Effects of Plant Communities and Seasonality on Wetland Greenhouse Gas Emissions
Statement of Work

Background:

Wetlands are important to carbon sequestration but are also large sources of greenhouse
gases (GHG), accounting for ~30% of the methane (CH,) emissions on Earth (1). Thus, wetlands
are important in global carbon cycling and have the capacity to enhance global warming through
the release of GHGs. Vegetation potentially mediates wetland carbon cycling by influencing
GHG production rates, transport pathways, and ultimately, emissions to the atmosphere,
depending on the traits of the present vegetation (2) and how that vegetation responds to changes
in the environment (3). Wetlands support high levels of plant biodiversity and experience large
environmental shifts seasonally, thus, the purpose of this study is to investigate the linkage
between wetland plant biodiversity, seasonality, and GHG emissions. Understanding how
different plant communities affect wetland carbon cycling will inform restoration and
conservation efforts that may not only promote diversity but also reduce GHG emissions.

Plants directly and indirectly influence GHG dynamics with effects differing among
functional types and species (1, 2). Plants exchange gas with the atmosphere (plant-mediated
flux), provide carbon for GHG production via litter and the release of carbon substrates, and
indirectly influence GHGs by changing the physical and chemical environment. Vegetation
influences oxygen levels, pH, and litter quality, thereby influencing the microbial community,
decomposition, and GHG production and consumption. Indeed, plant traits can regulate the total
amount of anaerobic respiration and CH, production by influencing the availability of electron
donors and electron acceptors in the sediment (2). Many of these traits are related to plant inputs
of carbon and oxygen into the environment which are connected to plant productivity and
photosynthesis (2). In fact, multiple studies report a correlation between rates of primary
production and CH, emissions, though certain studies report a positive correlation (3) while
others report a negative correlation (2). Similarly, physiological traits related to plant oxygen and
carbon inputs into the sediment, such as root porosity and structure, may also be influenced by
photosynthetic traits (2, 3, 4).

One functional trait that may drive CH, production is the photosynthetic pathway of the
plant. C3 and C4 plants differ in the dark reactions of photosynthesis, leaf anatomy, the timing of
photosynthesis (C4 plants are able to undergo photosynthesis when the stomata are closed), and
the efficiency of carbon dioxide (CO,) fixation (C4 plants are more efficient at fixing CO,) and
thus, the efficiency of photosynthesis (5). Moreover, C3 and C4 plants differ in root composition
and the chemical composition of their root exudates (and thus, the lability of their root carbon
exudates) with C4 root exudates typically having higher concentrations of organic acids and
amino acids and C3 root exudates typically having higher concentrations of carbohydrates (4).
Therefore, plant traits associated with productivity may have a distinct effect on GHGs. Indeed,
plant photosynthetic pathways may be important in regulating wetland sediment respiration and
carbon cycling (6).

Furthermore, plant community composition and biodiversity can have unique effects on
GHG emissions due to the composition and co-occurrence of plant traits (7, 8). In fact, the traits
and relative abundance of the present plant species and the effect of this diversity on dissolved
organic matter quality may have stronger effects on GHG emissions than total biomass (9, 10).
Wetland plant biodiversity and community composition likely also affect the seasonality of
ecosystem functions due to species asynchrony and interspecific differences in response to
common seasonal environmental change (e.g., hydrology, temperature) (11, 12, 13). Thus, as



plant productivity and potentially, physiology changes seasonally, GHG production and
emissions may also change. For example, growth in certain woody and herbaceous species may
be affected differently by the interaction of increased CO, levels in the atmosphere and changing
water level, resulting in differences in CH, emissions, potentially due to differences in root
morphology (3). Therefore, there may be an interaction between the combination of plant traits
and seasonality that influences GHG production and emissions.

The objectives of my research are to understand the effects of plant functional types
and diversity on wetland GHG emissions. I propose to investigate how wetland plant diversity
(the co-occurrence of plant functional types and species) affects GHG dynamics across seasons,
focusing on photosynthetic traits (C3 or C4 photosynthesis). I hypothesize that:

1. C4 monocultures will have lower GHG emissions than C3 monocultures due to the higher
efficiency of photosynthesis and the higher degradability of C3 carbon exudates (4, 5).

2. Wetlands with more plant species and co-occurring C3 and C4 plants will have lower
annual GHG emissions than less diverse wetlands due to dissolved organic matter diversity
and higher rates of productivity due to niche partitioning (5, 7, 10).

3. Wetlands with greater plant diversity will have a weaker seasonal signal in GHG emissions
as different species asynchronously photosynthesize, grow, and die-off, whereas low
diversity wetlands will have more synchronous periods of photosynthesis, growth, and
die-off, resulting in a greater seasonal variation in GHG emissions.

Methods: I will conduct a 2 year vegetation-manipulation experiment (7, 9), varying plant
functional types (C3, C4, or both), and species diversity (low, high), at the Cornell Experimental
Pond facility in Ithaca, New York using a randomized block design. Each of 3 artificial wetlands
(30 m x 30 m) will be divided into 14 plots (1m x Im with a Im buffer zone containing the
treatment community surrounding the plot), into which I will transplant only C3 species (e.g.,
Carex species, Scirpus species, Typha Latifolia (14, 15, 16, 17)), only C4 species (e.g., Cyperus
strigosus, Spartina pectinata, Panicum virgatum (16, 18)), or a combination of C3 and C4
species at either low or high species diversity (2 vs. 4 species total) (Table 1). Each plot will
contain the same number of individual plants and will be maintained by manually removing any
non-experimental plants that may grow (9).

Table 1. Outline of the treatments of the proposed study. Species 1-4 represent C3 plant species,
and species 5-8 represent C4 plant species. The semicolons separate different treatment plant
communities that will be plotted for different combinations of functional type and diversity level
to ensure that the observed results are due to diversity rather than a specific plant community.
Each treatment will be performed in triplicate.

Functional Type Monoculture Low diversity High diversity
C3 (species 1 - 4) Species 1; Species 1+2; Species 1+2+3+4
Species 2 Species 143
C4 (species 5 - 8) Species 5; Species 5+6; Species 5+6+7+8
Species 6 Species 5+7
C3+C4 N/A Species 1+5; Species 1+2+5+6;
Species 1+7 Species 3+4+5+6




I will measure GHG emissions from each plot using a sampling chamber and a portable GHG
analyzer (19), and I will collect porewater using vacuum syringes and porewater samplers to
determine porewater GHG concentration via a headspace sampling technique (19), porewater
dissolved oxygen percent saturation, and dissolved organic matter quantity (via loss on ignition
methodology) and quality (fluorometrically) in the porewater (10). I will also measure root
distribution using cores (20), the average height and width of each plant community, and the
photosynthetic rate for one replicate of each treatment using a LI-6400 IRGA (LI-COR, Inc.,
Lincoln, NE) (2). I will sample each plot biweekly during the summer growing season and
monthly the rest of the year. Following the 2-year experiment, I will harvest each plot, determine
the total aboveground biomass by drying and weighing the plants, and determine the
belowground ground biomass by removing the top 30 cm of sediment, rinsing the sediment, and
drying and weighing the remaining roots. I will use mixed-effects models (blocked by wetland)
to examine the primary effects of species richness and functional diversity on GHG emissions
and the secondary influence on porewater concentrations, root distribution, and dissolved organic
matter quality and quantity.

Impacts of Research on Coastal Wetlands

Wetlands are the largest natural source of CH,(21). Thus, understanding what factors
drive GHG emissions from these ecosystems can strategically be used to conserve, restore, and
potentially, build wetlands with lower GHG emissions. New York State is committed to carbon
neutrality by 2050 and is currently inventorying statewide wetland GHG fluxes. My lab is
leading this survey, and my research will contribute to these efforts to inform state carbon
budgets and future coastal wetland conservation, restoration, and policy.

The original development of wetland conservation efforts and the continued input of
government and non-government resources into wetland conservation are largely due to the
ecosystem services that wetlands provide, including provisioning, regulating, cultural, and
supporting services (22). Wetlands provide clear benefits for humans, such as carbon
sequestration, flood mitigation, and water quality improvement, and wetlands are also crucial for
many types of wildlife and maintaining biodiversity. By linking plant biodiversity to carbon
cycling, my research will provide evidence that the services provided by wetlands are connected
to one another and that in order to conserve the wetland functions that humans rely upon, we
may also need to conserve the biodiversity of these systems. This is especially important given
the bias associated with ecosystem service valuation and the emphasis placed on the impacts of
ecosystems on society (23).

How Funds Will Be Used
Item Description Cost
Wetland plot Each plot will be cleared and a PVC sampling frame will be | $4,000
establishment and installed prior to introducing the plants.

chamber construction
Two sampling chambers (Im x 1m x 1.5m) will be
constructed with a PVC frame, UV resistant PVC film, and
three fans each for air circulation.




Porewater sampling 15 porewater samplers and 15 vacuum syringes will need to $1,000
supplies be purchased. Porewater samplers will be installed 24 hours

prior to sampling, thus, can be used in multiple plots over the

experiment.
Porewater: Sample $3 per sample x 45 plots x 20 sampling days in two summers | $4,590
collection and
analysis $3 per sample x 45 plots x 14 days in rest of year for two

years

TOTAL | $9,590

I will use the majority of the $5,000 from this grant for establishing the experiment (wetland
plot establishment, chamber construction, and the porewater sampling setup). Any remaining
funds will go towards sample collection and analysis as described above. I will also recruit
undergraduate students to assist in field work and will apply for departmental funding to support
undergraduate assistants.

Dissemination of Results

I will present the results of this study at the American Geophysical Union 2024 Meeting in
Washington, D.C. and the 2023 Cornell Ecology and Evolutionary Biology Graduate Student
Symposium. The results of this study will also be written into a manuscript and submitted to the
journal Ecology or Ecosystems for publication, and the data will be archived in a
publicly-available data repository.
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