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Does the compost barn system bedding as a source of organic fertilizer

cause toxicity in soil invertebrates?

A cama do sistema compost barn como fonte de adubo organico causa toxicidade nos invertebrados do solo?
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RESUMO

Modernizing dairy cattle farming techniques promotes a gradual shift
from traditional pasture-based systems to confinement with higher
investments in animal comfort and welfare, such as the compost barn
system (CBS). In this method, animals generate composted waste in
the barn itself, on the bedding where they are housed, which is of
high fertilizing potential, and whose subsequent application to soils
can affect the functionality of edaphic organisms. The study aimed
to evaluate the toxicity on edaphic organisms (Folsomia candida
and Eisenia andrei) of increasing doses of CB bedding applied to
two soils with different textural characteristics. Ecotoxicological
tests were standardized following the recommendations of ISO
11268-1 and 11268-2 for earthworms, and I1SO 11267 for springtails.
The experimental design was completely randomized with five
replications, with the treatments being CB bedding doses (0, 6, 12,
18, 24, and 30 t of waste ha-!). Data were subjected to normality
(Shapiro-Wilk) and variance homogeneity (Levene) tests, followed
by analysis of variance (ANOVA) and post-hoc comparisons using
the Dunnett test (p<0.05). Still, no significant difference was found
between treatments. The tested doses of CB bedding as organic
fertilizer showed no acute or chronic toxicity in the two organisms
studied (E. andrei and F. candida) in both soils Oxisol and Entisol
Quartzipsamments. The proportional increase in dose promoted
the growth of earthworm body mass and stimulated reproduction,
as found in springtails. Thus, it is concluded that doses of up to 30 t
ha-! of CB bedding do not have acute and chronic toxicity effects on

A modernizagdo das técnicas de criagdo de bovinos leiteiros promove
a migragdo de maneira gradativa do sistema tradicional a pasto para o
de confinamento com maiores investimentos em niveis de conforto e
bem-estar animal, como o sistema compost barn (CB). Neste método,
0s animais geram um residuo compostado no préprio galpdo, na
cama onde ficam alojados, que é de elevado potencial fertilizante, e
cuja posterior aplicagdo nos solos pode afetar a funcionalidade dos
organismos edaficos. O estudo objetivou avaliar a toxicidade sobre
organismos edaficos (Folsomia candida e Eisenia andrei) de doses
crescentes da cama do CB aplicadas em dois solos de caracteristicas
texturais distintas. Os testes ecotoxicoldgicos foram padronizados,
seguindo as recomendagbes das normas ISO 11268-1 e 11268-
2 para minhocas, e ISO 11267 para colémbolos. O delineamento
experimental foi inteiramente casualizado com cinco repetigGes,
sendo os tratamentos as doses de cama do CB (0, 6, 12, 18,24 e 30t
de dejeto ha). Os dados foram submetidos aos testes de normalidade
(Shapiro-Wilk) e homogeneidade de varidncia (Levene), seguidos de
analise de variancia (ANOVA) e comparagdes post-hoc pela aplicagdo
do teste de Dunnett (p<0,05), porém, sem diferenga significativa
entre os tratamentos. As doses testadas de cama do CB como
fertilizante organico ndo apresentaram toxicidade aguda e cronica
nos dois organismos estudados (E. andrei e F. candida), em ambos os
solos Latossolo Vermelho (Oxisol) e Neossolo Quartzarénico (Entisol).
O incremento proporcional da dose promoveu nas minhocas um
aumento da sua biomassa corporal e um estimulo a sua reprodugao,
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earthworms and springtails in Oxisol and Entisol Quartzipsamments.
The greater sensitivity of chronic assays with these organisms
shows a positive impact of the applied doses, promoting increased
reproduction of these organisms.

Keywords:animalbedding; E. andrei; F. candida; terrestrial ecotoxicology.

Introduction

The compost barn system (CBS) comprises confinement facilities
for dairy cattle housed in extensive barns as resting areas and waste
storage. These barns have flooring covered by an absorbent material
bed (such as straw or sawdust), providing thermal comfort for the ani-
mals (Pilatti et al., 2018; Andrade et al., 2022).

The daily turnover of the CBS bedding fosters suitable temperature
and humidity conditions by incorporating the waste from housed ani-
mals, thereby enhancing aerobic microbial activity and facilitating the
composting process (Leso et al., 2020; Silva et al., 2023). At the end of
the animals’ housing period, the resulting residue is commonly used
as a source of organically derived nutrients for fertilizing agricultural-
ly essential plants (Tomazi and Gai, 2022). This residue exhibits high
levels of nitrogen (N), phosphorus (P), and potassium (K), reducing
costs associated with mineral fertilizers for food production (Caldato
et al., 2020).

Organic fertilizers and crop rotation augment soil organic matter
(SOM)’s water retention capacity and increase pH and nutrient cycling
within biogeochemical cycles. This promotes ecosystem services and
enhances soil life diversity compared to inorganic fertilizers, especially
N based ones prone to losses through volatilization and leaching in
the soil (Grunennvaldt et al., 2022; Rambaut et al., 2022; Heinen et al.,
2023; Luo et al., 2023). However, excessive application of organic fertil-
izers without adherence to agronomic recommendations and prevail-
ing environmental standards may cause ecological impact and delete-
rious effects on terrestrial ecosystems, impacting ecosystem functions
such as organic matter decomposition and nutrient cycling and even
the regulation of biological populations (Ribeiro, 2020), as a reflection
of acute and chronic effects on organisms (Maccari et al., 2016, 2020;
Segat et al., 2019). This is due to potentially toxic elements and residues
of substances, such as pharmaceuticals, originating from the nutrition-
al and sanitary management of these animals (Liu et al., 2020).

In Brazil, the CBS has experienced exponential growth over the
past decade due to the extensive migration from pasture-based to con-
finement management systems (Galama et al., 2020). Consequently, the
quantity and volume of waste produced have increased, intensifying
the utilization and commercialization of this waste as fertilizers (Black
et al,, 2013). However, there has been limited consideration regarding

the safety of applied waste doses and their environmental implications.

2

assim como encontrado nos colémbolos. Desta forma, conclui-se que
para doses de até 30 t ha* da cama do CB ndo ha efeito de toxicidade
aguda e cronica em minhocas e colémbolos quando em Oxisol e
Entisol Quartzarénico. A maior sensibilidade dos ensaios cronicos
com estes organismos mostra um efeito positivo das doses aplicadas,
promovendo o aumento da reprodugdo destes organismos.

Palavras-chave: dejetoanimal; E. andrei; F. candida; ecotoxicologia terrestre.

The adverse effects resulting from the improper use of organic and
inorganic compounds are manifold, and standardized assays [Interna-
tional Organization for Standardization (ISO) and Organization for Eco-
nomic Co-operation and Development (OECD)] conducted in labora-
tories with bioindicator organisms such as earthworms, springtails, and
enchytraeids already indicate ecotoxicological effects from the use of pig
and poultry waste in natural soils. Segat et al. (2020) identified toxicity
effects on reproducing earthworms and enchytraeids at 112 and 150 m?
ha? of liquid pig manure, respectively. Maccari et al. (2020), studying
chicken bedding differences between composted and non-composted
in the survival and reproduction of springtails (Folsomia candida), ob-
served higher toxicity in the non-composted bedding, highlighting the
importance of stabilizing organic compost before its use as fertilizer.

To date, ecotoxicological studies assessing the effects of CBS bed-
ding on soil fauna are infrequent in the literature, as well as the chem-
ical and biological impact on soils through its application as fertilizer,
underscoring the significance of this work. Hence, this work used stan-
dardized ecotoxicological tests to evaluate toxicity in soil organisms
(Folsomia candida and Eisenia andrei) from increasing doses of CB
bedding applied to two soils with distinct textural characteristics.

Based on ecotoxicological studies evaluating the application of oth-
er waste materials, the field application dose might induce deleterious
effects on soil organisms, allowing the formulation of the following
hypotheses regarding chronic sensitivity after exposure to increasing
doses of CB bedding: i.) it differs according to the tested standard spe-
cies; and ii.) it depends on soil type.

Materials and Methods

Soils tested

Two natural soils of clayey and sandy textures, classified as Oxisol
and Entisol Quartzipsamments (EQ), according to the Soil Taxonomy
(United States, 1999; Bockheim et al., 2014), were utilized in this work.
The Oxisol was collected in Chapecé (SC), Brazil, at geographic coor-
dinates 27°05°274” S and 052°38°085” W. Meanwhile, the EQ was col-
lected in the city of Ararangud (SC), Brazil, at geographic coordinates
29°00°19.98” S and 49°31°03.84” W. Both soils originated from native
forest areas without a history of pesticide application and agricultural

activities, were collected from the 0-0.20 m depth layer, with the help
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of a cutting blade, stored in plastic bags and transported to the Soil
Laboratory in Chapecd, where they were air-dried and sieved through
a2 mm mesh. Following these procedures, they were stored in a venti-
lated area and chemically and physically characterized, serving as stan-
dard soils for the tests until a new collection was required.

Natural soils provide a more realistic assessment of contaminant
impacts on ecosystems due to their texture characteristics, nutrient
availability, water retention capacity, and specific contaminant reten-
tion capabilities, thereby yielding a better expression of their response
(Zortéa et al., 2018). The tested soils were used as a reference for tropical
natural soils in studies assessing swine manure application (Segat et al.,
2020) and poultry bedding (Maccari et al., 2020). In the laboratory, the
soils underwent three cycles of freezing (24h) and drying in an oven
at 65°C (24h) to eliminate the existing soil fauna in the samples (Segat
et al,, 2015). Given the aim to simulate agricultural conditions for crop
production when using material from CBS bedding, the soil pH was ad-
justed to 6.0, standard deviation 0.5, by adding calcium carbonate —
CaCO, (ISO, 2005). The water retention capacity (CRA) was adjusted to
60% of its maximum retention (ISO 11268/2; ISO, 2012). The physical

and chemical characteristics of the soil samples are presented in Table 1.

Treatments - compost barn system bedding

The CB bedding used in this work was collected from a dairy cattle
farm in Chapecd, using a tractor within the barn. The aerobic biological
process that stabilizes organic compounds, composting, was conducted
during the bedding’s usage in the barns, following the recommended
method (Shane et al., 2010; Bewley et al., 2017). Therefore, no further
treatment was needed post-collection, as the producer managed the
bedding with three daily turnovers. The characteristics of the material
from the CB bedding were pH 8.3, 55.65% humidity, 33.21% organic
carbon, 1.64% phosphorus pentoxide (P,0,), 1.91% potassium oxide
(K,0), 2.28% nitrogen (N), 0.0012% copper (Cu), 0.0029% zinc (Zn),
1.131% iron (Fe), and 0.0121% magnesium (Mn). Such results were ob-
tained following the methodology proposed by Tedesco et al. (1985).

The treatments comprised increasing doses of CB organic fertilizer: 0,
6,12,18,24,and 30 t of residue ha'. These same doses were tested following
the recommended application for field fertilization with residue from CB
bedding, using the recommendation for dairy cattle residue as a reference,
as per the Manual of Liming and Fertilization for the States of Rio Grande do
Sul and Santa Catarina (Comissao de Quimica e Fertilidade do Solo, 2016).

Table 1 - Oxisol and Entisol Quartzipsamments physicochemical parameters.

Chronic E. andrei and E candida tests were conducted in a completely
randomized experimental design with five repetitions, according to their

respective ISO standards as detailed in ecotoxicological tests.

Test organisms

The indicator organisms E. andrei earthworms and E candida spring-
tails, used in the ecotoxicity tests, originated from established laboratory
cultures. They were maintained under controlled photoperiod (12:12h
light/dark) and temperature conditions (20£2°C) following ISO 11268-2
(ISO, 1998) and 11267 (ISO, 1999) recommendations, respectively.

The earthworms used were raised in a substrate consisting of screened
dry equine manure (from animals raised without antibiotics or dewormers in
their management), defaunated, along with coconut fiber and sand in a pro-
portion of 75:20:5, respectively, with a pH of 5.7+0.3. They were fed cooked
rolled oats. The springtails were cultured in plastic containers filled with
a moistened substrate of gypsum and activated charcoal in a ratio of 11:1.

Their diet consisted of moistened biological yeast (Saccharomyces cerevisiae).

Ecotoxicological tests

The E. andrei (Lumbricidae, Oligochaeta) test followed the guide-
lines established by ISO 11268-1 (ISO, 1993) and 11268-2 (ISO, 1998).
Synchronized adult earthworms for reproduction, with a visible clitel-
lum weighing between 250 and 600 mg, were acclimated and subse-
quently added to cylindrical plastic containers containing 500 g of soil
with increasing doses of CB bedding (0, 6, 12, 18, 24, and 30 t of residue
ha'), with ten individuals per repetition. For the calculation of the dos-
es of the waste applied in the field, the reference was its application on
1 hectare (ha) in the arable layer (0-0.10 m depth) for supplying compost
waste with equivalent values of 60, 120, 180, 240, and 300 kg N ha-', re-
spectively adjusted to doses of 6, 12, 18, 24, and 30 tons of waste, plus the
control treatment without application. From the waste analysis, values of
2.28% N and 55.65% moisture in its composition were considered. The
doses were calculated individually per experimental unit, considering
the volume of 500 g of soil (0, 1.5, 3, 4.5, 6, and 7.5 g of waste). The vol-
ume provided by the waste and the remaining water was considered for
soil moisture correction. After 28 days, the surviving adult earthworms
were removed, counted, and assessed for survival. They were weighed to
determine organism biomass, leaving only cocoons and newly hatched
juvenile organisms. At the end of 56 days from the start of the tests, the

juvenile organisms were removed via a water bath and counted.

--mn------
T [ e e |

4.3 12.3 55.0 414 3.6
EQ 0.9 4.1 49 4.0 35.2 60.8

mg dm? --- cmol_dm?--- --mg dm? --
124.0 3.2 12 7.8 14 0.8 79.7
34.0 2.0 0.8 2.0 15 1.0 72.5

O: oxisol; EQ: entisol quartzipsamments; 'OM: organic matter; *CEC: cation exchange capacity a pH 7.0 (cmol dm); pH: hydrogen potential; P: phosphorus; K: po-
tassium; Ca: calcium; Mg: magnesium; H+Al: active acidity; Cu: copper; Zn: zing; Fe: iron.
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The test with E candida springtails (Isotomidae, Collembola) fol-
lowed ISO 11267 (ISO, 1999) guidelines. Springtails aged between
10 and 12 days were synchronized in a laboratory culture medium.
For each replica containing ten individuals, a plastic container (diame-
ter: 3.5 cm; height: 11.5 cm) was filled with 30 g of soil with increasing
doses of CB bedding (0, 6, 12, 18, 24, and 30 t of fresh residue ha*).
As detailed in E. andrei, the waste values applied to the pot were adjust-
ed to the soil volume (30 g), namely 0, 0.18, 0.36, 0.54, 0.72, and 0.9 g of
waste. The volume provided by the waste and the remaining water was
considered for soil moisture correction.

During the test, springtails were fed biological yeast (Saccharo-
myces cerevisiae) once a week, with moisture adjusted as necessary.
After 28 days, surviving organisms (adults and juveniles) were trans-
ferred to a container with water and black India ink and photographed
for organism count using ImageTool software (University of Texas
Health Science Center, 2002).

Data analysis

Data underwent normality (Shapiro-Wilk) and variance homoge-
neity (Levene) tests, followed by analysis of variance (ANOVA) and
post-hoc comparisons when significant, using the control sample and
Dunnett’s test (p<0.05).

Results

Acute and chronic tests with Eisenia andrei

The tests conducted with E. andrei complied with the validation
criteria outlined in ISO 11268-2 (ISO, 1998) guidelines with mortal-
ity less than 10% in the control soil, coefficient of variation less than

30% for lethality assays, a minimum of 30 individuals per replication,
and coeflicient of variation less than 30% for reproduction assays.
In the test with Oxisol, the average number of adult individuals in the
control group was 10, with 67 juvenile organisms, and a coefficient of
variation equal to 5.31%. For the EQ, the average number of adult indi-
viduals in the control group was 9.8, with 66.7 juvenile individuals and
a coeflicient of variation of 3.87 and 8.06%, respectively.

The obtained results indicate no significant difference in acute
toxicity (p=0.208; F=1.161) and chronic toxicity (p=0.301; F=1.203)
in Oxisol and acute toxicity (p=0.213; F=1.317) and chronic toxicity
(p=0.118; F=1.401) in EQ, following exposure of earthworms to in-
creasing doses of CB (Figures 1A and 1B). The values of lethal con-
centration (LC, ) and half maximal effective concentration (EC, ) for
CB bedding in the two soils studied could not be calculated due to the
absence of effects at the doses tested, which were higher than the max-
imum dose tested in this work (30 t of residue ha™!).

When assessing the biomass of individuals, the data indicate no
significant difference for Oxisol (p=0.52; F=4.82) and EQ (p=0.56;
F=6.09) at the evaluated doses for the earthworms, as depicted in Fig-
ure 2. The average biomass of individuals was approximately 5,846 and

7,009 mg kg™ for Oxisol and EQ, respectively.

Acute and chronic tests with Folsomia candida

The tests conducted with E candida springtails met the validation
criteria outlined in ISO 11267 (ISO, 1999) guidelines with mortality less
than 10% in the control soil, a coeflicient of variation less than 30% for
lethality assays, a minimum of 30 individuals per replication, and coefti-
cient of variation less than 30% for reproduction assays. In the test with
Oxisol, the average number of adult individuals in the control group was

Figure 1 - Number of adult individuals and juveniles of Eisenia andrei in lethality and reproduction assays with increasing doses of compost barn in (A)

Oxisol and (B) Entisol Quartzipsamments. Meanststandard deviation.

The absence of an asterisk indicates no significant difference compared to control (p>0.05).

4
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nine organisms, and the average number of juvenile individuals was 435,
with a coeflicient of variation of 9.07 and 6.35%, respectively. For the EQ,
the average number of adult individuals in the control group was 9.6,
with 459.5 juvenile individuals and a coefficient of variation of 7.71 and
8.57%, respectively.

Similar to earthworms, no significant difference was record-

ed in acute toxicity in tests with F. candida (p=0.46; F=5.20) and

chronic toxicity (p=0.10; F=66.50) in Oxisol, as well as in acute
(p=0.26; F=6.45) and chronic toxicity (p=0.25; F=64.45) in EQ, fol-
lowing exposure to increasing doses of CB (Figures 3A and 3B). The
values of LC50 and EC, for CB bedding in the two soils studied
could not be calculated due to the absence of effects at the doses
tested, which were higher than the maximum dose tested in this
work (30 t of residue ha'!).

Figure 2 - Biomass of Eisenia andrei (meantstandard deviation) when exposed to increasing doses of compost barn in (A) Oxisol and

(B) Entisol Quartzipsamments.

The absence of an asterisk indicates no significant difference compared to control (p>0.05).

Figure 3 - Number of adult individuals and juveniles of Folsomia candida in lethality and reproduction assays with increasing doses of CB in (A) Oxisol and

(B) Entisol Quartzipsamments. Meanststandard deviation.

The absence of an asterisk indicates no significant difference compared to control (p>0.05).

5
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Discussion

The use of waste for soil fertilization has become increasingly com-
mon in agricultural areas (Galloway et al., 2017). Waste from farm ac-
tivities, such as animal manure or organic residues, has the potential to
supply essential nutrients to plants, improve soil fertility, and reduce
dependence on chemical fertilizers (Mota et al., 2019; Tomazi and
Gai, 2022), directly impacting production costs (Lopes et al., 2019).
Therefore, studies related to the potential terrestrial toxicity of animal
waste, such as CB bedding for environmentally relevant species, are
necessary to determine the possible environmental risks of their use,
ensuring that waste fertilization practices are environmentally safe.

While recent studies have focused on assessing the toxicity of dairy
cattle waste created in a traditional system (Da Costa Soares et al.,
2021; Mousavi et al., 2022; Hagner et al., 2023), there are no ecotox-
icological investigations on the use of CB bedding, highlighting po-
tential risks to terrestrial organisms. Studies with other animal wastes
such as sheep (Zortéa et al., 2020), liquid pig waste (Segat et al., 2020),
and chicken bedding (Maccari et al., 2020) already indicated toxicity
to soil organisms at specific doses, with effects dependent on soil type.
In the present work, even soils with different textural and chemical
characteristics (Table 1) were not sufficient to demonstrate a negative,
chronic, or acute effect of the studied waste, showing that the CB at
the tested doses stimulates earthworm mass gain and reproduction of
earthworms and springtails. Thus, the hypothesis that the response is
dependent on the type of soil is refuted in the present work when eval-
uating the harmful effects of the waste.

The doses tested in this work represent possible field recommen-
dations for future applications of CB waste as a fertilizer source, such
as replacing mineral N fertilization. There were no adverse effects on
the mortality and reproduction of earthworms and springtails at dos-
es ranging from 6 to 30 tons per hectare of fresh CB residue (60 to
300 kg of N ha'). This was demonstrated by the average biomass gain
of these organisms, indicating that they represent nutrient sources.
Comparing the average biomass of earthworms in the control treat-
ment, the doses of 6, 12, 18, 24, and 30 tons of fresh residue per
hectare via CB residue promoted gains of 10.30, 19.19, 19.19, 19.19,
and 24.35%, respectively, for the doses tested in the Oxisol and 4.71,
12.66, 12.66, 18.26, and 17.57% for the EQ. A study evaluating the ec-
otoxicity of cattle waste on Eisenia fetida earthworms found no mass
loss over time, and the reproduction and lethality of these organisms
were unaffected (Schubert et al., 2019). However, when cattle waste
was compared to plant residues or other food sources for soil fauna,
it promoted a higher average body weight and reproduction rate of
these individuals (Li et al., 2020).

The chronic test was more sensible than lethal for both tested
organisms, mainly due to the absence of lethality. This way, the hy-
pothesis that chronic assays would be more sensitive in detecting
dose-related effects is proven, albeit on a positive aspect. The re-

sults with springtails indicate that treatments receiving CB bedding

6

showed a higher reproduction rate than those without application.
The same effect was found for earthworms when comparing the ap-
plied doses to the control treatment with higher doses in both soils,
demonstrating a favorable reproduction rate of these organisms as the
dose increased. The positive effect on juvenile earthworms was ob-
served at doses higher than 12 e 24 t ha! for Oxisol and EQ, respec-
tively; for springtails, this positive effect is noted at doses higher than
6 t ha' for both soils. This behavior may be related to the increase in
organic material in the soil due to these organisms’ increased dose and
food preferences.

According to Da Costa Soares et al. (2021), consecutive annual ap-
plications of cattle waste in reduced tillage systems had a positive im-
pact on soil biota, as opposed to the study by van Eekeren et al. (2009),
which found no apparent differences in the fauna activity after five con-
secutive years of cattle waste application. However, the authors suggest
that cattle waste provides more excellent bacterial activity in the soil
than mineral fertilizer as an N source at studied doses of approximately
150 kg N ha™ for both sources (mineral and organic). Another factor to
note is that cattle waste is also positive when analyzing the soil’s micro-
biological aspect, increasing soil microbial biomass carbon (Belinato
et al., 2020; Qaswar et al., 2020). This characteristic is essential as it
favors microbial populations serving food for soil organisms, such as
springtails (Bourgeois et al., 2023).

For springtails, the positive effect on the number of juveniles
in applying the studied waste is independent of soil type and be-
gins from the first tested dose. This response may be associat-
ed with the habitat of these organisms, which live in the porous
spaces of these soils and with the moisture of the material itself,
favoring their feeding and reproductive habits. The CBS presents
itself as stabilized material with a high moisture content, favoring
microbial populations of bacteria, actinomycetes, and primarily
fungi involved in the degradation process of cellulose and lignin
(Guesine et al., 2023). Therefore, springtails ingest a diverse range
of microorganisms, with a feeding preference for fungal myceli-
um and their spores (Parkinson et al., 1979; Oliveira Filho and
Baretta, 2016), which may be favored by the availability of waste.
The authors found in their study (data not shown) a linear re-
sponse of soil microbial biomass carbon (R* 0.93) to these same
applied waste doses. Soil microbial biomass represents the labile
carbon of the soil and is mainly composed of fungal biomass
(Dulazi et al., 2023).

The average number of earthworms found at the treatment doses in
both soils was similar to springtails. However, the positive effect on the
reproduction of these organisms was already manifested at doses from
12 t ha-! for the Oxisol and only observed at doses higher than 24 t
ha-! in the EQ. This explanation may be associated with their chemical
and textural composition. Thus, the hypothesis that the response de-
pends on soil type is accepted for the positive effect of waste on earth-

worm reproduction. The Oxisol is a clayey soil that favors water re-
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tention and presents a greater availability of nutrients and soil organic
matter when compared to EQ (Table 1). Earthworms of the E. andrei
species are epigeic and ingest large amounts of organic material as a
food source, being used to indicate soil alteration and contamination
(Ribeiro, 2020). Therefore, without a toxic response, Oxisol provides
part of the necessary food to these organisms through its composition
(3.9% SOM). For the EQ, due to its lower organic matter content (0.9%
SOM) and nutrients, a favorable response to reproduction is obtained
at higher doses of CB applied to the soil.

The absence of toxic effects in ecotoxicological tests with E. an-
drei earthworms and F. candida springtails in soils fertilized with
CB waste is a desirable result. The studied doses can be used for
field application. However, it is essential to note that results may
vary depending on specific experimental conditions, such as the
composition of the CB bedding used, the doses tested, and the ex-
posure conditions. It is worth noting that the present study did not
seek to identify an effective dose but rather to verify if, at the tested
field doses, CB waste was toxic to the organisms tested. Therefore,
a more specific evaluation with higher doses applied over time is
necessary to investigate the effects of CB bedding on the soil and
the organisms within it to ensure the safety and sustainability of
this fertilization practice by developing regulations that govern the

application of these wastes in the field.

Conclusion

Therefore, without any tested toxic response, compost barn does
not appear to be harmful to the studied species of earthworms and col-
lembolans at application rates of up to 30 tons ha' when applied to
Oxisol and Entisol, with no chronic or acute effects. Contrariwise, a
positive impact on chronic tests for juvenile earthworms and sprigtails
was supported in this research as a nutritional effect of the manure
on organisms that gained weight throughout the test, as in the case of
earthworms. However, we draw attention to the fact that animal man-
agement can affect the composition of compost barn manure and its
toxicity potential due to the specificities of the sanitary and nutritional
handling of herds in confinement. Thus, how continuous reapplication
in different soil types can have cumulative effects is not yet known.
The present study did not aim to exhaust the discussion on the topic
but to instigate new studies that can deepen the environmental defini-

tion of dose limits for the safe application of this waste.
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