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SumMARy. Massive drifts of sargassum (Sargassum fluitans and Sargassum natans)
float onto the United States Gulf, Atlantic, and European shorelines regularly
throughout the spring and summer months. To maintain tourist appeal and
subsequently, the tourism industry, the standard practice of Texas beach commu-
nities has been to mechanically remove the sargassum seaweed and integrate it into
dunes along the shoreline or dispose of the material in the landfill. The purpose of
this study was to evaluate the potential to manage the invasive species sargassum
using composting and to test the quality of the resulting compost. This study used
~12 yard?® of sargassum as a feedstock mixed with cafeteria food waste and local
wood chips, using a total of ~72 yard? of feedstocks, to create nearly 25 yard? of
stabilized compost. The final compost products were of equal or higher quality to
current compost standards. Therefore, this study determined that the composting
and waste management industries can use sargassum as a feedstock to create

a desirable compost product that could be used in the horticulture and agriculture
industries, while helping to manage this invasive species.

early 10,000 different types
Nof seaweed algae thrive in

the world’s oceans and seas
(Abbott and Dawson, 1978; Fritsch,
1965). Algae in the genus Sargassum
of the sargassum family (Sargassaceae)
include more than 150 species dis-
tributed throughout the tropical and
temperate oceans around the world,
thriving in warmer oceans and seas
(Abbott and Dawson, 1978; Fritsch,
1965). Two planktonic species (8. flui-
tans and S. natans) drift en masse onto
the shores of the Texas Gulf Coast, and
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are known collectively as brown algae,
gulfweed, seaweed, sea holly, or sargas-
sum. Sargassum that “washes” to shore
can accumulate into massive, trouble-
some mounds, which substantially af-
fects local coastal economies that rely
on the beaches associated with the local
tourism industry (Gaskill, 2015; Texas
General Land Office, 2007). Sargassum

was added to the Global Invasive Spe-
cies Database in 2011 (Invasive Species
Specialist Group, 2011) and has been
identified along the shorelines of
North America, Central America, the
Caribbean Islands, the western Atlan-
tic, Southwest Asia, and Southeast
Asia (Guiry and Guiry, 2013).

Free-floating species of sargassum
reproduce asexually by fragmentation
(Awasthi, 2005; Rogers, 2011). Both
require warmer oceans and sea temper-
atures to thrive, as well as chemical
properties in their aquatic environment
to survive (Abbott and Dawson, 1978;
Fritsch, 1965; Round, 1981). Sargas-
sum decreases in size after landing on
the shore, and within a 5-d period, the
seaweed decreases about three times in
volume, becomes brittle, and changes
from a light yellow to dark brown color
(Round, 1981).

Nutrients absorbed from the sea,
in combination with the energy from
the sun, make seaweed rich in major
nutrients and trace nutrients, and
these nutrients can be used as soil
amendments and fertilizers (Verkleij,
1992). Williams and Feagin (2010)
studied the application of sargassum
on native coastal plants beach sun-
flower ( Helianthus debilis), fiddle-leaf
morning glory (Ipomoea stolonifora),
bitter panicgrass (Panicum ama-
rum), seashore dropseed (Sporobolus
virginicus), and seaside oats (Uniola
paniculata) as a natural solution to
enhance native dune plant growth.
The study found sargassum acted as
anatural fertilizer for bitter panicgrass
(Williams and Feagin, 2010). An-
other study (Verkleij, 1992) found
adding a seaweed-based soil amend-
ment supplemented nutrient-poor
sandy soils (Verkleij, 1992). In addi-
tion, some biological agriculture and
horticulture practices have applied
diluted seaweed extracts to enhance
growth, deter insects and diseases, and
improve quality of harvests (Verkleij,
1992).

Units

To convert U.S. to SI, To convert Slto U.S.,
multiply by U.S. unit Sl unit multiply by
0.4047 acre(s) ha 24711

0.3048 ft m 3.2808

3.7854 gal L 0.2642

1 mmho/cm dS-m™! 1

0.001 ppm mg-g 1,000

1 ppm mg-kg 1

0.7646 yard? m? 1.3080
(°F-32)+ 1.8 °F °C (°Cx1.8)+32
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Beaches along the Texas coastline
are maintained by various organizations
including federal and state agencies,
cities, counties, and private owners
(Gaskill, 2015; Texas General Land
Office, 2007; Williams and Feagin,
2007). Variations of management pro-
cedures and methods are used by these
organizations; however, basic beach
maintenance objectives include main-
taining safe and sanitary conditions,
allowing for the use of recreational
activities (e.g., sunbathing, camping,
wildlife observation, and beach comb-
ing), monitoring trash removal, pro-
tecting wildlife habitats, and limiting
the amount of sargassum on the coast-
line (Williams and Feagin, 2007).

The sargassum on beaches is han-
dled using a variety of methods; if small
amounts of biomass float onto the
shore, large rakers are used to remove
it. For large amounts, front-end loaders
are allowed access to the shoreline to
scrape tons of sargassum and sand,
where it is then either placed at the
edge of the foredune and allowed to
revegetate or placed in temporary hold-
ing centers (Williams and Feagin,
2010). This method is used to create
“maintenance dunes” seaward of the
natural dunes (Gaskill, 2015).

Raking is only implemented dur-
ing the 4-6 months of the year when
the mats of sargassum rest on the shore.
A large concern of some property
owners and cities is that the peak times
of sargassum deposits overlap with peak
tourist seasons. Tourists often expect
pristine beaches free from any debris
and view seaweed mats as poor beach
maintenance (Gaskill, 2015). In local
economies that are highly dependent
on tourism dollars, maintaining or in-
creasing tourist numbers is essential
(Gaskill, 2015; Texas General Land
Office, 2007).

Although sargassum are used to
create stabilized maintenance dunes,
many coastal areas are running out of
beach space because of rising sea levels,
erosion, and the increasing size of these
dunes (Williams et al., 2015). Even
though wider dunes allow more pro-
tection from strong storms and in-
creased native vegetation, the public
demands and expects fast and easy access
to the beach, and view these wider dunes
or “long walks” as impeding beach
enjoyment (Williams et al., 2015).

Composting is a biomechanical
process during which microorganisms
such as bacteria and fungi convert
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organic matter (OM) and “waste” ma-
terials into a soil-like product called
compost (Rynk, 1992). The addition
of compost to soil provides various
benefits including increasing soil fertil-
ity, improving soil structure, increasing
water holding capacity, and decreasing
runoff (Dougherty, 1999; Rynk, 1992).
Composting is increasingly used as
a waste management method, a tech-
nique for pollution diversion, and to
produce a valuable commodity for agri-
cultural, horticultural, and related users
(Walker et al., 20006).

Compost created from saline feed-
stocks (e.g., oceanic algae) must be
carefully controlled and monitored for
proper electrical conductivity (EC)
amounts (Vendrame and Klock-Moore,
2013). Previous studies have used irri-
gation to wash away the soluble salt
content before or during the compost
process. Eyras et al. (1998) showed that
time also plays a role: compost contain-
ing high-salinity feedstock aged for 20
months contained dramatically lower
amounts of salt than compost aged for
9 months. Feedstocks of high salinity
also can be combined with low salinity
feedstocks to dilute the final product.
Finally, actively turning the piles (rather
than leaving them static) was shown to
increase the rate of compost creation
while decreasing the level of salinity
(Eyras et al., 1998).

Seaweed extracts that contained
different plant phytohormones and
growth regulators increased crop yields
when they were applied exogenously
(Panda and Nayak, 2012). Some bi-
ological agriculture and horticulture
practices have used diluted seaweed
extracts or “seaweed fertilizers” to
“promote growth, prevent pests and
disease, and improve the quality of the
products” (Verkleij, 1992). Therefore,
producing compost that uses seaweed
as a feedstock has the potential to create
a nutrient-rich soil amendment prod-
uct (Klock-Moore, 2000; Panda and
Nayak, 2012).

The purpose of this study was to
evaluate the potential to manage the
invasive species sargassum using com-
posting and to test the quality of the
resulting compost.

Materials and methods

MATERIAL COLLECTION. Removal
of sargassum biomass from the shore-
line and placement into vehicles for
transportation was supervised by the
City of Corpus Christi, TX, according

to the permit established by the U.S.
Army Corps of Engineers and the City
of Corpus Christi Beach Adaptive
Management Plan (City of Corpus
Christi, 2011). Over the span of 2 d,
a total of ~18 yard? of “fresh” sargas-
sum (seaweed that arrived on the
shoreline during the previous 24 h)
was collected by employees of the City
of Corpus Christi to ensure proper
procedures were followed. Similar bio-
mass amounts were harvested in related
projects studying composting as a man-
agement system for invasive species
(Meier et al., 2014; Montoya et al.,
2013). Within 5 d, the sargassum bio-
mass had shrunk to 2 yard?®.

COMPOST PILE RECIPES AND
TREATMENTS. Half of the sargassum
harvest was manually washed with tap
water and screened through a charcoal
fiberglass screen wire to remove as
much tar, salt, and sand as possible.
The other half of the sargassum was left
alone. Tap water used in washing the
sargassum contained typical elements
such as chlorine and fluoride that could
affect the results in comparisons and
was a limitation in the study.

A total of six piles 6 ft in height
and 10 ft in diameter were created.
Washed and unwashed sargassum piles
each received ~6 yard® (48%) of food
waste generated from the kitchen caf-
eterias at Texas State University (San
Marcos), 6 yard® (48%) of wood chips
produced and donated by a local tree-
care company, and 1,/2 yard® (4%) of
sargassum, respectively, and were rep-
licated three times. No true control
pile of compost was necessary as in
compost quality tests, compost sam-
ples are compared with overall com-
post quality standards for the industry
(U.S. Composting Council, 2002).

COMPOST PILE CREATION AND
MANAGEMENT. Compost piles were
created on a 5-acre plot of land. About
2.5 acres were allocated for the com-
post site and the other 2.5 acres sur-
rounding the compost site served as
runoft space and a catchment pond
that could withstand a 25-year, 24-h
flooding event (Meier et al., 2014).

Every 5-7 d, piles were turned
regularly and monitored given compost
industry standards (Dougherty, 1999).
Readings were taken from five areas
within each pile and averaged to ensure
the following ideals were reached: pH
between 5.5 and 9.0 (Soil pH di-
rect reading sensor; Kelway, Wyckoft,
NJ), moisture content between 40%
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and 65%, and temperatures greater than
62 °C for a minimum of 3 d (Super
Duty-Fast Response Windrow Com-
post Thermometer; Reotemp Instru-
ment Corp., San Diego, CA). A
minimum temperature of 62 °C was
chosen as the ideal temperature to
achieve during the composting process
to kill pathogens (Meier et al., 2014;
Montoya et al., 2013). After the active
composting phase, piles were allowed to
cure for at least 4 weeks to complete the
composting process (Dougherty, 1999;
Rynk, 1992).

COMPOST QUALITY TESTS. After
curing, samples were drawn from the
compost. Sampling techniques ad-
hered to the collection procedures
specified by the Agricultural Analytical
Services Laboratory at Pennsylvania

PRELIMINARY AND REGIONAL REPORTS

State University (2002). For each test,
subsamples from each compost pile
were collected from three different
depths at five locations. These 15 sub-
samples were combined to create four
0.5-gal composite samples representa-
tive of each pile which were then sent
to the Agricultural Analytical Services
Laboratory’s U.S. Composting Coun-
cil’s Seal of Testing Approval Program
at Pennsylvania State University (Uni-
versity Park). The samples were evalu-
ated on the following characteristics:
pH, soluble salt content or EC, mois-
ture content, OM content, total nitro-
gen, total carbon, carbon:nitrogen
ratio, phosphorus, potassium, calcium,
magnesium, particle size, and metals
arsenic, cadmium, copper, lead, mer-
cury, molybydenum, nickel, selenium,

and zinc. Respirometry and bioassay
tests were also conducted to observe
maturity and stability measurements
of compost samples (Meier et al., 2014;
Montoya et al., 2013; Pennsylvania
State University, 2002; U.S. Composting
Council, 2002).

Data anavysis. Frequencies and
descriptive data were reported at each
stage of the project. An independent
¢ test was conducted using SPSS® (ver-
sion 20.0; IBM Corp., Armonk, NY) to
statistically compare results from the
washed and unwashed sargassum.

Results and discussion

In total, 25 yard?® of stabilized
compost was created. This bulk prod-
uct, created from waste materials, was
valued at $900 on the local market

Table 1. Independent # test comparisons of results of moisture included and dry weight compost quality of washed and
unwashed sargassum in the study of composting as an alternative management strategy for sargassum drifts on coastlines.

Washed Washed Unwashed Unwashed

Variable sargassum  sargassum  sargassum  sargassum
(units)* (as is basis)' (dry wt basis)’ (as is basis) (dry wt basis) Normal range (USCC)* t df P
pH 8.4 — 8.1 — 5.0-8.5 55.000 1 0.012*
Soluble salts 1.14 — 1.59 — 1-10 6.067 1 0.104

(mmho/cm)
Solids (%) 57.8 — 74.7 — 50-60 7.840 1 0.081
Moisture (%) 422 — 25.3 — 40-50 3994 1 0.156
Organic matter (%) 21 36.3 23 30.8 30-70 (dry weight) 22.000 1 0.029*
Total nitrogen (%) 0.8 14 1.0 1.3 0.5-2.5 (dry weight) 9.000 1 0.700
Carbon (%) 10.8 18.7 13.4 18 <54 (dry weight) 9.308 1 0.068
Carbon:nitrogen (ratio) 13.5 13.5 13.4 13.4 <20 (dry weight) 269.00 1 0.002*
Phosphorus (%) 0.36 0.61 0.36 0.48 — — 0o —
Potassium (%) 0.41 0.71 0.45 0.60 — 21.500 1 0.030*
Calcium (%) 35 6.06 4.83 6.46 — 6.263 1 0.101
Magnesium (%) 0.24 0.41 0.28 0.37 — 13.000 1 0.049*
Arsenic (mg-kg™) 4.2 7.2 4.4 5.9 <75 43.000 1 0.015*
Cadmium (mg-kg™) <0.3 <0.5 <0.3 <0.5 <85 — 0o —
Copper (mg-kg™) 10.7 18.6 10.3 13.7 <4,300 52.500 1 0.012*
Lead (mg-kg™) 3.8 6.5 49 6.5 <420 7.909 1 0.080
Mercury (mg-kg™) 0.009 0.016 0.012 0.015 <840 7.000 1 0.090
Molybednum (mg-kg™) <0.8 <15 <1.0 <14 <57 9.000 1 0.070
Nickel (mg-kg™) 54 9.3 4.9 6.5 <75 20.600 1 0.031*
Selenium (mg-kg™) <0.8 <1.5 <1.0 <14 <100 9.000 1 0.070
Zinc (mg-kg™) 35.2 60.9 38.5 51.5 <7,500 22.333 1 0.028*
Respirometry 0.8 — 0.6 — <2 (very stable) 7.000 1 0.900

[carbon dioxide-carbon 2-8 (stable)

(mg-g™* solids per day)]
Respirometry 2.3 — 2.1 — <2 (very stable) 22.000 1 0.029*

[carbon dioxide 2-8 (stable)

(mg-g™! organic

matter per day)]
Bioassay: emergence 100 — 100 — >90 (very mature) _- = —

(% of control)
Bioassay: seedling 100 — 100 — >95 (very mature) - = —

vigor (%)

“1 mmho/cm =1 dS'm™, 1 mgkg™' =1 ppm, 1 mg-g = 1,000 ppm.
YSargassum was manually washed with tap water and screened through a charcoal fiberglass screen wire to remove as much tar, salt, and sand as possible before composting.

*U.S. Composting Council (USCC) 2002.
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[Garden-Ville (Creedmoor, TX), per-
sonal communication).

COMPOST QUALITY TESTS
RESULTS. The pH, soluble salt content,
total nitrogen, total carbon, carbon:
nitrogen ratio, particle size, bioassay,
and respirometry measurements of all
samples regardless of washing were
within the ideal and desirable ranges
for compost typically sold in the horti-
cultural industry (Table 1). In addition,
heavy-metal content did not exceed
normal ranges. The compost samples
were free of weed seeds, viable plant
propagules of any species and patho-
gens (Table 1).

According to the U.S. Compost-
ing Council (2002), the ideal pH range
for compost is between 5.0 and 8.5.
The measurements of the samples
ranged from 8.1 to 8.4. Although these
measurements are alkaline, they were
within the acceptable pH ranges for
finished compost standards (U.S. Com-
posting Council, 2002). Although food
waste and wood chips are acidic feed-
stocks within compost, seaweed is
slightly alkaline (Cooperband, 2002;
Darlington, 2007; Dougherty, 1999;
Eyras et al., 1998; Maze et al., 1993).
Compost research has indicated that
piles allowed to cure for 34 months
tend to have lower pH measurements
(Dougherty, 2002). Therefore, curing
piles for longer than 1 month could
allow the compost more time to be-
come more acidic if deemed necessary.

Soluble salt content measured in
cach of the piles ranged from 1.10 to
1.59 mmho/cm and was within the
safe range of 1.0-10.0 mmho/cm
(U.S. Composting Council, 2002).
Regardless of washing the sargassum,
salt content was unaffected in the final
product; therefore, prewashing sea-
weed did not appear to be necessary in
creating a quality compost.

The normal range of total nitro-
gen content identified by the U.S.
Composting Council (2002) is be-
tween 0.5% and 2.5% (dry weight
basis). The total nitrogen content in
the representative samples ranged
from 0.8% to 1.0%. The ideal total
carbon identified by the U.S. Com-
posting Council (2002) is less than
54%. The range of total carbon in the
samples varied from 10.8% to 13.4%.
Carbon:nitrogen ratios of 20 or less
allow organic nitrogen to break down
to an inorganic, plant-available form
of nitrogen (U.S. Composting Coun-
cil, 2002). The carbon:nitrogen ratios
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of the samples were between 13.40
and 13.50. Therefore, the compost
produced in this study should in-
crease plant-nutrient availability when
applied to soil.

Bioassay tests measured maturity
of the compost based on emergence
and seedling vigor. Compost was
rated as “very mature” if emergence
readings are greater than 90% and
seedling vigor readings are greater
than 95% (U.S. Composting Council,
2002). Measurements of all compost
samples were identified at 100%. Res-
pirometry tests were conducted to de-
termine the stability (or microbial
activity) in the finished compost. The
U.S. Composting Council (2002) rates
compost with respirometry readings of
0.1-2.0 as “very stable,” whereas read-
ings from 2.1 to 8.0 are identified as
“stable.” The average respirometry
reading for the compost samples in this
study was 2.2. Individual samples were
identified within the range of 2.1-2.3.
Subsequently, all compost samples
were considered to be stable products
for use in the industry.

Although some of the samples
did not have the ideal levels of percent
moisture and percent solids indicated
in compost quality test standards set
forth by the U.S. Composting Council
(2002), overall, the compost produced
was considered a quality product for the
horticultural markets (Table 1). Ideally,
levels of solids in compost are set at 50%
to 60%, whereas the ideal moisture
content is 40% to 50% (U.S. Compost-
ing Council, 2002). The washed sar-
gassum compost samples were within
the ideal ranges with moisture levels at
42 .2% and solids measured 57.8%. Un-
washed sargassum compost levels had
a greater amount of solids (74.7%) and
less moisture (25.3%). Compost created
using unwashed sargassum contained
greater amounts of sand from the
beaches, which accounted for more
solids. Higher sand content in turn
decreased moisture-holding capac-
ity within the compost. However, in
some instances, higher amounts of
sand in this compost may be seen as
beneficial in circumstances where
soils need better drainage.

STATISTICAL COMPARISONS. Al-
though all compost created using sar-
gassum met compost quality standards,
independent ¢ tests were used to make
comparisons between washed and un-
washed sargassum compost samples
and some significant differences were

found (Table 1). The pH of the com-
post piles made from washed sargassum
was slightly more alkaline when com-
pared with the piles constructed with
unwashed sargassum [8.4 vs. 8.1 (Ta-
ble 1)]. As mentioned previously, pH
was within acceptable levels for both
samples and pH will tend to become
more acidic with additional curing
time. There was a greater percentage
OM in the unwashed vs. the washed
sargassum compost piles [23% vs. 21%
(Table 1)]. This was to be expected as it
was noticed that some sargassum ma-
terial degraded and was lost during the
washing process that would lead to less
organic material present. There was
more potassium in the unwashed vs.
the washed sargassum compost piles
(0.45% vs. 0.41%), as well as magne-
sium (0.28% vs. 0.24%) and zinc (38 vs.
352 mgkg™) (Table 1). However,
compost created with washed sargassum
had higher levels of copper (10.7 vs. 10.3
mg-kg™) and nickel (5.4 vs. 4.9 mg-kg™)
(Table 1). Again, the washed compost
piles were thought to have slightly more
sargassum due to losses in material in the
treatment piles during washing,. Algae are
known to be a good source of macronu-
trients among other growth stimulating
compounds (Verkleij, 1992). Arsenic
was more prominent in the unwashed
piles but still well within the standards for
safety set by the Environmental Protec-
tion Agency and for compost quality
(Table 1) (Woodbury, 1993).

Respirometry value comparisons
showed a significant difference be-
tween the washed and unwashed com-
post samples [2.3 vs. 2.1 mg carbon
dioxide per gram of OM per day
(Table 1)]. Respirometry, a measure
of compost stability, was greater for
the washed sargassum compost piles
when compared with the unwashed
sargassum compost, but lower values
demonstrate a more stable sample.
However, compost quality test stan-
dards indicated the values for both
samples were considered stable, cured
composts with very limited potential
for phytotoxicity and odor.

Trends shown here are considered
preliminary given the case-study ap-
proach. Results from this study are valu-
able as very few studies have researched
the potential of seaweeds and algae as
a bioresource (Eyras et al, 1998;
Gangaiah et al., 2017; Khan et al.,
2009; Vendrame and Klock-Moore,
2013), and few have looked into
composting these materials. This study
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indicated that compost created from
sargassum results in a quality product.
Although the feedstock was harvested
from a saltwater environment, final com-
post products created did not include
salinity levels potentially harmful to
plants and can be used to promote plant
health. Therefore, when the amount of
sargassum that arrives on the shoreline
exceeds the amount that can be inte-
grated into dunes, the biomass can be
used as a feedstock to create compost
valuable to the horticultural industry.
The compost may even be considered
a “boutique” compost product because
of the incorporation of seaweed. Sea-
weed has been marketed to horticultur-
ists as a liquid fertilizer (Panda and
Nayak, 2012; Verkleij, 1992).

Future studies should include
a cost-benefit analysis of the removal
evaluating the investment and return
during harvesting and composting vs.
the cost of removal and disposal into
a landfill or utilization by integration
into dunes which decreases beach
space and potentially tourism appeal.
Furthermore, as prewashing of the
seaweed did not impact the final
compost produced in terms of im-
proved quality, future studies may
also attempt to identify the maximum
amount and proper ratios of sargas-
sum that can be used as a feedstock for
compost creation. In addition, stud-
ies comparing the nutrient levels be-
tween the two methodologies could
prove to be useful for different prac-
tical applications.
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