SOIL PROPERTIES IN NORTHERN VIRGINIA CREATED FORESTED
WETLANDS

L. A. B. Giese' and C. T. Flannagan®

ABSTRACT

Created wetlands provide the opportunity to study the rate at which wetland functions develop
and replace those of impacted wetlands. Quantification of soil organic matter (SOM)
accumulation in Northern Virginia created wetlands is not well documented. This study
quantified and compared several soil properties (organic matter, total percent C, total percent N,
C:N and pH) in the topsoil of eight created forested wetlands in Northern Virginia. The state of
these wetlands range from recently planted, to having gone through four growing seasons. Soil
was also collected from the site of a future wetland creation site, and from an existing mature
forested wetland located adjacent to one of the created wetlands. SOM content, total percent C
and total percent N and pH were comparable among the created wetlands that had undergone 2-4
growing seasons, with values that were less than the natural mature forested wetland. This
indicates that these soil properties take longer than four growing seasons to be on a trajectory
toward a mature forested wetland. However, the C:N ratio was similar in the mature forested
wetland and the created wetlands that have undergone 2-4 growing seasons suggesting that a
balance has been restored.
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INTRODUCTION

Wetlands are recognized as providing a variety of functions and values; one of which is their
integral role in nutrient cycling. However, this role may differ between natural and created
wetlands implying that created wetlands do not effectively replace lost wetland function.

Created wetlands provide the opportunity to study the rate at which wetland functions develop
and replace those of wetlands lost to development. Monitoring soil chemical properties in
created wetlands provides data that can be used to evaluate the time required for the development
of these soil properties, and to determine whether these wetlands are on a trajectory toward a
mature forested wetland (Ponnamperuma, 1972; Vepraskas, 1992, Windham et al., 2004),

Dahl (1990) documented a 53% decrease in wetland area within the contiguous 48 states
between 1780 and 1980. In Virginia, there has been a loss of 42% of the original wetland base
Dahl (1990). Residential development and associated infrastructure are the largest factors
affecting the loss of wetlands in northern Virginia.

Wetlands continue to be impacted in northern Virginia and the ‘no net loss’ policy requires
suitable mitigation for wetland impacts. Wetland creation (which is one of the options to
mitigate for wetland impacts) is employed to replace those wetlands tost to development. It is
believed that the constructed wetlands will possess the functions of those they are intended to
replace. However, in the case of created forested wetlands, the replacement of some functions
may be delayed since the constructed wetlands generally start as an earlier stage of succession.
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One function of created wetlands that is believed to differ from natural wetlands is the role of
soil organic matter (SOM) and carbon cycling. Shaffer and Emst (1999) found that SOM levels
were significantly lower in created emergent and open water wetlands than in similar naturally
occurring wetlands after two samplings in an eight year period in the Portland, Oregon area.
Cole et al. (2001) reported similar results between created and naturally occurring wetlands in
central Pennsylvania. Bishel-Machung et al. (1996) reported no correlation between time since
creation and organic matter accumulation in created wetlands of Pennsylvania; however, the
authors did note a correlation between organic matter content and pH level.

The purpose of this research was to record the content of SOM in created forested wetlands in
varying siages of maturity to distinguish at what age the organic matter component in the soil
becomes comparable to a mature, natural forested wetland. These soils were also analyzed for
nitrogen and pH in order to address C:N ratio changes through time, and to examine potential
correlations between SOM and pH. This paper presents the first year of data collected from a
long-term experiment.

SITE DESCRIPTION

Eight created forested wetlands, collectively referred to as the Cedar Run Mitigation Bank
(CRMB), were selected for this study. These wetlands are located in Prince William County,
Virginia with a section in Fauquier County (Figure 1) and range in age, based on growing
seasou, between zero (just seeded and planted with woody species referred to as no growing
seasons) and four growing seasons. All of the sites used to create the wetlands were originally
non-wet pasture. A wetland seed mix of approximately 26 native herbaceous species, including
several woody species, was broadcast over the site. These areas were subsequently planted with
a mix of native wetland shrubs and trees on 6-8 foot centers, depending on the size of the
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Figure 1. Map depicting the location of the created wetlands as part of the Cedar Run Mitigation Bank, non-
wet pasture, and mature forested wetland in northern Virginia.

planting stock (tubelings, 1- or 3-gallon containers). Currently the plant composition within the
CRMB is comprised primarily of a mix of herbaceous plants, with scattered tree and shrub
seedlings and saplings. A mature forested natural wetland adjacent to one of the created
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wetlands and a pasture slated to become part of the CRMB were selected to serve as reference
sites.

The soils within the created wetlands, natural forested wetland and the non-wet pasture are
primarily alfisols with a few ultisols and inceptisols with properties ranging from poorly-drained
to well-drained, and low to moderate organic matter content and fertility (Petro, 1956; Elder,

1989).

The hydrologic input to the created wetlands is primarily from precipitation, since these wetlands
have a clay substrate which attenuates groundwater recharge. Occasional overbank flooding of
streams associated with some of the created wetlands provides additional water input. The
wetlands created in the CRMB emulate the majority of forested wetlands found in the Piedmont
region of northern Virginia.

METHODS

Soil samples were randomiy collected within the wetlands of the CRMB during the months of
February and March 2005. Soil sample locations were similarly collected within the mature
forested wetland, as well as in the pasture. Soil samples were collected to a depth of 20 cm and
subsequently dried at 165°C. Dried samples were ground by hand to pass through a number 10
sieve (<2.00 mm) and submitted to the Virginia Polytechnic [nstitute Soil Testing Lab in
Blacksburg, Virginia for analysis of soil organic matter (SOM), total percent carbon, and total
percent nitrogen. SOM was measured by combustion at 950°C. Total percent carbon and
nitrogen were measured on a Carlo-Erba CHN, via combustion. Soil pH was measured on a 2:1
paste using distilled water at Wetland Studies and Solutions, Inc. soil lab. .

The created wetland sites, representing different stages of wetland maturity, served as treatments.
Data from the SOM, and carbon and nitrogen were interpreted using analysis of variance
(ANOVA) for a completely randomized design (SYSTAT, 2005). When treatment differences
were detected, the Tukey multiple range test was used to test treatment mean differences. A

significance level {ct) of 0.05 was used for all tests,

Table 1. Means with standard deviations in parentheses for organic matter (%), total percent nitrogen, total
pereent carbon, the carben to nitrogen ratio and pH in the soils of created wetlands having zero to four
growing seasons, a non-wet pasture, and a mature natural forested wetland in northern Virginia, N equals
the sampie size. Between columns, values with similar parenthetical letters are not significantly different.

Soil Property Pasture Year 0 Year 2 Year 3 Year 4 Mature
n=27 n=39 n =60 n =136 n=730 n=12

Organic Matter (%) 3.56 (a) 2.88 (a) 3.26 (a) 2.13 (a) 3.02 (a) 5.04 (b)
{.99) (0.46) (.57) (0.31) {0.80) (35

Total percent N (%) 0.17 (a) 0.10 (a) 0.14 0.08 (ab) 0.13 (a) 0.24 (ac)
{0.06) (0.04) {ab)0.14 0.03 (0.05) {0.08)

Total percent C (%) 1.753 (a} 1.32 (b} 1.50 ¢a) 0.94 {b) 1.44 (a) 2.63 (c)
(0.60) {0.48) (1.0 (0.33) {0.48) {0.92)

C:N 10.58 {a} 13.24 (b) 1208 (cy 11.25(ac}  10.94 (a} 11.03 (ac)
{0.83) (1.76) {2.15) (1.44) {1.16) (0.85)

pH 4.40 (a) 5.40 (b) 5.17(b) 4.53 (a) 4.47 (a) 3.83 (¢}
{0.40) (0.47) (0.23) (0.36) (0.27) {0.18)

RESULTS

The data from this first year of study presents several interesting findings about the soil
properties of created wetlands in northern Virginia, especially when compared to the mature
forested wetland (Table 1). The natural mature forested wetland is significantly different than the
created wetlands in that it has a significantly higher percent SOM than the created wetlands,



including the pasture (Table 1). The mature forested wetland also has significantly higher total
percent nitrogen (Table 1) and total percent carbon (Table 1) than the created wetlands.
However, total percent nitrogen was not significantly different between the mature forested
wetland and the pasture. The pH level was significantly lower in the mature forested wetland
compared to the created wetlands and the pasture (Table 1).

There were some significant differences between the age of the created wetlands and the SOM
content, total percent carbon, total percent nitrogen and pH. SOM content was statistically
lowest in samples from the wetlands that have undergone three growing seasons. The wetlands
that experienced zero, two and four growing seasons had similar levels of SOM (Table 1). Soil
total percent carbon is similar to the results for SOM, except that the wetland in its third growing
season does not have significantly lower soil carbon than the wetland that is at year zero

(Table 1).

In general total percent nitrogen was similar between the created wetlands and the pasture. Mean
total percent nitrogen was significantly lower in the wetlands that have undergone three growing
seasons compared to the pasture, and the wetland that has undergone two growing seasons
(Table 1).

Mean pH results were significantly different following construction (year zero) and after two
growing seasons compared to the pasture and slightly older created wetlands. The pH appears to
mcrease from pasture to post-construction and then decreases post-construction through each
growing season thereafter (Table 1). These results suggest an initial increase in soil pH followed
by a decline as levels approach those of existing wetlands. There is no direct correlation
between soil pH and other soil parameters measured in this study.

The C:N ratio increases from pasture to post-construction (year zero) and steadily decreases
through the next four growing seasons {Table 1), with the pasture C:N ratio being significantly
less than the C:N ratio at year zero and after two growing seasons. In contrast, the created
wetlands that had two, three and four growing seasons were not significantly different than the
mature forested wetland. The C:N ratio of wetlands with two growing seasons was significantly
greater than in the wetlands with four growing seasons. The C:N ratio was not significantly
different between the pasture and the natural mature forested wetland.

D1scussioN

The results of this study show that SOM, total percent carbon, and total percent nitrogen were
significantly higher in the reference mature forested wetland than in the created wetlands within
the CRMB. No significant increase was noted in the SOM content over time between the created
wetlands and the pasture soils. This is similar to the study by Bishel-Machung et al. (1996) who
reported no net increase in SOM accumulation with age in created wetlands.

The results showed similar SOM content for those created wetlands that had undergone two,
three, and four growing seasons. However, SOM accumulation is a slow process (Paul and Clark,
1989) which may not be detected over a four year period. Windham et al. (2004) suggested that
it may take 25-plus years for a restored site to reach reference conditions for SOM. The
difference in plant community structure (forbs vs. trees) may affect SOM supply and associated
decomposition rate (Lovett et al., 2004; Wang and McSorley, 2005). Because SOM
accumulation is time-dependent, further monitoring of these wetlands is needed to determine
whether time correlated trends will eventually develop.

Increased organic matter content in wetland soils, compared to more aerobic soils, is attributed to
increased soil water content, which siows microbial degradation of organic matter. Furthermore,
the increased organic matter content in wetland soils is indicative of anaerobic conditions since



degradation of organic matter by anaerobic microbes is slower than that of aerobic microbes
(Ponnamperuma, 1972). The low amount of SOM in these created wetlands, compared to the
mature forested wetland, can not be attributed to lack of wetland hydrology since these
mitigation sites have successtully met this success criterion (data not included).

Plant growth and subsequent annual senescence of organic matter contribute to the process of
organic matter accumulation. Biological decomposition of plants is a significant source of
nutrients. Tree species composition can cause different rates of litter decomposition and C and N
storage in soils (Lovett et al., 2002), and vegetation cover influences both the amount and quality
(C:N ratio) of SOM (Snowdon et al., 2005). Because the hydrophytic vegetation planted in the
CRMB wetlands is the same for each phase, a species effect may not be a factor. Although
variations in dominant species have been noted in different years (data not included), it does not
appear to have a significant effect on the C:N ratio since the C:N ratio is similar to the mature
forested wetland after four growing seasons.

In undisturbed ecosystems, there is a balance between the amount of carbon entering and
leaving. Disturbance creates drastic changes in the soil environment causing shifts in microbial
populations, which affect the nutrient cycle, and reduce SOM and nitrogen by 25 percent to 60
percent (Filimonova, 1997). A C:N ratio of 24:1 is considered an ideal balance for soils, and at
higher ratios, nitrogen becomes limiting. Without adequate nitrogen, microbial organisms lack
the tools necessary to break down carbon sources and the process is slowed. As decomposition
of plant material proceeds after land disturbance, the C:N ratio will begin to approach that of
SOM (~10 or 12: 1) (Dinnes et al., 2005). When SOM content is increasing in the soil, C
increases and nitrogen is immobilized. After the SOM level comes to a new equilibrium,
nitrogen processes become more balanced. The change (increase) in the C:N ratio at year zero
signals a disruption in the balance and it appears to take two to three growing seasons to recover
the C:N balance.

Saturated anaerobic conditions can result in very high C:N ratios, which would cause an
imbalance in nutrient cycling. High C:N ratios, typical of more permanent hydrology, were not
observed in the created wetlands. Hydrology in the created wetlands is generally seasonal,
which replicates the hydroperiod of typical northern Virginia forested wetlands, thus we
observed moderate C:N ratio levels.

The correlation between pH levels and percent organic matter within the created wetlands was
not high (r* values were only 0.52). We did however identify a weak pattern in the data (Table
I). The mature forested wetland had both the highest mean percent organic matter and the lowest
mean pH, which agrees with the data reported by Bishel- Machung et al. (1996). Although SOM
degrades at a slower rate within wetlands than uplands, the significantly higher quantity of
organic matter in the mature forested wetland is most likely influencing the low pH of these
soils. As organic matter undergoes decomposition by detritivores, carboxyl groups associated
with organic matter break down, releasing hydrogen ions into the soil which lower the pH
(McBride, 1994; Sparks, 1995). Thus it stands to reason that wetland soils with higher organic
matter content will have lower pH levels. However, there is no direct correlation between the
results of the pH and those of the other soil parameters measured in this study, thus it is difficult
to discern whether or not the pH pattern is age related.

CONCLUSIONS

Created wetlands provide the opportunity to study the rate at which wetland functions develop
and reptace those of disturbed wetlands. Determining whether these soil properties, and their
associated wetland functions are on a trajectory toward a mature forested wetland appears to take
longer than four growing seasons in a created wetland. However, the C:N balance, a critical
component to nutrient cycling, appears to be restored after only three growing seasons. Future



study of these created wetlands will hopefully uncover the nuances of the soil properties and
develop a metric to assess whether created wetlands truly provide the functions of natural
wetlands.
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