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Abstract Residential lawns provide chronosequences to
examine influences of home age and aboveground tree
biomass (ATB) on soil carbon (C) levels. Soil C dynamics
were compared between 44 lawns with trees (LwT) and
23 without trees (PL). At the 0–15 cm depth, LwT had
higher mean soil C than PL and an earlier rise in median
soil C across home age. Nonparametric quantile regression
also showed a steeper rise in the 5th, 50th, and 95th soil
C quantiles for LwT. Fitted polynomial regression models
indicated that home age and ATB together accounted for
40 % of the soil C variation at the 0–15 cm depth
[C = 1.34 + 0.05(Age) + 0.0003(ATB)]. At the 15–30 cm
depth, the interaction between home age and ATB explained
33 % of the soil C variation [C = 0.78 + 0.0003(Age*ATB)];
at 30–50 cm, ATB was responsible for 20 % [C = 0.56 +
0.0003(ATB)].
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Introduction

Rising concentrations of atmospheric carbon (C) are con-
tributing to climate change worldwide (IPCC 2008). Soil
contains the third largest amount of organic C on the
planet, after the earth’s crust and ocean (Watson et al.
1990), with most of it developed under forest and grass-
land biomes (Jobbágy and Jackson 2000). Thus, much
research has focused on the capacity of forests (Goodale
et al. 2002; Hooker and Compton 2003; Sun et al. 2004;
Sartori et al. 2007) and grasslands (Gebhert et al. 1994;
Potter et al. 1999; Conant et al. 2001) to accumulate soil
organic carbon (SOC). The continued expansion of urban
lands (Seto et al. 2012) has provided impetus for research
on urban forests and their potential for significant SOC
storage. Residential areas are a rapidly growing component
of the urban landscape (Overman et al. 2008) and residential
yards provide a series of urban forest chronosequences to
examine soil C dynamics (Golubiewski 2006; Pouyat et al.
2009; Campbell et al. 2014). Interest in soil C dynamics in
residential yards has grown due to recent research showing
that home lawns can have strong potential for storing soil C.
In Virginia, previously forested residential lawns have simi-
lar or greater soil C levels than eighboring forest land
(Campbell et al. 2014). Pouyat et al. (2009) and Raciti et
al. (2011) reported that residential yards in Baltimore, MD
can have higher SOC levels than nearby rural forests. In
Colorado, residential yards can contain higher SOC levels
than nearby shortgrass steppe (Kaye et al . 2005;
Golubiewski 2006), and the accumulation rate for residential
yards can be 6 × greater (Pouyat et al. 2009).

Afforestation can increase SOC levels, most notably in
surface soils, with prior land use strongly influencing accu-
mulation rate (Paul et al. 2002; Nave et al. 2013). In forests,
both above- and belowground tree biomass components
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deposit organic C in soil. In residential yards, organic C from
trees derives mainly from belowground biomass because tree
leaf litter and woody debris are typically removed from lawns.
Since tree roots are major contributors to soil C (Fahey and
Hughes 1994; Clemmensen et al. 2013), adding trees to
lawns may increase soil C levels through C derived from
tree roots. The direct measurement of belowground tree
biomass involves either tree destruction or continual mea-
surements over time with sequential root coring, ingrowth
cores, or minirhizotrons (Vogt et al. 1998). For this study,
aboveground tree biomass was used as a surrogate for
belowground tree biomass because few home owners would
permit such procedures.

This observational case study is third in a series of projects
designed to assess the relationship of soil C to certain yard
characteristics: aboveground tree biomass, home age, soil tex-
ture (% sand, % clay, % silt), and yard maintenance practices
(fertilization, irrigation, and mulching or bagging lawn clip-
pings) (Huyler et al. 2013, 2014). For this paper, we directly
compared changes in soil C levels across ~50 yrs. of home age
between lawns with trees (LwT) and lawns without trees
(‘Pure Lawns’, PL). This direct comparison was lacking in
our two previous studies (Huyler et al. 2013, 2014). Our goal
was to discern whether aboveground tree biomass (surrogate
for belowground tree biomass) significantly augmented soil C
levels in residential turfgrass lawns across home age and to
examine the relationships of soil C with aboveground tree
biomass and home age.

Our hypotheses were: 1) Soil C will have a greater increase
over home age in LwT compared to PL; and 2) In LwT, the
power of the soil C relationship with home age and above-
ground tree biomass will decline with depth.

Methodology

Site

Our project was conducted in the City of Auburn [altitude
210 m (689 ft) (U.S. Climate Data) and latitude 32.6°N lon-
gitude 85.5° (U.S. Census Bureau)] located in Lee County
(east central Alabama) near the Georgia border. Auburn spans
the fall line between the Piedmont Plateau and Coastal Plains
soils (McNutt 1981). Piedmont Plateau soils have a sandy
loam or clay loam surface layer and red, clayey subsoil, while
Coastal Plain soils have a sandy loam or loam surface layer
and either loamy or clayey subsoil (Mitchell 2008). The native
landscape was covered in pine and hardwoods until settlers
developed most of the land for agriculture (McNutt 1981).
The climate is humid, subtropical (Chaney 2007) with a mean
low temperature of 11.6 °C (52.8 °F), mean high temperature
of 23.3 °C (74 °F), and mean annual temperature of 17.4 °C
(63.4 °F) (U.S. Climate Data ). From 1976 to 2011, the mean

annual precipitation was 127.8 ± 21.8 cm (50.3 ± 8.6″)
(Rodger R. Getz, AWIS Weather Services, Inc., personal
communication).

Yard selection

The study was designed to assess the influence of ATB on
soil C levels with a priority of assembling a large number
of sample sites representing a wide range of ATB and
home ages. Permission requests for soil sampling were
sent to various individuals and organizations either by
email or by placing a written request in the doorway of
a home. Soil was sampled in 23 PL of single family
homes, where trees were located >20 m away from the
sample site (Huyler et al. 2013). In addition, soil was sampled
in 44 LwT single family homes and U.S. Department of
Housing and Urban Development duplexes (Huyler et al.
2014). All homeswere ≤51 yrs. old and all yards were sampled
in spring/summer 2009 and 2010.

Sample sites were selected to avoid irrigation/gas/water/
sewer pipes, home security and electric lines, rocks, areas
devoid of grass, and away from sidewalks, walkways, drive-
ways, roads, and homes. Front lawns were selected for ease of
access since back lawns were more often used by owners and
pets. Within structural and use limitations, a meter square was
placed on the lawn Barbitrarily but without preconceived bias^
(McCune and Grace 2002) and two soil samples were
taken at each corner at three depths per core: 0–15 cm,
15–30 cm, and 30–50 cm. The soil probe used was a
2.9 cm × 61 cm (1 1/8″ × 24″) slotted chrome plated AMS
soil recovery probe (AMS, Inc., American Falls, ID) with a
diameter of 2.2 cm (7/8″). At each meter square corner, one
core provided a soil sample for C, and the second core
(2–8 cm from the first core, depending on soil conditions),
was used to determine bulk density (g cm−3) and soil
texture. The soil samples for C were oven-dried at 45 °C for
3 days, sieved (2 mmmesh) to remove residue fragments, and
ground with a roller grinder (Kelley 1994) to pass a 1 mm
mesh. Soil texture samples were dried at 100 °C for 3 days
and sieved (2 mm mesh) to remove residue fragments. For
each yard, there were 4 soil C and 4 soil texture samples per
depth.

Soil analysis

Each sample was analyzed for soil C using a LECO TruSpec
CN 2003 model, (LECOCorporation, St. Joseph, Missouri) at
the USDA-ARS National Soil Dynamics Laboratory in
Auburn, AL. The LECO TruSpec CN 2003 model had
an Infrared Gas Analyzer to measure C. Bulk density
was obtained using a modified method of Culley (1993).
Soil C content (kg m−2) was determined as the product of
bulk density and C concentration.
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Soil texture was analyzed with a modified hydrometer
method of Gee and Bauder (1986). Forty grams of oven-
dried soil was mixed with 50 ml dispersing agent in a metal
mixing cup. The dispersing agent was a solution of 35.7 g of
sodium metaphosphate (NaPO3) x Na2O and sodium car-
bonate (Na2CO3) dissolved in 1 L distilled water. The soil
solution was mixed for five minutes with a commercial
mixer. After mixing, the solution was placed in a 1 L
glass cylinder and brought to volume. The solution was
shaken for one minute and a hydrometer reading was
taken after a 40 s settling time. The one minute shaking
of the cylinder solution was repeated, followed by a second
hydrometer reading. Immediately following the second reading,
the solution temperature was recorded. After 24 h, hydrometer
and temperature readings were repeated on the resting solution.

Lawns with trees - aboveground tree biomass

Aboveground tree biomass was used to assess the influence of
trees on soil C levels for the following reasons: 1) direct
measurement of belowground biomass in residential yards
was not feasible; 2) species specific allometric equations
or root:shoot ratios did not exist for urban trees within the
regional conditions of Auburn’s residential yards. As a
surrogate for belowground tree biomass, our study utilized
a general R:S ratio for temperate forests and our above-
ground biomass measures to estimate belowground bio-
mass (Cairns et al. 1997). The addition of soil C derived
from belowground biomass was expected to supplement
soil C levels such that an association between soil C levels
and aboveground tree biomass levels could be observed. Only
trees that were ≤5 m from the center of the sample plot were
measured for ATB because of stronger explanatory powers
found between soil C at all depths with ATB ≤ 5 m compared
to other ATB datasets (Huyler et al. 2014). Trees were identi-
fied to species, and measured for diameter at breast height
(dbh, 1.37 m), total height, and distance from center of the
sample plot. Trees outside the 5 m distance were not included.

The tree biomass algorithms were obtained from Jenkins et
al. (2003) and used the equation: total aboveground
biomass = Exp(β0 + β1 ln dbh). Since all algorithms were
derived from trees in wooded or forested environments and
‘open grown’ urban trees develop less biomass than non-
urban trees (Nowak 1994), individual tree biomass for each
yard was multiplied by 0.8.

A total of 44 trees were ≤5 m from the center of the sample
plot with hardwoods comprising 75 % of the trees. The two
most common genera were Acer and Pinus (23 % each).
Red maple (Acer rubrum) was the most frequent species at
16 %, followed by 9 % sweetgum (Liquidambar sytraciflua),
loblolly pine (Pinus taeda), and dogwood (Cornus florida).
Mean distance of trees from the sample site was 4.1 m.

Median biomass was 204.9 kg (range 0.1–3794 kg) and
median dbh was 16 cm (range 1–65 cm).

Statistical analysis

Considering significant spatial variations in soil C and poten-
tial affecting factors, correlation analysis between soil C and
the identified affecting factors including soil bulk density, pH,
% sand, % clay, % silt, yard age, and tree biomass (for LwT
only) was first conducted by lawn type and depth (not reported
here). Multivariate analysis of covariance (MACOVA) was
then applied to determine the effect of lawn type and soil
depth on soil C and other identified affecting factors using
home age as the covariate. Prior to MACOVA, square root
transformation of soil C, bulk density and pH, and arc sine
square root transformation of soil sand %, clay % and silt%
were taken for the normality assumption. Post-hoc pairwise
comparisons were conducted to test the statistical significance
of mean soil C and other factors by lawn type and depth.

To further quantify soil C change with home age for both
lawn types, quantile regression was selected to replace the
traditional (mean-based) regression method. Quantile regres-
sion has several advantages over traditional regression when
the response variable (e.g., soil C) varies greatly with unequal
variances and/or an abnormal distribution by predictor vari-
ables such as home age and when extreme values represented
by the conditional quantiles are of interest. Based on the scat-
ter plot of soil C versus home age, the nonparametric quantile
regression was conducted with output of selected quantiles: 5,
50 and 95 %, representing respective lower, median, and up-
per limit of soil C that corresponds to varying home ages by
lawn types (Koenker and Park 1996). The interval between the
5th and 95th quantile is the 90th confidence interval. For LwT,
a polynomial regression was conducted to predict the effect
of home age and ATB on soil C. The R statistical package
stats was used for MACOVA/ANCOVA and polynomial
regression, and Quentreg and QuentregGrowth were used
for quantile regression (Koenker and d'Orey 1987, 1994;
Muggeo et al. 2013). For this study, all p-values were reported
for appropriate analyses and all significant results were deter-
mined with alpha at 0.05.

Results

Mean levels of soil C, pH, bulk density, % sand, % silt, and %
clay by depth are shown for PL and LwT in Fig. 1. MACOVA
and post-hoc pairwise comparison tests indicated that mean
soil C levels at the 0–15 cm depth were significantly greater in
LwT than PL, but were not statistically different at the 15–
30 cm and 30–50 cm depths. Mean soil C levels in both yard
types declined by approximately 50 % from the 0–15 cm to
the two lower depths. The mean pH values in PL were
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significantly higher than LwT across all depths. In LwT, pH
values at the 30–50 cm depth were statistically lower than the
two surface soil layers. Bulk density values were not statisti-
cally different between PL and LwT. In both yard types, bulk
density values increased significantly between the 0–15 cm
and the two lower depths.

The % sand texture was similar between PL and LwTat all
depths and declined significantly below 0–15 cm (Fig. 1).
While % clay was significantly greater in PL at the 0–15 cm
depth compared to LwT, % clay for both yard types increased
significantly in the two lower depths. The % silt values were
not statistically different between PL and Lwt and did not
differ across depths.

The 5th, 50th, and 95th soil C quantiles generated by the
nonparametric quantile regression are shown for PL and LwT
in Fig. 2. At the 0–15 cm depth, all soil C quantiles increased
over 50 yrs. in both PL and LwT, but soil C in LwT increased
more steeply than in PL. Moreover, there was a larger
variation in soil C with LwT than PL as demonstrated
by the wide range between the fitted 5th (lower limit)
and 95th (upper limit) quantile curves. In PL, the 95th
soil C quantile also had the steepest increase in the first
decade but reached near constant levels after 20 yrs. and
declined after ~30 yrs. In LwT, the 95th soil C quantile at
the 0–15 cm depth indicated a large increase in the first
decade, with amoderation in the slope to ~30 yrs., and a plateau
and decline after ~40 yrs.

At the 15–30 cm and 30–50 cm depths, the change in soil C
across home age in PL and LwT was comparable for most
home ages (> 10 years). The stable quantiles showed that soil

C generally changed very little with home age, even though
the 50th quantile (median) of soil C in PL decreased slightly
with home age but increased slightly with home age in LwT.
Similar dynamic patterns of soil C with home age at varying
depths and by lawn type were further revealed by multiple
comparisons of median soil C change by decade (Fig. 3).

Fitted polynomial regression models (Fig. 4) indicated that
ATB has a positive relationship with soil C, but its effect
changes with soil depth and home age. At the 0–15 cm depth,
soil C had a significant relationship with each of the main
effects of home age and ATB. As such, soil C increased across
home age independent of ATB, and soil C levels were higher
with greater levels of ATB regardless of home age. Main
effects of home age and ATB combined explained 40 %
of soil C variation. The interaction of home age and ATB
was not statistically significant.

At the 15–30 cm depth, soil C had a significant positive
relationship only with the interaction between home age and
ATB with a slope = 0.00001. The interaction was responsible
for 33 % of the soil C variation. The effect of the interaction
was more driven by ATB than home age, with larger varia-
tions in ATB than in home age. The fitted polynomial model
showed a rise in soil C levels associated with growth in ATB
while soil C levels were constant across home age. Yards with
the highest ATB levels were >35 years old.

At the 30–50 cm depth, the main effect of ATB was the
only significant variable related to soil C and was responsible
for 20 % of soil C variation. The model showed a slight non-
significant decline in soil C levels across home age, but higher
levels of soil C were related to yards with greater ATB.

Fig. 1 Mean ± standard error
(vertical bar) for soil C, soil pH,
bulk density, % sand, % clay, and
% silt by depth (0–15 cm, 15–
30 cm, 30–50 cm) for Pure Lawns
(dashed line, 1–51 yrs) and
Lawns with Trees (solid line,
3–51 yrs)
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Discussion

The main question that triggered this particular study was,
BDo soil C dynamics differ between lawns without trees (pure

lawns, PL) and lawns with trees (LwT) across similar home
ages?^ Our first hypothesis stated that soil C would accumu-
late to a greater extent in LwT compared to PL due to the
addition of C from belowground tree biomass, predominantly

Pure Lawns Lawns with Trees 

0-15 cm 

15-30 cm 

mc05-03mc05-03

15-30 cm 

0-15 cm 

Fig. 3 Comparisons of the 50th
quantile soil C (kg m−2) at three
depths (0–15 cm, 15–30 cm,
30–50 cm) between home age
groups within Pure Lawns and
Lawns with Trees. The dark
horizontal bar is the 50th quantile
and the bottom and top of the box
are the 25th and 75th percentiles.
The bottom whisker is the 25th
percentile – 1.5 × interquartile
range. The top whisker is the 75th
percentile +1.5 × interquartile
range. The dots above are extreme
outliers. Significant differences in
soil C within each lawn type and
between home age groups are
identified with different lower
case letters

Fig. 2 Change of quantiles
(5th, 50th, 95th) of soil C
(kg m−2) at three depths
(0–15 cm, 15–30 cm, 30–50 cm)
across home age (yr) for Pure
Lawns and Lawns with Trees
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from tree fine roots. The hypothesis was supported at the 0–
15 cm depth, but not below 15 cm. At the 0–15 cm depth,
mean soil C in LwT was significantly higher than in PL, and
median soil C levels and quantiles exhibited a steeper and
earlier increase across home age. The LwT and PL yards with
high soil C levels (represented by the 95th quantile) may have
been more fertile, with more soil organic C and N to support
early increases in turfgrass fine root activity thereby increas-
ing soil C levels soon after lawn construction (Garten 2002;
Six et al. 2002). In LwT, the additional C deposited from tree
fine roots may have created a higher and later soil C saturation

state (West and Six 2007; Lange et al. 2015). In LwT, the 5th
and 50th (median) quantile intercept was much lower than the
95th intercept, and these quantiles exhibited strong and con-
tinued soil C increases across home age since these yards were
further from soil C saturation (Knops and Tilman 2000;
Stewart et al. 2007). These yards could have more available
mineral surface area for binding with soil C which facilitated
protection within microaggregates and small macroaggregates
(Shi et al. 2006; Chung et al. 2008). Microbial populations
that interact with tree fine roots may have supported increased
soil C levels by producing decay resistant C generated from

Fig. 4 Soil C levels (kg m−2) at
three depths (0–15 cm, 15–30 cm,
30–50 cm) in relation to home age
(yr) and aboveground tree
biomass (kg) in Lawns with
Trees. Elevated grid plane is the
general trend line
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microbial biomass turnover (Godbold et al. 2006; Russell
et al. 2007) or by stabilizing macro- and microaggregates
(Six et al. 2004).

Below the 15 cm depth, mean soil C levels were similar in
PL and LwT. But soil C quantiles and median soil C levels in
PL exhibited some decline with minimal to no recovery, while
soil C quantiles in LwT showed stability or recovery from
declines and median soil C levels across home age were con-
stant. Woody roots and their associated microbial populations
(particularly from trees protected during lawn construction)
may have buffered soil C losses below the 15 cm depth
(Trumbore et al. 2006; Clemmensen et al. 2013). If tree fine
roots penetrated below 15 cm, a low C input may have oc-
curred due to soil conditions being less conducive for rapid
growth (i.e., high bulk density, older soil organic matter, lower
soil C and N levels; Huyler et al. 2014).

At the 30–50 cm depth, the high soil C levels in PL and
LwT within the 0–9 yrs. and 10–19 yrs. decades cannot be
readily explained. Contamination by surface soil organic
matter during soil probe extractions may have been possi-
ble, but its occurrence only in yards within a specific decade is
puzzling.

Our second hypothesis stated that the influence of home
age and ATB on soil C levels in LwT would decrease with
depth. The main effects of home age (slope = 0.05) and ATB
(slope = 0.0003) were significant at 0–15 cm, the interaction
of home age and ATB (slope = 0.00001) was significant at 15–
30 cm, and the main effect of ATB (slope = 0.0003) was
significant at 30–50 cm. This hypothesis was true for home
age but not for ATB. The influence of home age could repre-
sent the accumulation of C from turfgrass biomass and tree
fine roots across ~50 yrs. time. The C input to soil would
diminish with distance from surface soil layers due to fewer
contributions from root C/biomass and associated organisms
(Dahlman and Kucera 1965; Trumbore 2000).

Because tree fine roots are the primary provider of tree-
derived C across ~50 yrs. in turfgrass lawns (Richter et al.
1999; Gaudinski et al. 2001), we hypothesized a similar de-
cline in ATB influence. Instead, at the 0–15 cm and 30–50 cm
depths, soil C was related to static levels of ATB and not to
ATB changes across home age. Additionally, the main effect
of ATB was similar at the 0–15 cm and 30–50 cm depths,
despite disparate biotic and abiotic characteristics across these
soil depths. However, at the 15–30 cm depth, the main effect
of ATB on soil C was not significant, which suggest that soil
conditions may have differed from the other depths.

The absence of a significant interaction between ATB and
home age at a depth of 0–15 cm may partially result from the
rapid rise in soil C, amplified by turfgrass contributions, across
home age, while most of the yards with high ATB were at
homes >35 yrs. old. As such, the strong increase in soil C
across home age may not have correlated with the pattern of
ATB levels in our selection of yards. Also, our chronosequence

had an unequal distribution of home ages; homes > than 30 yrs.
old were the most common. A normal distribution of homes
and ATB may possibly have better represented changes in soil
C at 0–15 cm depth.

At the 30–50 cm depth, woody roots would be the primary
source for soil C over time in our yards (Millikin and Bledsoe
1999; Claus and George 2005) and their slow turnover rate
may be partially responsible for the low or constant soil C
input at that depth (John et al. 2001). Huyler et al. (2014)
reported that soil C at the 30–50 cm depth remained constant
for home age across 87 yrs., despite soil C having the most
significant relationships with ATB for the 15–30 cm and 0–
15 cm depths. Woody roots make up the majority of below-
ground tree biomass and would have a greater correlation with
ATB than fine roots (Xiao et al. 2003). The relationship of soil
C with static levels of ATB (without an interaction with home
age) may indicate that the accrual of soil C may be slower than
the yearly advance in home age. This might have been enough
to prevent an interaction between ATB and home age.

A disconnect between the amount of soil C across ATB
may also arise from variances in decomposition rate across
soil depths. Gill et al. (1999) examined the differences be-
tween levels of fine root biomass and soil organic C in a
shortgrass steppe in eastern Colorado. In a 100 cm soil core,
the 0–15 cm surface soil layer contained 66 % of the root
biomass but only 23 % of the soil organic C. In their study,
the decomposition rate of particulate organic matter at the 10–
15 cm depth was higher than at the 0–5 cm, 5–10 cm, and
most soil depths below 15 cm. A high decomposition rate was
associated with a greater frequency of high water potentials
within specific depths. Thus, soil C levels may not fully char-
acterize the input of C derived from tree fine roots (or turfgrass
biomass) at a particular soil depth or across time. A high
decomposition rate could potentially dilute or sever relation-
ships between soil C and ATB at any depth. Soil conditions at
the 15–30 cm depth may have facilitated a reduction of soil C
levels related to contributions of C from ATB.

The similarity in the relationship strength between ATB
and soil C at the 0–15 cm and 30–50 cm depths was also
puzzling. It bears restating that, while soil C levels were very
different between the 0–15 cm and 30–50 cm depths within a
yard, the amount of ATB was the same within a yard; not only
were soil C levels different, but soil conditions would also
differ. At the 30–50 cm depth, pH, % sand, and soil C levels
were lower than at the 0–15 cm depth while % clay and bulk
density were higher. Soil moisture and temperature conditions
would be more variable at the 0–15 cm depth and can be more
affected by precipitation and atmospheric temperatures
throughout the year (Jobbágy and Jackson 2000). Soil C be-
low the 30 cm depth could have come from older, large woody
roots that may have escaped destruction from lawn construc-
tion or from well oxidized organic matter with a turnover
>100 yrs. (O’Brien and Stout 1978; Gaudinski et al. 2000).
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The 0–15 cm depth would receive most of the organic matter
from turfgrass biomass and tree fine roots as well as from the
macro- and microorganism populations associated with vege-
tation biomass. This would also create a pool of enzymatic
reactions and residues that would differ between the two soil
depths (Shi et al. 2006). The similar slope (0.0003) between
soil C at the 0–15 cm and 30–50 cm depths with ATB was
unexpected given the results from Huyler et al. (2014).

Huyler et al. (2014) found that the best relationship be-
tween soil C and ATB (R2 = 0.39) occurred at the 30–50 cm
depth for ATB ≤ 4 m from the sample site. The next strongest
soil C relationship (R2 = 0.28) was at the 30–50 cm depth for
ATB ≤ 5m from the sample site. The third highest explanatory
power (R2 = 0.15) was for soil C at 30–50 cm with bio-
mass*(1/distance). Out of 11 significant relationships between
soil C with levels of ATB at various distances, the relationship
between soil C at 0–15 cm and ATB ≤ 5 m was the 6th stron-
gest (R2 = 0.11). Soil C at the 0–15 cm depth had the lowest
explanatory values and the fewest significant relationships
with ATB datasets, while soil C at 30–50 cm had the highest
R2 values and most significant relationships. The differences
in the relationships of soil C with ATB between the top soil
layer and the deeper soil layer would be expected given the
dissimilarity in soil characteristics. Thus, the mechanisms that
determined the relationships between ATB and soil C at the 0–
15 cm and 30–50 cm depths would be presumed to differ also.
As yet, without root biomass measurements, we cannot pos-
tulate how the mechanisms produced similar slopes.

Determining what portion of soil C derives from turfgrass
roots or tree fine roots across a time period would reveal the
influence of vegetation on soil C storage. However, the depth
at which the majority of tree fine roots are located in turfgrass
lawns may not correspond to their primary location in forests.
In a temperate forest, 60 % of tree roots within 1 m soil depth
are found at the 0–30 cm depth, with 26 % in the 0–10 cm
surface soil layer (Jackson et al. 1996). In addition, the forest
floor can hold a considerable amount of fine root biomass as
well as mycorrhizal root biomass (Vogt et al. 1983; Yanai et al.
2006). Yet, agroforestry research has reported changes in ver-
tical tree root distribution due to establishment of herbaceous
cover crops. Competition with broomsedge (Andropogon
virginicusL.) shifted the percentage of total root length density
of loblolly pine and sweetgum (Liquidambar styraciflua L.)
from the 0–15 cm depth down to the 15–30 cm depth (Zutter et
al. 1999). In tree stands, the roots of hybrid walnut (Juglans
regia x nigra cv. NG23) dominated the surface soil layer while
hybrid poplars (Populus euramericana cv. I214) occupied the
full spectrum from surface soil down to 2 m (Mulia and
Dupraz 2006). When intercropped with an annual crop, both
the hybrid walnuts and poplars redistributed their surface roots
below that of the crop rooting zone. In cherry tree (Prunus
avium L.) plots where herbicides removed the overlying grass,
cherry fine roots shifted to the top surface soil layers (Dawson

et al. 2001). In plots retaining a grass cover, cherry fine roots
occupied deeper soil layers. In our study, any redistribution of
tree fine roots below the turfgrass root systems may spread the
effect of ATB across a deeper stretch of depths. Moreover, soil
at deeper depths may not facilitate fine root growth compared
to surface soils which may also alter the relationships of soil C
levels with ATB and home age.

Conclusions

In our project, we found that LwT had greater soil C accumu-
lation than PL in the surface soil layer (0–15 cm) across
~50 yrs. home age and that soil C had relationships with
ATB in all depths. The rise in soil C was greatest with home
age at the 0–15 cm depth but the influence of home age on soil
C decreased with depth. Turfgrass may have been the main
contributor to soil C at the 0–15 cm depth and may have
affected the relationship of soil C to ATB by potentially alter-
ing vertical tree root distribution. Collection and analysis of
root biomass in urban soils is needed for more conclusive
statements on the effect of trees on soil C levels. Much of
the anthropogenic influences on urban soils are unknown,
from construction techniques to the impacts of vegetation
and soil dwelling macro- and microorganisms. Few native
landscapes have recorded histories prior to anthropogenic land
use change. Because of this outstanding heterogeneity and
mystery, the direct sources of C in urban soils must be deter-
mined in order to provide guidance for future research on
urban soil ecosystems and for developing feasible projects
promoting long term soil C storage. Differences in regional
soil, vegetation, climate, and land use conditions may well
produce different answers.
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