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Abstract: Due to  the earthworms’ implications in  nutrient cycles through their burrowing and casting activity, 
earthworms are worth considering when urban biogeochemical cycles are analysed. Several chemical parameters and 
their relationships were analysed in earthworm casts of two urban parks, namely the pH, total organic carbon (TOC), 
total nitrogen (Nt), plant available phosphorus (P), plant available potassium (K), and calcium water soluble (Ca). It was 
statistically significantly found that the TOC, Nt, P and K are reciprocally determined in the earthworm casts: 74.4% 
of the pH variability is co-determined by the N, P, K, TOC, and Ca contents; 95.9% of the Nt variability is co-determined 
by the pH, P, K, TOC, and Ca contents; 95.4% of the P variability is co-determined by the pH, N, K, TOC, and Ca con-
tents; 94.5% of the K variability is co-determined by the pH, N, P, TOC, and Ca contents; 86.6% of the TOC variability 
is co-determined by the pH, N, P, K, and Ca contents. This study revealed the complexity of the chemical relationships 
inside earthworm casts, their reciprocal dependencies, and highlighted the complexity of the earthworms’ contribution 
to biogeochemical cycles in urban areas. Our findings propose earthworms as indicators of the integrative conservation 
management of urban ecosystems.
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Earthworms are key indicators of soil sustainability 
in urban ecosystems (Paoletti 1999; Phillips et al. 
2019). However, in cities, they are little studied. Earth-
worms are sustainability indicators of ecosystems 
either directly, through their abundance, biomass 
or species composition, or indirectly through their 
casts, which are excretion products after digestion 
transit. Although it is already known that earthworms 

casts contain higher amounts of nutrients in readily 
available forms per their chemical composition for 
plants than the adjacent soil (Teng et al. 2012), and 
several studies have investigated the correlations 
occurring between the chemical factors of the casts 
and those of the surrounding soil (Abail et al. 2017), 
it still remains insufficiently studied the chemical 
relationships occuring inside the cast, between the 
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interdependency relationship between these two fac-
tors found within this study in the earthworm casts 
are attributed to two factors previously mentioned 
by other studies: the soil properties (Linquist et al. 
2022) and the microbiological transformations from 
the earthworm gut which make, from their casts, 
excellent instruments of shifting between different 
types of K pools in the soil (Wang et al. 2021). 

The other positive correlations and reciprocal 
dependency relationships found within this study 
between the N, P and K factors of the earthworm casts 
show the complexity of nutrient cycles in earthworm 
casts which emphasises the earthworm contribution 
to soil biogeochemistry. For example, it was found 
that earthworm casts influence the P solubility which 
increases the nitrification (Kawakami & Makoto 
2017). The relationships between the earthworm 
digestion processes and the C, N and P cycling were 
also found by Bi et al. (2021).

No significant correlations have been found be-
tween the Ca and the other chemical parameters 
of casts in this study, but other studies indicated the 
implications of Ca in the earthworms’ contribution 
to the biogeochemical cycles which motivated the 
inclusion of this element in the study. An investi-
gation of Thomas et al. (2020), regarding the role 
of calcite granules in earthworm casts, showed that 
the granules are structures involved in the C storage 
through the following mechanisms: soil – organic 
matter aggregation in casts, hydrophobicity of casts, 
organo-mineral complexes of casts. 

In this study, the pH established reciprocal posi-
tive correlations with K and TOC only (Table 4) and 
its interrelations with the other chemical elements 
in the earthworm casts were highlighted only in the 
co-dependence models of interaction (Table 3). These 
positive correlations in earthworm casts could be ex-
plained through the increased availability of K and 
TOC in the earthworm casts as compared to the 
adjacent soil due to the pH modulation determined 
by the microbiological processes initiated during the 
gut transition (Basker et al. 1994). No correlation 
between the pH and N was found in earthworm casts, 
although several studies indicated that earthworms 
contribute to the N cycle in the pH related mecha-
nisms, such as nitrate formation and leachability, 
both mediated by the nitrifying bacteria, for which 
earthworms also create appropriate aerobiosis condi-
tions through their feeding, locomotion and casting 
activity (Ferlian et al. 2020). A correlation between the 
pH and Ca was expected to be found in earthworm 

casts due to CaCO3 production of oesophageal glands 
of lumbricid earthworms, known as pH modulator, 
but this was not identified in this study. 

The findings of this study highlighted the complex 
relationships of the nutrients in earthworm casts 
which recommend them as analysis tool of urban 
sustainability because the earthworms’ casting activ-
ity is the main expression their activity.

CONCLUSION

This study revealed the complexity of the chemi-
cal relationships occurring inside earthworm casts 
collected from two urban green spaces and showed 
the reciprocal dependencies between the chemical 
elements of earthworm casts and, thus, highlighted 
the complexity of the biogeochemical cycles and the 
earthworms’ contribution to these cycles in urban 
areas towards a better understanding of the urban 
sustainability through their soil biodiversity contribu-
tion. This study contributes to better understanding 
the ecological role of earthworms in urban green 
spaces and in urban ecosystems, which can provide 
insights into understanding urban sustainability 
as given by every piece of the whole urban ecosystem, 
thus understanding urban sustainability through its 
defining components as a part of the whole ecosphere. 
Our findings indicate that earthworm casts should 
be included as an indicator of urban sustainability 
in the integrative assessment of urban ecosystems.
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