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Abstract: Several environmental and economic issues have been brought about by mass accumulations of
Sargassum along the coastlines in Trinidad and Tobago, and the wider Caribbean region. Though there are
massive environmental issues associated with this seaweed biomass, there is also a chance to make innovations,
thereby making this problem into a solution. The holopelagic species such as S. natans and S. fulitans have
considerably high amounts of beneficial compounds which can be leveraged for agriculture. The value chain
transformation of Sargassum from a nuisance to a resource for agricultural production is narrated in the
following report. Details of the application of products from Sargassum including composts, soil amendments,
and liquid biostimulants are given. A case study is presented for OJA1 biostimulant, which was developed
from Sargassum biomass at the University of the West Indies, St. Augustine, Trinidad. This biostimulant has
shown increased productivity and resistance to diseases of several cash crops. The valorization of Sargassum
contributes to sustainable agriculture and propels economic development in coastal communities. The
Caribbean could lead with the adoption of the circular economy, turning environmental adversity into a lever
for sustainable development.
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Understanding Holopelagic Sargassum: Biology and Ecology

For more than a decade now, the Caribbean, including Trinidad and Tobago has been confronted
at its doorstep with huge incursions of Sargassum seaweed washing up on its immaculate beaches.
This golden tide of Sargassum algae has caused significant environmental and economic issues
annually for the region. However, in the face of adversity, scientists are harvesting hope from these
golden tides as potential agents in agriculture. The excerpt explores how this marine nuisance is being
transformed into a valuable resource for Caribbean farmers, offering a sustainable solution to both
waste management and agricultural productivity. Sargassum, a genus of brown macroalgae, in the
phylum Phaeophyta, is documented as one of the most species-rich in comparison to other brown
macroalgae, with over 350 species (Guiry and Guiry 2019). Most of these documented species,
however, are benthic, meaning they are attached to some type of substrata using a holdfast. However,
there are currently only two species of Sargassum which are holopelagic (S. natans and S. fulitans)
which means that the entirety of their life is spent floating in the ocean and reproduction is through
vegetative fragmentation (Butler and Stoner 1984; Gulick et al. 2023). The Atlantic’s floating “golden
rainforest,” comprise primarily of three Sargassum genotypes, S. natans 1, S. natans VIII, and S. fulitans
III and they serve as a crucial habitat fostering biodiversity (Alleyne et al. 2023). Its golden mats are
home to many fishes and invertebrates (Coston-Clements et al. 1991; Niermann 1986), a nursey for
even sea turtles (Wells and Rooker 2004; Laffoley et al. 2011), a home for endemic species (Hemphill
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2005; Laffoley et al. 2011), and also plays a vital role in carbon sequestration (Hu et al. 2021; Gouvéa
et al. 2020). However, since 2011, significant changes have occurred regarding the behaviour of
holopelagic Sargassum whereby there have been record-breaking accumulations of this seaweed on
the coasts of the Caribbean, the United States, Brazil, and Africa. These large-scale accumulations
pose multiple threats including imbalance to the local biodiversity and disruptions in the natural
ecological settings in the regions, distress to economies, and destabilizing coastlines in affected areas
(Smetacek and Zingone 2013; Partlow and Martinez 2015; van Tussenbroek et al. 2017). This new
phenomenon represents a notable shift in the ecological dynamics of Sargassum and its interaction
with coastal environments. Moreover, the rotting Sargassum biomass on the beaches leads to the
accumulation of significant quantities of hydrogen sulfide, which can cause several human health
complications (Resiere et al. 2020; Devault et al. 2021). The tourism industry is also disrupted by the
invading Sargassum and this leads to significant profit loss thus harming the region’s economy. There
have been some hypotheses to explain Sargassum blooms and have been termed the Great Atlantic
Sargassum Belt which is associated with the North Equatorial Recirculation Region (NERR) (Wang
et al. 2019). One theory suggests that the unprecedented accumulations of holopelagic Sargassum are
fueled by increased nutrient runoff from the Amazon, resulting from a combination of deforestation,
agricultural expansion, and urban growth in these river basins (Djakouré et al. 2017; Oviatt et al.
2019). An alternative theory suggests that rising sea surface temperatures in the NERR could boost
holopelagic Sargassum growth, either directly by providing more optimal temperature conditions, or
indirectly by increasing nutrient availability through enhanced rainfall and subsequent runoff
(Djakouré et al. 2017; Brooks et al. 2018). Furthermore, irregularities in the North Atlantic Oscillation
(NAO) may have shifted holopelagic Sargassum from its usual habitat in the Sargasso Sea to the
NERR, potentially establishing a seed population that led to the subsequent massive blooms (Johns
et al. 2020). The established scientific consensus indicates that the recent unprecedented
accumulations of holopelagic Sargassum are primarily driven by climate change-related factors,
amplified by boosted nitrate and phosphate inputs from nearby river systems. While the theories are
still debated, one aspect remains clear, that the effect of these golden mats of macroalgae is damaging
to the regions, and further exacerbates economies during ongoing hardships.

From Problem to Opportunity: Inputs for Agricultural Applications

With all these negatives about the “golden tides,” there remained opportunities for scientific
innovations. Sargassum and most seaweeds are nutrient-dense and contain a plethora of beneficial
bioactive compounds. These “golden tides” therefore pave the way for innovative valorization of this
rich biomass into usable products for use in agriculture and industries. Sargassum seaweed possesses
great potential when properly collected and valorised to be explored as an inexpensive sustainable
solution for farmers in the Caribbean as biostimulants, soil amendments and composts, to name a
few. When efficiently processed, Sargassum seaweed can be transformed into a potent bioelicitor, with
the capabilities of enhancing soil fertility and improving crop yields. Sargassum is currently being
utilized in Caribbean countries such as Barbados, St. Lucia, and Trinidad for its valorization into
sustainable agricultural inputs, whether in the form of compost, soil amendment, or liquid
biostimulant. In order to first utilize Sargassum seaweed for agricultural inputs, the alga must be
washed thoroughly to remove all excess salt and debris. For composting, the properly washed
biomass can be then mixed with organic materials such as manure and plant waste to start the
composting process, which eventually turns into a rich compost. The application of Sargassum
compost can improve soil structure, increase water retention and overall, can cause improvement in
soil health. This can become especially helpful in places with poor soil quality and low water
availability. The Sargassum products can even transform infertile soils, into productive agricultural
land.

Case Study: UWI’s OJA1 Sargassum Biostimulant

We at the University of the West Indies, St. Augustine, Trinidad and Tobago, Plant-Microbe
Biotechnology Research lab have realized the potential of Sargassum and have been conducting
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research to produce a Sargassum-derived liquid biostimulant (coded as “OJA1”). Our OJAl
Sargassum biostimulant shows significant promise as our results from numerous greenhouse and
field studies, demonstrated the positive impact on plant productivity in crops such as tomato, sweet
pepper, cucumber, cow pea, lettuce, cabbage, etc. We have worked and continue to work with leading
farmers in the area to test the efficacy of OJA1. One farmer said (anonymous) “I was surprised to see
the size of the pepper plants and fruits when I used OJA1.” Aside from increased plant growth and
yields (>80% increase), our trail data sets showed that plants treated with OJA1 had lower levels of
plant diseases (< 50%) which are dominant and devastating to these tested crops. Aside from using
traditional geoponic systems, OJA1 was also tested in hydroponics systems, and to our excitement,
plants had over 50% in their weights when foliar treated with OJAl. Another major milestone with
using our OJAl product is that farmers were able to reduce the application of toxic chemical
pesticides by > 50% which are constantly promoted by our outreach efforts to promote sustainable
intergraded disease management strategies. Our work with this OJA1 biostimulant is however still
requires funding support to test on multiple crops other than vegetables to validate its full efficiency
and wider use.

Challenges in Sargassum Valorization

All the above claims show the great promise that can come out of valorising the “golden tides”
into sustainable agricultural inputs. However, adopting this is not without challenges. A major
concern with holopelagic Sargassum is that it acts as a sponge in the ocean and accumulates heavy
metals and other contaminants that may cause more harm than good in the long run. It should be
noted however that our formulated OJA1 possess miniscule levels of pollutants, well below the
permissible levels according to the water pollution rules and the US EPA regulations. Therefore, with
any plan to valorise Sargassum, careful testing and processing are necessary to ensure that these
harmful elements are not introduced into the food chain which would lead to significant harm to the
environment and human health. Additionally, the logistics of collecting, transporting, and processing
large quantities of Sargassum present significant obstacles, especially for smaller islands with
inadequate resources.

Future Outlook: A Model for Coastal Regions

The positive usage of the Sargassum seaweed outweighs the negatives as it offers a new avenue
by repurposing this large amount of biomass which would otherwise rot or be ineffectively disposed.
The different methods of Sargassum usage in agriculture will also further support local agricultural
systems and decrease the heavy reliance on chemical and inorganic inputs which are unfavourable
to both the environment and humans. Furthermore, the introduction of a Sargassum-related
agricultural industry could open new economic ventures for the coastal communities through the
collection and processing to the production and sale of Sargassum products. The Caribbean’s outlook
for Sargassum as a terrible curse to the recognition of it as a valuable resource is witness to the region’s
strength and innovative mind. It exemplifies a circular economy approach, where a waste product is
transformed into a valuable input, creating environmental, and economical balance. The continuing
effects of research and best practices in agriculture are also likely to grow in the Caribbean as it relates
to Sargassum valorisation. The issue of seaweed buildup will be tackled through these innovations,
aligning with the region’s broader goals of promoting sustainable development and addressing
climate change challenges in the Caribbean. When adversity hits, Caribbean innovators take the
forefront to valorise this challenge of Sargassum and use it as a springboard for development,
catalysing this perceived curse and using it as a prominent opportunity for sustainable growth. Over
the years, other coastal regions facing the “Sargassum curse” will use this current knowledge as a
model to also promote Sargassum valorization in their respective areas. Through the transformation
of Sargassum from a coastal menace to an agricultural marvel, the Caribbean demonstrates that with
innovation and perseverance, even our most daunting challenges can become the cornerstones of a
greener, more successful future.
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Figure 1. Sargassum Invasion at Manzanilla Beach, Trinidad. Photo by Dr. Omar Ali (all rights
reserved).
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