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Glyphosate is the most widely applied herbicide worldwide, contaminating water, soils and living organisms. Earthworms are emblematic soil organisms used as indicators of soil quality, but knowledge about the impacts of glyphosate and glyphosate-based herbicides (GBH) on these key soil organisms is scattered. Here, we examine this knowledge in detail to answer four questions: 1) Which endpoint is the most sensitive when assessing the effects of glyphosate or GBH in earthworms? 2) Which is most toxic to earthworms: glyphosate or GBH? 3) Are glyphosate and GBH harmful to earthworms when used at the recommended application dose (RAD)? 4) What are the interactions between glyphosate or GBH and other chemicals in earthworms? The results indicate that a weak legislation led to improper assessment of the ecotoxicity 24/11/

INTRODUCTION

The European authorisation for the manufacture and use of glyphosate was renewed in 2017, ten years after its initial approval, and again in 2022, until December Accepted Article 2023, following a heated debate in both civil and scientific circles. The controversial point was the recategorisation of this herbicide as being probably carcinogenic to humans (Group 2A) by the International Agency for Research on Cancer (IARC, 2016), contributing to the lack of consensus on the safety of its use for human health and biodiversity.

Despite the general agreement on its potential toxicity, sales in European countries have remained almost unchanged since 2013, with the purchase of approximately 46.527 tons of the active ingredient glyphosate, accounting for 33% of the total herbicides used in 2017 [START_REF] Antier | Glyphosate use in the European agricultural sector and a framework for its further monitoring. Sustainability 12, 5682. of glyphosate on the bumblebee proteome and microbiota[END_REF]. France contributed 20% of the European sales, followed by Poland (14%) and Germany (10%). In different parts of the globe, the development of herbicide-resistant crops, enabling the shift from conventional farming to conservation tillage, might have contributed in some way to the continuous reliance on glyphosate [START_REF] Rose | Impact of Herbicides on Soil Biology and Function. Chapter 3[END_REF][START_REF] Lucas | Is glyphosate toxic to bees? A metaanalytical review[END_REF] and other herbicides.

Reliable data on the toxicity of this herbicide to soil invertebrates are scarce and not consistent, leading to a lack of clarity on this subject. In order to be able to compare results, it is important to have some level of standardization, e.g., same guideline, same type of soil, same or similar applied concentrations. Unfortunately, this is not the case with glyphosate. Even when comparable data was available, the results can point towards different directions. For example, [START_REF] Lewis | An international database for pesticide risk assessments and management[END_REF] showed that glyphosate has low toxicity to honeybees and bumblebees, but other studies highlighted that it negatively affects the sleep of honeybees or their capacity to navigate (Balbuena et al., 2015;Vázquez et al., 2021). Similar contradictory results have been observed in other arthropods, with some depicting no direct effects of the use of glyphosate on canopydwelling arthropod (e.g., Coccinelidae) communities [START_REF] García-Ruiz | Dynamics of canopy-dwelling arthropods under different weed management options, including glyphosate, in conventional and genetically modified insect-resistant maize[END_REF]Imura et al., 2010) and others showing a reduction in the number of predators, chewing arthropods and sucking phytophagous arthropods [START_REF] Pereira | Glyphosate impact on arthropods associated to Roundup ready and conventional soybean (Glycine max L.)[END_REF]. Similarly, conflicting and scattered scientific data on earthworms hinder the understanding of the toxicity and risks linked to the use of glyphosate to these key soil organisms.
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Earthworms are ecosystem engineers involved in soil structure maintenance, organic matter breakdown, nutrient cycling, and water regulation through their burrowing, feeding and casting activities [START_REF] Liu | Earthworms coordinate soil biota to improve multiple ecosystem functions[END_REF]. They are to soil what bees are to the aerial compartment: emblematic and even patrimonial indicators, functionally essential and to be protected against different anthropic activities such as the (over)use of pesticides (Blouin et al., 2013). Several studies have shown that a number of pesticides are toxic to earthworm populations and communities and earthworm-mediated functions in soils (Beaumelle et al., 2023;[START_REF] Pelosi | Searching for a more sensitive earthworm species to be used in pesticide homologation tests -A meta-analysis[END_REF], but the effects of glyphosate or glyphosate-based herbicides (GBH) on these key soil organisms are still not clear and have never been compiled.

To not only help provide clarity but also support risk assessors, politicians and scientists with robust information, this paper focuses on the effects of glyphosate or GBH on earthworms using a systematic review of the literature. Four questions were asked: 1) Which endpoint is the most sensitive endpoint when assessing the effects of glyphosate or GBH in earthworms? 2) Which is the most toxic to earthworms: glyphosate or GBH? 3) Are glyphosate and GBH harmful to earthworms when used at the recommended application dose (RAD)? 4) What are the interactions between glyphosate or GBH and other chemicals in earthworms?

LITERATURE SEARCH

A literature review was carried out on the basis of keywords in ISI Web of Knowledge and Web of Science, using the "All Databases" option, with the following This search encompassed papers published until December 2022 and was performed using two databases, INRAE and Wageningen University and Research, using the search engine provided by "Web of Science". For the first institution, the result showed 151 papers, and for the latter, 156. All papers were added to a common library in the software Endnote "glyphosate-Pelosi.enl". An evaluation of the content was performed in the following sequence: 1 st , removal of double/triple publications; 2 nd , analysis of the abstract aiming to check for availability of information that could help answering one or more questions posed by this review; 3 rd , analysis of the Materials and Methods and Results to check if the authors have provided sufficient and relevant information. All the peer-reviewed studies dealing with the assessment of glyphosate or GBH on earthworms were considered, thus not limiting ourselves to the criteria given in the EFSA guideline for the selection of scientific peer-reviewed papers to be used in a dossier for the placing of plant protection products on the market (EFSA, 2011). In the end, 63 papers were selected for use in this review.
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Which is the most sensitive endpoint when assessing the effects of glyphosate or GBH in earthworms?

Our systematic literature review yielded 63 papers (Table S1), among which 26 assessed the effects of glyphosate or GBH on adult survival (LC50, which is the concentration that kills 50% of the adult population), followed by sublethal indicators, such as reproduction, with 19 papers, and biomarkers (e.g., acetylcholinesterase Accepted Article enzyme), with 15 papers. Most of the papers analysed more than one level of indicators. Due to the different indicators assessed in the corpus, these were categorised into three levels (the sum is more than 100% as some papers addressed several levels): (i) the infra-individual level, with impacts measured at the cellular and histopathological levels (33% of the corpus), (ii) the individual level, with parameters such as e.g., biomass, growth, behaviour and bioaccumulation (59% of the corpus), and (iii) the ecological level, with parameters such as e.g., decomposition and density (16% of the corpus).

Ten out of the 26 papers that analysed toxicity to adult survival (LC50) performed exposure on filter paper or in an artificial soil during 7 or 14 days (Table S2). The remaining ones exposed the individuals in artificial or natural soil for 28 days or more. Data from the 26 papers showed that glyphosate, GHB or the metabolite aminomethylphosporic acid (AMPA) had no impact on adult survival (LC50), or at higher concentrations than environmental contamination.

Regarding the effects on reproduction, the results were more scarce and much more contrasting. Correia & Moreira (2010) showed that glyphosate had no effects on mortality (higher concentration 1000 mg kg -1 ), but no cocoons or juveniles were produced at the lowest concentration (10 mg kg -1 ) (E. fetida, technical glyphosate; natural soil), pointing towards a possible impact on reproduction. On the other hand, Von [START_REF] Merey | Glyphosate and aminomethylphosphonic acid chronic risk assessment for soil biota[END_REF] found no effect on reproduction at a concentration as high as 472.8 mg kg -1 (E. fetida; technical glyphosate; artificial soil). For AMPA, Von [START_REF] Merey | Glyphosate and aminomethylphosphonic acid chronic risk assessment for soil biota[END_REF] reported an EC50 reproduction of 654.7 mg kg -1 (E. fetida; technical AMPA; artificial soil), while [START_REF] Dominguez | Toxicity of AMPA to the earthworm Eisenia andrei Bouché, 1972 in tropical artificial soil[END_REF] showed negative effect on the number of cocoons at a concentration of 1 mg kg -1 (E. andrei; technical AMPA; tropical artificial soil).
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Different soil types, earthworm species and concentrations were used in these tests (Table S1), leading to a lack of consistency among studies. This situation per se already makes comparison of data difficult, but the low number of papers assessing toxicity to reproduction (19 papers) makes this task almost impossible, leading to more questions than answers. Adding to this scenario, studies generally assessed the effects of one application while in the field, glyphosate might be applied 3 to 4 times per year within a crop year. When comparing the sensitivity among the most used endpoints for risk assessment, reproduction is indisputably a more sensitive parameter. When under stress, the individual needs to choose how to better use its energy, so a process called trade-off occurs. An organism exposed to one or more contaminant(s) can activate different biochemical, physiological and/or behavioural responses that allow it to maintain physiological homeostasis. Such an exposure, however, can lead to a reduction in the rate of assimilation of food or to an overconsumption of energy (Kooijman, 2010). Without an equivalent increase in intakes, the increase in energy expenditure, e.g., for detoxification, can be detrimental to vital processes such as growth or reproduction. Thus, energy is a target of pesticides. They generally do not kill earthworms when the source of energy is sufficient, but they alter energy allocation processes and divert energy from other functions, with consequences on population and community dynamics (Johnston et al., 2014). These effects of pesticides on earthworm populations and communities can be assessed in field situations based on a guideline (ISO 11268-3, 2014) used as a higher-tier tests in environmental risk assessments when unacceptable risk is identified with lower-tier tests (OECD, 1984).

However, some improvements have been proposed in order to reliably detect negative effects on earthworms in natura, especially regarding the variability of the endpoints,

Accepted

Article the statistical significance of the results and the level of the statistically detectable effects of the tested chemicals [START_REF] Römbke | Necessary adaptations for a harmonized field-testing procedure and risk assessment of earthworms (terrestrial)[END_REF][START_REF] Amossé | A two years field experiment to assess the impact of two fungicides on earthworm communities and their recovery[END_REF].

During the license renewal process in 2017 (EC, 2017), seven unpublished and protected studies (i.e., we could not gain access to the produced data) focusing on the toxicity of glyphosate to earthworms were used as support for the ecotoxicity assessment. Three of them focused on acute adult survival, with two using artificial soil, and each of the three studies tested a different chemical (i.e., Sinon Glyphosate Technical [START_REF] Mallet | Sinon Glyphosate Technical: The acute toxicity to the earthworm Eisenia foetida[END_REF]; AMPA (Mostert and Römbke, 2000); and MON 52276 (Hoxter and Smith, 1992)). Four of them focused on the effects on reproduction (Friedrich, 2009;Heyward and Mallett, 2000;Noack, 2002;[START_REF] Servajean | Laboratory determination of the side-effects of aminomethyl phosphonic acid (AMPA) on the reproductive performance of earthworms (Eisenia fetida) using artificial soil substrate. Data Protection[END_REF].

However, at the time this report was compiled, the EFSA Scientific Opinion (EFSA, 2017) for in-soil organisms clearly stated that the use of acute toxicity was no longer going to be considered necessary for pre-emptive risk assessment, favouring the reproduction test with earthworms instead (OECD 222, 2009). Six years after this renewal report, EFSA published the "Peer Review Report on Glyphosate" in July this year (EFSA, 2023). In this document, 140 studies were analysed, out of which only 2 earthworm papers were available (not protected), but these were not considered further, either because they showed no changes in relation to the control [START_REF] Schmidt | Glyphosate Effects on Earthworms: Active Ingredients vs. Commercial Herbicides at Different Temperature and Soil Organic Matter Levels[END_REF] or due to other issues [START_REF] Pelosi | Glyphosate, AMPA and glufosinate in soils and earthworms in a French arable landscape[END_REF]. Our review indicates that more papers related to soil invertebrates, especially earthworms, could be considered in the renewal process. It is true that the low number of papers and the variable test conditions among studies (e.g., commercial or technical-grade formulations, soil types, earthworm species and origin) contribute to the lack of clarity; nonetheless, as shown in this review, a great number of papers became available since the 2017 renewal and

Accepted

Article

can help in generating a more balanced risk analysis among the compartments (soil, air, water).

To summarize, despite the low number of papers assessing one of the most sensitive earthworm endpoints used for risk assessment, we were able to conclude that glyphosate has potential toxic effects on reproduction. Other endpoints analysed and grouped in different categories also proved to be very sensitive to glyphosate, again indicating potential sublethal toxic effects.

What is the most toxic to earthworms: glyphosate or GBH?

The assessment of the impacts of GBH is performed without due consideration of the possible effects of the co-formulants (water and undisclosed "other ingredients"), which represent 5-15% of concentrated products by weight [START_REF] Mesnage | Insight into the confusion over surfactant co-formulants in glyphosate-based herbicides[END_REF]. When considering different kinds of organisms, some studies have reported that glyphosate alone has less or no relevant ecotoxicological effect compared to GBH (e.g., on mitochondrial bioenergetics, as shown in [START_REF] Peixoto | Comparative effects of the Roundup and glyphosate on mitochondrial oxidative phosphorylation[END_REF]; on human cells, as shown in Nagy et al., 2019; on cellular and physiological processes in the digestive tract of bumblebees, as shown in Cullen et al., 2023). The higher toxicity of GBH was attributed to co-formulants or to a synergic effect of glyphosate and formulation products. For earthworms, the comparison of the ecotoxicological effects of both glyphosate and GBH was found in only three studies. Nonetheless, the results contradict those reported for other organisms [START_REF] Pereira | Toxicity evaluation of three pesticides on non-target aquatic and soil organisms: commercial formulation versus active ingredient[END_REF][START_REF] Pochron | Glyphosate but not Roundup® harms earthworms (Eisenia fetida)[END_REF][START_REF] Zaller | Effects of glyphosate-based herbicides and their active ingredients on earthworms, water infiltration and glyphosate leaching are influenced by soil properties[END_REF]. [START_REF] Pochron | Glyphosate but not Roundup® harms earthworms (Eisenia fetida)[END_REF] found toxic effects on E. fetida survival (LC50 of 26.3 mg glyphosate (isopropylamine salt) kg -1 of dry soil) and biomass but no effects of two GBH formulations (Roundup Ready-to-Use III® and Roundup Super Concentrate®, same concentration of active ingredients) on both endpoints. The authors explained that nitrates and phosphates in the formulations must have Accepted Article compensated for the toxic effects of glyphosate by stimulating microbial growth and thus glyphosate degradation. [START_REF] Pereira | Toxicity evaluation of three pesticides on non-target aquatic and soil organisms: commercial formulation versus active ingredient[END_REF] found no effects on the avoidance behaviour of E. andrei against either Spasor® (360 g glyphosate l -1 ) or pure glyphosate at three times the recommended dose. [START_REF] Zaller | Effects of glyphosate-based herbicides and their active ingredients on earthworms, water infiltration and glyphosate leaching are influenced by soil properties[END_REF], under more realistic conditions (using the ecologically relevant earthworm species Lumbricus terrestris and natural soil in the presence of plants), found that GBH showed increased, reduced or similar effects as pure glyphosate on earthworm activity (casting and movement) and that soil properties such as soil organic matter content can influence the effects.

As hundreds of glyphosate-based formulations are used, with potentially many different « inert » undisclosed ingredients, deciphering the cause of the observed effects is tricky. This could explain why Piola et al. ( 2013) found that Roundup FG® (72% acid equivalent) was 4.5-fold more toxic than MON 8750® (85.4% acid equivalent) to E. andrei on filter paper. The differences were attributed to the direct toxicity of the "inert ingredients" or to an increase in the bioavailability and/or bioaccumulation of glyphosate. The bioaccumulation of glyphosate and AMPA in earthworms was found to be higher than expected based on the properties of the molecules [START_REF] Pelosi | Glyphosate, AMPA and glufosinate in soils and earthworms in a French arable landscape[END_REF], with potential risks of transfer in terrestrial food webs, as earthworms are prey for numerous animals. The co-formulants used are usually the manufacturer's trade secret, but these chemicals can negatively influence earthworms and soil fertility. Thus, they should be disclosed by manufacturers, and their effects should be properly assessed.

To summarize, we showed that the diversity of "inert ingredients" along with the lack of information on them has contributed to the low number of studies comparing pure glyphosate and GBH, making it difficult to determine which of these substances is the most toxic to earthworms.
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Are glyphosate and GBH harmful to earthworms when used at the recommended application dose (RAD)?

Glyphosate is a nonselective systemic herbicide that is taken up via leaves and shoots and is distributed throughout plant tissues. This chemical is known for its high sorption affinity for soil (especially clays and other minerals) and therefore is considered essentially nonmobile in soil. Glyphosate is not considered persistent, as it undergoes biotransformation to AMPA as the main metabolite [START_REF] Rose | Impact of Herbicides on Soil Biology and Function. Chapter 3[END_REF].

However, both are found in all environmental compartments at unexpectedly high levels when considering the properties of the molecules (Carles et al., 2019;[START_REF] Pelosi | Glyphosate, AMPA and glufosinate in soils and earthworms in a French arable landscape[END_REF]. Among the 63 papers of the corpus, and after removing those dealing with exposure on filter paper, 38 articles used the RAD. Among them, 27 studies were performed strictly under laboratory conditions, and more than half of them used composting worms (not present in natural soils) for testing (i.e., 15 articles).

As already mentioned for the first question, most of the papers using the RAD did not find any impact of glyphosate or GBH on earthworm survival (e.g., Bouazdia et al., 2020;Buch et al., 2013;[START_REF] Dalby | Glyphosate, 2,4-db and dimethoate: effects on earthworm survival and growth[END_REF][START_REF] Pochron | Glyphosate but not Roundup® harms earthworms (Eisenia fetida)[END_REF][START_REF] Pochron | Exposure to Roundup increases movement speed and decreases body mass in earthworms[END_REF]. Some exceptions were found, such as [START_REF] Stellin | Effects of different concentrations of glyphosate (Roundup 360®) on earthworms (Octodrilus complanatus, Lumbricus terrestris and Aporrectodea caliginosa) in vineyards in the North-East of Italy[END_REF], who reported marked effects of Roundup 360® at the RAD on the survival rate and cocoon production of two anecic species (L. terrestris and Octodrilus complanatus) and one endogeic species (Aporrectodea caliginosa). However, sublethal effects may occur while mortality is not affected. Bouazdia et al. (2020) found no effect on A. caliginosa mortality, but they showed significant effects on growth rate at lower doses of Glyphon® than the RAD. In the same way, Casabé et al. (2007) found that Roundup FG at the RAD impacted lysosomal destabilisation biomarkers (neutral red retention time or NRRT) and reduced cocoon viability, number of juveniles, and feeding activity of E. andrei
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under laboratory and field conditions, despite not having toxic effects on survival. [START_REF] Verrel | As the worm turns: Eisenia fetida avoids soil contaminated by a glyphosate-based herbicide[END_REF] also showed little evidence of E. fetida lethality under exposure to Ground Clear® at a nominal concentration (RAD); however, this GBH negatively influenced locomotor activity. Field studies are scarce (i.e., only 5 in the corpus) and generally conducted with short time intervals (i.e., a few days or weeks) with only one or two pesticide applications, making the chronic effects of glyphosate and GBH difficult to understand (e.g., [START_REF] Fusilero | Weed management systems and other factors affecting the earthworm population in a banana plantation[END_REF]Mohasin et al. 2005;[START_REF] Zaller | Biodiversity Decline as a Consequence of an Inappropriate Environmental Risk Assessment of Pesticides[END_REF]. Glyphosate and its main degradation product, AMPA have theoretical short persistence in soil (half-life DT50 field of 6.45 and 32 days, respectively; PPDB, 2021, [START_REF] Simonsen | Fate and availability of glyphosate and AMPA in agricultural soil[END_REF], but they are the two most commonly found pesticides in rivers and soils (Carles et al., 2019;Froger et al., 2023). Moreover, the half-life of glyphosate increases from 2.2 to 3.4 months when the number of applications is increased from one to four (de Andréa et al., 2023). This accumulation in soils can lead to detrimental effects on earthworms which accumulate glyphosate and AMPA more than expected [START_REF] Pelosi | Glyphosate, AMPA and glufosinate in soils and earthworms in a French arable landscape[END_REF].

Only one study investigated the effects of frequent application of GBH on earthworms in the field at the RAD. [START_REF] García-Pérez | Earthworm communities and soil properties in shaded coffee plantations with and without application of glyphosate[END_REF] used data collected from farms to test the long-term effects (22 years of application) of applications of two GBH (Glyfos®, Classical Faena® and Faena Fuerte®) at recommended doses (although not clearly specified) in coffee plantations, at least three times per year, and they compared them with plots free of herbicides for seven years. The results showed that one of two species of earthworms (i.e., Amynthas corticis) disappeared from the plots treated with GBH; they also found that the total density drastically decreased, and the biomass of Pontoscolex corethrurus was halved. [START_REF] García-Pérez | Interactive effect of glyphosate-based herbicides and organic soil layer thickness on growth and reproduction of the tropical earthworm Pontoscolex corethrurus (Müller, 1857)[END_REF] underlined the accumulated evidence showing that epigeic, endogeic and anecic earthworms are Accepted Article vulnerable to repeated applications of glyphosate. [START_REF] Springett | Effect of repeated low doses of biocides on the earthworm Aporrectodea caliginosa in laboratory culture[END_REF] also explained that biocides with apparently low levels of toxicity can have a substantial effect on the growth rates of earthworms under repeated applications. These authors found a reduction in A. caliginosa growth over 100 days under exposure to pure glyphosate in a laboratory experiment at doses at least five times lower than the RAD.

Despite the low number of papers dealing with the topic in this review, the results evidenced a toxic impact of cumulative doses of GBH or glyphosate on earthworms when applied at the RAD (or lower doses). Although data are scarce and somewhat contrasted (e.g., Nuutinen et al, 2020), it has been shown that earthworm activity and earthworm-mediated functions (i.e., casting and movement activity) can also be impacted. For instance, the surface activity of vertically burrowing earthworms (Lumbricus terrestris) decreased with the application of Roundup® at the RAD [START_REF] Gaupp-Berghausen | Glyphosate-based herbicides reduce the activity and reproduction of earthworms and lead to increased soil nutrient concentrations[END_REF][START_REF] Zaller | Effects of glyphosate-based herbicides and their active ingredients on earthworms, water infiltration and glyphosate leaching are influenced by soil properties[END_REF]. A potential explanation is that earthworms avoided glyphosate-contaminated leaf material on the soil surface (Nuutinen et al., 2020;[START_REF] Pochron | Exposure to Roundup increases movement speed and decreases body mass in earthworms[END_REF].

To summarize, our literature review showed no marked effect on earthworms of glyphosate or GBH used at the RAD when applied once over a short time interval. However, when assessing sensitive endpoints of species representative of natural soils, after several applications at the RAD per year, negative effects of glyphosate or GBH on earthworms can be observed at the subindividual, individual, population, and community levels, as well as on earthworm-mediated functions. These effects cannot be revealed with risk assessment procedures as currently used, which can explain why the negative effects of pesticides on biodiversity and, in particular, on earthworms are increasingly highlighted under real field conditions. In France, for the first time, the Paris Administrative Court recognised the occurrence of environmental damage Accepted Article resulting from the "widespread, diffuse, chronic and lasting contamination" of water and soil by plant protection products, as well as the decline in biodiversity and biomass. It requires the government to take "all appropriate measures" to repair this damage and prevent further damage by June 2024.

What is the potential impact of the interactions between glyphosate or GBH and other chemicals on earthworms?

Glyphosate can be considered a chelating agent because it binds tightly to metal ions through its functional groups (e.g., amine) to form metal complexes. Pure glyphosate was found to react with heavy metals (e.g., cadmium, copper), decreasing metal toxicity and bioavailability to E. fetida (Zhou et al., 2012;2013;2014). For heavy metals, Bouazdia (2020) found an antagonistic interaction of Glyphon® and the insecticide deltamethrin on the mortality of A. caliginosa in artificial soil. Moreover, the negative effects of the insecticide on the growth rate were alleviated by GBH. This was also reported by [START_REF] Santos | Evaluation of the joint effect of glyphosate and dimethoate using a smallscale terrestrial ecosystem[END_REF] for the growth rate of E. andrei exposed to a mixture of Roundup Ultras® (360 g AI/L) and the organophosphorus insecticide dimethoate (AGRORs®, 400 g AI/L). They concluded that the majority of the mixtures of glyphosate and dimethoate had weaker effects than predicted based on the individual responses on the growth of E. andrei. The same effect was reported with 2,4-dichlorophenoxyacetic acid (2,4-D) and glyphosate in E. fetida (Lazurick et al., 2017) and with glyphosate and Captan® in A. caliginosa [START_REF] Springett | Effect of repeated low doses of biocides on the earthworm Aporrectodea caliginosa in laboratory culture[END_REF], meaning that 2,4D and Captan® reduced the negative effect of glyphosate on earthworm growth. However, few studies have presented synergistic effects of glyphosate and other organic chemicals (e.g., Mohasin et al., 2005, with 
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To summarize, approximately 15 studies addressed the combined effects of glyphosate and other molecules. Most of them showed that glyphosate can decrease the toxicity of other chemicals to earthworms. However, interactions between chemicals in soils are complex and should be addressed with more scrutiny.

CONCLUSIONS

The review showed that glyphosate and GHB can be toxic to earthworms.

Although different factors can influence toxicity and much remains unknown, data point towards impacts on reproduction and the provision of ecosystem services. We urgently recommend more research on glyphosate and GBH in the laboratory and in the field, using several applications at the RAD, at time intervals that are normally used by farmers, and in research of more than one year. Our results also indicate that the risk assessment process that leads to the renewal of a pesticide has gaps and is not strong enough to prevent future threats to biodiversity. There is an urgent need for government agencies to keep pace with updates on competent directives and other concerning legislation, standardised methodologies, and the development of the field of soil ecotoxicology, aiming to avoid possible underestimation of the potential risk of a pesticide in the near future.
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