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ABSTRACT

Background: The main challenge in raising cattle in Brazil is related to ectoparasites, that cause negative effects on milk
and meat production, and in severe cases, animal death. Sheds known as créches attracts large number insects mainly due
to milk residues in the environment. The housefly is a major problem due to act as vectors of many other diseases, and
so there is the possibility of control of infestations with natural products. Andiroba and copaiba oils may act as natural
biocides, there are only a few studies on their effect on biological soil parameters. Therefore, this study aimed to evaluate
the repellent effect of andiroba and copaiba oils against flies and on biological soil parameters.

Materials, Methods & Results: The repellency effect of oils of andiroba and copaiba was tested at a concentration of 5%
in lambs shed maternity, containing 64 bays (1.8 m?). It was sprayed 30 mL per pen, where they were housed five lambs
each. Pre-treatment counts were taken before the treatment (mean 46 per pen after Musca domestica), and post-treatment
count was made on 2, 24 and 48 h. The data collected at 2 and 24 h was evaluated and the number of flies was reduced
significantly (P < 0.001) in the pens treated with oil of copaiba and andiroba compared to control (untreated) pen. After
48 h, no difference was observed between treatments in relation to fly numbers (P > 0.05). Ecotoxicological test using
increasing concentrations in the soil (0, 1, 5, 10, 25, 50, and 100 mg/kg) regarding changes in basal respiration (C-COZ),
and survival and reproduction of springtails (Folsomia candida). It was observed an increased amount of mineralized
C-CO, until the day 10 of incubation for both oils without inhibition of the microbial respiratory process in any dose. The
copaiba oil showed higher amounts of accumulated C-CO, compared to andiroba oil in all studied concentrations (P <
0.05). In tests with mesofauna organisms, none of the evaluated concentrations of the two oils showed no negative effect
on the survival of springtails (P > 0.05), the same was observed for the reproduction results, where there was no reduction
in the number of juveniles (P > 0.05).

Discussion: According literature, andiroba and copaiba oils have repellent effect against domestic fly when sprayed onto
infected cow’s horn fly, similar results also were reported in vitro tests against M. domestica larvae using andiroba oil and
noted 80% larval mortality. The use of natural products in disease control is growing, but its impacts on the environment are
not known, so in addition to suggesting therapies it is important to be concerned with ecotoxicological tests. Researchers
showed an effect of Eucalyptus globulus essential oil on F. candida and reported 76% reduction in its survival rate at con-
centration of 60 mg/kg soil. Basal soil respiration is a sensitive indicator that quickly reveals changes in the environmental
conditions that affect microbial activity, and the data presented herein reveal an increase in the respiration of microorgan-
isms depending on the amount of oil added to the soil. The essential oils of copaiba and andiroba have repellent effect
against Musca domestica, and did not show any toxicity to inhibit microbial activity in the soil. In addition, the presence
of the oils in the soil did not affect the survival and reproduction of springtails Folsomia candida.
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INTRODUCTION

The main challenge in raising cattle in Brazil
is related to parasites [16], that have negative effects
on production, and in severe cases, animal death
[2,39]. The conventional control of parasites based
on the use of acaricides has been ineffective due to
commercial formulations [31]. Many residues of these
compounds are excreted via faces and urine of treated
animals [5,13,36], and the presence of pesticide resi-
dues in the environment represent a dangerous risk to
the ecosystem, interfering with soil fauna composi-
tion [13,42]. Thus, safer and less aggressive methods
to humans and the environment have stimulated the
search for alternative treatments such as plant extracts
to reduce the problems caused by synthetic products
[4,14]. Among the oils which have shown satisfactory
results in parasite control, andiroba oil and copaiba
oil stand out since tests performed by researchers
showed promising results against ticks [41]. These
same oils have showed repellent effect against horn
fly in dairy cows [23] and therefore may be an op-
tion against other species of flies. The andiroba and
copaiba oils has insecticidal and anti-parasitic effect
proven [26,34].

The housefly is a major problem because is a
vector/or transmitting of many diseases, and so there
is the possibility of control of infestations with natural
products [3]. However, even though andiroba and co-
paiba oils may act as natural biocides, there are only a
few studies on their effect on biological soil parameters,
unlike commercial pesticides [9,22,32-44]. Thus, the
objective of the study was to evaluate the repellent
effect of andiroba and copaiba oils against common
housefly and on biological soil parameters.

MATERIALS AND METHODS

Andiroba oil (Carapa guianensis) RF3150!
and Copaiba oil (Copaifera reticulata) RF3350'. The
three main components of andiroba oil are a-humulene,
bicyclogermacrene, and germacrene-D, which to-
gether account for 53.34%. Already the copaiba oil has

-copaene as its major component, representing 40.09%
of the oil. The complete chemical composition of these
oils has been previously published [41].

The repellency effect of oils of andiroba and
copaiba was tested at a concentration of 5% [23] in
lambs shed maternity, containing 64 bays (1.8 m?). The
tests were done in triplicate for each treatment, and the

each bay considered one replication. The treatments
were well defined and control group (no treatment),
for andiroba, and copaiba group. Importantly, it was
the groups were divided randomly into the shed, be-
ing spaced as a buffer zone by two pens of each. It
was sprayed 30 mL treatment per pen (used manual
sprayer) for animals and the environment, where they
were housed five lambs of each. Fly counts (Musca
domestica) was taken before the treatment (mean 46
per pen), and after the treatment at 2, 24 and 48 h.

During the soil experiment, increasing con-
centrations of andiroba and copaiba oils on the micro-
biological and ecotoxicological soil parameters were
tested through standardized ISO tests. The treatments
consisted of control (Ctrl), solvent control with Triton
100XL? (Ctrl Solv.) and concentrations of 1, 5, 10, 25,
50, and 100 mg/kg soil for both oils. It was necessary
to carry out the dilution of the oil, since both showed
hydrophobic characteristics. For this reason an oil di-
lution using Triton was mixed using 1 mL of oil to 5
mL of Triton. After homogeneization the solution was
mixed with 44 mL of water resulting as a stock solu-
tion. Three tests were conducted to identify changes
in soil biological parameters such as microbial activity
through the basal respiration assay, and survival and
reproduction tests with springtails Folsomia candida,
using standardized methodology.

For the determination of microbial activity, soil
with a natural community of microorganisms was used.
Oxisol was extracted from the soil (0 - 0.20 m depth).
In the laboratory the soil was sieved on a 2 mm mesh,
and stored at 3°C until the beginning of analysis. More
details on the physicochemical characteristics of the
soil can be found at researchers [37].

The experiment was conducted for 10 days in
a controlled environment (no light and temperature of
28 + 1°C). Each oil concentration was applied to 50
g of moist soil (65% of the maximum water holding
capacity (WHC)), and packed in airtight sealed glass
with three replications. In order to measure the amount
of released carbon, each replicate received 25 mL of
sodium hydroxide (NaOH 0.05 M) that was changed
periodically according to the evaluation times: 1, 2,
3,4,5,6,7,8,9, 10 days of incubation. The carbon
released in the form of C-CO, was quantitated by the
titration of NaOH, with standardized hydrochloric
acid solution (0.05 M HCl) using phenolphthalein as
an indicator [1].
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The test for evaluating the survival and repro-
duction of springtails Folsomia candida was performed
with Tropical Artificial Soil (TAS), which is a soil
adaptation of OECD 207 [30]. This soil consists of a
mixture of 70% sand, 20% white clay (kaolin) and 10%
coconut fiber (sieved on a 2 mm mesh). To perform
the test, TAS pH was adjusted to 6.0 + 0.5 by the addi-
tion of CaCO, [19], and the water content was initially
adjusted to 65% WHC [21].

The test with springtails was conducted based
on the ISO [20], with a completely randomized de-
sign with four replications, and lasted 28 days. Each
replicate consisted of a plastic pot filled with 30 g of
soil with the respective concentration of andiroba and
copaiba oils. Each pot received 10 juvenile spring-
tails (aged 10-12 days) on the beginning of the test.
After 14 days the organisms were fed with yeast, and
weekly the flasks were opened for airing. After 28
days, each pot was emptied into another container
with water and a few drops of black ink. After a
gentle agitation, adult individuals on the surface

40

Number of flies per pen

were counted, and those alive were photographed for
subsequent counting.

The data on the number of flies was normally
distributed, and data analysed using analysis of vari-
ance (ANOVA) followed by Tukey’s test. The data
on accumulated basal respiration were submitted to
ANOVA and means compared by the LSD test (P <
0.05) and ¢ test (P < 0.05). Analyses were performed
using Statistica 7.0 software. For the survival and
reproduction test with Folsomia candida the results
were evaluated by analysis of variance (ANOVA one
way) followed by Dunnett test (P < 0.05) using the
Statistica software 7.0.

RESULTS

The number of flies on treatment was shown in
Figure 1. It was observed repellency of flies sprayed
with bays copaiba and andiroba oils in periods 2 and
24 h of experiment (P < 0.001). After 48 h, no differ-
ence was observed between the number of flies by
treatment (P > 0.05).

—+— Control
—o— Copaiba 5%

—a— Andiroba 5%

Hours

Figure 1. Average number of flies on treatment (control, copaiba and andiroba) in each bay 0, 2, 24 and
48 h after spraying. *Mean within the same circle, no difference (P < 0.001).

The amount of mineralized CO, on day 10 of
incubation increased for oils, and andiroba and copaiba
no inhibition of microbial respiratory process on any
of the doses evaluated, even at the highest. The basal
respiration remained constant in the first two days,
changing most significantly on the third day (Figure 2).
This behavior can be attributed to the initial adaptation
of microorganisms in the presence of oil in the soil,
and after that the community is established and begins
the most intense process of compound mineralization.

The results for andiroba oil shows that there
was a significant difference (P < 0.05) on microbial
soil respiration when 5 mg/kg soil was used, while for
copaiba oil increased respiration rate was significant at
1 mg/kg soil, and higher concentrations (50 and 100
mg/kg soil) showed higher respiration rates for both
oils (Figure 3).

The differences found between the amounts of
released C-CO, according to increased oil concentra-
tion compared to the control group, indicate that there
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was an increase on microbial respiration. The copaiba
oil showed higher amounts of C-CO, accumulated in
10 days when compared to andiroba oil at all concen-
trations evaluated (P < 0.05). The concentration tested
that showed higher differences was 1 mg/kg soil, where
the copaiba o0il showed accumulated carbon of 9.56 mg
CO,/g soil, a finding clearly higher than the of observed
for andiroba oil (5.49 mg CO,/g soil) [Figure 4].

The Folsomia candida survival test fulfilled the
validation criterion required by ISO 11267 [20], since
the mortality in the control group was lower than 20%.
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The validity criteria for the reproduction test were also
completed, where the number of juvenile springtails
was greater than 100 individuals in the control, and
coefficient of variation was lower than 30%, in fact
23.07%. There was no statistical difference between
the control and the solvent control, confirming that the
dilution of oils in Triton did not influence the results.
The results show no significant reduction (P > 0.05)
on the survival and reproduction rates of springtails
F. candida in any of the concentrations evaluated for
both oils (Figure 5).
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Figure. 2. Daily amounts of released carbon as C-CO, when applied increasing doses of (A) andiroba oil, and (B) copaiba oil, in Oxisol (n = 3).
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Figure 3. Quantity of released carbon after 10 days of accumulation in the form of C-CO, under different doses andiroba oil (A) and copaiba oil (B) in
Oxisol. Treatments with different letters are statistically significant by average test LSD (P > 0.05).
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Copaiba
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Figure 4. Quantity of released carbon after 10 days of accumulation in the
form of C-CO, under different doses of andiroba oil (black bars), and copaiba
(striped bars) in Oxisol, comparing oils. Treatments with different letters are
statistically significant by #-test (P > 0.05).
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Figure 5. Mean and standard deviation of Folsomia candida in tropical artificial soil (TAS) contaminated with increasing concentrations of (A): andiroba

oil and (B): copaiba oil. Control (Ctrl), (n = 4).

DISCUSSION

The andiroba and copaiba oils have repellent
effect against domestic fly, however this effect is short-
lived, because in our study the repellency effect was
seen only in the first 24 h. A similar result was observed
for both oils when sprayed onto infected cow’s horn
fly [23], similar results also were reported by other
researchers [12], who conducted in vitro tests against
Musca domestica larvae using andiroba oil and noted
80% larval mortality. Our study also showed that these
oils do not have negative effects on soils and microbial
fauna of the soil.

Basal soil respiration is a sensitive indicator
that quickly reveals changes in the environmental
conditions that affect microbial activity [18]. The data
presented herein reveal an increase in the respiration
of microorganisms depending on the amount of oil
added to the soil. However, the interpretation of the
respiration data should be cautiously, since an increase
in respiratory activity could be initiated by the high
productivity of a particular ecosystem, as by environ-
mental stress disorders.

An explanation for the increase on respira-
tion rate when copaiba oil was used may be related
to factors such antimicrobial compound since it
is capable of inhibiting bacteria growth [15,29].
This same antimicrobial mechanism may explain
the results found regarding andiroba oil [35,40] .
This study showed no bacterial inhibition effect,
but the high respiration rate found when higher oil
concentrations were used might be due to higher
energy consumption by microorganisms to ensure
survival [27]. Similar results to this study were
shown by researchers [17], where basal respiration

in soils treated with birch tar oils extracted in two
forms caused significant increase on respiratory rate
after one day of incubation of the treated soil with
a concentration of 5 mL/m? of oil.

Environmental changes in soil, such as changes
in the management or presence of xenobiotic compound,
affects microorganisms that can be detected through
changes in the activity of these communities [38]. In
this way, we can highlight some factors that influence
microbial activity, especially waste composition added,
physical state, and form of application [10,24], which
may explain the differences on released C-CO, between
copaiba and andiroba treatments. There are some other
studies in the literature evaluating the effect of other
xenobiotic compounds in the soil over basal respiration
parameters, i.e. Castro Jr. ef al. [6] showed that the use
of glyphosate in soil did not cause significant changes
on the amounts of released CO,, unlike Dallmann er al.
[8] that have observed increased CO, production in soil
contaminated with glyphosate.

According to literature [25], CO, production
is also related to glyphosate decomposition in soil
since microorganisms may act as bioremediators of
contaminated soil, transforming xenobiotic compound
an in inert substances such as CO, and water [11],
moreover, the rate of metabolism of the compounds
may vary according to soil type [43].

Other important parameter to be evaluated in the
presence of xenobiotics coumponds in soil, is its impact
on edaphic soil fauna. The springtail species Folsomia
candida are soil organisms very sensitive to chemicals
[7], and often used as biological indicators in ecotoxi-
cological tests. In this study, these essential oils did not
cause any effect F. candida survival and reproduction.
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Contrary to what has been reported in this
study, Martins et al. [28] evaluated the effect of
Eucalyptus globulus essential oil on Folsomia can-
dida and reported 76% reduction in its survival rate
at concentration of 60 mg/kg soil. These authors
also reported a reduction in the reproduction rate
where the estimated concentration to reduce 50%
of the reproduction rate was EC, 35 mg/kg. Oil
toxic effect in springtails occurs due to the forma-
tion of an impermeable film surrounding its body,
and consequently, inhibiting breathing [28]. Another
factor might be due to the presence of amphiphilic
compounds present in the oils, which may penetrate
the invertebrate cells affecting their physiology.
Hagner et al. [17] have studied different birch tar oil
concentrations and the survival and reproduction rate
of springtails F. candida, and observed EC,  value of
5100 mg/kg. However, this value is very high, and
possibly not found in normal field conditions, so
that authors claimed that the risks caused by birch
tar oil are insignificant in the short term.

CONCLUSION

These results suggest that andiroba and copaiba
essential oils can be used as an alternative treatment

against ectoparasites as flies, and other infectious
diseases since they do not appear to have toxic effect
able to inhibit microbial activity. However, they may
increase the respiratory activity of soil microorganisms,
which may contribute to its rapid degradation. The
results on survival and reproduction rates of springtails
Folsomia candida also showed no toxic effect. There-
fore, in general, this study concludes that andiroba and
copaiba oils has repellent effect against Musca domes-
tica, and show no risk to springtails and soil microbial
population, well known terrestrial toxicity indicators.
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