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Abstract
The aim of this study was to evaluate the effects of sheep manure in agricultural soils on the behavior of Folsomia 
candida and initial growth and development of Avena sativa. For this, an Oxisol was submitted to different doses 
of sheep manure and was subsequently evaluated for Folsomia candida survival and avoidance behavior through 
standardized ecotoxicological assays, the initial performance of oats by germination test and the soil basal respiration 
rate by respirometry methodology. There was an increase in the basal respiration rate of the soil by the application 
of sheep manure and this was consistent with the increase of the doses. The survival rate and avoidance behavior of 
springtails were not altered and there was no change in the initial performance of oats, indicating that this manure can 
be used for organic fertilization of soils with low soil pollutant potential.
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Efeitos do esterco de ovelha em solos agrícolas no comportamento de 
Folsomia candida e no crescimento e desenvolvimento inicial de Avena sativa

Resumo
O objetivo deste estudo foi avaliar os efeitos do esterco de ovelha em solos agrícolas no comportamento de Folsomia 
candida e no crescimento e desenvolvimento inicial de Avena sativa. Para isso, um Latossolo foi submetido a diferentes 
doses de esterco de ovelha e posteriormente avaliado quanto ao comportamento de fuga e a sobrevivência de Folsomia 
candida por meio de ensaios ecotoxicológicos padronizados, desempenho inicial da aveia pelo teste de germinação e 
taxa respiratória basal do solo pela metodologia da respirometria. Houve um aumento na taxa de respiração basal do 
solo pela aplicação de esterco de ovelha e isso foi consistente com o aumento das doses. A taxa de sobrevivência e o 
comportamento de fuga dos colêmbolos não foram alterados e não houve alteração no desempenho inicial da aveia, 
indicando que esse esterco pode ser usado para fertilização orgânica de solos com baixo potencial poluente no solo.

Palavras-chave: dejeto animal, ecotoxicologia, fertilização orgânica, bioindicador de solo.

1. Introduction

The agricultural crops around the world contribute to 
increase the environmental pollution indices due to usual 
applications of synthetic agricultural fertilizers in soils (Lopes 
and Lopes, 2011). Sustainable agricultural practices are 
important to reduce the environmental impacts caused by 
the conventional agricultural fertilization (Sambuichi et al., 
2012). The organic fertilization of soil with animal manure 
can be an economically and environmentally viable 
alternative as it increases the nutrient bioavailability for 
plants. Moreover, the organic fertilization is a relevant 
practice for the recovery of degraded and nutrient-poor 
soils (Severino et al., 2006). Hence, the organic fertilization 

processes decrease the cost of agricultural practices, 
in addition to avoid environmental impacts as those 
caused by application of synthetic agricultural fertilizers 
(Silva et al., 2010a).

Sheep manure significant amounts containing high 
agricultural nutrient concentrations are commonly generated 
by sheep farming (Souza et al., 2012). Such residues are 
potential agricultural organic fertilizers for the sustainable 
enrichment of nutrient-poor soils. Sheep manure-based 
organic fertilizers are employed as substrates for the 
growth and development of different microorganisms and 
plants (Souza et al., 2012). However, their applications 
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in agricultural soils must be controlled with the aim of 
avoiding environmental pollution due to the presence of 
pathogenic species and high concentrations of nitrogen, 
phosphorus and toxic metals (Alves et al., 2008).

The contamination of agricultural soil is often evaluated 
by measuring the biological activities according to protocols 
of the International Organization for Standardization (ISO) 
(Kuperman et  al., 2009; Nyemeier et  al., 2009). These 
protocols were developed to perform soil ecotoxicological 
assays using plants, microorganisms and bioindicators such 
as springtails, earthworms and enchytraeids (Edwards, 
2004). These bioindicators are sensitive to changes in 
the soil quality due to environmental pollution, which is 
not detected when using synthetic indicators (Araújo and 
Monteiro, 2007; Filser et al., 2014). The aim of this study 
was to evaluate the effects of sheep manure in agricultural 
soils on the survival and avoidance behavior of Folsomia 
candida, on the initial growth and development of Avena 
sativa and the microbial activities in Oxisol.

2. Materials and Methods
2.1. Soil samples

Soil samples were collected at depths of 0 to 20 cm 
from an Oxisol located in the West of the State of Santa 
Catarina, Brazil. The soil samples were dried in a greenhouse 
at 55.0 ± 1.0 °C, milled and sieved to 2.0 mm. Soil samples 
for microbial assays were dried at room temperature and 
stored at 3.0 ± 0.1 °C. Next, the pH value was adjusted 
to 6.0 ± 0.5 by adding CaCO3 (ISO, 2005a) and water 
content was adjusted to 65% to water holding capacity 
(ISO, 1998). The physicochemical properties of the soil 
were obtained by protocol described by Raij et al. (2001) 
and are shown in Table 1.

2.2. Sheep manure samples
Sheep manure samples were collected from a slatted 

floor located in the West of the State of Santa Catarina, 
Brazil. These samples were sieved to 4.0 mm using 
granulometric sieves, transferred to plastic bags and stored 
in refrigerator at 3.0 ± 0.1 °C prior to chemical analyzes 
and applications as organic fertilizers. The physiochemical 
properties of the sheep manure samples were obtained 
using the protocol described by Tedesco et al. (1995) and 
are shown in Table 2.

2.3. Experimental design
All tests conducted were assembled under a 

completely randomized design with five replications. 
The treatments consisted of the combination of Oxisol 
with the different doses of sheep manure applied to the 
soil. For plant tests, manure was applied to the surface, 
according to the normal conditions of use of this material 
in agricultural areas. For the tests with organisms and 
microbial activity, the manure was incorporated into 
the soil, through manual agitation until the mixture 
was homogenized. The doses used were the equivalent 
to 0, 2, 4, 8 and 16 Mg ha-1.

2.4. Microbial activities in soil
Sheep manure increasing doses were appropriately 

mixed and homogenized with soil samples. Subsequently, 
50 g of sheep manure/soil mixture were placed in hermetic 
glass flasks. Next, 25 mL of 0.050 mol L-1 sodium 
hydroxide solution was added in each flask, which were 
left for 10 days at temperature of 28 ± 1 °C in absence of 
light. The sodium hydroxide solution was daily renewed 
during a 10 days incubation period. The carbonate 
formed in the alkaline aqueous solution was precipitated 
with 5 mL of 0.050 mol L-1 barium chloride solution as 
described by Alef and Nannipieri (1995). The carbon 
content released in the soil was determined by titration of 
the sodium hydroxide solution with 0.050 mol L-1 standard 
hydrochloric acid solution, using phenolphthalein as 
acid-base indicator.

2.5. Folsomia candida survival
The survival of Folsomia candida were determined 

according to the procedure ISO 11267 (ISO, 1999) as 
follows: 30 g of the mixture, soil with sheep manure doses, 
were placed in glass flasks. Next, ten Folsomia candida 
synchronized organisms (10 to 12 days old) were also 
placed in each flask. Afterwards, the springtails were fed 
with biological yeast and monitored for 14 days. The flasks 
were placed in an air-conditioned room with at 20 + 2 °C 
and photoperiod of 12:12 h (light:dark). After 14 days, 
the contents of the flasks were transferred to another 
container, added 150 mL of water and 5 drops of black 
pen ink and carefuly stirred for 30 seconds. Surviving 
springtails floated on the water surface allowing the 
counting of individuals.

Table 1. Physiochemical properties of the Oxisol collected at depths of 0 to 20 cm.

CEC1 OM2 Clay P K Ca Mg Al H+Al Cu Zn Fe
% mg kg-1 cmolc kg-1 mg kg-1

12.34 3.9 55.0 3.5 124.0 3.2 1.0 48.2 7.83 1.4 0.8 79.7
1 CEC – Cation-exchange capacity at pH 7.0; 2 OM – Organic Matter

Table 2. Physiochemical properties of the sheep manure samples.
DOM1 P K N Ca Mg Na Cu Zn Mn

% mg kg-1 cmolc kg-1 mg kg-1

57.25 7.48 26.0 2.72 0.85 0.72 650.0 24.35 10.6 598.0
1Dry organic matter
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2.6. Folsomia candida avoidance behavior
The avoidance behavior of Folsomia candida were 

performed according to the procedure ISO 17512-1 and 2 
(ISO, 2005b; 2007) as follows: 30 g of control soil (soil 
without sheep manure) and 30 g of the mixture, soil with 
sheep manure doses, were separately placed, side by side, 
in a cylindrical plastic flask (diameter: 6.5 cm, height: 
5.5 cm) divided by a plastic plate. After the removal of 
the plate, 20 juveniles of springtails (Folsomia candida) 
with ages from 10 to 12 days were placed in the center 
of the cylindrical plastic flask and left for 48 h. Then, the 
control soil and soil with sheep doses were transferred 
separately to two other containers and 150 mL of water 
and 5 drops of black pen ink were added, this solution 
was stirred for 30 seconds. Surviving springtails floated 
on the water surface allowing the counting of individuals.

2.7. Initial growth and development of Avena sativa
The assays for the initial growth and development of 

Avena sativa were performed according to adaptation of 
OECD 208 (OECD, 2008) procedure as follow: 250 g of 
soil were placed in plastic vessels containing one gravel 
layer at the bottom and one sand layer upon the gravel 
layer. Next, 22 seeds of Avena sativa were planted in each 
vessel, applying increasing doses of sheep manure on top 
of the soil (0, 2, 4, 8 and 16 Mg ha-1). The initial growth and 
development of Avena sativa were monitored for 14 days. 
The germination rates of the seeds and heights of the 
plants were determined after 7 and 14 days of experiment.

2.8. Statistical analysis
Data were tested for homogeneity of variance and 

normality and subsequently subjected to analysis of variance 
(ANOVA) for the basal respirometry assays using LSD 
tests (P<0.05) (Statsoft, 2004). The Folsomia candida 
survival assays and seed germination rate was performed 
using analysis of variance (one-way) with Dunnett’s tests 
(P<0.05) (Statsoft Statistica 7.0 2004). The avoidance 
percentage (A, %) of Folsomia candida was calculated 
using Equation 1:

C TA,  % 100
N
−

= × 	 (1)

in which C is the springtail amount in the control soil, T 
is the springtail amount in the sheep manure/soil mixture 
and N is the total springtail amount determined by the 
Fisher test (P≤0.05) (Zar, 2014).

3. Results

3.1. Microbial activities in soil
Figure  1 displays the carbon concentrations in the 

control soil (C0) and soils containing sheep manure 
increasing doses as a function of the incubation days. 
The carbon concentrations increased with the increase 
of the incubation days and sheep manure doses, at a 95% 
significance level (P < 0.05). The carbon concentrations 
in the soils containing from 2.0 to 16 Mg sheep manure 

per ha soil ranged from 27.59 to 72.84 mg carbon per g 
soil, respectively, whereas the carbon concentration in the 
control soil was 18.31 mg carbon per g soil.

3.2. Folsomia candida
Figure 2 displays the survival mean rates of Folsomia 

candida in the control (C0) and sheep manure-enriched 
soils as a function of the sheep manure increasing doses. 
Figure 3 displays the avoidance percentages of Folsomia 
candida from the control soil (C0) to sheep manure-enriched 
soils as a function of the sheep manure increasing doses. 
The sheep manure increasing doses from 0 to 16 Mg 
sheep manure per ha soil were not toxics for the Folsomia 
candida at a 95% significance level (P<0.05).

3.3. Initial growth and development of Avena sativa
Figures 4a-c display the germination rates (a), heights 

after 7 days (b) and heights after 14 days (c) of Avena sativa 
grown in the control soils (C0) and soils containing 2, 4, 
8 and 16 Mg sheep manure per ha soil. Avena sativa is a plant 
that has been widely employed for ecotoxicological assays 
with the aim of determining the environmental pollution 
indices of different soils. Significant harmful effects were 
not observed during the initial growth and development 
of Avena sativa in the study soils. The germination rates, 
heights after 7 days and heights after 14 days of incubation 
were similar at a 95% significance level (P<0.05).

Figure 1. Survival mean of Folsomia candida in the control 
(C0) and sheep manure-enriched soils as a function of the 
sheep manure increasing doses.

Figure 2. Avoidance percentages of Folsomia candida from 
the control soil (C0) for sheep manure-enriched soils as a 
function of sheep manure increasing doses.
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rates in soils depend on the microorganism physiological and 
cell properties, which change with humidity, temperature, 
nutrient bioavailability, texture, carbon/nitrogen ratio and 
manure dose (Silva et al., 2010b). The microbial activities 
were inhibited with sheep manure doses of 16 Mg sheep 
manure per ha soil from the first to third incubation day. 
The microbial activities due to carbon release increase the 
fermentation processes (Silva et al., 2010b), increasing the 
organic matter contents, bioavailable mineral concentrations 
(Severino et al., 2006) and nutrient cycles (Sharma et al., 
2013). Moreover, the carbon release increases the nitrogen 
mineralization (Franzluebbers et al., 2000), improving the 
plant growth indices due to higher nutrient bioavailability. 
Higher microbial activities in animal manure-enriched soils 
can also indicate an increase in the environmental pollution 
due to anthropological activities (Martines et al., 2006). 
Finally, the application of animal manure increasing doses 
in soils has to be controlled during the organic fertilization 
processes with the aim of avoiding the environmental 
pollution and increasing the plant growth indices.

The springtail survival rate in soil is employed as an 
environmental pollution bioindicator as this organism is 
sensitive to different pollutants in ecotoxicological assays 
(Araújo and Monteiro, 2007). In general, it is possible to 
infer that sheep manure is not as harmful for soils and 
plants as swine manure (Zórtea et al., 2018). This can be 
related with the high zinc and copper concentrations in 
swine manure, which are toxics for springtails and plants 
(Wolf et al., 2017). Otherwise, low metal concentrations 
and high carbon/nitrogen ratios in sheep manure increase 
the microbial activities in agricultural soils (Antoniolli et al., 
2013), enabling the use of this manure as organic biofertilizer.

The avoidance percentages of Folsomia candida from 
the control soil (C0) to soils containing 2, 4, 8 and 16 Mg 
sheep manure per ha soil were high due to the absence of 
toxicity and high carbon/nitrogen ratios in the sheep manure. 
This result was confirmed by observing the highest black 
bars in the study graphic. Most of springtails preferably 
remained in the soils containing doses from 0 to 8 Mg 
sheep manure per ha soil. Lower amounts of Folsomia 
candida were determined in the soil containing 16 Mg 
sheep manure per ha soil, indicating that sheep manure 
doses higher than 16 Mg per ha could be harmful for 
soils and plants as observed in swine manure-enriched 
soil (Andrés and Domene, 2005; Wolf et al., 2017) and 
bovine manure-enriched soil (Matos-Moreira et al., 2011).

Absence of effects until the fourteenth day does not 
mean that it can be no different for the long-term growth 
of this plant due to the large amounts of organic matter 
and nutrients in animal manure enriched soils. The seed 
reserve composition and mobilization during the plant 
germination are main factors for the initial growth and 
development (Mayer and Poljakoff-Mayber, 1975). In this 
case, the initial growth and development of Avena sativa 
were not significantly affected by sheep manure doses 
from 0 to 16 Mg sheep manure per ha soil, probably 
due to low copper, iron and manganese concentrations 
(Ganesh et al., 2008). Further studies will be performed 

Figure 3. Germination rates (a), heights after 7 days (b) 
and heights after 14 days (c) of Avena sativa grown in the 
control soils (C0) and soils containing 2, 4, 8 and 16 Mg 
sheep manure per ha soil.

Figure 4. Carbon concentrations in the control soil (C0) 
and soils containing sheep manure increasing doses as a 
function of the incubation days.

4. Discussion

The microbial respiratory activities were higher in the 
sheep manure-enriched soils than control soil, indicating 
higher organic matter decomposition rates as already 
described by Moura et al. (2015). The microbial respiration 
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with the aim of evaluating the long-term harmful effects 
during the growth of Avena sativa in the control and sheep-
manure-enriched soils with the aim of establishing the 
possible environmental impacts on soils, plants, animals 
and mesofauna during the organic fertilizations of different 
crops. The results presented in the work show that the use 
of sheep manure can cause changes in the dynamics of the 
environment and that these changes need to be known and 
understood so that the use is less impatiently negatively 
possible. In practical terms, it can be understood that 
the use of organic fertilizers is a practice widely used in 
Brazil, but with little knowledge of the effects it causes 
on the ecosystem.
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