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Abstract. Soil and vegetation were evaluated along TH-35 within Bexar County for carbon content. The
objectives of this study were to evaluate the vegetative composition and carbon sequestration potential of
vegetation along IH-35. Three 20 m transects were placed at each site and percent vegetative cover was
estimated and above ground plant biomass and soil was collected from three 0.25 m? subplots along each
transect. Plant and soil samples were analyzed for carbon content using the loss-on-ignition method. Two
non-native grasses, bermudagrass and King Ranch bluestem, were the dominant cover. Bermudagrass was
more efficient in absorbing CO, compared to King Ranch bluestem. The top 10 cm of soil in all samples
contained more organic carbon than the lower 10 cm. Collection of field data has been completed and the
soil and plant carbon content is being analyzed with the final results presented at the conference.

1 Introduction

Roadway corridors are anthropogenic ecosystems that
are typically seeded or sodded with fast-growing,
rhizomatous non-native grasses. In semi-arid regions
such as Texas, low precipitation further limits plant
growth and many species enter dormancy during periods
of low precipitation. The United States Federal Highway
Administration (FHWA) estimates that grasses make up
44% or 900,000 ha of the right-of-ways [1]. Texas is
estimated to have ca. 22,370 km of roadways in the
National Highway System [2] along with thousands
more kilometers of local and state-maintained roadways.

There is a growing interest in the potential for
roadside vegetation and soils to capture and store carbon.
Emissions of CO2 generated from combustion of fossil
fuel comprises roughly 80 percent of the anthropogenic
greenhouse gases contributing to global climate change.
There are greater than 482,800 km of roadways and 23.8
million registered motor vehicles in Texas, and 5494 km
of highway and 1.5 million registered vehicles in Bexar
County [3]. Transportation accounts for 34% of total
COz emissions [4]. Carbon sequestration is one method
of reducing carbon dioxide levels in the atmosphere, and
it can be accomplished biotically by vegetation and soil.
A Florida Department of Transportation study valued
carbon capture and storage at $157-363 million along
highways using a conservative price for carbon [5].
Other studies reported that high vegetation species and
diversity in grasslands resulted in greater carbon
sequestration than low diversity grasslands [6, 7].

Plants absorb CO: along roadways which is used in
photosynthesis and the carbon molecule is synthesized
into multiple compounds. These compounds are stored in
above and below ground biomass. Carbon from
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senescent plants and their parts is returned to the
atmosphere through decomposition or incorporated into
the soil profile by microorganisms. In addition to carbon
sequestration, roadside vegetation provides other
benefits such as reducing air and noise pollution,
slowing down and trapping sediment, and uptake of
nutrients and metals. Limited information is known
about the carbon pools associated with soils and plant
species along IH-35 in San Antonio, Texas. The
objectives of this study were to evaluate the vegetation
composition and carbon sequestration potential of soils
and plant species within the TH-35 corridor bisecting
Bexar County, Texas.

2 Methods

2.1 Field evaluation

Six sites were surveyed along I-35 in Bexar County (Fig.
1). Three 20 m line transects were established at each
site, and percent vegetative cover by species was
estimated along each line. Three 0.25 m? plots were
randomly placed along each transect and all above
ground biomass, including leaf litter, was clipped and
bagged by species. Two 20 cm soil cores were extracted
with a hand-held auger from each plot and separated as
the top portion (0-10 cm) and lower portion (10.1-20
cm).
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Fig. 1. Study sites (n = 6) extended northeast to southwest
along IH-35 in Bexar County.

2.2 Laboratory evaluation

Carbon content of soil, plants, and leaf litter was
estimated with the loss-on-ignition method [8]. Plant
samples were air dried for 24 hours, and then oven dried
at 115°C for 72 hours and weighed. Soil samples were
air dried for 48 hours, sieved to 2.0 mm, and then oven
dried at 115°C for 48 hours. After oven drying, soil
samples were weighed to the nearest 0.001 g and placed
into a muffle furnace at 360°C for 4 hours, the samples
were then weighed to the nearest 0.001 g. Soil and plant
carbon content was determined using the following
equations [9]:

Soil carbon content = soil dry weight / 1.724
Plant carbon content = plant dry weight x 0.475

Photosynthesis measurements were taken on the
dominant grasses in each transect with a portable
infrared gas analyzer (LI-6400 Portable Photosynthesis
System). The light curves were created using a 400 pmol
gas flow rate and photosynthetically active radiation
(PAR) levels of 0, 5, 10, 25, 50, 100, 200, 400, 600, 800,
1000, 1200, 1600, and 2000 pumol/m?/s. Photosynthesis
response curves were developed from the mean of four
measurements per plant to determine which plants are
more efficient in absorbing CO: under ambient
conditions at varying light intensities. Means and
standard errors were calculated for quantum yield
efficiency (QY), maximum photosynthesis rate (Amax),
light saturation point (Lsp), light compensation point
(Lep), and dark respiration rate (Ra).

Descriptive statistics were computed for all data.
Differences (p < 0.05) in the carbon content of plant
species were tested with a one-way ANOVA to
determine which species are sequestering more carbon.
Differences (P < 0.05) in the carbon content of the soil
were compared among sites and dominant vegetation
cover. If differences were detected with an ANOVA, a
Tukey’s mean separation test was used to determine

differences among plant species and sites. Data were
transformed if needed to meet homogeneity of variance
assumptions.

3 Results and discussion

The data collected during May to August 2018 has only
been partially analyzed. Preliminary results indicate that
grassy stripes along IH-35 in Bexar County are
dominated by King Ranch bluestem (Bothriochloa
ischaemum var. songarica) and bermudagrass (Cynadon
dactylon), two non-native grasses (Fig. 2). A total of 55
species were observed among the six sites indicating low
species richness. Diversity indices have not been
evaluated, but are likely to be low as 5 of the 6 sites were
dominated by | or 2 non-native species. Native plant
coverage was low at all sites. Two native species,
common ragweed and Texas frog-fruit, comprised 33.3
and 13.6% coverage, respectively at single sites but most
native species coverage was less than 10%. Out of the
nine dominant plant species among the study sites, six
are native and three are non-native. The three non-native
species include bermudagrass, Johnsongrass (Sorghum
halepense), and King Ranch bluestem, all of which are
invasive in Texas and form monocultures.
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Fig. 2. Percent vegetation cover by species at the six sites
sampled.

Only 50% of the soil and 0% of the plant samples
have been analyzed for carbon content. Soil carbon
content was greater in the top 10 cm compared to soil
carbon at 10-20 cm below the surface based on limited
samples (Fig. 3). Carbon was highest in association with
common ragweed (Ambrosia artemisiifolia), a native
species, and lowest in association barnyard grass
(Echinocloa  crus-galli), a non-native  species.
Bermudagrass and King Ranch bluestem were
intermediate in carbon content. Analysis of the carbon
content in other species will provide more insight into
the ability of native species to sequester carbon and
translocate it into roots compared to non-native species.

Soils located in arid regions have low concentrations
of carbon due to infrequent precipitation and decreased
microbial activity [10]. In New Mexico, soil carbon was
strongly correlated with precipitation [11]. The results of
this study may represent minimal estimates of carbon
due to minimal precipitation during the summer
sampling period. Pulses of carbon sequestration may
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occur during precipitation events. Other factors that may
limit carbon sequestration along IH-35 include soil
compaction and low organic matter. An assessment of
soil and plant carbon content is affected by
environmental variability that includes precipitation and
temperature, and different soil types. In semi-arid
regions such as Texas, carbon sequestration is likely a
pulsed event dependent on precipitation and vegetation
diversity. Increased plant species richness and diversity
along roadways may result in greater annual carbon
sequestration. As COz levels increase, it is unclear if C;
plants will become more productive than Cs plants [12].
Roadsides with a mixed diversity of Cs, Cs4, cool and
warm season species would be more efficient at carbon
sequestration on a year-round basis.
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Fig. 3. Mean percent soil organic carbon by dominant
vegetative cover (by mass) within each plot.

Warm season grasses generally have a higher root to
shoot ratio comprised of greater fine root densities than
cool season grasses [13, 14] and the continual
senescence of fine roots incorporates greater carbon into
soil profile [15]. Bermudagrass and King Ranch
bluestem are warm season grasses that go dormant for 3-
4 months in South-Central Texas, limiting soil carbon
sequestration in the winter. Bermudagrass is a
stoloniferous and rhizomatous species which translocate
more carbon into multiple roots along nodes. King
Ranch bluestem is a clump grass with shallow roots,
spreads by short stolons, and occurs in high densities.
Conversely, cool season grasses and forbs are important
along roadways carbon sequestration, trapping sediment
and preventing erosion during the cooler months in
South-Central Texas.

In this study, bermudagrass was more efficient in
COgz assimilation at higher light compared to King Ranch
bluestem (Fig. 4). Quantum efficiency (QY), CO2
saturated assimilation (Amax), light compensation (Lcp),
and light saturation (Lc) rates were greater for
bermudagrass compared to King Ranch bluestem (Table
1). Based on the respiration rate, bermudagrass
experiences minimal photorespiration and has a greater
tolerance to higher irradiances and temperatures than
King Ranch bluestem. Several warm season native
grasses occurred in the study sites but coverage was less
than 5%. These native species included little bluestem
(Schizachyrium scoparium), side oats gamma (Bouteloua
curtipendula), buffalograss (Buchloe dactyloides), silver
bluestem (Bothriochloa laguroides), white tridens
(Tridens albescens), and purple threeawn (Artistida
purpurea). Comparisons of native to non-native grasses
will provide insight on native species capable of
competing with non-native grasses. In disturbed and

compacted roadside soils, carbon may be a limiting
factor in native plants becoming established. Carbon soil
content in an undisturbed Central Texas prairie
containing a mix of native and nonnative species was
greater than improved grasslands and agricultural sites
[16]. In disturbed and compacted roadside soils, carbon
may be a limiting factor in native plants becoming
established. In highly disturbed soils along roadways, it
may take decades for the soil carbon content to increase
its carbon storage capacity. Consequently, many
roadside corridors may be well below their capacity to
store carbon.
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Fig. 4. Modeled light response curve (black lines) for CO»

assimilation to increasing light levels for King Ranch bluestem

(n = 4) and bermudagrass (n = 4). Symbols represent mean

recorded values and bars represent standard error.

Table 1. The mean (standard error) maximum net
photosynthetic rates quantum yield efficiency (QY; pmol CO,
m? s/ umol m? s!), (Amax; pmol CO, m? s!), light
compensation point (Lcpy; pmol m? s!), light saturation point
(Lsa; pmol m? 1), and dark respiration rate (Rg; pmol CO, m™
s71) for bermudagrass and King Ranch bluestem.

Bermud- King Ranch
Parameter
agrass bluestem
-2 o1
QY (pmol CO» m=s7y/(umol - 560 01y 0.03 (0.005)
m=-s’)
Apmax (umol CO, m? s 33.2(1.9) 16.9(1.1)
L, (umol CO, m2 s) 33.9(1.7) 28.9(1.8)
Lyo (umol CO, m? s 589 (41.2) 529 (32.8)
Ry (umol CO; CO, m?2s7h) -0.98 (0.25)  -2.03 (0.85)

The results of the study are preliminary with only
25% of the data analyzed. In conclusion, two non-native
grasses dominated the sites sampled along IH-35 in
Bexar County, Texas. Soil carbon content was higher in
the upper 10 cm of the soil profile compare to the lower
10-20 cm portion. Based on limited analysis, soil carbon
content was higher under coverage of a native species
(common ragweed) compared to three mnon-native
species. Upon completion of final data analysis, the
vegetative coverage will be used to create a GIS model
of the different vegetation types along IH-35 to estimate
carbon sequestered along TH-35. The estimated carbon
content (t/ha) of each site will be calculated for all plant
species, total plant and leaf litter, soil, and total (plant,
leaf litter, and soil) to evaluate the carbon sequestration
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potential of roadside vegetation and soils. The findings

of

this research will be |utilized to make

recommendations on future plantings along roadways in
Bexar County to maximize carbon sequestration and
develop low impact development along roadways.
Additional studies are needed on seasonal differences in
carbon sequestration and photosynthesis rates among Cs,
C4, warm and cool season grasses, and soil associations
in South-Central Texas.
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