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Abstract The findings revealed that dung decomposers significantly enhance soil nutrient content, including nitrogen, phosphorus,
potassium, magnesium, and calcium, while reducing soil density, pH, and electrical conductivity. The presence of dung decomposers
also led to increased plant growth parameters such as total leaf sugar, vitamin C, polyphenols, total protein, and amino acids.
Additionally, dung decomposers improved the net photosynthetic rate, stomatal conductance, and chlorophyll content in plants. The
study also highlighted the species-specific effects of dung decomposers on nutrient cycling and soil fertility, emphasizing the
importance of maintaining beetle diversity to maximize soil health benefits. The application of dung decomposers as a soil
amendment significantly enhances soil fertility and promotes plant growth. This sustainable strategy can improve crop yields and
nutrient status, making it a viable option for organic agricultural practices. The study underscores the critical role of dung
decomposers in nutrient cycling and soil health, particularly in dryland environments where nutrient losses due to grazing are
prevalent.

Keywords Dung decomposers; Soil fertility; Plant growth; Nutrient cycling; Sustainable agriculture; Soil amendments, Organic
farming

1 Introduction

Dung decomposition is a critical ecological process that involves the breakdown of animal feces by a variety of
organisms, including microbes, invertebrates, and other fauna. This process not only recycles nutrients back into
the soil but also supports plant growth and maintains soil health. Invertebrates, such as dung beetles, earthworms,
and termites, play a significant role in this decomposition process. They facilitate the breakdown of organic matter
through their feeding activities and interactions with microbial communities, which further enhances nutrient
cycling and soil structure (Evans et al., 2019; Griffiths et al., 2021; Alves et al., 2022).

Dung serves as a vital nutrient source in many ecosystems, particularly in grasslands and pastures. It provides
essential nutrients such as nitrogen, phosphorus, and potassium, which are crucial for plant growth. The
decomposition of dung by soil fauna accelerates the translocation of these nutrients into the soil, thereby
enhancing soil fertility and promoting plant productivity (Yamada et al., 2007; Evans et al., 2019; Maldonado et
al., 2019). Additionally, dung deposition and decomposition influence soil physical properties, such as bulk
density and water infiltration capacity, which are important for maintaining soil health and structure (Herrick and
Lal, 1995; Hirata et al., 2008). The activity of dung decomposers also contributes to the heterogeneity of nutrient
distribution in the soil, which can affect plant community dynamics and ecosystem functioning (Yoshitake et al.,
2014).

This study aims to provide a comprehensive overview of the role of dung decomposers in soil fertility and plant
growth. It will examine the various organisms involved in dung decomposition, their interactions, and the
ecological services they provide. The study will also explore the impact of dung decomposition on soil properties
and plant productivity, highlighting the importance of maintaining diverse decomposer communities for
sustainable ecosystem management. By synthesizing findings from multiple studies, this study seeks to enhance
our understanding of the complex processes underlying dung decomposition and its implications for soil and plant
health.
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2 Types of Dung Decomposers

2.1 Microbial decomposers (bacteria, fungi)

Microbial decomposers, including bacteria and fungi, are essential for breaking down organic matter in dung.
These microorganisms facilitate the mineralization process, converting organic nutrients into inorganic forms that
plants can absorb. For instance, specific strains of bacteria in the rhizospheric soil, known as plant
growth-promoting rhizobacteria, are used as biofertilizers to enhance soil fertility and suppress pests and
pathogens (Pathma et al., 2019). Additionally, the microbial communities in earthworm digestive tracts contribute
significantly to nutrient cycling by decomposing organic matter and enhancing soil microbial activity
(Medina-Sauza et al., 2019).

2.2 Invertebrate decomposers (earthworms, dung beetles)

Invertebrate decomposers such as earthworms and dung beetles also play a vital role in dung decomposition and
nutrient cycling. Earthworms, for example, mix soil layers and incorporate organic matter into the soil, which
improves soil structure and fertility. They also influence soil microbial communities, which in turn affect soil
processes and plant growth (Medina-Sauza et al., 2019; Ahmed and Al-Mutairi, 2022; Li et al., 2022). Dung
beetles, on the other hand, break down dung and incorporate it into the soil, enhancing nutrient availability.
Different species of dung beetles vary in their efficiency, with some species like Sulcophanaeus imperator being
more effective in incorporating nitrogen and phosphorus into the soil (Jones et al., 2018; Evans et al., 2019;
Maldonado et al., 2019).

2.3 Role of different decomposers in nutrient cycling

Both microbial and invertebrate decomposers are integral to nutrient cycling. Microbial decomposers break down
complex organic compounds into simpler forms, making nutrients available for plant uptake. For example,
earthworm activity enhances denitrification and increases soil nutrient availability, indirectly promoting plant
growth (Medina-Sauza et al., 2019; Li et al., 2022). Invertebrate decomposers like dung beetles accelerate the
decomposition process, leading to quicker nutrient release and improved soil fertility. The activity of dung beetles
has been shown to increase soil nutrients in the topsoil, which is crucial for plant growth (Evans et al., 2019;
Maldonado et al., 2019; Ma et al., 2023).

3 Mechanisms of Dung Decomposition

3.1 Breakdown of organic matter

The breakdown of organic matter in dung is a complex process primarily driven by microbial and invertebrate
decomposers. Microorganisms, including bacteria and fungi, play a crucial role in the initial stages of
decomposition by breaking down complex organic compounds into simpler molecules. This microbial activity is
essential for the recycling of nutrients and the formation of soil organic matter (SOM) (Soares and Rousk, 2019;
Hicks et al., 2021). Invertebrates, such as earthworms and other soil fauna, further contribute to this process by
physically fragmenting the dung and enhancing microbial access to organic substrates (Griffiths et al., 2021). The
interaction between these decomposers ensures a continuous and efficient breakdown of organic matter, ultimately
supporting soil fertility and plant growth (Griffiths et al., 2021; Sun and Ge, 2021).

3.2 Enzymatic activities involved

Enzymatic activities are central to the decomposition of dung, with various enzymes produced by both microbial
and invertebrate decomposers. Microorganisms secrete a range of enzymes, including cellulases, proteases, and
lipases, which degrade cellulose, proteins, and lipids, respectively (Hicks et al., 2021; Raczka et al., 2021). These
enzymes facilitate the conversion of complex organic compounds into simpler forms that can be assimilated by
microbes and plants. Invertebrates also contribute to enzymatic decomposition through their digestive enzymes,
which break down organic matter as it passes through their digestive systems (Griffiths et al., 2021). The
combined enzymatic activities of microbes and invertebrates accelerate the decomposition process and enhance
nutrient availability in the soil (Pimentao et al., 2019; Konschak et al., 2021).
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3.3 Interaction between microbial and invertebrate decomposers

The interaction between microbial and invertebrate decomposers is a synergistic relationship that enhances the
efficiency of dung decomposition. Invertebrates, such as earthworms and detritivores, physically break down dung
into smaller particles, increasing the surface area available for microbial colonization and activity (Griffiths et al.,
2021; Sun and Ge, 2021). This physical fragmentation by invertebrates facilitates microbial access to organic
substrates, promoting microbial growth and enzymatic activity (Pimentdo et al., 2019; Griffiths et al., 2021).
Additionally, the presence of invertebrates can influence the composition and diversity of microbial communities,
further affecting the decomposition process (Raczka et al., 2021; Mason et al., 2023). This interaction between
decomposers not only accelerates the breakdown of organic matter but also contributes to the formation of stable
soil organic matter, which is crucial for soil health and plant growth (Fanin, et al., 2021; Griffiths et al., 2021;
Raczka et al., 2021) (Figure 1).

The decomposition onion
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Figure 1 The fate of plant matter through the decomposition process (Adopted from Griffiths et al., 2021)

Image caption: This can be conceptualised as removing different layers of an onion. The initial stages of decomposition involve
leaching and multiple organisms (microbial and invertebrate) that can digest simple compounds: carbohydrates, peptides and fats (the
red layer of the onion). After this stage multiple organisms can catabolise lignocellulose (the yellow and green parts of the onion).
This can be microbes alone, invertebrates alone (using endogenous cellulases, but generally not endogenous lignin-modifying
enzymes), or a partnership between endogenous invertebrate cellulases and (mostly) gut symbiont cellulases (‘digestomes’). The
result of these progressive decomposition processes is the creation of organic matter that becomes smaller in molecular size and is
increasingly protected from further breakdown by interaction with mineral surfaces and incorporation into soil aggregates (Lehmann
and Kleber (2015) defined here as stable or protected soil organic matter; the blue part of the onion). This protected organic matter is
then consumed by a range of organisms, including microbes, soil-feeding termites, and endogeic earthworms. These soil-feeding
invertebrates often break down clay-complexed peptides and are thought to be important sources of plant-available nitrogen, key
bioavailable parts of the nitrogen cycle (Ji and Brune, 2005) (Adopted from Griffiths et al., 2021)

4 Impact on Soil Fertility

4.1 Nutrient release and availability (nitrogen, phosphorus, etc.)

Dung decomposers, particularly dung beetles, play a crucial role in enhancing soil fertility by facilitating the
release and availability of essential nutrients such as nitrogen (N) and phosphorus (P). Studies have shown that
dung beetles incorporate significant amounts of nitrogen, ammonium, and phosphorus into the soil, which varies
among species. For instance, the dung beetle Sulcophanaeus imperator was found to incorporate the highest
quantities of organic matter, nitrogen, and phosphate into the soil, thereby improving nutrient cycling and soil
fertility (Maldonado et al., 2019). Additionally, the application of dung beetles in soil has been shown to
significantly increase the levels of magnesium and potassium, further contributing to soil nutrient status
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(Badenhorst et al., 2018). The combined use of cow dung and biochar has also been reported to enhance soil
phosphorus availability and improve the growth of plants such as Populus euphratica by increasing the abundance
of phosphate-solubilizing bacteria (Fan et al., 2023).

4.2 Soil structure and aeration improvement

Dung decomposers significantly improve soil structure and aeration, which are critical for plant growth. Dung
beetles, for example, create tunnels under dung pats, which enhance water infiltration rates, reduce soil
compaction, and improve soil aeration. This bioturbation activity not only facilitates better root penetration but
also enhances the overall soil structure, making it more conducive for plant growth. In reclaimed mined lands, the
presence of dung beetles has been shown to reduce soil strength and increase water infiltration rates, leading to
improved soil physical properties and higher plant biomass (Badenhorst et al., 2018). These improvements in soil
structure and aeration are essential for maintaining healthy soil ecosystems and promoting sustainable agricultural
practices.

4.3 Effects on soil microbial communities

The activity of dung decomposers also has profound effects on soil microbial communities. The introduction of
dung and dung beetles into the soil has been shown to increase microbial diversity and alter the composition of
soil microbial communities. For instance, the application of cow dung and its biochar has been found to enhance
the diversity of bacterial communities and increase the abundance of functional genes related to phosphorus
conversion (Fan et al., 2023). Similarly, the use of composted dung in combination with arbuscular mycorrhizal
fungi (AMF) has been reported to improve the growth and nutrient uptake of mung bean plants by enhancing the
colonization of plant roots by beneficial fungi (Wahid et al., 2019). These changes in microbial communities are
crucial for maintaining soil health and fertility, as they play a key role in nutrient cycling and organic matter
decomposition.

5 Impact on Plant Growth

5.1 Influence of decomposer activity on plant nutrient uptake

Decomposers, particularly dung beetles and vermi-compost, play a significant role in enhancing plant nutrient
uptake. Studies have shown that the incorporation of dung beetles into soil can significantly improve the nutrient
status, including nitrogen, phosphorus, potassium, magnesium, and calcium, which are essential for plant growth.
For instance, the application of dung beetles along with cow dung has been found to increase the nutrient uptake
in bok choy, leading to improved growth and physiological processes (Kaleri et al., 2020). Similarly, the use of
vermi-compost has been shown to enhance the nutrient uptake in marigold plants, resulting in better vegetative
growth and flowering parameters (Shafique et al., 2021) (Figure 2). The combined application of cattle dung and
NPK fertilizer also significantly increased the uptake of nutrients such as nitrogen, phosphorus, potassium,
calcium, and magnesium in fluted pumpkin, demonstrating the synergistic effect of organic and inorganic
fertilizers on nutrient uptake (Franko et al., 2019).

5.2 Role in seed germination and early plant development

Decomposers also play a crucial role in seed germination and early plant development. Vermi-compost, for
example, has been shown to be highly effective in promoting seed germination and early seedling growth in
marigold plants. The optimal concentration of vermi-compost (20%) resulted in the highest germination
percentage and early initiation of seed germination (Shafique et al., 2021). Additionally, the activity of dung
beetles has been linked to improved seed germination and early plant development by enhancing soil conditions
and nutrient availability. In tropical forests, dung beetles contribute to the secondary dispersal of seeds, which can
positively affect seed bank structure and dynamics, although the direct impact on seedling performance may vary
(Andresen and Urrea-Galeano, 2022).

5.3 Long-term effects on plant health and productivity
The long-term effects of decomposer activity on plant health and productivity are profound. The continuous
application of decomposers such as dung beetles and vermi-compost can lead to sustained improvements in soil
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fertility, which in turn supports long-term plant health and productivity. For instance, the use of cow dung as a soil
amendment has been shown to alleviate the ginseng replanting problem by improving soil nutritional status and
stimulating beneficial soil microbes, leading to enhanced plant growth and survival rates (Tagele et al., 2023).
Furthermore, the combined application of cow dung and green manure has been found to increase the growth and
yield of tiger nut by improving soil moisture content, nutrient retention, and microbial activity (Adekiya et al.,
2020). These findings suggest that the integration of decomposers into agricultural practices can provide
long-term benefits for plant health and productivity by maintaining and enhancing soil fertility.
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Figure 2 Impact of vermi-compost on the seed germination and growth parameters of marigold (Adopted from Shafique et al., 2021)

6 Environmental and Ecological Considerations

6.1 Effects on carbon sequestration

Dung decomposers, particularly dung beetles and earthworms, play a significant role in carbon sequestration. The
incorporation of organic matter into the soil by these organisms enhances soil organic carbon (SOC) storage. For
instance, the presence of diverse decomposer species has been shown to increase root biomass significantly, which
in turn contributes to higher SOC levels (Eisenhauer et al., 2018). Additionally, organic amendments such as cow
dung have been found to improve soil aggregate stability and carbon sequestration in wetland paddy cultivation
(Rahman ert al., 2022). Maintaining high levels of plant diversity, which is often supported by the activity of dung
decomposers, can further enhance SOC storage and mitigate anthropogenic CO> increases (Chen et al., 2018).

6.2 Biodiversity implications

The biodiversity of dung decomposers is crucial for maintaining ecosystem functions. Studies have shown that
higher decomposer diversity leads to increased biomass production and nutrient cycling efficiency (Eisenhauer et
al., 2018). Dung beetles, for example, vary in their efficiency of nutrient incorporation into the soil, with some
species being more effective than others (Maldonado et al., 2019). This variability underscores the importance of
conserving a diverse range of decomposer species to maximize their ecological benefits. Furthermore, the
presence of dung beetles has been linked to improved soil conditions and plant growth, highlighting their role in
sustaining biodiversity and ecosystem health (Kaleri et al., 2020).

6.3 Role in sustainable agriculture and ecosystem services

Dung decomposers contribute significantly to sustainable agriculture by enhancing soil fertility and promoting
plant growth. The activity of dung beetles and earthworms accelerates the decomposition of organic matter,
leading to improved soil nutrient status and structure (Evans et al., 2019). This process not only supports higher
crop yields but also enhances the overall resilience of agricultural systems. For example, the application of cow
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dung and dung beetles has been shown to improve the growth and physiological processes of crops like bok choy,
making it a sustainable strategy for soil and crop management (Kaleri et al., 2020). Additionally, the role of dung
decomposers in nutrient cycling is vital for maintaining soil health and mitigating nutrient losses in grazing fields
(Maldonado et al., 2019).

7 Challenges and Future Research

7.1 Knowledge gaps in dung decomposition processes

Despite significant advancements in understanding dung decomposition, several knowledge gaps remain. One
major gap is the detailed mechanistic understanding of how different decomposers, such as dung beetles and
earthworms, interact with microbial communities to influence nutrient cycling and soil health. For instance, while
it is known that dung beetles improve soil properties and plant growth by burying dung, the specific microbial
processes involved are not fully understood (Badenhorst et al., 2018; Griffiths et al., 2021). Additionally, the role
of invertebrates as primary decomposers, rather than just facilitators of microbial decomposition, needs further
exploration (Griffiths et al., 2021). Another gap is the variability in decomposition rates and nutrient release
depending on the type of organic waste used, such as cow dung, fish sludge, or plant residues, and how these
differences impact soil fertility and plant growth (Yuvaraj et al., 2018; Moustafa et al., 2022).

7.2 Potential impact of climate change on decomposer activity

Climate change poses a significant threat to the activity and efficiency of dung decomposers. Changes in
temperature and precipitation patterns can alter the habitat suitability for decomposers like dung beetles and
earthworms, potentially reducing their populations and activity levels (Badenhorst et al., 2018; Ngone et al., 2018).
For example, higher temperatures may increase the metabolic rates of decomposers, leading to faster
decomposition but also higher CO; emissions, which could exacerbate climate change (Soares and Rousk, 2019).
Additionally, extreme weather events, such as droughts and heavy rains, can disrupt the delicate balance of soil
moisture and temperature, further impacting decomposer activity and soil health (Ngone et al., 2018; Moustafa et
al., 2022). Understanding these impacts is crucial for developing strategies to mitigate the negative effects of
climate change on soil fertility and plant growth.

7.3 Future directions for research and application in agriculture

Future research should focus on several key areas to enhance the understanding and application of dung
decomposers in agriculture. First, there is a need for more comprehensive studies on the interactions between
different decomposers and microbial communities, and how these interactions influence nutrient cycling and soil
health (Wang et al., 2020; Griffiths et al., 2021). Second, research should explore the potential of using a
combination of decomposers, such as dung beetles and earthworms, to maximize the benefits of dung
decomposition (Badenhorst et al., 2018; Yuvaraj et al., 2018). Third, the development of climate-resilient
decomposer species through selective breeding or genetic modification could help mitigate the impacts of climate
change on decomposer activity (Soares and Rousk, 2019; Cornejo et al., 2021). Finally, integrating
decomposer-based strategies into conventional agricultural practices, such as crop rotation and organic
fertilization, could improve soil fertility, reduce the need for chemical fertilizers, and enhance sustainable
agricultural productivity (Badenhorst et al., 2018; Ngone et al., 2018; Wang et al., 2020).

8 Concluding Remarks

Dung decomposers, particularly dung beetles, play a crucial role in enhancing soil fertility and promoting plant
growth. Studies have shown that dung beetle activity significantly improves soil properties such as water
infiltration rates, bulk density, and nutrient content, which in turn boosts plant biomass and health. Additionally,
the presence of dung beetles has been linked to increased microbial diversity and activity in the soil, further
contributing to nutrient cycling and soil health. The application of dung beetles in various soil types, including
those simulating reclaimed mined land, has demonstrated their ability to maintain their beneficial activities even
under challenging conditions.
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The findings underscore the potential of dung decomposers as a sustainable and cost-effective strategy for soil
management and agricultural productivity. Incorporating dung beetles into soil management practices can enhance
soil structure, nutrient availability, and plant growth, reducing the need for chemical fertilizers and soil
rejuvenating tillage practices. This biological approach not only improves soil health but also supports biodiversity,
which is essential for resilient agricultural ecosystems. Moreover, the use of dung beetles and other decomposers
can mitigate the negative impacts of intensive grazing and other agricultural practices on soil quality.

Dung decomposers are vital for maintaining healthy and productive soils. Their ability to enhance nutrient cycling,
improve soil structure, and support plant growth makes them indispensable in sustainable agriculture. The
integration of dung decomposers into soil management practices offers a promising avenue for improving soil
fertility and crop yields while reducing environmental impacts. Future research should continue to explore the
diverse roles of dung decomposers in different ecosystems and develop practical applications for their use in
agriculture.
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