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Abstract. Aquaponics systems that combine aquaculture and hydroponics ensure a sustainable
circulation of resources, and temperature is a key factor in determining the efficiency of nitrification
processes and the overall productivity of such ecosystems. The study conducted an overview of
scientific research published in the period 2014-2022 on the impact of temperature on nitrification
processes and the overall efficiency of aquaponics systems. More than 100 scientific sources were
analysed, including articles from international scientific journals, monographs and other publications
covering various aspects of temperature effects on biological processes in aquaponics. Studies on the
temperature ranges that are optimal for maintaining nitrifying bacteria activity and aquaculture health,
as well as their interaction with factors such as nitrogen levels in the system and plant productivity,
were emphasised. Studies demonstrated that temperature is an important factor in determining the
rate of nitrification processes, fish and plant productivity, and the sustainability of the ecosystem.
Too high a temperature can accelerate the nitrification process, but it also creates stress for the fish,
which reduces their viability. Instead, low temperatures can slow down processes but increase the
resistance of living organisms. This review has provided a thorough assessment of current approaches
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to temperature control in aquaponics systems and recommendations for the practical application of
the results obtained in different climatic and technological situations. In addition, the prospect of
developing new approaches to temperature optimisation to ensure the efficiency and sustainability of

aquaponics systems in the future is discussed
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Introduction

Aquaponics, the integration of aquaculture and
hydroponics, is an innovative technology that en-
ables sustainable food production where fish and
plants interact in a closed ecosystem. One of the
key processes in such systems is nitrification, the
biological oxidation of ammonium to nitrite and
nitrate by nitrifying bacteria. This process is im-
portant for maintaining water quality, as it helps
to reduce the concentration of toxic ammonium
accumulated as a result of the metabolic activi-
ty of fish. Temperature is one of the main factors
affecting the speed and efficiency of nitrification.
It directly affects the metabolism of microorgan-
isms, in particular the activity of nitrifying bac-
teria such as Nitrosomonas and Nitrobacter. Since
the temperature regime in aquaponic systems can
vary depending on the time of year, geographical
location and other conditions, it is necessary to
determine how different temperature ranges af-
fect this process.

In Ukraine, there are fish farms in Vasylkiv
and the villages of Kamianka Buzka in Lviv and
Zaborol in Rivne regions. The technologies for
rearing Clarius catfish and other fish species de-
veloped by local specialists are constantly being
improved, but there are no scientific publications.
An interesting publication is N.E. Hrynevych et
al. (2021), which investigated the sanitary and
biological parameters of water at critical points
of the mentioned aquaculture system after pass-
ing through mechanical and biological filters. The
authors noted the high efficiency of the biologi-
cal filter for maintaining the sanitary condition of
water in the UZV for sterlet rearing.

Previous scientific studies, as well as the dis-
sertation study, have raised certain aspects of the

functioning of nitrification processes in aquatic
ecosystems and technologies, but omit several
key issues. 0.M.Vodyanitskyi et al. (2016) analysed
the impact of the type of biofilter filler on the de-
velopment of nitrifying microorganisms in water
recycling systems, but the temperature factor, as
one of the determinants of the activity of micro-
bial consortia, was not the subject of the study.
V.0.Yurchenko et al. (2021) examined nitrification
processes in drinking water sources and water
treatment facilities, but the specific conditions of
closed aquaponic systems, in particular the tem-
perature sensitivity of microbiocenoses, were not
considered. The thesis of M.V. Zadorozhny (2023)
addressed the effect of temperature on nitrifi-
cation processes, but it did not provide a com-
prehensive analysis of the relationships between
temperature regimes, the structural and func-
tional state of nitrifying microorganisms, and the
efficiency of inorganic nitrogen transformation in
aquaponics.P.Debroy et al. (2024) investigated the
effect of temperature on the productivity of aqua-
ponic systems and fish growth. The authors deter-
mined that optimisation of water temperature is
a critical factor in maintaining ecosystem stability
and increasing biomass. These results highlight
the importance of temperature control for the
effective management of aquaponic farms. The
study by L.K. Tolentino et al. (2019) analysed tem-
perature stabilisation methods to improve nitrifi-
cation efficiency in aquaponic systems. The study
demonstrated that maintaining a stable tempera-
ture regime significantly improves the activity of
nitrifying bacteria and overall water quality. The
authors proved that temperature optimisation is
a key factor in ensuring the sustainable operation
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of aquaponic plants. Thus, the issue of systemat-
ic generalisation and critical analysis of modern
scientific data on the influence of temperature
on nitrification processes in aquaponic systems
remains relevant, determining the study goal.

Despite substantial research on the effect
of temperature on nitrification in traditional bi-
ological systems, this issue remains insufficiently
investigated in the context of aquaponics. Differ-
ent researchers have provided conflicting results
regarding the optimal temperature conditions
for the stable operation of aquaponics systems.
As temperature can have not only a direct impact
on microbiological processes, but also indirectly
through changes in other parameters (e.g. oxy-
gen or ammonium levels), studying this issue is
important for improving aquaponics technology.
The review aimed to collect and systematise data
on the effect of temperature on nitrification pro-
cesses in aquaponic systems, to identify existing
contradictions in scientific research and to identi-
fy potential areas for further research.

The research was based on the analysis of
scientific sources covering the influence of tem-
perature in aquaponics systems on nitrification
processes. The literature search was conducted
in the databases Scopus, Web of Science, Google
Scholar, as well as in the open archives of sci-
entific publications, ResearchGate, PubMed, and
SpringerLink. The following keywords were used
to select materials: “aquaponics’, “nitrification”,
“temperature effect on nitrification”, “ammonia
oxidation in aquaponics”. Articles published after
2010 and before 2022 that contain empirical data
on the temperature effect on nitrification rates,
nitrogen toxicity, and biofilters were prioritised.
The analysed sources were grouped per key as-
pects of the topic: temperature requirements of
fish in aquaponic systems, features of the nitro-
gen cycle, the effect of temperature on the ac-
tivity of nitrifying bacteria, and methods of tem-
perature control. The publications that did not
contain experimental data, were limited to a gen-
eral description of aquaponics or did not consider
the effect of temperature on nitrification, were

rejected. This approach formed a generalised pic-
ture of current research and identified the main
trends in the study of temperature-dependent ni-
trification processes in aquaponic systems.

Aquaponic system — a symbiosis
of hydroponics and aquaculture
The aquaponics system is an integrated environ-
mental technology that combines hydroponics
and aquaculture. The water containing fish waste
serves as a source of nutrients for plants, which in
turn purify water from pollution, creating a closed
cycle. Fish produce organic waste, including am-
monia, which is converted into nitrates with the
help of bacteria, an important nutrient for plants.
This reduces the need for additional fertilisers
and ensures efficient use of water, which is a
critical resource in such systems. Aquaponics is a
sustainable, efficient and environmentally friend-
ly method of food production that has achieved
widespread use in both scientific research and

aquaponic farms in the last decade.

D.C. Love et al. (2015) conducted an interna-
tional survey of aquaponics practitioners, analys-
ing the diversity of systems, fish and plant species,
and challenges faced by aquaponics farm opera-
tors. R.Junge et al. (2017) proposed key strategic
aspects of aquaponics development, emphasising
the need for standardisation and further research
to ensure wider adoption of this technology. The
point is that the integration of aquaculture and
hydroponics is necessary to create sustainable
food production systems.

S. Goddek et al. (2015; 2019) implemented a
systematic theoretical and review approach that
covers aspects of constructive design, technolog-
ical management, and strategic development of
aquaponics systems. This approach provided a
broad methodological basis for further applied
research and contributes to the formation of a
holistic view of the functioning of aquaponics
as an integrated bioengineering technology. Its
practical value is determined by the develop-
ment of scientifically based recommendations for
adapting systems to different farming conditions.
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In contrast, the experimental study by U. Knaus
& H.W. Palm (2018) on the impact of fish density
on plant growth within an aquaponic system is
noteworthy. Such a highly specialised approach
provides specific practical data on optimising the
biomass of both biological components of the
system, which is particularly important for the
commercial sector.

H. Monsees et al. (2017) presented an inter-
disciplinary approach that analyses the econom-
ic and environmental aspects of aquaponics for
growing tomatoes in commercial settings. Such
a comprehensive analysis can be used to assess
the profitability of the technology in the real
market and form an idea of its sustainable de-
velopment. In turn, M. Yildiz et al. (2017) investi-
gated fish welfare in the context of water quality
parameters, demonstrating a biocentric approach
to the functioning of aquaponics systems. The
practical significance of this study is determined
by the establishment of critical control parame-
ters that ensure the homeostasis and biological
stability of the system.

Despite the difference in the objects and
methods of research,allauthorsagree onapositive
assessment of the effectiveness of aquaponics as
a promising technology of integrated production.
At the same time, the diversity of approaches -
from theoretical and conceptual to empirical and
bioethical - indicates a high degree of interdisci-
plinarity of aquaponics and the need for further
research that integrates technological, environ-
mental, economic and biological aspects of aqua-
ponics systems. No conflict of interest is present.

The aquaculture module generates organic
waste, which is converted by nitrifying bacteria
into nitrates - a key source of nutrition for plants
in hydroponics. The accumulation of toxic forms
of nitrogen without this process can worsen
the condition of the fish and the stability of the
system. The hydroponic module performs a bio-
filtration function, absorbing nitrates and other
nutrients, which maintains water purity. The root
system of plants enriches the water with oxygen,
improving conditions for microorganisms.

Klimenko et al.

The influence of the aquaculture
module on the temperature regime
of the aquaponics system
Optimisation of water parameters (pH, temper-
ature, dissolved oxygen, nitrogen compounds)
is key to ensuring a balance between the needs
of fish, plants and bacteria, making aquaponics
a promising approach to sustainable food pro-
duction. Water temperature is a critical factor for
the successful cultivation of different fish species
in aquaponics systems. Each species has specific
temperature requirements that need to be con-
sidered to ensure optimal growth, health and

productivity.

Although the authors of C. Somerville (2015)
unanimously recognise water temperature as
one of the key factors determining the efficien-
cy of aquaponics systems, a detailed comparative
analysis shows both a certain consistency in the
conclusions and discrepancies that need to be
clarified. All the analysed studies emphasise the
critical role of a stable temperature regime for
the growth, metabolic activity and overall wel-
fare of fish. At the same time, the ranges of op-
timal temperatures vary significantly depending
on the fish species: for example, for tilapia and
clarius catfish, the optimal temperatures are in
the range of 24-29°C and 25-28°C, respectively
(Hochman et al., 2018), while for trout and stur-
geon, these values are much lower - 7-18°C and
18-22°C, respectively (Buzby & Lin, 2014).

These data indicate pronounced interspecific
differences in the thermal adaptation of aquatic
organisms, which in closed aquaponic systems re-
quires a reasonable selection of compatible fish
and plant species. Particular attention should be
paid to the ratio of temperature requirements of
fish and nitrifying bacteria, given that the optimal
temperature range for the activity of bacteria of
the genus Nitrosomonas and Nitrobacter is usually
25-30°.Thus, conditions that are optimal for most
tropical fish species can also facilitate effective
nitrification, while keeping cold-water species
such as trout may be accompanied by a reduction
in biological treatment intensity.
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Temperature fluctuations constitute a sepa-
rate group of risks for aquaponics systems, as even
minor deviations from the optimal range can lead
to metabolic stress in fish, reduced feed intake,
homeostasis disorders, and inhibition of nitrify-
ing bacteria activity. When the temperature rises
above 30°C, the level of dissolved oxygen in the
water may decrease, which increases the physi-
ological load on both biological components of
the system (Love et al., 2014; Poloviy et al., 2024).

Thus, the literature review demonstrated
that although the main conclusions regarding
the need for temperature stability are consistent,
there are both interspecies differences in fish
thermal preferences and potential contradictions
in achieving the optimum for different compo-
nents of the aquaponic system. This creates the
need for further research aimed at studying the
relationship between temperature regimes, fish
productivity, nitrifying bacteria activity and func-
tional stability of the system.

Threatening pollutants

in aquaponics systems
Aquaponics systems are highly efficient environ-
mental innovations that combine aquaculture
and hydroponics, where fish and plants function
in close symbiosis. To ensure the stable function-
ing of these systems, it is critical to control water
quality, as its chemical composition directly af-
fects fish health, plant growth and microbiologi-
cal processes. The most sensitive parameters are
the concentrations of nitrogenous compounds
(@ammonium, nitrates), phosphates, organic toxins
and dissolved oxygen levels.

Ammonium (NH4") is the primary product of
nitrogen metabolism in fish and can be used as
a source of nitrogen for plants in small amounts.
However, its excess, especially in the form of free
ammonia (NHs), is toxic to both fish and plants.Ac-
cording to . Zidni (2019), toxic effects for fish oc-
cur at ammonium concentrations above 0.5 mg/
dm?, and for species such as tilapia and clarius
catfish, even 1 mg/dm? can be fatal. Y. Zhang et
al. (2021) indicate that the optimal level of

ammonium for plants is 1.0 mg/dm?, but exces-
sive levels cause growth inhibition due to toxic
effects on the roots.

Nitrates (NOs-) produced by nitrification are
less toxic, but at high concentrations can cause
the formation of methemoglobin in fish, which
impairs oxygen transport (Buzby & Lin, 2014). For
fish,the optimal level of nitrate is up to 50 mg/dm?,
and for heat-loving species, up to 100 mg/dm?>. At
the same time, such limits are also effective for
plants that actively consume nitrates at concen-
trations of 5-30 mg/dm? (Eck, 2019). Phosphates
(PO43-) are essential for plants, but excessive
amounts of them cause algae growth, eutroph-
ication and hypoxia, which is harmful to fish.
Optimal concentrations of - are 0.2-0.5 mg/dm?,
and levels above 1 mg/dm? are associated with
impaired fish metabolism and inhibition of plant
growth (Eck, 2019). Organic toxins (e.g. phenols,
amines) that can enter the system with feed or as
a metabolic by-product pose a threat to both fish
and plants. The permissible limit for such com-
pounds is up to 0.1 mg/dm? (Buzby & Lin, 2014).
The permissible limit for the following com-
pounds is up to 0.1 mg/dm?

The level of dissolved oxygen is a key pa-
rameter that determines the survival of all com-
ponents of the system. For most fish species, the
minimum acceptable oxygen level - is 5 mg/dm?
(Rakocy et al., 1993), and at levels below 3 mg/
dm?®, there is a risk of hypoxia. In plants, oxygen
deprivation causes root rot and impaired nutrient
uptake (Cohen et al., 2014).

An analysis of the sources cited indicates a
significant degree of agreement on the critical
toxicity limits for the main water parameters.
Most sources agree that:

» Ammonium should not exceed 0.5-1.0 mg/
dm? for fish, while plants can tolerate slightly
higher levels;

> Nitrates are optimal in the range of 50-
100 mg/dm? for fish and 5-30 mg/dm?® for plants,
but there is a compromise zone of 50-80 mg/dm?;

» Phosphates above 0.5-1.0 mg/dm? have a
negative impact on the biocenosis of the system;
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» Organic toxins are harmful even in trace
concentrations.

» The oxygen level should not reach below
5 mg/dm? for the system to function properly.

In summary, the optimal concentrations of
compounds in an aquaponic system should be
maintained within a narrow range to ensure simul-
taneous safety for fish, nitrification efficiency and
nutrient availability for plants. Given the variabil-
ity between fish species, plant types and system
architecture, individual adaptation of parameters
is necessary. For example, in warm-water sys-
tems with tilapia, it is more appropriate to main-
tain nitrate at 60-80 mg/dm?, while in systems
with trout, the optimum may be 30-50 mg/dm®.
This flexibility should be applied to each param-
eter, which is key to developing adaptive and sus-
tainable aquaponics models.

Forms of nitrogen and their impact
on aquatic life and plants
The forms of nitrogen in aquaponic systems are
important in maintaining the biological balance
between aquatic organisms and plants. The main
forms of nitrogen are ammonium, nitrite and
nitrate, each of which has different effects on
organisms and system function. Ammonium is
an important form of nitrogen, but at high con-
centrations (>0.5 mg/dm?®) it can be toxic to fish,
causing stress and metabolic disorders (Kloas et
al., 2015; Wongkiew et al., 2017). W. Kloas et
al. (2015) investigated the effect of ammonium
concentration on fish and plant growth in aqua-
ponic systems. The results indicate that excess
ammonium inhibits the development of both
components of the system, while controlled
levels promote an optimal growth balance. The
authors emphasise the need for continuous mon-
itoring of the nitrogen cycle to maintain the ef-
ficiency of aquaponics. S. Wongkiew et al. (2017)
presented a literature review on the impact of
various nitrogen compounds on the functioning
of aquaponic systems. The authors addressed
the toxicity of ammonium and nitrite to fish and
the possibility of nitrate accumulation in water,

Klimenko et al.

which can affect the quality of plant products.
The review demonstrates the critical role of ni-
trogen metabolism management in ensuring the
health of the system’s biocomponents.

For optimal plant growth,the ammonium con-
centration should be in the range of 0.5-1.0 mg/
dm?®. Z. Naeem (2023) investigated the negative
impact of ammonia on fish health in aquaponic
systems. The study determined that even slight
increases in ammonia concentrations can cause
stress, metabolic disorders, and increased mortal-
ity among fish. The author concluded that strict
control of ammonia levels is necessary to main-
tain the viability of populations in closed aquatic
systems. The results indicate that different spe-
cies have different sensitivities to ammonium
loading, which requires an individual approach
to water composition management. The authors
emphasise the importance of dynamic monitoring
of concentrations to prevent a decrease in system
performance. According to Y. Zou et al. (2016), at
concentrations above 1.0 mg/dm?,ammonium be-
comes toxic to fish and can inhibit plant growth.
The authors determined that ammonium, nitrite
and nitrate have different effects on plant growth
and fish physiological status, with excess nitrite
being particularly toxic to aquatic organisms. The
results highlight the need for a delicate balance
between nitrogen forms to ensure system sus-
tainability and productivity. The optimal ammoni-
um concentration in aquaponics systems should
be limited to 1.0 mg/dm? to ensure the health of
both fish and plants. The fish are the most sensi-
tive component of the system to ammonium, as
even a small exceedance of this concentration
can cause serious stress.

Nitrites are toxic to fish even at low concen-
trations. A. Deswati et al. (2021) recommended
maintaining nitrite levels in aquaponics systems
at no more than 0.1-0.2 mg/dm3, as exceeding
these limits can cause respiratory disorders in
fish. The study experimentally demonstrated that
even a slight increase in nitrite levels in water
causes hypoxia and reduced growth rates in fish,
which directly affects the overall productivity of
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the aquaponics system. The authors established
that proper regulation of the nitrogen cycle is
crucial, as exceeding the permissible level of
nitrites leads to serious physiological disorders
in fish and inhibition of plant growth in the sys-
tem. Nitrites are highly toxic even at minimal
concentrations, so their levels should not exceed
0.1 mg/dm? to prevent harm to fish health. Fish
are most sensitive to this form of nitrogen, which
requires special attention when monitoring ni-
trites in the system.

According to S. Faliagka et al. (2024), nitrates
are the main source of nitrogen for plants in
aquaponics systems. Optimal concentrations for
plant growth range from 50-150 mg/dm?, which
provides adequate nutrition without adverse ef-
fects on fish. Higher levels (>150-200 mg/dm?3)
can cause toxic effects on fish, although plants
can successfully utilise nitrate even at high con-
centrations (Alonso-Lépez et al., 2015; Zheng et
al.,2017). For healthy aquaponics systems, nitrate
concentrations should be limited to 100 mg/dm?to
ensure optimal plant growth and fish safety. While
plants can cope well with higher concentrations,
fish are more sensitive to toxic levels of nitrate.

The forms of nitrogen in aquaponics systems
have different effects on the biological compo-
nents of the system. The most sensitive compo-
nent to changes in nitrogen concentrations is fish,
while plants can use nitrogen in the form of ni-
trate efficiently at higher concentrations:

» Ammonium: for fish, the concentration
should not exceed 0.5 mg/dm?, and for plants, the
optimal level is 0.5-1.0 mg/dm?;

> Nitrites: toxic at concentrations above
0.1 mg/dm?, so their level must be strictly con-
trolled;

» Nitrates: optimal concentrations for plants
are 50-150 mg/dm?,and for fish,up to 100 mg/dm?.

In general, to maintain the health of an
aquaponic system, it is important to maintain a
balance between different forms of nitrogen, reg-
ularly monitor their levels and take into account
the specific requirements of each component of
the ecosystem.

Water temperature
and nitrification rate

Nitrification is an important biochemical process
in aquaponic systems that ensures their stability
and health. It is a two-step process of biological
oxidation of ammonium (NH,") to nitrite (NO,-)
and then to nitrate (NOs-). The process is carried
out through the activity of specific groups of bac-
teria, such as Nitrosomonas (converting ammoni-
um to nitrite) and Nitrobacter (converting nitrite
to nitrate). Water temperature is an important
factor affecting the speed and efficiency of ni-
trification, as it affects the activity of nitrifying
bacteria. Within the optimum temperature range,
these bacteria work efficiently to convert ammo-
nium into nitrate, which can be used by plants
for growth. Experimental studies show that the
optimal temperature range for effective nitrifica-
tion is 20-30°C, with temperatures below 10°C or
above 35°C significantly reducing bacterial activ-
ity (Hochman et al., 2018). However, the data on
the effect of temperature on nitrification varies
depending on the specific conditions.

Studies by numerous authors confirm that the
optimum temperature for the nitrification process
is in the range of 20-30°C, which is most effective
for Nitrosomonas and Nitrobacter activity. Y. Zou et
al. (2016), based on modelling, determined a
difference in results when the temperature is
changed above 30°C, which can cause an inhibi-
tion of the activity of nitrifying bacteria, which is
confirmed by both experimental and theoretical
studies. In the context of the above-mentioned
studies, temperature is a critical factor that de-
termines the speed of the nitrification process in
aquaponic systems.Based on them, it is possible to
establish that the optimal temperature range for
nitrification is 20-30°C. The results of experimen-
tal studies are mostly consistent with the models,
but there are some discrepancies under extreme
conditions (high temperature, water pollution).

Y.Huang et al. (2024) reviewed the influence
of temperature on nitrification processes in aqua-
ponic systems. The authors determined that the
optimum temperature for the activity of nitrifying
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bacteria is between 25-30°C, which ensures the
highest rate of ammonium oxidation and stabil-
ity of biofilters. If the temperature deviates from
these limits, microbiological processes decelerate,
which can lead to the accumulation of toxic ni-
trogen compounds. The study by J.PH. Kinyage et
al. (2016) experimentally confirmed the effect of
water temperature on the efficiency of nitrification
in aquaponics. The results demonstrated that at
temperatures of 25-28°C, the highest level of am-
monium conversion to nitrate is achieved, which
has a positive impact on water quality and aquatic
life. The deterioration of nitrification was record-
ed at temperatures below 20°C and above 32°C,
which indicates the sensitivity of the microbial
community to fluctuations in the thermal regime.

C. Deer et al. (2021) demonstrated that in-
creasing the water temperature to 32-35°C can
significantly reduce the activity of nitrifying
bacteria, which leads to inhibition of the nitrifi-
cation process. This contributes to the accumu-
lation of toxic nitrogen compounds, which neg-
atively affect the overall nitrogen cycle and the
health of organisms, including fish. According to

Klimenko et al.

D.K. Papadopoulos et al. (2024), temperature in-
stability, in particular sharp fluctuations, can sig-
nificantly reduce the efficiency of nitrification.
M.S. Akhtar et al. (2014) indicated that at temper-
atures below 18°C, nitrification processes almost
stop, which limits the system’s ability to maintain
a stable nitrogen cycle.

In general,atemperature stabilityintherange
of 25-30°C is an important condition for efficient
and stable nitrification in aquaponic systems.
Within this range, the nitrifying bacteria function
optimally, providing a high rate of ammonium oxi-
dation and maintaining a high level of water qual-
ity. High and low temperatures significantly re-
duce the efficiency of this process, which can have
negative consequences for the system, including
the accumulation of toxic nitrogen compounds.

Temperature control
and accelerated nitrification
Based on the findings of J.R.M. Bracino et
al. (2020) and AV. Atienza et al. (2021), the meth-
ods of temperature stabilisation in aquaponic
systems are systematised (Table 1):

Table 1. Methods of temperature stabilisation in aquaponic systems

Method type Characteristic Advantages Limitations
. High energy costs, difficulty
. Precise temperature . NI
Technical Use of heaters, coolers, in maintaining in the face of
) : control, stable I
methods and tank insulation significant external temperature

nitrification processes

fluctuations, and insulation costs

Adjustment of the water

Natural methods
flow rate

Reduced temperature
fluctuations, even
temperature distribution

Low efficiency in case of
significant changes in ambient
temperature, impact on nutrient
circulation

Optimisation of conditions
for the microbiota
(increasing oxygen levels,
maintaining optimal pH,
biofilters)

Biotechnological
methods

Increase in nitrification
efficiency, maintain
stable microbial
communities

Need for constant monitoring,
limited effectiveness in case of
sudden temperature drop or lack
of oxygen

Source: compiled by the authors based on J.R.M. Bracino et al. (2020) and A.V.Atienza et al. (2021)

As a result, it is advisable to use a combina-
tion of these methods for effective temperature
stabilisation in aquaponic systems, incorporating
their advantages and limitations. Technical meth-
ods provide high accuracy, natural methods pro-

vide certain energy savings, and biotechnological
methods maintain microbiota stability and con-
tribute to the long-term functioning of the system.

To improve temperature stability in aqua-
ponics systems, researchers have proposed var-
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ious approaches, including the integration of
multifunctional heating and cooling systems.
These methods can reduce energy costs while
maintaining a stable temperature throughout the
day. However, such approaches can be limited by
the influence of external factors, such as seasonal
temperature fluctuations, which require addition-
al resources to maintain stability.

Other researchers, such as S. Wahyuning-
sih et al. (2015), suggest the use of active filtra-
tion systems with natural materials to reduce
ammonium pollution, which also contributes to
improving nitrification efficiency. This method,
compared to automated heating systems, is more
cost-effective, but its efficiency can be reduced
in conditions of significant temperature fluctu-
ations. The use of heat storage systems and ex-
ternal cooling devices is also an important as-
pect of maintaining the optimal temperature in
aquaponic systems (Khalil, 2018). However, these
methods require additional investment in the in-
stallation of external devices and ensuring their
stable operation in a changing climate.

An important area is the use of natural ener-
gy sources, such as solar energy, to power heating
and cooling systems, which can reduce energy
costs (Atlason et al., 2017). However, this method
may be less efficient in regions with limited access
to solar energy or in winter. R. Sallenave (2016)
and J.P. Mandap et al. (2018) highlighted the im-
portance of maintaining a stable water tempera-
ture, as even small fluctuations, especially above
30°C, can cause stress to nitrifying bacteria, which
reduces the efficiency of the process. Therefore,
cooling systems and thermostatic controllers
should be used to prevent overheating of the water.

Thus, different approaches to temperature
stabilisation have their advantages and Llimi-
tations. The integration of heating and cooling
technologies with natural filtration systems can
achieve optimal conditions for nitrification, but
their effectiveness depends on specific conditions
and requires a comprehensive approach to ensure
temperature stability in aquaponics systems.

Conclusions
The optimal temperature range for nitrifying
bacteria activity is 20-30°C. Within this range,
the maximum rate of ammonium conversion to
nitrate is observed, which is essential for main-
taining stable water quality and plant health. At
temperatures below 10°C, the activity of nitrify-
ing bacteria decreases significantly, and at tem-
peratures above 35°C, it almost stops, leading to
the accumulation of toxic nitrogen compounds
and disruption of the nitrogen cycle in the system.

Temperature stability is particularly impor-
tant, as sharp temperature fluctuations can sig-
nificantly reduce nitrification efficiency. Stable
temperatures in the range of 25-30°C are the
most optimal, as they promote high bacterial ac-
tivity and the stability of the ecosystem. To main-
tain a stable temperature in aquaponic systems,
it is necessary to use various methods, including
technical, natural and biotechnological ones, to
minimise the impact of extreme temperatures
and ensure the effective functioning of the mi-
crobiota. Given these results, an important area
is the development and implementation of sys-
tems that can be used maintaining optimal tem-
perature conditions, in particular using combined
heating, cooling and filtration technologies. The
use of natural energy sources, such as solar en-
ergy, can reduce energy costs for temperature
stabilisation, which is especially relevant for the
sustainable development of aquaponic systems in
different climatic conditions.

Further research could address the effect of
temperature fluctuations on the long-term stabil-
ity of nitrification and optimise temperature re-
gimes for different types of aquaponic systems,
incorporating the specific conditions of each re-
gion. In addition, more attention should be paid
to the study of the adaptation mechanisms of
nitrifying bacteria to temperature changes and
their ability to recover from stress.
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AHoTaLifl. AKBaMNOHIYHI CMCTEMM, WO NOELHYIOTb aKBAKY/bTYpy Ta riApONOHiKy, 3abe3nevyoTb cTanui
obir pecypciB, a TemMnNepaTypHWN PEXMM € K/IOYOBMM UMHHMKOM, SKUI BU3HAYa€E edeKTUBHICTb
HITPUdiKaLiMHUX NpoueciB i 3aranbHy NPOAYKTUBHICTb TakMx ekocucteM. B paHin ctatTi npoBegeHo
OrNan HAyKOBWMX [AOCNILKeHb, onybnikoBaHux 3a nepiog 2014-2022 wo CTOCYTbCS BMAMBY
TEMMNEepPaTypHOro pexuMy Ha npouecu HiTpudikauii Ta 3aranbHy edeKTUBHICTb akBaMOHIYHUX CUCTEM.
MNpoaHanizoBaHo noHag 100 HaykoBWMX Axepen, 30KpeMa CTaTTi 3 MiXXHapPOAHWX HAayKOBUX XXypHanis,
MoHorpadii Ta iHwWi nybnikauii, WO OXONKTb Pi3Hi acneKkT1 TeMNepaTypHOro BNAMBY Ha GionoriyHi
npouecyu B akBanoHii. 0cobanBy yBary npuaineHo focnifkeHHaIM, ki hoKyCyBanncs Ha TeMnepaTypHUx
AianasoHax, OMTUMANbHUX AN9 MIATPUMKU AKTUBHOCTI HiTpudikauiiHux 6akTepii Ta 340poB’'a
AKBAKYNbTYPM, @ TAKOX iX B3aEMOSIi 3 pakTopaMu, TaKMMM 9K piBEHb a30Ty B CUCTEMI Ta MPOAYKTUBHICTb
pocnuH. [locnifxeHHs nokasanu, Wo TeMnepaTypa € BaX/IMBUM (HAKTOPOM, KM BU3HAYAE LWIBMAOKICTb
HiTpMdiKaLiiHMX MpoueciB, NPOAYKTUBHICTb pub i pOCAMH, @ TaKOX CTiMKiCTb €KOCUMCTEMU B LNOMY.
3aHaATo BMCOKA TeMNepaTypa MOXe MPUCKOPKOBATM Mpouec HiTpudikauii, ane TakoX CTBOPKE CTpec
AN pub, WO 3HUXKYE iX XUTTE3AATHICTb. HAaTOMiCTb HM3bKa TEMMepaTypa MOXe CMOBINbHUTM NpOLeCH,
ane NiABUWWINTK CTIKICTb XMBUX OpraHi3miB. Lleit ornag Hapae rpyHTOBHY OLHKY Cy4acHMM niaxonaM
[0 KOHTPOMIO TEMMEPATypHOro PexuMy B akKBaMOHIYHMX CMCTEMAX Ta HaLaB pekoMeHpauii ans
NPaKTUYHOIO 3aCTOCYBAaHHA OTPUMAHMX Pe3yNbTaTiB B YMOBAX Pi3HMX KNIMATUYHUX | TEXHONOTIYHMUX
cuTyauin. OkpiM Toro, 06rosopeHa nepcnekTMBa PO3BUTKY HOBMX NiAXOAIB A0 ONTMMI3aLii TeMnepaTypu
Ans 3abesneyeHHss eeKTUBHOCTI Ta CTIAKOCTI aKBanOHIYHUX CUCTEM Y MalByTHbOMY
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