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DESCRIPTION

Marine aquaponics represents a rapidly evolving approach to
sustainable food production, particularly relevant for arid and
coastal regions where freshwater scarcity and soil salinization
agriculture. By integrating marine
aquaculture with halophyte cultivation, marine aquaponics

limit  conventional
establishes a closed-loop system in which nutrientrich effluents
from cultured aquatic organisms support plant growth, while
plants contribute to water purification and overall system
balance. This method addresses multiple challenges associated
with saline environments, including nutrient management,
water efficiency, and resilience to climate variability, while
producing both animal protein and plant biomass within the
same controlled environment.

The foundation of marine aquaponics lies in the symbiotic
relationship between marine species, such as finfish and
crustaceans, and halotolerant plants capable of thriving under
elevated salinity conditions. Effluents from aquaculture contain
high concentrations of nitrogen, phosphorus, and dissolved
organic matter, which, if discharged untreated, could negatively
impact surrounding ecosystems. In aquaponic systems, these
nutrients are taken up by plants, converting potential waste into
biomass that can be used for human consumption, animal feed,
or other applications. The process reduces water pollution,
promotes nutrient recycling, and contributes to higher overall
production efficiency compared with conventional aquaculture
or agriculture in isolation.

Water in marine
aquaponics, particularly in arid regions where freshwater is

management is a critical component
limited. Recirculation of saline water reduces the demand for
external water input and minimizes effluent discharge into
mechanical

sedimentation, and constructed wetlands are often incorporated

surrounding ecosystems. Biofiltration  units,
to remove excess solids and maintain dissolved oxygen levels.
These processes enhance the health of aquatic organisms and
optimize nutrient uptake by plants. In addition, careful

monitoring of salinity, pH, and temperature ensures that both

aquatic animals and halophytes remain within suitable growth
ranges, supporting consistent production.

Nutrient cycling within marine aquaponic systems has multiple
ecological and operational benefits. Nitrogen compounds such
as ammonia, nitrite, and nitrate, produced through metabolic
activity and microbial nitrification, are assimilated by halophytes
for growth. Phosphorus and potassium, essential for plant
development, are similarly recovered from effluents. Microbial
communities within biofilters and substrate media contribute to
the conversion of organic and inorganic compounds, enhancing
nutrient availability and reducing the accumulation of toxic
metabolites. By establishing a continuous cycle of nutrient use,
marine aquaponics increases the efficiency of resource utilization
and reduces reliance on external fertilizers.

The productivity of marine aquaponics systems extends beyond
nutrient recovery. Integrated cultivation provides diversified
outputs, including fish, crustaceans, and halophytic vegetables or
grains. This diversification improves food security in regions
vulnerable to environmental stressors. By combining multiple
trophic levels within a controlled environment, marine
aquaponics mimics aspects of natural ecosystems while retaining
management control, allowing for optimization of production
schedules, harvest frequency, and marketoriented outputs.
Additionally, the co-production of plant and animal biomass
reduces pressure on single-resource systems, promoting more

resilient local food supply chains.

The design of marine aquaponics can be adapted to local
environmental conditions. Systems may range from small-scale,
household-level setups to commercial-scale facilities. Controlled
greenhouse environments allow for temperature and humidity
regulation, extending growing seasons and improving production
consistency. Outdoor systems, including tidal or pond-based
while

maintaining control over water flow and nutrient delivery. The

designs, leverage natural environmental conditions
modular nature of these systems facilitates gradual scaling,
reducing initial investment costs and allowing for iterative
improvements based on observed system performance.

Correspondence to: Belina Susano, Department of Marine and Aquatic Sciences, University of Algarve, Faro, Portugal, E-mail: susanop@up.pt

Received: 29-Oct-2025, Manuscript No. JARD-26-31112; Editor assigned: 31-Oct-2025, PreQC No. JARD-26-31112 (PQ); Reviewed: 14-Nov-2025,

QC No. JARD-26-31112;
10.35248/21559546.25.16.1053

Revised:  21-Nov-2025,

Manuscript

No. JARD-26-31112 (R); Published:  28Nov-2025, DOI:

Citation: Susano B (2025). Aquaculture Effluent Management and Halophyte Growth in Marine Systems. Aquac Res Dev. 16.1053.

Copyright: © 2025 Susano B. This is an open access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

J Aquac Res Dev, Vol.16 Iss.11 No:1001053



Susano B

Energy efficiency and environmental sustainability are integral
aspects of marine aquaponics. Recirculating systems minimize
water extraction and effluent discharge, while the biological
treatment of wastewaters through plant uptake reduces the need
for chemical treatments. Use of renewable energy sources, such
as solar-powered pumps and aerators, further decreases the
carbon footprint of production. Life cycle assessments indicate
that integrated aquaponics can achieve higher resource-use
efficiency and lower environmental impact per unit of food
produced compared with conventional aquaculture or saline
agriculture alone.

Monitoring system performance involves assessing water quality,
growth metrics, and nutrient content of both plants and
animals. Nutrient balance models help to optimize stocking
densities, plant biomass, and harvest schedules. Measuring
protein, lipid, and mineral content in harvested biomass ensures
that outputs meet nutritional requirements for human or
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animal consumption. Additionally, observation of microbial
community composition provides insights into system health
early intervention to prevent

and resilience, allowing

performance decline.

In conclusion, marine aquaponics represents a promising
approach for sustainable food production in arid and coastal
regions. By combining aquaculture with halophyte cultivation, it
converts nutrientrich effluents into valuable biomass, reduces
environmental impacts, and promotes resilience in saline food
systems. Careful system design, species selection, water
management, and operational monitoring are essential to
between plant and
components. As technical, ecological, and socio-economic

maintain  balance aquatic animal
understanding of these systems improves, marine aquaponics
offers an effective strategy for efficient, integrated, and resilient
production in environments where conventional agriculture and

freshwater-dependent aquaculture face limitations.
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