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Background
Results: One-at-a-Time Sensitivity Analysis
One of the largest sources of methane are wetlands
a
(Ciais et al., 2014), contributing about 20 to 40 % to
Figure 2a:
Yearly CH4
global sources. Models use mathematical
emissions
formulations to represent processes that occur
during
concurrently in systems, allowing us to explore in
constant
20°C and
depth our system of interest in present and future
after a 3°C
scenarios. We developed a simple methane model
increase.
following the approaches used in more complex
global biogeochemical emission models (i.e. Riley et
al., (2011) and Wania et al., (2010)).
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Figure 2b:
Monthly CH4
emissions
during constant
20°C and after a
3°C increase.
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Figure 5: a) CH4 emissions with deep, medium and shallow soil C profile.
This analysis tests how the distribution of potential CH4 sources with
depth affect emissions. A shallow profile allows for more emissions most
likely because oxygen is not transported deeper in the profile by roots
decreasing methanotrophy. and b) CH4 emissions with increasing values
for NPP (a surrogate for mineralizable C)

Results: Global Sensitivity Analysis

Years

Intra-annual variability
Layer spacing

c)

Figure 1: Model depiction during a)
partially drained and b) flooded
conditions. c) locations within soils
layer where model calculates state
variables (black dots) and fluxes
(yellow dots).

Table 1: Description of model structure

T dependence

No Plant Transport
Plant Transport

Objectives
• Introduce SiMER, a model developed in R that
reduces the complexity of modeling CH4 emissions
by providing code to edit parameters, boundary
conditions and explanatory variables (Table1).
• Investigate which processes contribute most to
the uncertainty in simulated CH4 emissions using
One at a time (OAT) and Global (GSA) Sensitivity
Analyses as outlined in Saltelli et al., (2010).
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Transport Pathways

Figure 3:
CH4
emissions
modeled
using a base
ambient
temperature
of 20°C , 15
°C and 20 °C.
Values were
taken at
steady state.

Figure 4:
Methane
emissions
with and
without plant
transport.
When plants
transport is
not allowed
diffusion
picks up
some of the
emissions.

Figure 6: Sensitivity indices (Si -first order effects, Sti-total effects ) for all
parameters in the model grouped by processes in which they are used in
calculations and sorted in descending order.

Conclusions

• Parameters related to the soil C profile, CH4/CO2
production ratio and NPP affect the predicted
emissions the most.
• Our analysis suggests that these variables need to be
well known to make meaningful predictions, and to
examine local and/or regional methane dynamics.
• By constraining these values, with collected data or
remotely sensed data, the model may be used as a
robust tool towards methane prediction at a specific
site and to examine observed emissions based on
known biogeochemical processes.
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Reduced Soil Nutrient Enrichment and Typha domingensis Expansion
Due to Restoration Efforts: a Temporal Analysis of Taylor Slough in
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Figure 1. Taylor Slough receives water from northern agriculture (EAA) and water conservation
areas (WCAs) via canal networks located to the east, near Homestead, FL (Scheidt and Kalla
2007).
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Figure 2. Osborne et al. 2014 sampled 11 sites in the main channel (2007). Seven transects (T)
were sampled along Taylor Slough with T1 being closest to the pumping station and T7 being
farthest from the pumping station (2012 & 2018).

Discussion & Conclusions
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Table 3. Vegetation species coverage (%) for each transect in 2012 (top)
and 2018 (bottom). Means ± standard deviations (in parenthesis) are
presented. BAC = Bacopa, CLA = Cladium, CRI= Crinum, ELE= Eleocharis,
MUH= Muhlenbergia, PAN= Panicum, SAG= Sagittaria, TYP= Typha.

Distance from Inflow (m)

Figure 3. Total phosphorous (TP) concentration (mg kg-1) in soils
located in the main channel of TS in 2007 (black line), 2012 (gray
line) and 2018 (light gray line). Black hashed line denotes overenrichment criteria of 500 mg kg -1. Means ± SD is presented. The
interaction between year and distance from the inflow was
significant (F5,74= 9.18, p= 3x10-6).
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Objectives & Hypotheses

• Evaluate soil P after restoration efforts over a 10-year
period
• Regardless of restoration efforts, soil P will continue
because of long-term P storage in soils (Reddy et al.
2011)
• Assess vegetation community structure and Typha
presence
• Vegetative community structure will continue to
change as long as soils are enriched (Surratt et al.
2012)
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Figure 4. The percentage of soils over the enrichment criteria (TP >
500 mg kg-1) given their respective soil types by year. All soil samples MUH
TYP
(triangle), organic (cross), mixed (square), marl (circle) soil samples
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were separated based on their exceedance of the enrichment criteria
NMDS1
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in the main channel for each year the main channel was sampled
(October 2007, August 2012, March 2018).
Figure 5. Nonmetric multidimensional scaling (NMDS) plots show species
composition (percent cover) from 2012 and 2018 sampling events in TS.
Vector direction and strength (A) represents the dissimilarity of species
located in TS. Ellipses (B) spread represents the difference (R1,74= 0.09;
Year
Marl
Mixed
Organic
Total
p=0.004 ) between the 2012 and 2018 sampling period.
2012
2%
0%
100%
10%
2012
2018
2018
0%
0%
86%
8%
Site TP (mg/kg) TPi (mg/kg) Percent Cover TP (mg/kg) TPi (mg/kg) Percent Cover
Table 2. The percentage of soils over-enrichment criteria (TP > 500
T1-2 539(46)
110(14)
4
176(56)
66(19)
1
mg kg-1) given their respective soil types by year. Total soil samples,
T1-3 168(12)
37(10)
60
Willow at site
Present
organic, mixed, and marl soil samples were separated based on
Table 4. Typha domingensis percent cover along with total phosphorus (TP)
their exceedance of the enrichment criteria exterior sites for August
and total inorganic phosphorus (TPi) in mg kg-1 for sites with Typha
2012 and March 2018.
presence in 2012 (left) and 2018 (right). Means ± standard deviations (in
parenthesis) are presented.

Main Channel Soils
• Restoring soils to oligotrophic P concentrations (TP < 500 mg kg-1) could take 50-120 years, my study proves that soils in the main channel of TS display reductions in
soil P over a 10-year period (Figure 3) supporting a shorter period to restore Everglades soils than previously thought (Reddy et al. 2011).
• Soil P displays decreased enrichment (soil P > 500 mg kg-1) within marl soils in the main channel (Figure 4). Calcareous periphyton play a vital role in marl formation,
supporting the accretion of lower P soils in the main channel through successful restoration efforts (Gaiser et al. 2004; Noe et al. 2002; McCormick et al. 2001).
Exterior Soils
• Less dynamic than the main channel, sites located on the exterior portion of TS proved to be the most resistant to change in soil P temporally (Table 2) (Armentano et
al. 2006; Doren et al. 1997) .
Vegetation
• This study found shifts between dominant species and a reduction in species richness over time (Table 3; Figure 5). Shifts in vegetative species and biodiversity signify
disturbance within a system. With declines in soil P and Typha expansion in TS, enrichment might not be a viable contributor (Armentano et al. 2006; Doren et al.
1997).
• Typha was not increasing in percent cover nor was it moving to new sites in the main flow way. At the sites with Typha, TP and TPi decreased over time (Table 4),
supporting the stabilization of Typha expansion because of lower soil enrichment (Surratt et al. 2012; Newman et al. 1998).
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Table 1. Surface soils (2007, 2012, and 2018) and species composition (2012 and 2018) data was
collected over approximately 10-years in Taylor Slough, located in Everglades National Park.
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Taylor Slough

• Surface soils and species composition data was collected
along multiple transects in Taylor Slough of ENP (Table 1;
Figure 2)
• Soils were dried at 70℃ and analyzed for Moisture Content
(MC), bulk density (BD), and loss on ignition (LOI), Total C
(TC), Total Nitrogen (TN), Total Phosphorus (TP), and
inorganic P (TPi)
• Data were grouped into main channel (greatest water
depth)/ exterior sites (all sites outside the main channel) and
statistically assessed using analysis of variance and
multivariate analyses (Non-Metric Dimensional Scaling and
Analysis of similarities) in R

Enriched Soils (%)

• Many studies in Taylor Slough (TS) assess nutrient trends
and community shifts (sawgrass to cattail), however, little
is known of the impacts restoration efforts have on soil
phosphorus (P) enrichment (DeBusk et al. 1994; Newman
et al. 1997)
• Taylor Slough, located in Everglades National Park (ENP),
is a landscape of marl prairie with sparse vegetation
throughout
• Canals and pumps receiving water from agriculture to the
north of ENP moved P enriched water into the slough up
until the early 2000’s (Figure 1) (Kotun and Renshaw.
2014)
• However, soil P enrichment and species shifts have
continued regardless of restoration efforts in TS (Surratt
et al. 2012)

Vegetation

Soil Phosphorus

Methods

2000

Introduction

Implications
• This study found slowed enrichment in the main channel over
time along with a stabilization of Typha in the main flow way of
TS. Reductions in enrichment over a 10-year period is decades
less than previously thought (Reddy et al. 2011), directly
supporting the effectiveness of entities involved in Everglades
restoration efforts.

Future Research
• Focus on calcareous periphyton production to understand the
successful reduction of marl soil P in TS (Gaiser et al. 2004)
• Short-term macrophyte uptake of nutrients should be further
analyzed within dominant species to understand the shift in
dominant species temporally (Menon et al. 2013)

References: DeBusk, W. F., Reddy, K. R., Wang, Y. & Koch, M. S. Spatial Distribution of Soil Nutrients in a Northern Everglades Marsh: Water Conservation Area 2A. Soil Science Society of America Journal 58, 543–552 (1994). Kotun, K. & Renshaw, A. Taylor Slough Hydrology. Wetlands 34, 9–22 (2014). Newman, S. et al. Factors influencing cattail abundance in the northern Everglades. Aquatic Botany 60, 265–280 (1998). Reddy, K. R., Newman, S., Osborne, T. Z., White, J. R. & Fitz, H. C. Phosphorous Cycling in the Greater Everglades Ecosystem: Legacy Phosphorous Implications for Management and Restoration. Critical Reviews in
Environmental Science and Technology 41, 149–186 (2011). Surratt, D., Shinde, D. & Aumen, N. Recent Cattail Expansion and Possible Relationships to Water Management: Changes in Upper Taylor Slough (Everglades National Park, Florida, USA). Environmental Management 49, 720–733 (2012). Armentano,T.V, J. P. Sah, M.S. Ross, D. T. Jones, H.C. Cooley & C. S. Smith. (2006). Recent responses of vegetation to hydrological changes in Taylor Slough, Everglades National Park, USA. Hydrobiologia 569: 293-309. Doren, Robert F., Thomas V. Armentano, Louis D. Whiteaker, and Ronald D. Jones. 1997. “Marsh Vegetation Patterns and Soil
Phosphorus Gradients in the Everglades Ecosystem.” Aquatic Botany 56 (2): 145–63. https://doi.org/10.1016/S0304-3770(96)01079-0.

+-N

--N

NH4
and NO3 Distributions, Water and Nitrogen Use Efficiencies as
Affected by Irrigation Scheduling in Open-field Fresh-market Tomato
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Irrigation Scheduling in Florida
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Overall goal was to evaluate the use of smartphone
application (SI Veg. App) for irrigation scheduling in
tomato production.

Methodology
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Figure 5. Effect of irrigation rates and scheduling
methods on Tomato yield
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Table 1. Treatment specifications for tomato irrigation study
during spring and fall seasons in Immokalee, FL.
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Figure 3. Pre-planting operations during fall and spring seasons in
Immokalee FL. (Photo credit Dr. F. DiGioia and I. Ayankojo)
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Figure 4. Effect of irrigation rates and scheduling methods on seasonal
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Figure 2. Sandy texture of a typical Florida soils for vegetable
production in South Florida. (Photo credit I. Ayankojo)
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Figure 1. Irrigation scheduling methods for vegetable crops in Florida
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This study evaluated the importance of site specific irrigation
scheduling method (Fig. 1, right) compared to a schedule based
on irrigation zones (Fig. 1, left) in fresh market tomato crop.

Results and Discussions

Spring 2016

Production Seasons

Figure 7. Effect of irrigation rates and scheduling
methods on tomato water and nitrogen use
efficiencies
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Water Management Impacts to Soil Fertility in Rice Production
in the Everglades Agricultural Area
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Highest manganese (Mn) was observed in the two week alternating
flood/drain rice treatment.
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 An increase in soil nutrients Mn and Fe were observed under
flooded rice and fallow treatments.
 Flooded rice and the two-week alternating treatment, appeared
to have the largest impact on soil nutrients.
 The highest biomass and grain yields were found in the flooded
rice treatment.
 The two-week alternating treatments may have had better yields
if Hurricane Irma had not arrived during the experiment.
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 Increased soil fertility in Histosols (organic soils) has been
observed following rice production rather than following flooded
fallow in the Everglades Agricultural Area (EAA).
 The mechanisms of this increased soil fertility has not been welldetermined to date.
 Increases in subsequent crop yields also suggest improved
nutrient availability and soil characteristics.
 Prolonged flooding under rice production may increase minerals
such as manganese (Mn), iron (Fe), and copper (Cu). These
micronutrients may be responsible for post-rice soil health
benefits.
 Rice production may have an effect on macronutrients nitrogen
(N), phosphorus (P), potassium (K), and silicon (Si).
 Alterations in these soil nutrients before and after the rice
production will lead to insights into the mechanisms of increased
soil fertility.
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Soil microorganisms drive plant growth, nutrient availability and
general soil health. Benefits of flooded rice can include an increase
in soil fertility, changes in soil plant available nutrients, and reduced
rates of soil subsidence.
Future research aims to determine if flooded rice production
reduces the population of heterotrophic microorganisms (those that
consume organic carbon and produce CO2), and if the observed
changes in plant available nutrients are due to temporarily making
the conditions favorable for those processes (e.g. denitrification, Mn
reduction) that increase soil nutrient availability.

All rice treatments had lower Mehlich-3 phosphorus (M3P)
compared to the flooded fallow.
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 To examine the impacts of soil fertility and nutrient availability by
comparing flooded, alternating (unflooded/flooded) and partially
flooded rice.
 To measure rice plant nutrition and grain yields under altered
water management treatments.
 To analyze the benefits of growing rice rather than flooding fallow
fields to reduce soil subsidence and increase soil fertility.
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Shallow soils show an increase in potassium (K) after flooding rice
crops.
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 Rex rice cultivars were grown in 70-gallon Rubbermaid stock pots.
 Treatments were distributed in a randomized block design.
 Water treatments:
 Flooded fallow or flooded rice.
 Rice alternating (one week flooded, one week drained).
 Rice partially flooded (top-half soil moist and aerated, bottomhalf soil flooded).
 Two soil depths:
 Shallow (10 in) or deep (20 in).
 Soil fertility was measured before and after growing season.
 Soil nutrients analyzed were N, P, K, Mg, Mn, Fe, Cu, Si.
 Rice plants:
 Leaf tissues were analyzed for above nutrients.
 Grain yields were measured.
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Abstract
The movement and distribution of water is among the most important
aspects of farming, and as the global population continues to increase
there is a need to improve the sustainability and efficiency in this area.
Smaller farms comprise a significant part of the farmland in the United
States and are even more prevalent in developing nations. These farms
often do not have elaborate irrigation systems and rely on gasolinepowered pumps. Unfortunately, these pumps cause a significant risk of
fuel spills and create a dependence on fossil fuels. On the other hand,
solar-powered appliances utilize the energy already present at farms.
Sunlight is essential for growing crops, and now we have the technology
to extend the energy from the sun to also power the mechanical needs of
farming. This provides farmers with independence and the convenience
of a more self-sustaining farm and would be a natural progression of
sustainable and water-smart agriculture. To facilitate this development, a
mobile system for a solar-powered electric pump was designed. The unit
has a solar panel that charges a lead-acid battery which in turn powers a
DC pump. Thanks to the battery, the system can store electricity, and be
used on demand similarly to fossil fuel-powered alternatives. The unit was
designed for and tested on a sprinkler irrigation system. However,
because smaller farms may have unique water systems, the solarpowered pump can also be used to transfer water between different
reservoirs or enable gravitational irrigation by pumping water to an
elevated storage.

Introduction
Because small-scale farms generally have not invested heavily in
elaborate irrigation systems, they have smaller barriers to adopting
changes or a new system. The goal of this project is directed towards
smaller scale farming where it will be easier to introduce solar and
promote a transition towards renewably powered agriculture. With low
maintenance and no long-term fuel costs, a solar-powered pump is a
financially profitable investment. It is thus a viable option for established
farms here in the United States or in developing nations.

Objectives
• Design a solar-powered alternative to fuel-powered pumps and facilitate
a transition to renewable energy within small scale farming.

Methods
• Literature review of agriculture-related research to determine
applicability and desired design features (1).
• Evaluation and calculations of the ideal configuration of the solar panel
and the capacity of the other components of the system.

Design
Smaller farms often have unique methods for irrigation and water use.
Flexibility was therefore an integral part of the design. The pump has
two rubber hoses which can connect a water supply and an irrigation
system or transfer water between two water storage tanks. The system
also includes a particle filter that allows the pump to handle dirty water
and be used for drainage work or even storm cleanups.
Because electrical pump systems
typically have multiple components,
solar-powered alternatives may
be favored because they are
easier to handle and transport.
Mobility is therefore another
important aspect of the design.
The unit has a compact design
with the components being
attached to a steel plate
underneath the solar panel.
This way, the entire system is
kept together and fits on a cart
that can easily be pulled or towed
to where the pump is needed.

Table 1: System Components
Solar panel
Rural Power Systems
SMG-100W-18

Monocrystalline
100 Watt
Dimensions(mm):670x945x30

12V Battery
Deep Cycle Marine
24DC-1
12V-DC Pump
RONDA
DP-35
Solar Pump Controller
Rural Power Systems

Voltage: 12V
Amp-hours: 58.33
Watt-hours: 700
Max current: 7A
Max pressure: 130psi
Flow rate: 0.26-2.51 GPM
T1 & T2: + and – for solar panel
T3 & T4: + and – for battery
T5 & T6: + and – for pump

Application
The system is composed of a solar panel, a 12V battery, a 12V DC
pump, and a charge controller that links the components together. In
sunny conditions, the 100-watt solar panel can produce a current of
about 7 amps through the circuit. Assuming about 6 hours of usable
sunshine daily, this gives enough energy to power the pump for
about 6 hours. The pump has a flow rate of 2.51 GPM at 7 amps.
Thus, the system can supply about 900 gallons daily, or with a fully
charged battery a total of 1,200 gallons. While water demand varies
with different crops and soil conditions, sprinkler and drip-irrigation
systems require about 4,000 and 1,000 gallons per acre per day,
respectively (2). This solar-powered system is thus well suited for
smaller scale irrigation demands.

Figure 2. Solar-Powered, Mobile
Irrigation Pump.

Finally, integration of new technology often meets resistance due to
users not knowing how to use the appliances. Having a design that is
intuitive and easy to understand is thus a key component for promoting
adoption. Thanks to the charge control unit, the electrical circuit is
greatly simplified, and the system can be operated with a simple on
and off switch.

• Have a simple and effective design for a solar irrigation system that
allows users to understand and use the unit similarly to a fuel-powered
system.

Future Work
• An analog or digital timer could be integrated in the electrical circuit.
This would allow the unit to perform irrigation at ideal times without
supervision.
• For larger farms, the system could be scaled up with larger solar
panels, batteries, and a more powerful pump.
• Pumps at this scale have a tradeoff between the flow rate and
pressure they can supply. A more specialized unit could therefore have
a higher pressure for sprinkler systems or greater flow rate for drip
irrigation.
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Soil Texture Analysis as a Proxy for Wave Energy
Haley Cox, Mark Clark, Lindsey Kelly
Introduction

Results

Coastal erosion influenced by wave energy and sea-level rise frequently results in damage to property and
infrastructure. Communities along Florida’s Nature Coast, including Cedar Key, are particularly vulnerable to the
impacts of shoreline erosion. Standard approaches to damage control include the use of solid structures such as sea
walls and riprap. However, these traditional methods of stabilization can negatively affect the environmental functions
of shorelines. “Living”, or vegetated, shorelines are an alternative stabilization approach that can reduce damage and
slow erosion while providing a variety of ecosystem services. For a living shoreline to be effective, it will have to
reduce wave energy. Although wave energy can be measured in-situ, this option is costly and is often not feasible.

Results indicate that there has not been a significant change in percent silt content across all observed transects and
zones between 2017 and 2018. Although there was a decrease in the percentage of silt in zone L of LS2 (Fig. 4a), this is
likely due to a silt pocket in dredge spoil placed in 2017. However, there is evidence to suggest that the median particle
diameter of silt has significantly decreased in both LS transects (Fig. 4b). In contrast, Figure 4b also indicates that
median particle diameter of silt significantly increased in the BR transect, signaling accumulation of coarser sediment in
areas without vegetation. In the L zone of LS2, median sand size significantly decreased, indicating that the vegetated
zone of the living shoreline is also trapping finer sand sediments (Fig. 4c).

The objective of this study is to evaluate the effectiveness of soil texture analysis as a proxy for wave energy.
Research has shown that there is a strong relationship between water energy/flow and particulate transport. Due to
their different settling velocities, a fine sediment like silt is more likely to become suspended in water and transported
elsewhere (Clarke et al. 1982) than a coarser sediment like sand. In order to quantify a living shoreline’s effect on
wave energy, we chose to analyze the character and ratios of fine to coarse sediment on Joe Rains Beach, a living
shoreline project in Cedar Key, Florida.

B

A

Figure 1: Haley Cox collecting sediment
samples on Joe Rains Beach.

Figure 2: Aerial images of the Joe Rains Beach Living Shoreline Project. Top panel shows
living shoreline approx. seven months after planting, bottom panel displays current vegetation
cover.

Hypothesis
C
We hypothesized that within each of the soil textural classes we examined, median particle size would be smaller
in the vegetated living shoreline transects (LS1 and LS2) then the non-vegetated beach reference transect (BR).
In addition, we predicted that the percent silt fraction would be higher in the living shoreline in 2018 than 2017.

Methods and Materials
To establish a living shoreline at Joe Rains Beach, dredge spoil was added to re-nourish the shore in January
2017, and initial plantings of Spartina patens and Spartina alterniflora began in March 2017. Sediment samples
were collected in May-June of 2017 and 2018. The studied area of the shoreline is divided into three transects
with three sampling zones defined by elevation (Fig. 3a). Within each zone, three 0.25 m2 quadrats were placed
along the transect. Adjacent to each quadrats, three 7-cm dia. soil cores were collected to a depth of 20 cm.
Cores were sectioned at 0-5, 5-10 and 10-20 cm and composited within each depth. Each composite soil sample
was treated as a replicate for that zone (Fig. 3b). While all samples were analyzed, the data presented displays
only the top five centimeters of soil (the area most likely to be influenced by wave action).
Instead of employing traditional methods (sieve, hydrometer, etc.) to separate different-sized soil particles, we
used a Beckman Coulter laser diffraction particle size analyzer. This allowed us to examine soil texture with a
higher resolution of particle diameter since the machine can discriminate 116 texture classes.

A

B

Figure 4: Graphs display results of texture analysis for each transect, zone and year. A) Percent silt content, B) Median value of silt
particle class and C) Median value of sand particle class. The “p” values represent T-test comparisons of 2017 vs. 2018 data. Bolded
results are statistically significant. Blue shading represents 90% bivariate normal density ellipse around data points.

Conclusions
• No significant changes in percent silt content were observed in the living shoreline or the beach reference transect.
• Median particle size of silt and sand has decreased in sampling zones of both living shoreline transects, indicating that
vegetated areas are accumulating finer particles.
• Although this approach provided limited verification of wave energy reduction attributable to living shoreline
implementation, we believe vegetation during the first year was still becoming established and may not have
significantly influenced wave energy (Fig. 2). During this past growing season vegetation at Joe Rains Beach has filled
in considerably and we believe that future sampling will provide more definitive results.

Acknowledgments and References
This project was funded in part by the Florida Coastal Management Program (NOAA/FDEP/SRWMD). Special thanks to
the Nature Coast Biological Station, stakeholders of Joe Rains Beach, and Dr. Alan Bacon and his team in the
Environmental Pedology and Land Use Laboratory for the use of the particle size analyzer and their guidance throughout
the analysis.
Clarke, T.L. et al. (1982). Sediment Resuspension by Surface-Wave Action: An Examination of Possible Mechanisms.
Marine Geology, 49, 43-59.
Figure 3: Diagrams of sampling area (A) Aerial image of Joe Rains with transects and sampling zones identified and (B) Diagram of collection sites within each
zone

Retention and Release Characteristics of Biosolidsborne Azithromycin and Ciprofloxacin
Caleb Gravesen, Harmanpreet Sidhu, George O’Connor, Jonathan Judy

Results

Introduction

Azithromycin (AZ) and Ciprofloxacin (CIP) are commonly prescribed
antibiotics frequently detected in municipal biosolids at relatively high
concentrations and identified by the USEPA as contaminants of emerging
concern. The land application of municipal biosolids is an agronomically
beneficial practice but is also a potential pathway of CIP and AZ release into
the environment. Understanding retention-release behavior is crucial for
assessing the environmental fate of, and risks from, land applied biosolidsborne target antibiotics; however, scarce retention-release data restrict such
assessments.

Hypotheses and Objectives

Table 2: Results Summary
Kd ± SD
Biosolids
Biosolids Class
(L kg-1)
Class A Compost
76 ± 0.34
A
Class A Heat Dried
153 ± 3.4
A
Green Edge
109 ± 0.93
A
Louisville Green
73 ± 0.33
A
Ocala
369 ± 44
A
Bradenton
63 ± 2.1
B
Class B Cake
37 ± 0.40
B
St. Pete
52 ± 3.0
B

Azithromycin

Mass Balance
(%) ± SD (%)
100 ± 1.0
102 ± 1.1
103 ± 1.2
100 ± 2.4
100 ± 1.5
95 ± 3.2
101 ± 1.8
99 ± 4.2

H
0.045
0.025
0.020
0.031
0.010
0.051
0.146
0.032

Kd ± SD
(L kg-1)
468 ± 23
1156 ± 14
2262 ± 110
1356 ± 41
1400 ± 160
1515 ± 33
1356 ± 37
1627 ± 42

Ciprofloxacin

Mass Balance
(%) ± SD (%)
95 ± 7.5
104 ± 1.5
106 ± 4.7
102 ± 4.3
99 ± 7.4
91 ± 1.7
92 ± 1.2
93 ± 2.7

H
0.005
0.003
<.001
<.001
<.001
<.001
0.010
<.001

Based on the literature, we hypothesized:
(i) Extensive sorption and minimal desorption of AZ and CIP
(ii) Biosolids characteristics (Table 1) do not influence AZ and CIP
retention-release.
Our objectives were to:
(i) Assess sorption-desorption of AZ and CIP in biosolids of varying
physiochemical characteristics
(ii) Assess influence of biosolids properties on the sorption-desorption.

Materials and Methods

• Batch equilibration studies utilizing radiolabeled AZ and CIP at
environmentally relevant concentrations
• Eight biosolids (5 Class A and 3 Class B) (Table 1); three unique biosolids
(1 Class B, 2 Class A) sharing a common source sludge
• Independent analysis of sorbed and solution phases (via scintillation
counting and combustion)

Figure 1: Sorption and Desorption of AZ from three biosolids derived from
the same sewage sludge source. Black lined denotes sorption isotherm, Red
line denotes desorption isotherm

Discussion

Figure 2: Sorption and Desorption of CIP from three biosolids derived from the
same sewage sludge source. Black lined denotes sorption isotherm, Red line
denotes desorption isotherm

• Sorption of the target biosolids varied but was highly hysteretic for all biosolids (Table 2). Retention was linear (R2 >0.99 (AZ) and >0.96 (CIP)) and sorption coefficients (Kd) values
ranged between 52 and 370 L kg-1 for AZ and ranged between 430 and 2300 L kg-1 for CIP.
• Desorption also varied but was highly hysteretic. The hysteresis coefficient (H) is the ratio of the slope of the desorption curve to the slope of the adsorption curve, an H value of <1
indicates hysteresis. The H values ranged between 0.01 and 0.15 for AZ, and ≤0.01 for CIP in all biosolids examined (Table 2), suggesting limited bioaccessibility.
• Mass balance was ~100%, indicating reliable sorption-desorption data.

Table 1: Selected Physiochemical Characteristics of Biosolids

Biosolids

Biosolids Class

Bradenton
St. Pete
LG
GE
Ocala
Class B Cake
Class A Heat Dried
Class A Compost

B
B
A
A
A
B
A
A

Total Fe
%
3.49
0.37
0.59
1.11
1.57
*
*
*

Total Al
%
0.21
0.36
1.54
0.56
1.20
*
*
*

CEC
cmol kg-1 (range)
101 (100-101)
145 (142-147)
64 (63-64)
121 (118-124)
201 (201-201)
*
*
*

OM
dry mass basis ± SD
71 ± 2
75 ± 1
72 ± 0.1
76 ± 0.1
75 ± 0.3
71 ± 0.8
68 ± 0.4
40 ± 6

Conclusions
pH
± SD†
7.7±0.2
8.4±0.0
5.9±0.1
6.0±0.5
5.7±0.1
7.22±0.0
5.07±0.1
6.58±0.1

*Data Pending. (USEPA, 2015)1; (USEPA, 2009)2; Range is the spread in results; Louisville Green (LG), GreenEdge (GE); Total Fe and Al determined by ARL at the University of Florida, Gainesville, FL (ESTL, 2014). OM
determined by LOI (ESTL, 2014) and pH by Analytical Research Laboratories (ARL) methods (ESTL, 2014). CEC values determined by BaCl2 compulsive exchange method and analysis of extract by ICP (Gillman and Sumpter,
1986). pH determined by ARL methods (ESTL, 2014).

• Bioaccessibility of AZ and CIP is likely low,
due to strong retention and minimal release by
the biosolids.

• More data on the biosolids characteristics
should provide better understanding of
influence of biosolids characteristics on AZ
and CIP retention-release.

Do “Living Shorelines” Improve Fish Diversity, Richness
and Abundance?
Niamh Hays, Dr. Mark Clark, Lindsey Kelly

Methods

Introduction
Introduction:
Cedar Key’s eroded coasts, combined with its low elevation and geographic location along
the Gulf Coast, leave the city vulnerable to structural damage caused by hurricanes and
flooding (Figure 1).
Living shorelines naturally stabilize sediment through vegetation and other materials,
rather than through artificial stabilization methods such as jetties and seawalls. Living
shorelines also provide other ecosystem services such as improved biodiversity.
The Joe Rains Beach Living shoreline project was implemented in 2017 as a shoreline
stabilization strategy and demonstration site (Figure 2). To evaluate the biodiversity
benefits of living shorelines for fish, a comparison of the living shoreline to adjacent beach
and natural marsh habitat was conducted in the summer of 2018 (Figure 3).

Cedar Key

Field Methods
1. Joe Rains Beach was separated into three habitats: BR, LS, and MR
2. Fish traps were equally distributed along the shore with 6 traps per habitat, deployed at
a water depth of ~15cm.
3. Minnow traps were baited with mullet.
4. Fish sampling was performed twice, once during a rising tide and once during a falling
tide for a duration of 60- 80 minutes.
5. Fish caught in each trap were transferred into Ziploc bags, photographed, then
released.
Lab Methods
1. Fish in photographs for each trap were identified, measured and counted.
2. Fish abundance data was normalized by soak time resulting in units of: number of
fish/trap/hour of deployment.
3. Statistical differences in abundance between the three habitats were determined with
a confidence interval of α<0.05.
4. Ecological metrics were used to describe fish populations in each of the three habitats
(a glossary of metric used can be found in bottom right of poster).

Joe Rains Beach

Results

Airport Road

Four species were captured among the three sites: Lagodon rhomboides (Pinfish), Fundulus
grandis (Gulf Killifish), Orthopristis chrysoptera (Pigfish), and Fundulus similis (Longnose
Killifish) (Figure 4). Fish abundance for BR, LS and MR were: 2.60 + 1.82, 7.40 + 5.06, and
11.9 + 7.14 fish/trap/hr deployed, respectively (Figure 5). Overall, fish abundance for MR
was significantly greater than that of BR, while the abundance for LS was not statistically
different from either BR or MR. A summary of the descriptive ecological metrics can be
found in Table 1.

Daugherty
Bayou
G-Street

Figure 1: Aerial of Daugherty Bayou in Cedar Key, Florida.

Figure 3: Minnow trap being deployed at
Joe Rains Beach, July 18th, 2018.

Purpose and Hypotheses

Hypotheses tested.
• Fish abundance will be greater in LS habitat than in BR, and similar to MR.
• Fish diversity will be highest in MR, followed by LS, and then BR.
• Richness of species will be highest in MR, followed by LS, and then BR.
• Community similarity indices will be greater between LS and MR than between LS and
BR.

Variable
Species
Abundance Lagodon rhomboides
Fundulus grandis
Fundulus similis
Orthopristis chrysoptera
TOTAL
MR

Figure 2: Aerial image and landscape view of Joe Rains Beach, September 16th, 2018 illustrating 3 different habitat
types.

D

E

Figure 4: A- Lagodon rhomboides (Pinfish), B- Fundulus grandis (Gulf Killifish), C- Fundulus similis (Longnose Killifish),
D- Orthopristis chrysoptera, E- Fish collected from second trap of MR.

Discussion and Conclusions
We hypothesized that a living shoreline would improve biodiversity, as indicated by
species abundance, richness, diversity and community similarity.
• We found that LS did not have significantly different abundance when compared to
BR, but was similar to MR.
• We found fish diversity was highest in MR, followed by LS, and then BR.
• Richness of species was not different between LS and MR, both having 3 species,
with BR having only 1.
• Multiple measures of community similarity showed that LS was more similar to MR
than BR.
• The Jaccard coefficient (a community similarity index based on species
richness) showed that LS was more similar to MR than either BR, or between
BR and MR.
• The Canberra Metric (a comparison of species abundance) showed that LS was
more similar to MR than BR, or BR to MR.
• In contrast, the Morisita’s Index of community similarity (a comparison of species
dominance between habitats) showed LS to be more similar to BR than LS to MR,
or BR to MR. This is likely due to the fact that although there were multiple species
present in LS, it was still dominated by L. rhomboides, which was the only species
found in BR, while MR was dominated by F. grandis.

Thank you to the Florida Coastal Management Program (NOAA/FDEP/SRWMD) and
their support of the Joe Rains Beach Living Shoreline project, to the Nature Coast
Biological Station (NCBS) and Charles Martin for providing fish traps and assistance
with species identification, and to the private and public collaborators who assisted
with implementation of the shoreline. Special thanks to the other researchers who
ensured the well-being of fish caught during this project.

Table 1. Results of ecological metrics used to monitor biodiversity.

LS

C

Acknowledgments
Figure 5: Fish abundance of habitats. Letters above bar graph represent statistical comparison with different letters
representing significant differences of abundance between communities.

BR

B

Findings show that there are differences between LS and the other two habitats. At
present, the LS appears to be in a transitional phase with regards to fish populations.
These results are encouraging so far, and we predict that as the LS matures over time,
we will see the biodiversity of LS become more similar to MR and less similar to BR,
as indicated by abundance, diversity, richness and community similarity, further
supporting the implementation of living shorelines to enhance ecosystem services.

Using ecological metrics, such as species abundance, diversity, richness, and community
similarity indices, compare the living shoreline (LS) habitat to neighboring marsh reference
(MR) and beach reference (BR) habitats to determine whether or not biodiversity has
changed.

Joe Rains Beach

A

Value
LS

BR
39
0
0
0
39

MR
95
14
0
1
110

42
134
1
0
177

Value
Variable
Ecological Metric
BR
LS
MR
Diversity
Simpson's Diversity Index
1.00
1.316
1.594
Simpson's Dominance Index
1.00
0.760
0.627
Richness
Species Richness
1
3
3
Value
Variable
Ecological Metric
LS vs. BR
LS vs. MR
BR vs MR
Community Canberra Metric
0.315
0.701
0.433
Similarity Morisita's Index
1.000
0.760
0.627
Jaccard Coefficient
0.333
0.500
0.333

Glossary of Ecological Metrics
Abundance- Number of individual fish counted within community.
Species abundance- Number of individual fish of a specific species counted within community (𝑛𝑖 ).
Simpson’s Diversity Index – Number of times one would have to take pairs of individuals at random from the entire
aggregation to find a pair from the same species. Inversely related to dominance. (𝑖 = species, 𝑛𝑖 = abundance of individual of
species 𝑖, N= total abundance).
Simpson’s Dominance Index- Probability that two individuals of the same species would be selected when choosing two
individuals at random from a community. Inversely related to diversity. (𝑖 = species, 𝑛𝑖 = abundance of individual of species 𝑖,
N= total abundance).

𝑁(𝑁 − 1)
𝑛𝑖 (𝑛𝑖 − 1)

𝑑𝑠 =

𝑙=

𝑛𝑖 (𝑛𝑖 − 1)
𝑁(𝑁 − 1)

Species Richness- Number of species within a community.

Canberra Metric- Community similarity index that considers differences in species abundance of each species present within
1
the compared communities. Values range from 0 (vastly different) to 1 (identical). ( S= total number of species, 𝑖 =species,
𝐼𝐶𝑀 = 1 −
𝑆
𝑥𝑖 = number of individuals of species 𝑖 in community 1, 𝑦𝑖 = number of individuals of species 𝑖 in community 2).
Morisita’s Metric- Community similarity index based off of Simpson’s Dominance index. The probability that two randomly
selected individuals from a community will be of the same species (𝑙𝑖 = dominance of community 𝑖, 𝑁1 and 𝑁2 = total number
of individuals in community 1 and 2, 𝑥𝑖 = number of individuals of species 𝑖 in community 1, 𝑦𝑖 = number of individuals of
species 𝑖 in community 2).
Jaccard Coefficient- Community similarity index that considers number of species shared by communities. A larger percent
indicates greater similarity. (c= number of species common to both communities, S= total number of species within the two
communities).

Source: Brower, J. E., Von Ende, C. N., & Zar, J. H. (1990). Field and Laboratory Methods for General Ecology (3rd ed.). Wm. C.
Brown.

𝐼𝑀 =

|𝑥 𝑖 − 𝑦𝑖 |
(𝑥 𝑖 + 𝑦𝑖 )

2 𝑥 𝑖 𝑦𝑖
(𝑙 1 + 𝑙 2 )𝑁1 𝑁2

𝐶𝐶𝐽 =

𝑐
𝑆

Carbon and nitrogen cycling in a Gainesville soil
amended with dairy- and food-derived composts
A. J. Kelley , G. Maltais-Landry , A. C. Wilkie
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• It is unclear how different
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Cumulative C -CO2 (24˚C)
5000
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4000

Cumulative C -CO2 (30˚C)
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OBJECTIVES

CO2 RELEASE

5000

mg C-CO2 kg-1 soil

• Composting can effectively recycle organic
wastes, but composting practices vary
substantially

50

At 24˚C, nitrate increased in vermicompost at week 8.

24˚C

mg C-CO2 kg-1 soil

• Different organic
materials and
composting processes
affect nutrient
concentrations and
availability

40

•

Days

Days

• Farms and households produce a substantial
quantity of organic wastes, such as animal
manure and food wastes

30

AMMONIUM CONCENTRATION

0

Nitrate concentration increased with food-based
products; however, nitrate concentration was much
lower in the commercial compost (Ecoscraps) than
in the composted food waste.

100

0
20

•

N-NO3- concentration (30 ℃)

50

10

Nitrate concentration decreased during the
incubation with dairy-based products compared to
the untreated soil, possibly due to denitrification or
immobilization (or a combination of the two).
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Ecoscraps
Food compost

• Compare nutrient value of composts derived from dairy and food wastes

5

6

7

8

Weeks

Weeks

• Use an incubation experiment to quantify C and N mineralization
during the decomposition of five different composts

4

Black Kow
Composted dairy manure

The two commercial products, Black Kow and
Ecoscraps, emitted the least amount of CO2

Vermicompost
Soil control

METHODS

•

Composted dairy manure and vermicompost had
the highest CO2 emissions compared to the control.

•

Assay reruns for treatments which saturated
the base traps (composted dairy manure,
vermicompost, and food waste compost)
indicate composted dairy manure released the
most CO2 of the amendments (580-620 mg

C-CO2 kg-1 soil at week 1).

-10
-20
-30
-40

when compared to the control.

0

0

All treatments emitted higher CO2 levels
than the soil control, indicating an increase in
organic matter decomposition.

30˚C

0

mg P kg-1 soil

INTRODUCTION

NITRATE

30 °C

mg N-NH4+ kg-1 soil

FL. Incubations were conducted at 24˚C
and 30˚C for eight weeks, i.e. the annual
and July mean soil temperature at the
PSREU in Citra, respectively. The composted
dairy manure and vermicompost had the
highest CO2 emissions compared to the
unamended soil. Soil nitrate increased the
most with composted food waste, whereas
all three dairy-derived composts resulted
in a decrease of nitrate compared to the
unamended soil. This suggests that N was
immobilized during the incubation, which
is supported by the high CO2 emissions
with these amendments. Overall, the food
waste compost seemed to have the highest
increase in inorganic N during the eightweek incubation, suggesting a greater
potential as a nutrient source than the
dairy-derived composts.

mg NH 4+ kg-1 soil

Nutrient concentrations and availability vary
substantially among composts depending
on the materials and processes with which
they are made. Agricultural operations
compost wastes, mostly animal wastes such
as manures, whereas composts produced in
urban areas mainly incorporate food waste,
sometimes with yard waste. Our objective
was to measure how different composts
affect nutrient availability and cycling, in
addition to potential impacts on soil fertility
and health. In a laboratory incubation,
we compared CO2 emissions and nitrogen
mineralization rates between three dairyderived composts (composted dairy
manure, vermicompost made from dairy
manure, and Black KowTM) and two foodderived composts (composted food waste
and EcoscrapsTM) on a soil from Gainesville,

mg N-NO3- kg-1 soil

ABSTRACT

-50

Ecoscraps

Black Kow

Composted
Dairy Manure

Food Compost Vermicompost

Soil Control

RESIN P
•

Resin P declined in all treatments, except for composted dairy
manure at 30 °C.

•

Food waste compost added more resin P to the soil than the
other amendments, but had relatively small changes in resin P
during the incubation.

CONCLUSIONS

MATERIALS AND DESIGN

LABORATORY INCUBATIONS

• Gainesville soil, from the Field and Fork gardens (Entisol)

• Incubations conducted at two temperatures

• 5 amendments
• 3 dairy-derived composts

• Extracted with 2 M KCl

• 30˚C (mean soil temperature of warmest month at Citra PSREU)

• Extractions conducted on weeks 0, 1, 2, 3, 4, 6, 8

• 3 replicates per treatment x temperature combination

• Vermicompost from separated dairy solids*

• Each replicate consisted of soil or soil + amendment sealed in a 1 L
glass canning jar

• 2 food-derived composts

Inorganic nitrogen

• 24˚C (mean annual soil temperature at Citra PSREU)

• Compost from separated dairy solids*
• Black Kow™

NUTRIENT ANALYSES

• 150 g of material per replicate (on a dry weight basis)

• Analyzed with colorimetry for ammonium (Weatherburn
1967) and nitrate (Doane and Horwáth 2003)

Resin P

• Food waste compost*

• 10 ml vial DDI placed in jar to maintain moisture

• Ecoscraps™

• Extracted with DDI and anion-exchange resin strips (Tiessen
and Moir 2007)

• 10 ml vial 1 M NaOH placed in jar as a base trap for CO2

• Eluted with 0.5 M HCl

• Amendments applied a rate of 125,000 kg/ha (58 mg/g)

• Jars incubated for 8 weeks

• Moisture adjusted to 50% WFPS

CO2 RELEASE

* - locally-sourced composts supplied by Dr. Ann Wilkie

PROPERTIES AT ASSAY START
CEC

N-N03

N-NH4

Treatment

pH

Soil

6.6

10.2

5

Soil + Black Kow

6.9

12.8

Soil + Food compost

7.1

Soil + Vermicompost

P

Resin P

K

(mg kg-1
Mehlich III)

(mg kg-1 soil)

(mg kg-1
Mehlich III)

2

426

100

231

6

2

449

121

465

13.5

29

5

484

180

1290

6.8

12.1

5

1

417

100

319

Soil + Composted Dairy Manure

6.9

11.8

4

1

418

97

283

Soil + Esoscraps

6.8

13.2

9

3

459

113

449

(meq/100g) (mg kg-1 soil) (mg kg-1 soil)

• Black Kow released less CO2 than the
composted dairy manure, but still had a net
loss of nitrate compared to the unamended
soil. This suggests nitrate losses were due to
immobilization.

• Soil amended with locally-sourced food waste
compost had the highest nitrate and phosphate
concentrations, which was much higher than
the commercial equivalent, Ecoscraps.
• Overall, compost derived from food waste
demonstrated greater potential as a shortterm source of nutrients than the dairyderived composts.

• Extractions conducted on week 0 and week 8
• Phosphorus concentrations analyzed with colorimetry

• Unamended soil used for control

• High CO2 emissions and low NO3- concentrations
observed in composted dairy manure and the
vermicompost suggests denitrification and/or
immobilization of N. For dairy compost at 30˚C,
sharp declines in NH4+ indicate some N losses
due to NH3 volatilization.

•
•
•
•

Titrations conducted every week for 8 weeks
NaOH vials removed and replaced weekly
CO2 precipitated with BaCl2
Titration with 1 M HCl (+ phenolphthalein indicator) as
described by Franzluebbers (2016)

FUTURE WORK
• Further analyses on active C, total C, soil organic matter, and total N.
• Incubations repeated for treatments which saturated the CO2 base traps; pH readings as a proxy for
potential NH3 volatilization.
• Second incubation study conducted with a soil with a lower content of organic matter.

C-CO2 (mg kg-1 soil) = (mL[blank] – mL[sample]) x N x M/S
N = normality of acid (1)
M = mass conversion from cmolc to g C (6000)
S = soil weight (g)
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Introduction

The High Plains Aquifer (HPA) spans eight states in the
central U.S. and is the nation’s largest groundwater
resource. Water levels throughout much of the aquifer
have been declining at unsustainable rates due to
agricultural irrigation use. Despite efficient irrigation
techniques (designed to reduce total water use) farmers
have increased water applications due, in part, to lower
operation costs.

¯
N

3

1

4

Data

The example variables below are commonly discussed drivers to irrigation water use in Kansas. In ArcGIS, we
uniformly converted each variable dataset into raster form. Thus, we can measure the stasitical significance of
the variables in combination, pixel-by-pixel, as each pixel will be assigned a value specific to each variable.

Multivariate Regression Analysis
Continued research will use programming methods to
evaluate which combination of variables are statistially
significant in terms of groundwater drawdown of the
High Plains Aquifer.

Groundwater Management

Well Locations

The project will be executed in 3 steps to examine the
variable combinations under 3 different conditions:

High Plains Aquifer
Water Level Change
1950 - 2015

NE

25m
CO

KS

NM

Irrigation Well

OK

0

320 km

GMD 1
GMD 2
GMD 3

150

40

0
meters

0
cm/yr

Crop Type

Soil Permeability
45

We selected ~30 variables
for evaluation in this study,
each with varying degrees of
change through time. For
example, market prices
change annually, whereas
government boundaries are
fairly static. The impact of
these variables can be
measured both temporally
and spatially.

2. Spatially Organize
Data across Time
We used ArcGIS to spatially
plot the selected variables
over time. Regional
developments, including
irrigation and crop type, have
changed significantly over
recent decades. We hope to
identify these changes in
relation to water level
depletion across the HPA in
Kansas through time. Thus,
we can more accurately
predict future water use
based on these trends.

Management Districts
- GMDs
- WCAs
- Water Districts
- Kansas Protected Areas
- Rattlesnake Creek Mgmt
- Interstate Compacts
- Kansas State Law

Hydrology
- Surface Hydrology
- Recharge Rate
- Saturated Thickness
- Hydraulic Conductivity
- Specific Yield
- Water Level
- Pumping Rate
- Precipitation
- Evapotranspiration

Land/Agriculture
- Geology
- Soil Type
- Soil Permeability
- Soil Runoff Potential
- Crop Type
- Irrigation Type
- Farm Size/Density

Social/Economic
- Population
- Impact of Urban Areas
- Farm Household Income
- Net Farm Income
- Crop Sales
- Market Price
- Farm Expenses

Corn
Sorghum

Soybeans
Wheat

Cotton
Hay

0
cm/hr

Combination

Charted below are the available years of data for individual irrigation drivers. 1990-2018 has the greatest coverage
of available data, as indicated by the dashed lines. We will begin our data analysis with this timeframe and
extrapolate its trends to both pre-1990 and future conditions.
1950

1960

1. How can management policies be created by each
Groundwater Management District to better achieve
their sustainability goals?
2. How can this analysis be similarly conducted across
the entire High Plains Aquifer, especially considering
differing variables and large data gaps within the region?
3. How can this analysis be similarly conducted across
regions with growing irrigation markets like Florida or
the Midwest United States?

Change across Time

1940
Recharge Rate
Saturated Thickness
Irr. Water Withdrawal
Water Level
Pumping Rate
Crop Type
Farm Size
Irrigation Type
Farm Density
Precipitation
Evapotranspiration
Population
Income
Crop Sales
Farm Expenses
GMDs

Step 3

Analyze data in relation to
Groundwater Management
District policies

Future Research Questions

Methods

1. Determine Drivers

Step 2

Extrapolate data trends
to pre-1990 and
future conditions

Creek Mgmt
WCA

WD
KPA

70m

Also adding complexity is the wide variety of variables
driving irrigation, such as local, state, and interstate
management policies in conjunction with other social,
physical, and agricultural factors. This study focuses on
examining these variables within and around the
boundaries of the five groundwater management districts
in Western Kansas.

2

GMD 4
GMD 5

Step 1

Evaluate the most current
data from 1990 to 2018

Recharge

Saturated Thickness

Research Question:
Which combinations of physical and
social factors drive irrigation water use?

Further Research

1970

1980

1990

2000

2010

2020
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Simulating the Tug of War between Transport and Nutrient
Uptake in Low Flow Treatment Wetlands Demonstrates the
Need to Model Biogeochemistry
1Kalindhi
1Soil

Gerber

and Water Science Department, University of Florida, Gainesville, FL 32611

Introduction

Methods

Wetland treatment efficiency and downstream water quality are
dependent on flow rate (volume velocity), hydraulic residence time,
nutrient load, and wetland biogeochemical processes. Spatial
heterogeneity (vegetation density, topography) in these wetlands
often leads to slow/fast flow paths. Therefore, molecules of water
and nutrients entering a wetland together will leave at different
times. Here we aim to investigate effects of slow/fast flow paths in
models in conjunction with different levels of complexity when
modeling biogeochemical interaction of tracers.
A)

Larios and

1Stefan

Results

Site: Stormwater Treatment Area 2 (STA-2) Flow Way 1
A)

B)

Hydrology
Model

Biogeochemistry
Model

PF: Constant Q

Spiral

PF: Varying Q

Spiral

PF: Varying Q

First order uptake

NTIS (lag=20d)

First order uptake

NTIS (lag=20d)

Spiral

Fig. 2 A) Inflow Total Phosphorus (TP) concentrations and flow (Q)
data from STA-2 Flow Way 1 (Cell 1; 06/2005-12/2016) in South
Florida were used as inputs. B) Hydrology and Biogeochemistry
model experimental set ups.

B)

Plug and Flow

Contact: rubym00n@ufl.edu

Fig. 6 A) With the same
biogeochemistry and
hydrologic transport models,
TP outlet concentration will
vary depending on the input
flow rate. Peaks and troughs
of TP outlet concentration are
more extreme with varying Q
(blue line) relative to a
constant Q (orange line).

A)

Fig. 6 B) The uptake
coefficient for the first order
uptake model was 0.0010
day-1 (root mean squared
error between both model
combinations). Peaks are
more extreme in first order
uptake (red line) relative to
the Spiral Model (blue line).

B)

Fig. 3 The Plug and Flow
model had either a constant
volumetric flow rate (Q; blue
line) or varying Q (orange
line) time series.

(Kadlec 2000)

Fig. 1 Volumetric flow rate (Q) and hydraulic residence time are
affected by A) vegetation density and B) topography. Water will
follow through the path of least resistance. This will lead to slowfast flow pathways and reduced wetland treatment efficiency.

Tanks in Series

Research Objective: We explored the effects of volumetric flow
rate (Q) by contrasting between two hydrology and two
biogeochemistry models.
Hydrology Models:
1) Plug and Flow (PF) Advection: laminar flow with diffusion
Q

A) First Order Uptake

Fig. 4 The Tanks in Series
model had an ensemble of 12
different flow time series
inputs (colored lines) that
were dependent on a gamma
probability distribution
function and an exponential
autocorrelation with a lag or
relaxation of 20 days.

B) Spiraling Model

(Kadlec & Wallace 2009)

2) Tanks In Series (NTIS) : well mixed tanks

Fig. 7 Time series comparing TP outlet concentrations across experimental set up
model combinations. There is little difference in output across transport models (solid
vs dashed lines). TP outlet concentration is more sensitive across biogeochemistry
models than across hydrology models (red vs. black lines).

Q

Conclusions
(Kadlec & Wallace 2009)

Biogeochemistry Models:
1) First order uptake
2) Spiraling Model with transient storage in vegetation
and sediment pools
Hypothesis: Differences in the hydrology representation have
larger effects on outflow tracer (Phosphorus) concentration than
differences in the biogeochemistry representation.

Fig. 5 A) The First Order Uptake model lumps all the components
into 1 parameter known as the uptake coefficient (k). B) The
Spiraling Wetland Model (35 parameters) tracks TP in the water
column, periphyton, macrophytes, litter (above and below ground),
floc, and recently accreted soil since the start of STA operation
(~17 years). TP cycles (red arrows) thru the system and is
transformed (inorganic to organic) as it travels downstream by
biochemical (biota uptake and death, decomposition, sorption) and
physical (diffusion, settling, resuspension) processes.

Modeling biogeochemistry in low flow wetlands to understand treatment
efficiency is just as important, if not more critical than modeling hydrology.
Thus, our hypothesis is rejected for this particular treatment wetland.

References
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Water Table Variations and Carbon Dynamics in a Short Hydroperiod Sawgrass
Marsh under Present and Future Conditions in a land surface model.
Yan Liao and Stefan Gerber

Background

Modification of Hydrology and Land Surface to Mimic
Everglades marsh

Subtropical wetlands plays an major role in the global carbon cycle as
they accumulate carbon. There is a consensus that raised temperature
and the induced shift precipitation will change the biochemistry of these
wetlands. Process based models are excellent tools to explore potential
impacts of climate change or/and restoration options. Currently, there is
no process based model that is specifically applicable to subtropical
wetlands to understand their response to the environmental change

Soil Property

Fig.2 Modified Hydrology for Marsh CLM4.5

❖ Adopt an existing mechanistic model for a subtropical marsh wetland
❖ Improve the model’s characteristics to represent realistic land
surface and hydrology
❖ Calibrate the model with measured water levels and CO2 fluxes
❖ Test the influence of the changing climates

Hypotheses
Warmer and dryer climate may change this subtropical marsh wetland from
small carbon sink to a carbon source.
The influence of rainfall patterns change has bigger impact than a evenly
reduced precipitation

Taylor Slough(Ts)

Soil Color (max 20)

5

Sand content(%)
(top 10 layers)

10/10/10/10/10/4/4/4
/3/3

Clay content(%)
(top 10 layers)

13/13/13/13/13/12/12
/11/11

Silt content(%)
(top 10 layers)

77/77/77/77/77/84/84
/84/86/86

Organic Matter
0.05/0.05/0.05/0.05/0.
fraction(top 10 layers) 05/0.04/0.04/0.04/0/0

Topography

Objectives

Sites

Fraction of the
depression
Average depth of
depression (cm)

Fig 6. (top)Simulated and measure
net ecosystem exchange after model
improvement
Fig 7 (left) . Simulated and MODIS
measured LAI with observed water
table

40%
19

Setup soil texture, vegetation (60% sawgrass, 10% C4 grass,
30% bare ground), microtopography (40%depression area with
average depth 19cm)
Perched bottom without any bottom drainage
Inflow from adjacent area Qasr is added:

𝑄𝑖𝑛 = 𝑄𝑡𝑜𝑝𝑠𝑜𝑖𝑙 + (𝑄𝑎𝑠𝑟 × 𝑓)
𝑄𝑎𝑟𝑠 = 𝑄𝑡𝑜𝑝𝑠𝑜𝑖𝑙 × 𝑓𝑠𝑎𝑡𝑚𝑎𝑥 × exp −0.5 × 𝑓𝑑𝑒𝑐𝑎𝑦 × 𝑍𝑤
Where fsatmax is maximum saturation fraction of the upstream
area. Zw is underground water table depth, f is a scaler

𝑓𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 = 𝑓𝑤𝑎𝑡𝑒𝑟 − 𝑓𝑑𝑒𝑝

𝑓𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 = 0 for

𝑢

for 𝑓𝑤𝑎𝑡𝑒𝑟 > 𝑓𝑑𝑒𝑝

(1)
(2)

(3)

Tab 2 Climate condition of different Scenarios

Scenario

Details

H0
Current
condition
2008-2013

0.8R

2.5T

0.8R2.5T

LAI of Taylor Slough marsh is
around 1.5
No obvious change of LAI in
the dry year 2011
RP2 (Rain pattern change)

Small rain events(below
Tempera (Rain-20%) & average) were added to big Rain pattern
Rain-20%
ture +2 T +2.5
rain events. Total amount change & T+2.5
no change

(4)

𝑓𝑤𝑎𝑡𝑒𝑟 ≤ 𝑓𝑑𝑒𝑝

Community land Model -- CLM 4.5

Under ground water table depth (m)

Methods
Taylor Slough (25° 26' 16.50'' N,
80° 35' 40.68'' W) is a shorthydroperiod marsh that is flooded
from June to November. Both C3
macrophyte-sawgrass (Cladium
jamiacense) and C4 muhly grass
(Muhlenbergia calillaries) are codominating this sites. The annual
hydroperiod normally varies
between 180 to 300 days

TP2T2.5

Tab 1 Parameter values for carbon related process
Parameter

Description

Default

Calibrated

SLAtop

Top of canopy specific leaf area

0.03

0.01

Flnr

fraction of leaf N in RuBisCo

0.1365

0.08

Results

Processed based global biochemical and biophysical model
Wetland hydrology is not included in the current model version

Fig 3 Water table with default setting and
drainage turn off
Fig 4 (right) comparison of simulated and
measured water table

Fig 8 Calculated Annual Net primary productivity (NPP), Heterotrophic
respiration (HR) and net ecosystem exchange (NEE) under climate
change scenarios

Fig 9 Water table changes under
different scenarios

Discussion
The annual NEE , NPP are lower than the reported values, perhaps due to the
inaccurate parameter values we use. However, it is difficult to match both LAI
and production.
Our new hydrology modification show an ability to model the wetland hydrology.
But the model assumes the soil column is full saturated when there is water on
the surface. In reality, the surface could be dry even the rest of part is covered by
water puddles.
The scenario analysis show the response to climate change scenario was
modest. This resilience can also be found in the data where dry years have no
obvious effect.

Conclusion
Fig.1 Biochemical and energy balance in CLM

Reference:

Oleson, K. W., Lawrence, D. M., Gordon, B., Flanner, M. G., Kluzek, E., Peter, J., ... & Heald, C. L. (2010).
Technical description of version 4.0 of the Community Land Model (CLM)

Fig 5 Measured and simulated underground water table with
different scalar factor f (in equation (1))

Our new modifications enable simulating the water table variation and the
NEE for this subtropical marsh wetland.
This site may change from a carbon sink to source under warmer and drier
conditions
Even the total amount of precipitation was the same, the shift of rainfall
pattern will influence the C balance of wetland. This impact is more obvious
than reducing precipitation evenly

Plant fitness and nutrient effects of conventional and
sustainable fertilizers in seagrass restoration
Conor
1

Introduction

• Due to human impacts, Florida’s coastal
seagrass systems are “poor and declining”
(FWC, 2017). Seagrass restoration is
historically expensive ($80,000 to $1,600,000
per hectare) and difficult (38% success rate)
(Bayraktarov, 2015).
• Phosphorus enrichment can promote
seagrass growth (Armitage and Fourqurean,
2015). However, bird stake or slow release
fertilization have variable results and/or
pollute the surrounding ecosystem.
• Struvite (magnesium ammonium phosphate)
is a poorly soluble wastewater derivative
known for its agronomic value (Kataki et al.,
2016), yet never tested in seagrass
restoration.
• This study compared Osmocote to struvite in
a seagrass growth study.

1
MacDonnell ,

Franciszek

2
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Anna

Hypotheses

• Seagrass in plots fertilized with struvite would
have increased fitness (identified via shoot
counts) compared to plots fertilized with
Osmocote.
• Struvite would dissolve at a slower rate than
Osmocote (measured via total phosphorus).

and Dr. Patrick

•
•
•
•

Materials and Methods

Fertilization experiment conducted in 6.5 m wide mesocosm at the Whitney Laboratory, Marineland, FL.
Fertilized treatments received 0.5 mg/g DW phosphorus as either Osmocote or Struvite. Plots were
randomly spaced 0.5 m apart. Seagrass plots had 3 Halodule wrightii plants, each with five shoots.
Surface and porewater samples were taken bimonthly for 60 d, shoot counts were measured every 10
d. Samples were filtered (0.45 microns) and analyzed for total dissolved phosphorus.
Treatment differences were tested using a Kruskal Wallis test.

•
•

•

Results

1*
Inglett

Discussion

Significant differences in porewater
concentrations likely reflects higher
Osmocote solubility.
Osmocote treatments may have been
stressed from the degree of nutrients
dissolving at once; preliminary tests of total
dissolved nitrogen levels were also high.
However, the significant difference
between struvite and bare sand shoot
counts point to a fitness benefit conferred
to seagrass by struvite.

*
*
*

Figure 3- Seagrass shoot counts taken during this study (S= Seagrass control, SP= Osmocote treatment, SS=
Struvite treatment). By July 17th, struvite treatments were performing better than control and Osmocote
treatments (p < 0.02). There were no significant differences between the control and Osmocote treatments.

Figure 4- Planting Halodule in study (left), successful

Figure 1- Osmocote (left) and struvite granules (right).

Dr. Todd

3
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3 Whitney Laboratory for Marine Biosciences, Marineland, FL * Faculty advisor

Objectives

• Assess differences in the growth/fitness of
seagrass (Halodule wrightii) after addition of
struvite vs. Osmocote.
• Determine porewater phosphorus increases
caused by fertilizers in plots with and without
seagrass.

3
Thornton ,

deployment of experiment (right).

*

*

Figure 5- Comparison of above/belowground biomass

taken from bare sand and Osmocote (left), and struvite
(right).

*

Figure 8- Seagrass in struvite fertilized plot.

Conclusions and Future
Research

• Current results suggest struvite is a superior
fertilizer for seagrass restoration projects,
being less soluble than slow release
fertilizers while still improving seagrass
fitness.
• Future research will investigate effects of
lower doses, determine precise solubility in
seawater, measure sediment and tissue
samples for nutrients, and test both fertilizers
in a seagrass scar restoration study.
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Figure 2- Schematic of the mesocosm experiment. Inflow
was taken from offshore and entered through a biofilter,
reducing contamination. Residence time was 0.5-2 days,
while the mean TP of surface water was 0.035 ± 0.001
mg/L.

Figure 6- Average total phosphorus (TP) comparison for bare

sand (C), bare struvite (CS), bare Osmocote (CP), bare seagrass
(S), seagrass with Osmocote (SP), and seagrass with struvite
(SS).

Figure 7- Average total phosphorus levels without

Osmocote. Plots with seagrass and struvite were
significantly different from bare sand struvite (p= 0.003), and
were not significantly different from controls (p= 0.098).

• Armitage, et al. (2011) Ecosyst.,14(3), 430-444.
• Bayraktarov, et al. (2015 Ecol. Appl. Open Access.
• FWC (2017). Seagrass. URL:
http://myfwc.com/conservation/specialinitiatives/fwli/archive/taking-action/sav/.
• Kataki et al. (2016). Resour. Conserv. Recycl., 107,
142-156.

ALGINATE/GLOMALIN BIOBEADS:
A Determination of Structural Cohesivity, Nutrient Remediation Ability,
and Reapplication Viability
Kelly Mahan-Percivall (kmahanetcheverry@ufl.edu) and Jahangir H. Bhadha

Creating a closed system, including nutrient remediation
then effective reapplication, could reduce the
environmental impacts associated with food production
and increase the sustainability of current agricultural
practices.

Structural Cohesivity

Using algae to effectively bioremediate excess Nitrogen
and Phosphorous is well established as algae multiply
quickly in eutrophic conditions, accumulating the
nutrients in their biomass. However, microbial cultures
tend to disperse, negating their bioremedial effectivity, as
they eventually degrade, in the environment.

Methods

Maintained Viability

This initial series of experiments was designed to establish the feasibility of a
glomalin/alginate complex in the immobilization of bioremedial algal cultures. The
impacts of glomalin on the viability of Chlorella vulgaris and cohesivity of the biobeads
Viability of the cultures was not, observably, impacted by the introduction of glomalin.
Although there was a significant difference in the orthophosphate concentration
between the control groups and the experimental groups. No significant difference
was observed between the inoculated groups with and without glomalin. This
suggests that the introduction of glomalin did not impact viability. . No statistically
significant difference was observed in the cohesivity between the groups.

Bio Bead Cohesivity
Cohesivity scale (0-10)

Immobilizing algae in filters and mediums reduces
dispersal and allows easy harvesting of the accumulated
biomass. However, the disposal of filters and mediums
does not facilitate the recycling of valuable Nitrogen and
Phosphorous. Designing a system that harnesses the
nutrient absorbing properties of immobilized algae in a
format primed for reapplication could increase the
sustainability
of
land
uses
associated
with
eutrophication.

Methods

Phase I

Introduction
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0% G, 0% C

0% G, 50% C

10% G, 40% C

25% G, 25% C

6

45% G, 5% C

% Glomalin and % Chlorella vularis
5-Jun
14-Jun

1.Extract Glomalin from soil using 50mM sodium Citrate
solution. Aautoclave for 90 minutes @ 121 oC
2.Prepare 2% Sodium Alginate, and 3% CaCl Solutions
3.Prepare Beads
a.Chill CaCl solution to 4 oC
b.Mix Alginate/Chlorella/Glomalin soln. (%A/%C/%G)
i.100% A
ii.50% A/10% C/40% G
iii.50% A/25% C/25% G
iv.50% A/40% C/10% G
v.50% A/50% C/00% G
vi.Glass Beads
c.Using 5mL Syringe expel alginate solution dropwise into
CaCl solution.
4.Place 50 beads into 7 beakers with 500 mL of nutrient
solution for groups 1- 6
5.Remove 10 mL every 3 days for analysis
6.Test 3 beads every week using penetrometer.
7.At 6 weeks, remove beads.
a.Place Soil 1 and 2 in 3 beakers each from group 1-6
b.Track Germination and growth rate
c.Submit soil to lab for soil quality and nutrient analysis

Phase II

Considerations
• Inoculating sodium alginate beads with bioremedial
algal cultures has been an effective format for
immobilization. The beads maintain the viability of the
culture, may be placed at a strategic flow point, and
facilitate the harvesting of the resulting biomass.
• Alginate has been used as a soil amendment aiding in
the development of soil structure. Therefore alginate
beads loaded with nutrient rich algae may be a superior
amendment facilitating aggregate development and
reapplying nutrients lost from the system in runoff.
• When submerged, sodium alginate beads lose
cohesivity leaching nutrients back into the system then
dissolving. Although the time till leaching varies with
pH, salinity, temperature and other factors, maximizing
the time that sodium alginate can spend in a system
would increase the economic feasibility of installation.

Structural
Cohesivity

Maintained
Viability

Conclusions
Conclusions
Reapplication
Strategy

The phase I series of experiments was designed to establish
the feasibility of a glomalin/alginate complex in the
immobilization of bioremedial algal cultures and to
determine if glomalin had a positive impact on the
cohesivity of the biobeads. Viability, measured by the rate
of nutrient uptake by C. vulgaris was not, observably,
impacted by the introduction of glomalin. No statistically
significant difference was observed in the initial cohesivity
data, however a better means to determine cohesivity
would be necessary to establish if the introduction of
glomalin conferred a structural advantage.

Outcomes:

Penetrometer

Grams

6ppm Nitrate + 4ppm Phosphate
50% A
10% C
40% G

50% A
25% C
25% G

100% A

50% A
50% C
0% G

0% C
0% G

50% A
40% C
10% G
Glass
Bead

• Determining the impacts of reapplication on a soil
system are not yet known and should be explored.
Picture above adapted from Myaza.com

Track germination and growth.
Analyze: pH, Sodium, Nitrogen, Phosphate

Soil Type II

Soil, Water, Nutrient Management Lab
Shimatzu
Combustible
Analyzer

Soil Type
I

ICP-OES
Phosphate
Analysis

Phase II is designed to better test the parameters explored
in phase I of experimentation. A penetrometer will be used
to determine the cohesivity of the bead. Sample analysis
will determine Nitrate concentrations using a Shimatzu
Combustible Analyzer and ICP-OES will be used to
determine total phosphorous. The viability of reapplication
will be assess through the germination and growth rate of
seeds, and through soil quality analysis.

Design

Let’s Get Physical- Properties of Particle Interactions at the Calhoun Critical Zone Observatory
J.C. Pachon1, A.R. Bacon1, D.deB. Richter2, and S.A. Billings3

“The world is one giant interconnected clod of
wonder… A seamless and essential network
binding together matter, energy, and life.”
Astrophysicist Adam Frank on soil4.

1Soil

and Water Sciences Department, University of Florida
2Nicholas School of the Environment, Duke University
3Ecology and Evolutionary Biology, Kansas University

Figure 8: Close look at a soil pore4
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Figure 1: (a) The Calhoun Critical Zone Observatory NED7. (b-e) The locations of 10 deep
soil excavations utilized for this work3.

A Novel Method to Index
Fine Earth Aggregates (FEAs; aggregates >2 mm in diameter) &
Aggregating Particles (APs; primary particles that make FEAs)

A
E
Bt

Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid,
IGN, IGP, swisstopo, and the GIS User Community

Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid,
IGN, IGP, swisstopo, and the GIS User Community

Figure 2: (a & b) Particle size
distributions of each sample
determined by laser diffraction
twice: once after chemical
dispersion (PSDd) and once
without chemical dispersion
(PSDw). (c) The differences
between PSDd and PSDw are
compared to the minimum
detectable difference (MDD)
threshold across the fine Earth
fraction. (d) When differences
between PSDd and PSDw exceed
the MDD, diameter distributions
of FEAs and APs are isolated and
further analyzed. (e) When
differences between PSDd and
PSDw do not exceed the MDD,
diameter distributions of FEAs and
APs are not detectable.
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Figure 5: Vertical gradients in the median diameter I, range of diameters II, and presence of bimodal distributions III in fine
earth aggregating averaged by horizon. Letters (a,b,c,d) show statistical difference, p < 0.05 (Dunn’s test) and horizontal lines
express standard deviations in graphs I and II. The total number of samples with detectable FEAs, n, is presented in graph III.

Horizon

a

!
(
(
!
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I

E horizon
pH5,1 = 4.8 (4.1-5.1)
OC5 (%) = 0.7 (0.4-1.2)
Clay (% v/v) = 4.7 (2.7-8.1)

We hypothesize that the edaphic gradients that materialize vertically in soil during
pedogenesis will govern the nature and properties of micro-aggregation.

R2H1

Properties of Aggregating Particles

A horizon
pH5,1 = 4.8 (3.7—6.1)
OC5 (%) = 2.3 (1.2-6.7)
Clay (% v/v) = 4.6 (1.3-11.2)

Our objective is to comprehensively characterize the nature and properties of microaggregation in a network of highly weathered soil profiles.

Soil & Subsoil (0-7 m) Sampling at the Calhoun CZO

Fine Earth Aggregates & Aggregating Particles

Horizon

Biogeochemical processes that bind individual soil particles creates micro-aggregates
(usually defined as <250 um diameter). These micro-aggregates underpin the
existence of macro-aggregates (>250 um) and subsequently the structure, hydrology,
and elemental cycles of soils and ecosystems6. Although macro-aggregates have been
intensively studied, the nature and properties of micro-aggregates is remarkably not
well constrained, particularly with depth in soil profiles. Representations of these basic
soil physical units over the course of soil and landscape evolution are thus limited.

Figures 6: First row of graphs displays vertical gradients in the volumetric proportion I, median diameter II, and range of
diameters III in fine earth aggregates averaged by horizon. Second row of graphs presents the same physical properties as the
first row accounting for the median diameter of the aggregating particles. Letters (a,b,c,d) show statistical difference, p < 0.05
(Dunn’s test) and horizontal lines express standard deviations. Accounting for AP size, we find that the Bt horizon has the
highest amount of aggregation with the widest range of sizes.

Pedogenic Thresholds Related in the Calhoun CZO Fine Earth Aggregates & Aggregating Particles
SCAN QR CODES FOR INTERACTIVE PLOTS

a

Drivers of FEA Proportion

b

Drivers of FEA Size

c

Drivers of AP Size

Figure 7: Effects of organic carbon and clay content on FEA proportion (a), FEA size (b), and AP size (c) with the horizons color coded to show vertical
differences.
1. Over the course of soil formation three distinct micro-aggregate populations establish: in eluvial soil horizons (A and E) FEAs are
abundant, large, composed of large APs, and heavily influenced by organic C, in illuvial soil horizons (Bt) FEAs are also abundant, but they are small,
composed of small APs, and influenced by clay, in minimally weathered soil horizons (C horizons/saprolite) FEAs are rare, intermediate in size, and
composed of medium sized APs.
2. A threshold of 4-5% clay was found for FEAs formation at low organic carbon concentrations. Only particles < 5 μm participated in
aggregation in the lower horizons where geochemical processes dominate. These processes also lead to FEAs < 150
processes in the surface horizons leave behind cementing agents able to withstand drying, storing and slaking.
3. Previous aggregate characterization to soil < 2 mm was methodologically limited by sieves. Our novel method

250 μm boundary assumption

μm in diameter. Biological
allows is to bypass the

between so called stable micro-aggregates and less stable macro-aggregates7. In this study we found highly
stable fine earth aggregates > 800 μm in diameter.

Controls on mineral phosphate dissolution kinetics in aquatic systems
Sara A. Phelps1,2*, Todd Z. Osborne1,2
1Soil and Water Sciences Department, University of Florida, Gainesville, FL; 1Whitney Laboratory for Marine Biosciences,
University of Florida, St. Augustine, FL
Introduction
Mineral phosphate can comprise a large portion of TP in sediments;
however, the importance of this phosphorus pool to phosphorus
cycling and eutrophication has been largely unexplored:
• Up to 48% of TP in Lake Apopka sediments is associated with
apatite inorganic phosphorus (AIP),
• Up to 80% of TP in Lake Okeechobee is associated with AIP.

Results
Constituent Release Over Time
The change in constituents measured over time are summarized in Figures 1 through 3.
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Mineral phosphate stability in aquatic environments depends on
sediment and water chemistry, the composition of the phosphate
material, and physical weathering. Complex biogeochemical
processes can influence dissolution kinetics, including protonpromoted and/or ligand-promoted dissolution, aqueous metal-ligand
complexation, microbial acid production, and microbial metabolism.
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Since the release of phosphorus from apatite dissolution is thought to
control productivity in many ecosystems, the weathering process of
apatite minerals is critical to understanding aquatic nutrient
dynamics.
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Figure 1. Measurements of pH in batch reactors over
63-day experimental period
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Figure 2. Total flux of DOC (mg/L) in batch reactors over
63-day experimental period
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Figure 3. Total flux of F (mol/L) in batch reactors over
63-day experimental period

Dissolution Kinetics
Kinetic rates were calculated using the equation: ! =

'()

$% & '*

g-1, and m = mass of phase A in grams. To calculate '() /'*, the moles of Z at time point t, +,,. , can be determined by: (),* = (),*−# + ) * − ) *−# 1*−# (Eq. 2), where t =
a sampling time point, t-1 = previous sampling time point, and V = the volume of medium in the flask in liters. Dissolution rates were also estimated through curve-fitting by the
least-squares method, using the equation: 2 + $ # − 345 −6* (Eq. 3), where C = offset of the curve from 0, A = the amplitude of the curve, k = dissolution rate constant,
and t = time in seconds.
Table 2. Dissolution rates obtained from Eqs. 1
and 2 for Control and LHC batch reactors
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Hypotheses
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2) Collecting data for several constituents of interest will allow
researchers to better understand dissolution under natural
conditions and improve experimental design for future work.

F (mol

m-2)

0.025

1) Dissolution is controlled by unique variables, beyond pH and ion
activities, that are inherent in natural systems.
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Figure 5. Kinetics of dissolution reaction using SRP. Points
represent experimental results, solid lines represent
;
least-squares fit of the experimental data. All rates 78.::
(r).

Discussion
Based on the solubility product of fluorapatite (Ca5(PO4)3F ßà 5Ca2+ + 3PO43- + F-, Ks0 = 10-60.6), some researchers assume it is inert in natural systems. Based on our findings,
fluorapatite does undergo dissolution in the waters studied as illustrated in Figure 6, with several variables indicating potential controls on dissolution kinetics.

Methods
Batch reactors were used with conditions as described in Table 1.
Fluorapatite of the 150-500 µm size fraction was naturally derived and
XRD-verified. Specific surface area (SSA) was estimated by geometric
calculation. Biotic solutions were not filtered or chemically altered.
Reactors were not stirred or shaken. Initial conditions parameters as
well as those measured over time are described in Table 1. Constituent
release over time was used to interpret which parameters significantly
affect dissolution and to identify potential synergistic effects.
Table 1. Initial conditions for the batch dissolution experiment (n = 7)
Biotic

m-2 s-1)

SRP k (Eq. 3)

0.005

Figure 4. Kinetics of dissolution reaction using F. Points
represent experimental results, solid lines represent
;
least-squares fit of the experimental data. All rates 78.::
(r).

Photo 2. Typical blackwater stream conditions in
surface water systems of North Central Florida

(Eq. 1), where () = moles of element Z in solution, t = time in seconds, A = specific surface area of phase A in m2

SRP (mol m-2)

Photo 1. Exposed Hawthorn Group, a material high in
mineral phosphate, along the banks of stream channel

#

Control

300 ml water
300 ml DDI
(Newnans Lake, Lake Wauberg, and
+ 2 g fluorapatite
Little Hatchet Creek) + 2 g fluorapatite (chloroform-fumigated)
(n = 2 from each system)
(n = 1 )

Sample Parameters
pH, temperature,
SRP, fluoride, and
DOC

Fluoride
• Data indicate that F released in LHC is significantly greater than in the control (p = 0.038), Figure 3.
• Ri and k (F) is greater in LHC (Figure 4, Table 2), suggesting increased dissolution rates in that system.
• If 10% of the surface area of Newnans Lake is assumed to be covered with fluorapatite, dissolution using LHC Ri (F) results in a
concentration of 0.31 mg/L over the volume of the lake. This concentration is consistent with observed lake concentrations.
• Other parameters should be examined to evaluate the use of F to determine kinetics (e.g. Ca). While not subject to biotic processes,
secondary mineral formation (fluorite) may occur. The remaining solid should be studied using XRD to determine this.
Carbon and SRP
• All natural waters exhibited DOC uptake (Figure 2), suggesting that biotic processes are occurring which consume DOC.
o LHC pH is ~ ½ unit above other samples Figure 1) . pH was not found to have a significant relationship with constituent fluxes.
However, LHC does exhibit the greatest DOC loss rate and F flux. This could be preferential release of Ca by bacteria/algae.
• DOC flux/uptake plays a role in SRP flux in reactors with natural waters (r2 = 0.90).
• Kinetics in LHC are hyperbolic suggesting regulation by microbial metabolism (Figure 5 and Figure 4).
• k (SRP) in LHC is an order of magnitude greater than k (SRP) in the control (Table 2), suggesting the magnitude of the role
microbial metabolism may play.
• Assuming conditions described for F above, LHC Ri (SRP) results in a concentration of 0.06 mg l-1, consistent with observed concentrations
during winter. To obtain observed summer in-lake SRP concentrations (~0.3 mg l-1), R lies between Ri and k, approximately 1.15 x 10-8.

Figure 6. Conceptual illustration of
fluorapatite dissolution

Carbon fluxes in a karst wetland: Implications for local
wetland basin formation and landscape pattern development
Carlos Quintero1, Matthew Cohen2, Todd Osborne1
1Soil and Water Sciences, University of Florida 2School of Forest Resources and Conservation, University of Florida

Contact: carlosjquintero@ufl.edu

Introduction
Carbon
Storage and
Aqueous
Respiration

Water
Availability

Regularly patterned landscapes, such as Big Cypress, are thought to result from feedback loops that
work to regulate environmental conditions at varying scales. We hypothesize that greater subaqueous
respiration at wetland feature centers has resulted in increased rates of chemical erosion and
consequently is responsible for regulating water availability at these locations, resulting in a short
range positive feedback. To better understand the variation in carbon cycling as landscape position
changes we continuously sampled three wetland features along transects extending from the center of
our wetlands of interest into the surrounding upland. Soil respiration data was collected over the
course of three years, sampling was completed every three months, our data is also supplemented by
leaf litter trap, water level, calcite tablet and soil core data that were collected from our domes of
interest during the study period. Current results indicate that the centers of wetland features, while
comparable in terms of respiration rates to the greater landscape, act as hotspots for subaqueous
respiration due to the long hydro-periods at those locations.

Feature Expansion

Water
Limitation

Objectives

Background
Carbon cycling in wetlands is controlled by spatial and temporal
patterns in inundation and influences many aspects of ecosystem
function including soil development, nutrient cycling, and
feedbacks on hydrology.

To elucidate the
effects of hydroperiod
and carbon
availability on basin
expansion and
landscape pattern
development on the
Big Cypress national
preserve.

The spatial aspects of carbon cycling in Big Cypress is of
particular interest because the wetland basins in which cypress
domes reside in are thought to form via focused dissolution of
carbonate bedrock that is driven by water availability and organic
matter respiration.

Discussion
Wetland conditions are ideal for accelerated
weathering of underlying carbonate
platform.
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•

Cypress
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Water and Carbon Availability at Feature
Centers may accelerate weathering while
absence of water at feature edges may
inhibit weathering.
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the evasion of CO2 gas to the atmosphere
and result in elevated CO2 concentrations in
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Results

0.9

0
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RP1 Site

Respiration Summary (g C m-2 h-1)

Center

Cypress

Marsh Cypress

Carbon storage and respiration rates vary as a
function of landscape position
Respiration at feature centers comparable to
respiration at edges
Centers experience more subaqueous respiration
that may fuel weathering as opposed to edges

Upland

•

More calcite mass loss at
feature centers than edges
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DNDC simulation of soil carbon in subtropical
rangelands of Florida requires adjustments in growth
and decomposition parameterization
Dipti Rai1, S. Gerber1, M.L. Silveira2, K.S. Inglett1 and Patrick W. Inglett1*
1Department of Soil and Water Sciences, University of Florida, Gainesville, FL
2Range Cattle Research and Education Center, University of Florida, Ona, FL

INTRODUCTION

7

2

4

➢ Grazing lands are among the largest ecosystems in the world
covering approximately 20 to 40 percent of the earth's land area
(FAOSTAT 2009) and contain about one-third of global carbon
reserves (Schlesinger 1977).
➢ Modeling studies that focus on subtropical grazing land systems
are rare and testing process-oriented models for these systems
(which have been typically developed and applied for temperate
systems) is critical.

3

8

OBJECTIVE

Observed CO2 flux= 4352 kg C ha-1 yr-1
Modeled CO2 flux= 5250 kg C ha-1 yr-1

➢ Adapt the DeNitrification and DeComposition (DNDC) model to
subtropical grazing land ecosystems.

HYPOTHESIS
➢ The DNDC model can be easily modified to reproduce soil carbon
storage and fluxes in a subtropical grazing land system.

MATERIAL AND METHODS

Figure 2. Automated chambers for soil CO2 flux measurement; Figure 3. Combined LICOR
8100 and Gasmet DX4015 for measuring soil GHGs fluxes; Figure 4. Soil core showing
different depth.

RESULTS AND DISCUSSION
5

Observed SOC stock= 31 Mg C ha-1
Modeled SOC stock = 48 Mg C ha-1

Figure 7. Adjusted DNDC baseline simulation based on observed values Figure 8. Adjusted
soil CO2 flux in native rangelands.

➢ The model-data fit required faster than the model’s default
decomposition rate, but also lower initial conditions of soil organic
carbon to achieve soil carbon stock at equilibrium.

➢ The experimental site is located at the University of Florida Cattle
Research and Education Center in Ona, FL with native rangelands
(woody and non-woody perennial plant species mainly Sereona
repens), never fertilized with minimal grazing.

➢ The results lead to a steady state for soil CO2 flux ~4352 kg C ha-1
yr-1 when simulated out to > 200 years with higher than the model’s
intrinsic maximum growth rate.

CONCLUSION

1
6

➢ We conclude that in adapting DNDC to subtropical systems, the
model’s basic set up seems to underestimate the vigor of both
growth and decomposition.
➢ Since DNDC was developed primarily for temperate cropland, our
analysis suggests that the transfer to warmer system and
application for global change scenarios needs to be carefully
evaluated.

Figure 1. Experimental site showing subtropical rangelands at Ona, FL.

➢ Random soil cores were collected from each plot and partitioned at
the site based on the depth (A1, A2, E and Bh horizons).
➢ Soil CO2 flux was measured in situ by using LICOR 8100 and
Gasmet DX4015 for measuring CO2 fluxes.
➢ We applied DNDC model and modified initial conditions,
decomposition rates, vertical distributions of soil organic carbon, as
well as maximum growth rates to bring model and data in better
agreement.

REFERENCES
Figure 5. DNDC baseline simulation (up to 226 years) on soil carbon stock in native
rangelands; Figure 6. SOC stock in native rangelands and improved pastures at different
depth.

➢ The baseline simulation (226 years) showed that the model was
able to achieve a steady state at ~ 48 Mg C ha-1 (with and without
fire supply in the model).

➢ The observed field data showed the soil carbon stock at ~ 31 Mg C
ha-1 with depth in the native rangelands.

➢ FAOSTAT. 2009. Statistical Database 2007. Rome.
➢ Schlesinger, W. H. (1977). Carbon balance in terrestrial detritus. Annual review of ecology and
systematics, 8(1), 51-81.
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Stakeholder Survey of Impacts Resulting from Coastal Erosion:
User Perceptions Prior to Living Shoreline Intervention.
Vita Repina Dr. Mark Clark

Introduction
Coastal erosion caused by storms, sea level rise, and loss of natural barriers such as vegetation and oyster habitat can especially impact the state of Florida, compromising the
environment of the shore and leaving property owners at risk for damage. Various options can be used to stabilize the decrease in sand sediment from the shoreline; however, a living
shoreline provides multiple ecological benefits including carbon sequestration, wildlife biodiversity enrichment, and wave energy dissipation. The island of Cedar Key, FL is susceptible to
coastal erosion with one location in particular being G-Street, a busy road encompassing many commercial and residential developments important to the community shown in Figure 1.
The towns small population allows for more intimate local involvement in the planning and initiation of restoration processes. Interest in the community to implement a living shoreline
on G-Street was shown through informative stakeholder workshops in 2017 and 2018. To determine perspectives of both tourists and residence concerning the many characteristics of
the G-Street shoreline a preliminary survey implemented during the months of June, July, and August of 2018. The same survey will be conducted in the future after completion of the
living shoreline to determine if and how user perceptions have changed.

Objectives

Results

o Preliminary surveys were aimed at assessing the
opinion of both visitors and local residents of Cedar
Key on the usability, accessibility, aesthetics,
protection, and environmental aspects of G-Street.
o This 40-question survey gave us the ability to
understand why the general public came to this
shoreline, what they like and dislike about the
shoreline, and whether they think this is an example
of a living shoreline.
o After the implementation and completion of a living
shoreline on G-Street as proposed in Figure 3, we will
conduct a post survey to measure the perspective of
the general public towards the changes made.

Q1. Would G-Street benefit from addition of a living shoreline?
a. 50.9% = NA
b. 32.1% = yes
c. 11.3% = no
Q2. Have you heard of a living shoreline?
a. 52.8% = no
b. 34.0% = yes
c. 13.2% = NA
o 54 total surveys collected.
Figure 3: Proposed living shoreline project for G-Street

Figure 2: Conduction of surveys

Least Favorite Part of Shoreline
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NA/ None
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3.5

View
Nature, Plants
Relaxing Atmosphere

3.33

3
2.5
2
1.5
1
0.5
0

2.45

Usability

Accessibility

Aesthetics

Protection Environmental

What Would You Change?
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Table
1A:
Shoreline
Functions
( values represent average response from a scale of 1 to 5 )

25%

26%
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9%
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9%

10%

17%

23%

Figure 1: G-Street shoreline during low tide

Methods
o Questionnaire survey format with both open and
closed-ended questions.
o Random sampling of population.
o Sample includes locals and residents of Cedar Key.
o Personal interviews during multiple times of day as
shown in Figure 2.
o Statistical data was recorded in Microsoft Excel.
o All responses are categorical.
o Closed-ended questions were averaged; openended questions were divided by total sample.

Conclusion

Acknowledgement

The results of the preliminary survey showed that the majority of the population:
o Does not like rocks, rogue structures, or oyster and clam shells on the beach.
o Would add more sand to the shoreline, while the second largest category would
remove the rocks currently present.
o Have NOT heard of a living shoreline, and
o For those who are aware of what a living shoreline is, more than 30% would agree
that the G-Street shoreline would benefit from having one.
o Ratings higher than 3 for functional categories suggest individuals perceive the
existing shoreline is beneficial in these aspects (Table 1A).
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Student Compost Cooperative – Reducing
UF’s Ecological Footprint
Sierra Richardson 1 and Ann C. Wilkie 2
1 Soil

and Water Sciences Major, College of Agricultural and Life Sciences
2 Faculty Adviser, Soil and Water Sciences Department, University of Florida-IFAS, Gainesville, Florida

Composting is a natural decomposition process in which organic wastes
decompose into a nutritious soil amendment. Nutrients in organic wastes
such as food scraps (primarily fruits and vegetables), as well as
shredded paper and cardboard for carbon addition, can be recovered
and recycled for use in agriculture, horticulture and urban gardening.
When food scraps are disposed in landfills, they produce sizable
amounts of harmful methane gas because they undergo anaerobic
decomposition. Composting solves this issue by allowing plenty of
oxygen into the system through consistent turning, which reduces
methane emissions. Not only does compost enrich the soils with organic
matter and improve water retention, it also significantly reduces landfill
disposal of organic waste and demand for commercial fertilizers, thereby
reducing society’s reliance on fossil fuels and paving the path toward a
sustainable future. The Student Compost Cooperative (SCC) is a
cross-disciplinary education and outreach program established by the
Soil and Water Sciences Department, UF-IFAS, that fosters sustainability
and nutrient upcycling through composting and sustainable gardening.
The SCC strives to popularize sustainability and composting through
educational demonstrations and social media. The SCC also provides
free garden plots for students at the BioEnergy and Sustainable
Technology (BEST) Laboratory, and encourages them to compost their
food waste and use the finished product for their own organic gardens.
All students and staff are invited to participate in the SCC to make the UF
campus a more sustainable community.

The Student Compost
Cooperative (SCC) is a
student-run program that
encourages composting
through outreach and
provides hands-on learning
experiences with compost at
the BioEnergy and
Sustainable Technology
Laboratory.

Key factors to an efficient
compost:
• Temperature: Warm
temperatures allow microbial
organisms to thrive
• Substrate: Organic matter
including food scraps, paper,
cardboard, coffee grounds
• Moisture: Slightly moist
• Carbon: Adding leaves and
other carbon-rich materials
provides bulk density and air
spaces
• Mixing: Decomposition occurs
faster by distributing substrates
and oxygen to microbes

• Educate students and faculty on
the tangible effects of composting.
• Provide life lessons of care, hard
work, and patience.
• Provide a relaxing and naturecentered environment.
• Emphasize sustainable practices.
• Connects us back to our roots.
What's in our gardens?
• Bell Pepper
• Strawberry
• Pineapple
• Lavender
• Broccoli
• Kale

Special Feature!
SCC Rain Harvester!
• Our rain harvester provides fresh
water for the plants in the
gardens.
• Teaches students and faculty
about self-sustainability.

Hands-on experience at the SCC

Visit our website:
http://biogas.ifas.ufl.edu/SCC

Students and faculty can
compost their own food
waste and in exchange
receive the finished compost
for their own gardens.

• Enriches soils with nutrients and
organic matter
• Retains soil moisture and helps
prevent nutrient leaching
• Decreases landfill waste and
methane emissions
• Provides a sustainable alternative
to commercial fertilizers

The Student Compost Cooperative aims to create a
sustainable UF Community through composting food
waste, organic gardening, and educational outreach.

Facebook:
UF Student Compost Cooperative

Bananas grown with SCC compost

You’re never too young to
start composting !

Come to the facility!
2610 SW 23rd Terrace
Gainesville, FL 32608.
The SCC is an outdoor facility
located at the BioEnergy and
Sustainable Technology
Laboratory in the UF Energy
Research and Education Park.

Es$ma$ng Isotherm Parameters from Soil Test
Data across Eastern and Central United States
1Soil

Amanda

•
•
•

Materials and Methods

Determina*on of Langmuir isotherms is tedious and
*me-consuming
Protocol developed for sandy FL soils using simple
extrac*on methods to es*mate isotherm parameters,
e.g., KL, the strength of P bonding (Dari et al., 2015)
Soil P storage capacity (SPSC; maximum amount of P a
soil can retain before posing an environmental risk) is
calculated from P, Fe and Al in a Mehlich 3 (M3) solu*on
SPSC calcula*ons are based on a threshold PSR value;
value is 0.1 for FL and soils from eastern & central US
(Dari et al., 2018)

Hypothesis
•

It is possible to obtain isotherm parameters from soil
test data for soils of eastern & central US (threshold PSR
is 0.1 for all soils)

Objec$ves
•
•

Vimala

1
Nair

and Water Sci. Dept., U of Florida, Gainesville, FL

Introduc$on
•

1*
Rodriguez ,

Analysis
•
Soil treated with 0.01 M KCl solu*on
containing 0, 0.1, 1, 5, 10, 25, 50, 100 mg P L-1
added as KH2PO4
•
Placed in a mechanical shaker for 24 hours,
centrifuged, ﬁltered through 0.45-μm
membrane ﬁlter
•
Analyzed for soluble reac*ve P
Isotherm Parameter Calcula$on
• S = (SmaxKLC)/(1+KLC) where C is the concentra*on
of P a^er 24 h equilibra*on (mg L-1)
Linear Equa$on
• KL = 0.03(SPSC)-0.15 (Dari et al., 2015)
SPSC Calcula$on
-1
• SPSC (mg kg ) = (Threshold PSR – Soil PSR)*
[(M3-Fe/56)+(M3-Al/27)] * 31 where
PSR= (M3-P/31)/((M3-Fe/56) + (M3-Al/27))

Construct isotherms and calculate KL, equilibrium P conc.
(EPC0), P sorp*on maximum (Smax) & SPSC for surface
soils (varying textures) from eastern & central US
Evaluate rela*onship applicability between SPSC and
isotherm parameters previously obtained for all soils
Table 1. Soil Texture, pH, EPC0, Smax, & KL calculated for soils
from Florida, Georgia, Arkansas, Maryland, & Pennsylvania

Fig. 1. P-impacted soils collected from: Citra, FL (#1, 3
samples), Quincy, FL (#4, 1 sample) Georgia (#5, 3
samples), Arkansas (#8, 3 samples), Maryland (#11, 1
sample), and Pennsylvania (#12, 3 samples)

Soil
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Location

Soil Texture

Citra, FL
sand
Citra, FL
sand
Citra, FL
sand
Quincy, FL
sand
Georgia
loam
Georgia
loam
Georgia
loam
Arkansas
silt loam
Arkansas
loam
Arkansas
loam
Maryland
loam
Pennsylvania sandy clay loam
Pennsylvania loamy sand
Pennsylvania loamy sand

pH EPC0

Smax

KL

4.89
5.32
5.44
5.82
6.14
5.96
6.47
4.3
5.00
5.00
4.62
5.12
4.95
4.66

178.6
144.9
109.9
145
65
0.2
109.9
121
179
278
370
108
357
588

0.07
0.07
0.13
0.05
0.18
0.00
0.09
0.09
0.06
0.04
0.03
0.22
0.03
0.02

3.4
16.6
23.4
7.6
77.2
12.1
40.8
11.0
14.6
10.3
7.1
1.7
8.6
5.3

Results and Discussion
• P sorp*on curves diﬀer with soil
texture in this study (Fig. 2)
• EPC0 values were high for most soils
(Table 1)
• The P-impacted soils in this study were
in the lower range of the SPSC /KL
rela*onship (Fig. 3)
• Obtaining isotherm parameters from
soil test data using the earlier
rela*onship may not be accurate for
these surface soils.

Implica$ons
• Accurate and *me-eﬀec*ve means of
es*ma*ng isotherm parameters, KL,
are diﬃcult to obtain on high Pimpacted soils (high EPC0)
• Further studies are needed to see if the
linear equa*on can be used as a fast &
cost-eﬀec*ve means for unimpacted
and subsurface soils (high posi*ve
SPSC; high KL) of this region
• Ongoing experiments are tes*ng the
procedure for high P retaining tropical
soils as well

Acknowledgments
Fig. 2. P sorp*on curves from four soils with diﬀerent textures.

• Soils of eastern and central US were obtained
from an ongoing USDA-NIFA study (Award #:
2016-67019-25262)

y=0.03x-0.15
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Fig. 3. Current data (black dots) are superimposed on the SPSC and KL rela*onship for
Florida soils. Note: Unlike values for the P-impacted soils in the current study, the
SPSC for surface FL soils were all nega*ve
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3:70. doi: 10.3389/fenvs.2015.00070
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A Model of Soil Subsidence for a Subtropical Drained Peatland
Andres F. Rodriguez1, Stefan Gerber1, and Samira Daroub2
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Soil and Water Science Department, University of Florida, Gainesville, FL
2 Everglades Research and Education Center, University of Florida, Belle Glade, FL
Background Information
 Peat deposition in the Everglades began 5000 years before present (YBP) at
0.08 cm yr-1 (McDowell et al., 1969).
 Drainage of the EAA which triggered soil subsidence began in 1914 with
gravity drainage and was improved in the following years with water pumps.
 Subsidence in the EAA has been dominated by the processes of compaction
and oxidation.
 Changes in cultivated crops and water management throughout the last
century have affected subsidence rates.
 Subsidence rates have been reduced from 2.5 cm yr-1 in the 1950s to 1.45
cm yr-1 in the 1990s (Shih et al. 1998).

 change in height (dH) determined
by biomass input (G), decomposition 𝑑𝐻𝑖 = 𝐺𝑖 − 𝑟 𝐻 − 𝑐 + 𝑤
(1)
𝑖 𝑖
𝑖
𝑖,𝑗
𝑑𝑡
𝜌𝑃
(r), compaction (c), and by the new
peat exposed to drained conditions
𝐻𝑠
(W) (equation 1).
(2)
𝑐
=
𝑘
(𝜌
−
𝜌
)
𝐹
𝑠
 Compaction is formulated as a linear
𝜌𝑠
process (equation 2).
 Decomposition is temperature
(𝑡𝑠−25) / 10 (3)
𝑟
=
𝑟(𝑏𝑎𝑠𝑒)
𝑄₁₀
dependent using a Q10 approach.
(equation 3)

 The optimization processes rendered values of 0.078 cm yr-1 for
predrainage biomass input and 0.028 yr-1 for aerobic decomposition.
 Simulated predrainage peat accretion reaches 257 cm of peat.
 Simulated peat height for 2018 is 60 cm.
 For the years 2008-2018 simulated subsidence rate is 0.65 cm yr-1.
 G0 affects subsidence by
affecting predrainage peat
height.
 Compaction parameters
(k, ρp, and ρF) affect
subsidence but cannot be
controlled by managers.

Figure 3. Biomass input
and water table depth for
(1914-2018) based on
historic data.

 Three parameters:
biomass input from
sugarcane (G0 sug),
aerobic decomposition
rate (r1), and water table
under sugarcane (Z0 sug)
could , under the current
conditions be modified by
managers to improve soil
conservation in the EAA.

Table 1. Parameters, values, and sources of values used
Parameter
Predrainage biomass input

Figure 1. Map of the Everglades
Agricultural Area

Objectives
1) Apply a model of peat dynamics using formulations from prior models to
the EAA.
2) Explore parameter estimation based on information of peat height
through time
3) Identify the different factors that affected past and current peat
dynamics and assess their contribution to soil subsidence.
4) Evaluate soil subsidence rates under different future management
scenarios.

Biomass input from
vegetables
Biomass input from
sugarcane
Predrainage bulk density
density of peat after
compaction

Symbol

Value

Units

0.078

cm yr-1

0.073

cm yr-1

0.73

cm yr-1

0.1

g cm-3

0.35

g cm-3

0.016

yr-1

0.028

yr-1

1.8 x 10-5

yr-1

Z0

2
0

cm

Z0 ini.

60

cm

Z0 sug.

30

cm

G0
G0 ini.

ρP

Childers et al.,
2006
Aich et al., 2013

ρF

Lucas, 1982

G0 sug.

Compaction rate

k

Aerobic decomposition rate

r1

Anaerobic decomposition
rate
Q10
Predrainage water table
Water table from 1914 to
1975
Water table from 1975 to
2018

Source
Optimization
process

Optimization
process
Optimization
process

r2
Volk, 1973

Figure 6. Sensitivity for the 2004-2014 subsidence rate, a)
results produced by doubling of parameters, b) results
produced by halving of parameters.

Results
Peat buildup phase
Figure 7. Simulation of future management scenarios. H: business as usual, SC1: higher water
table, SC2: incorporation of sugarcane aboveground residue, SC3: improved cover, SC4: SC1 +
SC2, SC5: SC1 + SC3, SC6: SC2 + SC3, SC7: SC1 + SC2 + SC3.

1954

2014

1968

Figure 2. Subsidence post set in 1924 in the Everglades Agricultural Area, Belle
Glade, FL. Images from Stephens (1956) and Wright and Snyder (2009).

Methods
Figure 4. Simulation of peat accretion and subsidence. Red points indicate peat
accretion data from McDowell et al. (1969) used in the optimization process.

Acrotelm
Peat
height

Catotelm

The Hilbert et al. (2000)
model was expanded by
introducing an intermediate
third layer between the
acrotelm and the catotelm
that experience drainage
and compaction as soil
subsidence progresses.

Conclusions
Subsidence phase

 Our simulated predrainage peat height is within the range of
average peat height previously estimated for the EAA.
 Practices that increase biomass inputs and allow for higher water
tables can reduce subsidence rates in the EAA.
 Our soil subsidence model could be improved by the use of
seasonal water tables, and by determining the role of different C
pools in the subsidence process.

Literature Cited

Figure 3. Diagram showing peat
layers from Hilbert et al. (2000).

Corresponding author: Andres Rodriguez, afrodriguez@ufl.edu

 Under a BAU scenario the simulated peat height 50 years from now
would be 25 cm.
 Increasing biomass inputs into the soil is the individual practice that has
the highest potential to reduce subsidence rates.
 The three management strategies (higher water tables, higher biomass
input, and improved cover) have additive effects.

Figure 5. Simulation of soil subsidence. Red points represent calculated subsidence
based on previous studies of soil subsidence.

McDowell, L. L., Stephens, J. C., & Stewart, E. H. (1969). Radiocarbon chronology of the Florida
Everglades peat 1. Soil Science Society of America Journal, 33(5), 743–745.
Shih, S. F., Glaz, B., & Barnes Jr, R. E. (1998). Subsidence of organic soils in the Everglades
Agricultural Area during the past 19 years. In Proceedings.

Seasonal Variations in Soil Enzyme Activities and
Carbon Fractions in Sub-Tropical Grazing Lands
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Introduction

Results
Table 1: ANOVA results for enzyme activity (BGA, CBH, NAG, and LAP), C fractions
(CWEC, HWEC, and AEC) and microbial biomass C (MBC) for season and management
(MGT). *p < 0.05; **p < 0.01; ***p <0.001.

Hypothesis
 Microbial activity will be higher during the hot and wet compared
to the cold and dry season and is affected by the changes in
quality and quantity of substrate under different management
practices such as vegetation, addition of Nitrogen (N) and grazing.

A

B

Materials and Methods

*CWEC, cold water extractable carbon; HWEC, hot water extractable carbon;
AEC, acid extractable carbon; BGA, β-Glucosidase; CBH, Cellobiohydrolase;
NAG, N-acetyl- β-D-glucosaminidase; MBC, microbial biomass carbon.

Results and Discussion

Objectives
 Determine the impacts of long-term management practices in
grazing lands on soil carbon fractions, and enzyme activity
 Analyze the changes in enzyme activity and C fractions during
different seasons.

Table 2: Pearson correlation coefficients (r) for different soil properties for
native and improved pastures

Figure 2: A) Soil moisture (g/g) and B) average monthly temperature (max &
min) data during different seasons.

A

B

C

D

 Management systems:
1. Native rangeland: Woody and non-woody perennial plant
species, never fertilized and has minimal grazing
2. Improved pastures: Non-woody perennial grass species only,
receives 67 kg N ha-1yr-1 fertilizer, and has intensive grazing.

 Labile source of carbon (CWEC and HWEC) were significantly
higher in improved pasture compared to native rangeland during
all seasons except Jan probably due to the higher turnover rate
of bahiagrass during growing season, more input of root
exudates due to higher root to shoot ratio of bahiagrass and
manure addition due to grazing.
 Enzyme activity of C acquiring enzyme (BGA) and N acquiring
enzyme (LAP) responded to the availability of labile substrate
(CWEC and HWEC) and similar trend was observed where the
activities were higher in improved pasture.
 Seasonal differences in enzyme activities were observed due to
changes in soil moisture and temperature as well as substrate
availability as affected by the changes in management practices
(N fertilizer addition and grazing intensity) and plant growth
during different seasons.
 The ratio of percentage of labile carbon (CWEC, HWEC, and AEC)
to residue carbon (RC) was also impacted by the management
practices and seasons. This ratio decreased with depth indicating
the higher availability of labile carbon due to more
decomposition and root activity in surface horizon.

Conclusions
Figure 2: A) Native rangeland, B) Improved pastures.

 Soil sampling: Samples were collected from A1, A2, E, and Bh
horizons during March and Sept 2017, and Jan and July 2018.
 Soil analysis:
 Extracellular enzymes
• β-Glucosidase (BGA)
• Cellobiohydrolase (CBG)
• N-acetyl- β-D-glucosaminidase (NAG)
• L-leucine aminopeptidase (LAP)
Carbon fractions
• Cold water extractable carbon(CWC)
• Hot water extractable carbon (HWE)
• Acid extractable carbon (AE)
 Microbial biomass carbon (MBC)

Figure 3: A) Cold water extractable carbon, B) Hot water extractable
carbon, C) Enzyme activity of C acquiring enzyme (BGA), and D) nitrogen
acquiring enzyme (LAP) as affected by the management practices and
seasons.

A

B

 Long term improved pasture promoted the activity of C and N
acquiring enzymes compared to native rangeland.
 Seasonal variations in temperature and moisture along with the
quality of substrate affected soil microbial activity.
 The higher microbial activity in improved pastures improve soil
health by increasing the nutrient cycling.

Future work
 Determine the effect of climate change factors (shifts in
precipitation and elevated temp.) on soil microbial structure,
abundance and function under two management systems.
Figure 4: A) Percentage change of different C fractions (CWEC, HWEC, AEC, and
RC) in improved pasture and native rangeland at different depth B) Percentage
change in improved pasture and native rangeland during different seasons.
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DNA-BASED METHODS USED TO EXPLORE THE ROOT AND SOIL MICROBIOME
IN SOD-BASED-ROTATION SYSTEM
Neetika Thakur, Chih-Ming Hsu, Zane Grabau, Lesley Schumacher, David Wright, Ian Small, Hui-Ling Liao
Soil and Water Science Department, North Florida Research and Education Center, University of Florida, Quincy, FL, USA
E-mail: neetika.thakur@ufl.edu

Benefits of Sod-based-rotation
(SBR)

 Applicable to a wide range of soil types
 An effective practice to control plant-parasitic nematodes and plant
diseases and reduce overall pest problems.
 Increase crop yield and improve soil properties.
 Peanut in the bahiagrass rotation had improved grade quality
characteristics.
 Even though cotton yield did not increase, cotton plant growth was
improved with a larger root biomass in the bahiagrass rotation
compared with the conventional rotation.

The Scope of The Study

 It is likely that Sod-Based-Rotation (SBR) can benefits the
belowground biodiversity and subsequently improve microbial-driven
soil nutrients and disease resistance to crop plants. However, how
does SBR system affect the belowground activities are largely
unknown. In this study, we will apply next generation sequencing
approach to study the biodiversity of soil microbial community
underlying SBR system vs. conventional system.

The Experimental Field Site In This
Study

 The soil and cotton root samples were collected from the
experimental sites located at the North Florida Research and
Education Center in Quincy, FL on a Dothan Sandy loam (fine, loamy
silicious, thermic Plinthic Kandiudults)
 Before 1999, the field has been in a conventional tillage/winter cover
cropping sequence for several years.
 The rotation plots were established in 2000 and consisted of
bahiagrass rotation with peanut and a conventional cotton-peanut
rotation.
 The cropping sequence for the bahiagrass rotation was cotton in the
first year followed by bahiagrass for two consecutive years and
peanut in the fourth year.
 The conventional rotation consisted of growing peanut in the first
year, cotton for the two years followed by peanut in the fourth year
 The study is a complete block design with a modified split-plot
arrangement (crop rotation phase by irrigation by nematicide for
select phases)

Summarized Methodology
A. FIELD SAMPLE COLLECTIONS
a. For Cotton Roots
Fine roots
Wiped
rinsed with
using
sterile water Kimwipes

Split into
1feet sections
in the field

Geoprobe will be used
to take out soil core upto
4 feet depth
Put the soil samples
in 2ml Eppendorf
tubes

Take out sample (about 100mg) from
-80C and put in liquid N2

Add 60μl Solution C1
Vortex at maximum speed for 10 min
Centrifuge at 10,000rcf for 1min
Transfer the supernatant to 2ml collection tube

Use genome grinder to homologize
samples 3set  30 sec each

Add 0.8 ml CTAB
Vortex gently
Incubate at 65C, 10-15 min
Add equal volume of Chloroform:isoamyl
alcohol (24:1)
Mix by hand shaking for milky color
Centrifuge at 13550rpm for 10 min
Recover top phase (water phase) to new
2ml tube
Add equal volume of 2-propanol
Turn upside down to precipitate DNA
Centrifuge at 1500 rpm for 10 min
Wash DNA pellet using 80% Ethanol

Mark the location of the pellet
Turn upside down on clean paper

Elute DNA pellet using DNAse/RNAse
free water/TE buffer

Add 250μl Solution C2
Vortex for 5 second
Incubate  -20C for 2min  4C for 5 min
Centrifuge at 10,000 rcf for 1 min
Avoiding pellet, transfer upto 600μl
supernatant to clean 2ml collection tube

Add 200μl Solution C3
Vortex briefly
Incubate  -20C for 2 min  4C for 5 min
Centrifuge at 10,000rcf for 1 min
Avoiding pellet, transfer upto 750μ
supernatant to clean 2ml collection tube

Shake Solution C4 before use and add 1200μl
Vortex for 5 second
______
| Repeat
Load 675μl on MB Spin Column| until
| all of the
| sample
Centrifuge at 10,000rcf for 1min | has been
Discard the flow through _ ____| processed
Add 500μl Solution C5

Put in Eppendorf
with 3-4 Zirconia
beads

Immediately freeze dried using
liquid N2 and store in -80C
b. For Soil

B. DNA EXTRACTION
a. For Root (in house CTAB protocol)

DNA is ready for downstream
applications
b. For Soil (DNeasy®Power Soil® kit, Cat no. 12888-100)

Mix the soil
from 2-3 locations
in a field

Immediately put in liquid N2
and store in -80C

Take out sample from -80C and
Put in liquid N2

Add 0.4g soil to PowerBead tube
Vortex gently

Centrifuge at 10,000rcf for 1 min
Carefully place MB Spin Column into clean
2ml collection tube

Add 40μl Solution C6 to the center of white
filter membrane
Centrifuge at 10,000rcf for 1min
Discard MB Spin Column
DNA qualification and quantification using
Nano Drop

C. DNA QUALIFICATION AND QUANTIFICATION

ng/μl

ROOT
TIME 4
178.14 ± 11.2

ROOT
TIME 9
166.7 ± 11.65

SOIL (1’)
TIME 8
28.65 ± 2.33

260/280

26 ± 11.8

1.89 ± 0.01

1.85 ± 0.01

260/230

2.15 ± 0.04

2.167 ± 0.03

1.54 ± 0.04

Level

4.9 ± 0.03

4.97 ± 0.03

3.29 ± 0.12

(Sampling of time 4, 9 and 8 is done at 6/19/2017,4/19/2018, 3/07/2018
respectively. These samples are the mean of 33, 36 and 42 samples of
time 4, 9, and 8 respectively that include 2x2 treatments (irrigation,
nematicide, SBR, and conventional plot) and repeat 4 times for each.)
D. 1-STEP PCR library preparation targeting fungal ITS and bacterial
16S
 PCR will be carried out in 25μl including
Pure water  17.375 μl
5X standard buffer  5 μl
dNTP (10mM) (NEB), Primer1-ITS1F-L(10uM)  0.5
Individual Primer 2 –ITS 4_XXX(10uM) 0.5
Taq(5U/ul) (NEB hot start Taq polymerase)  0.126
genomic DNA (diluted 1:20)  1
 PCR conditions
94C  1:00 MIN
94C  0:30 MIN |
52C  0:30 MIN | 29X
68C  0:30 MIN |
68C  7:00 MIN
 PCR product visualization using gel electrophoresis
 Cleaning of successful samples using Agencourt Ampure XPKit
(Beckman Coulter, Brea CA)
 Quantification and normalization using Qubit hs-DS-DNA kit
(Invitrogen, Carlsbad CA) and then pooled in equimolar
concentration for sequencing
E. Miseq SEQUENCING
 Samples will be sent to Duke University Institute for Genome
Sciences and Policy core for sequenced with Miseq v3 PE-300.
F. QIIME 2 PIPELINE
 Sequence analysis and bioinformatic processing of Illumina datasets
will be performed using aspects of the QIIME2 and pipelines.
 Initial quality filtering of amplicon sequences with a mean quality
score below 25.
 The remaining sequences will be further analyzed using Qiime 2 and
R package.
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Fig. 2: Boron deficiency—Corking and surface main
veins enlargement and chlorosis (Zekri and Obreza,
2016).
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A study was set-up at Citrus Research
and Education Center (CREC), Lake
Alfred, Florida, on a Candler fine
sand to determine the availability
and uptake of B in high density citrus
(~450 trees per acre) of HLB-affected
trees. Boron was applied to soil and
foliar at single and double IFAS rate
of 1.12 kg ha-1.
Soil samples were analyzed for B
using Mehlich III extraction method
and analyzed by ICP-MS. Tissue B
concentration was determined by
acid digestion and analyzed on ICP.

Fig. 5: Concentration of B as function of soil
depth in the 30 cm zone

Fig. 3: Concentration of B in soil profile (0 -60cm)
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Fig. 6: Concentration of B as function of soil
depth in the 60 cm zone

Fig. 4: Concentration of B in citrus leaf tissue
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Table: Leaf analysis standard for assessing B nutrient
status of citrus trees (Zekri and Obreza, 2016).
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of HLB-affected trees on a sandy
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The data show that soil B
concentration
using
IFAS
recommendation rate 1x and soil
application method was significantly
higher (P<0.05) than foliar B
application at single or double rate
of application(Fig. 3). There was no
significant differences (P<0.05)
between treatments for B uptake
(Fig. 4). The upper soil depth of 15
cm had higher (P<0.05) B
concentration compared to the
lower depths up to 60 cm (Fig. 5, 6 &
7). B concentration in the 30cm zone
(Fig. 5) was significantly higher
(P<0.05) than the 60 and 90 cm (Fig.
6 & 7 respectively).

Conclusion
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Fig. 1: Boron deficiency—Thickening of the leaves,
vein splitting and chlorosis (Zekri and Obreza, 2016).
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Hypothesis: Foliar compared to soil application method and doubling
the IFAS recommended rate should improve the HLB affected trees.
Objective: Determine the availability and uptake of B in high density
citrus production of HLB-affected trees.

Materials and methods
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Boron (B) is crucial to sugar translocation
and carbohydrate metabolism, especially
at the location of active cell division for
citrus. It plays an important role in
flowering, pollen-tube growth, fruiting
processes, N metabolism, and hormone
activity that controls calcium solubility;
thus, ensuring its proper utilization.
Florida sandy soils, particularly, Entisols
are low in B and occasionally have B
deficiency for citrus.
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Fig. 7: Concentration of B as function of soil
depth in the 90 cm zone
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Application of Bagasse for Sugarcane Production on Sandy Soils in South Florida
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Figure 1 Experimental Design & Treatments
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Loca)on: commercial sugarcane produc6on farm on sandy soils in Clewiston, Florida
Acreage: 189.5 acres
Experimental Design: randomized complete block design with 3 replica6ons (Figure 1)
Treatments: 3 bagasse applica6on treatments at diﬀerent rates and 1 control (Figure
1)
Soil sampling: 1stsampling in May 2017 prior to bagasse applica6on; 2nd sampling in
November 2017 prior to sugarcane planted; 3rd sampling in March 2018 (mid-season)
Soil proper)es analysis: soil pH, bulk density (BD), maximum water holding capacity
(MWHC), organic maJer content (OM), ca6on exchange capacity (CEC), ac6ve carbon
(Ac6ve C), soil protein and nutrient content (speciﬁcally, N, P, K)
Sugarcane yield predic)on: 6ller coun6ng in August
MWHC 2018
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Methods & Materials

T2: 4-inch bagasse (170 ton/ha)

Bulk Density

Ac)ve C (mg C/ Kg Soil)

Exploring sustainable ways of reusing bagasse oﬀers op6ons to enhance soil proper6es
and improve crop yields, while reducing waste, and improving the environment.
In South Florida, approximately 90,000 acres of sugarcane produc6on is done on sandy
soils, that has < 3% organic maJer (McCray et al. 2016).
This study will evaluate the feasibility of using bagasse as a soil organic amendment for
sugarcane produc6on on sandy soils in South Florida.
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To evaluate the short and long-term eﬀects of bagasse applica6on at diﬀerent rates on:
Soil quality of sandy soils on commercial sugarcane produc6on systems in South
Florida.
Sugarcane quality, such as nutrient accumula6on in sugarcane leaves, 6ller counts,
sugarcane yields and sucrose content.
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Bagasse is a dry and ﬁbrous residue le1 a1er the extrac6on of sugar-contained juice
from sugarcane and accumulates from the sugarcane milling process.
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Discussion
The rela6vely high pH of the soils are a result of years of mixing of underlying limestone
(calcium carbonate) bedrock with the top soil.
Based on the short-term results, 4-inch bagasse applica6on could have a posi6ve eﬀect on
soil OM accumula6on, resulted in higher MWHC and lower BD.
Ac6ve Carbon decreased at the beginning may be because bagasse was not mineralized yet;
However, no signiﬁcant change due to bagasse applica6on un6l March 2018.
No posi6ve eﬀect on CEC was observed due to bagasse applica6on un6l March 2018.
Bagasse applica6on has no signiﬁcant eﬀect on soil protein un6l March 2018.
Nutrient contents in the soil vary among diﬀerent soil samplings may be due to factors, such
as varying nutrient contents of bagasse, and sugarcane uptake.
Based on 6ller coun6ng results, low amounts of bagasse applica6on could increase
sugarcane yield; high amounts of bagasse applica6on could have a constraint eﬀect due to
the high C/N ra6o.

T3: 4-inch bagasse + extra

T1: 2-inch bagasse (85 ton/ha)

nitrogen applica6on (150 lbs/acre
ammonium nitrite)

Control: no bagasse

T1: 2-inch bagasse (85 ton/ha)

Control: no bagasse

Control: no bagasse

T1: 2-inch bagasse (85 ton/ha)

T2: 4-inch bagasse (170 ton/ha)

T3: 4-inch bagasse + extra

T3: 4-inch bagasse + extra

CEC

Soil Protein

ICP

Spectrophotometer

nitrogen applica6on (150 lbs/acre nitrogen applica6on (150 lbs/acre
ammonium nitrite)
ammonium nitrite)
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McCray, J. M., K. T. Morgan, and L. Baucum. "Nitrogen fer)lizer recommenda)ons for sugarcane produc)on
for sugar on Florida sand soils." University of Florida, IFAS EDIS Publica;on# SS-AGR-401 (2016).
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Future Work

Changes in soil quality, and nutrient availability to sugarcane will be con6nuously monitored
for the next 3 years (2 sugarcane ratoons) to quan6fy the long-term eﬀects of bagasse
applica6on on sandy soils.
Changes in nutrient accumula6on in sugarcane leaves, sucrose content, and yields will be
monitored for 2 ratoons, to evaluate the feasibility of bagasse applica6on as a soil organic
amendment for sugarcane produc6on in South Florida.
Microbial indicators will be evaluated for 2 ratoons in order to do a comprehensive soil
quality assessment.
Soil column leaching study will be performed for at least 1 year to evaluate the nutrients
losses in leachate from the plant root zone of soil incorporated with bagasse applica6on.
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Results and Discussions
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• Saline water intrusion has caused encroachment of salt-tolerant
ecosystem into freshwater marshes: Southeast Everglades, Ten
Thousand National Wildlife Refuge, the Big Bend..

According to Kendall’s tau correlation tests, 36 out of 51 FDACS stations had
significant positive temporal trends of salinity, while 4 out of 10 Frazer’s
stations had significant negative temporal trends. The mean estuary salinity
also showed an significant positive trend (tau=0.15, p-value=0.00034).
Overall, the bottom water salinity of the Suwannee estuary was increasing
over the period of 1982 to 2017.

• Cause of stress: Reduction of freshwater flow, sea level rise and
human stress.
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Background and Motivation
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• Objectives of analysis: (1) assess the temporal trend (1982 to 2017) in
water salinity in the Suwannee River estuary, and (2) investigate the
effects of sea level rise on water salinity.
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Water quality: Florida Department of Agriculture and Consumer Services
(FDACS); Dr. Tom Frazer’s Lab under UF School of Natural Resources and
the Environment (SNRE). Dataset consists of salinity, date and depth of
sampling for 61 sites (51 from FDACS and 10 from Dr. Frazer). Data were
collected monthly by hand held probes at sites, covering 1982 to 2017.

Suwannee River discharge: US Geological Survey (USGS) streamflow
station on the Suwannee River near Wilcox, FL (02323500). Covering 1982
to 2017.
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Figure 4. LOWESS smoothing for mean estuary salinity versus Suwannee discharge. The
red line is the LOWESS smoothing curve with smoothing factor f=0.4.

Sea level: National Oceanic and Atmospheric Administration (NOAA)
station 8727520 at Cedar Key. Covering 1982 to 2017.
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Methods

Figure 2. Temporal trends in bottom water salinity for the Suwannee River estuary

et
om

ed

Pe

do

m

et

ric

m

s,

The full model can be expressed as:
Sal = β0 + β1T + β2SL + F(DIS)
where Sal is the bottom salinity in ppt; T is the sampling time, expressed
as year plus decimal day of a year; SL is the sea level in meters, referring
to North American Vertical Datum (NAVD88); F is the locally weighted
scatterplot smoothing (LOWESS) function and DIS the Suwannee River
discharge in cfs.

Figure 1. Selection of samples for calculation of estuary mean salinity. The blue points are
selected samples. This selection made sure there would be no spatial bias in the mean while
in the same time as many as possible samples were used.

The regression models showed that 21 out of 51 FDACS stations, 6 out of 10
Frazer’s stations had significant correlation between sea level and flowadjusted salinity, with both positive or negative slopes. The flow-adjusted
mean estuary salinity did not have significant correlation with the sea level.
This result is in contrast with our expectation, and also the findings of Ross
(2015) and Yobbi (1993). The potential interpretation of these results are:
1) the Suwannee River estuary water salinity has not been significantly
affected by sea level rise over the study period;
2) the effect of sea level rise on water salinity of the Suwannee estuary is
confused with other factors.
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• Selection of samples was performed for non-spatially biased estuary
mean salinity, while at the same time using as many samples as
possible.
• Temporal trends of bottom salinity were tested using the Kendall’s tau
correlation test, for estuary mean and each station
• Flow-adjusted salinity was calculated using the LOWESS smoothing
function in order to exclude the effect of freshwater discharge on
salinity.
• Then linear regression models were used to examine the sea level
effect on the adjusted salinity.
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Temporal trends in water salinity of the Suwannee River estuary and
the effects of freshwater supply and sea level rise.

Figure 3. Temporal variation of mean estuary water salinity.

Table 1. Summary of results of temporal trends in salinity derived from the Kendall’s test and
regression models for sea level affecting salinity (α=0.05)
Num. of
Num. of
Num. of
Num. of
R2 for
stations with stations with stations with stations with regression
Num. of
significant significant significant significant model with
Source
station
positive
negative
positive
negative
flowtemporal
temporal slope of sea slope of sea adjusted
trend
trend
level effect level effect
salinity
FDACS
51
36
0
15
6
0.002-0.14
Frazer
10
0
4
4
2
0.005-0.05
Estuary
1
1
0
0
0
0.12
mean
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While the amount of sea level rise over the period of analysis was about
7cm to 10.5cm (2 to 3 mm/yr), and the general tidal range of the Big Bend is
1 meter, we believe that tide stage is potentially an important source of
error for our regression models. However, regardless the p-value of sea level
effect on estuary salinity, the general low r2 value of our models suggested
that sea level rise can only explain a limited portion of salinity increase over
the studied period. This is consistent with Ross’s findings, where the r2 of his
basic model and sea-level-included model were barely different. This
implies that the effect of sea level rise on estuary water salinity can be
easily covered by any uncertainty that brought to the model with noncollocated data (discharge, precipitation, wind, or any other data from offsite stations), or insufficient observation period. Therefore, we suggest that
to reveal the sea level rise effect on estuary salinity, a specified monitoring
scheme need to be developed so that water samples are collocated with
meteorological data over sufficient duration.
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