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ABSTRACT
Potassium is an essential nutrient in aquaponics. This review starts elaborating on the different water potassium 

concentrations in Recirculating Aquaculture Systems (RAS), aquaponics, and hydroponic solutions to later illustrate 

the importance of potassium homeostasis and its role in fish organs and tissues. The discussion then is divided into 

potassium imbalances that lead to hyperkalaemia and hypokalaemia, along with its symptoms and consequences. 

Potential hyperkalaemia in African catfish reared at water potassium concentrations of 600 mg K+L-1 is also debated. 

This paper concludes with the recommended water potassium concentrations for African catfish in aquaponics. 
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INTRODUCTION

Potassium water concentrations in aquaculture/
aquaponic settings

Potassium is the mineral with the highest concentration in
various hydroponics water nutrient formulations, followed by
nitrogen, phosphorous, and calcium in Table 1 [1-5]. Potassium
deficiency entails limited plant growth and absorption of other
nutrients-such as nitrogen-in Aquaponic systems [6,7]. As the
primary role of plants in Aquaponic systems is the removal of
nitrate from the system which is toxic to fish [8,9], managing
properly potassium and other nutrients in Aquaponic systems
leads to better water quality, fish welfare, less water exchange,
and a higher resource use efficiency [10]. Achieving optimal
potassium nutrient management in Aquaponic entails an active
addition of potassium as the concentration of potassium in an
aquaculture system is significantly lower than those in
hydroponic systems-up to 45 times less in an aquaculture system
than in a hydroponics solution [11].

 Nutrient RAS
nutrient
concentrati
on [in mg
L-1]

Hydroponics nutrient formulations [in
mg L-1]

Hoagland
and Arnon
(1938)

Cooper
(1979)

Steiner
(1984)

N(NO3

20-137

100

P(PO

8-17

K

27-106

S

0.62
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Table 1: Recirculating Aquaculture System (RAS) nutrient
concentrations and plant nutrient requirements.

concentration of 400 mg K+L-1, without negative effects on the
health of African catfish (Clarias gariepinus). This water
potassium concentration could be increased up to 600 mg K+L-1

The toxicity of nitrogen compounds in African catfish (Clarias
gariepinus) were well known and described in literature for a long
time [12,13], while the effects of potassium water concentrations
on fish health were not studied previously. It is now known that
potassium can be added to aquaculture systems up to a

-N) 0-400 210 236 168

-P) 60 310.01-3 31

<5 234 300 273

Ca 4-160 160 185 180

Mg <15 34 50 48

<50 64 68 336

Fe 0.2-2.5 02-08

Cu 0.03-0.05 0.02 0.1 0.02

Zn 0.34-0.44 0.05 0.1 0.11

Mn 0.6-0.8 0.5 2

0.9-0.19 0.5 0.3 0.44

Mo 0.01 0.01 0.2 4

2.5 12



without significantly affecting African catfish growth, though
behavior at such high water potassium concentrations is
affected. Concentrations of 600 mg K+L-1 increase African
catfish feeding time, aggressiveness, and sedentary behavior
without compromising fish growth. Knowing safe potassium
concentrations in African catfish aquaculture allows the safe and
ethical use of KOH and other potassium-containing alkalinity
agents to control water pH in coupled Aquaponic systems
[14,15].

Potassium  in  fish physiology  and  its  homeostasis

Potassium has an important role in the maintenance of the
osmotic equilibrium between the cells and the extracellular
medium [16,17], the maintenance of the acid-base equilibrium of
fish [18], the transmission of the neural impulse in the brain,
and muscular contraction -being especially important in the
cardiac muscle. Alterations of potassium homeostasis have the
potential to affect the nervous system and trigger cardiac
disturbances [19]. Whether water potassium concentrations
affect potassium homeostasis or not depends on the proper
functioning of the sodium-potassium pump [20].

The maintenance of potassium within the physiological levels
3.5 mmol L-1 to 4.4 mmol L-1 in plasma [21], is a complex
process that depends on the balance between dietary and
supplemental intake, and body excretion [19]. The main source
of potassium in fish species is through dietary potassium uptake,
though fish can also uptake potassium from the rearing water
through the gills [22]. A diet rich in potassium, or an increase of
the uptake of potassium through the gills, leads to high
accumulation of potassium in the body if the excretory system
does not function properly. The excretion of this excess of
potassium takes place mainly through the kidney though it can
also take place through the gut and the gills when the kidneys
cannot maintain potassium homeostasis due to failure or high
body potassium concentrations [19,23].

African catfish is a very resilient species able to survive in waters
with high nutrient concentrations where other fish species
would perish. Adapting water potassium concentrations when
choosing other fish species in an Aquaponic system is essential.
Research has been done on the physiological disturbances and
symptoms of hyperkalaemia in fish, enabling an assessment of
symptoms that might appear when reaching water potassium
toxic levels.

Hyperkalaemia affects primarily tissues and organs where the
sodium-potassium cellular grading is most important. A
misbalance of potassium will be first shown in disturbances in
the muscular and neural systems due to the importance of
potassium in its functioning. The maintenance of potassium
within normal metabolic levels in the different tissues-2650 mEq
in muscle and 4 mEq L-1-5 mEq L-1 in plasma is crucial for the

proper functioning of the cardiac tissue. High concentrations of
extracellular potassium (10 K+mmol L-1-12.5 K+mmol L-1) affect
heart performance particularly [24]. These potassium
concentrations lead to a reduction of the contractive force of
isolated heart strips by a 50% to 100%. It also has proven to
reduce the resting membrane potential of myocardial cells while
decreasing the duration and the strength of myocardial
contractions [25]. These effects of hyperkalaemia have been
proven true in rainbow trout (Oncorhynchus mykiss) and
freshwater turtle (Trachemis scripta elegans) [26]. Besides, the high
concentrations of potassium in blood led to a noticeable
arrhythmia -alteration in cardiac rhythms, as it was documented
previously in other vertebrates [24,27]. Alterations of the
heartbeat lead to irregular nutrient and oxygen supply to the
various fish organs, altering its proper performance. At the same
time, an excess of potassium in the blood leads to its
elimination through the gills, kidney, and intestine; increasing
the maintenance energy requirements as the process is ATP
dependent [19,22,27].

Previous studies in turbot [28], shark [29], or big game fish [30],
have concluded that a high concentration of potassium in
plasma is an indicator of fish stress. The presence of potassium
in the extracellular medium might lead to the activation of
different stress response pathways [31].

Measuring muscle performance to establish potential potassium
intoxications might be restricted to research facilities due to its
complexity. Aquaculture farms can suspect potential
hyperkalaemia through fish behavior observations. The nervous
system is severely affected by potassium misbalances, leading to
anomalous behavior patterns resulting from neural physiological
disturbances that are easier to be assessed in a production
facility.

Spreading depression is a transient wave of neural and glial
depolarization that entails massive trans membrane and water
shifts. Increases above the threshold of 12 mM K+L-1 trigger
spreading depression in many vertebrates, including catfish
species [32]. The ability of some fish-skates to maintain
potassium levels in the cerebrospinal fluid below this threshold
is limited when compared with other vertebrates [33,34]. An
increase in the extracellular potassium concentration above the
threshold in a cortex area of less than one mm3 in rodents
triggers the depolarization of the neural tissue. The extracellular
potassium concentration rises from the resting state of 3 mM at
the resting state to 30 mM-50 mM sometimes reaching 80 Mm
in most species. The extracellular space shrinks by more than
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50% increasing the extracellular ion concentration. Water, Ca2+,
and Na+ enter the intracellular matrix, leading to the release of
many; if not all-neurotransmitters and neuromodulators within
the depolarized tissue. The mechanisms of recovering after
depolarization act within a minute and entail an increased
activity of the Na+/K+-ATPase, intracellular buffering of [Ca2+],
spatial buffering by the astrocytes network, and vascular

kHyper alaemia



clearance. These processes are energy dependent and consume a
significant amount of oxygen and glucose [35]. Therefore, water
potassium concentrations at high levels maintained over an
extended period, possibly well above 670 mg K+L-1 in African
catfish aquaculture, lead to decreased growth due to an increase
of the energy expenditure allocated to ion homeostasis and an
alteration in the feeding behavior, aggressiveness, or swimming
patterns [14,15].

Hypokalaemia-lower potassium in blood than normal is also
leads to physiological disturbances in the same systems and
organs as hyperkalaemia. It is therefore important to discuss the
effects of hypokalaemia in fish physiology to assess symptoms
and then discern between hyperkalaemia or hypokalaemia in
aquaculture systems with analyses on feed formulation and
potassium water concentrations.

Marine teleosts are more sensitive than freshwater fish to low
water potassium concentrations due to differences in adaptation
to water salinity [36]. A low water potassium concentration leads
to acute morbidity and mortality in marine teleost’s
(Hippocampus sp.; Gobiodon sp.; Cymatogaster sp.; Clepticus sp.) and
marine invertebrates. The low potassium concentration leads to
disturbances in the sodium-potassium ratio affecting the activity
of the Na+/K+-ATPase pump. The animals reared in water with
a low potassium concentration showed in appetence and activity
changes. Periods of lethargy with events of hyperactivity as well
disturbances in the breathing ratetachypnoea and dyspnoea-were
recorded in most of the affected teleosts. Besides behaviour
change, the affected teleosts also showed decreased growth or
weight loss, paralysis, and loss of equilibrium [37].

In conditions of hypokalaemia, or low potassium diets, channel
catfish can uptake potassium present in the water through the
gills [38]. This potassium uptake is dependent on the availability
of potassium in water. Low water potassium concentrations lead
to reduced growth in marine organisms such as the pacific white
shrimp (Litopenaeus vannamei). The reduced growth due to this
unfavourable environmental condition can be corrected either
by direct uptake in the gills or through feed supplementation
[39].

DISCUSSION

Effects of various water potassium concentrations in
African catfish

Water potassium concentration up to 600 mg K+L-1 did not
affect African catfish growth indicating that this fish species was
capable of maintaining potassium homeostasis without a
significant increase of energy expenditure during the 43 days of
the timeframe of the experiment [14,35]. Growth results indicate
that hyperkalaemia is unlikely to happen at aquaponic water
potassium concentration.

However, the feeding time of the cohort reared at 600 mg K+L-1

was affected, being ≥ 3.7-fold higher than in the other groups
and leaving feed uneaten on several days [14,15]. This increased
feeding time did not affect growth during the experiment, but it
is plausible that this behaviour alteration hinders growth in the
long term, especially as the individuals studied were juveniles
and the compounding effect would have an impact on the adult
weight if this behaviour was maintained over time.

The increased feeding time along with the sedentary behaviour
and higher eventual aggressiveness of the K-600 group are
indications that events of spreading depression could have
happened during the research period, suggesting potential
hyperkalaemia and loss of potassium balance in neural tissues
that affect behaviour. Nevertheless, whole fish sample analyses
did not indicate a higher potassium concentration,
contradicting the hyperkalaemia origin of this behaviour
alteration and supporting the argument of the maintenance of
potassium homeostasis at high water potassium concentrations
[14,15].

Knowing safe potassium concentrations in African catfish
aquaculture allows the safe and ethical use of KOH and other
potassium-containing alkalinity agents to control water pH in
coupled aquaponic systems. Potassium concentrations reached
670 mg K+L-1 in K-600 group due to potassium accumulation at
the end of the experiment, not being lethal to Clarias gariepinus,
nor affecting its growth [14]. However African catfish is a very
resilient species able to survive in waters with high nutrient
concentrations where other fish species would perish. Adapting
water potassium concentrations when choosing other fish
species in an aquaponic system is essential (Table 2).

Treatment (mg K+ L-1)

Parameters Growth Feeding
time

Feed
uneaten

Biting
wounds

Units [g fish-1] [mins] [g fish-1] [n fish-1]

K-0
(Control)

106.58 ±
7.28

2.83a ± 0.25 0a 3.04a ± 1.68

K-200 110.38 ±
2.35

4.13ab ±
1.46

0a 3.04ab ±
2.59

K-400 116.01 ±
5.19

3.73b ± 0.29 0a 3.75ab ±
2.80

K-600 110.30 ±
14.85

15.03ab ±
11.26

2.58b ± 3.77 5.21b ± 3.01

p-value 0.494 0.045 0.013 0.025
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Means sharing the same superscript are not significantly different
from each other.

Table 2: African catfish parameters under various water
potassium concentrations.

Hypokalaemia



CONCLUSION

Potassium concentrations between 200 mg K+L-1 and 400 mg K
+L-1 are essential for plant growth in Aquaponic while high
potassium water concentrations might trigger potassium
homeostatic imbalances in some fish species. Hyperkalaemia
and hypokalaemia are severe potassium homeostatic
disturbances that affect fish welfare. Aquaponic water
concentrations up to 400 do not lead to hyperkalaemia in
African catfish (Clarias gariepinus), as the species is able to
maintain homeostasis in these potassium water concentrations.
It also seems that water potassium concentration higher than
200 mg K+L-1 are more suitable for African catfish aquaculture
than potassium concentrations closer to zero. Therefore, it is
recommended to maintain a water potassium concentration
between 200 mg K+L-1 and 400 mg K+L-1 for best African
catfish welfare and growth.
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