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Importance of nickel as a micronutrient in aquaponic systems –
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Abstract – This paper calls the attention to the important role the microelement nickel plays is the decomposition of urea (produced by
the fish as waste), and thus to its potential role in aquaponic systems. Since nickel is not included in the list of micronutrients essential
to fish growth and development, fish feeds probably do not contain sufficient amounts of it. Therefore, trace amounts of soluble salts
or complexes of nickel probably need to be added to aquaponic systems in order to achieve the systems' stable operation.
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————————————————————————————————————————————————
Aquaponics is an emerging food production technology
excreted by fish: urea (OC[NH2]2). Although urea is an
that integrates aquaculture and hydroponics (Pilinszky et
excellent source of nitrogen for plants (Yang et al.,
al., 2015; Junge et al., 2017). Aquaponic systems consist
2015), at higher concentrations it is strongly toxic to
of a fish tank and a hydroponic component, in which
plant tissues. Typical symptoms of urea toxicity to plants
plants are grown using the wastes produced by the fish
are leaf burn and chlorosis (Khemira et al., 2000).
as the nutrient source. An essential module of the system
In plants and bacteria, urease enzymes are responsible
is the biofilter, in which ammonia (excreted by the fish)
for the catabolic detoxification of urea by catalyzing its
is converted to nitrate (a plant nutrient) by nitrifying
conversion to carbonic acid (that spontaneously and
bacteria, such as Nitrosomonas and Nitrobacter. When
rapidly decomposes to carbon dioxide and water) and
the microbiome (microorganisms in the circulating
ammonium hydroxide according to Eq. 1.
water, and associated with the biofilter), the fish, and the
plants are considered, aquaponic systems represent a
urease
rather complex ecosystem. Fish feed is the main source
OC(NH2)2 + 2H2O → H2CO3 + NH4OH
[1]
of nutrients and its chemical composition determines the
availability of macro- and microelements all organisms
Urease enzymes are nickel-containing metalloproteins:
within the system (an addition, limited amount of
without the metal cofactor they are catalytically inactive
nutrients is introduced with the local water supply, but
(Polacco et al., 2013; Urbańczyk et al 2016; Martins et
this is exhausted at an early stage of the production
al., 2017). Ureases are present in bacteria, fungi, algae,
cycle). Since fish feeds were optimized for aquaculture
and plants - but they are absent from fish and other
uses, growth of plants in aquaponic systems may be
animals. Measurable urease enzyme activities in fish
limited because of insufficiently low levels of certain
(and other animals) are attributed to the microflora in
essential elements (Bittsanszky et al., 2016).
their gastrointestinal systems, or to bacterial infections
(Patra and Aschenbach, 2018). Although deficiencies of
Earlier, we reported on the importance of the detoxinickel in fish kept in an ultraclean environment have
fication of ammonia in aquaponic systems (Kiraly et al.,
been demonstrated, the physiological function of this
2013). Here we discuss the significance of the efficient
trace element in fish has not been clearly identified
decomposition of another, potentially phytotoxic waste
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(Davis, 2015; Halver and Hardy, 2002). Important
micronutrients for tilapia, for example, include iron,
zinc, manganese, copper, cobalt, selenium, and
chromium (Jauncey 1998; Zhao et al., 2011; Lin et al.
2013): these are required in magnitudes of gram or
milligram amounts per kilogram of feeds. Typically,
nickel is not mentioned in papers discussing the
metabolism of micro-minerals in fish (Prabhu et al.,
2016).
In agriculture, high urease enzyme activity of ammoniaoxidizing bacteria in some soils could be problematic:
rapid decomposition of urea-based fertilizers results in
the formation of nitrous oxide (N2O, a greenhouse gas
and a scavenger of atmospheric ozone) (Martins et al.,
2017). It is interesting to note that microbial nitrogen
transformation reactions in aquaculture and aquaponic
units also lead to the production of significant amounts
of N2O, resulting in economic loss and environmental
damage (Hu et al., 2013; Zou et al., 2017).
Nickel is not an essential component of fish feed (Halver
and Hardy, 2002; Davis, 2015), and may not be present
in sufficient amounts in the water supply of the aquaponic system. Therefore, under circumstances of insufficient nickel supply, urease enzymes of plants and bacteria in aquaponic systems will remain inactive. As a
result, urea levels may reach phytotoxic concentrations,
diminishing the quantity and the quality of the plant
products.
Nota bene, nickel is usually not included in commercial
hydroponic nutrient formulations, although urea is
routinely used as a nitrogen source in these mixtures. We
hypothesize, that nickel is available in sufficient quantities as an impurity in the standard hydroponic fertilizer
solutions (Khan et al., 1997).

Conclusion

Our theoretical considerations suggest that further
research is necessary to investigate the effects of the
availability of nickel on the concentrations of urea in
aquaponic systems under different experimental conditions.
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