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Abstract. The study aimed to determine the effect of adding potassium sulphate (K,SO,) at a
concentration of 500 mg/dm? on the quality of the aquatic environment, growth of Clarias gariepinus
and yield of lettuce in an aquaponics system. The experiment was conducted in two parallel lines:
control (without K,SO,) and experimental (with the addition of K,SO,). The initial total weight of
19 fish in each line was 1330 g. In 57 days, the weight in the control line increased to 1995 g,
and in the experimental - to 2888 g. The feed conversion was 2.5 in the control and 1.1 in the
experiment. The specific growth rate (SGR) was 0.82%/day in the control and 1.74%/day in the
experimental group. The potential yield of lettuce (4000 g/m?) was realised by 51.1% in the control
and 87.5% in the experiment. In the control line, the main limiting factor was potassium deficiency
(21.6-28.3 mg/l), and in the experimental line, the pH increased to 8.3 due to insufficient nitrogen
uptake at 19.5°C (below the optimum for nitrification). In both lines, a significant increase in the
content of mineral compounds (NO,- NH.", SO4Z-, PO43-) was recorded, but the water parameters
remained within the range acceptable for aquaponics technologies. The results obtained indicate a
positive effect of adding K,SO, at a given concentration, which ensures an increase in fish and plant
productivity, although it requires the incorporation of the ratio of green crops to fish biomass and
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water temperature. The addition of K,SO, contributed to the increase in the biological efficiency of
the aquaponic system while maintaining acceptable water quality

Keywords: lettuce; biomass growth; feed conversion; water quality; nitrate nitrogen; hydroponics

module performance

Introduction

The African Clarius catfish (Clarias gariepinus)
is an important aquaculture element due to its
rapid growth, resistance to stressful conditions
and ability to breathe atmospheric air, therefore
resilient to high planting densities. In one cubic
metre of water, 200-300 kg of adult fish can be
grown, and under favourable conditions, catfish
can reach a weight of 1.5-2 kg in six months
(State Agency of Fisheries of Ukraine, 2021).
B.Yu. Kovalenko et al. (2021) emphasised that
catfish can adapt to different growing condi-
tions, which is important for aquaponics sys-
tems, where effective management of the aquat-
ic environment is critical for system stability. At
the same time, N.M. Vdovenko et al. (2020) em-
phasised the importance of optimising feeding
strategies to ensure high productivity and eco-
system stability.

A.M. Trofymchuk et al. (2021) provided a fish
farming and technological rationale for recircu-
lating aquaculture systems for African catfish,
highlighting the importance of proper control
of the aquatic environment to ensure optimal
conditions for fish growth. This highlights the
need for an integrated approach to managing
aquaculture systems, where maintaining water
stability and fish health are key factors for a
successful system. Aquaponics, which combines
aquaculture and hydroponics, is a sustainable
system that allows for efficient use of resources
and reduces the negative impact on the environ-
ment. Mineral elements are substantial in this
system, in particular potassium, which is a key
macronutrient for plant growth. Potassium sul-
phate (K,SO,) is a popular source of potassium in
agriculture because it does not contain chlorine,
which can be harmful to some crops.

However, the impact of potassium sulphate
on the health and productivity of aquatic organ-
isms, in particular the Clarius catfish, has not
been sufficiently studied. Research demonstrated
that an increased concentration of potassium sul-
phate in the aquatic environment can affect the
physiological parameters of aquatic organisms.
For instance, |.S. Babarchuk & Yu.V. Babich (2022)
studied the effect of potassium sulphate on
the haematological parameters of the mollusc
Planorbarius corneus, which indicates the poten-
tial impact of this fertiliser on aquatic life. The
efficient use of mineral fertilisers in aquaponics
systems, in particular potassium sulphate (K,SO,),
is an important aspect of research aimed at op-
timising these agroecological systems. According
to H. Neerudu et al. (2023), potassium sulphate
is a source of potassium, which is essential for
normal plant growth and is also important for
regulating water and salt balance in organisms,
including aquacultured fish. Potassium is criti-
cal for chlorophyll synthesis, energy transfer and
maintenance of cellular pressure, and therefore
its deficiency or excess can have a significant im-
pact on the performance of aquaponics systems.

Potassium is important not only for plant de-
velopment but also for fish health, as evidenced
by studies showing that potassium helps fish to
better adapt to stressful conditions such as rising
water temperatures and changes in water quality.
The potential positive effect of potassium on fish
is also supported by H. Nyadjeu et al. (2020) and
L.C. Wenzel et al. (2021), studies on the African
Clarius catfish, which demonstrated improved
health and metabolism when added to feed.
One of the most important areas of research is
the study of the effect of potassium sulphate on
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the physiological parameters of fish, particularly
the African Clarias gariepinus. The study by A. Gra-
nal et al. (2024) demonstrated that potassium has
a positive effect on the ability of fish to adapt to
stressful conditions, including increased water
temperature. However, at excessive concentra-
tions of potassium sulphate, there is an increase
in toxicity, which can lead to a decrease in fish ac-
tivity and negatively affect their ability to grow. In
addition, studies demonstrated a positive effect
of potassium on improving fish metabolism im-
proving the condition of their skin and reducing
stress levels in the event of sudden changes in
water parameters.

F.X. Presas-Basalo (2021) highlighted the
importance of a balanced supply of macro- and
micronutrients in aquaponic systems. The study
highlighted that potassium in high concentra-
tions can affect the levels of other macronutri-
ents, such as calcium and magnesium, which are
important for normal physiology in both plants
and fish. Furthermore, the system should include
well-configured filtration to prevent the accumu-
lation of toxic levels of salts. Other studies, such
as by V.C. John et al. (2021), demonstrated that
properly configured aquaponics systems using
potassium sulphate can provide sustainable and
efficient production of both fish and plants. The
researchers noted that for the successful integra-
tion of potassium sulphate, environmental fac-
tors such as water temperature and pH must be
incorporated, as these parameters directly affect
the efficiency of potassium in both components
of the system. In general, studies conducted by
S.F.P. Duarte & B.S. Cerozi (2024) demonstrated
that properly balanced potassium levels in aqua-
ponics systems have a positive effect on the pro-
ductivity of both fish and plants. However, more
research is needed to determine the optimal
concentrations of this element depending on the
type of plants and fish species grown.

Overall, numerous studies demonstrated that
potassium sulphate is promising for aquaponics
systems, but more research is needed to deter-
mine the optimal concentrations of this element
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depending on the type of plants and fish species
grown. Another important area is the develop-
ment of new methods of water purification and
monitoring of mineral levels, which can reduce
the negative impact of high potassium concen-
trations on the environment. Thus, the relevance
of this study lies in the need to study the effect of
potassium sulphate on the cultivation of Clarius
catfish in aquaponics systems.

The study aimed to evaluate the effective-
ness of potassium sulphate in ensuring optimal
conditions for the development of aquaponics or-
ganisms (Clarius catfish and lettuce). Study goals
included:

» analysis and evaluation of changes in the
state of the aquatic environment during 1 cycle of
growing lettuce (57 days) without the addition of
potassium sulphate and with the addition of po-
tassium sulphate at a concentration of 0.50 g/dm?;

» analysis and evaluation of the develop-
ment of Clarius catfish in the experimental line
of the aquaponics system (with and without the
addition of 0.50 g/dm? of potassium sulphate) by
metrics: average fish weight, feed conversion rate,
specific fish growth rate, assessment of the im-
pact of potassium sulphate on fish physiological
parameters.

The research relevance is determined by the
novelty of the comprehensive study of the ef-
fect of potassium sulphate on the cultivation of
Clarius catfish in aquaponics systems, which will
increase the efficiency and sustainability of such
systems.

Materials and Methods
The experimental study was conducted at the
National University of Water and Environmen-
tal Engineering in the educational and scientific
laboratory of cyclic water of agroecosystems in
2024 and aimed to analyse the effect of adding
potassium sulphate (K,SO,) to fresh water of an
aquaponic system with Clarias catfish (aquacul-
ture module) and lettuce (hydroponics module)
at a concentration of 0.5 g/dm?® on the chemical
parameters of water and productivity of Clarias
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gariepinus in an aquaponic system. The study was
conducted based on the Convention on Biological
Diversity (1992).

Experiment. Two parallel aquaponics systems
were used in the experiment: a control system
(without potassium sulphate) and an experimen-
tal system (with potassium sulphate). In the ag-
uaculture module of each line (@a 1 m* tank with
a water level of 0.8 m?), 19 Clarus catfish with an
average initial weight of 50 g/individual were
grown, with a total fish biomass of 950 g/tank. In
the hydroponics module, leaf lettuce was grown
on a planting area of 1 m? with a planting density
of 57 plants/m?.

Water quality analysis. Water quality was test-
ed at the start of the experiment (13 November
2024) and at the end of the experiment (8 Janu-
ary 2025). To determine the content of macroele-
ments in water, a Lasa agro 1900 spectrophotom-
eter (manufacturer: STEP Systems GmbH, country
of manufacture: Germany) was used, and to de-
termine the pH of water and the concentration
of potassium ions, an ion meter 1-160 M| (manu-
facturer: NPF Tensor, country of manufacture: Rus-
sia) with appropriate selective electrodes. This
equipment provided accurate measurements of
the concentration of the main chemical elements
affecting the state of the aquatic environment in
the aquaponics system. In addition, the follow-
ing methods were used to study water quality:
measurement of nitrate ion concentration by the
photocolorimetric method MM No. 081/12-0651-
09 (2010); measurement of the mass concentra-
tion of ammonium ions by the photocolorimetric
method with Nessler’s reagent MM No. 081/12-
0651-09 (2010), measurement of the mass con-
centration of sulphates by titrimetric method MM
No.081/12-0653-09 (2010).

Two important physiological indicators were
calculated to assess the efficiency of fish feed as-
similation and fish development: Specific Growth
Rate (SGR) and Feed Conversion Ratio (FCR). FCR
is an important indicator of the efficiency of
fish farming in aquaponic systems (Nyadjeu et
al., 2020):

FCR = Consumed feed mass (g). (1)

Biomass growth (g)

The FCR determines the amount of feed
required to produce a unit of biomass gain. The
calculation of these metrics determines how ef-
ficiently fish use feed and how fast they grow in
conditions where potassium sulphate is added
compared to control conditions. SGR is another
important indicator that can estimate the growth
rate of fish over a certain period (Dos Santos,2018):

SGR = th;w, )
where W, - fish mass at the end of the experi-
ment, g; W, - initial fish mass, g; t - experiment
duration, days; [n - natural logarithm.

To determine statistically significant dif-
ferences between the mean values of the two
experimental variants, the least significant dif-
ference (LSD,,) was calculated (Ushkarenko et
al.,2013). These calculations determined: number
of degrees of freedom for variants, replicates, and
error; total number of observations; correction
factor; total sum of squares; sum of squares for
replicates, variants, and error; variance for line
and error; Fisher’s test; and relative error.

Results and Discussion
The results of the study of Clarius catfish de-
velopment in the aquaponics system showed
that at the end of the experiment (57 days), the
total weight of fish in the control line reached
1995 g/basin, while in the experimental -
2888 g/basin (Table 1).

The increase in the total biomass of Clarie
catfish during the study period in the control
line was +665 g/basin, in the experimental line
+1558 g/basin, which exceeded the control in-
dicator by 134%, which indicates a very positive
effect of adding potassium sulphate at a con-
centration of 0.50 g/dm*® on the development
of Clarus catfish. At the same time, the average
weight of one Clarus catfish in the control line at
the end of the experiment was 105 g/individual,
and in the experimental line, 170 g/individual.
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Dispersion analysis showed statistically sig-
nificant differences between the average fish
weights in the control and experimental lines.
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The smallest significant difference (LSD,,) was
21.6 g/individual, which indicates the reliability
of the differences.

Table 1. Growth and feed conversion parameters in Clarius catfish

Absolute Relative
Metric Controller Experimental LSD,, increase relative increase,
to control % to control
Average weight of fish at the
beginning of the experiment, 70 70 - 0 0
g/individual
Number of fish, individuals/pool 19 19 - 0 0
Tota] weight of fged consumed 1670 1670 ) 0 0
during the experiment, g/pool
Average ﬁsh weight at thg end 105 152 21 6 47 +44.8
of the experiment, g/specimen g/specimen
Total fish weight at the start 1330 1330 ) 0 0
of the experiment, g/basin
Total fish weight at the end 1995 2886 ) 893 +44.8
of the experiment, g/basin
In_crease in totgl fish welght_ 665 1558 ) 893 +134
during the experiment, g/basin
FCR (feed conversion ratio) 2.51 1.08 - -1.44 -57.3
SGR (specific growth rate), 071 136 ) 065 912

%/day (for 57 days)

Source: compiled by the authors

The feed conversion ratio (FCR) in the control
line was 2.51, while in the experimental line, the
FCR decreased to 1.07. According to the scientist
J. Breinballe (2010), the average optimal values
of the feed conversion ratio of Clarius catfish
range from 1.2 to 1.5. Thus, the obtained values
of FCR indicate a low level of feed assimilation
by fish of the control line and a very high level in
fish of the experimental line. Thus, the addition
of potassium sulphate to the water at a concen-
tration of 0.50 g/dm? increased the efficiency of
feed assimilation by Clarius catfish by 57.3%. The
specific growth rate of fish (SGR) during the study
period in the control line was 0.71 %/day, in the
experimental line, 1.36%/day, respectively, which
indicates an acceleration of growth of Clarius cat-
fish under the influence of potassium sulphate
(0.50 g/dm?®) by 91.2%.

An important benchmark for the level of wa-
ter pollution in an aquaponics system is the water
quality standard.The search for relevant standards

in Ukrainian and foreign regulatory documents
demonstrated that in Ukraine, there are only fish-
ery water quality standards for ponds, while EU
countries also have relevant standards for surface
water sources (Directive 2000/60/EC..., 2000;
Order of the Ministry..., 2022). For aquaponics
systems, no standards were found that would
regulate the maximum permissible concentra-
tions (MPC) of pollutants, but based on the study
of various literature sources, some technologi-
cal standards for water quality in recirculation
plants for samarium were summarised in Table 2.

To determine the reasons for the acceleration
of Clarius catfish development under the influ-
ence of potassium sulfate addition to water to set
its concentration in the aquatic environment at
0.50 g/dm?, the main parameters of water quality
were analysed at the beginning and end of the ex-
periment in the control and experimental lines of
the aquaponics system (Fig. 1) and a graph of the
average daily water temperature dynamics (Fig. 2).
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Table 2. Consolidated technological standards for water quality
of closed water supply systems for rearing juvenile Clarius catfish

Source of information on

No. Metric Units of Technologlca! ly pe rrplsmble the value of the indicator’s
measurement fluctuation limits . "
technological limits
1 pH Unit, pH 6-8.5 A. Peteri et al. (2015)
10 A. Peteri et al. (2015)
2 Salt content mg/dm? 25-27 A. Peteri et al. (2015)
>0.0 A. Peteri et al. (2015)
5 N-NH, mg/dm? <0.34 A. Peteri et al. (2015)
6 N-NH,* mg/dm? <80 A. Peteri et al. (2015)
7 NO, mg/dm? <8.0 A. Peteri et al. (2015)
<100 for fish weighing up to
8 NO, mg/dm? 10 g, for fish weighing more A. Peteri et al. (2015)
than 10 g - not regulated
9 N- (NH,*+ NO,) mg/dm? <100 J. Breinballe (2010)
10 co ma/dm <15 J. Breinballe (2010)
2 g <10 A. Peteri et al. (2015)
11 H,S mg/dm? <2.0 A. Peteri et al. (2015)
12 BSC mg/dm? <20 J. Breinballe (2010)
13 P-PO,* mg/dm? <20 J. Breinballe (2010)
Source: compiled by the authors
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Figure 1. Comparison of the chemical composition
of water at the beginning and end of the experiment

Source: compiled by the authors
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Figure 2. Dynamics of water temperatures during the experiment

Source: compiled by the authors

The results of the analysis of changes in the
redox conditions of the water environment (pH) of
the control line during the experiment period (57
days) demonstrated an increase in pH from 7.5 to
7.7 pH units (+2.67% of the initial value), which is
an insignificant increase, while in the experimen-
tal line the pH of the water increased to 8.3 pH
units (+10.7% of the initial level). In the control
line,the pH increased from 7.5 to 7.7,and in the ex-
perimental line, from 7.5 to 8.3. Such changes can
be caused by several factors (Poloviy et al., 2024):

» Ammonium nitrogen (NH,") and nitrate
(NO,-) can increase the acidity of water, but their
metabolic transformation, especially through ni-
trifying bacteria, can lead to a decrease in acidity.
However, the addition of potassium sulphate can
change the ion balance in the water, resulting in
a slight increase in pH;

» Algae photosynthesis and bacterial pro-
cesses can reduce CO, concentrations in the sys-
tem, leading to an increase in pH. This may also
be the result of increased algae and bacterial ac-
tivity under the influence of potassium, which re-
duces CO, concentrations in aquaponics systems,
as confirmed by other studies.

At the beginning of the experiment (one day
after the addition of potassium sulphate in con-
centration and mixing of water in the system), the
pH of the experimental line increased to 7.9 pH
units (+0.4 pH units relative to the control line),
at the end of the experiment, the pH of the exper-
imental line exceeded the corresponding indica-
tor of the control line by + +0.6 pH units (+8.0%).
During the study period, there were significant
fluctuations in water pH in both the experimental
and control lines (Fig. 3).

pH change
88 - Control
Experimental
8.6
8.4
T
Qg2
8.0
7.8
" > D DD DD RN v RN >
DT ST ST ST A @ ¢ Date

Figure 3. Water pH dynamics during the experiment

Source: compiled by the authors
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In the control line, the temperature ranged
from 17.4°Cto 20.1°C, which is within the optimal
range for Clarius catfish (18-28°C),as demonstrat-
ed in Figure 2. The drop in temperature to 17.4°C
on 28 November was due to changes in external
climatic conditions and the switching off light-
ing, which slowed the metabolic activity of the
fish and reduced their ability to release ammonia.
The temperature in the experimental line ranged
from 18°C to 21°C, with sharper fluctuations.

Analysing the diagram of the course of av-
erage daily temperatures during the study peri-
od (Fig. 3), then on 28.11.2024, a clear inversely
proportional relationship between temperature
and pH is notable, in which a sharp decrease in
water temperature causes a sharp increase in pH,
especially in the experimental line (pH=8.8 units.
pH), which is due to the deterioration of nitrifying
bacteria, slowing down the development of let-
tuce plants and, as a result, the accumulation of
ammonium nitrogen as a product of fish vital ac-
tivity. In general, during the experiment, the pH of
the water did not exceed the technological stand-
ards for Clarius catfish (Table 1), except for the
date 28.11.2024, when the pH of the experimen-
tal line reached a maximum (8.8 pH units) due to
a sharp decrease in water temperature to 18°C,
which is normal for lettuce, but a factor inhibiting
the development of Clarius catfish and especially
nitrifying bacteria. After increasing the tempera-
ture from 18 to 20.1°C, the pH of the water in the
experimental line decreased from 8.8 pH units to
8.4 pH units and came to the technological norm,
not leaving it at the end of the experiment.

Monitoring the potassium and sulphate con-
tent in the water of the experimental and con-
trol lines and comparing them with the balance
of sulphate ions and potassium ions added with
potassium sulphate to the experimental line at a
concentration of 0.50 g/dm?, the difference in po-
tassium concentrations between the experimen-
tal and control lines is +46.3 mg/dm® in favour
of the experimental line, and the difference in
sulphate concentrations is 229 mg/dm?® in favour
of the experimental line is notable. The ratio of

the increase in potassium ion concentration to
sulphate ion concentration in the experimental
line relative to the control line is 4.95 times in
favour of sulphate ion. At the same time, the ratio
between potassium ions and sulphate ions in the
water of the experimental line at the beginning of
the experiment (at a potassium sulphate concen-
tration of 0.50 g/dm?®) was 1.23.Thus, a significant
shift in this ratio at the end of the experiment
(+302% of the initial value) is notable in favour of
sulphate ions. To determine the reasons for this
shift, it is necessary to analyse other water qual-
ity indicators, which will correlate with the pro-
cesses of fish and plant development and water
quality. It should be noted that the fish diet and
feeding rates in both lines remained unchanged
during the study period (30 g of feed per 19 fish
per day), and the feed quality was also the same:
Aller Aqua Classic, 4 mm fraction.

An important indicator of water quality is
the content of ammonium nitrogen and nitrate
nitrogen in water, which together is the sum of
nitrogen from mineral compounds. These mineral
nitrogen compounds in water occur as a result of
the gradual conversion of organic nitrogen com-
pounds (nitrogen amides, urea nitrogen) first to
ammonium nitrogen, then to nitrate and nitrite
nitrogen, and then to amino acid nitrogen in
plant organisms and microorganisms living in
water through assimilative denitrification (Nu-
graha et al., 2020). But there is also another way
of denitrification - dissimilatory denitrification, in
which nitrates are reduced to gaseous nitrogen
compounds (NO, N,0, N,), which indicates unpro-
ductive losses of nitrogen that could be used in
the synthesis of organic compounds of the plant
organism and effective microorganisms. The pro-
cesses of transformation of nitrogen compounds
in aquaponic systems are temperature-depend-
ent: when the temperature rises to 25-30°C, the
activity of nitrifying bacteria (Nitrosomonas and
Nitrobacter) increases, which contributes to more
intensive oxidation of ammonium (NH4") to nitrite
(NO,-) and further conversion to nitrate (NO,-),
whereas at low temperatures (<15°C), the rate of
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nitrification slows down significantly, which can
lead to the accumulation of toxic forms of nitro-
gen in the aquatic environment.

In an aquaponic system, the main con-
sumer of nitrogen compounds is plants, which
consequently purify water from toxic nitrogen
compounds. At the same time, nitrate nitrogen
accounts for 75...95% of the total nitrogen con-
sumption by plants, and ammonium nitrogen ac-
counts for the rest. Therefore, an increase in the
ratio between ammonium and nitrate nitrogen
in favour of the former in aquaponics water indi-
cates insufficient nitrogen consumption by plants
in general, resulting in the accumulation of the
ammonium form of nitrogen.

According to the results of studies of changes
in the content of mineral nitrogen compounds in
the water of the studied aquaponics system lines
(Fig. 1), it is evident that at the beginning of the
experiment, the total content of mineral nitro-
gen compounds in both lines was 9.22 mg/dm?,
with ammonium nitrogen accounting for 2.39%
and nitrate nitrogen accounted for 97.6%. At the
end of the experiment (58 days after the start of
the experiment), the content of nitrogen in min-
eral compounds in the control line increased to
16.9 mg/dm? (+7.71%), with the proportion of am-
monium nitrogen increasing to 5.49% (+3.11%)
and the proportion of nitrate decreasing ac-
cordingly. This indicates insufficient assimilation
capacity of leaf lettuce plants per 1 m? and the
need to increase the area of lettuce plantings
relative to the total fish biomass (1995 g) by ap-
proximately 17%. Overall, during the study peri-
od, the specific nitrogen concentration in water
per 1 kg of live fish biomass changed from 0.165
mg/(dm?-kg)to 0.466 mg/(dm?3-kg), or +182% of
the initial value. In the experimental line, dur-
ing the study period, the increase in the specific
nitrogen concentration in water per 1 kg of live
fish biomass changed from 0.165 mg/(dm3-kg) to
0.443 mg/(dm?*-kg), or +168% compared to the
initial value. This indicates nitrogen accumula-
tion in both lines and an insufficient area of leaf
lettuce plantings. These indicators also indicate
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improved nitrogen assimilation of mineral com-
pounds by plants of the experimental line by 14%
under the influence of potassium sulphate at a
concentration of 0.50 g/dm?.

Considering the yield of green mass of leaf
lettuce at 2043 g/m? in the control line and
3498 g/m? in the experimental line, respective-
ly, it is possible to conclude that under the influ-
ence of potassium sulphate at a concentration of
0.50 g/dm?3, the lettuce yield increased by 71.2%
with a 134% increase in fish biomass relative to
the control line. Thus, the overall productivity of
the aquaponics system increased in both the ag-
uaculture module and the hydroponics module.
The relative excess of the aquaculture module’s
productivity growth over the hydroponics mod-
ule by 62.8% indicates the high potential for
overall productivity growth of the aquaponics
agroecosystem under the influence of potassium
sulphate, which in this experiment was not ful-
ly realised, primarily due to insufficient planting
area and insufficiently high water temperature,
which did not contribute to the active life of ni-
trifying bacteria and increase the availability of
total nitrogen for plants, which would have made
it possible to increase the level of water purifi-
cation from nitrogen compounds even with the
available plant area of 1 m2.

The phosphate content in the aquaponics
system of both lines at the beginning of the exper-
iment was 1.04 mg/dm?. At the end of the exper-
iment, the phosphate content in the control line
increased to 13.1 mg/dm?3 (+1160% compared to
the initial value), while in the experimental line,
this indicator increased to 15.6 mg/dm? (+1400%).
Such a catastrophic increase in phosphate con-
tent is the result of fish life and the high-water
solubility of fish excrement in slightly alkaline
water. According to J. Breinballe (2010), the tech-
nological standard for phosphorus content in wa-
ter is less than 20 mg/dm?, which is less than 61
mg/dm3 when converted to phosphates. Consid-
ering the average specific waste generation rates
per 100 kg of feed consumed, which average 4.5-
5 kg of nitrogen and 1.3-1.5 kg of phosphorus
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(Babarchuk & Babich, 2022) under conditions of
uniform consumption of both nutrients by plants,
a maximum phosphate concentration of 9-10 mg/
dm? in the experimental line and 5.5-6 mg/dm3 in
the control line would be expected. Therefore, it
is possible to conclude that leaf lettuce does not
cope with the task of uniform water purification
in aquaponics systems and is not an ideal crop
for this system. In the future, it will be necessary
to seek additional ways to improve biological wa-
ter purification in aquaponics systems, apart from
the cultivation of leaf lettuce.

The most interesting indicator is the potassi-
um content in the water of the control and exper-
imental lines, since this study was designed to in-
crease the intake of potassium as a macronutrient
for plants. According to the hypothesis, the addi-
tional intake of potassium in the form of potassi-
um sulphate (0.50 g/dm?®) should have balanced
the composition of the water in terms of the con-
tent of nutrients for leaf lettuce and increased
the total nitrogen removal from the water, which
would increase the level of water purification
for fish and increase the lettuce yield (since the
waste products of catfish, similarly to all other
fish, have a low potassium concentration). Accord-
ing to research by T. Kleiber et al. (2013), the dry
weight of leaf lettuce leaves contains 3.64-5.15%
nitrogen, 8.13-9.11% potassium and 0.57-1.31%
phosphorus. Therefore, when forming the yield of
leaf lettuce per unit of nitrogen removed by the
lettuce harvest, plants remove 1.8-2.2 units of po-
tassium and 0.16-0.25 units of phosphorus.

Potassium, as a macronutrient, maintains the
correct balance of ions in fish organisms and is in-
volved in many metabolic processes. Its deficien-
cy can cause slower growth and development of
fish. Potassium is an important element for many
physiological processes, including the regulation
of metabolism, which can contribute to the faster
growth of fish. Higher levels of potassium also im-
prove cell membrane function and enzymatic ac-
tivity, which has a positive effect on growth rates.

Analysis of potassium content in the control
line water (without potassium sulphate addition)

at the end of the experiment showed that the
potassium content was 8.89 mg/dm?, while in
the experimental line (with potassium sulphate
added), the potassium content was 55.2 mg/dm?
(+46.3 mg/dm> or +521% compared to the con-
trol). Comparing the relative increase in potassi-
um content to the control (+521%), the relative
increase in nitrogen content of mineral com-
pounds to the control (+26%), and the relative
increase in sulphate ions to the control (+567%)
in the water of the experimental line at the end
of the study period, it is possible to conclude
that the area of leaf lettuce (1 m? per total fish
biomass of 2.88 kg/m?) is insufficient to ensure a
high degree of water purification from nitrogen
compounds. In the control line water, the potassi-
um to nitrogen ratio is 0.53, in the experimental
line water it is 2.59, while in lettuce plants it is
within the range of 1.8-2.2. Thus, there is a large
potassium deficiency in the control line, and it is
this deficiency that is the main limiting factor for
yield, which explains the low level of lettuce leaf
yield in the control (2.43 kg/m?). There is no po-
tassium deficiency in the experimental line, and
the maximum vyield potential of leaf lettuce is
only % realised. The increase in lettuce yield in
the experimental line did not reach its potential
level. The water in the experimental line contains
26% more nitrogen in mineral compounds, com-
bined with high concentrations of potassium and
phosphorus, which do not limit yield. Despite the
optimal ratio of nitrate and ammonium nitrogen
for the plant, leaf lettuce does not consume the
available nitrate form of nitrogen. There is only
one explanation for this: at pH >7.5 (as in the
experimental line), the assimilation of nitrogen
compounds by plants drops sharply. At pH > 7.5,
the activity of nitrifying microorganisms grad-
ually decreases, and after the threshold level of
pH=8.6, it drops sharply, which significantly com-
plicates the processes of water purification and
nitrogen consumption by plants.

Given the experimental data analysed above
and revisiting the cause of the imbalance between
the sulphate ion to potassium ion ratio in the
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experimental line water at 4.54 and the con-
trol line water at 4.88 in favour of sulphate ion
(+7.43% to the control), it is possible to unequiv-
ocally explain this increase in the ratios in both
lines by the uneven removal of potassium and
sulphur by lettuce plants in favour of potassi-
um and the gradual accumulation of sulphates
caused by the decomposition of fish waste prod-
ucts. Considering that the increase in sulphate
content in the water of the experimental line
during the experiment was +258 mg/dm?, while
in the control line the corresponding increase
was only +28.8 mg/dm?® (where no potassium
sulphate was added), it is possible to conclude
that that the addition of potassium sulphate
causes a significant increase in the sulphate con-
tent in water. However, the total concentration
of sulphates increased in both lines, indicating a
significant accumulation of sulphates due to the
biochemical transformation of fish waste prod-
ucts. At the same time, there are no technological
standards for the sulphate content in the water
of aquaponics systems. Taking into account the
fact that when potassium sulphate was added to
a concentration of 0.50 g/dm? in the water of the
experimental line, assuming the same formation
of waste products as in the experimental line
(since the same amount of feed was fed in both
lines), the predicted increase in sulphate content
was expected to be +316 mg/dm? compared to
the actual (+25 8 mg/dm?), which is 22.5% higher
than the actual value, it can be concluded that
due to the intake of potassium in the form of po-
tassium sulphate, sulphates are consumed more
intensively. However, excessive accumulation of
sulphates can be dangerous for fish. Therefore,
it is necessary to conclude that it is advisable
to add potassium sulphate and to establish the
maximum permissible concentration of this salt
that is not harmful to fish. In addition, potassium
chloride should be considered as an additional
source of potassium in aguaponics systems. How-
ever, this issue also requires further research, as
chlorides in excessive concentrations can harm
plants and fish.

Kolesnyk & Maiboroda

A. Bittsanszky et al. (2016) determined that
the source of potassium had a significant effect
on the growth rate of lettuce, photosynthetic
activity and the efficiency of macronutrient up-
take in closed aquaponic systems. In particular,
the addition of potassium sulphate (K,SO,) im-
proved the absorption of calcium, magnesium
and nitrates, and increased the overall yield
of green crops due to a better ionic balance
in the root nutrition zone. As noted by Q. Du et
al. (2019), potassium stimulates chlorophyll syn-
thesis and accelerates photosynthesis in plants,
which can increase crop productivity in aqua-
ponic systems. In particular, optimal concentra-
tions of potassium improve the growth of leafy
crops such as lettuce and spinach and can also
improve plant resistance to pests and diseases.
However, excessive concentrations of potassium
in water can cause salinity, excessive levels of
which can be toxic primarily to plants, but also
to fish, which can lead to poor fish development.
Other studies, such as the work of V. Kumar &
P.Singh (2023), also highlight the importance of
potassium in regulating the immune system of
fish and their overall health in aquaponics sys-
tems, which affects the overall productivity of
these ecosystems.

Thus, the research demonstrated that the use
of potassium salts, in particular potassium sul-
phate, in aquaponics systems was a reasonable
agrotechnological technique for increasing plant
yields, improving fish growth and stabilising the
quality of the water environment. The greatest
effect was observed when potassium nutrition
was combined with adequate temperature condi-
tions and effective biofiltration. The use of such
approaches helps to create optimal conditions for
the development of both plants and fish, which
increases the overall efficiency of the aquapon-
ic system. In addition, this approach minimises
the use of chemical fertilisers, which reduces the
negative impact on the environment. As a result,
potassium nutrition is becoming an important
tool in achieving sustainable and efficient pro-
duction in aquaponics systems. These results
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indicate the feasibility of integrating potassium
salts into aquaponics processes to achieve high
productivity and environmental sustainability.

Conclusions

Under optimal conditions of water temperature
in the aquaponics system and light intensity in
the hydroponics module at 2500 Lx/m? during 57
days of the experiment, the biomass increase of
19 individuals of Clarie catfish in the control line
of the system was +1195 g, in the experimental
line, under the influence of potassium sulphate
addition until its concentration in water reached
500 mg/L, the total biomass increase of Clarie cat-
fish during the experiment was +2886 g (+44.6%
compared to the control), which indicates the
high efficiency of potassium sulphate addition to
the system water in stimulating the development
of Clarie catfish.

The high stimulating effect of adding po-
tassium sulphate (500 mg/dm?) to the water of
the aquaponics system on the feed conversion
efficiency of Clarian catfish was confirmed, which
is estimated at 57.0% lower feed conversion ra-
tio compared to the control (without potassium
sulphate addition) and 91.5% higher growth rate
of Clarie catfish relative to the control. The addi-
tion of potassium sulphate (500 mg/dm?®) to the
aquaponics system water increased the produc-
tivity of the hydroponics module with a planting
area of 1 m? also ensuring an increase in the
green mass of leaf lettuce to 3498 g/m? in the
experimental line compared to the control line
(2043 g/m?) or +71.2% compared to the control.
The potential yield of leaf lettuce (4000 g/m?)
was realised in the control line by 51.1% and in
the experimental line by 87.5%. Analysis of water
quality in terms of pH, nitrogen content of min-
eral compounds, phosphates, sulphates and po-
tassium showed that the main limiting factor for
lettuce yield and fish productivity was a potassi-
um deficiency in the system at a level of 21.61-
28.3 mg/l, while in the experimental line of the
system, the main limiting factor was an increase
in pH to 8.3, which prevented the assimilation

of nitrogen compounds by lettuce plants, The
reason for this was the insufficiently high aver-
age water temperature (19.5°C compared to the
optimum temperature for microorganisms of the
nitrification cycle of 25°C), which slowed down
the processes of nitrification and assimilation of
nitrogen compounds by plants.

Overall, the water quality in the control line
of the aquaponics system during the 57-day ex-
periment was within the technological standards
but deteriorated due to an increase in ammoni-
um nitrogen content by 323%, nitrate nitrogen by
77.8%, sulphates by 248%, phosphates by 1160%,
at a pH level of 7.7. The water quality in the ex-
perimental aquaponics system (with the addition
of 500 mg/dm? of potassium sulphate) during the
same period of the experiment deteriorated due
to an increase in ammonium nitrogen content
by 482%, nitrate nitrogen by 122%, sulphates by
2223%, and phosphates by 1400% at a pH level
of 8.3. The main factors contributing to the dete-
rioration of water quality in the experimental line
compared to the control line were an increase in
pH to 8.3 units This was due to insufficient plant-
ing area for leaf lettuce (1 m? per 2886 g of total
biomass of 19 individuals of Clarian catfish) and
insufficiently high-water temperature (19.5°C
compared to the optimal 25°C).

Further research could optimise the area of
lettuce plants, modelling nitrogen conversion
processes with changing water temperatures,
optimising potassium sulphate doses and finding
additional ways to purify water from water-solu-
ble phosphates to ensure maximum development
of Clarius catfish and maximum yields of lettuce.
The impact of increased potassium concentra-
tions on long-term effects on fish health, as well
as the optimal aquaponics conditions for achiev-
ing high productivity at different planting density
levels, should be addressed.
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Efficiency of potassium sulphate application...

EdekTuBHicTb 3acTocyBaHHA cynbdaTy Kanito
Ans supollyBaHHs Clarias gariepinus B cucteMi akBanoHiku

TeTaHa KonecHuk

KaHaMAaT CinbCbKOrocnoaapcbkmMx Hayk, AOLEHT

HauioHanbHWI yHiBEpCMTET BOAHOIO rOCMOAAPCTBA Ta NPUPOAOKOPUCTYBAHHS
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XpucTtuHa Maibopopa

AcnipaHT

HauioHanbHWI1 yHiBepcHUTET BOAHOMO rocnofapcTBa Ta NpUpOAOKOPUCTYBAHHS
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AHoTauisi. MeTo [oCnimKkeHH ByNo BM3HAYeHHs BMNMBY A0AaBaHHA Cynbdaty kanio (K,SO,) y
KoHueHTpauii 500 Mr/oM® Ha sKiCTb BOAHOrO cepefoBMiua, pictT coma knapiesoro (Clarias gariepinus)
Ta BPOXaMHICTb NMCTOBOrO Canaty B YMOBAX aKBaMOHiYHOI cucTemu. [ocnip npoBoaunu y ABOX
napanenbHux NiHisgx: KOHTPonbHIN (6e3 K,SO,) Ta ekcriepuMeHTanbHil (3 soaasaHHam K,SO,). MovaTkosa
3arasbHa Maca 19 ocobuH pub y KOXHiM NiHii ctaHoBuna 1330 r. 3a 57 4i6 Maca B KOHTPONbHIlM NiHii
3pocna o 1995 r, a B gpocnigHin — po 2888 r. KoHsepcis kopMy cknana 2,5 y koHtponi 1a 1,1 y gocniai.
Mutoma wemakictb pocty (SGR) 6yna Ha pisHi 0,82 %/neHb y koHTponi Ta 1,74 %/neHb y AOCniaHin rpyni.
MoTteHuian BpoxaitHocTi canaty (4000 r/m?) peanizoBaHo Ha 51,1 % y KoHTponi Ta Ha 87,5 % y nocniai.yY
KOHTPObHIM NiHii rONOBHMM NiMiTytouMM akTopoM b6yB aediumnt kanito (21,6-28,3 Mr/n),a B BOCNiOHIN —
3pocTaHHs pH go 8,3 yepes HeaOCTaTHE 3aCBOEHHS a30Ty Npu Temnepatypi 19,5 °C (Huxye onTumymy ans
HiTpUdiKauii). B 060x NiHiAX 3ahikcOBaHO iCTOTHE 3pOCTaHHS BMICTY MiHepanbHux cnonyk (NO,-, NH,*,
SO,*, PO,*), opHak BOAHI NapaMeTpy 3a/MWanmucs B Mexax NPUAHATHUX AN TEXHOMONiA aKBanoHIKM.
OtpuMaHi pesynbTath CBiAYaTb NMPO MNO3UTMBHMIA ePeKT BiA AoAaBaHHSA K,SO, y 3aaaHii KOHUeHTpauii,
o 3abe3neyvye 3pOCTaHHS NPOAYKTUBHOCTI pub i poCnH, Xoua NnoTpebye BpaxyBaHHS CMiBBiLAHOLWEHHS
nnowi 3eneHnx KynbTyp Ao 6Giomacu pubu Ta TemnepaTypHoro pexumy Boau. LopasanHa K,SO,
CNpuano nigBuLLeHHIo 6ionoriyHoi eeKTUBHOCTI AaKBAMOHIYHOI CMCTEMM 33 OAHOYACHOr0 36epeXxeHHs
NPUMAHATHOT IKOCTi BOAM

KniouyoBi cnoBa: canat nuctoBuii; npupict 6ioMacu; KOHBEpCiS KOpMy; SKiCTb BOAM; 30T HIiTpaTHWIA;
NPOAYKTUBHICTb MOAYNS TiAPONOHIKK
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