ABSTRACT

BOUCHARD, NATALIE ROSE. Do Roadside Stormwater Control Measures (SCMs) Offer
a Possible Carbon Sink? (Under the direction of Dr. William F. Hunt (Chair), Il and Dr.
Deanna L. Osmond (Minor Committee Member).

As legislation continues to focus on greenhouse gas (GHG) and carbon dioxide (CO5)
emissions and reductions, the terrestrial biome offers an attractive possibility to sequester
carbon. Currently, the terrestrial pool is regarded as a CO, sink, but scientists wonder to
what extent this trend will continue. Urbanization changes the existing landscape, and little
study has focused on the carbon (C) dynamics of specific urban landuses. In this research the
roadway environment, specifically the grassed right-of-way (ROW), was studied for carbon
sequestration potential. Transportation corridors are present world-wide, and the vegetated
filter strip and swale (VFS/VS), a common stormwater control measure, often constitutes the
grassed right-of-way adjacent to roadways. Carbon pools within roadway VFS/VS soils of
North Carolina were specifically examined in this study.

Work was conducted in two North Carolina physiographic regions: the Piedmont
(characterized by clay-influenced soils) and the Coastal Plain (mostly sandy soils).
Approximately 700 soil samples were collected in VFS/VSs and wetland swales alongside
major highways and analyzed for percent total soil C (% total C). Mean soil C densities were
2.55 kg C m in the Piedmont and 4.14 kg C m™ in Coastal Plain roadway VFS/VSs.
Because grasslands were reported to have similar carbon density values to those observed in
this study, they could be a surrogate landuse for roadway VFS/VSs if no specific roadside
data were available.

Using a 37-year soil chronosequence, the carbon sequestration rate within Piedmont
VFS/VSs was calculated at 0.053 kg C m™? yr't. Using segmented linear regression models
(SAS © 9.2), the sequestration rate was calculated to be 0.155 kg C m™ yr™ for 15 years
(PROC NLMIXED) and 0.099 kg C m™ yr™ for 21.5 years (PROC NLIN). The roadside
grass sequestration rate assumed by the Federal Highway Administration Carbon
Sequestration Pilot Program (0.17 kg C m™ yr'') overestimates carbon accumulation by a

factor of 3 in the linear model, and by a factor of 1.1 to 1.7 with the segmented linear models.



Carbon density did not differ between dry or wetland swales, although % total C was
significantly greater in wetland swales. Because C density and % total C in swales were not
well defined by age, it appears more appropriate to assess wetland swales and dry swales
using a range of carbon values, rather than a rate of carbon sequestration. Dry swale C
densities ranged between 0.63 to 7.73 kg C m™ (mean = 3.05 kg C m™); the mean C density
of wetland swales (5.56 kg C m™) was greater than that dry swales, with a wider range of
values (1.02 to 22.78 kg C m™). If promoting C sequestration is ever a factor in ROW
management, wetland swales would be more desirable than dry swales.

While the VFS/VS sequestration rate is comparable to other grassed systems, the
estimated 200 — 300 tons C per km road lane expelled during roadway construction (Cass and
Mukherjee 2011) is marginally offset through terrestrial sequestration in roadside VFS/VSs.
Per every km of roadway constructed, Piedmont VFS/VSs would offset between 4% and 7%

of C emitted during construction, depending on which model was used.
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1. LITERATURE REVIEW
1.1 INTRODUCTION

Climate change and urbanization are two of the largest and most interconnected
environmental issues facing society today. Leaders and policymakers are beginning to
recognize the need to mitigate climate change through better land-use management; carbon
(C) storage within biomass and soil is becoming an increasingly valuable ecosystem service
(Davies et al. 2011). Buildings have slogans like ‘C neutral’, travelers are encouraged to
purchase C offsets for the miles of air traveled, and savvy advertisers promote products as
having the smallest C footprint on the market. Recently, a push towards low impact
development has expanded the use of vegetated stormwater control measures (SCMs) like
bioretention, constructed wetlands, grassed swales, and filter strips throughout the urban and
transportation environment. Stormwater control measures treat nutrient-rich runoff, but the

C sequestration potential of these systems is largely unquantified or unknown.

1.2 GREENHOUSE GAS IMPACTS AND REGULATIONS

Greenhouse gases (GHGs), like water vapor, CO,, CH,4, and NO,, trap otherwise
reflected energy within the Earth’s atmosphere and produce a thermal heating on Earth’s
surface referred to as the greenhouse effect. This natural phenomenon is necessary to
support life, since without it the surface temperature on Earth would be below freezing
(IPCC 2001). However, scientists predict that increasing GHGs will lead to advanced

warming and associated consequences to life (IPCC 2001). Growing concern over GHG



emissions has compelled current leaders to quantify emissions and develop a strategy to curb
future emissions.

In 2005, the Kyoto Protocol established legally binding GHG standards for 37
industrialized nations (the U.S. is a signatory country supporting but not ratifying the
document). In 2009, the U.S. Environmental Protection Agency (EPA) recognized GHGs
like CO;as a public health threat, and in 2010 the Obama administration issued Executive
Order 13514 requiring federal agencies to “measure, report and reduce their GHG
emissions... and establish reduction targets” (EPA 2010; Federal Register 2009). Of
particular interest is the GHG CO that is released in large quantities due to the burning of
fossil fuels. While all GHGs contribute to adverse effects associated with climate change,
the remainder of this document will focus on C and CO,. Carbon constantly cycles between
many pools, most notably the terrestrial biome, ocean reservoir, geologic formations and the

atmosphere (Figure 1).



Main components of the natural carbon cycle
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Figure 1: Global carbon cycle, where flux is Gt C yr™ and the reservoir pools hold Gt C
(courtesy of IPCC 2001).

1.3 CARBON DISTRIBUTION
In the global C cycle the ocean is the largest C pool (38,000 Gt), but the terrestrial

biome is also a substantial (20,000 Gt) (IPCC 2001). The distribution of C in the terrestrial
biome is distinct, where soils hold three times more the amount C than plant biomass. Soils
contain twice as much C (1500 Gt C) as the atmospheric pool (730 Gt C) (Figure 1).
Accumulating C in soil organic matter (SOM) is beneficial for nutrient cycling, increasing
plant productivity, increasing water retention and enhancing soil fauna diversity (Lal 2009).
Altering this large terrestrial C pool, through land development, could lead to adverse global
affects. Consequently, much attention is paid to studying and monitoring land use practices.
In grassed systems, the soil holds approximately 90% of all C (Golubiewski 2006).

Initial work focused on soil C sequestration and increasing organic matter within the soil to



support crop growth, increase water retention, and enhance soil fauna diversity (Lal 2009).
For instance, the U.S. Department of Agriculture Conservation Reserve Program (CRP) turns
previously cultivated land into managed areas supporting perennial grasses to protect fields
from erosion and reduce nutrient loss. Accumulation of soil organic matter is a benefit, with
C sequestration rates estimated at 0.020 to 0.080 kg m?yr™* (Conant et al. 2001). Conant et
al. (2001) performed a global meta-data analysis and found grassland soils to have a mean
sequestration rate of 0.054 kg C m™ yr, which is very similar to the rate found for
unirrigated fescue by Qian et al. (2010), 0.052 kg C m™ yr'’. Carbon sequestration in grassed
systems is highly influenced by management techniques like nutrient amendments and
irrigation (Bruce et al. 1999). Stormwater control measures like bioretention cells (BRCs),
vegetated filter strips (VFSs) and vegetated swales are often grassed, but little study has

focused on the management of these SCMs for C sequestration.

1.4 CARBON VERTICAL DISTRIBUTION

The concentration of C within soil decreases with depth (Jobbagy and Jackson 2000;
Don et al. 2007). Scientists consider the surface horizon to be the initial 0.1 to 0.3 m of soil
(Conant et al. 2001; Pouyat et al. 2009; Golubiewski 2006). The surface horizon accumulates
C more rapidly due to vegetation production and decomposition, thus the rates of C
sequestration, at independent horizons, decrease with depth (Conant et al. 2001). Within
identical soils, a deeper sampling depth yields a higher C sequestration rate since more C
within the deeper profile is quantified, i.e. a 1m profile will always have a greater C

sequestration rate than a surface 0.2m profile, when assessed on an areal basis.



1.4.1 Organic and Inorganic Carbon

Soil contains both organic and inorganic C. Organic matter (OM), all living and dead
plant, animal and microbial mass, is incorporated into the soil to form SOM. Soil organic
carbon (SOC), is the “carbon content of SOM, which is usually around 50 to 60%”
(Rodeghiero et al. 2009). Soil inorganic carbon (SIC) is added to the soil through the
conversion of CO; to carbonic acid and subsequent carbonates of Ca*™ and Mg*? (Lal 2009).
The sequestration of SIC is a much slower process, 5-15 kg ha™ yr* as compared to SOC
sequestration at 100-1000 kg ha™* yr* (Lal 2009). Therefore, soil C sequestration is most

commonly associated with SOC rather than SIC (Post and Kwon 2000; Post et al. 2009).

Active SOC Modified Recalcitrant
SocC

Mineralization
<10

Figure 2: Basic processes of OM decomposition, with approximate turnover times
(years) where C is transferred to a new pool. C is also released during decomposition,
as microorganisms decompose the OM (Jastrow et al., 2007; IPCC, 2001).

Soil organic C is subdivided into smaller categories of similar structure. Turnover

time (T) or the mean residence time of C within a certain pool, distinguishes SOC categories.



Although SOC is a complex mixture of thousands of compounds, it is divided into three main
pools: active, modified and recalcitrant SOC (Figure 2) (IPCC 2001; Rodeghiero et al. 2009).
Active or “light” SOC is composed of detritus and is actively used and transformed through
plant, animal, and primarily microbial processes (IPCC 2001). Within 10-100 years through
microbial and fungal degradation, the active SOC is decomposed to modified SOC, and
depending on the soil mineralogy can become sorbed to the soil surface or incorporated into
the soil aggregates (Jastrow et al. 2007). Eventually, after approximately 100 years, the
remaining modified SOC undergoes humification and becomes stable recalcitrant SOC

(Jastrow et al. 2007).

1.5 CARBON STORAGE AND SEQUESTRATION

Carbon storage or sequestration is defined as transferring atmospheric C into a long-
standing pool so it is not re-emitted to the atmosphere over some period of time (Lal 2009;
Jastrow et al. 2007). In the terrestrial system, C storage occurs when greater C inputs from
biomass production outweigh C outputs from decomposition, leaching or erosion (Jobbagy
and Jackson 2000; Jastrow et al. 2007). No established temporal threshold exists for the
length of time C must be held in the system to be considered ‘sequestered’. The fastest rate
of C accumulation occurs just after vegetation is established (Post and Kwon 2000). As the
landscape continues to age the capacity to store and sequester C generally diminishes until it
reaches the saturation point. This soil C saturation point is reached at different points
depending on the vegetation, environment and soil physical properties, especially texture

(Post et al. 2009). For instance, the EPA (2005) estimates grasslands actively accumulate C



for 50 years, while forested systems sequester C for 120 years. Forested systems continue to
grow aboveground biomass contributing to overall C sequestration, while grassland systems
do not have this large plant biomass pool to store C and must rely on below-ground soil C

storage.

The areal C density (kg C m™) of soil is determined by the following equation
(Pouyat et al. 2009):

Cden = FBD*d*%C Q)
Where:

Cgen=areal C density (kg C m™)

FBD = fine bulk density (kg soil m™)

d=sample depth (m)

% C = percentage total C (kg C kg™ soil)

Carbon sequestration rates are determined by the change in areal C density with time
(kg C m? yr) (Pouyat et al. 2009; Golubiewski 2006). The duration of the study affects the
estimated sequestration rate. Carbon accumulates more rapidly in the early stages of
vegetation establishment as the system nears saturation the accumulation rate decreases.
Neill et al (1998) showed this in a pasture chronosequence; 5, 9, 20, 41, and 81-year-old
pastures have mean C sequestration rates of 0.304, 0.134, 0.061, 0.055, and 0.022 kg m? yr™,
respectively. The marginal decrease with respect to pasture age, indicating eventual C
saturation.

Soil organic C varies laterally and vertically throughout the soil profile depending on

environmental factors like climate, vegetative cover and topography. Detecting changes in C



density on a yearly basis is virtually impossible due to the heterogeneity of C throughout the
soil (Post et al. 2001). Background levels of C stocks are larger and easier to identify than C
sequestration rates in the soil. For example, in grasslands, soil C has been estimated to
accumulate 0.054 kg C m™ yr* while background SOC levels are found to be roughly 4.8 kg
C m? in temperate regions (Conant et al. 2001; Jobbagy and Jackson 2000; Conant and

Paustian 2002a).

1.6 EFFECTS ON C STORAGE

Carbon remains in different pools for various lengths of time. Many confounding
factors affect soil C levels and T, but ultimately SOC densities are determined by two factors:
biomass production and OM decomposition (Post and Kwon 2000). Biomass production has
a positive feedback loop, while OM decomposition has a negative feedback loop to SOC
levels. Chief influences upon biomass production and accumulation include: climate,
abundance and type of biomass, soil type and structure, nutrient availability, physical
disturbance and land use management (Jobbagy and Jackson 2000; Post and Kwon 2000;
Jastrow et al. 2007).

Warm and moist environments generally accelerate decomposition rates, yet excess
rain and ponded water leading to anaerobic conditions can inhibit decomposition. Favorable
climatic conditions yield dense, rich biomass that produces higher levels of SOC, assuming
the biomass is not harvested. Also, the soil’s aggregate structure - entanglements of soil
material like microbial debris, clays, and other organic material that provide structure and

pore space in soils- are important in SOC dynamics (Jastrow et al. 2007). The physical



protection of the soil facilitates aggregate formation and stabilization sites advantages for
SOC accumulation. Consequently, land disturbances diminish C storage and sequestration.
Preserving native vegetation protects soil and its aggregate structure responsible for retaining
C within the soil. Converting native vegetation to cultivated landscapes exposes soils to air
where SOC is oxidized to CO, and released to the atmosphere (IPCC 2007). Additionally, if
agricultural fields are harvested the biomass is removed from the area which, reduces inputs

of organic matter and SOC (Post and Kwon 2000).

1.7 STORMWATER CONTROL MEASURES AND C STORAGE

Recently, a push towards low impact development has expanded the use of vegetated
SCMs like BRCs, constructed wetlands, VFS’s, and VSs in the urban and transportation
environment (Hager 2003). Stormwater control measures are known to treat nutrients,
sediment, bacteria, and hydrocarbons in stormwater runoff (North Carolina Division of
Water Quality 2007 ; Hsieh and Davis 2005; Hathaway et al. 2009). They have also been
shown to reduce the hydrologic impacts of urban development (Hunt et al. 2010; D'Arcy and
Frost 2001). However, the C sequestration potential of these systems is largely unquantified
or unknown.

Few studies have focused on C accumulation within SCMs. The SCMs expected to
sequester the most C are (listed in descending order): constructed wetlands, wet ponds,
bioretention cells, vegetated swales and filter strips, and greenroofs (Moore 2011). Table 1
presents literature values obtained for SCMs; grassed SCM values are based on assumed

rates that are not specifically associated with that practice.



Transportation corridors are among the most common land uses in urban areas. Many
roadways are bordered by a grassed or vegetated area that buffers roadways from nearby
infrastructure and also treats runoff from the pavement. In most cases, this border consists of
a VFS and VS that trap sediment bound pollutants and conveys the stormwater elsewhere
(Hunt et al. 2010; Krutz et al. 2005; Schmitt et al. 1999; Barrett et al. 1998; Winston et al.
2012). The VES/VS is ubiquitous across the urban landscape and within transportation
corridors and deserves closer inspection for additional ecosystem benefits like C

sequestration.

Table 1: SCM C sequestration rates from literature. Wetland and wet pond rates are the only
practices investigated by a field study with quantifiable data.

SCM Sequestration rate Reference
kg Cm?Zyrt
stormwater wetland 0.18-0.19 Anderson and Mitsch, 2006
0.30 Euliss et al., 2006
wet pond 0.08 Moore et al., 2012
bioretention cell 0.06 Moore 2011, DOE, 1998

grass bioretention cell 0.05 Conant et al., 2001; Qian et al., 2010
grass filter strip (VFS) 0.05 Conant et al., 2001; Qian et al., 2010
grass swale (VS) 0.05 Conant et al., 2001; Qian et al., 2010

1.8 ROADSIDE ENVIRONMENT

North Carolina has the largest state-maintained highway system stretching over

125,000 km (“Roadside vegetation management”). The linear environment is disturbed and
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considered unnatural, consequently little study has focused on C accumulation in roadside
soils (Rentch et al., 2005). Roadway construction typically begins by initially stripping away
existing vegetation and soil, then grading the roadway and shoulder. Sometimes the soil is
non-local mixed fill. Following compaction, which is needed for structural roadway support,
the pavement is placed and vegetation is established along the highway shoulder with seed
mixes (McLaughlin and Bartholomew 2007).

Common SCMs in the roadway environment include: VFSs, dry swales, and wet
swales. Vegetated filter strips are engineered grass filter strips, which facilitate sheet flow
and trap sediment and pollutants as they treat runoff from impervious areas (Line and Hunt
2009a; Wu et al. 1998). Grassed swales are broad open channels that receive sheet flow from
the VFS and convey stormwater to a watercourse (Winston et al. 2012). These vegetated
filter strip swale systems, VFS/VSs, allow for pollutant removal through infiltration and
biological uptake (Winston et al. 2012; Yu et al. 2001). The grassed swale (Figure 3) may
exhibit wetland characteristics due to high water tables and sufficient precipitation to be
further classified as a wetland swale (Figure 4). Wetland swales are dominated by
hydrophilic vegetation and hydric soils (Winston et al. 2012). A wetland swale, like a
wetland, facilitates biomass production while limiting decomposition within the saturated
and ponded areas (Line and Hunt 2009; Lenhart and Hunt 2011; Moore and Hunt 2012;

Lenhart et al. 2012). These are ideal conditions to foster C accumulation.
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Figure 3(left): VFS and dry swale bordering NC highway.
Figure 4(right): VFS and wetland swale bordering NC highway.

1.8.1 Grasses May or May Not Accurately Represent Roadway VFS/VSs

The U.S. Department of Transportation (DOT) Federal Highway Administration
established the Carbon Sequestration Pilot Program (CSPP) in 2008, to assess the cost-
effectiveness and feasibility of implementing programs designed to sequester C along
roadways (FHWA 2010). Through GIS analysis the CSPP identified existing ROW area and
vegetation cover along the U.S National Highway System. The DOT estimates the National
Highway System (NHS) stretches over 262,000 km with approximately 2 million ha of ROW
borders (FHWA 2010). Based on a literature review, the CSPP represented the ROW
vegetation cover types — grassland, forest, and mixed use — with sequestration rates. Table 2

lists the assumed rates of C sequestration along the linear roadway.
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Nationally, over 9,000 sq. km were classified as grassed ROWs, or VFS/VSs, and
assigned a value of 0.17 kg C m™ yr*, which was the C offset rate used in the Chicago
Climate Exchange (CCX) permanent grassland planting program (FHWA 2010). This
results in an estimated 1.5 million tons C yr sequestered by ROW grasslands, like VFS/VSs.
The assumed rate of 0.17kg C m? yr™ is three times the rate of C sequestration for other

grasslands 0.054 kg C m™? yr (Conant et al. 2001).

Table 2: FWHA Carbon Sequestration Pilot Program values of national ROW cover and C
sequestration rates (FHWA 2010)

NHS ROW Area % of | Sequestratio Total AgeatC | Assumed
Cover 10° ROW n rate tons 10°C | saturation age
hectare kg C m2yrt yrt yr yr
Paved 647 29 0.00 0 0 0
Grassland 894 40 0.17 1,547 50 25
Deciduous Trees 194 9 0.53 336 50 25
Coniferous 119 5 0.56 649 120 25
Trees
Mixed Woody & | 223 10 0.55 1,215 120 25
Grass
Shrub 158 7 0.17 273 50 25

The roadside environment has not been field studied for soil C content. While
grassland and turf systems have been monitored and documented, roadside VFS/VSs have
not. When roads are constructed, the surrounding shoulder area may be graded with mixed
subsoil material or fill brought in from other areas (McLaughlin and Bartholomew 2007).

These additional variables make it difficult to predict how the VFS/VS will accumulate C,
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leading to the interest to better quantify and characterize C sequestration potential in the
linear environment.

If no quantifiable data were present for a land use, like roadway VFS/VSs, it would
be appropriate to choose a surrogate vegetation type to represent C accumulation. Turf and
grassland studies from the literature (Table 3) would assume VFS/VSs sequestered C at rates
of 0.003 to 0.09 kg C m™? yr*, while the FHWA chose a rate of 0.17 kg C m? yr* (FHWA
2010). However, these approximations may not be appropriate. Vegetated filter strip and
swales within the ROW are constructed on mixed subsoil and receive direct stormwater
runoff from the adjacent highway (Winston et al. 2012). This is far different than typical
grasslands that receive only direct rainfall, atmospheric nutrients, and are usually not situated
on mixed or compacted soils. C sequestration rates vary across regions and a universal value
for a specific land use is not available (Table 3). Moreover, none of the literature values are

specific to roadways.
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Table 3: Various C sequestration rates for grass systems collected from the literature

deoth Sequestration
Reference Land Use P Rate
m 2
kgCm
Pouyat et al. Residential Turf 0-0.20 0.09
2010 ' '
Residential Turf 0-1 0.18
Grassland 0-1 0.03
Qian and Follet Managed turf golf course 0.11 0.09
2002
Qian et al. 2010 Turf -unirrigated fescue 0-0.2 0.052
Turf -irrigated fescue 0-0.2 0.074
Golubiewski .
2006 Residential Turf 0-0.2 0.072
Gebhart et al. Grassland (Conservation Reserve 0-0.4 0.08
1994 Program)
Conant et al. Grassland (Conservation Reserve 0.02 - 0.08
2001 Program)
Cong(r)\(tﬁat al. Meta-data of global grasslands 0-0.32 0.054
Burke et al.
1995 Grassland 0.1 0.003

1.8.2 Pollutant Contamination in Roadside Soils
The ROW is a harsh area where pollutants, heavy metals and polycyclic aromatic

hydrocarbons (PAHS), enter the roadside environment through vehicle breakdown (engine,
tires, brakes), leaking of oils and coolants, road degradation and application of deicing salts
(Wild and Jones 1995). Asphalt degradradation adds to PAH accumulation in soils

(Bohemen and Janessen 2003). Polycyclic aromatic hydrocarbons are a large class of semi-
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volatile lipophilic organic chemicals that are recognized as priority pollutants by the EPA for
their carcinogenic properties (DiBlasi et al. 2009). Polycyclic aromatic hydrocarbons are
ubiquitous throughout the environment and occur both naturally and also from anthropogenic
processes such as vehicle emissions (Wild and Jones 1995).

Since PAHSs are sediment-bound they are deposited along the roadway and
accumulate in road dust and soils. Polycyclic aromatic hydrocarbons persist within soils
from days to years depending on the nature and composition of the specific PAH and the
environmental conditions (Wild and Jones 1995). Biological degradation, where
microorganisms utilize the C in PAHSs as their main fuel source, is the main removal
mechanism for PAHs from the environment is (Wild and Jones 1995).

Heavy metal and PAH concentrations decrease with distance from roadway, and
elevated concentrations have been seen 0.4 m below the surface (Pathirana et al. 1994;
Lagerwerff and Specht 1970). In urban soils background levels of PAHSs are approximately
4.2 mg kg™, while those in roadways range from 0.2 to 36 mg kg™ (Wild and Jones 1995;
Bohemen and Janessen 2003). Traffic density affects PAH distribution; the more heavily
traveled roadways produce higher levels of PAHs within roadside soils (Bohemen and
Janessen 2003).

No apparent studies have quantified both total C and PAH concentrations within
roadside soils. The dry combustion method used to identify total C concentrations combusts
all forms of organic C, regardless of origin; thus, using this method it is not possible to

discern C sequestered by vegetation versus that “artificially” deposited from road traffic.
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The presence of PAHs within roadside sediment and soil could elevate total C results, if a

loss on ignition method was used to determine % total C.

1.9 CARBON SEQUESTRATION VS. CARBON NEUTRAL

All C accumulation is not equal. While the magnitude of C accumulation is
important (e.g., 0.4 kg C ha™ yr* versus 40 kg C ha™* yr%), not all accumulation begins at the
same starting point. Consider a tropical ecosystem initially at 200 Mg C ha™ in aboveground
biomass, which is then cleared and converted to grassland pasture (Conant et al. 2001). The
new grassland soil gained 43 Mg C ha™* in 23 years, but this is still a net loss since only 21%
of the initial 200 Mg C ha™ is reclaimed by soil accumulation (Conant et al. 2001). The
study herein does not directly measure or account for C lost due to biomass removal, CO,
emissions from mowing, or the construction phase of the roadway.

2. RESEARCH OBJECTIVES
Currently, there are little to no C density or sequestration data available for roadside

SCMs. Consequently, establishing baseline soil C density and accumulation rates is the main
goal of this research. The rate assumed by the FHWA, 0.17 kg C m™ yr, is three times the
rate of C sequestration for other grasslands 0.054 kg C m? yr (Conant et al. 2001). The
primary objective of this study was to quantify C densities and determine if VFS/VSs within
the roadside environment possess soil C sequestration potential. Two additional objectives
were to determine whether physiographic region affected the ability of VFS/VSs to sequester
C, and if wetland swales (WS), or swales with wetland hydrology and vegetation, offered

greater potential for C sequestration than dry swales.
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3. MATERIALS AND METHODS
3.1 STUDY AREA

This study focused on the grassed VFS/VS combination that borders major four-lane
divided highways, in central and eastern NC. In the Coastal Plain the high water table and
abundant rainfall facilitate wetland swale formation in what would otherwise be a dry swale
(Figures 3 and 4). Thus, wetland swales were also compared to their dry counterpart, the dry
swale.

North Carolina is divided into four level I11 ecoregions, or physiographic regions,
defined by the EPA: Piedmont, Blue Ridge, Middle Atlantic Coastal Plain, and Southeastern
Plain (Griffith et al. 2002). This study focused solely on the Piedmont and Middle Atlantic
Coastal Plain (hereafter referred to as Coastal Plain) physiographic regions. The Piedmont
region transitions from the Appalachian mountains in the west towards the low-lying Coastal
Plain in the east. Irregular plains and low to high hills characterize this region, with low to
moderate gradient streams. The Coastal Plain region is flatter and more poorly drained than
the Piedmont region, and has low gradient sandy bottomed streams (Griffith 2002).

Since soil type and structure affect C sequestration (Post and Kwon 2000; Jastrow et
al. 2007), the sampling regions were further narrowed by soil system type. Sites in the
Piedmont were selected from the mixed mafic and crystalline soils; while in the Coastal Plain
lower coastal plain (Wicomico-Talbot) soil system was used. The mixed mafic and
crystalline soils were dominated by clayey soils, while the lower coastal plain soils are

predominately sandy (Griffith 2002). Clayey soils have a higher cation exchange capacity
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(CEC) which generally allows the soil to accumulate C more readily than sandy soils

(Jastrow et al. 2007). However, the slightly higher annual precipitation in the Coastal Plain

may also benefit C accumulation in this region (Table 4).

Table 4: Annual average physiographic and climatic features in the Piedmont and Coastal
Plain (NCDC, 2012).

Elevation Annual Annual Summer Winter
Above L
Precipitation | Temperature | Temperature | Temperature
Sea Level o o o
m mm C C C
Piedmont 0.21 1176.02 15.67 25.44 5.56
C&?itnal 0.01 1347.98 16.22 25.39 19.67

3.2 SITE SELECTION

Roadside VFS/VSs of different ages within the Piedmont and Coastal Plain were

sampled to evaluate C accumulation within the soil. A main goal of this study was to

characterize C accumulation over time within the linear environment. Hence, many sites of

various ages throughout North Carolina were selected instead of continuously monitoring

one site’s progression over several years. In soil literature this common practice is termed a

chronosequence where space is substituted for time and related soils are believed to be

comparable based on climatographical features (Vreeken 1975).
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Using ArcGIS, each site was identified and systematically sampled from May to July
2011. Roadway ages were discerned from NCDOT GIS data, which listed the date of
construction or most recent road repair. Site age is considered to be the years since VFS/VS
vegetation establishment, so construction dates were selected as the time zero. Additionally,
if a roadway underwent major reconstruction altering the VFS/VS, this date was substituted
as time zero. Major reconstruction was defined as major overhaul including pavement
removal, new lane addition, or new road construction. Temporal distribution of sites was
needed to represent roadways of various ages, thus age classification groups were established
prior to site selection. The VFS/VS and wetland swale sites were grouped in age classes 1
(0-5 years), 2 (6-15 years), 3 (16-25 years), and 4 (>26 years). Within each age group 5
VFS/VS sites were selected. Figure 5 displays the selection criteria. An additional 20

wetland swale sites were sampled in the Coastal Plain region (Figure 6).

In the Piedmont, the mean ages for the 1, 2, 3, and 4 age classes were 4, 11, 19 and
32, respectively. Mean ages in the Coastal Plain for the 1, 2, 3, and 4 age classes were 4, 13,
19, and 34 years, respectively. Wetland swale sites within the Coastal Plain had mean ages
of 5, 11, 20, and 32 years, for age classes 1, 2, 3 and 4, respectively. Tables 5 and 6 list the

age classes and construction date of VFS/VS and WS sample sites within both regions.
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Figure 5: VFS/VS and wetland swale site selection criteria used.
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Table 5: Sample sites from the Piedmont and Coastal Plain, where the sampled roadway is
given along with the date of construction listed from the ArcGIS analysis. Road age is given

in years.
Piedmont VFS/VS Sites Coastal Plain VFS/VS Sites
Age Class | Road | Construction date | Road age | Road | Construction date | Road age
UsS-70 2008 3 NC-55 2010 1
1 1-485 2008 3 1-140 2006 5
(0-5 yrs) 1-40 2008 3 us 17 2006 5
US-1 2007 4 uS-17 2006 5
1-85 2006 5 US-74 2006 5
1-85 2004 7 NC-33 2001 10
1-40 2004 7 uS-17 2000 11
(6-12 yrs) 1-485 2000 11 US-13 1999 12
US-1 1997 14 US-64 1997 14
1-440 1996 15 NC-24 1996 15
1-440 1994 17 US-264 1994 17
3 US-64 1992 19 US-64 1993 18
(16-25 yrs) | US-52 1991 20 uS-17 1992 19
US-1 1991 20 NC-24 1991 20
1-85 1984 27 US-74 1990 21
US-311 1983 28 UsS-17 1980 31
4 1-40 1982 29 US-117 1978 33
(26+yrs) | US-264 1977 34 NC-24 1977 34
US-421 1975 36 US-13 1977 34
1-77 1974 37 US-264 1973 38
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Table 6: Sample wetland swale sites from the Coastal Plain, where the sampled roadway is
given along with the date of construction listed from the ArcGIS analysis. Road age is given

in years.
Road | Construction Date | Road age
us -17 2008 3
NC -55 2007 4
(0_51yrs) US 17 2006 5
US 17 2006 5
USs 17 2006 5
us -17 2000 11
2 US 17 2000 11
(6-15yrs) | us17 2000 11
US 74 1996 15
US - 64 1993 18
US-13 1992 19
NC - 24 1991 20
3 us 74 1991 20
(16-25yrs) | us 74 1991 20
US 24 1991 20
1 40 1990 21
140 1986 25
1 40 1985 26
140 1985 26
6 +‘;ears) Us 17 1980 31
NC - 24 1977 34
NC - 70 1967 44
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Figure 6: Sample site locations. The regions moving left to right are: Blue Ridge, Piedmont
and Coastal Plain. The black squares are VFS/VS sites in the piedmont; the red circles are
VFES/VS sites in the coastal plain; the blue triangles are wet swale sites in the Coastal Plain.

3.3 SAMPLING DESIGN

Each site is comprised of a VFS leading into a swale, except in the case of wetland
swales, which were sampled separately. Sites were visually surveyed to verify that no
threats, such as lack of visibility or construction, endangered the sampling crew. Next, the
site was photographed toward traffic flow, against traffic, perpendicular to traffic, and along
the VFS and swale. The length of the VFS from edge of pavement (EOP) was recorded and

transects were staked with flags before sampling.
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Two transects, 1 m apart, were established at each VFS/VS site (Figure 7). If a paved
emergency lane at least 1 car width bordered the roadway, the first sample point was 0.5 m
from EOP, but if no shoulder were present, position 1 was moved further away for safety
concerns (1.5 m from EOP). After position 1 was established, the remaining sample points
were spaced equidistantly down to the swale invert. Posistions 1 through 3 were in the VFS,
while posistion 4, taken at the swale invert, represented the swale (Figure 7). At each sample
location, soil cores were taken at 0-0.1 and 0.1-0.2 m depths. Since samples were taken at
two depths, each VFS/VS site consisted of n=16 soil cores, and each wetland swale (position
4) had n=4 soil cores. Therefore, a total of 640 VFS/VS soil cores could be obtained.
However, due to compaction of roadside soils, 32 soil cores at the 0.1-0.2 m depth were not
extractable. Thus, the complete data set consisted of 608 VFS/VS and 88 wetland swale

cores, which totaled 696 of a possible 728 soil cores.
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Figure 7: Site sampling regime, where position 1 is closest to the roadway. Positions 1, 2
and 3 constitute the VFS. Position 4 represents the swale or wetland swale. At each
position two soil cores were taken at 0-0.1 m and 0.1-0.2 m depths. (Figure not drawn to
scale)

Following initial site survey, the length of the VFS was recorded and flags were
established at each sample position (Figures 8a and 8b). The initial layer of vegetation and
thatch was removed and an AMS hammer corer (ring diameter of 5 cm; AMS American

Falls, Idaho, USA) was used to capture an intact soil core (Qian et al. 2010) (Figure 8c).
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Figure 8a (left): Measuring length of VFS from EOP.
8b (top right): VFS transect staked with flags to denote separate sampling locations, where
position 1 is closest to the roadway and position 4 denotes the swale.
8c (bottom right): AMS hammer corer used in soil sample collection.

27



Samples were taken at depth 1 (0-0.1m) and then a pit was dug approximately 0.1m
below soil surface and soil cores were taken at depth 2 (0-0.2m) (Figure 9a). Once the intact
core was extracted from the hammer corer it was cut flush with the edge of the aluminum
core and capped with polyethylene lids (Figures 9b and 9c). The samples were then

transported to the laboratory for further analysis.

o RISES o

Figure 9a (left): Excavation of initial 0-0.1m profile so sample at depth 2 (0.1-0.2m)
could be obtained.
9b (top right): Cutting soil core flush with surface.
9c (bottom right): Polyethylene capped soil core prepared for transport back to
laboratory.
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All analyses were performed on individual cores, except for soil texture, where
matching positions of each transect at matching depth (position 1 with position 1 at 0-0.1 m
depth) were composited at each site. For bulk density measurement, the cores were oven-
dried at 105°C over a 24-hour period and weighed (Blake and Hartge 1986). Carbon is only
accumulating in the soil, not the rock or gravel fragments found within roadside soils.
Consequently, fine bulk density was also determined to quantify the mass per volume of fine
fraction soil <2 mm. Fine bulk density was determined as the mass of fine fraction (< 2mm)

per volume (Golubiewski 2006).

Next, each core was ground and sieved to less than 2 mm. Approximately 150 g of
the ground sample was removed for chemical analysis of pH, cation exchange capacity
(CEC), and major and micro plant nutrients (P, K, Ca, Mg, S, Cu, Mn, Zn). These were
measured by the North Carolina Department of Agriculture and Consumer Services

(NCDA&CS) (Raleigh, NC, USA).

A subsample was taken from the 2 mm fine fraction, and further ground to less than
250 um and analyzed for total % total C (kg C kg™ dry soil), which was measured at the
NCSU Environmental and Agricultural Testing Services (EATS) lab (North Carolina State
University Raleigh, NC, USA) through dry combustion at 550°C with a Perkin-Elmer 2400
CHN Elemental Analyzer (Golubiewski 2006). Figure 10 displays the analytical equipment

used in this laboratory.
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Figure 10: Perkin-Elmer 2400 CHN Elemental Analyzer used for % total C analysis (picture
courtesy of NCSU EATS laboratory).

Percentage total C was assumed equal to organic C since soils within the Piedmont
and Coastal Plain regions of NC are generally acidic, and noncalcareous (Moore and Hunt
2012; Buell and Markewich 2004). A test for the presence of inorganic C was conducted on
a Coastal Plain site, where carbonate would most likely be present. Approximately 2ml of
4.0N HCL solution was added to a roughly 20 g soil sample and observed for a reaction
between the carbonate and acid (Nelson and Sommers 1982). The HCL did not react with
the samples and no effervescence was observed; thus, the organic C, or total C analysis
proceeded. Additionally, each transect at each depth was composited for particle size
analysis via the hydrometer method, and then assigned to a texture class based upon USDA

classification (Gee and Bauder 1986).
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3.5 CARBON ACCUMULATION

This research utilized a soil chronosequence to discern how the variable of interest, C
density, behaves with respect to time. The areal C density (kg C m™) of each soil core was
determined by equation 1 in Section 1.5 (Pouyat et al. 2009). To estimate rates of C
sequestration the C densities were regressed with VFS/VS or WS age (Golubiewski 2006;
Neill et al. 1998). This is a convenient methodology when long term monitoring and data

sets are not available.

3.6 STATISTICAL ANALYSES

In comparisons of C density values, sample depth is critical; a deeper sample depth
will yield a higher areal C density value, and thus comparisons should be made at uniform or
comparable depths. For this reason, any unobtainable samples at depth 2 (0.1 to 0.2m) were
assigned values based on the following data interpretation. The complete data set was
analyzed for differences between depth 1 and depth 2. In the Piedmont C density within
depth 2 was 50% of that in depth 1, thus any missing data at depth 2 was assigned a value of
50% the C density in depth 1. Carbon density of depth 2 in the Coastal Plain was 70% of
that in depth 1; missing data at depth 2 was assigned a value of 70% that in depth 1. The
distribution of C density is known to decrease with depth, and these scalars are similar to
those literature values (Pouyat et al. 2009; Jobbagy et al. 2000).

The SAS © 9.2 software was used to test the effects of site factors (Table 7) upon the
response variable, areal C density. Due to physiographic, soil, and climate differences

between the two regions, the statistical analyses were performed on the Piedmont and Coastal
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Plain independently. Due to evidence of homogeneity of variance, these data were log
transformed to stabilize variance (Shapiro-Wilk p-values were >0.05 for residuals of all
datasets). Using SAS 9.2 ©, the PROC MIXED type Il model was used to fit the data and
make statistical inferences; significance was established at o = 0.05. In a mixed model the
data are permitted to exhibit correlation and non-constant variability. This is a common
procedure used when the experimental units on which the data are measured can be grouped
together, and the grouped data may be correlated. This allows nesting within groups and
hierarchy to exist within the experiment. The VFS/VS “site” parameter was treated as a
random effect, with age class nested within a site. Analysis of variance (ANOVA)

determined which factors and interactions were significant.

Table 7: Factors considered in analysis of C density within VFS/VS and WS systems.
Analysis of variance was conducted independently within each region.
Factor | No. of levels | Range of level within Region (in years)
Age Class 4 1(0-5), 2 (6-15), 3 (16-25), 4 (26+)
Position 4 1,2,3,4

Utilizing SAS 9.2 © estimates of C sequestration rates and maximum C densities
were made using simple linear regression (PROC GLM) and segmented linear regression
(PROC NLMIXED and PROC NLIN) where each site was regressed with actual site age, not
age class. The models were evaluated to determine the most appropriate representation of C

density accumulation. The linear regression equation is as follows:
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Cpenx = Cpeno + Cseq*Age 2

Where

Coenx = C density (kg C m™) at site age = x years

Coeno = Baseline C density (kg C m™) at site age = 0

Cseq = C sequestration rate (kg C m? yr™)

Age = Site age (yr)

Segmented linear regression, or piecewise regression, splits the independent variable
in multiple intervals where separate line segments are fit to each interval. A breakpoint
defines the point where the relationship between the x and y variable changes. In this
analysis the x variable is site age and C density is the y variable; thus the breakpoint signifies
the site age where C density no longer follows the same trend, or slope, of earlier data. If the
data show signs of plateauing an additional plateau parameter constrains the y variable to

remain constant over the specified interval. The linear segmented regression equations are as

follows:
Cpent = Cpeno + Cseq*Ager (3)
Cpen2 = Plateau (4)
Where

Coen1 = C density (kg C m™) when site age < breakpoint age
Coeno = Baseline C density (kg C m™) at site age = 0
Cseqr = C sequestration rate (kg C m™ yr™) when site age < breakpoint age

Age; = Site age (yr) < breakpoint age
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Coenz = C density (kg C m™) when site age > breakpoint age

Plateau = Maximum C density (kg C m™)

Equation 3 quantifies C density prior to reaching C saturation, and equation 4
quantifies the plateau effect signifying C saturation in older sites. The PROC NLMIXED
procedure assumes a normal distribution. The PROC NLMIXED procedure fits parameter
estimates by maximizing an approximation to the likelihood integrated over the random
effects. Therefore parameter estimates, like the breakpoint, are determined upon successful

convergence of the optimization problem in PROC NLMIXED.

Local residential grassland and turf samples collected from the NCDA&CS were also
compared to the VFS/VSs in this study. All comparisons were made with non-parametric

analysis utilizing the Wilcoxon rank-sum test (Golubiewski 2006).

3.7 SITE CONDITIONS

This study focused on major four-lane highways where site conditions, like
climatology, precipitation, management, and traffic density were assumed homogeneous. The
design and construction of major four-lane highways was expected to be consistent
throughout this study. Vegetative coverage is not expected to be 100% (Barrett et al. 2004)
since shoulder traffic and low mowing can suppress plant growth and expose bare soil in
roadways. However, almost all sites had less dense vegetation nearest the roadway, likely

due to observed wheel ruts from car traffic or mower damage.
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3.7.1 Average Soil Characteristics
Tables 8 and 9 describe the average values and standard deviations (Std devs) of site

and soil chemical conditions observed in this study; additional individual sample results are
found in Appendices A and B. Sandy loams approximately 50 - 70% sand, 0 - 50% silt, and
15 - 20% clay were associated with the Piedmont, with loamy sands approximately 70 - 85%
sand, 0 - 30% silt, and 10 - 15% clay common to the Coastal Plain (Schoeneberger et al.
1998). Cation exchange capacity (CEC) was greater in the Piedmont region, which was
expected, since sandy soils tend to have lower CEC than clays and loams (Sposito 2008).
Soils are commonly found to be acidic in the Piedmont (Hodges 2010), but these roadside
VFS/VSs are almost neutral at pH 6.41 (Table 9). The Coastal Plain sites had a slightly more

acidic average pH at 5.91 (Table 9).
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Table 8: General site characteristics observed in this study within the Piedmont and Coastal

Plain regions.
Site Age Texture Bulk Density Fine B.UIK
3 Density
years USDA gcm -3
gcm
Mean | Std dev Mean Mean | Stddev | Mean | Stddev

Piedmont | 17.00 | 12.07 Sandy Loam 1.65 0.19 1.43 0.20
lela;itna' 1700 | 11.03 | LoamySand | 177 | 018 | 159 | 0.8

Table 9: General soil chemical characteristics observed in this study within the Piedmont and
Coastal Plain regions.
Ph CEC B P B K B
meq 100cc mg dm mg dm
Mean | Std dev | Mean | Std dev | Mean | Std dev | Mean | Std dev
Piedmont | 6.41 | 1.05 |12.25| 13.88 |14.33 | 9.27 |61.93| 3481

C&?,\Sitnal 592 | 1.09 |10.25| 7.30 |45.84| 34.35 | 59.05| 86.00

Potassium (K) levels were comparable in Piedmont and Coastal Plain sites. The
NCDAA&CS has established soil test index values (very low, low, medium, and high) based
upon soil conditions to generalize the soil nutrient potential for crop yield and production. A
low index indicates the soil is not well suited for crop production and is in need of fertilizer;
a high index suggests that no additional fertilizer is needed (Tucker and Rhodes 1987). The

Piedmont had lower average phosphorus (P) throughout the soil (14.33 mg dm™) than the
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Coastal Plain (45.84 mg dm™). Following conversion factors from the NCDA&CS, the P
index in the Piedmont would be considered ‘low’; the P index in the Coastal Plain soils
would be considered medium (Tucker and Rhodes 1987). The potassium levels within the
Piedmont (61.93 mg dm™) and Coastal Plain (59.05 mg dm™) were quite similar. Both

regions were classified as having a medium K index in NC (Tucker and Rhodes 1987).

3.7.2 Average Bulk Density of Sites
Bulk density is always greater than FBD. Roadway soils were found to be rocky and

filled with coarse gravel from roadway construction (Figure 11), thus FBD values were
substantially lower than BD (Table 8). In the Piedmont FBD is approximately 87% of total
BD, indicating roughly 13% of the total soil core is rocks and coarse material. In the Coastal

Plain FBD is approximately 88% of total bulk density.

Figure 11: Large rocky debris found within roadway soil profile.
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Most large rocks and gravel were found closest to the roadway, i.e. position 1, but
were also present at all VFS/VS sample locations. Compared to example grassland and turf
BD values 1.1 and 1.29 g cm™, respectively, these roadside VVFS/V/Ss had relatively high BD
values (Golubiewski 2006; Conant and Paustian 2002b). High BD values are associated with
soil compaction function (USDA 2001). High compaction reduces pore space, water
movement, and water storage within the soil profile, which hinder plant growth and
consequently C allocation into the soil. The VFS/VSs within the Piedmont were typically on
sandy loam soils, where the root-restricting bulk density is 1.75 g cm™ (USDA 2001). In the
Coastal Plain the VFS/VSs were associated with loamy sand soils, which have a root-
restricting bulk density of 1.70 g cm™ (USDA 2001).

Overall, the typical BD in the Piedmont (1.65 g cm™) is less than the root-restricting
bulk density given by the USDA, and would not seem to adversely affect plant growth.
However, these are mean values, adverse compaction would have likely occurred at locations
closer to the road surface. For instance, positions 1 and 2 in the Piedmont had higher BD
values than positions 3 and 4, which were located further from the roadway (Table 10). The
values measured for positions 1 were near the threshold value of 1.75 g cm™ (USDA 2001).
In general positions nearest the roadway were less well vegetated, possibly due to
compaction.

Within Coastal Plain VFS/VSs the mean BD, 1.77 g cm®; is higher than the root-
restricting BD of 1.70 g cm™ defined by the NRCS (USDA 2001). This indicates vegetation

root development may be negatively affected by high bulk densities. Similar to the
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Piedmont, BD values are higher when nearer the roadway (Table 11). FBD will be discussed
for the remainder of this document, as this is the fraction of soil containing fine sediment that
accumulates C.

Table 10: Piedmont mean bulk density (BD) values in 0-0.2 m profile, where 0-0.1 m horizon
and 0-0.2 m horizon were averaged together at coincident positions within a site. At each
age class and sample position combination n=10.

Position 1 Position 2 Position 3 Position 4
Mean Std Dev | Mean Std Dev | Mean Std Dev | Mean Std Dev
Age Class1 | 1.78 0.23 1.73 0.15 1.69 0.22 1.62 0.27
AgeClass2 | 1.71 0.23 1.73 0.07 1.67 0.06 1.60 0.12
Age Class 3 | 1.69 0.17 1.65 0.12 1.52 0.17 1.32 0.15
Age Class 4 | 1.76 0.13 1.70 0.14 1.58 0.11 1.51 0.13

Table 11: Coastal Plain mean bulk density (BD) values in 0-0.2 m profile, where 0-0.1 m
horizon and 0-0.2 m horizon were averaged together at coincident positions within a site. At
each age class and sample position combination n=10.

Position 1 Position 2 Position 3 Position 4
Mean Std Dev | Mean Std Dev | Mean Std Dev | Mean Std Dev
AgeClass1 | 1.85 0.11 1.73 0.07 1.71 0.09 1.62 0.12
Age Class 2 | 1.93 0.20 1.86 0.13 1.87 0.23 1.68 0.25
Age Class 3 | 1.83 0.12 1.69 0.13 1.68 0.15 1.66 0.12
Age Class 4 | 1.75 0.13 1.66 0.16 1.57 0.25 1.62 0.09
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3.8 CARBON DENSITY IN ROADWAY SOILS
The mean areal C density of the 0.2 m depth of VFS/VSs within the Piedmont and
Coastal Plain were 2.55 and 4.14 kg C m™, respectively. The ranges of values (Figure 12)

are likely due to site age and local site conditions.
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Figure 12: Boxplot of C density of initial 0-0.20m depth within VFS/VS sites of the
Piedmont and Coastal Plain.

40



3.8.1 Carbon Density Literature Comparison
Because VFS/VSs are grassed systems, engineers and scientists, have assumed that

VFS/VSs have similar C densities to turf or grasslands. This is the methodology employed
by the FHWA (2010) when they assigned a surrogate C sequestration rate to roadside
VFS/VSs equal to grasslands. This study investigated whether surrogate landuses, like turf
and grassland, represent roadside VFS/VSs. Table 12 lists typical C density values found in
literature and those of this study.

Considerable variation exists within land use and across regions; therefore, direct
comparisons should be made with care since methodologies among studies are not the same.

The range of values reported for grassland and turf coincide. However, the upper
ranges reported for turf (5.0 — 6.7 kg C m™®) (Kaye et al. 2005; Golubiewski 2006; Pouyat et
al. 2009) exceed those of grasslands (4.07 — 4.8 kg C m™) (Jobbagy and Jacskon 2000; Unger
2009), and C density of turf is likely higher than grasslands (Pouyat et al 2009). Mean C
density of Piedmont VFS/VSs is below all turf and grassland values reported, except the
lowest C density of residential turf 2.0 kg C m™ (Pouyat et al. 2009). The mean C density of
Coastal Plain VFS/VSs is within the reported grassland and turf ranges, but does not exceed
the upper values reported for turf (Kaye et al. 2005; Golubiewski 2006; Pouyat et al. 2009).
Therefore, it is likely that representing roadside VFS/VSs as turf would overestimate their C
density. Grassland C density values offer a closer representation of roadside VFS/VS C

density measured herein.
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Table 12: Literature values of soil C density within the first 0-0.2m profile.

Source Land Use i;én;'.gy
Jobbagy and Jackson 2000 Boreal forest 4.65
Crops 4.59
Desert 2.05
Sclerophyllous shrubs 3.47
Temperate deciduous forest 9.05
Temperate evergreen forest 6.82
Tundra 5.68
Tropical deciduous forest 521
Tropical evergreen forest 8.18
Tropical grassland/savanna 4.75
Temperate grassland 4.8
Kaye et al. 2005* Grassland 2.56 - 3.14
Unger 2009 Native Grassland 4.07
Unger 2010 Grassland (Conservation Reserve Program) 35
Kaye et al. 2005* Residential turf 44-50
Golubiewski 2006 Residential turf 3.2-6.7
Pouyat et al. 2009 Residential turf 2.0-6.0
Current Study Piedmont Roadside VFS/VS 2.55
Current Study Coastal Plain Roadside VFS/VS 4.14

*Kaye et al., sample taken at 0-0.15m depth

3.8.2 Local Turfand Grassland Carbon Density Comparison
Roadway soil samples were also compared to residential turf and grassland soil

samples collected locally. It was hypothesized that roadway VFS/VSs accumulate less C

than managed turf, which receives irrigation and fertilization. Also, open grasslands that

receive natural rainfall were anticipated to accumulate more C than the roadside VFS/VSs.

The NCDA&CS database was queried to identify available soil samples from turf and
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grassland systems within the same sampling regions. Six turf and six grassland soil samples
were located in the Coastal Plain and eleven turf and five grassland soil samples were located
in the Piedmont. Turf and grassland soils were analyzed for % total C utilizing the same
methods of this study (Section 3.5) (Golubiewski 2006). Residential soil samples did not
include bulk density values. Typical bulk densities of 1.1 g cm™ for grasslands (Conant and
Paustian 2002a) and 1.29 g cm™ for residential turf (Golubiewski 2006) were used to scale %
total C to an aerial C density.

Because residential samples were taken at a 0-0.1m sample depth, only the 0-0.1m
samples from VFS/VS sites were used to make comparisons. The mean value of Piedmont
VFS/VSs (1.74 kg C m™ at 0-0.1m depth) is less than that of the Piedmont grassland (2.15 kg
C m®) and turf (5.39 kg C m™). In the Coastal Plain the mean C density of VFS/VSs (2.45
kg C m? at 0-0.1m depth) is very comparable to those of the Coastal Plain grassland (3.06 kg
C m) and turf (2.26 kg C m™).

All group comparisons were made with the Wilcoxon rank sum test. The overall C
density of Piedmont VFS/VSs (median = 1.56 kg C m™) was less than that of Piedmont turf
sites (median=4.70 kg C m™, p-value= <0.0001), but not significantly different than those of
Piedmont grasslands (median =2.15 C m™; p-value=0.1259). Coastal Plain VFS/VS C
densities (median = 2.39 kg C m™) were significantly less than those of Coastal Plain
grasslands (median= 2.76 kg C m™, p-value=0.0004), but no different than Coastal Plain turf

(median=1.83, p-value=0.3582) (Figure 13).
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Figure 13: Boxplot display of C density values to 0.1 m depth of each group. Piedmont turf

n=11; Piedmont grassland n=5; Piedmont roadway n=160; Coastal Plain turf n=6; Coastal
Plain grassland n=6; Coastal Plain roadway n=160.

3.8.3 Representation of Roadside VFS/VS Carbon Density
The literature comparisons and local results revealed turf C densities to be above

Piedmont VFS/VS C densities. The literature also indicate grassland C densities to be above
those in Piedmont VFS/VS; however local grassland results indicated mean grassland C
density was similar to the mean C density of Piedmont VFS/VSs. In the Coastal Plain the

literature indicate turf C density is above roadside VFS/VSs, but the local turf results were
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found to be no different than the roadside VFS/VSs. The literature indicates that grassland
C density simulates Coastal Plain VFS/VSs, but the local Coastal Plain grasslands were
below roadside VFS/VSs. Table 13 illustrates how the C density of roadside VFS/VSs
compares to literature and local soil. These results may conflict due to sampling error and

heterogeneity of local resident landuse management (Osmond and Hardy 2004).

Table 13: Literature and Local soil C density comparisons to Piedmont and Coastal Plain
VFS/VS C densities measured herein. Literature values were compared without statistical
inferences; local results were compared with the Wilcoxon rank sum test.

Reference Comparison Compared to
result

Piedmont VFS/VS < Literature Grassland

Piedmont VFS/VS = Local Grassland

Piedmont VFS/VS < Literature Turf

Piedmont VFS/VS < Local Turf
Coastal Plain VFS/VS = Literature Grassland
Coastal Plain VFS/VS < Local Grassland
Coastal Plain VFS/VS < Literature Turf
Coastal Plain VFS/VS = Local Turf

Overall, it appears VFS/VS C densities are comparable to grassland but not turf
literature values. This supports the hypothesis that highly managed turf systems can
accumulate more C due to the water and nutrient inputs applied to them. Nutrients and
irrigation are not intentionally applied along highway corridors. Pouyat et al. (2009) and
Qian et al. (2010) found managed turf systems had higher carbon densities than their

counterpart native vegetation receiving no irrigation and fertilizer. This is a useful finding to
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those wishing to manage roadway VFS/VSs to sequester carbon. If resources were available,
it appears adding additional inputs like irrigation and fertilizer would increase C
accumulation. In the Southeast U.S., which is prone to drought and excessively warm
summers, irrigation and fertilization may prove beneficial in plant growth in the roadside
corridor. Alternatively, fertilizer production and distribution relies upon fossil fuels, and the
associated GHG emissions would most likely negate any benefits seen from soil C
accumulation (Conant et al. 2001).

Overall, the C density of VFS/VSs within the Coastal Plain (mean = 4.14 kg C m™)
are greater than those of the Piedmont VFS/VSs (mean =2.55 kg C m™). In NC the average
surface SOM ranges from 2.1 to 5% in the Coastal Plain, while it is only 0.1 to 2.0% within
the Piedmont (“STATSGO2”). This could explain the disparity between the VFS/VS C
densities. Roadway VFS/VS are constructed on either underlying soils or those brought in as
fill from surrounding areas. If the soils that the roadside VFS/VS were constructed on
initially had higher % total C, it is likely the C content of Coastal Plain VFS/VS sites would

be higher than those in the Piedmont.

3.9 AGE EFFECTS

Carbon accumulation within soils should increase C density over time. Tables 14 and
15 display the mean C density values within each age class in the Piedmont and Coastal
Plain, respectively. Observing mean C densities within age classes allows an analysis of C

density within temporally diverse VFS/VSs. Carbon density tends to increase with age class
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in the Piedmont region (Figure 14). The Coastal Plain has similar C densities across all age
classes indicating little trend with age (Figure 15).

Table 14: Piedmont mean values and standard deviations (Std. dev) of C density (kg C m™),
% total C (g C gsoil™), and fine bulk density (g cm™), where n=40 for all age classes 1 and 2,
n=32 for age class 3, and n=48 for age class 4.

Age C Density % total C FBD
Class | Mean | Std.dev | Mean | Std.dev | Mean | Std.dev
1 1.43 0.77 0.005 | 2.69E-03 | 1.54 0.20
2 2.69 1.27 0.009 | 4.19E-03 | 1.47 0.15
3 2.73 1.46 0.011 | 6.09E-03 | 1.31 0.17
4 3.27 1.91 0.013 | 7.81E-03 | 1.39 0.19

Table 15: Coastal Plain mean values and standard deviations (Std. dev) of C density
(kg C m™), % total C (g C gsoil™), and fine bulk density (g cm™), where n=40 for all age
classes.

Age C density % total C FBD
Class | Mean | Std.dev | Mean | Std.dev | Mean | Std.dev
1 3.63 1.30 0.018 | 4.69E-03 | 1.59 0.19
2 452 2.35 0.015| 7.92E-03 | 1.58 0.16
3 45 2.23 0.015 | 7.26E-03 | 1.57 0.16
4 4 1.33 0.015 | 5.02E-03 | 1.43 0.22
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Figure 14: Mean C density of each age class within the Piedmont. This study spans 33 years,
where age class 1 is the youngest and age class 4 is the oldest. In age class 1 and 2 n= 40,
n=32 in age class 3, and n=48 in age class 4. Standard error bars represent 1 Std. dev within
each age class.
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Figure 15: Mean C density of each age class within the Coastal Plain. This study spans 37
years in where age class 1 is the youngest and age class 4 is the oldest. In each age class n=
40. Standard error bars represent 1 Std. dev within each age class.

48



Age class (p-value 0.0179, Table 16) and the interaction of age class with position (p-
value 0.0397, Table 16) were shown to be statistically significant within Piedmont VFS/VSs
Consequently, it is difficult to discern the effects of age upon Piedmont VFS/VS since age
effects also depend on position effects. This interaction will be discussed at detail in Section

4.7 (Section 3.15 Carbon Density with Position).
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Table 16: ANOVA results of regionalized MIXED models (n=159 in each region), and C
density data were log-transformed to preserve normality assumptions. P-values <0.05 are
considered significant.

Factor DE | Error DE Piedmont | Coastal Plain
P-value P-value
Age Class 3 16 0.0179 0.9173
Position 3 128 0.0247 0.0002
Position* Age Class | 9 128 0.0397 0.0955

Age class significantly affects C density values within Piedmont VFS/VSs, which
suggests that increases in C density are attributable to age. Conversely, age class was not
significant within Coastal Plain VFS/VSs (p-value 0.9173, Table 16); C density is more static
and uniform in this region.

Least squares means (LSMEANS) are predicted within group means adjusted for
other effects in the model. The LSMEANS, or estimated population marginal means, are
used to compare differences among multiple groups within the data. The regionalized
MIXED model was used to compare LSMEANS values for each age class (Table 17).
Differences between age classes 1 to 2 within the Piedmont were significant (p-value =
0.0219, Table 17). Age class 1 is also statistically different from age classes 3 and 4 within
the Piedmont (p-values <0.05). This supports the hypothesis that C is accumulating with age
in the Piedmont. This same trend is not observed in the Coastal Plain; Coastal Plain sites

experience no differentiation between age classes.
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Table 17: Differences of log-transformed C density LSMEAN values between age classes
within respective regions. Analyses were performed on each region, independently. P-values
<0.05 are considered significant and in bold.

Reference | Comparison
Age Class | Age Class

Piedmont 1 2 16 -0.656 0.0219

DF | Estimate | P-value

Piedmont 2 3 16 | -0.048 | 0.8629
Piedmont 3 4 16 | -0.161 | 0.5505
Coastal Plain 1 2 16 | -0.143 0.524
Coastal Plain 2 3 16 0.022 0.922
Coastal Plain 3 4 16 0.018 0.9371

While significant differences between age classes were not detected, a trend of
increasing C density was observed in the Piedmont; all younger age classes were estimated to
be less than older age classes (negative estimate values in Table 17). Piedmont roadway
VFS/VSs accumulate C over time. The estimate values in the Coastal Plain do not suggest a
direct relationship between C density and age class. It appears the Coastal Plain sites are not

actively accumulating C. This could indicate they have reached C saturation.

3.10 CARBON SEQUESTRATION RATES

Because C density within Coastal Plain VFS/VSs failed to show any temporal
relationship, C accumulation rates were not calculated for this region. Carbon is not actively
accumulating in these VFS/VSs. For this reason, C sequestration rates were only calculated

for the Piedmont.
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In terrestrial systems it is plausible that soils reach C saturation (Post et al. 2000;
Neill et al. 1998; West and Six 2007). Consequently, segmented regression models, which
allow varying sequestration rates, were evaluated in addition to simple linear regression,
which utilizes a constant C sequestration rate. In both simple linear regression and
segmented linear regression, all C density results for a given site were pooled and the actual
site age (not age class) was used to estimate C accumulation rates. This allows planners and
engineers, who might only know roadway age, to estimate the C density within a roadway

VFS/VS.

3.10.1 Simple Linear Regression
Simple linear regression (PROC GLM in SAS 9.2 ©) was used to estimate rates of C

accumulation within Piedmont VFS/VSs; the ANOVA model results are shown in Table 18.
The intercept, baseline C density, and estimate of site age parameter, the C sequestration rate
(slope), of the simple linear model are seen in Table 19. Figure 16 displays the linear
regression and 95% confidence interval of the Piedmont VFS/VSs. Carbon accumulation is
presumed constant over the entire 37 year timespan. According to the linear model,
VFS/VSs in the Piedmont gained 0.053 kg C m™? yr* (p-value 0.0116), which supports the
results from ANOVA that indicated age class as a significant effect upon C density.
Following the results of linear regression, equation 2 is:

Cuenx (kg C m?) = 1.66 (kg C m™?) +0.053 (kg C m?yr')*Age (2
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Table 18: Linear regression ANOVA results.

Source Df | Sum of Squares | MSE | F-value | p-value
Model 1 8.01 801 | 7.89 |0.00116
Error 18 18.28 1.01

Corrected Total | 19 26.29

Table 19: Piedmont VFS/VS simple linear regression results, where the intercept, is defined
as baseline C density. The estimate of site age is the slope, or rate of C sequestration
(kg C m2yr), the VFS/VSs are estimated to accumulate over the 37 year period.

Parameter | Df Estimate Std. Error | t-value | P-value
Intercept | 1 1.66 (kg C m?) 0.397 4.2 0.0005
Site Age | 1 |0.053 (kg Cm?yr')| 0.0187 2.81 | 0.0116

Observations 20

Parameters 2
Error DF 12
MSE 1.0158

R-Sguare 0.3047
Adj R-3guare 0.2561

Carbon Density kg C m-2

0 10 20 a0 40
Site Age (Years)
| Fit O 95% Confidence Limits ------ 95% Prediction Limits |

Figure 16: Carbon density accumulation within the top 0.20m of soil within Piedmont
VFS/VS sites as predicted by simple linear regression. Simple linear regression equation: C
density (kg C m™) = 1.66 + 0.053*Age; r* =0.30; p = 0.0116.
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3.10.2 Segmented Linear Regression
Carbon sequestration can be represented by the initial uptake of C followed by the

plateau of C density using a segmented regression model. In this analysis segment 1 defines
the timespan of active C accumulation, while segment 2 defines the plateau effect associated
with C saturation. Segmented models were examined using SAS 9.2 © PROC NLMIXED
and PROC NLIN. The PROC NLMIXED procedure identifies the baseline C density, but
does not yield ANOVA results to quantify the variability of the model. In contrast, PROC
NLIN produces ANOVA results but fails to estimate the baseline C density. The segmented
linear regression model was parameterized to determine the breakpoint or age (in years) at
which C stops increasing; plateau, or maximum C density is reached when site age is greater
than breakpoint, and slope, or the C sequestration rate prior to breakpoint. The PROC
NLMIXED model successfully satisfied convergence criterion, and the results of the

parameter estimates are in Table 20.

Table 20: Piedmont VFS/VS segmented linear regression results of PROC NLMIXED. The

estimate of slope is the C sequestration rate (kg C m™ yr), while all other estimates are point

values. Breakpoint is the year separating segment 1 from segment 2; intercept is the baseline
C density, and Plateau is the maximum C density associated with segment 2.

Parameter Estimate Std. Error | Df | t-value | p-value
Slope 0.155 (kg C m? yr 0.085 20| 1.83 | 0.0814
Breakpoint 15.0 (yr) 5.461 20| 2.75 0.0124
Intercept 0.86 (kg C m?) 0.62 20| 1.39 | 0.1808
Plateau 3.19 (kg C m?) 0.2739 | 20| 11.64 | <0.0001
Variance 0.721 0.237 20 | 3.04 | 0.0065
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Using the results of the PROC NLMIXED analysis, equation 5 (which quantifies
segment 1) and equation 6 (which quantifies segment 2) are as follows:

Coen1 = 0.86 (kg C m™) + 0.155 (kg C m? yr?) *Age; (5)

Cpent Is effective over ages 0 to 15 years

Coenz = 3.189 (kg C m?) (6)

Cpenz Is effective over ages 15.1 to 37 years

If site age is below or at the breakpoint (15.0 years, Table 20) the VFS/VS will
accumulate 0.155 kg C m™2 yr™. Once site age reaches 15.0 years, it is no longer
accumulating C, and the estimated C density is 3.19 kg C m™. Figure 17 illustrates the

parameters from Table 20.
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Carbon Density (kg C/m”*2)

Predicted
Value

= Data point

] 10 20 20 40
Site Age (Years)
Figure 17: Piedmont VFS/VS C density accumulation within the 0.20m profile as predicted
by PROC NLMIXED. Actual data points represent mean C density of Piedmont VFS/VS

site. The prediction line illustrates segment 1 where C accumulates (increase linearly), and
segment 2 where C density is the plateau line of C saturation.

SAS PROC NLIN was also used to identify the initial C sequestration rate in segment

1 followed by a C plateau in segment 2. Table 21 lists the ANOVA results and Table 22

displays the parameter estimate results of PROC NLIN.

Table 21: Segmented linear regression ANOVA results (PROC NLIN).

Source Df Sum of MSE | F-value | p-value
Squares
Model 2 10.71 | 5.355 584 | 0.0117
Error 17 15.58 | 0.9168 - -
Corrected
Total 19 26.29 - - -
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Table 22: Segmented linear regression parameter results (PROC NLIN)

Parameter Estimate Std. Lower Bound 95% | Upper Bound 95%
Error Cl Cl
Slope | 0.099 (kgCm?yrY) | 0.039 0.016 0.182
Breakpoint 21.5 (yr) 6.400 7.965 34.980
Plateau 3.34 (kg C m? 0.391 2.515 4.164

Since PROC NLIN cannot determine baseline C density, the baseline C density was
assumed to be that of the PROC NLMIXED results (0.86 kg C m™). Following the results of
this analysis, equation 7 (which quantifies segment 1) and equation 8 (which quantifies
segment 2) are as follows:

Coent = 0.86 (kg C m™) + 0.099 (kg C m? yrt) *Age, (7

Chpen1 is effective over ages 0 to 21.5 years

Coenz = 3.34 (kg C m?) (8)

Coenz is effective over ages 21.6 to 37 years

If site age is below or at the breakpoint (21.5 years), the VFS/VS will accumulate
0.099 kg C m? yr*. Once site age is older than 21.5 years, it is no longer accumulating C
and the estimated C density is 3.34 kg C m™. Figure 18 illustrates the predicted C

accumulation and saturation using the PROC NLIN analysis.
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Carbon Density (kg C/m*2)

L = [ata p{;ht Predicted
Value

10 20 ko &0

Site Age (Years)

Figure 18: Carbon density accumulation within the top 0.20m of soil within Piedmont
VFS/VS sites as predicted by PROC NLIN. Actual data points represent mean C density of
Piedmont VFS/VS site.

3.10.3 Model Comparison
The residual plots for all three models (Appendix H: Figures 30 through 33) are

almost identical, which indicates all models are predicting C density with similar accuracy.
Neither model greatly over - nor under predicts - C density in Piedmont VFS/VSs.
Additionally, the mean square error (MSE) of the linear model is only slightly larger (1.01)
than the segmented linear regression model (0.92). The modest improvement gained with the
segmented linear regression model does not justify the use of the more complex model.

If these models were used to quantify C sequestration potential of roadside VFS/VSs
for a C crediting system (like cap and trade), a model that predicts the lowest sequestered C

is the conservative choice for agencies who do not wish to overestimate the C sequestration
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potential of roadway VFS/VSs. Carbon sequestration diminishes with time (Neill et al. 1998;
Post et al. 2000; West and Six 2007). Utilizing the dataset timespan of 37 years, Table 23
illustrates predicted C density and kg C sequestered from each model. The linear model
(PROC GLM) predicted the lowest C density and a moderate rate of sequestered C among
the three models. Both segmented models have higher sequestration rates than the linear
model, however, the segmented models are only sequestering C until the breakpoint, 21.5
years for PROC NLIN, and 15.0 years for PROC NLMIXED. In the 37 year dataset, which
is greater than both breakpoints, the VFS/VS C density is the C maximum, or plateau, of the

segmented models.

Table 23: Model estimates of C density and sequestered C at site age = 37 years.
Sequestered C is calculated on a 1 m? basis.

Model Type Linear | Segmented | Segmented
SAS procedure REG NLIN NLMIXED
C Density (kg C m?) | 3.62 3.34 3.19
Sequestered C (kg) | 1.96 2.32 2.08

The rate of C accumulation calculated with the linear model in this study 0.053 kg C
m2 yr, over the 37 year dataset at a 0-0.2 m depth, is comparable to other grassland studies
(Table 24). Utilizing the segmented linear model (PROC NLMIXED) the calculated C

sequestration rate is 0.155 kg C m™ yr, for the initial 15.0 years. Utilizing the other linear
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model (PROC NLIN) the calculated C sequestration rate was 0.099 kg C m? yr™, for the
initial 21.5 years. Both of the linear segmented models have higher C sequestration rates,
over a shorter time span, than the linear model. The segmented linear model C sequestration

rates are comparable to turf and the rate used by the FHWA (Table 24).
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Table 24: Literature values of C sequestration rates of similar land covers to roadway

VFS/VSs.
depth | Sequestration Rate
Reference Land cover m kg C m?
Pouyat et al. 2010 Residential turf 0.20 0.09
Residential turf 1.00 0.18
Qian et al. 2010 Un-irrigated fescue 0.20 0.052
Irrigated fescue 0.20 0.074
Golubiewski 2006 Residential turf 0.20 0.072
Gebhart et al. Grassland (Conservation Reserve 0.40 0.08
1994 Program)
Conant 2001 Grassland (Conservation Reserve 0.02-0.08
Program)
Conant 2001 Meta-data of global grasslands 0.32 0.054
FHWA 2010 Roadside grassland 0.17
Current study — Piedmont roadside VFS/VS 0.20 0.053
linear model
Current study —
segmented linear Piedmont roadside VFS/VS 0.20 0.099-0.155
models

*FHWA 2010 value is an assumed rate based upon Chicago Climate Exchange C offset value

A direct comparison to roadway grasses is not available as no previous studies have
quantified C sequestration rates within roadway soils. While no data exist regarding C
sequestration in roadway soils, the FHWA conducted a feasibility study to discern
sequestration potential of ROWs and assumed a C sequestration rate, with no specified time
constraint, of 0.17 kg C m™ yr™ for VFS/VSs (FHWA 2010). When compared to the linear
model rate presented herein (0.053 kg C m™? yr™), the FHWA would overestimate the C

sequestration rate by a factor of 3. If either segmented linear model were used, the FHWA

61



rate would overestimate C sequestration by a factor of 1.1 to 1.7. This is an important
finding for any agency wishing to account for roadway vegetation as a C sink; per this study
the rate of C sequestration (linear segmented models) of the VFS/VS is comparable to those
previously assessed by the FHWA — within the specified age range. Within the 37 year data
timespan all three models predict similar maximum C density values (3.19 kg C m™ to 3.62
kg C m?).

Vegetated filter strips and swales experience stress from vehicular traffic and receive
little management besides the scheduled mowing, but without other available data one may
choose to represent roadside VFS/VSs as natural grasslands or turf systems. Utilizing the
segmenented linear models, roadway VFS/VSs within the initial 15 to 21.5 years sequester C
at rates comparable to turf and the FHWA C sequestration rate (Table 24). Over the 37 year
data timespan (linear model) unirrigated fescue (0.052 kg C m™ yr™) and grasslands at O-
0.32m depth (0.054 kg C m™ yr) sequester C at essentially the same rates, to that seen in
Piedmont VFS/VSs (0.053kg C m™ yr). That roadway VFS/VSs sequester C at rates
somewhat comparable to natural grasslands is unexpected, since elevated concentrations of
pollutants in roadside soils has been well documented (Bohemen and Janessen 2003;
Pathirana et al. 1994; Benfenati et al. 1992). A more detailed examination of possible
pollutant effects on C accumulation is discussed in section 4.9 (Pollutant Investigation).
Regional and climatic effects may alter C accumulation; more data are necessary to
accurately quantify the C sequestration rates within roadside environments across different

physiographic regions.
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3.11 ABILITY OF VFS/VSs TO OFFSET CARBON EMISSIONS OF

ROADWAY CONSTRUCTION

Carbon footprints are the GHG emission equivalents in CO, associated with the
lifecycle of a product or project (Scipioni et al. 2010). Carbon accounting, or footprinting,
sums C sources and sinks over a lifecycle to determine the C footprint. A large footprint
indicates high GHG emissions (Johnson 2009). Globally accepted accounting standards do
not exist, although agencies like the IPCC, the International Organization for Standardization
(1SO), and the World Business Council for Sustainable Development (WBCSD) offer C
accounting methodology (Scipioni et al. 2010; IPCC 2006).

Per the Federal Leadership in Environmental, Energy and Economic Performance
Order, agencies are required to report a percentage reduction target and strategy to reduce
GHG emissions (Federal Register 2009). Highway construction is C intensive, expelling
GHGs through the mining and transportation of materials and creation of the roadway.
Federal and state transportation agencies need to quantify possible terrestrial C offsets within
the ROW. Cass and Mukherjee (2011) list the identifiable sources of CO, and GHG
emissions of road construction and maintenance:

1) Embodied C in construction materials

2) Direct emissions via fossil fuel combustion in material transport and construction

3) Embodied C in fossil fuels (processing and production of fuels, etc.)

4) Removal of existing vegetation

5) Road resurfacing
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6) Direct emissions due to fossil fuel combustion in mowing and road maintenance

Carbon dioxide emissions are impossible to precisely predict due to fluxes in vehicle
fuel economy, transportation distance of materials, grade of road, necessary vegetation
removal, and exact materials used. Cass and Mukherjee (2011) estimated that highway
construction emitted between 600 - 860 tons CO, per km road lane (200 — 300 tons C per km
road lane). Using the average measured width for VFS/VSs (5.9 m in Piedmont), the
available VFS/VS footprint per km of roadway was calculated. The sequestration rate was
then applied over the data timespan of 37 years (for the linear model); the plateau values for
the segmented linear models were also used. Tons C sequestered by roadside VFS/VSs were
compared to total emissions during roadway construction (Table 25).

Per every km of roadway constructed, the Piedmont VFS/VSs would offset between
3.9% and 6.8% of C emitted during construction, depending on which model was used. The
C accumulation of roadside VFS/VSs is small, but not unsubstantial, in the overall C
footprint of roadway construction. It is more beneficial to focus GHG mitigation through
sustainable practices to reduce emissions. Increasing fuel efficiency, selection of less CO,
intensive materials and better management of construction practices would decrease the CO,
emissions of construction and therefore require less offsets from ancillary measures such as

terrestrial sequestration.

64



Table 25: Piedmont VFS/VS C sequestration and fraction of recovered C within data
timespan (37 years) to partially offset C emissions of roadway construction.

Piedmont Piedmont Piedmont

Linear NLIN NLMIXED
OW area (sq. km km road™) 0.0059 0.0059 0.0059
C sequestration rate (kg C m-?year™) 0.053 0.155 0.099
C sequestration rate
(ton% m road ™ year™) 0.313 0.915 0.584
Years accumulating C 37 15 21
Plateau C Density (kg C m™) 3.62 3.34 3.19
Tons C sequestered km road™ 9.38 13.72 12.27
Expelled C in construction
(tons C km road™) 200 - 300 200 - 300 200 - 300
Fraction of Construction C offset 3.9-57% 45-6.8% 41-6.1%

3.12 INITIAL LANDUSE CHANGE C OFFSET

The C density values of roadside VFS/VSs established herein are useful when

comparing the effects of landuse change. Landuse conversion, either implicitly or through

additional agriculture emissions, is the 2" leading cause of global GHG emissions (IPCC

2007). During the conversion process long standing soil C pools are oxidized to CO, and

released to the atmosphere. The conversion produces a net C source when the new landuse

fails to meet initial C density levels. Figure 19 is a conceptual illustration of C density

changes following landuse change, or disturbance. Equations 9 through 11 employ a simple

gain-loss methodology (after IPCC 2006):

AC = ACsoil + ACbl’omass

Where:
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AC = change in C density (kg C m™), negative value indicates C sink
ACsii = CDEN; — CDENs (kg C m)

CDEN; = final soil C density (kg C m™®) (10)
CDEN,; = initial soil C density (kg C m™?)

AChiomass = CDENp; — CDENby, (kg C m™) (11)
CDENG = final biomass C density (kg C m™)

CDENy; = initial biomass C density (kg C m™)

[CDEN; + CDEN]
CO2 source

/ Net C loss

[CDEN; +
CDENy{]

C Density

Landuse

Change C Sequestration

Time

>

Figure 19: Conceptual representation of the effect of landuse conversion on C
density (after IPCC 2007).
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If CDENy, the new maximum equilibrium C density established after conversion, fails
to reach initial (CDEN;) levels, a net C source to the atmosphere results. Federal agencies
must measure, report, and reduce their GHG emissions (Federal Register 2009);
consequently, it would be advantageous to mitigate the net emissions of C due to landuse
conversion. Presently, no C density values are associated with roadside landuses, like
VFS/VSs. This study established a range of C density values in the Piedmont and Coastal
Plain that can be used to compare landuse conversion effects.

In the terrestrial environment multiple C pools exist (i.e. roots, leaf litter, above ground
biomass, microbial, and soil), however this analysis focused solely on the soil pool (IPCC
2006). Consequently, above ground biomass values (CDENy; and CDENys) were calculated
for this study and those found in the literature (Table 24). For grasslands, above ground
biomass C density was calculated using that of Golubiewski (2006), where grasslands were
reported to hold 10 % of total C aboveground. IPCC (2006) reports a below ground to above
ground C density ratio of 0.47 for forests, which was used to calculate above ground biomass
in forested systems. Presumably, all agricultural above ground biomass was removed and
harvested, and therefore assigned a value of zero.

Depending on the model used, CDENs at 0-0.2m would range between 3.19 to 3.62
kg C m? in the Piedmont. The mean Coastal Plain C density value of 4.14 kg C m? was
chosen as the representative CDEN;. Literature values, as well as the NCDA&CS soil

samples were compared to determine net effects of landuse conversion following roadway
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construction. Because NCDA&CS samples were collected at the 0-0.1m depth, the CDENf
values were scaled by the percentage of C held within the initial 0-0.1m profile found herein,
which was 0.67 in the Piedmont and 0.58 in the Coastal Plain. Tables 26 to 28 lists the
plausible effects of converting specific landuses to roadway VFS/VSs.

Converting forested land to a VFS/VS produces a C source to the atmosphere in both
regions (Tables 26 to 28) (Franzluebbers et al. 2000; Laiho 2003; Cooper and Gilliam 1988).
Conversely, agricultural land converted to roadside VFS/VSs was a C sink in both regions
(Tables 26 to 28). This is expected, as converting forest to open land or grasslands, like
VFS/VSs, is largely concluded to be a much larger C source than converting agriculture or
degraded lands to grasslands (Hougthon 2003). Per the NCDA&CS analysis of this study,
converting grassland to a VFS/VS is a C source in the Coastal Plain, but a C sink in the
Piedmont (the PROC NLMIXED model produced a modest 0.02 kg C m™ C source). This
trend reverses for turf, which when converted to a roadway VFS/VS is a C source in the
Piedmont and a C sink in the Coastal Plain. The ages of NCDA&CS grassland and turf
samples were unknown, and perhaps equilibrium C density was not attained, therefore
concluding that grassland or turf conversion to a VFS/VS is a C sink is a possible
misconception.

Policy makers and engineers can use equations 9 through 11 to predict the effects of
roadway and VFS/VS installation on the C budget. To ensure the accuracy of equations 9
through 11, initial C density should be documented prior to landuse conversion. Native

conditions were not sampled herein, and actual field data would provide a better reference
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than the literature values used in this analysis. Overall, converting forested areas to VFS/VSs
will produce the largest C source. If planning to mitigate GHG emissions, engineers should
avoid converting forested land to VFS/VSs, but agricultural land may provide an opportunity

to capture C.
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Table 26: Change in overall C following landuse conversion to VFS/VS in the Piedmont or Coastal Plain region utilizing the linear model. Above ground

biomass, CDENy; and CDENy, were calculated based on literature values. Negative AC indicates a C sink, and positive AC indicates a C source.

Initial Landuse Converted VFS/VS Landuse - Linear

Linear Model Model
depth CDEN CDEN Total CDEN CDEN Total AC

H i bi i f bf f -

Source Region Landuse m kgCm? | kgCm? | kgCm? kg C m? kgCm? kg C m? kg (23 m
Fra”;'“gggg“ et Piedmont Forest 0.2 2.87 6.1 8.97 3.62 0.36 3.98 4.99

Franzluebbers et . Agriculture Conservation
al. 2000 Piedmont Tillage 0.2 2.45 0 2.45 3.62 0.36 3.98 -1.53
Fra”;'é‘fgbers Piedmont Agriculture No Till 0.2 3.26 0 3.26 3.62 0.36 3.98 -0.72
Fra”;'é‘fgbers Piedmont Agriculture 0.2 25 0 25 3.62 0.36 3.98 -1.48
Current study Piedmont Grassland 0.1 2.15 0.24 2.39 243 0.24 2.67 -0.28
Current study Piedmont Turf 0.1 5.39 0.6 5.99 243 0.24 2.67 3.32
Cooper and .
William 1987 Coastal Plain Forest 0.1 3.74 7.96 11.7 4.14 0.41 4.60 7.10
Laiho R. Coastal Plain Forest 0.3 5.00 10.64 15.64 4.14 0.41 4.60 11.04
Cooper and . .

William 1988 Coastal Plain Agriculture 0.1 11 0 11 2.40 0.24 4.60 -3.50
Fra"ggjfgbers Coastal Plain Agriculture No Till 0.2 3.36 0 3.36 4.14 0.41 4.60 -1.24
Fra”;'(;’fgbers Coastal Plain Agriculture 0.2 1.82 0 1.82 4.14 0.41 4.60 -2.78
Current study Coastal Plain Grassland 0.1 3.06 0.34 3.4 2.40 0.24 2.72 0.68
Current study Coastal Plain Turf 0.1 2.26 0.25 251 2.40 0.24 2.72 -0.21
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Table 27: Change in overall C following landuse conversion to VFS/VS in the Piedmont or Coastal Plain region utilizing the segmented linear model (PROC
NLMIXED). Above ground biomass, CDENy; and CDEN,;, were calculated based on literature values. Negative AC indicates a C sink, and positive AC
indicates a C source.

Converted VFS/VS Landuse - PROC
Initial Landuse Segmented Linear Model (PROC NLMI
NLMIXED) XED
Total; AC
. CDEN; CDENy; ! CDEN;¢ CDENy¢ Totalf .
Source Region Landuse depth m kg C m? kg C m? kr%g: kg C m2 kg C m2 kg C m? kg (23 m
Franzluebbers et al. .
2000 Piedmont Forest 0.2 2.87 6.1 8.97 3.19 0.35 3.54 5.43
Franzluebbers et al. - Agriculture
2000 Piedmont Conservation Tillage 0.2 2.45 0 2.45 3.19 0.35 3.54 -1.09
Franzluebbers 2010 Piedmont Agriculture No Till 0.2 3.26 0 3.26 3.19 0.35 3.54 -0.28
Franzluebbers 2010 Piedmont Agriculture 0.2 25 0 25 3.19 0.35 3.54 -1.04
Current study Piedmont Grassland 0.1 2.15 0.24 2.39 2.14 0.24 2.37 0.02
Current study Piedmont Turf 0.1 5.39 0.6 5.99 2.14 0.24 2.37 3.62
Cooper and William Coastal
1987 Plain Forest 0.1 3.74 7.96 11.7 214 0.46 4.60 7.10
Laiho R, Cg;ﬁtna' Forest 03 5.00 10.64 15.64 414 0.46 4.60 11.04
Cooper and William | Coastal Agriculture 0.1 11 0 11 2.40 0.27 4.60 -3.50
1988 Plain
Coastal . .
Franzluebbers 2010 Plain Agriculture No Till 0.2 3.36 0 3.36 4.14 0.46 4.60 -1.24
Coastal .
Franzluebbers 2010 Plain Agriculture 0.2 1.82 0 1.82 4.14 0.46 4.60 -2.78
Current study ngsitna' Grassland 0.1 3.06 0.34 3.4 2.40 0.27 2.72 0.68
Current study C;’ﬁ:itna' Turf 0.1 2.26 0.25 251 2.40 0.27 2.72 -0.21

71




Table 28: Change in overall C following landuse conversion to VFS/VS in the Piedmont or Coastal Plain region utilizing the segmented linear model (PROC
NLIN). Above ground biomass, CDENy; and CDENy, were calculated based on literature values. Negative AC indicates a C sink, and positive AC indicates

a C source.
Converted VFS/VS Landuse - PROC
Initial Landuse Segmented Linear Model (PROC
NLIN
NLIN)

CDEN CDEN Total CDEN CDEN Total AC

P i bi i f bf f -

Source Region Landuse depth m kg C m? kgCm? | kgcm? | kgCm? kg Cm? kg C m? kg CZ: m
Franz'uggggrs etal | piedmont Forest 0.2 2.87 6.1 8.97 3.34 0.37 3.71 5.26

Franzluebbers et al. - Agriculture
2000 Piedmont Conservation Tillage 0.2 2.45 0 245 3.34 0.37 3.71 -1.26
Franzluebbers 2010 Piedmont Agriculture No Till 0.2 3.26 0 3.26 3.34 0.37 3.71 -0.45
Franzluebbers 2010 Piedmont Agriculture 0.2 25 0 25 3.34 0.37 3.71 -1.21
Current study Piedmont Grassland 0.1 2.15 0.24 2.39 2.24 0.25 2.49 -0.10
Current study Piedmont Turf 0.1 5.39 0.6 5.99 2.24 0.25 2.49 3.50
Cooper and Coastal
William 1987 Plain Forest 0.1 3.74 7.96 11.7 4.14 0.46 4.60 7.10
. Coastal
Laiho R. Plain Forest 0.3 5 10.64 15.64 4.14 0.46 4.60 11.04
Cooper and Coastal .
William 1988 Plain Agriculture 0.1 11 0 11 2.40 0.27 4.60 -3.50
Franzluebbers 2010 ngsitna' Agriculture No Till 0.2 3.36 0 3.36 4.14 0.46 4.60 -1.24
Coastal .

Franzluebbers 2010 Plain Agriculture 0.2 1.82 0 1.82 4.14 0.46 4.60 -2.78
Current study ngsitnal Grassland 0.1 3.06 0.34 3.4 2.40 0.27 2.72 0.68
Current study ngsitna' Turf 0.1 2.26 0.25 251 2.40 0.27 2.72 -0.21
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3.13 FINE BULK DENSITY ANALYSIS

Carbon density is calculated from equation 1 (section 3.5), where FBD is multiplied
by % total C and sample depth to yield areal C density. The analysis herein has focused on
how site age affects VFS/VS C density values. Increases in C density are due to either (1)
accumulation with age or (2) increased soil FBD. Because soils are heterogeneous and FBD
values vary at each site, FBD cannot be treated as a uniform scalar.

The mean FBD within the Piedmont was 1.43 g cm™; the Coastal Plain region was
approximately 10% higher (mean = 1.57 g cm™®). Due to non-normality of these data, FBD
group comparisons were made with the Wilcoxon rank sum test. The FBD of the Coastal
Plain VFS/VSs (median=1.61 g cm™) was greater than those of the Piedmont (median = 1.44
g cm™, p-value= <0.0001). This partially explains why the average C density within the
Coastal Plain (mean = 4.14 kg m™) was higher than those of the Piedmont (mean = 2.55 kg
m™). Total % C results (Table 14 and Table 15) in the Coastal Plain are also higher than
those in the Piedmont, which indicates C density would be higher in this region regardless of
FBD. That C is accumulating due to time rather than FBD increases, is crucial when
agencies like the DOT or EPA are allocating C sequestration benefits to land uses based upon
length of time undisturbed. Some federal incentive programs offer monetary reimbursement
if C sequestration is attained by an entity. The U.S. Cropland Reserve Program (CRP), for
example, rewards farmers with monetary reimbursement to convert agricultural land into

unfarmed grassland or no-tillage agriculture, provided the land remains unused for a certain
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length of time. If C sequestration rates were solely due to increased FBD, the C
accumulation would be an artifact of increased FBD not length of time.

To explore FBD changes over time, age classes were compared within the regions. In
most pairwise comparisons FBD decreases with age class in the Piedmont (Wilcoxon rank
sum p-values <0.05). The exception is age class 3 to age class 4, where FBD significantly,
although not substantially (1.31 to 1.39 g cm™), increases. The mean values of FBD (Table
13) mirror this trend; over the 33-year timespan FBD decreases approximately 10%. Thus, C
density increases due to vegetation growth and decomposition, not compaction. This
supports the hypothesis that C sequestration within roadside VFS/VS is in fact happening
(Figure 20).

Typically, the mean FBD values marginally decreased with age class in the Coastal
Plain, but without statistical significance (one notable exception being age classes 3 and 4).
The mean values of FBD (Table 15) are also fairly uniform across age classes. The lack of
significant differences in FBD between age classes mimics that seen for C density (Table 17)
and supports the overarching theme that soil C is essentially at equilibrium and constant in

the Coastal Plain (Figure 21).
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Figure 20: Piedmont VFS/VS mean C density, fine bulk density and % total C values.
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Figure 21: Coastal Plain mean C density, fine bulk density, and % total C values.
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In the Coastal Plain mean % total C in age classes 2 (0.015 g C gsoil™) and 3 (0.015 g
C g soil™) are identical, and mean C density in age classes 2 (4.52 kg C m™) and 3 (4.50 kg C
m) are essentially alike, which indicates little C accumulation is occurring from sites 6 to 25
years old. While the C density trend from age class 1 to 2 is upward trending, it is likely due
to variation in FBD rather than % total C accumulation. The slightly lower FBD values in
age class 4 lowered the overall mean C density for these sites 26 years and older. The % total
C within age classes 2, 3, and 4 is constant (0.015 kg C m™), which demonstrates the
probable C saturation of the roadway VFS/VSs after a relatively brief ripening period.

FBD is not the variable responsible for C accumulation; rather plant allocation to
SOC over time is the chief agent of C accumulation within Piedmont sites, which are actively
sequestering C. In the Coastal Plain where little C accumulation with site age is observed,

near constant FBD and % total C values indicate the likelihood of C saturation.

3.14 CARBON DENSITY WITH DEPTH

Of the total 0.2 m profile, approximately 67 % and 61% of C density was in the 0-
0.1m horizon in the Piedmont and Coastal Plain, respectively. These observations are
consistent with those found by Golubiewski (2006), where residential grasses held 60-80% in
the initial 0-0.1m profile. A paired t-test within both independent regions showed C density
of depth 1 to be significantly greater than depth 2 (both p-values <0.0001). Figures 22 and
23 display the relative abundance of C density within depth 1 (0-0.1m) and depth 2 (0.1-

0.2m) horizons.

76



Decreasing soil C density with depth is well documented (Jobbagy and Jackson 2000;
Follett et al. 2009), and roadway VFS/VSs follow this trend. Plant allocation, through
production and decomposition, is the main source of soil C (Jobbagy et al. 2000). Without
plant production the distribution of C throughout the vertical profile would be that of the
soils prior to VFS/VS installation and likely more uniform. Consequently, these data suggest
VFS/VSs are actively accumulating C due to vegetation cover, and not due to pre-existing

soil C content.
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Figure 22: Piedmont VFS/VS C distribution within the 0-0.2 m profile. Mean values of C
density (kg C m™) are listed by sample depth in each age class.
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Figure 23: Coastal Plain VFS/VS C distribution within the 0-0.2 m profile. Mean values of C
density (kg C m™) are listed by sample depth in each age class.

Mean FBD values at each depth are shown in Table 29. FBD is lower in the initial O-
0.1m sample depth, and yet C density is higher within this horizon. This supports the
conclusion that C density is attributable to vegetation production and allocation to SOC over

time, rather than alterations in FBD.
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Table 29: Mean FBD values and standard deviation within the Piedmont and Coastal Plain
regions within respective age class.

Piedmont FBD Coastal Plain FBD
gcm? gcm?
0-0.1m 0.1-0.2m 0-0.1m 0.1-0.2m
('ZAI\SSS Mean | Std. Dev | Mean | Std. Dev | Mean | Std. Dev | Mean | Std. Dev
1 1.54 0.68 1.55 0.28 1.57 0.62 1.69 0.86
2 1.44 0.85 1.5 0.69 1.53 1.03 1.62 1.52
3 1.26 1.06 1.36 0.66 1.56 1.43 1.63 1.04
4 1.34 1.45 1.44 0.75 1.48 0.87 1.21 0.57

3.15 CARBON DENSITY WITH POSITION

Samples were collected from position 1 (closest to the roadway) to position 4 (swale

invert); Table 30 lists the mean distances from edge of roadway to each sample position. It

was hypothesized that C density would increase as distance from roadway increased. The

VFS/VS closest to the pavement collects most pollutants namely, heavy metals and PAHS

(Pathirana et al. 1994; Lagerwerff and Specht 1970). The hypothesis that pollution nearest

the roadway would hinder plant growth, thereby diminishing C density closest to the

roadway, was not supported by these data.
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Table 30: Mean distances from roadway (m) at each sample position.
Piedmont (m) | Coastal Plain (m)
Mean | Std. dev | Mean | Std. dev
Position1 | 0.6 0.3 1.12 0.52
Position 2 | 2.38 0.53 3.66 1.11
Position 3 | 4.17 0.93 6.21 2
Position4 | 5.95 1.32 8.47 2.67

Position effects were significant in the Piedmont and Coastal Plain VFS/VSs (p-
values 0.0247 and 0.0002, Table 16, respectively). However, an interaction between position
and age class in the Piedmont region (p-value 0.0397, Table 16) make it difficult to interpret
position effects. According to the parallel lines theory two effects are independent if their
lines run parallel when plotted, and interactions occur when lines cross. This position*age
class interaction is only meaningful at position 3 (age class 3 and 4), where a negative trend
is observed when all other positions are upward trending (Figure 24). Accordingly, while it
is proper to announce position effects depend on age class, the remainder of this discussion

will ignore the slight interaction.
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Figure 24: Carbon density position* age class interaction in the Piedmont VFS/VSs. The
LSMEAN estimate is for the log-transformed C density data. Note the upward trend with
age class for all positions, except in position 3 moving from age class 3 to age class 4.
Overall, C density decreased as distance from roadway increased in both regions.

Within both regions a decreasing trend in C density with position was observed
(Figures 25 and 26). Within both regions a comparison of differences within C density
LSMEANSs at each sample position revealed a decreasing (Table 31), but not typically
significant, trend from positions 1 to 4. All estimates are positive indicating positions closer

to the road had higher C density values than those further away (Table 31).
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Table 31: Differences of LSMEAN values for log-transformed C density data within the
Piedmont and Coastal Plain. P-values <0.05 were considered significant and in bold.

Refe-rgnce Comp_a_rlson DF | Estimate | P-value
Position Position
Piedmont 1 2 128 0.143 0.1504
Piedmont 2 3 128 0.044 0.6567
Piedmont 3 4 128 0.117 0.2392
Coastal Plain 1 2 127 0.063 0.4474
Coastal Plain 2 3 127 0.125 0.1325
Coastal Plain 3 4 127 0.164 0.0492
7 —
6 -
B
2,
=y
[a]
[ =
g2
8
1 -
0
Position
1 2 m3 m4

Figure 25: Mean C density values at each sample position within Piedmont VFS/VSs.
Standard error bars are 1 standard deviation. Note the figure depicts the actual sample
means, not the LSMEAN values referenced in table 18.
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Figure 26: Mean C density values at each sample position within Coastal Plain VFS/VSs.
Standard error bars are 1 standard deviation. Note the figure depicts the actual sample
means, not the LSMEAN values referenced in table 18.

The theory that compaction nearest the roadway resulted in higher C density values in
the sampling positions closest to the roadway was tested. The % total C increased but,
without statistical significance, with proximity to roadway. Thereby, C content in soil caused
elevated C density values in close proximity to the roadway, rather than high FBD values.
This result is somewhat peculiar, since vegetation cover was observed to be less dense

nearest the roadway at sample position 1 (Figure 27).
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Figure 27: Roadside VFS/VS, where signs of erosion and road debris are noted in
close proximity to roadway edge of pavement

3.16 POLLUTANT INVESTIGATION

The VFS/VS mean C densities in this study (2.55 and 4.14 kg C m™) were
comparable to local NC grasslands (2.15 kg C m™2and 3.06 kg C m™), Colorado grasslands
and rangelands (2.56-3.14 kg C m™) (Kaye et al. 2005), and residential turf (2-6 kg C m™
and 4.4-5.0 kg C m™?) (Pouyat et al. 2009; Kaye et al. 2005). That roadside VFS/VS C
densities should be in range with grassland and turf was not expected for two reasons: (1) the

roadway is a harsh environment where pollution and compaction could hamper plant growth
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(NCDOT ; Bohemen and Janessen 2003), (2) plant growth is not purposefully facilitated with
fertilization or irrigation (Pouyat et al. 2009; Bohemen and Janessen 2003).

Bohemen and Janessen (2003) found roadways soils contaminated with heavy metals,
PAHs and oils above the target and intervention values for ecosystem health established in
the Netherlands. Zinc and Copper levels in roadside VFS/VSs (Tables 33 and 34) were far
below those reported by Bohemen and Janessen (2003) for conventional asphalt (Table 32).
According to the EPA, the maximum acceptable toxicant concentration (MATC) for zinc and
copper are 160 and 70 mg kg™ dry weight, respectively (U.S. EPA 2007b; U.S. EPA 2007a).
Zink (1.98-10.76 mg kg™*) and Copper (0.51-2.91 mg kg'™) levels herein were not likely to

cause toxicity and plant death detrimental to soil C accumulation.
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Table 32: Concentrations of contaminants in roadside soils at 0-0.05m depth at various
distances from asphalt roadway (Bohemen and Janessen 2003).

Cadmium | Copper | Nickel Lead Zinc | Arsenic | PAH
mgkg® | mgkg? | mgkg? | mgkgt | mgkg® | mgkg® mglkg
Target value 0.8 36 35 85 140 29 1
Distance from
road (m)
0.6 2* 111* 24 600** | 590* 5 5.7*
2 1.8* 91* 25 600** | 495* 55 6.7*
4 1.2* 46* 280 280* 235* 8 11*
10 1* 70* 32 260* 195* 11 2.6*
200 0.9* 105* 34 85 200* 20 1.6*

*indicates measured value was above Netherland target
**indicates measured value was above Netherland intervention value

Table 33: Piedmont VFS/VS average concentrations of metals within 0-0.01m soil profile at
various distances from roadway.

mean distance Zinc | Copper
from road
m mg kg™ | mg kg™
Position 1 0.6 7.25 291
Position 2 2.4 6.04 1.94
Position 3 4.2 10.76 | 1.84
Position 4 5.9 5.74 1.46
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Table 34: Coastal Plain VFS/VS average concentrations of metals within 0-0.01m soil profile
at various distances from roadway.

mean distance Zinc | Copper
from road
m mg kg™ | mg kg™
Position 1 1.1 5.07 1.26
Position 2 3.7 3.19 0.56
Position 3 6.0 1.94 0.51
Position 4 8.4 1.98 0.58

The authors postulated that PAH bound road sediment in the soil could have
contributed to the % total C results, thereby inflating real soil C values. This was not an
original study objective, and investigation into PAH contamination was an a posteriori
decision. Due to budgetary and time constraints, very limited PAH sampling was conducted.
Three samples each from a previously sampled site in the Piedmont and Coastal Plain were
analyzed for PAH concentrations following standard EPA gas chromatography/mass
spectrometry methods (U.S. Environmental Protection Agency 2007). Of the 6 samples, only
1 reported detectable concentrations of priority PAHSs, and these levels were less than the
laboratory practical quantification limit. PAH concentrations ranged from 0.13 to 0.48 mg
kg™ in the initial 0.1m profile of the Piedmont sample site, which is similar to Bohemen and
Janessen (2003) and Wild and Jones (1995). Herein 2.33 mg kg™ of PAH species were

detected in the Piedmont sample (Appendix H). The same sample had a % total C of 0.033g
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C g™, or 33,000 mg kg™. Therefore, the presence of PAHs in the profile was not
consequential to the overall C density value.

Because PAH accumulation is very limited, % total C appears to be a suitable metric
for soil organic C, without contamination from roadside pollutants. The C content from
additional roadside VFS/VS studies should be analyzed via the dry combustion technique
(Golubiewski 2006) without regard for PAH contamination.

4. WETLAND SWALE AND DRY SWALE COMPARISON
4.1 SITE CONDITIONS

Position 4 within the VFS/VS, the dry swale, in the Coastal Plain was compared to
the independently sampled wetland swale sites in this region. The wetland swales and dry
swales were sampled from the same Wicomico-Talbot soil system within the Coastal Plain
discussed earlier. The GIS database did not specify vegetation or hydrology within ROWs,
therefore the wetland swale sites were identified in the field using hydrophitic vegetation as
identifiers. When hydrophytic vegetation, i.e. bulrush (Scipus tabernaemontasi), arrowhead
(Sagittaria latifolia) and cattails (Typha latifolia), were noticed, the site was identified as a
possible sample location. Further field analysis of soil conditions (Figure 28) and hydrology,
such as pooled water, confirmed whether the site was a wetland and sample extraction then

proceeded as described in section 3.4.
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Figure 28: Evidence of saturated soil conditions in wetland swale site within Coastal Plain.
Note the depleted and mottled matrix circled, which is characteristic of inundated wetland
soils.

Based on prior studies (Moore and Hunt 2010) long periods of saturation and
hydrophytic vegetation increases C densities and sequestration within wetland swales as
compared to the dry swales. The mean site conditions and soil characteristics for wetland

and dry swale are shown in Tables 35 and 36, respectively.
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Table 35: Mean site conditions of wetland and dry swales.

. . Fine Bulk
Site Age Texture Bulk Density Density
years USDA gcm? gcm?
Mean Std. Mean Std. Mean Std. Mean Std.
dev dev dev dev
Dry Swale 17 11.14 | Sandy Loam | 1.66 0.18 1.52 0.2
Wetland 17 1112 | LoamySand | 134 026 | 128 027
Swale

Table 36: Mean wetland swale and dry swale soil characteristics.

or CEC p K
meq 100cc™ mg dm’ mg dm”
vean S | mean 59 | mean S | pean St
dev dev dev dev
DrySwale | 536 092 | 881 666 | 4444 3749 | 86.94 147.49
Wetland | ;90 056 | 768 338 | 3116 30.16 | 30.01 20.07
Swale

These data were also log-transformed due to lack of homogeneity of variance. The

PROC MIXED (SAS®© 9.2) model was used to evaluate these data within the same age

classes as before.

4.2 SWALE TYPE EFFECTS

The ANOVA results for C density and % total C are displayed in Table 37. The

effect of swale type is not significant upon C density (p=0.0960), but is for % total C (p-

value =0.0409) (Table 37). The lack of statistical significance of C density between the wet
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and dry swales may be due to higher FBD values and lower % total C observed in the dry
swales (Table 37).

The higher FBD values in dry swales likely raise their C density to levels comparable
to those in the wetland swales; however C density appears greater in wetland swales despite
dry swales having slightly higher FBD. Therefore, higher C density values of the wetland
swales are due to the accumulation of % total C, not higher FBD values. This supports the
hypothesis that the wetland conditions of wetland swales foster C accumulation more so than
the drier hydrologic conditions of the dry swales. Saturated conditions of wetland swales
hinder decomposition, which releases CO, to the atmosphere, thereby providing higher
sequestration potential than dry systems (Stevenson and Cole 1999). This is an important
finding for agencies that are looking for ways to increase C storage within stormwater
conveyance. In the linear environment it may prove beneficial to encourage longer periods

of inundation or saturation in swales by using check damns.
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Table 37: WS and VS ANOVA results for log-transformed C density and % total C. P-
values <0.05 are statistically significant and in bold.

C Density | % Total C
Factor DF | error DF | P-value P-value
Age Class 3 35 0.2237 0.2259
Swale Type 1 35 0.0960 0.0409
Swale Type * Age Class | 3 35 0.7570 0.9180

4.3 AGE EFFECTS ON CARBON DENSITY

The mean values of dry swale and wetland swale C density, % total C and FBD are
given in Table 38 and Table 39, respectively. Age class was a non-significant factor on C

density and % total C (p-values 0.1068 and 0.1033, respectively).

Table 38: Mean wetland swale and dry swale C density (kg C m™), % total C (g C
gsoil™) and FBD (g cm™) values by age class groups.

Age Class C Density % Total C FBD
Mean | Std. dev | Mean Std. dev | Mean | Std. dev
1 5.67 451 | 2.10E-02 | 1.62E-02 | 1.42 0.38
2 8.23 6.78 | 3.60E-02 | 3.10E-02 | 1.41 0.21
3 2.72 3.79 | 1.30E-02 | 1.54E-02 | 1.27 0.17
4 6.01 2.60 | 2.60E-02 | 1.21E-02 | 1.35 0.28
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Table 39: Mean dry swale and dry swale C density (kg C m™), % total C (g C gsoil™*) and
FBD (g cm™) values by age class groups.

C Density % Total C FBD
Mean | Std. dev | Mean Std. dev | Mean | Std. dev
3.01 1.63 | 9.70E-02 | 4.89E-03 | 1.53 0.18
3.60 2.17 | 1.20E-02 | 7.18E-03 | 1.49 0.19
2.71 1.77 | 9.00E-03 | 6.36E-03 | 1.62 0.17
2.87 1.11 1.10E-02 | 4.25E-03 | 1.42 0.24

Age Class

AW INF

Differences between swale types were evaluated by comparing LSMEAN values; the
estimate value is the LSMEAN value of the wetland swale (comparison type) subtracted
from the dry swale (reference type) LSMEAN. In 3 of 4 age class comparisons between the
two swale types, no significant differences were found for C density levels (all p-values
>0.05, Table 40); in age class 3 the % total C in the dry swales was estimated to be less than
that of the wetland swales (p-value = 0.0496, Table 40). In all age classes C density of dry
swales was estimated to be less than those of the wetland swales, i.e. all estimate values in

Table 40 are negative.
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Table 40: Differences of LSMEAN values of C density, and % total C based on log-
transformed data for wetland swales and dry swales in the Coastal Plain. P-values <0.05 are
considered significant and in bold.

C Density % Total C
Age Reference Comparison . P- . P-
Class Type Type DF | Estimate Value Estimate Value

1 Dry Swale Wetland Swale | 35 -0.424 0.3743 -0.485 | 0.3418

Dry Swale Wetland Swale | 35 -0.611 0.2294 | -0.764 | 0.1612

2
3 Dry Swale Wetland Swale | 35 -0.002 0.9960 | -1.023 | 0.0496
4 Dry Swale Wetland Swale | 35 -0.555 0.2472 | -0.580 | 0.2613

Within dry and wetland swales differences in LSMEAN values between age classes
were also compared (Table 41). In comparisons of % total C values within each swale type,
only one significant difference was found between age classes. Within wetland swales age
class 2, % total C was statistically greater than that of age class 3 (p-value 0.0404, Table 41).
A negative estimate value (Table 41) indicates C increases with age. It is difficult to discern
the rate at which dry swales or wetland swales accumulate C over time.

Due to the scatter within the data and severe departures from normality, linear
regression with both swale types was not conducted (Figure 29). No significance was
associated with the age effects upon C density accumulation in either of the VS or WS
categories. This implies that C density of swales is more variable and independent of site
age, unlike the Piedmont VFS/VSs. Both the wetland and dry swales were sampled within

the Coastal Plain, where VFS/VSs also failed to show dependence on site age with C density.
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The Coastal Plain, whether from local site effects or climate, had variable C densities

unassociated with age.

Table 41: Differences of LSMEANS between the age classes of the dry swales and wetland
swales. P-values <0.05 are considered significant and in bold.

C Density % Total C
Swale Reference | Comparison . P- . P-
Type Age Class | Age Class DF | Estimate value Estimate value
Dry Swale 1 2 35 | -0192 | 0.6861 | -0.221 |0.6629
Dry Swale 2 3 35 | 0344 | 04703 | 0390 |0.4432
Dry Swale 3 4 35 | -0209 | 0.6599 | -0.443 |0.3893
Wetland 1 2 35 | -0.379 | 04529 | -0500 |0.3550
Swale
Wetland 2 3 35 | 0953 |00404| 0868 |0.0782
Swale
Wetland 3 4 35 | -0.762 | 0.0754 | -0.736 |0.1060
Swale
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Figure 29: Mean C density of dry vegetated swales.

Because C density and % total C in swales are not well defined by age, it appears
more appropriate to assess wetland swales and dry swales using a range of C values, rather
than a rate of C sequestration. Dry swales had a mean C density value of 3.05 kg C m?, but
values ranged between 0.63 to 7.73 kg C m™. The mean C density of wetland swales (5.04
kg C m™) was greater than dry swales, with a wider range of values (1.02 to 22.78 kg C m™).
Wetland swales have significantly and substantially more C within the 0-0.2 m profile than
dry swales. This is specifically useful to those wishing to manage roadside environments to

promote C sequestration. Wetland conditions (Craft et al. 1988) do foster C accumulation
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and if C credits are ever a factor in ROW management, wetland swales would be considered
better than dry swales.

Constructed stormwater wetlands (CSWs), are engineered to treat stormwater; unlike
wetland swales, CSWs specifically designed to detain water for 2-5 days in shallow pools
that support hydrophytic vegetation (North Carolina Division of Water Quality 2007).
Topsoil, high in organic matter, is also added to CSWs to support vegetation establishment.
Wetland swales develop within depressional areas or those with high water tables and receive
no soil amendments. Because of their otherwise similar nature C density and % total C of
roadside wetland swales were compared to CSWSs and restored wetlands (Table 42).

The range of C densities observed in this study are comparable to other CSWs and
restored wetlands, but the mean C density of wetland swales in age class 2 (8.23 kg C m™) is
higher than all other reported values (Table 42). The high C density values observed in this
study were likely due to higher bulk density values in roadside wetland swales than those
reported for CSWs. The range of % total C of wetland swales (1.3 -3.6 %) was similar to
those reported for CSWs by Moore and Hunt (2012) (1.4 -2.4 %) and by Anderson and
Mitsch (2006) (3.8 - 4.3%). Unlike this study, where C sequestration rates were not able to
be discerned, Moore and Hunt (2012) and Anderson and Mitsch (2006) found C
sequestration rates of 0.84 and 1.52-1.66 kg C m? yr''. Because C density of wetland swales
was similar to that of CSWs, it is plausible that the sequestration rates would also be similar.

Consequently, while this study did not find a trend of C accumulation over time, the wetland
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swales may be accumulating C at rates 15 to 30 times higher than dry vegetated filter strips

and swales.

Table 42: Literature values of C density and % total C of CSWs and restored wetlands and
those of this study for roadside wetland swales.

_ % Total c
Reference Type Region Dength %gg CIZ(Dénsql_tzy CC100 sequestration
g g % et kg C m2yrt
Current | Wetland North 1.3-
Study Swales | Carolina | °? 0.99 5.04 3.6 ]
Moore
North 1.27 - 1.04 - 1.4 -
and Hunt CSW Carolina 0.1 1.42 2.22 2.4 0.84
2012
Anderson
and . 0.44 - 3.8- 152 -
Mitsch | W Ohio | 0.09 | g ) 43 1.66
2006
Euliss et | Restored | Midwest
al. 2006* | Wetlands u.S. 0.15 i 5.2 ) 3.05
Created
Craft et ) North
al. 1988 estuarine carolina 0.1 - - - 0.8
marshes

*Euliss et al. 2006 values reported in organic C, not total C

That C density of wetland swales is comparable to that of other constructed wetlands
is beneficial in future development. Because CSWs are given relatively high nitrogen
removal credit (North Carolina Division of Water Quality 2007), if C storage credit were
awarded to both CSWs and wetland swales, the “wet” practices would be more likely to be

chosen vis-a-vis dry vegetated systems.
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5.  SUMMARY OF CONCLUSIONS
The principal aim of this study was to quantify C densities of VFS/VSs and wetland

swales along NC highways. Global quantification of terrestrial C stocks fails to identify
specific urban areas like roadside vegetation. This study offers C density values to quantify
the unique and extensive roadside environment, which is currently unaccounted for. Average
soil C density within roadway VVFS/VSs ranged from 2.55 to 4.14 kg C m™ at a 0.2m depth
within the Piedmont and Coastal Plain, respectively.

In the Piedmont C sequestration was occurring due to time not compaction.
However, in the Coastal Plain C density was a static quality not affected by age, implying
early C saturation or lack of C input due to low levels of vegetation production. Although C
sequestration rates were higher in the Piedmont, the overall C density values within each age
class were higher in the Coastal Plain. Additionally, the C plateau values in the Piedmont
(3.19 to 3.62 kg C m™), were lower than the average C density value of 4.14 kg C m™ in the
Coastal Plain. The higher overall C density in the Coastal Plain could be due to initial higher
average surface organic matter in this region (“STATSGO2”); because roadway construction
uses on site and nearby soils, ROW soils may have had initially higher embedded C density
that was maintained over time.

Comparisons of C density to literature indicate roadway VFS/VSs are comparable to
grasslands. However, only local Piedmont grasslands were similar to VFS/VSs, while local
Coastal Plain grasslands were below the mean VFS/VSs C density. Overall, it appears

VFS/VS C densities are comparable to grassland, but not turf values. If no roadside data
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were available, grassland C densities appear to be a reasonable surrogate for roadway soil C
densities. This is important to DOTSs that may not have specific roadside data, but other
grassland or pasture data in their region are available to quantify the C stocks in roadside
VES/VSs.

An analysis of landuse conversion revealed VFS/VSs to be C sources to the
atmosphere when converted from forest, and C sinks when converted from agricultural land.
If above ground biomass was included in the carbon balance, converting forests to roadway
VES/VSs will produce the largest C emissions to the atmosphere. If planning to mitigate
GHG emissions, engineers should avoid converting forested land to VFS/VSs, but converting
agricultural land may provide an opportunity to capture C.

The hypothesis that wetland swales would have higher C densities than their
counterpart, dry swales, was supported. If C crediting systems were established, wetland
swales probably deserve more credit than the dry swales. However, little relationship
between C density and age was observed in these data. Further investigation into C
sequestration rates for wetland swales is necessary to establish plausible C offset rates to be
used by agencies like the NCDOT.

Piedmont roadside VVFS/VSs were measured to sequester C at 0.053 kg C m2 yr
over the 37-year dataset (linear model), 0.155 kg C m™ yr™* until the C plateau at age = 15.0
years (PROC NLMIXED segmented linear model), and 0.099 kg C m™? yr* until the C
plateau at age=21.5 years (PROC NLIN segmented linear model). Grasslands sequester C at

0.02 t0 0.08 kg C m? yr* (Conant 2001) and 0.054 kg C m? yr* (Kaye et al. 2005), a nearly
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identical rate to Piedmont VFS/VSs (0.053kg C m™ yr™) using the linear model. When the
segmented linear models were used, Piedmont C sequestration rates of 0.099 and 0.155 kg C
m2 yr'! were comparable to turf 0.09 kg C m? yr'* (Pouyat et al. 2010) and the rate assumed
by the FHWA (2010) for roadside VFS/VSs (0.17 kg C m™? yr''). When compared to the
linear model rate presented herein, the FHWA would overestimate the C sequestration rate
by a factor of 3. If either segmented linear model were used, the FHWA rate would
overestimate C sequestration by a factor of 1.1 to 1.7.

Federal agencies, like the FHWA, are required to measure, report and mitigate their
GHG emissions (Federal Register 2009). Should cap and trade become reality, the FHWA
may potentially offset C emissions via terrestrial sequestration in VFS/VSs. Because of the
potential economic implications associated with C sequestration an accurate rate must be
established. The rate of 0.17 kg C m? yr™, assumed by the FHWA (2010), should not be
used because it provides more C credit to VFS/VSs than they deserve. Alternatively,
agencies should use the rates established herein: 0.053 kg C m yr™ over 37 years (linear
model), 0.155 kg C m? yr'* (PROC NLMIXED) over 15.0 years, and 0.099 kg C m? yr™*
(PROC NLIN) over 21.5 years.

Carbon sequestration within roadside VFS/VSs did not offer a substantial sink (0.84%
to 4.7 %) when compared to the GHG emissions associated with roadway construction (Cass
and Mukherjee 2011). Therefore DOTSs should not consider roadside vegetation a substantial
C offset to roadway construction emissions, but should include it as a part of a

comprehensive strategy. A direct C offset of construction with roadside VFS/VSs is not
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likely, although C is accumulating within roadside soils at a rate comparable to CRP
grasslands (Gebhart et al. 1994). The CRP was established to prevent erosion and protect
water quality and does not offer C credit based on sequestration rates; however it is plausible
that C storage will become a major driving force for conservation and allotted monetary
reimbursement accordingly (Gelfand et al. 2011). Just as water quality regulation has driven
development and restoration, C capture and storage is poised to influence future

development.

5.1 RECOMMENDATIONS FOR FUTURE RESEARCH
Nationally, vegetated ROWs along the National Highway System constitute a

substantial area, over 20,000 sg. km (FHWA 2010). The ecology of roadway corridors has
been studied (Rentch et al. 2005; Forman and Alexander 1998; Bennett 1992), but little
attention has been paid to roadside soils and their C sequestration potential. This study
measured soil C densities and sequestration rates of VFS/VSs, and wetland swales.
Investigating C sequestration rates within other ecological regions of the U.S. would reduce
the knowledge gap surrounding roadside soil C sequestration potential. Other ecological
regions may accumulate less or more C depending on climate and soils. For example, the
milder summers in the Northeastern U.S. may provide less plant stress and foster C
accumulation, or the shorter growing season due to longer winters, could hinder C
accumulation in roadside VFS/VSs in this region. Additional research should investigate
specific C sequestration rates in various national and global physiographic regions.

Vegetation type is also variable along roadways, and C sequestration rates of specific
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roadside species should be studied in the future. This research focused solely on the grassed
VES/VS, but perhaps flowers and shrubs offer additional C sequestration benefit.
Afforestation and carbon sequestration within woody biomass of trees has been studied (EPA
2005; Nilsson and Schopfhauser 1995); however C sequestration of trees within the roadside
environment has not been documented. Future research is needed to discern if roadside trees
sequester C at similar rates to natural forests. A regionalized and vegetation-specific
approach to C accounting would allow DOTSs to better estimate and predict the C
sequestration potential of their roadways.

Specific maintenance regimes were not documented in this study. Mowing occurs
approximately 5 times a growing season between April and October along highways in NC
(personal communication Scott Capps, NCDOT). Roadside maintenance is a large cost to
DOTs, and perhaps less mowing offers economic incentive as well as higher C credit.
Further studies could investigate whether fertilization or irrigation increase C accumulation
to roadside ROWs. If a specific vegetation type maximized C accumulation, the DOT could
focus management strategies to foster the growth of that species and gain higher C credits in
ROWs.

Vegetated filter strips and swales are ubiquitous across the urban landscape, as well
as roadside corridors, and the C dynamics particular to these systems deserve closer
inspection. Depending on the model used, Piedmont roadside VFS/VSs were found to
sequester C at rates between 0.053 and 0.155 kg C m?yr™, but rates of other urban VFS/VSs

are unknown. Recreation areas and residential communities are well maintained, and
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perhaps the lack of roadside traffic and compaction would allow SCMs located in these areas
higher biomass production leading to higher rates of C sequestration than roadside VFS/VSs.

Herein C density values were higher, although non-significantly, at sample locations
nearest the roadway surface. Future research could replicate this study, to determine if this
trend continues and why soil C density is elevated nearest the roadway. Documentation of
vegetation type and root density would elucidate possible correlations between C density and
position. Air pollution and roadway degeneration via vehicular traffic are also known to
negatively impact plant growth (Forman and Alexander 1998; Angold 1997), and it would be
advantageous to determine if it also adversely affects soil C accumulation in roadside
VFES/VSs.

The main goal of this study was to quantify baseline C density and sequestration rates
within roadside VFS/VSs, however monitoring a roadway over a 30-yr lifespan was not
possible. Consequently, a chronosequence was used to substitute space for time and multiple
temporally varied sites were studied instead of a single roadway. Future research could set
up long-term monitoring stations to evaluate a more precise C sequestration rate within
roadway ROWs. It would also be advantageous to monitor older roadways to determine
when C saturation occurred.

Perhaps SCMs could be designed to sequester C and garner carbon credits. GHG
emissions and C storage are not currently included in SCM design manuals (North Carolina
Division of Water Quality 2007), but with further research this could also become an integral

design parameter. Future research is needed to specify regional and vegetation C
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sequestration rates, which would allow DOT agencies to more accurately quantify C

sequestration within VFS/VSs.
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APPENDIX A: PIEDMONT VFS/VS SAMPLE ANALYSES.

bulk

fine bulk

Sllée Point i%id D'?:ﬁ;' ce density | density % 'Iéotal texture class
(g/cm”3) | (g/cm”"3)
A S1 4 6 1.45 1.32 0.87% Silt Loam
A S2 4 6 1.48 1.28 0.17% Silt Loam
A S3 4 6 0.89 0.84 0.79% Silt Loam
A S4 4 6 1.29 1.21 0.31% Silt Loam
A Al 4 0.5 1.33 1.10 0.57% Clay Loam
A B1 4 2.3 1.51 1.39 0.85% Clay Loam
A C1 4 4.16 1.41 1.24 0.29% Silt Loam
A X1 4 0.5 1.50 1.31 0.96% Loam
A Y1 4 2.3 1.42 1.34 0.52% Clay Loam
A Z1 4 4.16 1.29 1.20 0.09% Silt Loam
A A2 4 0.5 1.40 1.24 0.61% Clay Loam
A B2 4 2.3 1.57 1.48 0.73% Clay Loam
A C2 4 4.16 1.47 1.38 0.37% Silt Loam
A X2 4 0.5 NA NA NA Loam
A Y 2 4 2.3 1.45 1.31 0.32% Clay Loam
A Z2 4 4.16 1.37 1.33 0.09% Silt Loam
B S1 3 6.4 1.85 1.74 0.52% Sandy Loam
B S2 3 6.4 1.85 1.81 0.63% Sandy Loam
B S3 3 6.4 1.91 1.87 0.30% Loamy Sand
B S4 3 6.4 1.85 1.78 0.13% Loamy Sand
B Al 3 0.5 1.94 1.76 0.67% Sandy Loam
B B1 3 2.5 1.84 1.50 0.52% Sandy Loam
B c1 3 4.5 1.94 1.88 0.28% Sandy Loam
B X1 3 0.5 1.98 1.55 0.32% Sandy Loam
B Y1 3 2.5 1.91 1.84 0.28% Loamy Sand
B Z1 3 4.5 1.90 1.86 0.13% Sand
B A2 3 0.5 1.84 1.60 0.92% Sandy Loam
B B2 3 25 1.96 1.84 0.36% Sandy Loam
B C2 3 4.5 1.87 1.78 0.41% Sandy Loam
B X2 3 0.5 1.96 1.46 0.39% Sandy Loam
B Y2 3 25 1.90 1.89 0.21% Loamy Sand
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bulk

fine bulk

Site Poi Road | Distance . . % Total
D oint age (m) density | density C texture class
(g/cm”3) | (g/cm”3)

B Z2 3 4.5 1.88 1.85 0.12% Sand

Cc S1 3 6.4 1.61 1.55 0.18% Sandy Loam
C S2 3 6.4 1.49 1.42 0.50% Sandy Loam
C S3 3 6.4 1.58 1.55 0.08% Sandy Loam
C S4 3 6.4 1.56 1.55 0.10% Sandy Loam
C Al 3 0.5 1.99 1.44 0.16% Loam

C B1 3 25 1.71 1.58 0.30% Sandy Loam
C Cc1 3 4.5 1.67 1.55 0.36% Sandy Loam
C X1 3 0.5 2.20 1.42 0.20% Sandy Loam
C Y1 3 25 1.70 1.59 0.29% Sandy Loam
C Z1 3 4.5 1.57 1.40 0.17% Sandy Loam
C A2 3 0.5 1.93 1.63 0.18% Loam

C B2 3 2.5 1.80 1.60 0.22% Sandy Loam
C C2 3 4.5 1.53 1.47 0.58% Sandy Loam
C X2 3 0.5 2.02 1.37 0.16% Sandy Loam
C Y 2 3 2.5 1.69 1.54 0.27% Sandy Loam
C Z2 3 4.5 1.52 1.43 0.49% Sandy Loam
D S1 5 6.8 1.87 1.58 0.24% Sandy Loam
D S2 5 6.8 2.01 1.93 0.08% Sandy Loam
D S3 5 6.8 1.84 1.68 0.34% Sandy Loam
D S4 5 6.8 2.03 1.97 0.07% Sandy Loam
D Al 5 0.5 1.75 1.55 0.92% Sandy Loam
D B1 5 2.6 1.63 121 1.04% Loam

D C1 5 4.7 1.97 1.72 0.27% Loam

D X1 5 0.5 1.65 1.46 0.81% Sandy Loam
D Y1 5 2.6 1.87 1.47 0.29% Sandy Loam
D Z1 5 4.7 1.92 1.71 0.09% Loam

D A2 5 05 1.82 1.68 0.73% Sandy Loam
D B2 5 2.6 1.85 1.49 0.58% Loam

D C2 5 4.7 191 1.71 0.30% Loam

D X2 5 0.5 1.64 1.42 0.57% Sandy Loam
D Y 2 5 2.6 1.90 1.77 0.21% Sandy Loam
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bulk

fine bulk

Site . Road | Distance . . % Total
D Point age (m) density | density C texture class
(g/cm”3) | (g/cm”3)

D Z2 5 4.7 1.88 1.60 0.35% Loam

E | s1| 3 | 42 145 | 138 | 1449 | SandyClay
Loam

E | s2 | 3 4.2 1.47 141 | 1650 | SandyClay
Loam

E S3 3 4.2 1.52 1.43 0.24% Clay Loam

E S4 3 4.2 1.45 1.38 0.25% Clay Loam

E Al 3 0.5 1.69 1.57 1.87% Sandy Loam

E B1 3 1.75 1.70 1.60 1.26% Sandy Loam

E Cl 3 3 1.73 1.67 0.57% Clay Loam

E X1 3 0.5 1.92 1.81 0.18% Sandy Loam

E Y1 3 1.75 1.88 1.79 0.33% Clay Loam

E Z1 3 3 1.65 151 0.27% Clay

E A2 3 05 1.70 1.49 1.72% Sandy Loam

E B2 3 1.75 1.60 1.50 1.43% Sandy Loam

E C2 3 3 1.68 1.56 0.66% Clay Loam

E X2 3 05 1.94 1.89 0.20% Sandy Loam

E Y 2 3 1.75 1.75 161 0.28% Clay Loam

E Z2 3 3 1.64 1.60 0.20% Clay

F S1 7 6.6 1.49 1.32 0.32% Loam

F S2 7 6.6 131 1.17 0.12% Loam

F S3 7 6.6 1.66 1.39 0.12% Sandy Loam

F S4 7 6.6 1.47 1.30 0.11% Sandy Loam

F Al 7 0.5 1.69 1.49 0.60% Silt Loam

F B1l 7 2.5 1.61 1.22 0.94% Loam

F C1l 7 4.5 1.56 1.33 0.98% Loam

F X1 7 0.5 181 1.29 0.57% Loam

F Y1 7 2.5 1.79 1.53 0.45% Loam

F Z1 7 4.5 1.88 1.67 0.36% Loam

F A2 7 0.5 161 1.27 1.34% Silt Loam

F B2 7 2.5 1.63 1.38 0.94% Loam

F Cc2 7 4.5 161 1.45 1.02% Loam

F X2 7 05 1.87 0.74 0.38% Loam
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bulk

fine bulk

Site . Road | Distance . . % Total
D Point age (m) density | density C texture class
(g/cm”3) | (g/cm”3)

F [ y2 | 7 25 1.68 1.44 NA Loam

F | z2 | 7 45 1.64 131 | 1.01% Loam
G | S1 | 14 6.1 1.52 142 | 118% | ClayLoam
G S2 14 6.1 1.49 1.37 0.50% Clay Loam
G | s3 | 14| 61 164 | 159 | 0550 | SandyClay

Loam
G | sS4 | 14 6.1 1.61 154 | 1249 | SandyClay

Loam
G | Al | 14 0.5 1.75 145 | 2.72% | Sandy Loam
G | B1 | 14 | 237 1.78 155 | 1.84% | Sandy Loam
G | C1 | 14 | 423 1.62 142 | 139% | SandyLoam
G | X1 | 14 0.5 1.96 177 | 096% | Sandy Loam
G | Y1 | 14 | 237 1.82 167 | 0.64% S""”Ldéri'ay
G | z1 | 14 | 423 1.75 155 | 0.45% | SandyLoam
G | A2 | 14 0.5 1.78 156 | 1.31% | Sandy Loam
G | B2 | 14 | 237 1.67 132 | 1.96% | SandyLoam
G | C2 | 14 | 423 1.50 135 | 1.39% | Sandy Loam
G | X2 | 14 0.5 1.95 177 | 0.88% | SandyLoam
G | y2 | 14| 237 | 179 150 | o850 | SandyClay

Loam
G | z2 | 14 | 423 1.73 154 | 059% | SandyLoam
H | s1 | 15 | 435 1.78 178 | 091% | Sandy Loam
H | s2 | 15 | 435 1.60 160 | 1.47% | Sandy Loam
H | s3 | 15 | 435 1.61 161 | 2.07% | SandyLoam
H S4 15 4.35 1.69 1.69 1.20% Sandy Loam
H | A1 | 15 0.5 1.43 143 | 210% | Sandy Loam
H | B1 | 15 | 178 1.73 173 | 1.19% | Sandy Loam
H | c1 | 15 | 306 1.58 158 | 2.21% | Sandy Loam
H | X1 | 15 0.5 1.21 121 | 091% | Sandy Loam
H | Y1 | 15 | 178 1.78 178 | 117% | Sandy Loam
H | z1 | 15 | 306 | 163 | 163 | 078% | YO

oam
H A2 15 05 1.05 1.05 2.33% Sandy Loam
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bulk

fine bulk

Site . Road | Distance . . % Total
D Point age (m) density | density C texture class
(g/cm”3) | (g/cm”3)
H B2 15 1.78 1.55 1.55 1.62% Sandy Loam
H c2 15 3.06 1.73 1.73 1.04% Sandy Loam
H X2 15 0.5 1.73 1.73 1.07% Sandy Loam
H Y 2 15 1.78 1.73 1.73 0.83% Sandy Loam
Sandy Cla
H | z2 | 15 | 3.6 1.50 150 | 0.55% e
I S1 7 5.8 1.37 1.33 NA Sandy Loam
I S2 7 5.8 1.33 1.24 1.84% Sandy Loam
I S3 7 5.8 1.61 1.41 0.48% Sandy Loam
I S4 7 5.8 1.72 1.58 0.84% Sandy Loam
I Al 7 0.5 1.66 1.46 0.74% Sandy Loam
I B1 7 2.26 1.68 1.26 1.62% Sandy Loam
I Cc1 7 4.03 1.63 1.35 1.36% Sandy Loam
I X1 7 0.5 1.25 1.02 0.42% Sandy Loam
I Y1 7 2.26 1.79 1.29 0.51% Sandy Loam
I Z1 7 4.03 1.75 1.64 0.18% Loamy Sand
I A2 7 0.5 1.81 1.48 1.15% Sandy Loam
I B2 7 2.26 1.63 1.38 1.51% Sandy Loam
I C2 7 4.03 1.59 1.33 1.94% Sandy Loam
I X2 7 0.5 NA NA NA NA
I Y 2 7 2.26 1.79 1.71 0.46% Sandy Loam
| Z2 7 4.03 1.75 1.69 0.13% Loamy Sand
J S1 11 6.4 1.87 1.60 0.39% Loam
J S2 11 6.4 161 1.35 0.74% Loam
J S3 11 6.4 1.75 1.37 0.21% Loam
J S4 11 6.4 1.84 1.67 0.33% Loam
J Al 11 0.5 1.79 1.57 1.57% Loam
J B1 11 2.5 1.80 1.54 1.38% Silt Loam
J C1 11 4.5 1.76 1.63 0.51% Clay Loam
J X1 11 0.5 1.98 0.89 0.48% Sandy Loam
J Y1 11 25 1.76 1.70 0.11% Loam
I | z1 | 1 45 1.83 174 | o159 | StltyClay
Loam
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bulk

fine bulk

Site Poi Road | Distance . . % Total
D oint age (m) density | density C texture class
(g/cm”3) | (g/cm”3)
1 A2 | 11 05 1.88 1.61 1.37% Loam
1 | B2 | 11 25 1.86 1.37 0.34% Silt Loam
1 | c2 | 1 45 1.65 1.44 057% | Clay Loam
1 | x2 | 11 05 2.10 1.18 0.24% | Sandy Loam
I vz | 11 25 1.87 153 0.19% Loam
1 | z2 | 11 45 1.81 1.64 0.14% Silty Clay
Loam
K | s1 | 20 5 1.37 1.21 1.29% Loam
K | s2 | 20 5 1.46 1.40 0.88% Loam
K | s3 | 20 5 1.54 1.33 0.24% | Clay Loam
K S4 20 5 1.50 1.28 0.37% Clay Loam
Sandy Clay
0,
K | A1 | 20 05 1.84 1.59 1.37% Lo
K | B1 | 20 1.9 1.64 1.35 1.24% | Sandy Loam
K | c1 | 20 33 1.63 1.35 1.17% Loam
K | X1 | 20 05 2.05 133 | 0379 | SandyClay
Loam
K | Y1 | 20 1.9 1.68 1.30 0.39% Loam
K | z1 | 20 3.3 1.72 1.72 0.44% Loam
K | A2 | 20 05 2.00 1.42 0.61% | SandyClay
Loam
K | B2 | 20 1.9 153 0.95 1.65% | Sandy Loam
K | c2 | 20 33 171 1.42 1.45% Loam
K | x2 | 20 05 1.75 1.21 0.219% | Sandy Clay
Loam
K | Y2 | 20 1.9 1.40 0.87 0.67% Loam
K | z2 | 20 33 1.63 1.50 0.56% Loam
L | s1 | 19 63 1.06 0.86 1.34% Silt Loam
L | s2 | 19 6.3 1.14 1.10 0.98% Silt Loam
L | s3 | 19 6.3 1.10 1.08 0.39% Silt Loam
L | s4 | 19 63 1.16 1.10 0.23% Silt Loam
L | A1 | 19 15 1.90 1.75 0.77% Loam
L | B1 | 19 31 1.58 153 0.71% Loam
L | c1 | 19 4.7 1.31 1.15 0.79% Silt Loam
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bulk

fine bulk

Site Poi Road | Distance . . % Total
D oint age (m) density | density C texture class
(g/cm”3) | (g/cm”3)

L X1 19 1.5 1.73 1.42 0.23% Sandy Loam
L Y1 19 3.1 1.89 1.76 0.18% Silt Loam
L Z1 19 4.7 1.22 1.18 0.20% Silt Loam
L A2 19 1.5 1.33 1.13 1.39% Loam

L B2 19 3.1 1.54 1.46 0.99% Loam

L C2 19 4.7 1.35 1.26 0.69% Silt Loam
L X2 19 15 1.70 1.51 0.35% Sandy Loam
L Y 2 19 3.1 1.57 1.46 0.28% Silt Loam
L Z2 19 4.7 1.32 1.23 0.51% Silt Loam
M S1 36 8.3 1.29 1.18 1.73% Loam

M S2 36 8.3 1.24 1.13 1.58% Loam

M S3 36 8.3 1.30 1.27 0.44% Loam

M S4 36 8.3 1.32 1.23 0.54% Loam

M Al 36 0.5 1.60 1.42 3.68% Sandy Loam
M B1 36 3.1 1.56 1.41 1.34% Sandy Loam
M C1l 36 5.7 1.49 1.40 1.21% Loam

M X1 36 0.5 1.79 1.62 1.44% Sandy Loam
M Y1 36 3.1 1.92 1.48 0.41% Sandy Loam
M Z1 36 5.7 1.57 1.52 0.40% Loam

M A2 36 0.5 1.45 1.25 4.55% Sandy Loam
M B2 36 3.1 1.44 1.33 1.43% Sandy Loam
M C2 36 5.7 1.34 1.25 1.48% Loam

M X2 36 0.5 1.71 1.43 1.12% Sandy Loam
M Y2 36 3.1 1.81 1.46 0.41% Sandy Loam
M Z2 36 5.7 1.42 1.36 0.39% Loam

N S1 17 8.3 1.29 1.18 1.53% Sandy Loam
N S2 17 8.3 1.24 1.13 0.87% Sandy Loam
N S3 17 8.3 1.30 1.27 0.52% Clay Loam
N S4 17 8.3 1.32 1.23 0.30% Clay Loam
N Al 17 0.5 1.60 142 2.86% Loamy Sand
N B1 17 3.1 1.56 1.41 3.36% Sandy Loam
N C1l 17 5.7 1.49 1.40 2.18% Loamy Sand
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bulk

fine bulk

Site . Road | Distance . . % Total
D Point age (m) density | density C texture class
(g/cm”3) | (g/cm”3)
N | X1 ] 17 | 05 1.79 162 | 0479 | SndyClay
Loam
N | Y1 | 17 3.1 1.92 148 | 0620 | SandyClay
Loam
N | z1 | 17 57 157 152 | 051% | Loamy Sand
N A2 17 0.5 1.45 1.25 3.01% Loamy Sand
N | B2 | 17 3.1 1.44 133 | 1.48% | Sandy Loam
N | c2 | 17 57 1.34 125 | 1.24% | Loamy Sand
Sandy Cla
N | X2 | 17 0.5 171 143 | 037% ngm y
N | Y2 | 17 3.1 1.81 146 | 058y | SndyClay
Loam
N | z2 | 17 5.7 1.42 136 | 0.40% | Loamy Sand
O | s1 | 20 4 1.28 112 | 2.81% | Sandy Loam
) S2 20 4 1.37 1.26 0.53% Sandy Loam
O | s3 | 20 4 1.44 136 | 2.81% | SandyLoam
O | s4 | 20 4 1.54 144 | 039% | SandyLoam
o | A1 | 20 0.5 1.62 125 | 1.77% | Sandy Loam
O | BL | 20 | 166 1.63 094 | 250% | Sandy Loam
@] Cc1 20 2.82 1.52 1.04 3.50% Loamy Sand
o | X1 | 20 0.5 1.53 NA 0.91% | Loamy Sand
O | Y1 | 20 | 166 2.05 126 | 091% | Loamy Sand
O | z1 | 20 | 28 1.67 146 | 0.92% | Sandy Loam
o | A2 | 20 05 1.81 134 | 1.85% | SandyLoam
O | B2 | 20 | 166 1.49 110 | 1.65% | SandyLoam
o | c2 | 20 | 28 1.64 096 | 3.98% | Loamy Sand
o | x2 | 20 0.5 1.19 NA 0.98% | Loamy Sand
o | Y2 | 20 | 166 1.79 113 | 167% | Loamy Sand
o | z2 | 20 | 28 1.72 143 | 041% | Sandy Loam
P | s1 | 37 55 1.59 147 | 1.04% | SandyClay
Loam
P | s2 | 37 55 1.62 013 | 1250 | SandyClay
Loam
P | s3 | 37 55 1.64 141 | 1.38% | SandyLoam
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bulk

fine bulk

Site . Road | Distance . . % Total
D Point age (m) density | density C texture class
(g/cm”3) | (g/cm”3)

P | s4 | 37 55 1.79 125 | 092% | Sandy Loam

P | A1 | 37 05 1.74 1.64 0.43% | SandyClay
Loam

P | B1 | 37 | 225 1.50 119 | 051% Sa”Ldy Clay
oam

P | c1 | 37 4 1.65 1.50 0549 | SandyClay
Loam

P | x1| 37| o5 1.75 152 | 0.35% Sa”Ldy Clay
oam

P | Y1 | 37 2.25 1.62 1.40 03296 | SandyClay
Loam

P | z1 | 37 4 1.48 1.38 2.41% Sa”Ldy Clay
oam

P | A2 | 37 05 176 143 | 070% | SandyClay
Loam

P | B2 | 37 | 225 1.49 142 | 0.66% Sa”Ldy Clay
oam

P | c2 | 37 4 161 1.54 0.61% | SandyClay
Loam

P | x2 | 37 05 174 156 | 0.36% Sa”Ldy Clay
oam

P | Y2 | 37 2.25 151 1.39 041% | SandyClay
Loam

P | z2 | 37 4 151 1.05 1999 | SandyClay
Loam

Q | s1 | 29 3 1.59 150 | 2.11% | Sandy Loam

Q | s2 | 29 3 1.44 133 | 3.03% | SandyLoam

Q | s3 | 29 3 161 143 | 073% | Loamy Sand

Q | s4 | 29 3 161 151 1.12% | Loamy Sand

Q | AL | 29 05 2.09 1.34 1.85% | Loamy Sand

Q | B1 | 29 13 172 124 | 312% | Loamy Sand

Q | Cc1 | 29 21 1.48 116 | 432% | Loamy Sand

Q | X1 | 29 05 1.50 088 | 0.90% | Loamy Sand

Q | Y1 | 29 13 1.97 124 | 081% | Loamy Sand

Q | z1 | 29 21 1.82 1.82 1.93% | Loamy Sand

Q A2 29 05 1.97 1.00 1.97% Loamy Sand

Q | B2 | 29 13 177 116 | 3.00% | Loamy Sand
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bulk

fine bulk

Site . Road | Distance . . % Total
D Point age (m) density | density C texture class
(g/cm”3) | (g/cm”3)

Q C2 29 2.1 1.37 1.05 4.95% Loamy Sand
Q X2 29 0.5 2.11 1.03 0.53% Loamy Sand
Q Y 2 29 1.3 1.92 1.08 1.11% Loamy Sand
Q Z2 29 2.1 1.80 1.56 1.07% Loamy Sand
R S1 27 7.5 1.32 1.24 2.32% Loam

R S2 27 7.5 1.30 1.22 1.60% Loam

R S3 27 7.5 1.70 1.62 0.55% Sandy Loam
R S4 27 7.5 1.77 1.62 0.44% Sandy Loam
R Al 27 15 1.80 1.63 1.72% Sandy Loam
R B1 27 3.5 1.82 1.69 0.70% Sandy Loam
R C1l 27 55 1.74 1.62 0.93% Sandy Loam
R X1 27 1.5 1.86 1.73 0.67% Sandy Loam
R Y1 27 3.5 1.87 1.76 0.25% Sandy Loam
R Z1 27 55 1.72 1.64 0.73% Sandy Loam
R A2 27 1.5 1.75 1.52 1.95% Sandy Loam
R B2 27 3.5 1.70 1.58 1.22% Sandy Loam
R C2 27 55 1.71 1.60 1.14% Sandy Loam
R X2 27 15 1.89 1.78 0.67% Sandy Loam
R Y2 27 35 1.80 1.63 0.29% Sandy Loam
R Z2 27 55 1.66 1.57 0.61% Sandy Loam
T S1 36 6 1.50 0.97 1.74% | Medium Loam
T S2 36 6 1.37 1.23 1.35% | Medium Loam
T S3 36 6 1.59 1.34 0.33% Silty Loam
T S4 36 6 1.55 1.46 0.28% Silty Loam
T Al 36 0.5 1.62 1.45 3.27% Sandy Loam
T B1 36 2.3 1.63 1.38 1.83% | Medium Loam
T C1 36 4.16 1.45 1.26 1.12% | Medium Loam
T X1 36 0.5 NA NA NA NA

T Y1 36 2.3 1.71 1.44 0.40% Silty Loam
T Z1 36 4.16 1.75 1.66 0.54% loam

T A2 36 0.5 1.73 1.58 3.15% Sandy Loam
T B2 36 2.3 1.52 1.29 1.69% | Medium Loam
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bulk

fine bulk

Site . Road | Distance . . % Total

D Point age (m) density | density C texture class

(g/cm”3) | (g/cm”3)

T C2 36 4.16 1.49 1.23 1.55% | Medium Loam
T X2 36 0.5 NA NA NA NA

T Y 2 36 2.3 NA NA NA NA

T Z2 36 4.16 1.27 1.11 0.26% loam

V4 S1 36 6 1.12 1.06 2.18% Loam

z S2 36 6 1.49 1.29 1.19% Loam

V4 S3 36 6 1.71 151 1.43% Sandy Loam
4 S4 36 6 1.77 1.57 1.34% Sandy Loam
z Al 36 0.5 1.81 1.65 0.26% Loam

Z B1 36 2.33 1.78 1.50 0.29% Loam

z C1 36 4.16 1.65 1.38 0.58% Loam

Z X1 36 0.5 1.83 1.50 0.73% Loam

z Y1 36 2.33 1.76 1.62 0.35% Loam

Z Z1 36 4.16 1.70 1.21 2.03% Sandy Loam
Z A2 36 0.5 1.76 1.64 0.21% Loam

z B2 36 2.33 1.73 1.49 0.23% Loam

Z C2 36 4.16 1.52 1.40 0.72% Loam

z X2 36 0.5 1.64 1.17 0.90% Loam

Z Y 2 36 2.33 1.67 1.50 0.39% Loam

z Z2 36 4.16 1.74 1.44 1.28% Sandy Loam
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APPENDIX B: PIEDMONT VFS/VS CHEMICAL ANALYSES

Carbon
Slge Point (lzyg}ilr;% HM % mec(;/E(c):Occ BS % PH mgzjme'
soil)

A S1 0.0115 0.09 8.8 100 7.4 9
A S2 0.0022 0.13 6.6 100 6.9 8.4
A S3 0.0066 0.04 4.3 100 7.2 2.1
A S4 0.0037 0.09 4 98 6.3 3
A Al 0.0063 0.09 6.8 100 7.1 4.3
A B1 0.0118 0.09 13.3 100 7.5 5.8
A Ci1 0.0036 0.04 4.6 100 6.3 3.8
A X1 0.0125 0.04 42.8 100 8 7.3
A Y1 0.0070 0.04 13.3 100 7.8 51
A Z1 0.0011 0.04 4 73 49 0.7
A A2 0.0076 0.09 15.2 100 7.8 6.3
A B2 0.0108 0.09 11.9 100 7.8 4.2
A C2 0.0051 0.09 6.8 100 7.8 5.3
A X2 NA 0.04 31.7 100 8 9.6
A Y 2 0.0042 0.04 1.7 100 7.1 2.8
A Z2 0.0012 0.04 2.7 67 4.8 1.6
B S1 0.0090 0.13 4.6 83 5.6 34
B S2 0.0114 0.09 45 82 5.6 55.1
B S3 0.0056 0.13 2.1 86 5.8 10.6
B S4 0.0023 0.04 1.3 100 6.5 7.2
B Al 0.0118 0.13 7.2 96 6.6 31.3
B B1l 0.0078 0.09 7.3 100 7.6 38.2
B Cl 0.0053 0.04 3.4 100 7 23.9
B X1 0.0050 0.04 14.8 100 8 15
B Y1 0.0052 0.04 1.8 100 7.4 114
B Z1 0.0024 0.04 14 100 6.3 5.7
B A2 0.0147 0.18 7.2 92 6.3 53
B B2 0.0066 0.09 6.7 100 1.7 33.8
B C2 0.0073 0.04 5.3 100 7.4 42.6
B X2 0.0057 0.13 9.1 100 7.6 115
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Carbon

Slge Point (Iz]g}ilr% HM % mec?/ESOCC BS % PH ngmE'
soil)
B Y 2 0.0040 0.04 25 100 7.1 17.9
B Z2 0.0022 0.04 1.2 100 6.3 7.9
C S1 0.0028 0.13 14.9 96 6.8 41.3
C S2 0.0071 0.13 14.6 96 7.1 56.2
C S3 0.0012 0.13 13.8 96 7.1 40.5
C S4 0.0015 0.13 14 96 7.3 27.4
C Al 0.0023 0.09 24.3 98 7 17.8
C B1 0.0047 0.13 21.2 97 7.1 25.8
C Cl 0.0056 0.13 18 97 7.1 34
C X1 0.0028 0.09 14.1 100 1.7 10.6
C Y1 0.0046 0.09 18.2 98 7 20.5
C Z1 0.0024 0.09 16.4 96 7.2 11.6
C A2 0.0029 0.09 19.8 98 1.7 14.1
C B2 0.0035 0.09 24.5 97 7.1 30.4
C C2 0.0085 0.09 19.7 97 6.9 33.4
C X2 0.0022 0.04 211 100 8 134
C Y 2 0.0042 0.09 14.9 97 6.7 8.4
C Z2 0.0070 0.13 16.3 96 7.1 24.4
D S1 0.0038 0.09 36.6 99 8.4 16.7
D S2 0.0015 0.04 24.5 96 1.7 16.3
D S3 0.0057 0.04 30.2 99 8.2 14.1
D S4 0.0014 0.04 22.2 97 8 16.7
D Al 0.0143 0.09 96.7 100 8.4 13.7
D B1l 0.0126 0.04 58.4 100 8.4 33.1
D Cl 0.0046 0.04 41.2 100 8.3 13.8
D X1 0.0118 0.04 123.3 100 9 7.1
D Y1 0.0043 0.04 35.1 100 8.4 194
D Z1 0.0015 0.04 35 98 7.8 10.6
D A2 0.0122 0.04 91.2 100 8.4 15.8
D B2 0.0086 0.04 44.6 100 8.3 24.4
D C2 0.0051 0.04 39 99 8.2 16.7
D X2 0.0081 0.04 112.1 100 9.3 8.7
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Carbon

Slge Point (Iz]g}ilr% HM % mec?/ESOCC BS % PH ngmE'
soil)

D Y 2 0.0037 0.04 29.8 99 8.2 15.3
D Z2 0.0056 0.04 40 99 8.2 11.7
E S1 0.0198 0.09 7.4 82 5.7 10.7
E S2 0.0233 0.22 7.1 82 5.6 14.8
E S3 0.0034 0.04 5.9 63 4.8 25
E S4 0.0034 0.04 6 72 5.2 1.8
E Al 0.0293 0.18 8.6 99 7.2 194
E B1 0.0201 0.13 7.3 93 6.5 16.1
E Cl 0.0095 0.13 5.3 72 5 4.1
E X1 0.0033 0.04 5.9 100 7.6 7.1
E Y1 0.0059 0.04 9.8 100 7.9 54
E Z1 0.0041 0.04 5.2 54 4.7 2.3
E A2 0.0256 0.18 10.6 100 7.4 18.5
E B2 0.0214 0.18 6.9 96 6.9 11.7
E C2 0.0103 0.09 5.2 71 5 3.9
E X2 0.0038 0.04 5.4 100 7.6 55
E Y 2 0.0045 0.04 5.4 98 6.6 2.6
E Z2 0.0032 0.04 3.9 62 4.7 1.6
F S1 0.0042 0.04 33.1 97 6.6 7

F S2 0.0014 0.13 43.3 97 7 5

F S3 0.0017 0.09 35.4 97 6.8 6.3
F S4 0.0014 0.13 49.5 98 7.1 6.1
F Al 0.0090 0.04 28.1 99 7.3 26
F B1 0.0115 0.04 28.2 98 6.9 8.3
F Cl 0.0131 0.09 26.1 99 7.4 19.2
F X1 0.0073 0.04 34 100 7.8 6.5
F Y1 0.0069 0.04 30.9 99 7.6 55
F Z1 0.0060 0.09 28.3 99 7.2 5.8
F A2 0.0170 0.13 27.8 100 7.5 114
F B2 0.0130 0.09 29.5 98 7.1 8.4
F C2 0.0148 0.13 24.3 98 6.9 18
F X2 0.0028 0.09 33.8 100 7.6 6.4
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Carbon

Slge Point (Iz]g}ilr% HM % mec?/ESOCC BS % PH ngmE'
soil)
F Y 2 NA 0.13 34.1 99 1.7 6.9
F Z2 0.0132 0.09 26.5 98 7.3 6.6
G S1 0.0167 0.09 5 66 4.3 15.6
G S2 0.0069 0.04 9.7 71 4.2 5.1
G S3 0.0087 0.04 10.3 82 45 12.5
G S4 0.0191 0.09 6.6 68 4.4 27.8
G Al 0.0395 0.22 6.8 88 6.1 16.1
G B1 0.0284 0.18 6.5 82 55 19.9
G Cl 0.0198 0.13 12.3 86 5.1 25.9
G X1 0.0170 0.04 24.6 100 1.7 12.3
G Y1 0.0107 0.04 9.2 91 5.9 55
G Z1 0.0070 0.04 12.1 90 5.3 5.3
G A2 0.0205 0.09 6.1 89 6.1 10.9
G B2 0.0259 0.18 10.8 84 5.1 32
G C2 0.0188 0.13 11.3 84 5 29.5
G X2 0.0156 0.04 20.9 100 7.6 12.3
G Y 2 0.0128 0.09 11.1 87 5.4 16.6
G Z2 0.0091 0.09 11.1 87 5 13.2
H S1 0.0162 0.18 4.8 85 6.2 11.6
H S2 0.0235 0.27 4.4 68 5.4 20
H S3 0.0332 0.27 3.9 62 54 175
H S4 0.0202 0.18 4.2 76 5.8 14
H Al 0.0300 0.22 5.1 76 5.6 14.2
H B1l 0.0206 0.18 3.5 66 5.4 11.6
H Cl 0.0349 0.22 4.6 74 5.6 15.2
H X1 0.0110 0.09 5 98 6.7 10.5
H Y1 0.0208 0.13 3.2 63 5.4 15.8
H Z1 0.0127 0.13 3.3 67 5.6 30.2
H A2 0.0244 0.18 41 76 5.6 15.6
H B2 0.0250 0.22 3.4 56 5.4 144
H C2 0.0180 0.13 4 68 5.4 12.5
H X2 0.0185 0.09 4.8 83 5.6 9.2
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Carbon

Slge Point (Iz]g}ilr% HM % mec?/ESOCC BS % PH ngmE'
soil)

H Y 2 0.0144 0.09 3.7 76 5.7 10.6
H Z2 0.0083 0.04 4.2 74 5.3 2

| S1 NA 0.18 7.2 86 6.3 194
| S2 0.0229 0.18 8.3 87 6.2 21.4
| S3 0.0068 0.04 9.1 95 6.9 6.4
| S4 0.0133 0.09 9.3 95 6.7 10.3
| Al 0.0108 0.09 15.7 98 1.7 7.6
| B1 0.0204 0.13 9.6 94 6.7 8.6
| Cl 0.0184 0.13 9.9 92 6.7 9.8
| X1 0.0043 0.04 12.1 98 7.3 6.2
| Y1 0.0066 0.04 11.8 96 6.8 5.3
| Z1 0.0030 0.04 6.4 92 7.1 5.6
| A2 0.0170 0.09 13.8 99 1.7 8.1
| B2 0.0209 0.22 10.3 93 6.8 7.9
| C2 0.0257 0.18 9.1 89 6.6 12.6
| X2 NA

| Y 2 0.0079 0.04 11.1 95 6.9 55
| Z2 0.0022 0.04 6 93 7 51
J S1 0.0062 0.13 14.9 100 8 8.6
J S2 0.0100 0.04 11 81 4.6 8
J S3 0.0029 0.09 10.5 83 5.2 11.9
J S4 0.0055 0.09 26.6 100 7.8 13.7
J Al 0.0246 0.04 11.8 75 4.2 6
J B1l 0.0213 0.04 13.2 74 4.3 9.2
J Cl 0.0083 0.18 10.8 100 7.9 141
J X1 0.0043 0.09 11.7 78 49 10.5
J Y1 0.0019 0.13 9.4 76 5.1 111
J Z1 0.0026 0.09 20.6 100 8.3 7.3
J A2 0.0221 0.09 134 82 4.8 13
J B2 0.0047 0.22 9.6 68 4.4 4
J C2 0.0082 0.18 10 90 6.4 8.4
J X2 0.0028 0.13 9.6 83 5.6 22.5
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Carbon

Slge Point (Iz]g}ilr% HM % mec?/ESOCC BS % PH ngmE'
soil)

J Y 2 0.0029 0.04 11.4 89 6.1 9.6
J Z2 0.0023 0.04 124 82 54 20.6
K S1 0.0156 0.04 18.6 92 5.3 7.4
K S2 0.0123 0.13 17.4 89 4.9 8.7
K S3 0.0032 0.09 18.7 90 5 2.2
K S4 0.0047 0.13 25.8 92 51 4

K Al 0.0217 0.09 13.2 100 8 16.5
K B1 0.0167 0.13 10.5 100 7.6 12.5
K Cl 0.0158 0.09 17.6 100 7.6 195
K X1 0.0049 0.04 16 100 8.2 6.6
K Y1 0.0051 0.04 11.2 100 7.8 49
K Z1 0.0076 0.04 20.6 100 8 6

K A2 0.0087 0.09 10.1 100 8 10.2
K B2 0.0157 0.22 7.5 96 7 13.8
K C2 0.0206 0.13 18.1 100 7.5 25.5
K X2 0.0025 0.04 7.1 100 7.6 4.2
K Y 2 0.0058 0.09 6.4 98 7 7.4
K Z2 0.0084 0.04 22.7 100 7.9 12.8
L S1 0.0115 0.46 5.6 75 55 10.6
L S2 0.0108 0.36 5.9 71 5.6 6.7
L S3 0.0042 0.32 49 80 5.9 3.8
L S4 0.0025 0.13 45 69 5.6 1.8
L Al 0.0135 0.18 5.1 84 6.6 4.1
L B1l 0.0108 0.27 4.6 78 6.1 5.7
L Cl 0.0091 0.32 5.7 81 5.9 5.4
L X1 0.0033 0.09 4.6 91 6.9 3.9
L Y1 0.0032 0.09 4.4 70 5.4 1.3
L Z1 0.0024 0.18 4.3 77 5.9 1.2
L A2 0.0157 0.36 6.4 86 6.2 9.5
L B2 0.0144 0.27 55 84 6.3 5.9
L C2 0.0087 0.27 51 76 5.6 45
L X2 0.0053 0.13 5.4 91 6.7 3.2
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Carbon

Slge Point (Iz]g}ilr% HM % mec?/ESOCC BS % PH ngmE'
soil)
L Y 2 0.0041 0.13 4.4 89 6.6 3.3
L Z2 0.0063 0.27 4.8 81 5.9 4.2
M S1 0.0204 0.51 7.5 77 5 19
M S2 0.0179 0.41 7.8 74 4.9 21.1
M S3 0.0056 0.36 4.4 77 5.2 8.2
M S4 0.0066 0.27 5 76 5.2 7.9
M Al 0.0521 0.27 6.5 88 6.4 111
M B1 0.0188 0.13 174 90 5.6 10.1
M Cl 0.0170 0.27 8.2 82 5.4 184
M X1 0.0233 0.13 16.5 92 6.2 7.5
M Y1 0.0061 0.04 13.7 93 6.1 4.2
M Z1 0.0061 0.09 4.6 83 5.7 3.7
M A2 0.0567 0.41 6.6 83 6.2 14.2
M B2 0.0191 0.18 17.8 90 55 135
M C2 0.0185 0.32 8.9 83 5.3 134
M X2 0.0160 0.09 13.2 92 6.5 55
M Y 2 0.0060 0.09 11.8 93 6.3 3.1
M Z2 0.0053 0.22 5.6 82 55 4.3
N S1 0.0181 0.22 5.8 79 5.6 4.7
N S2 0.0098 0.04 6.3 90 5.6 0.7
N S3 0.0066 0.27 5.6 79 5.6 1.7
N S4 0.0037 0.04 6.9 91 5.6 15
N Al 0.0405 0.32 9.5 98 7.3 28.9
N B1l 0.0472 0.41 6.4 80 5.8 134
N Cl 0.0305 0.27 5.7 79 5.9 5.6
N X1 0.0076 0.09 8 100 7.5 3.8
N Y1 0.0092 0.13 5.9 85 6.1 5.2
N Z1 0.0077 0.09 55 85 5.7 4
N A2 0.0375 0.32 11.1 98 7.2 12.6
N B2 0.0197 0.32 6.3 84 6 7
N C2 0.0155 0.22 6.7 82 5.9 7.5
N X2 0.0053 0.09 8.9 100 7.5 3.9
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Carbon

Slge Point (Iz]g}ilr% HM % mec?/ESOCC BS % PH ngmE'
soil)
N Y 2 0.0085 0.09 6.4 91 5.9 2.9
N Z2 0.0055 0.09 6 92 6.2 3.7
0] S1 0.0314 0.46 3.5 46 4.7 28.5
0 S2 0.0067 0.51 3.8 47 4.7 24.2
0 S3 0.0383 0.09 2.8 43 4.7 11.5
0] S4 0.0056 0.04 3.2 44 4.7 6
0 Al 0.0222 0.18 5.1 80 5.6 104
0] B1 0.0235 0.27 2.9 59 5.7 13.3
0] Cl 0.0364 0.51 3.6 47 5.2 22.4
0] X1 NA 0.13 2.3 83 6.7 5.2
0] Y1 0.0115 0.13 2.1 76 5.7 9.2
0] Z1 0.0135 0.13 3 53 4.8 49
0] A2 0.0248 0.22 5.8 78 54 13.6
0] B2 0.0182 0.22 3.6 64 55 11.9
0] C2 0.0380 0.36 4 50 54 26.2
0] X2 NA 0.27 2.7 78 6 7.3
0] Y 2 0.0188 0.18 2.8 64 5.4 141
0 Z2 0.0059 0.09 2.3 70 55 4.2
0.0000
P S1 0.0153 0.18 51 80 6.2 36
P S2 0.0016 0.18 5 84 6.4 29.3
P S3 0.0194 0.27 5 78 6 25.6
P S4 0.0115 0.22 4.2 71 5.7 54.7
P Al 0.0071 0.09 4.7 100 7.2 40.3
P B1l 0.0061 0.18 4.3 93 6.9 21.1
P Cl 0.0081 0.04 3.9 64 55 57.7
P X1 0.0053 0.04 3.5 94 6.7 20.6
P Y1 0.0045 0.04 3 87 6.6 19.9
P Z1 0.0333 0.22 6 80 6.1 25.6
P A2 0.0100 0.04 51 92 6.7 38.7
P B2 0.0094 0.04 4.8 94 6.9 17.6
P C2 0.0094
P X2 0.0056 0.18 3.7 89 6.4 23.8
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Carbon

Slge Point (Iz]g}ilr% HM % mec?/ESOCC BS % PH ngmE'
soil)
P Y 2 0.0057 0.04 3.4 82 6.3 16.8
P Z2 0.0209 0.18 6.1 85 6.4 26.7
0.0000
Q S1 0.0317 0.27 4.6 67 6.1 41.6
Q S2 0.0404 0.36 5.1 59 55 43.2
Q S3 0.0104 0.13 3.4 62 55 43.8
Q S4 0.0170 0.18 3.7 57 5.3 34.4
Q Al 0.0248 0.18 3.9 67 6 36.6
Q B1 0.0388 0.41 55 64 5.7 41.3
Q Cl 0.0502 0.46 8.6 77 5.7 53.9
Q X1 0.0079 0.18 3.5 71 6 25
Q Y1 0.0100 0.13 2.8 68 6.4 18.7
Q Z1 0.0351 0.27 6 78 6.3 23.4
Q A2 0.0196 0.27 3.9 69 6.5 37.1
Q B2 0.0347 041 55 64 6 31.7
Q C2 0.0519 0.51 8.7 79 6.2 39.4
Q X2 0.0055 0.13 2.7 70 6.4 20.2
Q Y 2 0.0120 0.18 3.9 69 6.4 24.4
Q Z2 0.0167 0.18 45 73 6.3 15
0.0000
R S1 0.0289 0.18 9.3 89 6.7 12
R S2 0.0195 0.18 7.3 82 5.7 114
R S3 0.0089 0.04 51 80 6.1 3
R S4 0.0071 0.04 51 84 6.2 3.2
R Al 0.0280 0.18 7.4 86 6.3 174
R B1l 0.0118 0.04 3.7 84 6.7 8.4
R Cl 0.0151 0.04 5.9 85 6.4 4.7
R X1 0.0116 0.04 4 93 7.1 4.6
R Y1 0.0044 0.04 4.6 85 6.6 6.3
R Z1 0.0119 0.04 5.8 79 6.1 4.3
R A2 0.0297 0.18 8.5 82 6.2 23.1
R B2 0.0192 0.22 4.4 82 6.6 12.2
R C2 0.0182 0.22 6.2 79 6.4 6
R X2 0.0119 0.13 5.3 77 6.3 9.7
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Carbon

Slge Point (Iz]g}ilr% HM % mec?/ESOCC BS % PH ngmE'
soil)
R Y 2 0.0047 0.04 3.5 86 6.7 4.6
R Z2 0.0096 0.09 5.7 82 6.2 2.3
0.0000
T S1 0.0169 0.18 10 69 4.6 19.6
T S2 0.0166 0.09 9.1 68 45 14.9
T S3 0.0044 0.13 10.7 74 4.5 4.2
T S4 0.0041 0.09 94 68 4.4 4.3
T Al 0.0473 0.56 6 77 54 25.2
T B1 0.0252 0.32 51 65 49 15.1
T Cl 0.0142 0.18 6.2 66 4.5 9
T X1 NA
T Y1 0.0058 0.09 5.3 51 45 3.2
T Z1 0.0090 0.13 4.3 88 6 4.6
T A2 0.0497 0.6 6.4 84 6 22.2
T B2 0.0218 041 49 49 4.3 13
T C2 0.0191 0.36 6.2 61 4.7 10.2
T X2 NA
T Y 2 NA
T Z2 0.0029 0.09 7.4 57 4.2 45
0.0000
Z S1 0.0230 0.32 16.3 91 5.8 215
YA S2 0.0153 0.04 154 97 7.1 17.8
Z S3 0.0215 0.13 17.2 90 5.7 21.9
Z S4 0.0210 0.09 12.6 88 6 19.1
YA Al 0.0043 0.04 25.8 100 8.1 16.5
Z B1l 0.0043 0.04 175 100 8.5 12.6
YA Cl 0.0080 0.04 18.9 100 8.3 12.3
Z X1 0.0110 0.09 17 99 7.8 24.5
YA Y1 0.0057 0.04 19 100 8.4 12.8
YA Z1 0.0247 0.22 14.9 97 7.4 16.3
Z A2 0.0034 0.04 22.6 100 7.6 18.6
Z B2 0.0034 0.04 18.5 100 8.3 16.4
Z C2 0.0101 0.04 16.2 99 8 17.9
Z X2 0.0105 0.04 174 100 8 141
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Carbon

Site . Density 0 CEC 0 P
ID Point (gClem? HM % meq/100cc BS % PH mg/dm?®
soil)
Z Y 2 0.0058 0.04 21.2 100 8.2 11.6
Z Z2 0.0184 0.18 174 98 7.6 14.1
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APPENDIX C: PIEDMONT VFS/VS CHEMICAL ANALYSIS (CONTINUED).

Site ID | Point mg;fjm3 mg(/:glm3 mglg\//ldgm3 mg§3m3 mgC/:(;Jm3 mgsljm3
A S1 78 1609 69 3 0.7 44
A S2 80 1163 74 3.2 0.7 46
A S3 43 769 38 0.6 0.2 54
A S4 58 662 50 1.6 0.3 51
A Al 58 1251 54 2.2 0.8 100
A B1 77 2519 59 2 1 96
A C1l 54 826 41 0.7 0.3 121
A X1 41 8398 95 1.3 0.6 98
A Y1 79 2536 58 0.9 0.6 81
A Z1 24 540 20 0.3 0.2 69
A A2 60 2900 68 3.4 0.9 73
A B2 74 2258 55 1.2 0.8 73
A C2 56 1254 44 11 0.4 90
A X2 42 6145 112 15 0.8 106
A Y2 35 1459 42 0.6 0.4 90
A Z2 16 335 16 0.4 0.3 74
B S1 50 608 76 12 0.7 24
B S2 67 580 78 14 0.6 18
B S3 20 285 37 0.5 0.3 14
B S4 11 210 32 0.4 0.2 16
B Al 62 1226 72 2.5 1 108
B B1 45 1312 79 3.4 1 24
B Ci1 30 516 90 15 0.5 22
B X1 68 2809 75 2.1 1.3 62
B Y1 13 314 26 0.5 0.3 22
B Z1 15 226 24 0.4 0.2 19
B A2 45 1160 80 4.2 11 107
B B2 26 1211 75 2.1 0.8 22
B C2 37 796 152 2.9 0.7 21
B X2 53 1658 81 2.2 1.3 62
B Y2 16 435 37 0.5 0.3 26
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Site ID Point K 3 ca 3 Mg 3 Zn 3 cu 3 Na 3
mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm

B Z2 14 193 26 0.4 0.2 14

C S1 74 1881 570 1.9 0.6 105
C S2 79 1897 523 7.8 0.9 142
C S3 41 1683 569 0.8 0.5 134
C S4 41 1718 577 1.3 0.5 178
C Al 97 3274 866 4 1.1 472
C B1 89 2811 769 3.6 11 478
C Cc1 68 2333 677 9.1 1.3 302
C X1 65 2362 257 1.8 25 105
C Y1 76 2479 638 4.7 1.3 717
C Z1 65 1974 703 25 0.8 335
C A2 88 2861 603 1.3 1 271
C B2 102 3144 938 5 1.2 466
C C2 74 2594 724 6 1.3 310
C X2 72 3412 470 1.9 1.3 206
C Y 2 65 1933 564 1.7 0.9 220
C Z2 58 2076 635 4.6 13 303
D S1 54 6091 707 15 11 510
D S2 46 3454 753 1 0.6 368
D S3 57 4958 626 4.6 1.1 429
D S4 46 3306 606 0.7 0.7 398
D Al 102 18720 372 2 1.2 1087
D B1 95 11150 309 3.7 1.3 280
D Cc1 65 6795 839 1.8 1.2 262
D X1 72 23880 481 0.9 15 441
D Y1 66 6183 500 1.9 1.3 232
D Z1 63 4617 1335 0.7 0.9 307
D A2 84 17610 384 14 11 1036
D B2 78 7939 576 2.7 1.6 309
D Cc2 66 6301 862 2.1 11 262
D X2 63 21500 568 1.6 2.4 379
D Y 2 65 4760 693 3.5 15 313
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Site ID Point K 3 ca 3 Mg 3 Zn 3 cu 3 Na 3
mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm
D Z2 65 6398 908 1.9 11 362
E S1 54 1059 84 8.6 1.8 176
E S2 43 1019 70 9.3 2.3 136
E S3 31 611 72 0.4 0.1 193
E S4 29 727 75 0.3 0.2 190
E Al 37 1529 94 39.8 10.3 233
E B1 32 1245 61 8.9 2.2 189
E Cc1 32 648 54 1.3 0.4 196
E X1 37 1093 44 0.7 0.3 235
E Y1 32 1866 50 0.8 0.6 213
E Z1 37 436 66 0.3 0.1 213
E A2 35 1928 105 23.5 7.4 284
E B2 30 1190 72 13.6 4 200
E C2 46 619 59 3.2 0.7 182
E X2 44 982 48 4 0.7 162
E Y 2 32 942 60 3 0.5 249
E Z2 28 372 52 2.5 0.3 180
F S1 69 4327 1258 34 1.7 290
F S2 47 4965 2089 15 0.9 270
F S3 53 4435 1464 0.9 1 291
F S4 23 5439 2566 1.2 1 350
F Al 66 4104 854 6.8 2.1 852
F B1 79 3917 937 6.6 2 519
F Cc1 59 4234 557 5.9 2.3 360
F X1 73 5703 655 3.6 1.6 545
F Y1 68 4522 963 3 1.9 530
F Z1 65 4030 931 3.3 1.9 369
F A2 83 4412 661 20.3 4.3 532
F B2 69 4305 894 7.3 2.4 456
F Cc?2 60 3571 701 7.5 2.8 372
F X2 78 5660 654 1.9 15 636
F Y 2 68 5275 899 2.8 1.6 410
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Site ID Point K 3 ca 3 Mg 3 Zn 3 cu 3 Na 3
mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm
F Z2 56 3747 886 2.8 1.9 377
G S1 88 351 160 15 0.6 54
G S2 96 716 378 2 1.6 54
G S3 90 965 404 1.6 1.8 74
G S4 110 462 229 1.9 0.7 63
G Al 31 1028 98 10.3 2.6 232
G B1 35 767 169 3.3 1 139
G Cc1 67 1278 488 4.4 1.8 197
G X1 34 4681 144 1.2 1.3 339
G Y1 37 1193 281 1.3 1 140
G Z1 43 1288 531 2.8 2 150
G A2 53 850 128 3.2 1.7 249
G B2 94 1252 315 5.9 14 251
G Cc2 86 1109 452 5 2.2 236
G X2 29 3972 116 1.3 11 273
G Y 2 41 1240 410 1.3 0.9 194
G Z2 41 1140 473 2.5 15 142
H S1 32 655 92 3.9 2.3 183
H S2 39 487 52 10.7 2.6 183
H S3 40 382 46 10.5 25 163
H S4 31 533 57 6.2 2.2 205
H Al 28 666 61 19.7 5.7 188
H B1 34 372 41 10.6 4 237
H Cc1 61 519 75 19.6 3.2 203
H X1 32 798 104 8.5 4.1 144
H Y1 35 336 33 8.1 3.1 164
H Z1 39 350 46 8.1 1.8 163
H A2 22 513 53 9.7 4.9 158
H B2 22 313 32 13.3 4.8 177
H C2 55 409 62 12.8 2.1 166
H X2 26 673 73 6.1 2 164
H Y 2 22 461 52 6 2.4 244
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Site ID Point K 3 ca 3 Mg 3 Zn 3 cu 3 Na 3
mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm

H Z2 29 457 87 354 11 178
I S1 49 991 139 12.4 2.7 454
I S2 59 1117 176 12.9 2.9 515
I S3 50 1279 250 35 2.2 418
I S4 59 1304 256 5.9 3 411
I Al 71 2431 370 6.6 4.6 923
I B1 37 1478 189 14.6 54 677
I Cc1 48 1514 178 13.6 3.6 1040
I X1 52 1830 310 4 2.6 451
I Y1 39 1770 286 2.4 2.2 636
I Z1 36 958 123 1.3 0.9 795
I A2 54 2187 309 22.7 6.5 930
I B2 47 1581 195 15.5 6.8 923
I C2 40 1334 164 18 35 959
I X2

I Y 2 42 1708 242 25 2.2 783
I Z2 30 891 133 0.8 0.6 555
J S1 80 2558 232 15.8 5.7 465
J S2 38 1048 430 15 1.8 733
J S3 38 1043 410 1.6 2.1 504
J S4 124 4797 280 3.2 2.5 632
J Al 39 938 498 0.8 1.6 530
J B1 44 1019 559 0.9 1.8 419
J Cc1 89 1822 181 13.1 5.4 645
J X1 38 1135 409 1.6 2.1 638
J Y1 41 918 299 1.9 2.1 535
J Z1 120 3555 312 25 1.9 801
J A2 44 1222 584 1.2 2 686
J B2 37 668 372 0.8 1.6 296
J C2 61 1318 272 2.7 2.1 636
J X2 53 1089 292 3.2 2.3 863
J Y 2 56 1411 371 2 1.9 535
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Site ID Point K 3 ca 3 Mg 3 Zn 3 cu 3 Na 3
mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm
J Z2 49 1318 430 1.6 2.2 936
K S1 234 1259 1258 3.2 3.2 31
K S2 230 1113 1140 35 2.8 40
K S3 214 1043 1338 3.1 2.9 30
K S4 259 1396 1950 4.1 34 42
K Al 118 2421 98 10.8 2.7 190
K B1 121 1896 94 6.2 1.6 124
K Cc1 130 3176 167 3.9 14 133
K X1 97 3033 71 1 1.6 170
K Y1 99 2062 80 0.8 1 129
K Z1 120 3775 180 1.3 1.2 127
K A2 124 1839 72 2.8 14 209
K B2 116 1242 90 12.7 4 156
K C2 133 3299 160 5.3 15 131
K X2 100 1270 56 14 15 147
K Y 2 98 1080 78 2.9 2.1 152
K Z2 129 4045 263 1.3 14 141
L S1 135 571 125 6.4 14 71
L S2 113 565 138 4.5 1.2 64
L S3 130 502 130 1.6 14 76
L S4 32 390 133 1.3 11 78
L Al 70 649 106 4.8 2.6 194
L B1 80 533 90 55 15 118
L Cc1 111 656 132 5.1 1.7 109
L X1 76 629 104 1 2.9 83
L Y1 27 461 83 0.9 11 85
L Z1 30 476 107 0.8 1.2 101
L A2 86 898 100 27.3 2.7 144
L B2 108 717 86 6.2 15 132
L C2 110 536 111 3.2 1.6 89
L X2 55 745 121 1.7 25 118
L Y 2 96 594 82 14 15 95
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Site ID Point K 3 ca 3 Mg 3 Zn 3 cu 3 Na 3
mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm
L Z2 94 560 106 2 1.9 104
M S1 107 767 208 3.6 1.3 51
M S2 116 729 223 35 1.3 43
M S3 60 416 142 0.8 1.2 41
M S4 69 485 147 0.9 1.3 36
M Al 17 1001 79 19.1 125 163
M B1 35 2401 443 14.6 3 212
M Cc1 50 933 232 6.7 15 114
M X1 23 2556 291 16.1 10.5 466
M Y1 30 1924 373 3.1 2.3 152
M Z1 44 490 155 0.8 1 90
M A2 21 954 78 22.4 15 205
M B2 35 2475 442 13.6 2.3 265
M C2 52 1039 256 6.9 13 90
M X2 23 1971 282 9.6 3.6 446
M Y 2 29 1684 301 2 2 142
M Z2 43 602 175 0.9 11 75
N S1 37 738 98 11.6 2.8 319
N S2 29 800 204 2 0.9 330
N S3 37 712 86 10.6 2.6 338
N S4 28 912 200 15 0.8 369
N Al 23 1709 86 35.6 21.9 371
N B1 29 884 72 36.8 10.1 402
N Cc1 33 753 85 16.9 3.8 463
N X1 30 1377 124 24 1.8 431
N Y1 33 847 84 12.8 3.5 344
N Z1 33 751 110 5.3 1.7 332
N A2 24 1970 123 38 14.7 471
N B2 31 904 87 21.9 4.9 387
N Cc?2 48 911 101 17.5 3.6 444
N X2 37 1481 172 4.9 2.3 430
N Y 2 32 921 135 5 1.7 272
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Site ID Point K 3 ca 3 Mg 3 Zn 3 cu 3 Na 3
mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm

N Z2 31 805 165 2.9 15 305
O S1 39 243 30 8.4 2.8 172
O S2 29 297 36 9.9 4.1 132
O S3 32 178 25 3.4 2 122
O S4 25 220 30 35 1.6 104
O Al 36 719 50 11.7 3.4 198
0] B1 29 286 20 6.1 5.8 359
O Cc1 32 274 27 8.3 5.8 359
o) X1 20 302 36 4.4 5.7 96
o) Y1 27 258 24 3.2 3 153
0] Z1 27 270 21 3 1.8 235
o) A2 44 771 72 12.9 4.8 257
0] B2 31 380 36 5.6 3.8 288
o) C2 22 336 31 8.7 7.2 330
o) X2 31 308 53 5.1 6.6 134
0] Y 2 21 302 30 3.4 4.7 161
o) Z2 20 264 29 1.8 1.7 164
P S1 102 668 60 17.4 14 135
P S2 134 653 68 26.5 1.9 154
P S3 84 652 56 20.3 1.6 94
P S4 37 516 42 5.8 1.2 96
P Al 76 836 40 5.9 1.3 380
P B1 72 685 43 3.7 1 182
P Cc1 83 374 46 4.9 0.4 106
P X1 98 556 39 14 0.9 158
P Y1 71 438 27 15 0.7 229
P Z1 60 837 60 100.1 2.2 128
P A2 84 817 45 13.7 1.7 342
P B2 80 797 42 4.9 1.2 139
P C2

P X2 101 554 39 7.4 0.9 265
P Y 2 81 462 34 2 0.9 185

144




Site ID Point K 3 ca 3 Mg 3 Zn 3 cu 3 Na 3
mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm
P Z2 83 883 73 139.6 2.9 100
Q S1 177 394 78 29.9 1.9 62
Q S2 151 389 80 321 2.1 38
Q S3 100 268 68 13.9 1.2 22
Q S4 80 276 59 20.2 15 21
Q Al 25 434 51 18 8.6 179
Q B1 21 619 49 54.9 8.1 300
Q Cc1 25 1135 102 85.7 9.3 264
Q X1 29 402 47 22.4 6 142
Q Y1 32 286 49 15.7 2.9 190
Q Z1 28 794 76 39.5 8.1 310
Q A2 31 456 47 34.2 7.6 294
Q B2 35 596 55 58.7 9 328
Q C2 33 1161 124 129.6 8.3 167
Q X2 30 283 45 9.9 3.9 196
Q Y 2 28 443 51 24.2 4.3 221
Q Z2 36 543 64 30 5.9 168
R S1 234 920 377 8.5 14 38
R S2 131 714 258 5.2 1 40
R S3 100 430 207 35 0.8 39
R S4 75 454 228 3.3 0.9 44
R Al 132 844 228 7.8 2.7 126
R B1 109 371 122 24 0.5 104
R Cc1 123 534 248 3.1 0.8 56
R X1 62 511 117 0.7 04 90
R Y1 78 497 151 2.5 15 128
R Z1 109 454 245 25 1.1 64
R A2 146 931 239 8.3 3.2 189
R B2 132 443 133 5.2 0.7 96
R C2 126 539 226 4.1 1.2 71
R X2 73 522 165 2.8 1.3 226
R Y 2 55 331 150 1.1 0.4 133
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Site ID Point K 3 ca 3 Mg 3 Zn 3 cu 3 Na 3
mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm

R Z2 106 456 258 1.7 0.8 67
T S1 100 923 248 4.9 0.8 163
T S2 64 840 222 4.6 0.6 165
T S3 46 991 340 14 0.5 141
T S4 58 811 268 2.6 0.5 151
T Al 34 799 58 18.1 3.9 179
T B1 42 536 69 9.1 15 214
T Cc1 55 552 144 3.9 0.9 204
T X1

T Y1 33 375 87 15 0.4 184
T Z1 30 647 60 3 1.2 200
T A2 31 953 70 17.6 34 193
T B2 42 392 41 7.3 1.9 280
T Cc2 63 562 98 3.8 1 187
T X2

T Y 2

T Z2 32 516 182 1.3 0.2 267
z S1 100 2411 300 18.5 2.5 158
z S2 91 2626 190 9.2 25 75
z S3 64 2404 396 11.4 2.2 337
Z S4 41 1797 250 7.5 1.9 155
z Al 73 4629 301 2.9 1.3 552
z B1 71 3066 248 2.9 15 186
z Cc1 90 3377 216 5.6 2.7 126
z X1 64 2975 233 9.2 34 354
z Y1 78 3389 231 3.1 1.7 160
z Z1 64 2559 189 27.1 5.6 199
z A2 72 3931 338 2.8 1.3 914
z B2 85 3292 229 2.4 1.3 179
z C2 79 2858 204 8.5 3.2 219
z X2 65 3070 235 5.2 2.2 313
z Y 2 75 3845 219 3.8 1.7 151
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Site ID Point K Ca Mg Zn cu Na
mg/dm?® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm®
Z Z2 56 2962 263 22.2 3.1 215

147




APPENDIX D: COASTAL PLAIN VFS/VS SAMPLE ANALYSES.

_ Sample Road Distance buII_< fine b.ulk
Site ID Point age from density | density % C texture
road (m) | (g/cm”3) | (g/cm”3)
1 S1 1 6.3 157 136 | 0.0063 Clay
1 52 1 6.3 1.63 155 | 0.0056 Clay
1 S3 1 6.3 1.45 125 | 0.0025 Clay
1 S4 1 6.3 1.62 153 | 0.0021 Clay
1 Al 1 15 1.80 1.68 0.0175 Sandy Loam
1 B1 1 3.1 1.62 1.54 0.0165 Sandy Loam
1 c1 1 47 1.65 145 | 0.0075 | Clay Loam
1 X1 1 15 1.90 181 | o015 | SandyClay
Loam
1 Y1 1 3.1 1.71 160 | 00095 | SandyClay
Loam
1 71 1 47 150 | 119 | 0.0095 Sa”Ldéri'ay
1 A2 1 15 1.80 167 | 00112 | Sandy Loam
1 B2 1 3.1 1.63 147 | 00146 | Sandy Loam
1 C2 1 47 1.56 145 | 00135 | Clay Loam
1 X 2 1 15 240 | 229 | 00062 | SandyClay
Loam
1 Y2 1 3.1 1.64 146 | 00041 | SandyClay
Loam
1 72 1 47 158 143 | 00087 | SandyClay
Loam
2 S1 5 8.9 1.62 159 | 0.0141 | Loamy Sand
2 S2 5 8.9 161 158 | 0.0155 | Loamy Sand
2 S3 5 8.9 1.86 180 | 0.0184 | Sandy Loam
2 S4 5 8.9 1.88 174 | 00119 | Sandy Loam
2 Al 5 0.5 1.93 1.13 0.024 Loamy Sand
2 B1 5 33 1.68 162 | 00133 | Loamy Sand
2 C1 5 5.6 1.71 168 | 0.0095 Sand
2 X 1 5 05 1.90 139 | 0.0197 | Loamy Sand
2 Y1 5 33 1.77 170 | 0.0067 | Loamy Sand
2 Z1 5 5.6 1.87 1.81 0.0098 Loamy Sand
2 A2 5 05 1.70 162 | 0013 | Loamy Sand
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_ sample Road Distance bul!< fine b_ulk
Site ID Point age from density | density % C texture
road (m) | (g/cm”3) | (g/cm”3)

2 B2 5 3.3 1.64 1.62 0.0095 Loamy Sand
2 C2 5 5.6 1.63 1.57 0.0113 Sand

2 X2 5 0.5 1.85 1.76 0.018 Loamy Sand
2 Y2 5 3.3 1.77 1.71 0.007 Loamy Sand
2 Z?2 5 5.6 1.85 1.80 0.0074 Loamy Sand
3 S1 5 8.5 151 1.50 0.0088 Loamy Sand
3 S2 5 8.5 1.39 1.36 0.0244 Loamy Sand
3 S3 5 8.5 1.59 1.55 0.0039 Loamy Sand
3 S4 5 8.5 1.74 1.61 0.0154 Loamy Sand
3 Al 5 0.5 1.84 1.39 0.0134 Loamy Sand
3 B1 5 3.2 1.73 1.68 0.0189 Loamy Sand
3 C1l 5 5.84 1.61 1.46 0.0137 Loamy Sand
3 X1 5 0.5 1.50 0.53 0.029 Loamy Sand
3 Y1 5 3.2 1.79 1.73 0.0185 Loamy Sand
3 Z1 5 5.84 1.75 1.67 0.0202 Sandy Loam
3 A2 5 0.5 1.76 1.50 0.0106 Loamy Sand
3 B2 5 3.2 1.64 1.61 0.0097 Loamy Sand
3 C?2 5 5.84 1.73 1.70 0.0152 Loamy Sand
3 X2 5 0.5 1.87 1.26 0.0224 Loamy Sand
3 Y 2 5 3.2 1.65 1.63 0.0039 Loamy Sand
3 Z2 5 5.84 1.85 1.68 0.008 Sandy Loam
4 S1 5 6 1.49 1.31 0.0236 Loamy Sand
4 S2 5 6 1.39 1.27 0.0268 Loamy Sand
4 S3 5 6 1.54 1.29 0.008 Loamy Sand
4 S4 5 6 1.54 1.39 0.0149 Loamy Sand
4 Al 5 0.5 1.79 1.70 0.0121 Loamy Sand
4 B1 5 2.3 1.69 1.57 0.0113 Loamy Sand
4 C1 5 4.2 1.62 1.53 0.0097 Loamy Sand
4 X1 5 0.5 1.90 1.66 0.0089 Loamy Sand
4 Y1 5 2.3 1.78 1.65 0.0037 Loamy Sand
4 Z1 5 4.2 1.78 1.67 0.0044 Sandy Loam
4 A2 5 0.5 1.75 1.66 0.0124 Loamy Sand
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_ sample Road Distance bul!< fine b_ulk
Site ID Point age from density | density % C texture
road (m) | (g/cm”3) | (g/cm”3)

4 B2 5 2.3 1.70 1.67 0.0117 Loamy Sand
4 c2 5 4.2 1.64 1.54 0.0089 Loamy Sand
4 X2 5 0.5 1.85 1.78 0.0086 Loamy Sand
4 Y2 5 2.3 1.77 1.64 0.0092 Loamy Sand
4 Z?2 5 4.2 1.77 1.61 0.0035 Sandy Loam
5 S1 3 6.8 1.74 1.67 0.0082 Sandy Loam
5 S2 3 6.8 1.80 1.69 0.0122 Sandy Loam
5 S3 3 6.8 1.70 1.66 0.0083 Sandy Loam
5 S4 3 6.8 1.83 1.71 0.0061 Sandy Loam
5 Al 3 15 1.90 1.83 0.0131 Sandy Loam
5 B1 3 3.3 1.76 1.71 0.0133 Sandy Loam
5 C1l 3 5.1 1.78 1.66 0.0109 Sandy Loam
5 X1 3 15 1.96 1.86 0.0075 Sandy Loam
5 Y1 3 3.3 1.92 1.81 0.0066 Sandy Loam
5 Z1 3 5.1 1.74 1.65 0.008 Sandy Loam
5 A2 3 1.5 1.94 1.86 0.0121 Sandy Loam
5 B2 3 3.3 1.82 1.75 0.012 Sandy Loam
5 C2 3 5.1 1.87 1.78 0.0097 Sandy Loam
5 X2 3 1.5 1.79 1.65 0.0174 Sandy Loam
5 Y 2 3 3.3 1.78 1.70 0.0077 Sandy Loam
5 Z?2 3 51 1.80 1.72 0.0098 Sandy Loam
6 S1 15 14.2 1.74 1.40 0.0178 Loamy Sand
6 S2 15 14.2 1.48 1.15 0.0321 Loamy Sand
6 S3 15 14.2 1.96 1.65 0.016 Loamy Sand
6 S4 15 14.2 1.92 1.60 0.0115 Loamy Sand
6 Al 15 15 2.07 1.66 0.0139 Sand

6 B1 15 5.73 1.85 1.44 0.0147 Sand

6 C1 15 9.96 1.69 1.36 0.0282 Loamy Sand
6 X1 15 15 2.15 1.75 0.007 Loamy Sand
6 Y1 15 5.73 2.03 1.71 0.0108 Loamy Sand
6 Z1 15 9.96 1.78 1.38 0.0482 Loamy Sand
6 A2 15 1.5 2.01 1.60 0.0143 Sand
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sample Road Distance bulk fine bulk
Site ID Poiﬁt age from density | density % C texture
g road (m) | (g/cm”3) | (g/cm”3)
6 B2 15 573 1.95 1.55 0.0144 Sand
6 C2 15 9.96 1.89 1.40 0.0359 Loamy Sand
6 X2 15 15 2.12 1.80 0.0065 Loamy Sand
6 Y2 15 5.73 1.99 1.68 0.0108 Loamy Sand
6 Z?2 15 9.96 1.81 1.49 0.0379 Loamy Sand
7 S1 11 135 1.48 1.39 0.0113 | Medium Loam
7 S2 11 135 1.50 1.43 0.0104 | Medium Loam
7 S3 11 135 1.56 1.42 0.0038 | Medium Loam
7 S4 11 135 1.69 1.53 0.0053 | Medium Loam
7 Al 11 15 1.44 1.20 0.0074 Sandy Loam
7 B1 11 5.7 177 | 139 | ooosy | SandyClay
Loam
7 C1 11 9.9 1.78 1.72 0.0045 Sandy Loam
7 X1 11 15 1.94 1.86 0.0058 Sandy Loam
7 Y1 11 5.7 1.73 157 | 00023 | SandyClay
Loam
7 z1 11 9.9 187 | 170 | oooze | SandyClay
Loam
7 A2 11 15 1.81 1.75 0.009 Sandy Loam
Sandy Clay
7 B2 11 5.7 1.75 1.45 0.0057 Loam
7 C2 11 9.9 1.47 1.36 0.0117 Sandy Loam
7 X2 11 15 1.91 1.84 0.0052 Sandy Loam
7 Y2 11 5.7 1.79 150 | 00026 | SandyClay
Loam
7 72 11 9.9 183 | 168 | 00024 | SandyClay
Loam
8 S1 12 7.2 1.95 1.57 0.0183 Sandy Loam
8 S2 12 7.2 2.13 1.71 0.0176 Sandy Loam
8 S3 12 7.2 1.95 1.59 0.0166 Loam
8 S4 12 7.2 1.87 1.49 0.0342 Loam
8 Al 12 0.5 2.08 1.14 0.016 Sandy Loam
8 B1 12 2.73 2.02 1.62 0.0223 Sandy Loam
8 c1 12 5.46 2.12 172 | ooo7g | SandyClay
Loam
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_ sample Road Distance bul!< fine b_ulk
Site ID Point age from density | density % C texture
road (m) | (g/cm”3) | (g/cm”3)
8 X1 12 0.5 2.30 1.38 0.0139 Sandy Loam
8 Y1 12 2.73 2.10 1.65 0.0155 Sandy Loam
8 Z1 12 5.46 2.60 1.77 0.0033 Clay Loam
8 A2 12 0.5 2.07 1.57 0.0166 Sandy Loam
8 B2 12 2.73 1.91 1.44 0.0188 Sandy Loam
8 C2 12 5.46 2.17 173 | 0oo74 | SandyClay
Loam

8 X2 12 0.5 2.21 1.40 0.0103 Sandy Loam
8 Y2 12 2.73 2.09 1.63 0.0161 Sandy Loam
8 Z?2 12 5.46 2.22 1.77 0.0031 Clay Loam
9 S1 11 6 1.39 1.36 0.0194 Loamy Sand
9 S2 11 6 1.44 1.40 0.0114 Loamy Sand
9 S3 11 6 0.84 0.77 0.0124 Loamy Sand
9 S4 11 6 1.76 1.74 0.0094 Loamy Sand
9 Al 11 1.5 1.73 1.69 0.0222 Sand

9 B1 11 3 1.63 1.61 0.0209 Loamy Sand
9 C1l 11 4.5 1.69 1.67 0.0197 Loamy Sand
9 X1 11 15 1.79 1.60 0.0166 Loamy Sand
9 Y1 11 3 1.81 1.79 0.0259 Loamy Sand
9 Z1 11 4.5 1.79 1.74 0.0159 Loamy Sand
9 A2 11 15 1.59 1.57 0.0199 Sand

9 B2 11 3 1.62 1.61 0.0244 Loamy Sand
9 C2 11 4.5 1.65 1.61 0.0182 Loamy Sand
9 X2 11 1.5 1.69 1.39 0.0134 Loamy Sand
9 Y 2 11 3 1.79 1.70 0.0155 Loamy Sand
9 Z2 11 4.5 1.77 1.75 0.02 Loamy Sand
10 S1 14 11.7 1.73 1.72 0.0099 Loamy Sand
10 S2 14 11.7 1.69 1.67 0.0147 Loamy Sand
10 S3 14 11.7 1.71 1.71 0.0028 Sand

10 S4 14 11.7 1.76 1.76 0.0049 Sand

10 Al 14 0.5 1.91 1.32 0.0205 Loamy Sand
10 B1 14 4.23 1.78 1.62 0.0181 Loamy Sand
10 C1 14 7.93 1.81 1.77 0.0172 Sandy Loam
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_ sample Road Distance bul!< fine b_ulk
Site ID Point age from density | density % C texture
road (m) | (g/cm”3) | (g/cm”3)
10 X1 14 0.5 2.14 1.43 0.0124 Loamy Sand
10 Y1 14 4.23 1.89 1.68 0.0093 Sandy Loam
10 Z1 14 7.93 1.92 1.88 0.0129 Sandy Loam
10 A2 14 0.5 1.76 1.53 0.0282 Loamy Sand
10 B2 14 4.23 1.74 1.62 0.0186 Loamy Sand
10 C2 14 7.93 1.74 171 0.015 Sandy Loam
10 X2 14 0.5 2.01 1.53 0.0113 Loamy Sand
10 Y 2 14 4.23 1.93 1.85 0.0076 Sandy Loam
10 Z?2 14 7.93 1.79 1.77 0.0258 Sandy Loam
11 S1 20 9.2 1.32 1.29 0.0168 Sandy Loam
11 S2 20 9.2 1.54 151 0.0147 Sandy Loam
11 S3 20 9.2 1.73 1.71 0.0086 Sandy Loam
11 S4 20 9.2 1.72 1.33 0.009 Sandy Loam
11 Al 20 15 1.86 1.61 0.0204 Sandy Loam
11 B1 20 4.07 1.66 1.60 0.0209 Sandy Loam
11 C1 20 6.63 1.61 1.58 0.0178 Loamy Sand
11 X1 20 15 NA NA NA
11 Y1 20 4.07 1.84 1.75 0.0079 Sandy Loam
11 Z1 20 6.63 1.82 1.74 0.0114 Sandy Loam
11 A2 20 15 1.81 1.74 0.0148 Sandy Loam
11 B2 20 4.07 1.69 1.62 0.0161 Sandy Loam
11 C2 20 6.63 1.75 1.71 0.0141 Loamy Sand
11 X2 20 15 NA NA NA
11 Y 2 20 4.07 1.92 1.81 0.0077 Sandy Loam
11 Z2 20 6.63 1.73 1.61 0.0093 Sandy Loam
12 S1 18 6.95 1.71 1.31 0.0063 Sandy Loam
12 S2 18 6.95 1.75 1.55 0.0069 Sandy Loam
12 | s3 | 18 | 695 | 167 | 162 | 0oo1s | SandvClay
Loam
12 S4 18 6.95 1.69 147 | 00031 | SandyClay
Loam
12 Al 18 15 2.30 2.03 0.0109 Sandy Loam
12 B1 18 3.33 1.85 1.56 0.0095 Sandy Loam

153




_ sample Road Distance bul!< fine b_ulk
Site ID Point age from density | density % C texture
road (m) | (g/cm”3) | (g/cm”3)
12 c1 18 516 | 170 | 136 | 0.0064 | SandyClay
Loam
12 X1 18 15 1.90 1.76 0.0036 Loamy Sand
12 Y1 18 3.33 1.88 1.56 0.0042 Sandy Loam
12 Z1 18 5.16 1.66 1.30 0.0055 Loam
12 A2 18 15 1.89 1.72 0.0098 Sandy Loam
12 B2 18 3.33 1.70 1.63 0.0096 Sandy Loam
12 oF. 18 516 | 173 | 158 | 0.0062 | SandyClay
Loam
12 X2 18 15 1.97 1.97 0.0063 Loamy Sand
12 Y2 18 3.33 1.85 1.71 0.0031 Sandy Loam
12 Z?2 18 5.16 1.65 1.33 0.0049 Loam
13 S1 20 6.64 1.66 1.61 0.0115 Sand Loam
13 S2 20 6.64 NA NA NA NA
13 S3 20 6.64 1.98 1.93 0.0047 Sand Loam
13 S4 20 6.64 NA NA NA NA
13 Al 20 2 1.81 1.67 0.0252 Loamy Sand
13 B1 20 3.5 1.65 151 0.0228 Sandy Loam
13 C1 20 5.06 1.90 1.84 0.0122 Loam
13 X 1 20 2 1.97 186 | 00133 | SandyClay
Loam
13 Y1 20 3.5 1.81 1.70 0.0103 Loam
13 Z1 20 5.06 1.92 1.85 0.0058 Loam
13 A2 20 2 1.80 1.74 0.0175 Loamy Sand
13 B2 20 3.5 1.69 1.57 0.0174 Sandy Loam
13 Cc2 20 5.06 1.78 1.66 0.0147 Loam
13 X 2 20 2 1.87 169 | 0.0113 Sa”Ldéri'ay
13 Y2 20 3.5 NA NA NA NA
13 Z?2 20 5.06 NA NA NA NA
14 S1 21 105 1.54 1.51 0.0096 Loamy Sand
14 S2 21 10.5 1.79 1.67 0.0041 Loamy Sand
14 S3 21 10.5 1.85 1.80 0.0034 Sand
14 S4 21 105 1.73 1.68 0.0033 Sand
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_ sample Road Distance bul!< fine b_ulk
Site ID Point age from density | density % C texture
road (m) | (g/cm”3) | (g/cm”3)

14 Al 21 15 1.69 1.65 0.0184 Loamy Sand
14 B1l 21 4.65 1.56 1.54 0.0294 Sand
14 C1l 21 7.8 1.57 1.55 0.0298 Loamy Sand
14 X1 21 15 1.75 1.72 0.0119 Loamy Sand
14 Y1 21 4.65 1.63 1.58 0.0242 Loamy Sand
14 Z1 21 7.8 1.74 171 0.0138 Loamy Sand
14 A2 21 15 1.74 1.72 0.0147 Loamy Sand
14 B2 21 4.65 1.69 1.68 0.0473 Sand
14 c2 21 7.8 1.59 1.57 0.0242 Loamy Sand
14 X2 21 15 1.80 1.78 0.0187 Loamy Sand
14 Y 2 21 4.65 1.77 1.69 0.0159 Loamy Sand
14 Z2 21 7.8 1.81 1.78 0.0102 Loamy Sand
15 S1 17 6 1.22 1.16 0.0246 Loamy Sand
15 S2 17 6 1.55 1.53 0.0215 Loamy Sand
15 S3 17 6 1.65 1.61 0.0194 Sand
15 S4 17 6 1.81 1.77 0.0137 Sand
15 Al 17 0.5 1.84 1.39 0.0194 Loamy Sand
15 B1 17 2.3 1.46 1.41 0.0378 Loamy Sand
15 C1l 17 4.16 1.52 1.47 0.0169 Loamy Sand
15 X1 17 0.5 1.57 1.50 0.0236 Loamy Sand
15 Y1 17 2.3 1.62 1.48 0.0244 Loamy Sand
15 Z1 17 4.16 1.10 0.91 0.0141 Loamy Sand
15 A2 17 0.5 1.79 1.48 0.0152 Loamy Sand
15 B2 17 2.3 1.27 1.07 0.0175 Loamy Sand
15 C2 17 4.16 1.49 1.43 0.0366 Loamy Sand
15 X2 17 0.5 161 1.57 0.027 Loamy Sand
15 Y 2 17 2.3 1.57 1.50 0.0179 Loamy Sand
15 Z2 17 4.16 1.73 1.37 0.0151 Loamy Sand
16 S1 34 11.2 1.71 1.50 0.0143 Loam
16 S2 34 11.2 1.61 1.36 0.0153 Loam
16 S3 34 11.2 1.69 0.98 0.0066 Loamy Sand
16 S4 34 11.2 1.72 1.34 0.0077 Loamy Sand
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_ sample Road Distance bul!< fine b_ulk
Site ID Point age from density | density % C texture
road (m) | (g/cm”3) | (g/cm”3)
16 Al 34 15 1.72 1.62 0.007 Clay
16 B1 34 4,73 1.54 1.50 0.0147 Loamy Sand
16 C1 34 7.96 1.61 1.43 0.0181 Sandy Loam
16 X1 34 15 1.60 1.54 0.0069 sand
16 Y1 34 4,73 1.71 1.42 0.0112 loamy sand
16 z1 34 7.96 1.79 165 | 0.0084 | SandyClay
Loam
16 A2 34 15 1.75 1.71 0.0034 Clay
16 B2 34 4.73 1.52 1.49 0.0199 Loamy sand
16 C2 34 7.96 1.60 1.46 0.0165 Sandy Loam
16 X2 34 15 1.66 1.60 0.0043 sand
16 Y 2 34 4,73 1.69 1.63 0.013 loamy sand
16 z2 34 7.96 1.78 154 | 00ogs | SandyClay
Loam
17 S1 33 6.3 1.63 1.62 0.0128 Loamy Sand
17 S2 33 6.3 1.58 1.58 0.0135 Loamy Sand
17 S3 33 6.3 1.69 1.68 0.0094 Sand
17 S4 33 6.3 1.69 1.68 0.0126 Sand
17 Al 33 15 1.48 1.34 0.0288 Loamy Sand
17 B1 33 3.1 1.49 1.47 0.0208 Loamy Sand
17 C1 33 4.7 1.60 1.58 0.0149 Sand
17 X1 33 15 1.72 1.57 0.0174 Sand
17 Y1 33 3.1 1.72 1.67 0.0106 Loamy Sand
17 Z1 33 4.7 1.67 1.65 0.0105 Loamy Sand
17 A2 33 15 2.07 1.75 0.0253 Loamy Sand
17 B2 33 3.1 1.78 1.77 0.0192 Loamy Sand
17 C2 33 4.7 1.55 1.52 0.0208 Sand
17 X2 33 15 1.91 1.84 0.0104 Sand
17 Y 2 33 3.1 2.03 2.00 0.0107 Loamy Sand
17 Z2 33 4.7 2.05 2.05 0.0114 Loamy Sand
18 S1 36 10.4 1.51 1.46 0.0202 Sand
18 S2 36 10.4 1.51 1.32 0.0181 Sand
18 S3 36 10.4 0.00 0.00 NA NA
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_ sample Road Distance bul!< fine b_ulk
Site ID Point age from density | density % C texture
road (m) | (g/cm”3) | (g/cm”3)
18 S4 36 10.4 0.00 0.00 NA NA
18 Al 36 0.5 1.77 1.62 0.0237 Loamy Sand
18 B1 36 3.8 1.31 1.17 0.0182 Sandy Loam
18 C1 36 7.1 1.26 1.22 0.0199 Sandy Loam
18 X1 36 0.5 0.00 0.00 NA NA
18 Y1 36 3.8 0.00 0.00 NA NA
18 z1 36 7.1 0.00 0.00 NA NA
18 A2 36 0.5 1.55 1.38 0.0294 Loamy Sand
18 B2 36 3.8 1.59 1.55 0.0157 Sandy Loam
18 C2 36 7.1 1.00 0.85 0.0161 Sandy Loam
18 X2 36 0.5 0.00 0.00 NA
18 Y2 36 3.8 0.00 0.00 NA
18 Z2 36 7.1 0.00 0.00 NA
19 S1 31 8.9 1.19 0.49 0.0235 Clay
19 S2 31 8.9 1.46 0.92 0.0313 Clay
19 S3 31 8.9 1.85 1.71 0.004 Sandy Loam
19 S4 31 8.9 1.70 1.10 0.0107 Sandy Loam
19 Al 31 1.5 1.84 1.76 0.0194 Loamy Sand
19 B1 31 55 1.52 1.46 0.0185 Loamy Sand
19 C1l 31 9.5 1.54 1.38 0.0209 Sandy Loam
19 X1 31 15 191 1.46 0.0145 Sand
19 Y1 31 55 1.83 1.79 0.0088 Sandy Loam
19 Z1 31 9.5 1.81 1.67 0.008 Sandy Loam
19 A2 31 15 1.81 1.74 0.019 Loamy Sand
19 B2 31 55 1.65 1.62 0.0171 Loamy Sand
19 C2 31 9.5 1.55 1.52 0.0168 Sandy Loam
19 X2 31 15 1.84 1.43 NA Sand
19 Y2 31 55 1.94 1.88 0.0083 Sandy Loam
19 Z2 31 9.5 1.91 1.86 0.0064 Sandy Loam
20 S1 34 4.15 1.76 1.69 0.0085 Loamy Sand
20 S2 34 4.15 1.63 1.58 0.0089 Loamy Sand
20 S3 34 4.15 NA NA NA
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_ sample Road Distance bul!< fine b_ulk
Site ID Point age from density | density % C texture

road (m) | (g/cm”3) | (g/cm”3)

20 S4 34 4.15 NA NA NA

20 Al 34 0.5 1.77 1.64 0.018 Loamy Sand

20 B1 34 1.72 1.74 1.59 0.0184 Sandy Loam

20 C1 34 2.93 1.70 1.56 0.0089 Sandy Loam

20 X1 34 0.5 NA NA NA

20 Y1 34 1.72 NA NA NA

20 Z1 34 2.93 NA NA NA

20 A2 34 0.5 1.80 1.58 0.0201 Loamy Sand

20 B2 34 1.72 1.78 1.73 0.0211 Sandy Loam

20 C2 34 2.93 1.59 1.50 0.0109 Sandy Loam

20 X2 34 0.5 NA NA NA

20 Y 2 34 1.72 NA NA NA

20 Z2 34 2.93 NA NA NA
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APPENDIX E: COASTAL PLAIN VFS/VS CHEMICAL ANALYSES.

Carbon

Site ID S;g;ﬁie Dg/nsity_ 9| HM% me(c]:/EOCOCC BS % pH mgzm3
g soil)
1 S1 |0.0085514| 0.22 15.9 60 4.7 22,5
1 S2 | 0.0086934 | 0.09 11.7 62 4.6 17.1
1 S3 |0.0031292 | 0.04 13.1 30 4.3 1.1
1 S4 |0.0032187 | 0.04 9.7 25 4.3 2
1 A1l ]00293898 | 2.29 10.8 81 5.6 103.9
1 B1 |00253826| 1.14 12.1 03 6.6 82.3
1 C1 |00108842| 041 13.2 78 5.2 17.9
1 X1 [00271725| 1.55 6.9 74 5.5 47.3
1 Y1 |[00151642| 056 11.1 95 6.6 56.9
1 Z1 |00113038| 056 11.8 68 4.9 235
1 A2 |00187339| 1.02 9.5 83 5.8 96.1
1 B2 |00215161| 1.19 12.7 o1 6.4 72.1
1 C2 |00195612| 0.86 12.7 80 5.2 82
1 X2 |00141794| 018 11.4 69 5.1 23.4
1 Y2 [0.0059984 | 0.13 12.6 37 45 2.1
1 Z2 00124349 | 041 10 o1 6.4 35
0

2 S1 |0.0224276 | 1.43 7.4 81 5.7 56.3
2 S2 | 00245238 | 244 7.6 80 5.8 60.9
2 S3 |0.0331144| 357 5.5 45 4.8 41.8
2 S4 | 0.0206539 | 2.68 45 44 5 315
2 A1l |0.0270595| 0.46 30.3 100 7.4 27.7
2 B1 |00215738| 131 15.3 100 7.1 60.5
2 C1l |0.0159385| 1.49 5.7 86 6.2 49
2 X1 | 0027349 | 041 34.3 100 7.9 15.6
2 Y1 [00113613| 092 12.4 100 7.1 28.4
2 z1 |00177141| 1.19 3.8 74 5.7 30.5
2 A2 |00210141| 1.08 15.2 100 7.4 40
2 B2 |00153564 | 1.19 9.2 100 7.3 79.1
2 c2 | 0017777 | 161 8.3 98 6.8 100
2 X2 |0.0316864 | 2.68 12.9 100 7.3 41.4
2 Y2 [00119408 | 1.19 6.8 97 6.8 50.3
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Site ID ng.p'e D(e:r?;ﬁ(;n(g HMmoe | CEC BS% | pH P
oint . meq/100cc mg/dm
Clg soil)
2 Z2 0.0133552 | 0.92 5.2 90 6.2 34.5
0

3 S1 0.0131615| 0.81 5.1 90 6.3 54.6
3 S2 0.0331607 | 2.37 11.5 90 6.3 55.3
3 S3 0.0060324 | 0.71 3.9 79 6 34.1
3 S4 0.0248503 | 2.44 8.6 85 5.8 32.3
3 Al 0.0186857 | 0.66 22.3 100 7.4 83

3 B1 0.031826 2.37 11 93 6.5 70.3
3 C1 0.0200127 | 2.15 7.1 80 5.8 46.2
3 X1 0.0153216 0.41 112.7 100 7.8 19.4
3 Y1 0.0320674 2.15 16.2 96 6.6 25.5
3 Z1 0.0337312 2.68 7.2 64 5.3 27.5
3 A2 0.0158953 1.14 14.3 100 7.4 99

3 B2 0.0156143 1.43 9.1 100 7 120.5
3 Cc2 0.0258518 | 2.29 7.9 85 6.1 102.7
3 X2 0.0282016 0.6 41.8 100 7.6 50.9
3 Y2 0.00637 0.76 8.3 100 7.2 83.8
3 Z2 0.0134353 1.43 6 83 6.1 30.7

0

4 S1 0.0308134 | 0.18 49.3 100 8 71.1
4 S2 0.0340274 0.13 34.8 100 7.9 121.2
4 S3 0.0103328 | 0.18 21.6 100 8.1 65.5
4 S4 0.020702 0.13 28.5 100 8 140.5
4 Al 0.0205318 0.22 23.2 100 8.1 48.2
4 B1 0.0177072 0.32 22.3 100 8.1 69.5
4 C1l 0.014802 0.22 18.3 100 7.9 100.9
4 X1 0.0148018 0.22 24.6 100 8.2 515
4 Y1 0.0061223 0.13 19.5 100 8.1 27.7
4 Z1 0.0073548 0.18 18.3 100 8 42.3
4 A2 0.020546 0.22 22.2 100 7.9 62

4 B2 0.0194848 0.18 29.6 100 8.2 61

4 Cc2 0.0136962 | 0.18 20.6 100 8 79.7
4 X2 0.0153179 0.27 21.5 100 8 57

4 Y 2 0.01513 0.36 24.7 100 8.3 47.2
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Site ID ng.p'e D(e:r?;ﬁ(;n(g HMmoe | CEC BS% | pH P
oint . meq/100cc mg/dm
Clg soil)
4 Z2 0.0056419 | 0.04 18.5 100 8 33.1
0

5 S1 0.0137251 0.27 6.6 79 55 67.4
5 S2 0.0205849 | 0.36 8.3 83 5.8 55

5 S3 0.0137572 | 0.36 5.9 69 5.2 106.9
5 S4 0.010457 0.46 4.1 61 5.2 31

5 Al 0.0239884 | 0.51 9.6 93 6.6 51.2
5 B1 0.0227997 0.6 7.8 85 6.1 106.4
5 C1 0.0181035 | 0.46 5.9 83 6.1 69.8
5 X1 0.0139235 | 0.32 6.1 62 5 29.7
5 Y1 0.0119374 0.27 5.1 69 5.3 70.6
5 Z1 0.013233 0.36 5.8 76 5.5 110.4
5 A2 0.0224632 0.51 8 90 6.4 71.3
5 B2 0.0210163 0.66 8.5 88 6.3 122.7
5 Cc2 0.0172608 | 0.56 6.8 78 5.7 62.7
5 X2 0.028684 1.25 7.5 76 5.7 130.1
5 Y 2 0.0130787 | 0.51 4.9 76 5.8 160.9
5 Z2 0.0168879 0.51 4.8 73 5.6 121.6

0

6 S1 0.0249714 1.94 3.6 22 4.5 75.3
6 S2 0.0369138 3.77 4.8 23 4.5 88.8
6 S3 0.0263941 | 3.67 3.4 18 4.5 39

6 S4 0.0184149 2.37 2.7 15 4.3 414
6 Al 0.023133 0.97 1.7 100 7.1 51.7
6 B1 0.0212173 1.14 5 76 5.6 78.1
6 C1l 0.0384836 2.6 10.6 79 55 81.8
6 X1 0.0122713 1.14 6 100 7.6 34.9
6 Y1 0.0184837 1.08 3.2 63 5.6 57.4
6 Z1 0.0663188 | 3.98 12.6 82 5.7 59.9
6 A2 0.0229387 0.86 7.4 97 7 51.8
6 B2 0.0223302 1.25 5.1 76 5.8 89.9
6 C2 0.050404 3.47 11.2 75 5.3 68.5
6 X2 0.0117017 0.86 6.2 100 7.3 31.4
6 Y 2 0.0181438 1.25 3.8 63 55 53.1
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Site ID ng.p'e D(e:r?;ﬁ(;n(g HMmoe | CEC BS% | pH P
oint . meq/100cc mg/dm
Clg soil)
6 Z2 0.0563647 | 5.38 12.9 81 5.7 41.6
0

7 S1 0.0156557 | 0.27 10.9 83 5.6 90.5
7 S2 0.0148297 | 0.18 10.4 85 55 64.2
7 S3 0.0054015 | 0.04 12.4 94 6.7 65.3
7 S4 0.0080936 | 0.09 11.6 91 6.4 87.5
7 Al 0.0088591 | 0.13 9.5 77 5 28.8
7 B1 0.007219 0.04 12.9 86 5.3 13.9
7 C1 0.0077294 | 0.04 11.1 84 5.2 42.3
7 X1 0.0107805 | 0.13 6.3 70 5 39.9
7 Y1 0.0036067 0.04 13 70 4.7 4

7 Z1 0.0044132 0.04 10.1 74 4.7 6.4
7 A2 0.0157673 0.09 8.4 7 5.1 30.7
7 B2 0.0082912 0.04 11.7 83 5.2 23.2
7 C2 0.0159206 0.04 11.2 87 5.6 25.2
7 X2 0.0095835 0.09 6.6 85 6 34.7
7 Y 2 0.0039047 0.04 13 63 4.6 7.4
7 Z2 0.00404 0.04 9.8 56 4.4 12.8

0

8 S1 0.0288099 | 1.43 6.4 59 4.7 21.1
8 S2 0.0300721 1.25 5.9 54 4.6 16.1
8 S3 0.0264135 1.19 7.4 58 4.6 9.6
8 S4 0.0508621 6.58 9.5 33 4.1 19.3
8 Al 0.0181926 | 0.56 8.5 80 5.3 42.6
8 B1 0.0361851 1.37 7.6 68 5 20.7
8 C1l 0.0135738 0.41 6 43 4.3 8.3
8 X1 0.0192345 0.51 6.2 89 6.4 35.6
8 Y1 0.0256041 1.19 54 54 4.8 19.4
8 Z1 0.00585 0.09 6.5 29 4.2 1.8
8 A2 0.0259937 0.41 9.5 81 5.1 28.6
8 B2 0.0270188 1.14 6.6 67 4.7 21.3
8 C2 0.0127812 0.22 5.4 52 4.4 8.1
8 X2 0.0144208 0.46 5.9 86 6.2 18.5
8 Y 2 0.0262242 0.97 5.3 51 4.5 12.9

162




Carbon

Site ID Sg;”iﬁ{e Density (g | HM % meg/'igm BS % pH mg/F;m3
Clg soil)
8 Z2 | 00054832 | 0.04 5.1 41 4.3 17
0
9 S1 |00263764| 2.6 4.6 37 47 30.5
9 S2 |00150737| 222 3.9 38 4.6 24.7
9 S3  |0.0095342 | 2.44 4 35 4.4 214
9 S4 |00163888 | 2.15 2.9 24 4.4 13.2
9 Al |00374203| 1.14 145 100 7 316
9 B1 |00335492| 18 12.7 94 6.4 30
9 C1 |00328631| 3.19 7.7 73 5.6 313
9 X1 |0.0265628 | 1.74 25.8 100 7.1 29.6
9 Y1 | 0046321 | 31 5.4 65 5.1 18
9 Z1 | 00276232 | 4.44 5.3 40 49 15.7
9 A2 |00311946 | 1.02 11.4 100 7 40.9
9 B2 |00393595| 174 13.6 97 6.6 35.4
9 C2 |00292663| 2.08 8.3 78 5.6 25.4
9 X2 |0.0186255| 1.37 195 100 7.3 28
9 Y2 [00263272| 3.01 6.1 61 5.2 145
9 Z2 | 00350047 | 3.28 4.9 41 5 175
0
10 S1 |00170769| 0.32 4.4 55 4.6 47
10 S2 | 00245635 | 0.27 4.8 52 4.7 31.9
10 S3  |0.0047795| 0.09 2.7 59 4.8 16.4
10 S4 |0.0086175| 0.04 3.3 61 4.8 12.6
10 Al |00270654| 0.32 5.6 75 5.5 20.7
10 B1 |00293903| 0.22 4.6 54 47 30.8
10 C1 |00305294| 046 5.5 53 4.4 47
10 X1 |00177234| 0.09 4.4 86 6.6 14.6
10 Y1 |00156238| 0.09 4.4 59 5.1 13.2
10 Z1 00242529 | 076 4.9 39 4.4 58.1
10 A2 |00432228| 032 5.7 72 5.5 22
10 B2 |00301917| 0.18 5 48 45 38
10 C2 |00256887 | 056 4.6 48 45 44.6
10 X2 |0.0173325| 0.09 3.9 90 6.3 10.9
10 Y2 |00140408 | 0.09 5 66 5.2 20.2
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Carbon

Site ID Sg;”iﬁ{e Density (g | HM % meg/'igm BS % pH mg/F;m3
Clg soil)
10 Z2 | 00457361 174 5 44 45 132.7
0

11 S1 |0.0217367| 0.86 9.9 01 6.1 35.7
11 S2 |00222336| 06 11.3 96 6.5 36.4
11 S3 |0.0147378| 056 7.2 89 5.9 13.9
11 S4 |00119684| 0.56 8.2 93 6.3 22
11 Al |00328154| 0.6 215 100 7.3 38.8
11 B1 |00334788| 0.36 12.8 08 6.9 58.2
11 C1 |0.0280628| 0.97 10.7 92 6.2 64.5
11 X1 NA

11 Y1 | 0013818 | 018 15.3 100 7.6 26.9
11 Z1 | 00198694 | 097 8.8 94 6.6 427
11 A2 |00258203| 0.46 16.8 100 7.4 43.6
11 B2 |00260613| 0.41 14.6 100 7.2 46.6
11 C2 |0.0240998 | 0.92 8.8 01 6.1 50.6
11 X2 NA

11 Y2 [00139529 | 0.13 17.1 100 7.7 26.3
11 Z2 | 00149966 | 0.76 8 94 6.4 35.8

0

12 S1 |00082362| 0.22 8.1 74 47 12.8
12 S2 | 0.0106611| 0.36 6.8 74 4.8 17.6
12 S3  |0.0024298 | 0.09 8.3 80 5.1 2.6
12 S4 | 0004572 | 0.18 8.4 89 5.7 3.7
12 Al |00221775| 027 8 76 4.8 32.3
12 B1 |00148509 | 0.41 7.2 61 43 25.4
12 C1 |00087195| 0.13 8.2 71 4.4 15.4
12 X1 |0.0063251| 0.13 4.1 76 5.2 385
12 Y1 | 0006572 | 0.09 7.7 65 4.4 16
12 Z1 | 00071749 | 0.09 10.9 72 4.4 75
12 A2 |00168934| 0.27 7.2 75 4.9 26.6
12 B2 |00156584| 0.32 55 65 4.6 325
12 C2 |00097956 | 0.18 8.7 67 4.2 14
12 X2 |00124216 | 032 5.9 64 4.6 25.6
12 Y2 [0.0052968 | 0.13 6.2 58 43 95
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Carbon

Site ID Sg;”iﬁ{e Density (g | HM % meg/'igm BS % pH mg/F;m3
Clg soil)
12 Z2 | 00065326 | 0.09 10 72 45 8.8
0

13 S1 | 0018473 | 0.32 7.8 77 5.1 14.7
13 S2 NA

13 S3 |0.0090556 | 0.13 5.1 55 4.4 7.1
13 S4 NA

13 Al |00420381| 0.6 17.1 100 7.1 28.6
13 B1 |00344847 | 0.66 12.2 o1 6.1 39
13 C1 |00224774| 036 7.7 69 4.6 12
13 X1 | 0024691 | 051 115 99 7 14.8
13 Y1 [00174717| 041 8.3 86 5.6 211
13 Z1 |00107349| 032 55 49 4.4 7.4
13 A2 |00304619 | 0.46 131 98 6.8 28.1
13 B2 |00272757| 056 11.2 92 6 28.2
13 C2 | 002439 | 041 8.9 72 4.8 17.3
13 X2 |0.0190854 | 051 12.2 98 6.9 16.2
13 Y2 NA

13 z2 NA

0

14 S1 |0.0144659 | 1.08 43 70 55 18.9
14 S2 | 0006828 | 0.6 3.3 76 5.7 7.4
14 S3 |00061151| 0.13 3.6 72 5.4 4.1
14 S4 | 0.0055309 | 0.46 25 60 5.3 8.1
14 Al |00304256| 1.49 11 97 6.9 51.8
14 Bl | 0045376 | 1.19 13.8 100 7.3 37.8
14 C1 |00460938| 3.77 11.8 86 6.4 30.1
14 X1 |0.0204733| 1.87 9.7 94 6.7 33
14 Y1 |00382616| 18 12.2 98 7.1 26.8
14 Z1 |00235871| 3.28 6.3 78 6.2 15.4
14 A2 | 00252741 | 174 10.1 98 7 30.2
14 B2 |00793833| 0.66 16.7 100 7.7 24.6
14 C2 |00378944| 2.68 112 88 6.4 23.4
14 X2 | 0033318 | 26 9.4 o1 6.6 30.1
14 Y2 [00268725| 2.01 117 100 7.2 23.7
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Carbon

Site ID Sg;”iﬁ{e Density (g | HM % meg/'igm BS % pH mg/F;m3
Clg soil)
14 Z2 00181563 | 2.01 3.9 54 5.1 15.9
0
15 S1 |00285429| 31 0.8 73 5.3 160.7
15 S2 |00327917| 229 6.2 65 5.2 150.3
15 S3 |0.0311665| 3.77 5.9 53 5.1 178.4
15 S4 | 00241886 | 0.97 3.2 44 5.1 96.4
15 Al |00269362| 041 117 100 75 08.8
15 B1 |00533623| 3.87 10.7 78 5.5 165.7
15 C1l |00248243| 1.94 0.1 88 6.1 158.3
15 X1 |00354533| 5.38 6.4 44 4.8 176.3
15 Y1 [00360228| 432 8.3 72 5.5 181.9
15 Z1 | 0012794 | 041 6.9 100 7.3 53.4
15 A2 | 00224449 | 0.6 9.2 98 6.9 88.2
15 B2 | 0018741 | 0.86 5 68 5.4 42.7
15 C2 |00524969 | 3.47 105 78 5.7 166.8
15 X2 |0.0423063| 5.38 7.8 49 4.6 120.3
15 Y2 |00268265| 3.87 8.9 82 5.9 202.6
15 Z2 | 00206779 | 046 75 100 7.3 53.1
0

16 S1 |00213794| 041 9.1 80 4.8 18.7
16 S2 |00207332| 051 8.8 78 4.7 25.7
16 S3 |0.0064954 | 0.09 16.3 63 4.4 17

16 S4 |0.0103089 | 0.46 12.8 76 45 5.4

16 Al |00113507| 0.18 43 100 6.9 26.1
16 B1 | 0022027 | 027 7.6 93 6.2 20.9
16 C1 |00259009| 032 9.9 89 5.8 13.6
16 X1 |00105952 | 0.27 4.2 100 7 35

16 Y1 |00158508 | 0.27 7.4 97 6.7 15.3
16 Z1 | 00138616 | 022 7.4 89 5.8 9.4

16 A2 |00058017| 0.18 2.8 100 6.9 20.4
16 B2 |00296511| 0.41 8.1 03 6.3 33.6
16 C2 |00240936 | 046 95 86 55 19.8
16 X2 |0.0068904 | 0.18 4.2 100 6.9 17.9
16 Y2 [00211383| 0.36 6.7 94 6.4 314
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Site ID ng.p'e D(e:r?;ﬁ(;n(g HMmoe | CEC BS% | pH P
oint . meq/100cc mg/dm
Clg soil)
16 Z2 0.0130568 | 0.09 9.3 91 5.8 9.1
0
17 S1 0.0207649 131 9.1 93 6.3 97.7
17 S2 0.021309 131 9.5 92 6.2 112.1
17 S3 0.0157857 1.8 7.3 95 6.6 475
17 S4 0.0212104 1.55 1.7 95 6.4 74.7
17 Al 0.0385192 0.56 21.8 100 7.4 43
17 B1 0.0305774 0.6 134 100 7.2 64.6
17 C1 0.0235188 | 1.43 11.7 98 6.8 101
17 X1 0.0272844 0.92 16.6 100 1.7 31.4
17 Y1 0.0176604 0.81 9.7 100 7.5 42.3
17 Z1 0.0173303 | 1.55 9.8 98 6.8 61.3
17 A2 0.044252 0.81 18.3 100 7.5 55.8
17 B2 0.0339256 0.97 15.1 100 7.2 85.7
17 C2 0.0316446 131 12.9 9 6.4 108.7
17 X2 0.0191858 1.08 18.9 100 7.6 33.5
17 Y 2 0.0213862 1.43 11.2 100 7.3 55.2
17 Z2 0.0233308 1.55 10 98 6.9 58.7
0

18 S1 0.0295729 0.46 7.1 70 4.8 45.6
18 S2 0.0238278 0.41 6.6 77 4.9 52.7
18 S3 NA

18 S4 NA

18 Al 0.0384736 0.41 9.3 99 7.2 106.5
18 B1 0.0213758 0.41 7 83 55 37.6
18 C1l 0.0243615 0.51 8.2 66 4.6 55.4
18 X1 NA

18 Y1 NA

18 Z1 NA

18 A2 0.0406581 0.41 11.2 99 7.3 96.3
18 B2 0.0243114 0.27 6.6 79 5.1 33.1
18 Cc2 0.0136982 | 0.22 7.5 60 4.4 30.3
18 X2 NA

18 Y 2 NA
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Site ID ng.p'e D(e:r?;ﬁ(;n(g HMmoe | CEC BS% | pH P
oint . meq/100cc mg/dm
Clg soil)
18 Z2 NA
0
19 S1 0.0115176 | 0.51 18.4 96 6.5 39.5
19 S2 0.0287634 | 0.66 20 92 5.8 42
19 S3 0.0068323 | 0.04 5.1 98 6.5 10.2
19 S4 0.0118175| 0.22 11.9 96 6.4 35.7
19 Al 0.0340745 0.32 13.1 100 1.7 14.7
19 B1 0.0269412 0.22 9.8 100 7.2 12.3
19 C1 0.0289444 | 0.36 8.2 89 5.9 18
19 X1 0.0212057 0.18 17 100 7.8 12.8
19 Y1 0.0157087 0.09 7.3 100 7.4 3.9
19 Z1 0.0133409 | 0.18 6.1 93 6.3 4.8
19 A2 0.0330302 0.22 14.4 100 8 17.4
19 B2 0.0276897 0.27 10.1 100 7.3 15.8
19 Cc2 0.0255514 | 0.22 8.5 92 6 12.8
19 X2 NA 0.13 29.1 100 8.1 11.2
19 Y2 0.0155906 | 0.13 9.2 100 7.5 4.9
19 Z2 0.0118958 0.09 6.6 95 6.2 54
0

20 S1 0.0143517 0.32 5.2 58 4.5 194
20 S2 0.0140594 0.32 5 60 4.4 22.7
20 S3 NA

20 S4 NA

20 Al 0.029475 0.86 5.8 74 5.3 40.6
20 B1 0.0292421 1.02 4.8 60 5.1 494
20 C1l 0.0138685 0.36 5.7 67 4.9 19.5
20 X1 NA

20 Y1 NA

20 Z1 NA

20 A2 0.0318001 0.92 5.7 74 5.2 40.7
20 B2 0.0364684 1.8 9.8 84 5.7 159
20 Cc2 0.0163519 | 0.41 6 65 4.8 27.4
20 X2 NA

20 Y 2 NA
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Carbon

. Sample : CEC P
Site ID Point Density (G| HM% meq/100cc BS % PH mg/dm®
Clg soil)
20 Z2 NA
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APPENDIX F: COASTAL PLAIN VFS/VS CHEMICAL ANALYSES (CONTINUED).

Site ID Sample K \ Ca \ Mg \ Mn \ Zn \ Cu \ Na \
Point | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm
1 S1 123 1345 305 1.8 0.6 05 95
1 S2 101 1017 234 1.2 0.8 0.7 81
1 S3 129 440 167 0.6 0.4 0.5 76
1 S4 83 266 101 0.8 0.4 0.7 40
1 Al 35 1523 128 3.2 2.3 0.8 87
1 B1 55 2003 136 7.2 3.9 11 59
1 C1 102 1508 303 3.1 0.8 0.5 123
1 X1 33 853 95 5.8 1 1.8 91
1 Y1 54 1825 155 4.7 1.8 0.8 64
1 zZ1 81 1192 225 2.6 0.6 0.3 105
1 A2 42 1362 117 6.7 14 1 63
1 B2 113 1920 199 6.7 14 0.5 98
1 Cc2 107 1584 232 6.5 1.3 0.6 61
1 X2 54 1255 176 3.3 0.9 0.5 111
1 Y 2 86 579 185 0.8 0.4 0.4 76
1 Z2 87 1504 162 5 1.1 0.6 93
2 S1 23 1093 62 2.4 14 05 21
2 S2 22 1130 54 3.2 15 0.4 20
2 S3 17 417 43 1 0.7 0.3 19
2 S4 12 339 28 0.4 0.4 0.1 13
2 Al 23 5932 83 10.4 5 1.4 37
2 B1 23 2923 78 5.3 1.8 0.7 28
2 C1 27 867 63 2.7 14 0.4 19
2 X1 25 6718 87 9 0.9 0.4 34
2 Y1 20 2363 63 2.7 1 0.4 21
2 zZ1 33 469 40 14 0.7 0.3 15
2 A2 23 2944 51 6.5 5.2 1.2 33
2 B2 19 1779 36 6.5 2.3 0.8 21
2 Cc2 20 1529 45 4.3 14 05 18
2 X2 11 2522 31 3.2 1 0.5 36
2 Y 2 18 1268 26 2.9 0.7 0.4 20
2 Z2 20 888 27 2.2 1.2 0.4 23
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Site ID Sample K \ Ca \ Mg \ Mn \ Zn \ Cu \ Na \
Point | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm
3 S1 23 848 40 4.1 1.1 0.2 10
3 S2 35 1979 57 3.7 0.7 0.2 12
3 S3 20 541 40 1 0.8 0.2 14
3 S4 26 1392 38 1.1 0.6 0.1 13
3 Al 17 4354 65 6.1 4.2 0.6 18
3 B1 21 1855 113 2.5 0.9 0.2 21
3 C1 22 1023 65 2.5 0.7 0.2 13
3 X1 21 22110 281 18.1 1.1 0.2 34
3 Y1 19 2952 105 2 0.4 0.1 17
3 Z1 18 814 58 1.3 0.5 0.3 17
3 A2 20 2757 55 6.8 3.8 0.6 16
3 B2 27 1707 64 3.8 1.4 0.3 11
3 C2 21 1218 66 6.1 1.2 0.2 16
3 X2 16 8210 91 6.7 1.2 0.3 31
3 Y2 22 1579 50 1.8 0.8 0.2 11
3 Z2 20 931 41 1.1 0.5 0.2 15
4 S1 834 9207 145 5.2 5.8 0.7 106
4 S2 804 6389 104 5.4 8.2 1.3 117
4 S3 470 3995 61 3 2.8 0.4 79
4 S4 627 5249 83 3.2 53 0.7 101
4 Al 168 4473 60 6 10 1.7 218
4 B1 216 4268 59 4.8 4.3 0.6 105
4 C1l 165 3495 49 4.3 3.9 0.7 63
4 X1 154 4730 67 3.3 4.4 0.9 193
4 Y1 160 3754 41 2 14 0.2 109
4 zZ1 124 3539 40 2.1 1.6 0.4 64
4 A2 150 4275 56 5 7.7 1.3 176
4 B2 369 5615 77 4.9 4 0.5 156
4 C2 217 3925 56 4.2 35 0.6 85
4 X2 202 4129 48 3.6 3.1 0.6 214
4 Y2 479 4588 65 3.7 2.8 0.3 153
4 Z2 123 3565 47 1.9 0.9 0.2 58
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Site ID Sample K \ Ca \ Mg \ Mn \ Zn \ Cu \ Na \
Point | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm

5 S1 127 627 218 2.4 0.7 0.7 10
5 S2 114 896 261 5.4 1.1 0.8 15
5 S3 98 501 162 3.4 1.1 1 10
5 S4 43 336 88 1.6 0.6 0.4 14
5 Al 72 1355 233 6.7 1.7 0.8 40
5 B1 46 940 215 7.6 2.2 1.3 21
5 C1 81 652 169 5.3 1.1 0.7 11
5 X1 100 518 115 3.3 0.7 0.5 34
5 Y1 45 470 124 3.1 0.8 0.8 19
5 zZ1 92 600 147 3.8 1 1 10
5 A2 74 1077 203 6.7 15 0.8 24
5 B2 42 1100 230 6.7 2.6 1.3 21
5 C2 83 702 198 5.4 15 0.7 17
5 X2 91 791 190 5.8 15 1.1 28
5 Y 2 44 518 116 55 1.8 1.3 11
5 Z2 53 498 110 4.8 15 1.2 13
6 S1 17 94 33 0.5 1.2 0.3 9

6 S2 24 151 32 0.7 15 0.4 12
6 S3 9 83 25 0.3 0.7 0.3 7

6 S4 7 50 15 0.3 0.5 0.3 5

6 Al 18 1451 47 2.3 4.4 1 115
6 B1 25 675 40 35 3 0.6 33
6 C1 24 1512 94 4.1 3.7 0.4 22
6 X1 11 1145 33 0.9 14 0.4 104
6 Y1 12 341 31 0.7 0.7 0.3 27
6 Z1 14 1950 61 18 2 0.5 20
6 A2 21 1371 40 2.9 6.2 1.2 99
6 B2 22 679 57 1.9 1.7 0.5 36
6 C2 19 1505 100 35 4.3 0.5 21
6 X2 12 1196 28 1 1.8 0.7 106
6 Y 2 16 417 36 0.6 0.9 0.3 22
6 Z2 11 2028 45 0.9 1.8 0.3 17
7 S1 154 1166 354 36 15 1.3 16
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Site ID Sample K \ Ca \ Mg \ Mn \ Zn \ Cu \ Na \
Point | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm

7 S2 151 1152 326 26.3 1.3 1 15
7 S3 148 1408 517 10 0.5 0.7 15
7 S4 152 1315 439 17.9 0.6 0.7 15
7 Al 100 1031 232 19.4 2.2 0.8 59
7 B1 152 1570 354 7.2 0.5 0.4 39
7 C1l 112 1238 348 6.2 0.5 0.4 32
7 X1 83 645 115 31.9 1.6 1.2 39
7 Y1 106 1336 263 0.6 0.3 0.4 35
7 Z1 96 952 305 1.8 0.3 0.4 31
7 A2 84 933 204 23 35 0.7 48
7 B2 161 1337 323 11.7 0.6 0.4 39
7 C2 117 1239 385 9.5 0.8 0.4 21
7 X2 63 824 161 29.7 0.8 1.3 45
7 Y2 136 1148 255 2 0.3 0.5 35
7 Z2 92 674 225 1.4 0.4 0.5 25
8 S1 36 589 96 5.9 1.6 0.1 28
8 S2 30 493 86 4.6 1.3 0.2 28
8 S3 32 657 111 4.2 1 0.1 25
8 S4 22 473 79 2.9 1.6 0.1 27
8 Al 64 1092 148 13.3 8.1 1.1 117
8 B1 47 816 123 5.2 3.2 1 80
8 C1 47 355 90 1.2 0.6 0.1 46
8 X1 41 949 79 14.7 2.4 1 118
8 Y1 39 452 71 19 1 0.1 67
8 Z1 45 223 86 0.8 0.5 0.2 34
8 A2 78 1228 169 13 7.5 0.9 181
8 B2 32 711 90 6.6 2.3 0.2 80
8 C2 56 368 103 1.9 1 0.1 34
8 X2 41 848 91 11.1 2 1 103
8 Y2 32 389 77 1.6 0.7 0.1 73
8 Z2 54 243 90 1 0.6 0.2 33

S1 26 273 38 0.8 1.7 0.7 18

S2 14 251 26 0.6 1.2 0.4 9
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Site ID Sample K \ Ca \ Mg \ Mn \ Zn \ Cu \ Na \
Point | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm

9 S3 19 217 37 0.5 0.9 0.5 24
9 S4 11 111 12 0.3 0.8 0.2 6

9 Al 17 2826 46 11.6 8.7 8.9 72
9 B1 26 2306 57 5.2 6 1.4 44
9 C1 17 1038 48 1.8 1.2 0.4 21
9 X1 14 5044 71 17.5 3.3 2.1 44
9 Y1 10 663 20 0.8 0.7 0.3 19
9 zZ1 12 374 27 0.6 0.8 0.4 13
9 A2 15 2221 38 7.3 8 5 69
9 B2 28 2524 62 6.9 3.7 1.7 61
9 Cc2 19 1206 56 1.7 1.6 0.9 28
9 X2 12 3810 54 7.8 4.9 2 30
9 Y 2 13 705 22 0.7 0.7 0.4 16
9 Z2 12 346 25 0.3 0.7 0.3 14
10 S1 54 380 49 4.6 2.5 0.5 23
10 S2 56 355 65 4.9 2 0.6 32
10 S3 32 227 42 1.2 1 0.4 20
10 S4 49 290 57 1.2 0.8 0.4 35
10 Al 46 700 68 27 10.7 2.1 102
10 B1 58 373 63 13.7 2.4 0.6 98
10 C1 57 388 97 9.1 1.3 0.6 64
10 X1 35 642 62 9.5 1.7 1.6 72
10 Y1 44 386 69 3.1 0.8 0.5 101
10 Z1 44 246 64 14 0.8 0.6 70
10 A2 42 699 56 20 9.2 2.8 195
10 B2 78 349 59 14.6 2.5 0.6 86
10 C2 56 316 62 15.2 15 0.6 78
10 X2 39 596 51 11.4 1.3 1.1 122
10 Y 2 40 468 100 1.9 0.4 0.3 117
10 Z2 85 304 58 3.9 1.2 0.6 60
11 S1 37 1705 45 4.6 55 2.6 18
11 S2 30 2093 36 12.6 9.1 9.1 17
11 S3 25 1220 34 1.4 2.1 1.3 16
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Site ID Sample K \ Ca \ Mg \ Mn \ Zn \ Cu \ Na \
Point | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm

11 S4 26 1469 26 10.5 2.4 3.5 18
11 Al 25 4229 44 5.6 5.9 1.8 48
11 B1 38 2433 48 3.9 4.7 1.1 22
11 C1 35 1866 48 4.8 3.2 0.7 16
11 X1

11 Y1 24 3002 36 2.3 15 0.7 21
11 zZ1 22 1612 24 3.6 1.3 0.5 18
11 A2 22 3299 31 5 5.3 2 79
11 B2 37 2825 44 4 4.1 1.1 23
11 C2 23 1524 36 2.9 1.6 0.8 21
11 X2

11 Y2 26 3341 39 1.9 14 0.7 21
11 Z2 18 1463 18 1.8 0.9 0.4 23
12 S1 52 728 276 4.1 1.6 0.6 58
12 S2 32 649 200 2.9 1.6 0.7 44
12 S3 74 717 347 1.1 0.7 0.4 64
12 S4 62 874 363 35 0.8 0.4 76
12 Al 46 963 141 14.5 4.5 0.8 55
12 B1 46 633 134 8.2 1.6 0.6 38
12 C1 60 709 257 4.5 1.7 0.8 46
12 X1 28 491 68 6.9 0.9 0.3 27
12 Y1 50 680 183 4 0.7 0.6 35
12 zZ1 73 944 353 8.4 1.4 1.2 57
12 A2 41 878 109 13.8 4.5 0.9 35
12 B2 34 545 93 8.9 1.8 0.5 27
12 C2 57 717 256 5 1.8 0.9 58
12 X2 31 599 95 3.3 15 0.7 48
12 Y2 35 506 115 2.5 1 0.4 33
12 Z2 70 875 328 7.5 18 11 73
13 S1 48 1077 62 5.4 2.7 0.1 23
13 S2

13 S3 28 482 44 0.6 0.5 0.1 21
13 S4
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Site ID Sample K \ Ca \ Mg \ Mn \ Zn \ Cu \ Na \
Point | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm

13 Al 40 3298 70 7.6 14.3 1.9 17
13 B1 63 2009 107 8 6.4 0.6 20
13 C1 74 856 99 2.1 2.1 0.3 18
13 X1 31 2212 34 3.7 4.1 0.9 12
13 Y1 45 1260 79 2.1 1.8 0.2 30
13 zZ1 41 420 63 0.6 0.7 0.1 19
13 A2 37 2408 81 6 9.3 1.6 18
13 B2 70 1869 102 5.9 4.7 0.6 23
13 C2 93 1066 100 3.7 2.7 0.4 20
13 X2 34 2288 64 4.3 3.9 1 17
13 Y 2

13 Z2

14 S1 10 492 66 0.3 6.5 0.3 22
14 S2 11 398 61 0.6 14 0.3 25
14 S3 11 385 77 0.6 15 0.2 24
14 S4 9 249 33 0.6 1.3 0.2 20
14 Al 29 1989 80 3.8 8 1.2 52
14 B1 23 2161 358 3.4 17.1 1 40
14 C1l 12 1511 309 1 1.4 0.2 48
14 X1 16 1703 63 14 3.1 0.7 62
14 Y1 16 1933 287 1.7 6.3 1.8 48
14 Z1 6 742 139 0.5 0.7 0.2 23
14 A2 18 1865 72 3 5.2 1.1 46
14 B2 18 2945 240 4.1 64.7 3.6 29
14 C2 16 1581 245 0.8 2.2 0.3 45
14 X2 9 1660 37 1.1 0.7 0.5 54
14 Y2 12 1955 231 2.6 10.5 0.8 41
14 Z2 12 319 52 0.7 2.3 0.6 29
15 S1 52 1119 183 9.3 5.4 0.7 41
15 S2 36 597 112 3.6 2.3 0.5 25
15 S3 17 468 93 0.5 0.8 0.6 15
15 S4 18 203 45 0.4 0.4 0.3 12
15 Al 33 2208 73 28.8 20.7 55 172
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Site ID Sample K \ Ca \ Mg \ Mn \ Zn \ Cu \ Na \
Point | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm

15 B1 55 1183 274 8.7 5 0.4 57
15 C1 77 1237 199 10.8 5 0.6 32
15 X1 21 374 101 0.7 1.8 0.3 34
15 Y1 44 890 171 2.7 1.2 0.3 31
15 zZ1 24 1296 48 29.1 12.9 3.9 152
15 A2 30 1695 61 32.6 16.8 5.2 126
15 B2 28 562 68 7.9 3.7 0.7 87
15 C2 59 1245 222 11.1 6 0.4 50
15 X2 32 534 125 1 14 0.5 45
15 Y 2 64 1069 218 4.8 2.7 0.4 28
15 Z2 22 1429 42 32.1 15.7 6 159
16 S1 86 1081 207 5.4 1.3 0.4 24
16 S2 70 1069 165 35 1.1 0.3 27
16 S3 245 1244 426 1.2 0.6 0.7 57
16 S4 152 1384 292 2.1 1.2 0.8 49
16 Al 25 796 27 2.9 6.1 0.9 9

16 B1 43 1276 72 3 2.6 0.5 14
16 C1 66 1616 71 1.9 1.2 0.5 16
16 X1 28 791 27 1.8 1.7 0.5 10
16 Y1 41 1353 36 1.8 0.8 0.5 12
16 Z1 54 1195 57 0.5 0.4 0.4 16
16 A2 25 515 25 1.3 1.7 0.5 11
16 B2 51 1352 77 2.9 3 0.5 11
16 C2 58 1505 71 2.9 1.3 0.5 16
16 X2 32 777 26 1.8 1.8 0.6 14
16 Y2 38 1178 42 19 14 0.5 11
16 Z2 74 1534 80 0.6 0.6 0.5 20
17 S1 20 1649 33 4.7 7.7 0.9 12
17 S2 29 1668 40 4.8 8.1 0.9 19
17 S3 12 1349 22 1.7 2.9 0.5 11
17 S4 13 1427 22 2.6 3.9 0.6 8

17 Al 37 4233 66 7.6 50 5.9 49
17 B1 38 2576 49 6.3 20.1 2.2 22

177




Site ID Sample K \ Ca \ Mg \ Mn \ Zn \ Cu \ Na \
Point | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm

17 C1l 24 2217 52 3.7 9.4 1.3 18
17 X1 15 3258 39 3.9 16.6 2.5 54
17 Y1 19 1886 26 3.1 6.6 1.2 17
17 zZ1 10 1862 37 2.1 4.3 0.9 14
17 A2 39 3552 58 8.7 35.2 4.3 38
17 B2 41 2922 55 6.9 21.9 2.4 21
17 C2 25 2305 60 5.8 14 1.3 18
17 X2 16 3693 49 2.7 8.2 1.7 39
17 Y 2 18 2185 32 3.9 7.7 1.6 20
17 Z2 13 1904 31 1.7 3.7 0.7 15
18 S1 111 718 139 11.3 7.2 0.1 20
18 S2 114 730 139 12 6.9 0.2 17
18 S3

18 S4

18 Al 27 1767 43 18.5 30.1 7.6 117
18 B1 44 910 136 12.9 9.8 0.9 31
18 C1l 74 771 160 9.5 7.1 0.7 41
18 X1

18 Y1

18 Z1

18 A2 33 2123 54 22.9 38.6 8.5 127
18 B2 31 848 103 12.3 55 0.7 30
18 C2 58 650 137 5.3 4.2 0.5 37
18 X2

18 Y2

18 Z2

19 S1 83 3350 77 9.4 6.9 1.4 31
19 S2 73 3546 68 7.1 10.2 1.2 40
19 S3 29 940 27 1.4 0.9 0.3 10
19 S4 49 2180 46 3.7 2.7 0.8 23
19 Al 23 2549 34 6.6 12.4 2.5 67
19 B1 26 1893 36 11 4.7 1.2 48
19 C1l 30 1404 32 4.7 3.1 0.5 26
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Site ID Sample K \ Ca \ Mg \ Mn \ Zn \ Cu \ Na \
Point | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm

19 X1 14 3330 44 4.7 9.3 2.2 61
19 Y1 22 1422 22 4 1.3 0.5 45
19 zZ1 26 1095 24 2.5 1.2 0.4 21
19 A2 18 2835 29 7.2 12.3 2.6 59
19 B2 29 1955 35 7.4 3.9 0.9 38
19 C2 33 1503 32 2.9 2 0.5 33
19 X2 15 5701 75 6 4.6 15 80
19 Y 2 24 1761 43 3.1 15 0.7 61
19 Z2 32 1190 29 1 0.9 0.4 49
20 S1 31 415 99 1 5.1 0.9 73
20 S2 28 448 88 1.6 3.9 0.7 76
20 S3

20 S4

20 Al 20 746 62 11.2 4 0.9 82
20 B1 33 488 48 7.8 2.3 0.7 93
20 C1 31 580 97 4.4 4.5 1.1 84
20 X1

20 Y1

20 Z1

20 A2 18 745 54 11.3 11.8 2.6 92
20 B2 95 1211 235 13.1 8.5 0.7 28
20 C2 42 614 83 11.2 9.3 1.3 76
20 X2

20 Y 2

20 Z2
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APPENDIX G: WETLAND SWALE SAMPLE ANALYSIS.

. Distance Fine
Slge S;;r:ﬁ{e I?O?gaed from DErL:;?ty BuII_< % C Texture Class
Road Density
m glem® | glcm® | gClgsoil
WL1 | sS1 20 11.9 1.18 110 | 0.009 sand
WL1 | S2 20 11.9 1.01 096 | 0.019 sand
WL1 | S3 20 11.9 1.79 149 | 0.006 sand
WL1 | S4 20 11.9 1.60 114 | 0010 sand
wL2 | s1 19 8.5 1.25 123 | 0.007 Loamy Sand
WL2 | S2 19 8.5 1.05 103 | 0025 Loamy Sand
WL2 | S3 19 8.5 1.50 147 | 0027 Sand
WL2 | S4 19 8.5 152 149 | 0.005 Sand
WL3 | S1 3 12.5 1.10 100 | 0.034 Loam
WL3 | S2 3 12,5 1.48 136 | 0025 Loam
WL3 | S3 3 12.5 154 144 | 0012 Loam
WL3 | S4 3 12.5 1.88 183 | 0.004 Loam
WwL4 | S1 11 14.0 1.01 085 | 0.018 Clay Loam
WL4 | S2 11 14.0 1.38 119 | 0.006 Clay Loam
WL4 | S3 11 14.0 0.94 072 | 0027 Clay
WL4 | S4 11 14.0 1.27 117 | 0.008 Clay
WL5 | S1 18 9.3 092 | 082 | 0015 Sandy Clay
Loam
WL5 | s2 | 18 9.3 066 | 062 | 0028 Sandy Clay
Loam
WL5 | S3 18 9.3 1.27 121 | 0.006 Loamy Sand
WL 5 S4 18 9.3 1.15 1.12 0.005 Loamy Sand
WL 6 S1 18 6.0 1.09 1.03 0.011 Sandy Loam
WL6 | S2 18 6.0 1.24 122 | 0013 Sandy Loam
wLe | s3 | 18 6.0 155 | 143 | 0004 Sandy Clay
Loam
WL6 | S4 18 6.0 1.43 141 | 0.004 Sandy Clay
Loam
WLY | S1 4 6.8 1.50 142 | 0003 Loamy Sand
WL 9 S2 4 6.8 1.73 1.68 0.002 Loamy Sand
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) Distance Fine

Slge S;g;ﬁ![e FX)&S from Dlzrlgll(t Bulk % C Texture Class
g Road y Density
m glem® | glcm® | gClgsoil
WL 9 S3 4 6.8 1.69 1.66 0.002 Loamy Sand
WL 9 S4 4 6.8 1.69 1.68 0.001 Loamy Sand

Mol st | m 9.9 101 | 097 | 0026 | SandyLoam
Vi’OL 2 44 9.9 086 | 081 | 0034 | SandyLoam
Vfo'- 3 44 9.9 094 | 092 | 0039 | LoamySand
VYOL S4 44 9.9 111 1.07 0.031 Loamy Sand
Vfl'- s1 34 125 1.28 124 | 0041 Sandy Loam
VflL S2 34 125 0.97 0.92 0.051 Sandy Loam
WL S3 34 12.5 1.79 172 | 0015 Sandy Clay

11 Loam
WL S4 34 125 1.84 1.79 0.010 Sandy Clay

11 Loam
sz'- s1 20 71 151 1.46 0.020 Clay Loam
WL

9 S2 20 71 1.43 1.40 0.014 Clay Loam
WL 53 | 20 71 150 | 151 | 0006 Sandy Clay

12 Loam
WL S4 20 71 1.70 1.65 0.003 Sandy Clay

12 Loam
Ml st | o 5.9 100 | 098 | 0045 | SandyLoam
Vi’sL S2 20 59 0.01 0.86 0.060 Sandy Loam
WL Sandy Clay

13 S3 20 5.9 1.26 1.23 0.030 o
WL 54 20 5.9 113 | 1.09 | 0.047 Sandy Clay

13 Loam
Vﬂ- s1 31 10.4 1.04 1.01 0.079 Sandy Loam
V¥4L S2 31 10.4 1.26 1.26 0.045 Sandy Loam
WL S3 31 10.4 131 1.29 0.041 Sandy Loam
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, Distance Fine

Slge S;g;ﬁ![e I:X)ag from Dlzrlgrt Bulk % C Texture Class
g Road y Density
m glem® | glcm® | gClgsoil

14
WL

14 S4 31 10.4 1.55 1.53 0.026 Sandy Loam
WL Sandy Clay

5 S1 5 15.2 146 | 144 | 0023 Lo
WL 5o 5 15.2 158 | 157 | 0.020 Sandy Clay

15 Loam
Wl s3 5 152 | 190 | 188 | 0004 | SandyLoam
VYSL S4 5 15.2 192 | 18 | 0002 Sandy Loam
Vi’é- s1 5 12.1 140 | 137 | 0004 Sandy Loam
VYGL S2 5 12.1 087 | 083 | 0038 Sandy Loam
Vi’é- s3 5 12.1 070 | 067 | 0050 Sandy Loam
Y 5 121 027 | 023 | 0068 | SandyLoam
V¥7'- s1 20 11.6 127 | 125 | 0008 Loamy Sand
V¥7L s2 | 20 11.6 145 | 142 | 0005 | Loamy Sand
V¥7L s3 20 11.6 150 | 143 | 0003 Loamy Sand
V¥7L s4 | 20 11.6 164 | 158 | 0004 | Loamy Sand
V¥8L s1 11 10.3 084 | 081 | 0029 Sandy Loam
VI’SL 52 11 10.3 128 | 1.25 | 0005 | SandyLoam
WL S3 11 10.3 1.47 140 | 0012 Sandy Clay

18 Loam
WL 54 | 11 | 103 130 | 116 | 0003 Sandy Clay

18 Loam
Vi’g'- s1 5 8.3 143 | 141 | 0021 Loamy Sand
WL

19 S2 5 8.3 1.60 1.59 0.021 Loamy Sand
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Slge S;g;ﬁ![e Ijii)gag lesr?r?]ce Dlzﬁslrty g:ﬂek % C Texture Class
Road Density
m glem® | glcm® | gClgsoil

Vi’g'- 3 5 8.3 174 | 173 | 0060 | SandyLoam
Vi’g'- S4 5 8.3 177 | 176 | 0020 | SandyLoam
V;’OL s1 | 1 6.9 107 | 105 | 0102 | LoamySand
V2V0L ) 11 6.9 122 | 120 | 0115 | Loamy Sand
V;’OL s3 | 1 6.9 108 | 105 | 008 | LoamySand
V2V0L sS4 11 6.9 117 | 116 | 0070 | Loamy Sand
Wl s1o| 28 | 105 151 | 146 | 0014 | SandyLoam
V2Vl'- s2 | 26 10.5 122 | 121 | 0024 | SandyLoam
\g’lL 3 26 105 182 | 1.8 | 0009 | Sandy Loam
V2Vl'- s4 | 26 10.5 171 | 162 | 0012 | SandyLoam
"ol s1o| a1 | 180 137 | 135 | 0014 | Loamy Sand
\2’2'- s2 | 21 18.0 119 | 1209 | 0017 | Loamy Sand
V;’ZL s3 21 18.0 167 | 161 | 0.005 Sandy Loam
Wl s4 | 21| 180 | 165 | 157 | 0006 | SandyLoam
"ol s1o| 25 | 109 | 123 | 122 | 0006 Sand

"ol s2 | 25 | 109 | 117 | 116 | 0.006 sand

V;’3L s3 | 25 10.9 152 | 151 | 0002 sand

V2\’3'- s4a | 25 10.9 150 | 149 | 0.004 sand

Wel s1| 26 | 149 | 159 | 158 | 0006 | LoamysSand
WL S2 26 14.9 1.58 1.55 0.004 Loamy Sand
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. Distance Fine
Slge S;g;ﬁ![e I:X)ag from Dlzrlgrt Bulk % C Texture Class
g Road y Density
m glem® | glcm® | gClgsoil

24

WL

24 S3 26 14.9 1.54 151 0.006 Sandy Loam
V§’4'- sa | 26 14.9 169 | 168 | 0003 | SandyLoam
V2\/5L s1 15 5.5 085 | 078 | 0034 sand
\2/5'_ S2 15 5.5 075 | 072 | 0033 sand
V2V5L S3 15 55 1.27 1.26 0.025 Sand
V;/SL S4 15 55 1.23 1.22 0.012 Sand
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APPENDIX H: WETLAND SWALE CHEMICAL ANALYSES.

Estimated | Cation
Sample | C Organic | Nitrogen | Exchange
Site ID | Point density | Matter | Release Capacity | pH
kg C/m2 | ppm ppm ppm

WL 1 S1 1.03 2.40 93.00 3.80 5.60
WL 1 S2 1.84 3.40 112.00 4.50 6.00
WL 1 S3 0.88 0.90 64.00 2.60 6.10
WL 1 S4 1.15 1.40 73.00 3.30 5.40
WL 2 S1 0.84 1.70 78.00 4.20 6.10
WL 2 S2 2.54 1.50 73.00 4.90 6.40
WL 2 S3 3.88 0.70 59.00 3.30 6.30
WL 2 S4 0.79 0.80 61.00 3.30 5.60
WL 3 S1 3.37 4.50 123.00 11.70 4.60
WL 3 S2 3.36 3.40 110.00 5.40 4.70
WL 3 S3 1.73 2.70 93.00 7.50 4.70
WL 3 S4 0.66 0.80 59.00 5.00 4.20
WL 4 S1 151 2.80 91.00 10.30 4.90
WL 4 S2 0.67 1.00 59.00 7.50 4.60
WL 4 S3 1.91 3.80 104.00 15.10 4.40
WL 4 S4 0.98 1.50 67.00 8.90 4.60
WL 5 S1 1.22 2.80 83.00 16.10 4.60
WL 5 S2 1.70 4.30 122.00 9.80 4.80
WL 5 S3 0.70 1.40 68.00 7.00 4.50
WL 5 S4 0.59 1.30 68.00 5.80 4.60
WL 6 S1 1.08 2.40 86.00 8.10 4.60
WL 6 S2 1.55 2.30 82.00 9.80 4.60
WL 6 S3 0.54 0.70 51.00 8.90 4.90
WL 6 S4 0.59 1.00 60.00 6.90 4.70
WL 9 S1 0.47 0.80 60.00 4.50 5.70
WL 9 S2 0.34 0.50 54.00 4.40 5.00
WL 9 S3 0.25 0.50 53.00 4.70 4.80
WL 9 S4 0.20 0.50 55.00 3.30 4.70
WL10 |S1 2.56 3.90 113.00 10.20 5.40
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Estimated | Cation
Sample | C Organic | Nitrogen | Exchange
Site ID | Point density | Matter | Release Capacity | pH
kg C/m2 | ppm ppm ppm

WL10 |[S2 2.78 5.30 139.00 12.20 6.00
WL10 |S3 3.56 5.30 141.00 10.70 5.70
WL10 |S4 3.27 5.60 144.00 12.60 6.00
WL11 |S1 5.05 4.50 128.00 8.70 4.80
WL11 |[S2 4.64 5.60 141.00 14.80 4.60
WL11 |S3 2.50 1.20 65.00 6.00 4.80
WL11 |S4 1.85 1.50 71.00 6.20 4.70
WL12 |S1 2.96 2.40 82.00 11.40 4.60
WL12 |[S2 1.98 2.00 73.00 12.10 4.70
WL12 |S3 0.97 1.10 57.00 10.80 4.60
WL12 |S4 0.48 0.70 50.00 10.10 4.30
WL13 |[S1 4.40 4.10 124.00 5.60 4.50
WL13 |S2 5.14 4.70 133.00 7.90 4.60
WL13 |S3 3.65 3.40 111.00 4.80 4.70
WL 13 |S4 5.14 4.90 137.00 7.70 4.50
WL14 |[S1 7.94 6.20 150.00 15.40 5.40
WL14 |S2 5.70 4.30 121.00 10.60 5.20
WL14 |S3 5.30 4.10 117.00 10.80 5.00
WL14 |S4 3.94 3.40 107.00 7.60 5.00
WL15 |S1 3.30 3.80 111.00 10.60 5.00
WL15 |S2 3.07 3.40 104.00 9.50 5.20
WL15 |S3 0.75 1.00 65.00 3.60 4.70
WL15 |S4 0.38 0.60 57.00 3.20 4.60
WL16 |S1 0.52 2.00 84.00 4.30 4.30
WL16 |S2 3.20 5.30 133.00 16.10 4.20
WL16 |S3 3.33 6.90 150.00 25.60 4.00
WL16 |S4 1.54 6.50 150.00 25.80 4.10
WL17 |S1 0.96 2.20 89.00 3.50 4.80
WL17 |S2 0.64 1.40 74.00 2.60 4.60
WL17 |S3 0.46 1.00 65.00 3.20 4.90
WL17 |S4 0.55 1.00 66.00 2.70 4.80
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Estimated | Cation
Sample | C Organic | Nitrogen | Exchange
Site ID | Point density | Matter | Release Capacity | pH
kg C/m2 | ppm ppm ppm

WL18 |S1 2.32 4.30 116.00 13.80 5.40
WL18 [S2 0.56 1.40 68.00 7.00 5.40
WL18 |S3 1.61 2.40 85.00 9.40 5.00
WL18 |S4 0.29 0.60 52.00 6.80 5.20
WL19 |[S1 291 3.50 113.00 4.60 4.60
WL19 |S2 3.30 3.50 115.00 3.40 4.80
WL19 |S3 10.38 5.60 150.00 4.00 4.40
WL19 |S4 3.47 4.10 124.00 5.40 4.10
WL20 |[S1 10.76 6.90 150.00 5.90 4.60
WL20 |S2 13.86 7.30 150.00 8.20 5.00
WL20 |S3 8.93 6.20 150.00 5.50 4.50
WL20 |S4 8.10 6.50 150.00 6.00 4.80
WL21 |S1 2.05 2.60 92.00 7.00 4.50
WL21 |S2 2.95 4.50 131.00 6.00 5.00
WL21 |S3 1.67 1.10 65.00 4.70 4.70
WL21 |S4 1.89 1.60 74.00 5.80 4.30
WL22 |S1 1.91 2.60 94.00 5.70 4.40
WL22 |S2 1.88 3.80 116.00 7.20 4.40
WL22 |S3 0.87 1.00 60.00 7.10 4.20
WL22 |S4 0.89 1.00 59.00 7.90 4.20
WL23 |S1 0.69 1.80 80.00 4.20 4.70
WL23 |S2 0.67 3.00 103.00 4.80 4.40
WL23 |S3 0.35 0.70 60.00 2.80 5.00
WL23 |S4 0.60 0.80 61.00 3.40 4.80
WL?24 |S1 0.87 1.70 77.00 4,70 4.60
WL24 |S2 0.65 2.00 85.00 3.50 4.70
WL24 |S3 0.86 1.90 83.00 3.70 4.70
WL24 |S4 0.57 0.80 62.00 3.00 5.50
WL25 |S1 2.64 6.20 150.00 18.80 6.70
WL25 |S2 2.39 5.60 145.00 12.10 5.70
WL25 |S3 3.12 3.50 109.00 7.90 6.60
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Estimated | Cation
Sample | C Organic | Nitrogen | Exchange
Site ID | Point density | Matter | Release Capacity | pH
kg C/m2 | ppm ppm ppm
WL25 |S4 1.51 2.90 100.00 5.90 5.90
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APPENDIX I: WETLAND SWALE CHEMICAL ANALYSES (CONTINUED)

Site Sample
ID Point Phosphorus Potassium Calcium Magnesium
ppm ppm ppm ppm

WL1 |S1 28 24 506 42
WL1 |S2 35 37 661 48
WL1 |S3 17 18 387 34
WL1 |S4 19 21 397 36
WL2 |S1 29 15 641 45
WL2 |S2 42 25 789 52
WL2 |S3 27 9 521 42
WL2 |S4 22 14 428 40
WL3 |S1 22 79 646 230
WL3 |S2 14 38 336 110
WL3 |S3 12 42 458 163
WL3 |S4 6 23 212 45
WL4 |S1 42 95 747 214
WL4 |S2 11 92 350 172
WL4 |S3 45 77 714 230
WL4 |S4 18 97 439 194
WL5 |S1 11 78 991 263
WL5 |S2 22 56 745 162
WL5 |S3 19 19 423 95
WL5 |S4 17 34 373 81
WL6 |S1 33 28 535 115
WL6 |S2 31 30 653 136
WL6 |S3 9 36 677 181
WL6 |S4 16 21 481 116
WL9 |S1 24 16 582 75
WL9 |S2 15 16 415 61
WL9 |S3 5 41 371 67
WL9 |S4 7 14 250 44
WL10|S1 64 28 1370 51
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Site Sample
ID Point Phosphorus Potassium Calcium Magnesium
ppm ppm ppm ppm

WL10|S2 67 36 1971 49
WL 10| S3 70 22 1576 59
WL10|S4 65 24 2049 41
WL11|S1 38 43 833 46
WL 11 |S2 35 62 1227 55
WL11|S3 9 36 526 57
WL11|S4 13 37 537 39
WL12 |S1 28 75 890 69
WL 12 |S2 22 72 1045 76
WL 12 |S3 10 59 835 70
WL12 |S4 3 47 556 63
WL13|S1 29 32 393 38
WL 13 |S2 23 46 596 60
WL 13 |S3 17 34 368 57
WL13 |S4 26 37 525 63
WL14 |S1 203 35 1796 233
WL 14 |S2 160 27 1143 141
WL14|S3 146 22 1031 144
WL 14 |S4 90 19 666 137
WL15|S1 39 28 1134 65
WL15|S2 30 28 1115 72
WL15|S3 6 22 267 47
WL15|S4 4 22 206 45
WL16|S1 17 13 238 27
WL 16 |S2 49 21 865 54
WL 16 | S3 25 28 1052 84
WL 16 |S4 21 23 1210 84
WL17|S1 16 25 303 34
WL 17 | S2 10 10 189 26
WL 17 |S3 7 13 277 43
WL 17| S4 6 10 213 40
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Site Sample
ID Point Phosphorus Potassium Calcium Magnesium
ppm ppm ppm ppm

WL18 |S1 71 60 1811 82
WL 18 |S2 18 59 899 42
WL 18 |S3 51 23 1006 54
WL 18 |S4 3 58 790 45
WL19 |S1 19 9 326 51
WL19 |S2 18 12 276 50
WL19|S3 15 5 232 38
WL19|S4 13 4 217 40
WL20|S1 9 4 448 53
WL 20 |S2 11 6 828 83
WL20|S3 8 3 371 52
WL20|S4 11 3 546 56
WL21|S1 49 25 491 52
WL21|S2 89 28 604 53
WL21|S3 18 33 353 62
WL21|S4 24 44 292 47
WL22|S1 22 22 340 49
WL22|S2 34 26 438 54
WL22|S3 8 30 317 57
WL22|S4 10 30 365 57
WL23|S1 46 10 352 36
WL23|S2 21 12 291 37
WL 23|S3 17 7 270 35
WL23|S4 17 10 298 37
WL?24|S1 27 30 338 45
WL 24 |S2 26 19 288 34
WL 24 |S3 62 7 291 43
WL24|S4 15 9 375 38
WL25|S1 59 37 3406 101
WL25|S2 55 19 1790 66
WL25|S3 37 8 1413 44
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Site Sample

ID Point Phosphorus Potassium Calcium Magnesium
ppm ppm ppm ppm

WL25|S4 38 906 44
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Residuals

APPENDIX J: RESIDUAL PLOTS OF LINEAR AND SEGMENTED MODELS
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Figure 30: PROC GLM Residual Plot
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Residuals

Figure 31: PROC NLIN Residual Plot
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Figure 32: PROC NLMIXED Residual Plot
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APPENDIX K: PAH RESULTS OF PIEDMONT AND COASTAL PLAIN VFS/VS

SITE
Sample Result (mg kg™) Organic Species
Position 1, 0-0.1m 0.23 Phenanethrene
0.46 Fluroanthene
0.48 Pyrene
0.26 Chrysene
0.41 Benzo(b)floranthene
g 0.13 Benzo(k)floranthene
£ 0.22 Benzo(a)pyrene
= 0.14 Indeno(1,2,3-cd)pyrene
0.15 Benzo(g,h,i)perylene
TOTAL 2.48
Position 2, 0-0.1m Not detected NA
Position 1, 0.1-0.2m  Not detected NA
< ~ Position 1, 0-0.1m Not detected NA
% g Position 2, 0-0.1m  Not detected NA
©) Position 1, 0.1-0.2m  Not detected NA

196



Appendix L: CEC and pH Relationship to Humic Matter
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Figure 33: Relationship of humic matter (g HM/g soil), CEC (meqg/100cc), and pH of
Piedmont and Coastal Plain VFS/VSs.
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