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Abstract:  Effects of the biorational insecticide spinosad on the life-cycle parameters (survival, growth, 
cocoon production and hatching juveniles) of a non-target organism, the earthworm Eisenia 
fetida, were examined. An artificial soil supplemented with different concentrations of the exam-
ined insecticide based on the recommended agricultural doses (RAD) was used. The laboratory 
test was conducted according to the OECD guidelines. Our results showed that the insecticide 
spinosad had no impact on the earthworm mortality. However, for four weeks assessment, the 
insecticide effects on weight were significant when applying 4×RAD. At the sixth week of the 
assessment, the insecticide effects were significant in RAD, 2×RAD and 4×RAD. After eight 
weeks, statistical analyses revealed a significant difference in all concentrations (except in the 
lowest concentration ¼RAD) compared with the control. A negative growth inhibition was ob-
served in the ¼RAD, ½RAD and RAD during the four-week experiment. A positive growth inhi-
bition was observed in all other weeks and concentrations. The results of cocoon production and 
hatching juveniles showed no significant difference between the control and the treatments. The 
results showed statistically significant impact on the weight after a long-term exposure, even in 
a concentration smaller than recommended.
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Introduction
Insecticides are claimed to be a major factor 

behind the increase in the 20th-century’s agricul-
tural productivity (Pimentel 2005). Despite their 
benefits, insecticides may also have negative con-
sequences. One of them is the impact on non-target 
organisms, mainly due to physiological similarities 

between target and non-target organisms (Santos 
et al. 2010, Walker et al. 2010, Wang et al. 2012). 
For that reason, the assessment of the risks associ-
ated with their use is done on many soil and aquatic 
organisms (Yasmin & D’Souza 2007). Among soil 
organisms, the focus is on earthworms because 
they represent more than 80% of the total biomass 
of soil invertebrates in many temperate ecosys-
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tems. Also, as ecosystem engineers, they influence 
on soil structure and aeration, redistribution of or-
ganic matter and microbial community (Blouin 
et al. 2013). On other hand, their protection may 
provide a margin of safety for other members of 
the fauna because they can be more sensitive to 
the contaminants than the other animals (Reinecke 
et al. 1997) and they may prevent an increase in 
the pesticide concentration through the food chain 
(Kizilkaya 2005).

Although nu erous ecotoxicity studies used 
earthworms in recent years, the majority of them 
were focused on conventional insecticides (Espino-
za-Navarro & Bustos-Obregón 2004, Reinecke & 
Reinecke 2007, Reddy & Rao 2008, Bansiwal & 
Rai 2010). Little is known about the impact of mod-
ern pesticides on earthworms using the standard test 
method as described in the guidelines of the OECD 
(Organisation for Economic Co-operation and De-
velopment) (Wang et al. 2012). 

Even though biopesticides are considered to be 
an alternative to conventional pesticides, they have 
a completely different mode of action. Apart from 
the need for specific knowledge about the use of 
these compounds, also knowledge of their effect on 
non-target organisms and the environment in gen-
eral is required (Sporleder et al. 2013). Spinosad 
(naturally derived insecticide) belongs to biorational 
insecticides (Sporleder et al. 2013) and also it is a 
neurotoxic insecticide produced by fermentation by 
the soil-dwelling actinomycete Saccharopolyspora 
spinose Mertz & Yao (Mertz & Yao 1990). Spino-
sad is a naturally occurring mixture of two active 
components, spinosyn A and spinosyn D, and can be 
described as a macrocyclic lactone containing tetra-
cyclic ring for which two different sugars are bound 
(Badawy et al. 2016). It is structurally unique and 
easily degraded to its natural components by a com-
bination of photodegradation and microbial degra-
dation (Thompson et al. 2000). It is known to have 
excellent insecticidal activity, especially against lep-
idopteran species (Thompson et al. 2000). Also, it 
has been studied on mosquitoes (Bond et al. 2004) 
and spiders (Benamú et al. 2013). According to nu-
merous studies on the impact of spinosad on species 
of the family Chrysopidae (Miles 2006, Mandour 
2006, Maroufpoor et al. 2010, 2015, Sabry & El-
Sayed 2011, Hussain et al. 2012), spinosad has 
been evaluated as slightly toxic or moderately toxic 
compared to conventional pesticides. In particular, 
very little is known about the impact of spinosad on 
earthworms. The only one study has been done on 
this subject (Karanjkar & Naik 2010), examining 
the acute toxicity of spinosad on E. fetida. On the 

other hand, findings on the impact of spinosad on 
soil invertebrates were based mainly on observa-
tions on arthropods (Durkin 2016). Therefore, the 
main aims of this ecotoxicology study are to obtain 
a more comprehensive understanding on the effects 
of the spinosad on the non-target earthworm species 
E. fetida as well as to provide the necessary infor-
mation to be used in ecological risk assessment in 
terrestrial ecosystems.

Materials and Methods
Insecticide
The insecticide Laser 240 SC (purchased from Dow 
AgroSciences) has been tested in this experiment. 
Insecticide was used in a commercial suspension 
comprising 240 g active ingredient (a.i.)/L and is a 
mixture of spinosyn A and spinosyn D. In the labo-
ratory experiment, different concentrations of the 
insecticide based on their recommended agricul-
tural doses (200 ml/ha) (RAD) were used: ¼RAD, 
½RAD, RAD, 2×RAD and 4×RAD. The amount 
of insecticide required was determined by the to-
tal area of the experimental box (100 cm2). For the 
control treatment, distilled water was used. Each 
concentration and the control were tested with four 
replicates.

Earthworms
Specimens of Eisenia fetida were cultured in the 
laboratory in a medium as recommended by OECD 
(2004). The earthworms selected for the test were 
acclimatised to the test soil under test conditions 
for at least 24 h before use. The earthworms used in 
these experiments were adults with well-developed 
clitella and weighed between 300 mg and 460 mg.

Artificial test soil
The test soil was the OECD artificial soil (OECD 
1984). The soil consisted of 70% quartz sand, 20% 
kaolin clay, 10% sphagnum peat and calcium car-
bonate to adjust pH 6.0±0.5. The dry components of 
the artificial soils had been mixed thoroughly before 
distilled water was added in order to achieve the de-
sired moisture content of about 35% dry weight. The 
experimental soils were prepared by adding differ-
ent concentrations of insecticide (dry weight basis) 
as appropriate.

Technical test performance
The earthworms were washed, dried on filter paper 
and weighed. Ten earthworms were placed per plas-
tic container (10.5 x 9.6 x 7 cm) on the soil surface. 
Test containers were covered with perforated plastic 
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lids and were kept at a temperature of 20±2ºC. The 
test was carried out under light-dark cycles (16:8). 
The earthworms were fed with 5 g ground cattle 
dung and the soil moisture tested once per week. 
Their mortality and weight were monitored week-
ly, cocoons are counted after 28 and 56 days, and 
hatching juveniles after 56 days. The earthworms 
were considered dead when they did not respond to 
the gentle mechanical prodding at the anterior of the 
body. Before weighing, all of the earthworms were 
sorted, washed with tap water, and blotted with fil-
ter paper. Then the earthworms were weighed using 
an electro-balance and after that returned to the soil. 
The weights of earthworms in each concentration 
reported from the various exposure periods were 
then used to calculate the growth inhibition as fol-
lows (Shi et al. 2007):

 

1 

                  

where GIn is the growth inhibition for concen-
tration n, W0 is the weight on day 0 and Wt is the 
weight after t days of exposure.

Statistical analysis
LC50 (the concentration that is lethal to 50% of indi-
viduals), as following 95% confidence interval, was 
calculated using the program CalcuSyn. Statistical 
analysis was performed using the SPSS software 
(SPSS 16.0 for Windows). The Shapiro-Wilk test 
was used to ensure the normality assumption. On the 
basis that they are used one-way ANOVA (p < 0.05) 
or Kruskal-Wallis H test for assessing the effects of 
contaminants on growth. With post hoc, in compari-
son of means (growth, reproduction), Dunnet t-test 
was applied. The data for growth inhibition was sub-
jected to ANOVA using the Student Newman Keuls 
(S-N-K). Data are presented as the mean ± standard 
deviation (SD). 

Results
One hundred percent survival of earthworms in 
the control treatment was recorded at the end of 
the test. In the first week, mortality only occurred 
in the highest concentration. In the third week of 
experiment, the number of dead individuals in this 
concentration increased slightly (average 12.5%), 
and the situation remained unchanged until the end 
of the experiment. Therefore, the LC50 value (3.62 
mg·kg-1) was much higher than the highest concen-
trations that we used (4×RAD).

The earthworms treated with ½RAD, ¼RAD 
and RAD increased weight during the two weeks 
compared with their initial weight in these same 
treatments (Table 1). A decrease in weight was re-
corded when applying higher concentrations. Dur-
ing the first two weeks there was no statistically sig-
nificant difference between treatment and control. 
In the fourth week, where the mean biomass was 
between 345 mg and 400 mg, there was a statistical-
ly significant difference (p < 0.05) between 4×RAD 
and the control. At the sixth week of the assess-
ment, the earthworms treated with the insecticide 
had a mean biomass between 283 mg and 343 mg. 
The insecticide effects were significant (p < 0.05) 
in RAD, 2×RAD and 4×RAD. After eight weeks, 
the earthworms had the mean biomass between 273 
mg and 320 mg. Statistical analyses have shown a 
significant difference in all concentrations, except 
in the lowest concentration (¼ AD) compared with 
the control (Table 1).

The growth inhibition (Fig. 1) was negative 
in the control, which means that the earthworms 
gained weight. Negative growth inhibition was ob-
served in the ¼RAD, ½RAD and RAD during the 
four-week experiment. Positive growth inhibition 
was observed in all other weeks and concentrations. 
Statistical analysis showed significances in concen-
trations 2×RAD and 4×RAD. The results of cocoon 

Table 1. Growth of the earthworm Eisenia fetida exposed to spinosad during eight weeks.

Spinosad
Mean weight per earthworm (mg)

0 week 2 weeks 4 weeks 6 weeks 8 weeks
Control 395±21 423±21 423±22 413±33 400±17
¼RAD 330±55 348±48 345±57 330±42 293±25
½RAD 355±48 383±39 380±14 343±39 313±26 a

RAD 373±39 395±26 380±36 320±47 a 305±21 a

2×RAD 405±39 375±33 375±26 323±30 a 320±22 a

4×RAD 388±56 363±57 358±50a 283±61 a 273±48 a

RAD - recommended agricultural doses.
a Significant differences (p < 0.05) between treatment and control are indicated for each week.
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Fig. 1. Growth inhibition rates of the earthworm Eisenia fetida after exposure to spinosad under testing conditions

Fig. 2. Production of cocoons of Eisenia fetida after exposure to different concentrations of spinosad.

Fig. 3. Numbers of juveniles of Eisenia fetida after exposure to different concentrations of spinosad.
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production (Fig. 2) and hatching juveniles (Fig. 3) 
showed no significant difference (p < 0.05) between 
the control and the treatments.

Discussion 
In our study, no significant mortality has been re-
corded. Frampton et al. (2006) consider that acute 
mortality is not the most sensitive endpoint, which 
is in agreement with our results. However, the value 
for LC50 calculated for 28 days is higher than the 
highest concentration used in the experiment. 

According to the results (Table 1) for the RAD 
and for the lower concentrations, it has been noticed 
that earthworms increase their weight during the 
first two weeks. A decrease in weight is immedi-
ately registered when using higher concentrations. 
Statistical analyses have shown a significant differ-
ence between control and the higher concentration 
(4×RAD). However, after six and eight weeks, there 
is a significant difference even in a concentration 
that is lower than the recommended agricultural 
dose (½RAD). Similar data have been obtained for 
growth inhibition (Fig. 1). These results are in ac-
cordance with the data of Yasmin & D’Souza (2010) 
outlining that the weight loss is an indicator of a 
physiological stress, which depends on the concen-
tration of pesticides and exposure time. Mosleh et 
al. (2003) assume that this may also be a result of 
the energy mobilising the body’s defence against 
pesticides and, therefore, no energy for growth is 
available. 

On the other hand, Zhou et al. (2007) have con-
sidered that the reproduction parameters are clearly 
more sensitive test endpoints for risk assessment 
than others. Among others, the reproduction may be 
inhibited or stopped at concentrations well below 
the lethal concentration (Neuhauser et al. 1985). 
When it comes to our results of cocoon production 
and hatching juveniles, there was no statistically 
significant difference among the control and any of 
the treatments. Often, endpoints such as growth and 
reproduction are considered separately. However, 
according to Jager et al. (2006), these endpoints are 
closely related and reproduction generally starts at 
certain minimum body size. Actually, in our study, 
spinosad does not affect the weight on that way to 
reduce the formation of cocoons. With the passage 
of time, the number of cocoons has grown, which 
means that spinosad does not affect the quality of the 
ova and the number of hatchlings. 

Among the pesticides used in agricultural prac-
tice, organophosphate insecticides and synthetic py-
rethroids are the most commonly used (Espinoza-

Navarro & Bustos-Obregón 2004). Furthermore, 
in addition to agriculture, they are used in veterinary 
practice as well as for home use. Synthetic pyre-
throids, however, are becoming increasingly impor-
tant, while the use of organophosphate insecticides 
has been drastically curtailed by the long ago pro-
hibition of the use of almost all products containing 
chlorpyrifos and diazinon. As the primary replace-
ment, the use of synthetic pyrethroids has increased 
dramatically in recent years (Wang et al. 2009). 
Synthetic pyrethroids are neurotoxic, just as spino-
sad, but they differ in the mechanism of action. Py-
rethroids are sodium channel modulators and thus 
causing rapid paralysis and death in insects (San-
tos et al. 2007), while spinosad is nicotinic acetyl-
choline receptor (nAChR) allosteric modulator that 
is clearly novel and unique among known insect 
control products (Lumaret et al. 2012). Spinosad 
activates the nicotinic acetylcholine receptor in in-
sects but at a completely different site from nico-
tine or imidacloprid. Until now, artificial synthetic 
pyrethroids were proved to be highly toxic to non-
target organisms, especially on earthworms. Results 
of Wang et al. (2012) have shown toxicity of four 
types of these insecticides on E. fetida: cyhalothrin, 
cypermethrin, fenpropathrin and lambda-cyhalthrin. 
Cypermethrin has also been shown to be toxic to the 
tropical earthworm Perionyx excavates (see Gupta 
et al. 2010). Stäbler (2002) used a 56-days repro-
duction study that exposed the impact of bifenthrin 
on individual specimens of E. fetida, demonstrating 
the low value for 56-d NOEC for reproduction equal 
to 2.13 mg·kg-1 in test conditions and the corrected 
56-d NOEC for reproduction in standard European 
soil equal to 0.7242 mg·kg-1. Unlike the pyrethroids, 
on the basis of our results as well as those of Karan-
jkar & Naik (2010), spinosad does not show influ-
ence on earthworms. Also, it has been found that it is 
not toxic for birds but has relatively low toxicity to 
mammals and it is only slightly to moderately toxic 
for aquatic organisms. In addition, chronic toxico-
logical tests on mammals have shown that spino-
sad is not carcinogenic, teratogenic, mutagenic or 
neurotoxic (Thompson et al. 2000). Spinosad has 
proved to be safe for many beneficial insects (Luma-
ret et al. 2012). Also, spinosad proved to be a very 
good insecticide for control of insects of the orders 
Lepidoptera, Diptera and Thysanoptera as well as of 
some species of Coleoptera and Orthoptera (Thomp-
son et al. 2000). The same authors give compara-
tive data on cypermethrin and spinosad, and clearly 
noticed the lower activity of spinosad on important 
beneficial insects, but pointed out that the values 
generally coincided in terms of harmful insects. 
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Based on many studies and a favourable eco-
logical profile, spinosad is recommended for use 
in organic farming (Thompson & Hutchins 1999, 
Copping & Menn 2000). However, it has been es-
tablished that some aquatic invertebrates are sensi-
tive to long-term exposure to spinosad (Williams et 
al. 2003). Also, our results indicate that earthworms 
are also sensitive to long-term exposure to this pes-
ticide. Namely, in the sixth week of the experiment, 
spinosad has a statistically significant effect on the 
weight of earthworm in the recommended agricul-
tural dose, while in the eighth week it has an effect 
even at a concentration that is twice smaller than the 
recommended agricultural dose. On the other hand, 
in our study the number of cocoons is not signifi-
cantly reduced. However, if we take into account 
the connection of parameters such as weight and 
reproduction (Jager et al. 2006), then it is almost 
certain that the number of cocoons could be also de-
creased in the following period. Our findings are in 
accordance with the results of Badawy et al. (2016), 
which have concluded that spinosad is more active 
for a long period of time than some other pesticides. 
Therefore, further research is needed for assessment 
of the residual toxicity of spinosad, especially when 
repeated treatments are concerned.

Conclusions
The results obtained in this study indicate that there 
is no statistically significant mortality of earth-
worms due to spinosad. Additionally, Thompson 
et al. (2000) emphasise the positive characteristics 
of this chemical substance such as unique struc-
ture and mode of operation, rapid degradation, ef-
ficacy against pests, safe for beneficial organisms. 
Also, the advantage of spinosad compared to the 
pyrethroid, especially cypermethrin, is clear. On 
the other hand, the toxicity spectrum of spinosad, 
especially negative effects on non-targeted aquatic 
invertebrates, as well as our results showing statisti-
cally significant impact on the weight after a long 
time exposure, even in a concentration that is less 
than recommended, strongly warn that the use of 
these chemical substances must be with maximum 
responsibility and high precautions.
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