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Experimental study of the effect of a glyphosate-based herbi-
cide on a species of earthworm Aporrectodea caliginosa (Savi-
gny, 1826)

Abstract: This work aims to demonstrate the effect of a 
glyphosate-based herbicide on a species of earthworm, Apor-
rectodea caliginosa (Savigny, 1826) to provide scientific justi-
fication for the species rarity in cultivated environments where 
this phytosanitary product is widely used. During the fifty-two 
days of contamination in the laboratory, the life traits moni-
tored and evaluated were growth and mortality. Herbicide con-
centrations ranging from the lowest (C30) of around 240 l kg-1 

to the highest (C210), equivalent to 1840 l kg-1 were tested. The 
study found that the herbicide is toxic to the Aporrectodea ca-
liginosa species, causing growth to slow and mortality to rise 
as concentrations rise. We report a delayed negative effect at 
low concentrations, which appears after several weeks of prod-
uct exposure, depending on the exposure time. However, at the 
highest concentrations of the herbicide studied, the early nega-
tive effect is visible after the second week of exposure. 

Key words: earthworm, Aporrectodea caliginosa, formu-
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Raziskava učikov herbicidov na osnovi glifosata na vrsto 
deževnika Aporrectodea caliginosa (Savigny, 1826)

Izvleček: Namen raziskave je bil prikazati učinek herbici-
dov na osnovi glifosata na vrsto deževnika, Aporrectodea cali-
ginosa za znanstveno potrditev ogroženosti te vrste v urbanem 
okolju, kjer se ta herbicid veliko uporablja. Med dvainpetde-
setimi dnevi zastrupljanja v laboratoriju sta bili spremljani in 
ovrednoteni rast in mortaliteta. Preiskušene koncentracije her-
bicida so bile v območju od najmanjših, C30, okrog 240 l kg-1, 
do največjih, C210, ki so ustrezale 1840 l kg-1. Izsledki raziskave 
so pokazali, da je herbicid strupen za to vrsto in povzroča upo-
časnjevanje rasti in veča njeno mortaliteto s povečevanjem kon-
centracije. Opaženi so bili tudi negativni učinki manjših kon-
centracij, ki so se pojavili več tednov po izpostavitvi in so bili 
odvisni od časa izpostavitve. Pri večjih koncentracijah herbici-
da so bili negativni učinki vidni že po dveh tednih izpostavitve. 

Ključne besede: deževnik, Aporrectodea caliginosa, od-
merki herbicida, glifosat, doza, strupenost
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1 INTRODUCTION

Earthworms play an important role in many soils. 
They are commonly called “ecosystem engineers” due 
to their importance in pedogenesis and soil profile de-
velopment. Their actions have an impact on the physi-
cal, chemical, and microbiological properties of the soil, 
as well as the activity of other soil organisms (Bartlett, 
2010). Herbicides negatively impact them through the 
water that soaks into the soil (Mamy et al., 2011). De-
spite the efficacy of glyphosate-based herbicides (GBH) 
in controlling weeds in agricultural and non-agricul-
tural soils, their residues in the soil system have long 
been a concern (Owagboriaye et al., 2020). After spray-
ing, glyphosate is distributed between the plant, the 
soil, and the atmosphere (Beckert et al., 2011). It attacks 
specific rhizosphere functions, which can have envi-
ronmental consequences due to its immobilization via 
cation chelation; it is thus highly stable and not easily 
degradable (Huber et al., 2005). Earthworms exposed 
to glyphosate show a decrease in growth rate and a ten-
dency to avoid treated areas (Casabé et al., 2007; Gill et 
al., 2018).

Previous research has shown that certain earth-
worm species, such as Octolasion tyrtaeum (Savigny, 
1826) and Lumbricus terrestris L., 1857, are sensitive to 
glyphosate. Other species, such as Esisenia fetida (Savi-
gny, 1826) and Aporrectodea caliginosa (savigny, 1826), 
were less sensitive to glyphosate or not at all (Correia, 
Moreira, 2010; Domnguez et al., 2016; Garca-Torres et 
al., 2014; Gaupp-Berghausen et al., 2015). The species 
Aporrectodea caliginosa is declining in our country’s 
cultivated land (vegetable and cereal crops), leading us 
to believe that it is sensitive to pesticides, particularly 
glyphosate-based pesticides, which are the most widely 
used in Algeria (Oultaf et al., 2022). To provide scientif-
ic answers to the species’ scarcity in cultivated environ-
ments due to glyphosate-based pesticides, laboratory 
work was carried out in which the species’ life history 
(mortality and growth) was studied. The current study 
focuses on two important points: demonstrating the 
sensitivity of Aporrectodea caliginosa to the herbicide 
glyphosate and determining the species’ toxic concen-
tration range.

2 METHODS

2.1 COLLECTION OF EARTHWORMS

The earthworms used in the experiment were 
Aporrectodea caliginosa, collected in sufficient quan-

tity (to avoid the laboratory rearing stage) on a lawn 
far from any source of pollution (healthy soil) in Beni 
Douala, Kabylia. We extracted the earthworms using 
Bouché’s (1972) physical method. The adult worms 
(clitellum clearly visible) were collected after the spe-
cies Aporrectodea caliginosa was identified, primarily 
using morphological criteria that vary greatly between 
species. Two hundred and ten healthy earthworms were 
sent to the laboratory in preparation for herbicide expo-
sure. At the laboratory, the individuals were introduced 
into a large plastic tray containing soil from the same 
sampling station, moistened and without any additions. 
For a two-day acclimatization period, the tray was kept 
in the dark at room temperature (22-23 °C) 

2.2 SOIL SAMPLING AND PREPARATION

The soil used in the experiment is from the same 
worm sampling station, and we chose to use soil from 
the same station without any additions to get as close to 
natural conditions as possible. According to Chevillot 
(2017), using real soil in toxicological tests appears to 
be the most relevant choice for getting as close to a sys-
tem representative of the environment as possible. After 
freeze-drying, the sampled soil was transported to the 
laboratory in plastic boxes and sieved to 2 mm to ensure 
an easy-to-handle texture and a suitable fraction for 
physicochemical analysis. According to the preliminary 
analysis, the soil was clayey in texture, with a slightly 
acidic pH (6.06) and 4.85 % organic matter.

2.3 PREPARATION OF TEST CONCENTRATIONS

Glyfozell 36SL®, a liquid formulation (soluble con-
centrate) containing glyphosate as the active ingredient, 
was used as the herbicide. The glyphosate content of 
one liter of commercial product (360 g l-1) and the max-
imum authorized agronomic dose (6 l ha-1) was used to 
calculate the amount of product to be mixed with the 
soil. Eight concentrations (C0, C30, C60, C90, C120, 
C150, C180, C210) were considered, each representing 
a quantity of product in l.

2.4 SOIL CONTAMINATION

The pre-prepared soil (40 kg) was distributed over 
forty-one-kilogram boxes of soil; into each box, a pre-
cise quantity of the product was added by spraying to 
ensure good distribution of the product in the soil, 
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which was then well stirred by hand for better homog-
enization, and left to stabilize overnight. 

2.5 EXPERIMENTAL DESIGN

The earthworms (200 individuals) are rinsed 
with distilled water, weighed, and distributed at a rate 
of five individuals per box and five replicates per con-
centration; to keep the soil moist, the soil surface is 
moistened each time, if necessary, with spring water 
to approximate natural conditions as closely as pos-
sible. The experiment was carried out in the dark and 
at room temperature. To avoid altering the worms’ 
behavior or the concentrations tested, no additional 
food was added during the test (Fig. 1).

2.6 TOXICITY ASSESSMENT 

Earthworms were removed from each box once 
a week for 52 days, counted, weighed, and returned 
to the box. Mortality and growth mass were also as-
sessed.

2.7 GROWTH RATE (MASS)

The average mass was recorded at each expo-
sure time interval allowed us to calculate the relative 
growth rate, which we calculated using the Martin 
(1986) equation:

(1)
P0 is the average mass of earthworms before ex-

posure to a concentration, and Pm is the average mass 
of earthworms after exposure to glyphosate at each 
concentration. 

2.8 MORTALITY

The number of dead earthworms in each box was 
used to calculate mortality. Earthworms were consid-
ered dead when an advanced body alteration was ob-
served, and the individual did not respond to a stimu-
lus. Throughout the experiment, abnormal behaviors 
such as restlessness and coiling were assessed.

Figure 1: Summary diagram of the experimental protocol
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2.9 DATA ANALYSIS

Multiple regressions were calculated using R soft-
ware version 3.3.4 for both growth and mortality as func-
tions of glyphosate concentration and exposure duration 
of earthworms. 

3 RESULTS

3.1 RELATIVE GROWTH

The results of the multiple regression analysis con-
ducted to explain the evolution of growth rate as a func-
tion of exposure duration and herbicide concentration 
are provided by the equation:

Growth = –0.0093 (Time) –0.00073 (Concentration) + 
0.79

The low probability value (p-value: 1.351e-10) indi-
cates that the regression model is significant. The coef-
ficient of determination (0.5097) showed that the quality 
of the fit was good. Therefore, growth decreases as con-
centration increases and exposure is prolonged.

The results show that after the eighth day of pollut-
ant exposure, there is difference in the growth of control 
worms. These differences were observed in comparison 
to the first day of the experiment and all other periods 
from day 16 to day 40. Indeed, these periods are distin-
guished by a mass loss from day eight to day forty-three. 
After 52 days of experimentation, a resumption of growth 
is observed for the control, as evidenced by an increase in 
mass (Fig. 2).

The results of earthworms exposed to various 
glyphosate concentrations show mass gain during the 
first week of exposure for all concentrations ranging 
from C30 to C210. These findings suggest that Aporrec-
todea caliginosa species can tolerate glyphosate concen-
trations equivalent to 1680 µl kg-1 soil for a short period 
(one week). Overall, a relative and gradual decrease in 
mass was observed beginning on the eighth day of ex-
posure for all concentrations, except for concentrations 
C60, C150, and C210, where the decrease in mass be-
gan on the sixteenth day of exposure. Glyphosate has a 
negative effect on growth starting on the sixteenth day of 
exposure for concentrations C120 and C180 and on the 
twenty-fourth day of exposure for concentrations C150 
and C210. After several weeks of exposure, the negative 
effect of contamination on growth is demonstrated for 
concentrations below C180, particularly the lowest C30 
(240 µl kg-1). However, high concentrations have a nega-

tive impact on earthworm growth after only a short pe-
riod of exposure.

The multiple regression calculated to explain the 
evolution of mortality rate as a function of exposure du-
ration and herbicide concentration is given by the equa-
tion:

Mortality = 0.078 (Time) + 0.0126 (Concentration) 
–2.17

The low probability value (7.321e-15) indicates that 
this regression model is significant. The coefficient of 
determination (0.6447) showed that the quality of the fit 
was good. Therefore, mortality increases as concentra-
tion increases and exposure is prolonged.

The results show that no mortality was observed 
for the control (C0 = 0 µl) for the entire duration of the 
experiment (52 days) (Fig. 3). For all concentrations 
tested, there was a very marked effect of time and degree 
of contamination on the mortality rate of Aporrectodea 
caliginosa earthworms. The lowest concentrations (240 
µl kg-1, 480 µl kg-1 and 720 µl kg-1) had a delayed lethal 
effect, starting only on the forty-eighth day of exposure 
to the pesticide, with mortality rates of 1 ± 0.707, 2.2 ± 
0.836 and 3 ± 0 respectively. This lag time decreases with 
increasing concentrations. In fact, at the highest concen-

Figure 2: Variations in relative growth rate (%) as a func-
tion of time (j = day) and concentration 
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trations (1200 µl, 1440 µl, 1680 µl), the lag time is much 
reduced, resulting in 100 % mortality as early as day 32 of 
glyphosate exposure. According to the findings, mortal-
ity increases with time and concentration.

4 DISCUSSION

This ecotoxicity study aims to determine the toxicity 
of a glyphosate-based herbicide on Aporrectodea caligi-
nosa earthworms. This species is uncommon in agricul-
tural plots where the herbicide of choice is widely used. 
The biological parameters considered were mortality and 
growth. Throughout the experiment, no mortality was 
recorded for the control worms, indicating that the ex-
perimental conditions, aside from glyphosate contamina-
tion, did not contribute to earthworm mortality. Over the 
forty-eight days of experimentation, control earthworms 
showed a slight decrease in initial biomass. Conversely, 
the controls showed a significant mass recovery (0.266 ± 
0.044 to 0.357 ± 0.181) at the end of the experiment. 

The findings show that glyphosate is toxic to Apor-
rectodea caliginosa even at low soil concentrations. This 
toxicity is observed at low concentrations of around 240 
µl kg-1 soil (C30). Toxicity levels vary according to expo-
sure time and pollutant dose. Mass loss in contaminated 
individuals is significantly greater than in the control 
group. As a result, the sensitivity of Aporrectodea caligi-
nosa to glyphosate was confirmed. Observing at least one 
death for low concentrations (C30) after forty-eight days 
of experimentation indicates that each concentration 
was potentially lethal for Aporrectodea caliginosa in this 
study. The worms’ inability to resist the herbicide’s lethal 
effects, particularly at high doses, may explain why mor-
tality increased proportion to herbicide concentration. 
This finding is consistent with the findings of Casabé et 
al. (2007), who demonstrated that glyphosate is highly 
toxic to earthworms at recommended concentrations. 

Furthermore, for all doses above 960 mg kg-1, this result 
could explain the total death of adults (100 % mortality) 
on the thirty-second day of contamination. 

Thus, living in glyphosate-contaminated soil causes 
the species Aporrectodea caliginosa earthworms to lose 
mass, beginning as early as the first week of exposure to 
the pollutant. The researchers hypothesize that worms 
living in uncontaminated soil have more metabolic re-
sources than worms living in contaminated soil; worms 
in uncontaminated soil are thus unaffected by contami-
nation stress and can thus invest in mass gain (Pochron 
et al., 2017; Pochron et al., 2021). Body mass and sur-
vival time are affected by the glyphosate-based formula. 
Taken together, the data show that increasing glyphosate 
doses result in a significant decrease in survival time and 
a significant decrease in body mass when compared to 
the control. Toxicity studies on Eisenia fetida with the 
same contaminant show a steady decline in body mass 
in the organisms tested (Yasmin, D’Souza, 2007; Cor-
reia, Moreira, 2010).  Tolerance to high concentrations of 
glyphosate was recently discovered in the same species, 
indicating its use in bioremediation processes (Lescano 
et al., 2020).

Growth, as measured by body mass, is a common 
assessment criterion in toxicological studies. However, 
body mass does not always decrease in response to con-
tamination (Pochron et al., 2018; Pochron et al., 2019). 
When organisms are exposed to various contaminants, 
their body mass may increase. Recent research shows 
that earthworms living in nutrient-rich soil can gain 
mass even while metabolically processing contaminants 
(Pochron et al., 2020). However, our findings show that 
Aporrectodea caliginosa does not use this strategy in re-
sponse to glyphosate. Herbicide concentrations of C30, 
C60, C90, C120, C150, C180, and C210 were tested on 
earthworms. Worms exposed to the lowest dose (240 
µl kg-1) for 48 days died at a low rate. At concentrations 
greater than 720 µl kg-1, there was 100  % mortality at 
the end of the experiment. These findings are consistent 
with those obtained on the Octolasion tyrtaeum (Savigny, 
1826): after 32 days of treatment, 100  % mortality was 
observed at the highest glyphosate concentration (50,000 
mg kg-1).

However, most studies on the acute effects of 
glyphosate at various concentrations on Eisenia fetida 
show that no product dose results in mortality. The effect 
of glyphosate-based herbicides on other earthworm spe-
cies, Lumbricus terrestris and Aporrectodea caliginosa re-
veals that L. terrestris activity decreased three weeks after 
herbicide application. However, no change in activity was 
observed for A. caliginosa species (Gaupp-Berghausen 
et al., 2015), confirming that not all earthworm species 
respond similarly to soil contamination by glyphosate-

Figure 3: Mortality rate (number of individuals) of Aporrecto-
dea caliginosa earthworms as a function of time and glypho-
sate concentration. 
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based formulations and that the species Aporrectodea 
caliginosa exhibits a clear sensitivity to this herbicide. In 
addition to mass loss and mortality, individuals exposed 
to glyphosate showed behavioral abnormalities such as 
coiling and excitation, even at low concentrations.

Previous research on the toxicity of glyphosate in-
dicates that while it does not directly cause earthworm 
mortality, it can have serious long-term consequences 
(Verrell, Van Buskirk, 2004). Sublethal effects on the 
population dynamics of the Eisenia fetida species ex-
posed to glyphosate were observed, as evidenced by de-
creased cocoon fertility. This resulted in the extinction of 
the soil’s earthworm population (Santadino et al., 2014). 
Anatomical changes were also observed after 30 days of 
experimentation. According to Correia, Moreira (2010), 
morphological abnormalities such as body elevation and 
curling were observed in all specimens exposed to high 
concentrations of glyphosate in soil. As a result, our find-
ings support previous findings that different agrochemi-
cals affect different earthworm body parameters (Van 
Gestel et al., 1992; Zaller et al., 2021). 

Previous studies observed that  earthworm biodi-
versity is reduced in intensively farmed fields (Smith et 
al., 2008), and laboratory studies on the species Aporrec-
todea and Allolobophora sp. conclude that pre-exposure 
to pesticides in the field enhances earthworm physiologi-
cal responses (Givaudan, 2014).  

Glyphosate is the most widely used herbicide in the 
world (Müller, 2021). Few experimental studies evaluat-
ing its impact on earthworms under field conditions have 
been carried out. Overall, these studies conclude that 
there is a high risk of chronic toxicity of these substances 
on earthworms if recommended doses are not respect-
ed (Pelosi et al., 2021). However, studies evaluating the 
impact of glyphosate-based pesticides under laboratory 
and controlled conditions are numerous, but their results 
remain controversial, due to the fact that these studies, 
do not reflect real field conditions and do not take into 
account potential variations in abiotic and biotic factors 
such as temperature and organic matter (Schmidt et al., 
2024). In general, recent laboratory results still highlight 
the negative effect of glyphosate on earthworms, and they 
recommend further research on glyphosate in the labora-
tory and in the field, taking all variants into account, to 
prevent future threats to soil biodiversity from glypho-
sate (De Lima E Silva & Pélosi, 2024).

The present study will thus contribute to a broader 
understanding of the impact of glyphosate on soil fauna 
in general and earthworms in particular.

5 CONCLUSION

A study of the effect of the herbicide glyphosate on 
the earthworm Aporrectodea caliginosa revealed the spe-
cies’ sensitivity to this plant protection product. This sen-
sitivity manifests itself in reduced growth and increased 
mortality in the species. Glyphosate has a negative effect 
that is dose and time-dependent. The effect appears af-
ter several weeks of exposure to glyphosate at the low 
concentration C30, equivalent to 240 µl kg-1 of product. 
At high concentrations (C210 equivalent to 1680 µl kg-1 
product), however, the effect is visible after the second 
week of glyphosate exposure. According to our hypoth-
esis, the use of glyphosate-based pesticides, in particu-
lar, significantly impacts the growth and mortality of 
the Aporrectodea caliginosa species, explaining its low 
abundance in cultivated land where the product is widely 
used. We believe this species could be a good candidate 
for bioindication of soil pollution caused by glyphosate-
based pesticides. Its application in soil quality biomoni-
toring is also suggested.

6 CONFLICT OF INTEREST

The authors declare that they have no conflict of in-
terest.

7 DATA AVAILABILITY STATEMENT

Data available on request from the corresponding 
author.

8 REFERENCES

Bartlett, M. D., Briones, M. J., Neilson, R., Schmidt, O., Spur-
geon, D., & Creamer, R. E. (2010). A critical review of cur-
rent methods in earthworm ecology: from individuals to 
populations. European Journal of Soil Biology, 46(2), 67-73. 
https://doi.org/10.1016/j.ejsobi.2009.11.006 

Beckert, M., Dessaux, Y., Charlier, C., Darmency, H., Richard, 
C., Savini, I., & Tibi, A. (2011). Les variétés végétales tolé-
rantes aux herbicides. Effets agronomiques, environnemen-
taux, socio-économiques. Expertise scientifique collective, 
rapport, CNRS-INRA. Retrieved from http://inra.dam.
front.pad.brainsonic.com/ressources/afile/223295-8f9d9-
resource-expertise-vth-rapport-complet.html.

Bouché, M.B. (1972). Lombriciens de France. Ecologie et systé-
matique. Paris: INRA Editions.

Casabé, N., Piola, L., Fuchs, J., Oneto, M. L., Pamparato, L., Ba-
sack, S., & Kesten, E. (2007). Ecotoxicological assessment of 
the effects of glyphosate and chlorpyrifos in an Argentine 
soya field. Journal of Soils and Sediments, 7, 232-239. https://
doi.org/10.1065/jss2007.04.224



Acta agriculturae Slovenica, 121/1 – 2025 7

Experimental study of the effect of a glyphosate-based herbicide on a species of earthworm Aporrectodea caliginosa (Savigny, 1826)

Chevillot, F. (2017). Etude de la bioaccumulation et autres ef-
fets sublétaux de contaminants organiques sur le vers de terre 
Eisenia andrei exposé à des concentrations environnemen-
tales. Doctoral dissertation, Sherbrooke, Québec, Canada. 

Correia, F. V., & Moreira, J. C. (2010). Effects of glypho-
sate and 2, 4-D on earthworms (Eisenia foetida) in 
laboratory tests. Bulletin of Environmental Contami-
nation and Toxicology, 85(3), 264-268. https://doi.
org/10.1007/s00128-010-0089-7

De Lima E Silva, C., & Pelosi, C. (2024). Effects of glypho-
sate on earthworms: From fears to facts. Integrated 
Environmental Assessment and Management, 20(5), 
1330-1336. https://doi.org/10.1002/ieam.4873

Domínguez, A., Brown, G. G., Sautter, K. D., Ribas de 
Oliveira, C. M., de Vasconcelos, E. C., Niva, C. C., & 
Bedano, J. C. (2016). Toxicity of AMPA to the earth-
worm Eisenia andrei Bouché, 1972 in tropical arti-
ficial soil. Scientific Reports, 6(1), 19731. https://doi.
org/10.1038/srep19731 

García-Torres, T., Giuffré, L., Romaniuk, R., Ríos, R. P., & 
Pagano, E. A. (2014). Exposure assessment to glypho-
sate of two species of annelids. Bulletin of Environ-
mental Contamination and Toxicology, 93, 209-214. 
https://doi.org/10.1007/s00128-014-1312-8

Gaupp-Berghausen, M., Hofer, M., Rewald, B., & Zaller, 
J. G. (2015). Glyphosate-based herbicides reduce the 
activity and reproduction of earthworms and lead to 
increased soil nutrient concentrations. Scientific Re-
ports, 5(1), 12886. https://doi.org/10.1038/srep12886

Gill, J. P. K., Sethi, N., Mohan, A., Datta, S., & Girdhar, 
M. (2018). Glyphosate toxicity for animals. Environ-
mental Chemistry Letters,16, 401-426. https://doi.
org/10.1007/s10311-017-0689-0

Givaudan, N. (2014). Stratégies d’adaptation de la bio-
diversité des sols (vers de terre) aux pesticides: mé-
canismes en jeu et évaluation des coûts écosystémiques. 
Doctoral dissertation, Rennes University, Syddansk 
Universitet, Rennes, France.

Lescano, M. R., Masin, C. E., Rodríguez, A. R., Godoy, 
J. L., & Zalazar, C. S. (2020). Earthworms to improve 
glyphosate degradation in biobeds. Environmental 
Science and Pollution Research, 27, 27023–27031. htt-
ps://doi.org/10.1007/s11356-020-09002-w

Mamy, L., Barriuso, E., & Gabrielle, B. (2011). Impacts 
sur l’environnement des herbicides utilisés dans les 
cultures génétiquement modifiées. Le Courrier de 
L’environnement de l’INRA, 60, 15-24.

Martin, N. A. (1986). Toxicity of pesticides to Allobopho-
ra caliginosa (Oligochaeta: Lumbricidae). New Zea-
land Journal of Agricultural Research, 29(4), 699-706. 
https://doi.org/10.1080/00288233.1986.10430466 

Müller, B. (2021). Glyphosate, une histoire d’amour. 

Monde Commun, 5(2), 48-64. https://doi.org/10.3917/
moco.005.0048

Oultaf, L., Metna Ali Ahmed, F., & Sadoudi Ali Ahmed, 
D. (2022). Environmental and health risks of pesti-
cide use practices by farmers in the region of Tizi-
Ouzou (northern Algeria). International Journal of 
Environmental Studies, 1-11. https://doi.org/10.1080
/00207233.2022.2044693

Owagboriaye, F., Dedeke, G., Bamidele, J., Bankole, A., 
Aladesida, A., Feyisola, R., & Adekunle, O. (2020). 
Wormcasts produced by three earthworm species 
(Alma millsoni, Eudrilus eugeniae and Libyodrilus 
violaceus) exposed to a glyphosate-based herbicide 
reduce growth, fruit yield and quality of tomato (Ly-
copersicon esculentum). Chemosphere, 250, 126-270. 
https://doi.org/10.1016/j.chemosphere.2020.126270

Pelosi, C., Bertrand, C., Daniele, G., Coeurdassier, M., 
Benoit, P., Nélieu, S., & Fritsch, C. (2021). Résidus de 
pesticides actuellement utilisés dans les sols et les vers 
de terre: une menace silencieuse ?. Agriculture, Eco-
systems & Environment, 305, 107-167.

Pochron, S., Choudhury, M., Gomez, R., Hussaini, S., 
Illuzzi, K., Mann, M.,  & Tucker, C. (2019). Tem-
perature and body mass drive earthworm (Eisenia 
fetida) sensitivity to a popular glyphosate-based her-
bicide. Applied Soil Ecology, 139, 32-39. https://doi.
org/10.1016/j.apsoil.2019.03.015

Pochron, S., Nikakis, J., Illuzzi, K., Baatz, A., Demirci-
yan, L., Dhillon, A., & Moawad M. (2018). Exposure 
to aged crumb rubber reduces survival time during 
a stress test in earthworms (Eisenia fetida). Environ-
mental Science and Pollution Research, 25(12), 11376–
11383. https://doi.org/10.1007/s11356-018-1433-4

Pochron, S.T., Fiorenza, A., Sperl, C., Ledda, B., Patter-
son, C.L., Tucker, C.C., … & Panico N. (2017). The 
response of earthworms (Eisenia fetida) and soil mi-
crobes to the crumb rubber material used in artificial 
turf fields. Chemosphere, 173, 557–562. https://doi.
org/10.1016/j.chemosphere.2017.01.091

Pochron S.T., Mirza A., Mezic M., Chung E., Ezedum Z., 
Geraci G., ... & Smith R., (2021). Earthworms Eise-
nia fetida recover from Roundup exposure. Applied 
Soil Ecology, 158, 103793. https://doi.org/10.1016/j.
apsoil.2020.103793

Santadino, M., Coviella, C., & Momo, F. (2014). Glypho-
sate sublethal effects on the population dynamics of 
the earthworm Eisenia fetida (Savigny, 1826). Water, 
Air, & Soil Pollution, 225, 1-8. https://doi.org/10.1007/
s11270-014-2207-3

Sekhara-Baha, M. (2008). Etude bioécologique des oligo-
chètes du nord de l’Algérie. Doctoral dissertation, INA, 
Algiers, Algeria.

Schmidt, R., Spangl, B., Gruber, E., Takács, E., Mörtl, M., 



Acta agriculturae Slovenica, 121/1 – 20258

G. LANDRI-AIT BOUDRARE et al.

Klátyik, S., ... & Zaller, JG. (2022). Glyphosate Effects 
on Earthworms: Active Ingredients vs. Commercial 
Herbicides at Different Temperature and Soil Organic 
Matter Levels. Agrochemicals, 2(1), 1-16.

Smith, R. G., McSwiney, C. P., Grandy, A. S., Suwanwaree, 
P., Snider, R. M., & Robertson, G. P. (2008). Diversity 
and abundance of earthworms across an agricultural 
land-use intensity gradient. Soil and Tillage Research, 
100(1-2), 83-88.

Valle, A. L., Mello, F. C. C., Alves-Balvedi, R. P., Ro-
drigues, L. P., & Goulart, L. R. (2019). Glyphosate 
detection: methods, needs and challenges. Environ-
mental Chemistry Letters, 17, 291-317. https://doi.
org/10.1007/s10311-018-0789-5

Van Gestel, C. A. M., Dirven-Van Breemen, E. M., Baer-
selman, R., Emans, H. J. B., Janssen, J. A. M., Postuma, 
R., & Van Vliet, P. J. M. (1992). Comparison of sub-
lethal and lethal criteria for nine different chemicals 
in standardized toxicity tests using the earthworm 
Eisenia andrei. Ecotoxicology and Environmental 
Safety, 23(2), 206-220. https://doi.org/10.1016/0147-
6513(92)90059-C

Van Gestel, C. A., & Loureiro, S. (2018). Terrestrial iso-
pods as model organisms in soil ecotoxicology: a re-
view.  ZooKeys, (801), 127. https://doi.org/10.3897/
zookeys.801.21970 

Verrell, P. A. V. B., & Van Buskirk, E. (2004). As the worm 
turns: Eisenia fetida avoids soil contaminated by a 
glyphosate-based herbicide. Bulletin of Environmen-
tal Contamination and Toxicology, 72(2), 219-224. 
https://doi.org/10.1007/s00128-003-9134-0

Yasmin, S., & D’Souza, D. (2007). Effect of pesticides on 
the reproductive output of Eisenia fetida. Bulletin of 
Environmental Contamination and Toxicology, 79, 
529-532. https://doi.org/10.1007/s00128-007-9269-5

Zaller, J.G., Weber, M., Maderthaner, M., Gruber, E., 
Takács, E., Mörtl, M., … & Leisch F. (2021). Effects 
of glyphosate-based herbicides and their active ingre-
dients on earthworms, water infiltration and glypho-
sate leaching are influenced by soil properties. Envi-
ronmental Sciences Europe, 33(1), 1–16. https://doi.
org/10.1186/s12302-021-00492-0


