concentrations immediately after a fire along the slope before and after 

a rain event. In order to understand how prescribed fires impact nutrient dynamics in forested 

watersheds, future studies should investigate how changes to hydrological and soil properties 

affect nutrient transport across a slope gradient.  

Future studies could fractionize the total nutrient concentrations to determine what forms 

are available for uptake. Although we focus on changes to total nutrient stocks in soil A and B 

horizons, research has shown that prescribed fires can increase extractable concentration forms 

of P, Mg, K, and Ca in the top surface horizon (Kennard and Gholz 2001). Changes in 

concentrations has been ascribed to the potential dispersion of cations from organic matter 

resulting from the burn. Overall, we found significant changes to total nutrient concentrations 

both immediately post-fire as well as chronic effects one year after a prescribed fire. Burning 

approximately every two years, as documented in our chronic site, could have potentially 

contributed to the high nutrient levels present in the watershed because of the ash and partial 

burning of organic matter (Rau et al. 2009; Alcaniz et al. 2016; Alcaniz et al. 2018). Based on 

the higher nutrient levels in the chronic site, the effects of fire can be seen over a year after a fire, 

rejecting our hypothesis that effects would have dissipated after one year. Although we do not 



 50 

know the nutrient concentrations at the time the chronic site was burned, other research has 

shown significant long-term prescribed fire effects to P (McKee 1982), Mg (Wells 1971) Al, Mn, 

and Fe (Coates et al. 2018) concentrations.  

3.5.4. Carbon and Nitrogen Isotopic Ratios Alterations 

 Rejecting our hypothesis about immediate changes in isotopic ratios, the alterations to 

carbon and nitrogen isotopic signatures are not statistically significant. In our managed longleaf 

pine forested sites, our overall carbon isotopic ratios in the A horizons of both our immediate and 

chronic watersheds show that the dominant groundcover understory species followed a C3 

photosynthetic pathway, comprising of composites, grasses, legumes, and shrubs, all of which 

are commonly found in burned pine stands (Kirkman and Jack 2017; Baniya et al. 2022).  

 Even though our sites reside in a longleaf pine-wire grass ecosystem, our carbon isotopic 

ratios did not show a dominance of C4 species as was found in a fire managed long-leaf pine-

wiregrass savanna (Schafer et al. 2013). Despite wire grass species having a C4 photosynthetic 

pathway, our results show that carbon inputs from this species are not as dominant in the surface 

A horizon as that of C3 species. Carbon inputs from C3 species to soil organic matter, can alter 

carbon isotopic signature if there is a higher percent coverage of this type than of C4 species in 

the region (Schafer et al. 2013).  The region around the Jones Center was dominated by wire 

grass species until the late 1800s. The wire grass land cover was displaced by logging and row 

crop cultivation of corn, cotton, and peanuts from the 1900s to today (Holland et al. 2019). 

Currently, the Jones Center consists of second growth long-leaf pine forests (Holland et al. 

2019). Because this area is managed with prescribed fire, C3 species were not competitively 

excluded by wire grass allowing the species to coexist (Kirkman et al. 2001).  
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 As previously discussed, total C concentrations are significant and the mean of the 

differences in sampling points within the immediate site is greater than that of the chronic site 

where we see increases post-fire which could have altered carbon isotopic ratios. In our 

immediate site, changes were minimal, except carbon isotopic ratios increases in both transition 

zone A horizon samples. This could be due to the burning of biomass, or the type of burned 

foliage species. The B horizon is more enriched in δ 13C than the A horizon which is typical of 

soils with C3 vegetation (Balesdent et al. 1993).  As organic matter decays, it travels downward 

in the soil profile where it is stored representative of old buried carbon stocks. One study found 

that δ 13C enrichment with depth is not as prevalent in pine forests when compared to deciduous 

forests, but this is typical of established pine stands with ages of less than 100 years (Balesdent et 

al. 1993; Baniya et al. 2022). The overall enrichment of δ 13C seen in our immediate site is 

similar to what researchers found immediately after a prescribed fire and ascribed the change to 

ash input or precipitation (Tahmasbian et al. 2019). Ale et al. (2018) found that leaf δ 13C 

decreased with increasing rainfall which could explain our δ 13C signatures. Because our study 

sites consisted of high percentages of sand content it is also important to consider soil texture as 

a potential factor that could impact carbon isotopic ratios. Research has shown that soil texture 

has the ability to alter δ 13C values due to the unconsolidated form of sand which allows for the 

permeation of small-sized carbon particles, where it aids in the prevention of degradation of the 

element (Bird et al. 2000). In this study, we did not consider fire intensity, time length, or 

temperature, but these components have been shown to influence carbon isotopic signatures 

which should be considered in the future (Saito et al. 2007). 

 Although there is no statistical significance in pre-fire and post-fire samples collected 

within the immediate site, δ 15N ratios are enriched in soil A horizons. Specifically, there is 
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noticeable nitrogen enrichment in upland and transition zones, with the exception being near the 

wetland edge (Figure 5). In contrast, the chronic site shows nitrogen depletion. Knoepp et al. 

(2015) found δ 15N enrichments throughout a soil profile after a prescribed fire but discussed that 

the changes could be related to N2 fixation.  The δ 15N enrichment found in our study could also 

be due to the residual volatilization of material (Saito 2007) or the decomposition of organic 

matter (Craine et al. 2015). Both immediate and chronic sites are N limited but it was difficult to 

determine if nitrogen isotopic ratios differences are attributed to total N pools. Because both sites 

undergo fire regimes, deposited ash layers can add available nitrogen to the system which can 

then be either volatized or absorbed by growing vegetation (McNaughton et al. 1998; Strydom et 

al. 2019). Studies have shown that disturbance can alter organic matter which affects nitrogen 

signature where removal can cause enrichment while the opposite can result in depletion 

(Hogberg 1997; Knoepp et al. 2015). A disturbance such as forest fires, can intake the depleted 

δ15N surface layer leaving plants no choice but to extract N from lower horizons, which can 

affect and cause an enrichment in nitrogen isotopic ratios of plants (Hogberg 1997). Future 

studies could investigate the effects that fire intensity has on nitrogen isotopic signatures because 

variations could exist due to temperature differences (Czimczik et al. 2002; Certini 2011). Future 

studies could also study the effects that low-intensity fires have on microbial biomass which can 

alter δ15N values. 

3.6. Conclusion 

  Extensive research has been done on prescribed fire effects to forest soils regarding 

impacts to soil properties, hydrological properties, and nutrient dynamics separately, but few 

have investigated affects along a slope gradient in forested geographically isolated wetland 

watersheds. In this study, prescribed fire affects to unsaturated hydraulic conductivity, water 
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repellency, soil properties, nutrient pools (specifically total C, P, K, Mn, Fe, Ca, Mg, Al), and 

carbon and nitrogen isotopic ratios were investigated along a slope gradient in a forested 

geographically isolated wetland watershed. We analyzed samples collected at the immediate site 

under pre-fire and post-fire/post-rainfall conditions and compared it to the chronic site that was 

treated with fire approximately one year prior. We found no significant spatial differences in 

hydrological properties in our immediate watershed, but we did see temporal changes. We also 

found no prominent effects to soil properties, in terms of soil texture and bulk density, resulting 

from the fire in either watershed which suggests that the prescribed fires over time have been 

managed well in terms of intensity.  

There are significant temporal nutrient changes between the immediate and chronic 

watershed within the A (in total P, K, Mn, Fe, Mg, and Al concentrations) and B (in P, K, Mg, 

Fe, and Al content) horizons as well as positive correlations (total K and Mg) existing in post-

fire/post-rainfall condition. The significant differences in the horizons and higher nutrient levels 

present in our chronic site we interpret as related to the addition of ash (burned biomass) into the 

system over multiple years of burning. The observed differences in total C, Mn, and Al within 

sites, paired by sampling locations, in the A horizons and total Mn in the B horizons were 

significant, which could be caused by rain infiltration, the fire, or both. Interestingly, after the 

large rain event, we found that total Al and Fe concentrations were low in subsurface horizons 

within the chronic site, in contrast our immediate site showed high levels which we suggest is an 

immediate response to the prescribed fire. There are also observable temporal changes after the 

fire where potential nutrient losses could exist in upland and transition zone regions in relation to 

the observed nutrient increase (total C, P, Mg, K, Ca, and Mn) found along the wetland edge.  
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Alterations to carbon and nitrogen isotopic ratios are significant between sites and varied. 

In our immediate site after the fire, there are enrichments to carbon isotopic ratios found in the 

soil A horizon which has been discussed as potentially being caused by rainfall or ash inputs by 

other researchers. In the immediate site, after the fire, there are also short-term temporal changes 

where we found enrichment to nitrogen isotopic ratios in the localities above the wetland edge of 

this study, which could have been altered by the prescribed fire or caused by changes to N2 

fixation. 

Overall, a prescribed fire has the potential to affect hydrological properties, the lateral 

and vertical nutrient movement along a low-relief hillslope, as well as surface and subsurface 

carbon and nitrogen isotopic signatures, in mostly sandy soil types. The well-drained sandy soils 

found in both watersheds likely affects nutrient dynamics and hydrological properties because 

the high hydraulic conductivity allows for transport of nutrients. While we only attribute a few 

immediate effects of the prescribed fire over the period of our study, we expect long-term 

(annual to decadal) effects on soil characteristics due to the prescribed fire management regime.  

Our study illustrated the complexity of understanding specific controls on soil 

characteristics, infiltration, and nutrient cycling in the shallow subsurface. To tease out the subtle 

short-term changes, we recommend concentrated sampling of infiltration, water repellency, and 

soil moisture. Improved understanding of long-term impacts will ultimately require repeat 

sampling -before a burn, immediately after a burn, and after a large rain event- over multiple 

prescribed fire cycles. Further research into the impacts of fire within southeastern pine forests, 

and GIW systems in particular, is critical as climate change increases the potential risk of 

wildfire in the region. Understanding how these systems cycle and store nutrients will help us 

manage and protect these ecosystems. 
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APPENDIX A: SOIL PROPERTIES 
 

A.1. Soil Descriptions 
Table A1. Soil description from upland region before the prescribed fire retrieved from 
immediate site. 
 

Auger 
# 

Depth 
(cm) 

Soil Color Horizon Soil Texture (Determined 
through USDA Calculator) 

A1 0-15 10 YR 4/1 
Dark Gray 

A Loamy Sand 

A2 15-28 10 YR 5/4 
Yellowish Brown 

AB Loamy Sand 

A3 28-35 10 YR 6/4 
Light Yellowish Brown 

Bw Sandy Clay Loam 

A4 35-43 10 YR 7/6 
Yellow 

Bt Sandy Clay 

A5 43-59 10 YR 6/6 
Brownish Yellow 

Bt Sandy Clay 

 
Table A2. Description of soil samples collected from transition zone 1 before the scheduled 
prescribed fire in immediate site. 
 

Auger 
# 

Depth 
(cm) 

Soil Color Horizon Soil Texture (Determined 
through USDA Calculator) 

B1 0-19 10 YR 3/2 
Very Dark Grayish 

Brown 

A Loamy Sand 

B2 19-29 First Half 10YR 4/2 
Dark Grayish Brown 

Second Half 10 YR 5/4 
Yellowish Brown 

AB Loamy Sand 

B3 29-40 10 YR 5/4 
Yellowish Brown 

Possible redox feature 

Bw or Bt Loamy Sand 

B4 40-50 7.5 YR 6/6 
Reddish Yellow 

Bt Sandy Clay Loam 

B5 50-57 7.5 YR 7/6 
Reddish Yellow 

Bt Sandy Clay Loam 
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Table A3. Soil description of soil core collected in immediate site from transition zone 2 before 
the prescribed fire. 
 

Auger 
# 

Depth 
(cm) 

Soil Color Horizon Soil Texture (Determined 
through USDA Calculator) 

C1 0-19 10 YR 3/1 
Very Dark Gray 

A Loamy Sand 

C2 19-34 10 YR 4/2 
Dark Grayish 

Brown 

Bw Loamy Sand 

C3 34-49 10 YR 6/3 
Pale Brown 

Bw Loamy Sand 

C4 49-55 10 YR 6/3 
Pale Brown 

Bw Sandy Loam 

 
 
Table A4. Description of samples collected from wetland edge before the prescribed fire in 
immediate site.  
 

Auger 
# 

Depth 
(cm) 

Soil Color Horizon Soil Texture (Determined 
through USDA Calculator) 

D1 0-25 10 YR 3/1 
Very Dark Gray 

A Loamy Sand 

D2 25-47 10 YR 6/1 
Gray 

B Loamy Sand 

 
Table A5. Soil description from upland areas after the prescribed fire retrieved on 06/25/2021. 
 

Auger 
# 

Depth 
(cm) 

Soil Color Horizon Soil Texture (Determined 
through USDA Calculator) 

A1 0-16 10 YR 3/1 
Very Dark Gray 

A Loamy Sand 

A2 16-31 10 YR 4/2 
Dark Grayish Brown 

AB Loamy Sand 

A3 31-43 10 YR 5/4 
Yellowish Brown 

Bt Sandy Loam 

A4 43-55 10 YR 6/4 
Light Yellowish 

Brown 

Bt Sandy Clay Loam 
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Table A6. Description of soil samples collected from transition zone 1 after the scheduled 
prescribed fire retrieved on 06/25/2021 in immediate site. 
 

Auger 
# 

Depth 
(cm) 

Soil Color Horizon Soil Texture (Determined 
through USDA Calculator) 

B1 0-15 10 YR 3/2 
Brown 

A Loamy Sand 

B2 15-29 First Half 
10 YR 4/2 

Dark Grayish 
Brown 

Second Half 
10 YR 5/4 

Yellowish Brown 

AB Loamy Sand 

B3 29-46 10 YR 5/6 
Yellowish Brown 

Bt Sandy Loam 

B4 46-52 7.5 YR 5/6 
Strong Brown 

Bt Sandy Clay Loam 

 
 
Table A7. Soil description of soil core collected from transition zone 2 after the prescribed fire 
retrieved on 06/25/2021 in immediate site.  
 

Auger 
# 

Depth 
(cm) 

Soil Color Horizon Soil Texture (Determined 
through USDA Calculator) 

C1 0-20 10 YR 3/1 
Very Dark Gray 

A Loamy Sand 

C2 20-37 10 YR 4/2 
Dark Grayish Brown 

A Loamy Sand 

C3 37-47 10 YR 5/4 
Yellowish Brown 

Bt Sandy Loam 

C4 47-67 7.5 YR 6/4 
Light Brown 

Bt Sandy Clay Loam 

 
Table A8. Description of samples collected from wetland edge after the scheduled prescribed 
fire retrieved on 06/25/2021 in immediate site.  
 

Auger 
# 

Depth 
(cm) 

Soil Color Horizon Soil Texture (Determined 
through USDA Calculator) 

D1 0-16 10 YR 2/1 
Black 

A Loamy Sand 

D2 16-24 10 YR 4/2 
Dark Grayish 

Brown 

A Loamy Sand 

D3 24-47 10 YR 5/4 
Yellowish Brown 

Bt Sandy Loam 
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Table A9. Soil description of samples from chronic site upland region collected on 05/11/2021. 
 

Auger 
# 

Depth 
(cm) 

Soil Color Horizon Soil Texture (Determined 
through USDA Calculator) 

E1 0-17 10 YR 3/1 
Very Dark Gray 

A Loamy Sand 

E2 17-27 10 YR 4/2 
Dark Grayish 

Brown 

B Sandy Loam 

E3 27-36 10 YR 5/4 
Yellowish 

Brown 

B Sandy Loam 

E4 36-44 10 YR 5/6 
Yellowish 

Brown 

B Sandy Clay Loam 

 
 
Table A10. Description of samples retrieved from chronic site in transition zone 1 collected on 
05/11/2021. 
 

Auger # Depth 
(cm) 

Soil Color Horizon Soil Texture (Determined 
through USDA Calculator) 

F1 0-14 10 YR 3/2 
Brown 

A Loamy Sand 

F2 14-24 10 YR 4/3 
Brown 

Bt Sandy Loam 

F3 24-34 10 YR 5/4 
Yellowish 

Brown 

Bt Sandy Loam 

F4 34-44 10 YR 6/6 
Brownish 
Yellow 

Bt Sandy Clay Loam 

 
Table A11. Soil description of samples retrieved from chronic site in transition zone 2 collected 
on 05/11/2021. 
 

Auger 
# 

Depth 
(cm) 

Soil Color Horizon Soil Texture (Determined 
through USDA Calculator) 

G1 0-18 10 YR 3/1 
Very Dark Gray 

A Loamy Sand 

G2 18-27 First Half: 
10 YR 3/2 

Very Dark Grayish Brown 
Second Half: 

10 YR 5/3 
Brown 

AB Sandy Loam 

G3 27-35 7.5 YR 4/4 
Brown 

Bw or Bt Sandy Clay Loam 

G4 35-43 7.5 YR 5/6 
Strong Brown 

Bw or Bt Sandy Clay Loam 

 
 
 
 



 65 

Table A12. Description of soil samples collected from chronic site point retrieved from wetland 
edge on 05/11/2021. 
 

Auger 
# 

Depth 
(cm) 

Soil Color Horizon Soil Texture (Determined 
through USDA Calculator) 

H1 0-18 10 YR 3/1 
Very Dark Gray 

A Loamy Sand 

H2 18-33 10 YR 4/2 
Dark Grayish Brown 

2.5 YR 4/6 Red Redox feature 

Bt Sandy Loam 

H3 33-49 10 YR 6/6 
Brownish Yellow 

Bt Sandy Loam 

H4 49-64 10 YR 6/6/ Brownish Yellow 
2.5 YR 4/6 Red Redox 

Feature 

Bt Sandy Clay Loam 

 
 
Table A13. Soil description of samples from chronic site in upland area retrieved on 06/25/2021. 
 

Auger 
# 

Depth 
(cm) 

Soil Color Horizon Soil Texture (Determined 
through USDA Calculator) 

E1 0-17 10 YR 3/1 
Very Dark 

Gray 

A Loamy Sand 

E2 17-26 10 YR 5/4 
Yellowish 

Brown 

AB Sandy Loam 

E3 26-39 7.5 YR 5/6 
Strong Brown 

Bt Sandy Clay Loam 

 
Table A14. Description of samples retrieved from chronic site in transition zone 1 collected on  
06/25/2021. 
 

Auger 
# 

Depth 
(cm) 

Soil Color Horizon Soil Texture (Determined 
through USDA Calculator) 

F1 0-10 10 YR 2/1 
Black 

A Loamy Sand 

F2 10-25 10 YR 4/2 
Dark Grayish Brown 

A Sandy Loam 

F3 25-40 10 YR 6/4 
Light Yellowish Brown 

Bt Sandy Loam 

F4 40-52 10 YR 6/6 
Brownish Yellow 

Bt Sandy Clay Loam 
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Table A15. Soil description of samples retrieved from chronic site in transition zone 2 collected 
on 06/25/2021. 
 

Auger 
# 

Depth 
(cm) 

Soil Color Horizon Soil Texture (Determined 
through USDA Calculator) 

G1 0-15 10 YR 3/1 
Very Dark Gray 

A Loamy Sand 

G2 15-27 10 YR 5/3 
Brown 

AB Sandy Loam 

G3 27-36 7.5 YR 5/6 
Strong Brown 

Bt Sandy Clay Loam 

G4 36-45 7.5 YR 6/6 
Reddish Yellow 

Bt Sandy Clay Loam 

 
 
Table A16. Description of soil samples collected from chronic site point retrieved from wetland 
edge on 06/25/2021. 
 

Auger 
# 

Depth 
(cm) 

Soil Color Horizon Soil Texture (Determined 
through USDA Calculator) 

H1 0-16 10 YR 3/1 
Very Dark Gray 

A Loamy Sand 

H2 16-33 10 YR 5/3 
Brown 

AB Sandy Loam 

H3 33-51 10 YR 6/4 
Light Yellowish 

Brown 

Bt Sandy Loam 

H4 51-65 10 YR 6/4 
Light Yellowish 

Brown 

Bt Sandy Loam 
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A.2. Bulk Density 

Table A17. Bulk density calculations from samples in immediate and chronic sites. 

Site Sample Collection Date Sampling Point Bulk Density 
(g/cm3) 

Upland 5/10/2021 A 0.1827 
Transition Zone 1 5/10/2021 B 0.1840 
Transition Zone 2 5/10/2021 C 0.2316 

Wetland Edge 5/10/2021 D 0.4247 
Upland 5/11/2021 E 0.1072 

Transition Zone 1 5/11/2021 F 0.1936 
Transition Zone 2 5/11/2021 G 0.2012 

Wetland Edge 5/11/2021 H 0.3834 
Upland 6/25/21 A 0.1837 

Transition Zone 1 6/25/21 B 0.1795 
Transition Zone 2 6/25/21 C 0.1751 

Wetland Edge 6/25/21 D 0.1670 
Upland 6/25/21 E 0.1352 

Transition Zone 1 6/25/21 F 0.2081 
Transition Zone 2 6/25/21 G 0.1617 

Wetland Edge 6/25/21 H 0.1818 
 
 
Table A18. Two-way ANOVA analysis for bulk density within samples (sampling times) and 
between sites (columns). 
 

 SS df 

 

MS F P-value F crit 

Sample (Sampling times) 0.016662125 1 0.016662125 2.406822264 0.146769438 4.747225347 
Columns (Sites) 0.001522391 1 0.001522391 0.219907384 0.64751531 4.747225347 

 
 
Table A19. Unpaired t-test results for the differences in bulk density before and after rain event 
(before minus after). 
 

 Immediate Chronic 
Mean 0.079417706 0.049664146 

Variance 0.014795075 0.011110164 
df 6  

t Stat 0.369721861  
P(T<=t) one-tail 0.362144119  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.724288238  
t Critical two-tail 2.446911851  
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A.3. Grain Size Analysis 
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Figure A1. Grain size distribution of clay (blue line) and clay in combination with silt (orange 
line) in upland (a), transition zone 1 (b), transition zone 2 (c), and wetland edge comparison 
between cores taken before the rain event (sampling time 1) from immediate and chronic sites. 
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Figure A2. Grain size distribution of clay (blue line) and clay in combination with silt (orange 
line) in upland (a), transition zone 1 (b), transition zone 2 (c), and wetland edge comparison 
between cores taken after the rain event (sampling time 2) from immediate and chronic sites. 
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Table A20. Sampling time 1 grain size analysis data in immediate and chronic sites. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 Depth Sand Silt Clay 

 
Point A 

  
 

  

 
 
 
 
 
Point B 

0-15 
15-28 
28-35 
35-43 
43-59 

 

83.0977 
79.8395 
63.6046 
49.4863 
51.2906 

14.5235 
12.4393 
12.6922 
8.0861 
11.7715 

2.2179 
7.6777 
22.9024 
42.2685 
36.7351 

 
 
 
 
 
 
Point C 

0-19 
19-29 
19-29 
29-40 
40-50 
50-57 

 

83.2679 
81.8939 
81.2358 
76.3822 
66.3280 
57.5836 

13.8918 
13.7064 
13.9391 
14.7985 
12.8621 
12.9092 

2.7616 
4.3897 
4.7651 
8.8193 
20.8043 
29.5073 

 
 
 
 
Point D 

0-19 
19-34 
34-49 
49-55 

82.6007 
82.7859 
80.2694 
77.3999 

12.2502 
10.8939 
11.1252 
9.7995 

4.8664 
6.2892 
8.3891 
12.7869 

 
 
Point E  

0-25 
25-47 

82.3225 
84.4116 

 

14.6851 
9.7824 

2.7922 
5.7950 

 
 
 
 
Point F 

0-17 
17-27 
27-36 
36-44 

79.5427 
79.2580 
71.7528 
63.9780 

13.4650 
12.2800 
12.3536 
10.1459 

6.5389 
8.1996 
15.8276 
25.6625 

 
 
 
 
Point G 

0-14 
14-24 
24-34 
34-44 

81.0927 
77.1674 
72.0041 
62.1081 

14.5458 
14.8182 
13.8628 
11.5358 

4.1158 
8.0095 
14.1269 
26.2431 

 
 
 
 
 
Point H 

0-18 
18-27 

 
27-35 
35-43 

78.3594 
75.4499 
70.1346 
65.0621 
59.7157 

14.7167 
13.5034 
11.8583 
11.0189 
8.3308 

6.7692 
11.0467 
17.7929 
23.9137 
31.8814 

 0-18 
18-33 
33-49 
49-64 

80.7131 
73.2151 
70.8575 
67.7083 

14.9663 
13.7109 
9.9266 
11.3540 

4.2147 
12.9907 
19.0917 
20.8470 
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Table A21. Sampling time 2 grain size analysis data for the immediate and chronic sites.  
 
 
  

 
 Depth Sand Silt Clay 

 
Point A 

   
 

  

 
 
 
 
 

Point B 

0-16 
16-31 
31- 43 
43-55 

83.6885 
83.4322 
72.7176 
66.2482 

 
 

13.2072 
10.7277 
10.2939 
9.2791 

3.0944 
5.6989 
16.9832 
24.4705 

 

 
 
 
 
 

Point C 

0-15 
15-29 
15-29 
29-46 
46-52 

81.0384 
82.2302 
80.8760 
72.2903 
54.7684 

16.3295 
13.7249 
14.4504 
13.7300 
12.7684 

2.5696 
4.0448 
4.6736 
13.9462 
32.3759 

 

 
 
 
 

Point D 

0-20 
20-37 
37-47 
47-67 

82.5159 
82.6604 
77.6728 
69.5469 

13.3701 
10.0847 
11.1164 
10.2292 

4.1139 
7.2549 
11.2108 
20.2240 

 

 
 
 

Point E 

0-16 
16-24 
24-47 

77.4816 
82.8650 
75.9976 

19.1315 
12.8696 
13.7440 

 

3.3869 
4.2096 
10.2584 

 

 
 
 

Point F 

0-17 
17-26 
26-39 

80.1198 
73.3167 
57.3515 

13.3276 
11.8971 
9.3438 

6.5445 
14.7792 
33.1029 

 

 
 
 
 

Point G 

0-10 
10-25 
25-40 
40-52 

78.7790 
75.9876 
67.9494 
60.9141 

15.9688 
15.2986 
15.1795 
11.9711 

5.2522 
8.7074 
16.7393 
27.1148 

 

 
 
 
 

Point H 

0-15 
15-27 
27-36 
36-45 

78.7246 
75.1382 
62.3984 
59.8693 

15.2906 
11.7284 
10.9460 
7.9942 

5.8505 
13.0554 
26.5291 
32.0674 

 

 0-16 
16-33 
33-51 
51-65 

80.3735 
76.9816 
72.6863 
71.6755 

14.1846 
13.3162 
10.7210 
10.4964 

5.2707 
9.7022 
16.5927 
17.8281 
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Table A22. Two-way ANOVA analysis for grain size in soil A horizon within samples 
(sampling times) and between sites (columns). 
 

 SS df 

 

MS F P-value F crit 

Sand       
Sample (Sampling times) 4.280190589 1 4.280190589 1.759057767 0.209431733 4.747225347 

Columns (Sites) 20.94994499 1 20.94994499 8.609935162 0.012504409 4.747225347 
Silt       

Sample (Sampling times) 3.769085929 1 3.769085929 1.378853687 0.263073867 4.747225347 
Columns (Sites) 0.053314281 1 0.053314281 0.01950409 0.891247564 4.747225347 

Clay       
Sample (Sampling times) 0.203886624 1 0.203886624 0.192928854 0.668295145 4.747225347 

Columns (Sites) 21.98118788 1 21.98118788 20.7998215 0.000653952 4.747225347 
 
 
Table A23. Unpaired t-test results for the difference in grain size distribution in soil A horizon 
before and after the rain event (before minus after). 
. 
 

 Immediate Chronic 
Sand   
Mean 1.641121223 0.427740925 

Variance 5.995933499 1.734353533 
df 6  

t Stat 0.872828914  
P(T<=t) one-tail 0.208157582  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.416315165  
t Critical two-tail 2.446911851  

Silt   
Mean -1.671946518 -0.269466867 

Variance 5.839441516 0.89787942 
df 6  

t Stat -1.080644746  
P(T<=t) one-tail 0.160682933  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.321365866  
t Critical two-tail 2.446911851  

Clay   
Mean -0.131711433 -0.319826632 

Variance 0.551827303 0.947153594 
df 6  

t Stat 0.307295241  
P(T<=t) one-tail 0.384502612  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.769005224  
t Critical two-tail 2.446911851  
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Table A24. Two-way ANOVA analysis for grain size in soil B horizon within samples 
(sampling times) and between sites (columns).  
 

 SS df 

 

MS F P-value F crit 

Sand       
Sample (Sampling times) 14.48929399 1 14.48929399 0.348026193 0.566175633 4.747225347 

Columns (Sites) 177.0883208 1 177.0883208 4.253580209 0.061507066 4.747225347 
Silt       

Sample (Sampling times) 0.131529316 1 0.131529316 0.036185391 0.852313166 4.747225347 
Columns (Sites) 0.248496057 1 0.248496057 0.068364432 0.798166887 4.747225347 

Clay       
Sample (Sampling times) 13.16235701 1 13.16235701 0.315206974 0.58483518 4.747225347 

Columns (Sites) 193.4505928 1 193.4505928 4.632679084 0.052421356 4.747225347 
 
Table A25. Unpaired t-test results for the difference in grain size analysis in soil B horizon 
before and after the rain event (before minus after). 
 

 Immediate Chronic 
Sand   
Mean -1.016212268 4.822692794 

Variance 64.00091218 47.08072474 
df 6  

t Stat -1.10800131  
P(T<=t) one-tail 0.155144993  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.310289987  
t Critical two-tail 2.446911851  

Silt   
Mean -0.605584471 0.242914765 

Variance 6.910892323 3.730937432 
df 6  

t Stat -0.520203533  
P(T<=t) one-tail 0.310775194  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.621550387  
t Critical two-tail 2.446911851  

Clay   
Mean 1.373034552 -5.001030833 

Variance 34.13748719 72.76805044 
df 6  

t Stat 1.23295268  
P(T<=t) one-tail 0.131852996  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.263705991  
t Critical two-tail 2.446911851  
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APPENDIX B: HYDROLOGICAL PROPERTIES  

 

 

 
Figure B1. Immediate site upland (a,b) and transition zone 1 (c,d) water and ethanol infiltration rate per square root 
of time pre-fire (blue line ⚫), post-fire (red line ▲), and post-fire with rain event included (dark line ◆). Transition 
zone 2 (e) and wetland edge (f) pre-fire water infiltration rate (blue line ⚫), pre-fire ethanol infiltration rate (red line 
⚫) including post-fire water infiltration rate (blue line ◾) and post-fire ethanol infiltration rate (red line ◾). 
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B.1. Water Infiltration Raw Data 
Table B1. Water infiltration data for upland area in immediate site.  
 

UPLAND 
(PRE-FIRE) 

Time 
(s) 

Square Root 
of time 

Volume 
(ml) 

Infiltration 
(cm) 

 0 0 98 0 
 60 7.745966692 89 0.565884242 
 120 10.95445115 90 0.503008215 
 180 13.41640786 77 1.320396565 
 240 15.49193338 74 1.509024646 
 300 17.32050808 72 1.634776699 
 360 18.97366596 69 1.82340478 
 420 20.49390153 67 1.949156834 
 480 21.9089023 65 2.074908888 
UPLAND 
(POST-FIRE) 

Time 
(s) 

Square Root 
of time 

Volume 
(ml) 

 

Infiltration 
(cm) 

 0 0 81 0 
 60 7.745966692 76 0.314380135 
 120 10.95445115 74 0.440132188 
 180 13.41640786 72 0.565884242 
 240 15.49193338 71 0.628760269 
 300 17.32050808 69 0.754512323 
 360 18.97366596 68 0.81738835 
 420 20.49390153 66 0.943140404 
 480 21.9089023 65 1.00601643 
 540 23.23790008 63 1.131768484 
 600 24.49489743 62 1.194644511 
 660 25.69046516 60 1.320396565 
 720 26.83281573 59 1.383272592 
 780 27.92848009 57 1.509024646 
 840 28.98275349 55 1.634776699 
 900 30 54 1.697652726 
 960 30.98386677 52 1.82340478 
 1020 31.93743885 51 1.886280807 
UPLAND 
(POST-FIRE + 
RAIN EVENT) 

Time 
(s) 

Square Root 
of time 

Volume 
(ml) 

 

Infiltration 
(cm) 

 0 0 100 0 
 60 7.745966692 35 4.086941749 
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Table B2. Water infiltration data for transition zone 1 in immediate site. 
 

TRANSITION ZONE 1 
(PRE-FIRE) 

Time 
(s) 

Square Root 
of time 

Volume 
(ml) 

Infiltration 
(cm) 

 0 0 60 0 
 60 7.745966692 55 0.314380135 
 120 10.95445115 52 0.503008215 
 180 13.41640786 50 0.628760269 
 240 15.49193338 47 0.81738835 
 300 17.32050808 45 0.943140404 
 360 18.97366596 42 1.131768484 
 420 20.49390153 40 1.257520538 
 480 21.9089023 37 1.446148619 
 540 23.23790008 35 1.571900673 

 600 24.49489743 32.5 1.72909074 
 660 25.69046516 30 1.886280807 
 720 26.83281573 28 2.012032861 
TRANSITION ZONE 1 
(POST-FIRE) 

Time 
(s) 

Square Root 
of time 

Volume 
(ml) 

 

Infiltration 
(cm) 

 0 0 82 0 
 80 8.94427191 77 0.314380135 
 160 12.64911064 76 0.377256161 
 240 15.49193338 74 0.503008215 
 325 18.02775638 72 0.628760269 
 400 20 70 0.754512323 
 480 21.9089023 68 0.880264377 
 560 23.66431913 67 0.943140404 
 640 25.29822128 65 1.068892457 
 720 26.83281573 64 1.131768484 
 800 28.28427125 63 1.194644511 
 880 29.66479395 62 1.257520538 
 960 30.98386677 60 1.383272592 
 292 17.08800749 59 1.446148619 
 1120 33.46640106 58 1.509024646 
 1200 34.64101615 56 1.634776699 
 1280 35.77708764 55 1.697652726 
 1360 36.87817783 54 1.760528753 
 1440 37.94733192 52 1.886280807 
TRANSITION ZONE 1 
(POST-FIRE + RAIN 
EVENT) 

Time 
(s) 

Square Root 
of time 

Volume 
(ml) 

 

Infiltration 
(cm) 

 0 0 78 0 
 60 7.745966692 72 0.377256161 
 120 10.95445115 68 0.628760269 
 180 13.41640786 65 0.81738835 
 240 15.49193338 67 0.691636296 

 300 17.32050808 58 1.257520538 
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Table B3. Water infiltration data for transition zone 2 in immediate site.  
 

TRANSITION ZONE 2 
(PRE-FIRE) 

Time 
(s) 

Square 
Root of 

time 

Volume 
(ml) 

Infiltration 
(cm) 

 0 0 81 0 
 120 10.95445115 76 0.314380135 
 240 15.49193338 71 0.628760269 
 360 18.97366596 67 0.880264377 
 480 21.9089023 64 1.068892457 
 600 24.49489743 60 1.320396565 
 720 26.83281573 56 1.571900673 
 840 28.98275349 51 1.886280807 
 960 30.98386677 46 2.200660942 

TRANSITION ZONE 2 
(POST-FIRE + RAIN 
EVENT) 

Time 
(s) 

Square 
Root of 

time 

Volume 
(ml) 

 

Infiltration 
(cm) 

 0 0 100 0 
 60 7.745966692 47 3.332429426 
 120 10.95445115 6 5.910346529 

 
Table B4. Water infiltration data for wetland edge in immediate site.  
 

WETLAND EDGE 
(PRE-FIRE) 

Time 
(s) 

Square Root 
of time 

Volume 
(ml) 

Infiltration 
(cm) 

 0 0 86 0 
 60 7.745966692 81 0.314380135 
 120 10.95445115 78 0.503008215 
 180 13.41640786 75 0.691636296 
 240 15.49193338 72 0.880264377 
 300 17.32050808 70 1.00601643 
 360 18.97366596 67 1.194644511 

WETLAND EDGE 
(POST-FIRE + 
RAIN EVENT) 

Time 
(s) 

Square Root 
of time 

Volume 
(ml) 

 

Infiltration 
(cm) 

 0 0 100 0 
 65 8.062257748 32 4.275569829 
 93 9.643650761 32 4.275569829 
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B.2. Ethanol Infiltration Raw Data 
 
Table B5. Ethanol infiltration for upland area in immediate site.  
 

UPLAND 
(PRE-FIRE) 

Time 
(s) 

Square Root 
of time 

Volume 
(ml) 

Infiltration 
(cm) 

 0 0 62 0 
 60 7.745966692 52 0.628760269 
 120 10.95445115 44 1.131768484 
 180 13.41640786 38 1.509024646 
 240 15.49193338 31 1.949156834 
 300 17.32050808 25 2.326412995 
UPLAND 
(POST-FIRE) 

Time 
(s) 

Square Root 
of time 

Volume 
(ml) 

Infiltration 
(cm) 

 0 0 50 0 
 60 7.745966692 45 0.314380135 
 120 10.95445115 40 0.628760269 
 180 13.41640786 40 0.628760269 
 240 15.49193338 37 0.81738835 
 300 17.32050808 34 1.00601643 
 360 18.97366596 31 1.194644511 
 420 20.49390153 28 1.383272592 
 480 21.9089023 25 1.571900673 
 540 23.23790008 22 1.760528753 
 600 24.49489743 19 1.949156834 
UPLAND 
(POST-FIRE + 
RAIN EVENT) 

Time 
(s) 

Square Root 
of time 

Volume 
(ml) 

Infiltration 
(cm) 

 0 0 100 0 
 60 7.745966692 41 3.709685587 
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Table B6. Ethanol infiltration data for transition zone 1 in immediate site.  
 

TRANSITION ZONE 1 
(PRE-FIRE) 

Time 
(s) 

Square Root 
of time 

Volume 
(ml) 

Infiltration 
(cm) 

 0 0 70 0 
 60 7.745966692 61 0.565884242 
 120 10.95445115 56 0.880264377 
 180 13.41640786 47 1.446148619 
 240 15.49193338 42 1.760528753 
 300 17.32050808 33 2.326412995 
 360 18.97366596 29 2.577917103 

TRANSITION ZONE 1 
(POST-FIRE) 

Time 
(s) 

Square Root 
of time 

Volume 
(ml) 

Infiltration 
(cm) 

 0 0 78 0 
 80 8.94427191 72 0.377256161 
 160 12.64911064 67 0.691636296 
 240 15.49193338 61 1.068892457 
 325 18.02775638 56 1.383272592 
 400 20 49 1.82340478 
 480 21.9089023 43 2.200660942 

TRANSITION ZONE 1 
(POST-FIRE + RAIN 

EVENT) 

Time 
(s) 

Square Root 
of time 

Volume 
(ml) 

Infiltration 
(cm) 

 0 0 100 0 
 60 7.745966692 2 6.161850636 

 
Table B7. Ethanol infiltration data for transition zone 2 in immediate site.  
 

TRANSITION ZONE 2 
(PRE-FIRE) 

Time 
(s) 

Square Root 
of time 

Volume 
(ml) 

Infiltration 
(cm) 

 0 0 76 0 
 120 10.95445115 71 0.314380135 
 240 15.49193338 65 0.691636296 
 360 18.97366596 59 1.068892457 
 480 21.9089023 51 1.571900673 
 600 24.49489743 44 2.012032861 
 720 26.83281573 36 2.515041076 
TRANSITION ZONE 2 
(POST-FIRE + RAIN 
EVENT) 

Time 
(s) 

Square Root 
of time 

Volume 
(ml) 

Infiltration 
(cm) 

 0 0 100 0 
 60 7.745966692 5 5.973222556 
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Table B8. Ethanol infiltration data for wetland edge in immediate site.  
 

WETLAND EDGE 
(PRE-FIRE) 

Time 
(s) 

Square Root 
of time 

Volume 
(ml) 

Infiltration 
(cm) 

 0 0 86 0 
 60 7.745966692 83 0.188628081 
 120 10.95445115 82 0.251504108 
 180 13.41640786 81 0.314380135 
 240 15.49193338 80 0.377256161 
 300 17.32050808 79.5 0.408694175 
 360 18.97366596 78 0.503008215 
 420 20.49390153 77 0.565884242 
 480 21.9089023 76 0.628760269 
 540 23.23790008 75 0.691636296 
 600 24.49489743 74 0.754512323 
 660 25.69046516 73 0.81738835 
 720 26.83281573 72 0.880264377 
 780 27.92848009 71 0.943140404 
 840 28.98275349 70 1.00601643 
 900 30 69 1.068892457 
 960 30.98386677 68 1.131768484 
 1020 31.93743885 67 1.194644511 
 1080 32.86335345 66 1.257520538 

 1140 33.76388603 65 1.320396565 
 1200 34.64101615 64 1.383272592 
 1260 35.4964787 63 1.446148619 
 1320 36.33180425 62 1.509024646 
 1380 37.14835124 61 1.571900673 
 1440 37.94733192 60 1.634776699 
 1500 38.72983346 59 1.697652726 
 1560 39.49683532 58 1.760528753 
 1620 40.24922359 57.5 1.791966767 
 1680 40.98780306 57 1.82340478 
 1740 41.71330723 56 1.886280807 

WETLAND EDGE 
(POST-FIRE + 
RAIN EVENT) 

Time 
(s) 

Square Root 
of time 

Volume 
(ml) 

Infiltration 
(cm) 

 25 0 50 0 
 35 5.916079783 41 0.565884242 
 45 6.708203932 29 1.320396565 
 60 7.745966692 12 2.389289022 
 80 8.94427191 0 3.143801345 
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B.3. Statistical Analysis 

Table B9. Unpaired t-test results for the difference in unsaturated hydraulic conductivity in 
upland and transition Zone 1 comparison in immediate site pre-fire and immediately post-fire 
(before minus after). 

Variables 
Pre-fire X Immediately Post-fire   

 Pre-fire Immediately Post-fire 
Mean -3.104436153 -3.620014129 

Variance 0.000607048 0.135136231 
df 2  

t Stat 1.97902002  
P(T<=t) one-tail 0.09319431  
t Critical one-tail 2.91998558  
P(T<=t) two-tail 0.18638863  
t Critical two-tail 4.30265273  

Pre-fire X Post-fire + Rain Event   
 Pre-fire Post-fire +Rain Event 

Mean -3.104436153 -2.344116765 
Variance 0.000607048 1.254553476 

df 2  
t Stat -0.959757306  

P(T<=t) one-tail 0.219226779  
t Critical one-tail 2.91998558  
P(T<=t) two-tail 0.438453557  
t Critical two-tail 4.30265273  
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Table B10. Unpaired t-test results for the difference in water repellency, also referred to as 
hydrophobicity, in immediate site before and immediately after the fire (before minus after). 
 

 Variables 
 Pre-fire Immediately Post-fire 

Pre-fire X Immediately Post-fire   
Mean 0.773691571 1.061503881 

Variance 0.000429456 0.374373279 
df 2  

t Stat -0.647536874  
P(T<=t) one-tail 0.291843831  
t Critical one-tail 2.91998558  
P(T<=t) two-tail 0.583687662  
t Critical two-tail 4.30265273  

Pre-fire X Post-fire + Rain Event Pre-fire Post-fire + Rain Event 
Mean 0.773691571 1.662398358 

Variance 0.000429456 3.766764507 
df 2  

t Stat -0.66484895  
P(T<=t) one-tail 0.287275253  
t Critical one-tail 2.91998558  
P(T<=t) two-tail 0.574550505  
t Critical two-tail 4.30265273  
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APPENDIX C: NUTRIENTS 
C.1. Statistical Analysis 
Table C1. Unpaired t-test results for the difference in nutrients in soil A horizon before and after 
the rain event (before minus after). 
 

 Immediate Chronic 
C   

Mean 0.16 -0.29 
Variance 0.030466667 0.074066667 

df 6  
t Stat 2.783653084  

P(T<=t) one-tail 0.015921539  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.031843078  
t Critical two-tail 2.446911851  

P   
Mean -0.008485 -0.00268 

Variance 0.000261512 0.000186354 
df 6  

t Stat -0.548602728  
P(T<=t) one-tail 0.301538616  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.603077233  
t Critical two-tail 2.446911851  

K   
Mean -0.0088825 0.00103 

Variance 0.000136312 0.000123329 
df 6  

t Stat -1.230344741  
P(T<=t) one-tail 0.132306493  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.264612986  
t Critical two-tail 2.446911851 2.446911851 

Mn   
Mean -0.2303325 0.005905 

Variance 0.002830633 0.001493084 
df 6  

t Stat -7.185387496  
P(T<=t) one-tail 0.000183681  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.000367362  
t Critical two-tail 2.446911851  

Fe   
Mean 0.341405 0.65976 

Variance 0.666862651 0.760141012 
df 6  

t Stat -0.533002354  
P(T<=t) one-tail 0.306593181  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.613186363  
t Critical two-tail 2.446911851  

Ca   
Mean -0.221195 -0.065065 

Variance 0.101423873 0.061560938 
df 6  
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t Stat -0.77346878  
P(T<=t) one-tail 0.2343066  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.468613201  
t Critical two-tail 2.446911851  

Mg   
Mean -0.049715 -0.0131625 

Variance 0.005569512 0.003675271 
df 6  

t Stat -0.760324062  
P(T<=t) one-tail 0.237933271  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.475866541  
t Critical two-tail 2.446911851  

Na   
Mean -0.0036475 -0.0021525 

Variance 0.000341517 4.51258E-05 
df 6  

t Stat -0.152060502  
P(T<=t) one-tail 0.44206177  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.884123539  
t Critical two-tail 2.446911851  

Al   
Mean -0.2712925 0.656245 

Variance 0.205093759 0.441887536 
df 6  

t Stat -2.306298996  
P(T<=t) one-tail 0.030287619  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.060575238  
t Critical two-tail 2.446911851  

Organic C   
Mean -0.013760346 0.041222027 

Variance 0.240367437 0.055775683 
df 6  

t Stat -0.202070375  
P(T<=t) one-tail 0.423269497  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.846538994  
t Critical two-tail 2.446911851  
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Table C2. Unpaired t-test results for the difference in nutrients in soil B horizon before and after 
the rain event (before minus after). 
 

 Immediate Chronic 
C   

Mean 0.0575 0.04 
Variance 0.008891667 0.0202 

df 6  
t Stat 0.205203018  

P(T<=t) one-tail 0.42209909  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.84419818  
t Critical two-tail 2.446911851  

P   
Mean 0.00364 -0.0082825 

Variance 9.56074E-05 0.000388484 
df 6  

t Stat 1.083761656  
P(T<=t) one-tail 0.160043808  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.320087617  
t Critical two-tail 2.446911851  

K   
Mean -0.00138 -0.008015 

Variance 0.000174058 0.000469231 
df 6  

t Stat 0.5232003  
P(T<=t) one-tail 0.309793186  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.619586373  
t Critical two-tail 2.446911851  

Mn   
Mean -0.0178475 0.0425925 

Variance 0.000403894 0.003134002 
df 6  

t Stat -2.032272257  
P(T<=t) one-tail 0.044192603  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.088385207  
t Critical two-tail 2.446911851  

Fe   
Mean -0.6670225 0 

Variance 1.984558138 0 
df 6  

t Stat -0.946975115  
P(T<=t) one-tail 0.19010608  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.380212159  
t Critical two-tail 2.446911851  

Ca   
Mean -0.075305 -0.026945 

Variance 0.007368092 0.00843875 
df 6  

t Stat -0.769296454  
P(T<=t) one-tail 0.23545355  
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t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.470907099  
t Critical two-tail 2.446911851  

Mg   
Mean -0.02921 -0.03438 

Variance 0.00162882 0.003215763 
df 6  

t Stat 0.148556735  
P(T<=t) one-tail 0.443385251  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.886770502  
t Critical two-tail 2.446911851  

Na   
Mean -0.0125675 -0.00701 

Variance 0.000383551 0.000116755 
df 6  

t Stat -0.496925863  
P(T<=t) one-tail 0.318460802  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.636921603  
t Critical two-tail 2.446911851  

Al   
Mean 0.0150475 0 

Variance 2.760651497 0 
df 6  

t Stat 0.018112924  
P(T<=t) one-tail 0.493068033  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.986136065  
t Critical two-tail 2.446911851  

Organic C   
Mean 0.18157052 -0.028593534 

Variance 0.129882404 0.114811155 
df 6  

t Stat 0.849722586  
P(T<=t) one-tail 0.214038448  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.428076896  
t Critical two-tail 2.446911851  
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Table C3. Two-way ANOVA analysis for nutrient pools in soil A horizon within samples (sampling times) and between sites 
(columns). 
 

 SS df 

 

MS F P-value F crit 

C       
Sample (Sampling times) 0.0169 1 0.0169 0.079867675 0.782292351 4.747225347 

Columns (Sites) 0.0196 1 0.0196 0.092627599 0.766076206 4.747225347 
P       

Sample (Sampling times) 0.000124657 1 0.000124657 0.751034722 0.40314465 4.747225347 
Columns (Sites) 0.0028896 1 0.0028896 17.40925927 0.001293804 4.747225347 

K       
Sample (Sampling times) 6.16618E-05 1 6.16618E-05 0.620399921 0.446178328 4.747225347 

Columns (Sites) 0.000991778 1 0.000991778 9.978611623 0.008237749 4.747225347 
Mn       

Sample (Sampling times) 0.003286442 1 0.003286442 0.579814881 0.461087946 4.747225347 
Columns (Sites) 0.145960292 1 0.145960292 25.75123582 0.000273109 4.747225347 

Fe       
Sample (Sampling times) 1.002331357 1 1.002331357 1.579590921 0.232733242 1.002331357 

Columns (Sites) 7.30891225 1 7.30891225 11.5182383 0.005329913 7.30891225 
Ca       

Sample (Sampling times) 0.081944788 1 0.081944788 2.028343517 0.179870483 4.747225347 
Columns (Sites) 0.015640004 1 0.015640004 0.387130174 0.54545282 4.747225347 

Mg       
Sample (Sampling times) 0.00395358 1 0.00395358 1.655624154 0.222463709 4.747225347 

Columns (Sites) 0.015864032 1 0.015864032 6.643314397 0.024210615 4.747225347 
Na       

Sample (Sampling times) 3.364E-05 1 3.364E-05 0.273932083 0.610235456 4.747225347 
Columns (Sites) 0.000273572 1 0.000273572 2.227706247 0.161372372 4.747225347 

Al       
Sample (Sampling times) 0.148188427 1 0.148188427 0.26931912 0.613225562 4.747225347 

Columns (Sites) 26.62170434 1 26.62170434 48.38255002 1.52623E-05 4.747225347 
Organic C       

Sample (Sampling times) 0.000754144 1 0.000754144 0.007774347 0.931194136 4.747225347 
Columns (Sites) 5.05143E-05 1 5.05143E-05 0.000520744 0.982169069 4.747225347 
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Table C4. Two-way ANOVA analysis for nutrient pools in soil B horizon within samples (sampling times) and between sites 
(columns). 
 

 SS df 

 

MS F P-value F crit 

C       
Sample (Sampling times) 0.00950625 1 0.00950625 0.530149878 0.480511163 4.747225347 

Columns (Sites) 0.00455625 1 0.00455625 0.254095504 0.623332865 4.747225347 
P       

Sample (Sampling times) 2.15528E-05 1 2.15528E-05 0.080488603 0.781471833 4.747225347 
Columns (Sites) 0.00573314 1 0.00573314 21.41031692 0.000582978 4.747225347 

K       
Sample (Sampling times) 8.8266E-05 1 8.8266E-05 0.453297917 0.513531274 4.747225347 

Columns (Sites) 0.005614505 1 0.005614505 28.83378262 0.000168138 4.747225347 
Mn       

Sample (Sampling times) 0.000612315 1 0.000612315 0.321010028 0.5814437 4.747225347 
Columns (Sites) 0.006372829 1 0.006372829 3.340995892 0.092529095 4.747225347 

Fe       
Sample (Sampling times) 0.444919016 1 0.444919016 0.141207511 0.713642221 4.747225347 

Columns (Sites) 17.4144089 1 17.4144089 5.526950424 0.036649557 4.747225347 
Ca       

Sample (Sampling times) 0.010455063 1 0.010455063 1.83155874 0.200888104 4.747225347 
Columns (Sites) 0.001871428 1 0.001871428 0.327844006 0.577501944 4.747225347 

Mg       
Sample (Sampling times) 0.004043688 1 0.004043688 2.626835227 0.131034389 4.747225347 

Columns (Sites) 0.028586356 1 0.028586356 18.57008852 0.001015088 4.747225347 
Na       

Sample (Sampling times) 0.000383279 1 0.000383279 2.238173391 0.160469707 4.747225347 
Columns (Sites) 0.000489626 1 0.000489626 2.859196225 0.116637708 4.747225347 

Al       
Sample (Sampling times) 0.000226427 1 0.000226427 2.26595E-05 0.996280146 4.747225347 

Columns (Sites) 152.5707923 1 152.5707923 15.26836949 0.00208173 4.747225347 
Organic C       

Sample (Sampling times) 0.023401958 1 0.023401958 0.145338625 0.709694325 4.747225347 
Columns (Sites) 0.611606828 1 0.611606828 3.798404151 0.075065044 4.747225347 
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Table C5. Eigenvectors values from principal component analysis. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Prin1 Prin2 Prin3 Prin4 Prin5 Prin6 Prin7 Prin8 Prin9 Prin10 
Total C (%) 0.35033  -0.35589 0.21163 0.30818  -0.11476  -0.21666 0.31076  -0.19986 0.27167 0.58345 
Total P (mg/g) 0.44599 0.08860  -0.07660 0.24628 0.03897 0.08524 0.54979 0.29817  -0.52669  -0.22219 
Total K (mg/g) 0.21146 0.57650  -0.04766 0.02564  -0.15625 0.05266 0.27010 0.00772 0.67969  -0.24046 
Total Mn (mg/g) 0.36452  -0.12916 0.41184  -0.08966 0.20107 0.14756  -0.09873  -0.63170  -0.04839  -0.44660 
Total Fe (mg/g)  -0.17982  -0.31708 0.52812  -0.25211 0.14982 0.39026 0.26580 0.46537 0.24198  -0.06428 
Total Ca (mg/g) 0.40823  -0.05033 0.16903  -0.32379 0.04602 -0.65802  -0.27723 0.40250 0.05660  -0.14222 
Total Mg (mg/g) 0.26176 0.46245 0.16503  -0.49578 0.05459 0.26812  -0.05574  -0.05273  -0.23188 0.55683 
Total Na (mg/g)  -0.15698 0.21826 0.55935 0.24795  -0.68712  -0.05462  -0.14881 0.04726  -0.22359  -0.06234 
Total Al (mg/g)  -0.19190 0.37726 0.34494 0.46914 0.64847  -0.18808  -0.09218 0.07039  -0.01524 0.11045 
Organic C (%) 0.41448  -0.09778  -0.10436 0.37403  -0.01687 0.47508  -0.58069 0.28898 0.13683 0.04943 
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APPENDIX D: CARBON AND NITROGEN ISOTOPIC RATIOS  
 

D.1. Carbon and Nitrogen Isotopic Ratios Raw Data 
 
Table D1. Carbon and nitrogen isotopic ratios in immediate and chronic sites. 
 

IMMEDIATE SITE 
SAMPLING 

TIME 1 
 
 

δ13C/12C 
(‰) 

 
 

δ15N/14N  
(‰) 

SAMPLING 
TIME 2 

 
 

δ13C/12C 
(‰) 

 
 

δ15N/14N 
(‰) 

    
    

Upland 
  

Upland 
A1 -26.39 1.26 A1 -26.54 4.08 
A3 -24.57 7.88 A3 -24.41 9.10 

Transition Zone 
1 

  Transition Zone 
1 

  

B1 -25.76 2.61 B1 -25.06 2.65 
B4 -24.46 8.39 B4 -23.03 7.92 

Transition Zone 
2 

  Transition Zone 
2 

  

C1 -26.80 2.57 C1 -26.00 5.05 
C3 -25.63 6.71 C3 -24.91 8.47 

Wetland Edge   Wetland Edge   
D1 -26.30 1.99 D1 -26.78 -1.22 
D2 -25.11 6.98 D2 -24.73 7.49 

CHRONIC SITE 
SAMPLING 

TIME 1 
 
 

δ13C/12C 
(‰) 

 
 

δ15N/14N  
(‰) 

SAMPLING 
TIME 2 

 
 

δ13C/12C 
(‰) 

 
 

δ15N/14N 
(‰) 

 
Upland   Upland   

E1 -25.32 3.85 E1 -26.28 3.42 
E3 -24.22 7.30 E3 -23.93 9.70 

Transition Zone 
1 

  Transition Zone 
1 

  

F1 -24.07 4.30 F1 -23.98 -3.40 
F3 -23.06 8.45 F3 -23.43 7.78 

Transition Zone 
2 

  Transition Zone 
2 

  

G1 -25.07 2.57 G1 -25.17 -1.24 
G3 -23.88 7.02 G3 -23.24 9.47 

Wetland Edge   Wetland Edge   
H1 -24.28 1.47 H1 -24.17 -1.90 
H3 -22.72 7.45 H3 -24.04 6.77 
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D.2. Statistical Analysis  
 
Table D2. Two-way ANOVA analysis for carbon and nitrogen isotopic ratios in soil A horizon 
within samples (sampling times) and between sites (columns). 
 

 SS df 

 

MS F P-value F crit 

Carbon Isotopic Ratio       
Sample (Sampling times) 9.65257E-07 1 9.65257E-07 1.70688E-06 0.998979051 4.747225347 

Columns (Sites) 8.000469527 1 8.000469527 14.1473758 0.002714481 4.747225347 
Nitrogen Isotopic Ratio       
Sample (Sampling times) 10.99688498 1 10.99688498 2.414445891 0.146185715 4.747225347 

Columns (Sites) 6.026762318 1 6.026762318 1.323219397 0.27242299 4.747225347 
 
 
Table D3. Two-way ANOVA analysis for carbon and nitrogen isotopic ratios in soil B horizon 
within samples (sampling times) and between sites (columns).  
 

 SS df 

 

MS F P-value F crit 

Carbon Isotopic Ratio       
Sample (Sampling times) 0.229337069 1 0.229337069 0.554984248 0.470627727 4.747225347 

Columns (Sites) 4.349335276 1 4.349335276 10.52517406 0.007030969 4.747225347 
Nitrogen Isotopic Ratio       
Sample (Sampling times) 2.658113021 1 2.658113021 3.083629518 0.104549628 4.747225347 

Columns (Sites) 0.060700197 1 0.060700197 0.070417216 0.795233963 4.747225347 
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Table D4. Unpaired t-test results for the difference in carbon and nitrogen isotopic ratios in soil 
A horizon before and after the rain event (before minus after).  
 

 Immediate Chronic 
Carbon Isotopic Ratio   

Mean -0.2113572 0.212339675 
Variance 0.412079724 0.253779987 

df 6  
t Stat -1.038469839  

P(T<=t) one-tail 0.169539069  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.339078139  
t Critical two-tail 2.446911851  

Nitrogen Isotopic Ratio   
Mean -0.513869775 3.830024925 

Variance 7.641886024 8.910503364 
df 6  

t Stat -2.13539852  
P(T<=t) one-tail 0.038317901  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.076635802  
t Critical two-tail 2.446911851  

 
 
Table D5. Unpaired t-test results for the difference in carbon and nitrogen isotopic ratios in soil 
B horizon before and after the rain event (before minus after).  
 

 Immediate Chronic 
Carbon Isotopic Ratio   

Mean -0.6710835 0.192192 
Variance 0.306935344 0.741707145 

df 6  
t Stat -1.686031507  

P(T<=t) one-tail 0.071382781  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.142765561  
t Critical two-tail 2.446911851  

Nitrogen Isotopic Ratio   
Mean -0.755456625 -0.874915425 

Variance 0.93589427 3.19554367 
df 6  

t Stat 0.117543205  
P(T<=t) one-tail 0.455132849  
t Critical one-tail 1.943180281  
P(T<=t) two-tail 0.910265698  
t Critical two-tail 2.446911851  

 
 
 
 
 
 


