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Abstract: ERAMYC - Test battery for the effect determination of chemicals in soils: Suitability of 
test systems with mycorrhizal fungi for the risk assessment   

Arbuscular Mycorrhizal Fungi (AMF) are recognized as important providers of ecosystem 
services, supporting soil health and key soil functions. Their ecological relevance and 
sensitivity to chemicals led the European Food Safety Authority (EFSA) to indicate AMF as a 
potential group of non-target test organisms for future Ecological Risk Assessment schemes 
(ERA) for Plant Protection Products (PPPs). However, AMF sensitivity to chemicals is poorly 
understood and the impact of contaminants on the AMF life cycle, including on spore viability 
(AMF pre-symbiotic phase), root colonization and subsequent production of spores and soil 
mycelium (AMF symbiotic phase), are of growing concern due to the crucial importance of 
these microorganisms on soil ecosystems. 

The ERAMYC project included an extensive literature review on the effects of organic 
chemicals on the pre-symbiotic and symbiotic phases of the AMF life cycle which guided the 
development and refinement of test protocols for AMF testing for risk assessment. A series of 
laboratory experiments, including the use of different test methodologies, AMF species, host 
plants, test soils and test substances, culminated on the production of test protocols which 
were submitted to ring tests, with the objective of drafting a new OECD guideline for AMF pre-
symbiotic and symbiotic phase testing.    

Despite the steps given towards standardization of AMF testing, the methods tested here could 
not be considered reproductible and/or precise due to high variability of the estimated 
endpoints and the low number of valid data sets resulting from the ring test experiments. AMF 
intra-specific genetic variation and the technical knowledge needed for the measurement of 
AMF parameters (e.g. root colonization and hyphae measurements) could be the main factors 
contributing to the high variability of the results. 

Data produced in the ERAMYC project constitutes an undeniable contribution for the 
standardization of methods based on AMF colonization and highlights the current insufficiency 
of ERA of PPPs in European Union to protect this group of microorganisms in terrestrial 
systems.  
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Kurzbeschreibung: ERAMYC - Testbatterie zur Wirkungsbestimmung von Chemikalien in Böden: 
Eignung von Testsystemen mit Mykorrhizapilzen zur Risikobewertung  

Arbuskuläre Mykorrhizapilze (AMF) gelten als wichtige Anbieter von 
Ökosystemdienstleistungen, da sie die Bodengesundheit und wichtige Bodenfunktionen 
unterstützen. Aufgrund ihrer ökologischen Relevanz und Empfindlichkeit gegenüber 
Chemikalien hat die Europäische Behörde für Lebensmittelsicherheit (EFSA) AMF als 
potenzielle Gruppe von Nichtziel-Testorganismen für zukünftige ökologische 
Risikobewertungssysteme (ERA) für Pflanzenschutzmittel (PPPs) bezeichnet. Die 
Empfindlichkeit von AMF gegenüber Chemikalien ist jedoch noch wenig erforscht und die 
Auswirkungen von Schadstoffen auf den Lebenszyklus von AMF, einschließlich der 
Sporenlebensfähigkeit (präsymbiotische Phase von AMF), der Wurzelbesiedlung und der 
anschließenden Produktion von Sporen und Bodenmyzel (symbiotische Phase von AMF), 
geben aufgrund der entscheidenden Bedeutung dieser Mikroorganismen für Bodenökosysteme 
zunehmend Anlass zur Sorge. 

Das ERAMYC-Projekt umfasste eine umfassende Literaturrecherche zu den Auswirkungen 
organischer Chemikalien auf die präsymbiotischen und symbiotischen Phasen des 
Lebenszyklus von AMF, die als Leitfaden für die Entwicklung und Verfeinerung von 
Testprotokollen für AMF-Tests zur Risikobewertung diente. Eine Reihe von 
Laborexperimenten, bei denen unterschiedliche Testmethoden, AMF-Arten, Wirtspflanzen, 
Testböden und Testsubstanzen verwendet wurden, mündete in der Erstellung von 
Testprotokollen, die Ringversuchen unterzogen wurden, mit dem Ziel, eine neue OECD-
Richtlinie für Tests der präsymbiotischen und symbiotischen Phase von AMF zu erstellen. 

Trotz der unternommenen Schritte zur Standardisierung von AMF-Tests können die hier 
getesteten Methoden aufgrund der hohen Variabilität der geschätzten Endpunkte und der 
geringen Anzahl gültiger Datensätze aus den Ringversuchsexperimenten nicht als 
reproduzierbar und/oder präzise angesehen werden. Die intraspezifische genetische Variation 
von AMF und das technische Wissen, das zur Messung von AMF-Parametern erforderlich ist (z. 
B. Wurzelbesiedlung und Hyphenmessungen), könnten die Hauptfaktoren sein, die zur hohen 
Variabilität der Ergebnisse beitragen. 
Die im Rahmen des ERAMYC-Projekts gewonnenen Daten stellen einen unbestreitbaren 
Beitrag zur Standardisierung von Methoden dar, die auf der AMF-Kolonisierung basieren, und 
unterstreichen die derzeitige Unzulänglichkeit der ERA von PSM in der Europäischen Union 
zum Schutz dieser Gruppe von Mikroorganismen in terrestrischen Systemen. 
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1.2.3 AMF Classification and Biogeography 

Currently, four established orders are recognized: Glomerales, Archaeosporales, 
Paraglomerales, and Diversisporales8. Although AMF have global distribution, some species are 
known to be cosmopolitan, while others are not (Öpik et al., 2006, 2010; Davison et al., 2015; 
Sturmer et al., 2018). In this section, our goal was to report global occurrence of most 
frequently recorded species in Databases and Web Sites that compile studies about AMF 
occurrence. This is important to help selecting potential test species for the project. 

1.2.3.1 Global occurrence 

Occurrence of AMF species is reported based both on morphology and molecular data. First, a 
database regarding morphological records of mycorrhizal associations (PlutoF) was used as 
data source (Abarenkov et al., 2010). This database compiles information published worldwide 
regarding several types of mycorrhizae and allows evaluation of biogeographical distribution 
based on several parameters such as location, year of occurrence and basis of record. A total of 
113 601 AMF records were found, distributed among 4 taxa and 1 unknown order (Figure 2). 

 

Figure 2: Percentage of AMF species distributed in Glomerales, Archaeosporales, 
Paraglomerales, Diversisporales or unknown order.  

  
Data obtained from PlutoF database, April 2021 (Abarenkov et al., 2010). Source: own illustration, UFSC. 

Secondly, a search was performed to rank the most reported groups of AMF worldwide based 
on their occurrence, and selected the 20 most frequent species. In addition, we included data 
obtained from 3 other databases: MaarjAM (Öpik et al., 2010), Stürmer et al. (2018), Fungal 
Traits (Põlme et al., 2021) and NCBI website. MaarjAM´s database includes 44 545 
Glomeromycetes sequences: 39 255 from Glomerales, 5 273 from Diversisporales, 1 492 from 
Archaeosporales, and 1 110 from Paraglomerales. Although NCBI contains mostly sequencing 

 

8 http://www.amf-phylogeny.com/ 

http://www.amf-phylogeny.com/
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1.2.3.2 Worldwide distribution 

We searched for evidence of cosmopolitan distribution of the top five species highlighted in 
bold on Table 2. In a first approach, records from Stürmer et al. (2018) were used, which 
compiled a database with 7 105 records from 1960 to 2012. Among 4 orders, Diversisporales 
and Glomerales were the most frequent in all continents, countries, climatic zones, and biomes 
considered. This aspect corroborates global occurrence data from section 1.2.3.1. It is 
important to emphasize that some regions (e.g. in Africa and Asia) are less studied compared 
to the well-studied areas across Europe and America. 

Among the 5 top species presented in Table 2, only Rhizophagus irregularis is not considered 
cosmopolitan (Stürmer et al. 2018). This species has been recorded only in non-contiguous 
countries from Europe, Asia and Africa, and therefore considered to have disjunct distribution. 
All other 4 species have been reported through the 5 continents (Stürmer et al., 2018) and, 
therefore, are classified as cosmopolitan.  

In a second approach, all data from databases of Stürmer et al. (2018), PlutoF, MaarjAM, and 
FungalTraits were collected. All entries that contained information about country of origin or 
geographic coordinates were used, in order to build distribution maps. Entries with no 
information about the country or coordinates pointing to ocean locations (a mistake from the 
database itself), were excluded from the dataset. 

Distribution maps were built for the 5 top-ranked AMF species, with data from single 
databases or all of them combined. 

 

Gigaspora margarita 

Data on Gigaspora margarita global distribution are presented in Figure 3 and Appendix A.1. 

Figure 3: Global frequency of occurrence of Gigaspora margarita by continent, considering 
data from 4 databases combined: MaarjAM (Öpik et al., 2010), Stürmer et al. 
(2018), PlutoF (Abarenkov et al., 2010), and FungalTraits (Põlme et al., 2021). 
Numbers within each continent represent the total number of entries recorded. 

 
Source: own illustration, UFSC. 
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Rhizophagus intraradices 

Data on Rhizophagus intraradices global distribution are presented in Figure 4 and Appendix 
A.2. 

Figure 4: Global frequency of occurrence of Rhizophagus intraradices by continent, 
considering data from 4 databases combined: MaarjAM (Öpik et al., 2010), 
Stürmer et al. (2018), PlutoF (Abarenkov et al., 2010), and FungalTraits (Põlme et 
al., 2021). Numbers within each continent represent the total number of entries 
recorded. 

 
Source: own illustration, UFSC. 

 

Rhizophagus irregularis 

Data on Rhizophagus irregularis global distribution are presented in Figure 5 and Appendix 
A.3. 

Figure 5: Global frequency of occurrence of Rhizophagus irregularis by continent, 
considering data from 4 databases combined: MaarjAM (Öpik et al., 2010), 
Stürmer et al. (2018), PlutoF (Abarenkov et al., 2010), and FungalTraits (Põlme et 
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al., 2021). Numbers within each continent represent the total number of entries 
recorded. 

 
Source: own illustration, UFSC. 

 

Rhizophagus clarus 

Data on Rhizophagus clarus global distribution are presented in Figure 6 and Appendix A.4. 

Figure 6: Global frequency of occurrence of Rhizophagus clarus by continent, considering 
data from 4 databases combined: MaarjAM (Öpik et al., 2010), Stürmer et al. 
(2018), PlutoF (Abarenkov et al., 2010) and FungalTraits (Põlme et al., 2021). 
Numbers within each continent represent the total number of entries recorded. 

 
Source: own illustration, UFSC. 

 

Funneliformis mosseae 

Data on Funneliformis mosseae global distribution are presented in Figure 7 and Appendix A.5. 
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Figure 7: Global frequency of occurrence of Funneliformis mosseae by continent, 
considering data from 4 databases combined: MaarjAM (Öpik et al., 2010), 
Stürmer et al. (2018), PlutoF (Abarenkov et al., 2010), and FungalTraits (Põlme et 
al., 2021). Numbers within each continent represent the total number of entries 
recorded. 

 
Source: own illustration, UFSC. 

Overall, the 5 AMF species reported in section 1.2.3 seem to be the most promising candidates 
to be test species in laboratory tests, given their high frequency of occurrence and global 
distribution. 

 

1.2.4 Availability of AMF species in culture collections and inoculum storage 

A fundamental criterion to select a particular test species for ecotoxicological tests is the 
availability of AMF species at culture collections worldwide. This is mandatory for laboratories 
to purchase inoculum and then multiply these fungi at their own facilities.  

We used information from the following culture collections (Table 3): 

1. BEG: The International Bank of Glomeromycota, located in Dijon - France. Information can 
be checked at: https://www.i-beg.eu/  

2. INVAM: International Culture Collection of (Vesicular) Arbuscular Mycorrhizal Fungi, 
located in West Virginia – United States. Information can be checked at: 
https://invam.wvu.edu/    

3. CICG: Coleção Internacional de Cultura de Glomeromycota, located in Santa Catarina – 
Brasil. Information can be checked at: https://sites.google.com/site/cicgfma/home   

4. GINCO: Glomeromycota In vitro Collection, located in Belgium. Information can be checked 
at: https://www.mycorrhiza.be/ginco-bel/index.php   

5. CMCC: Centre for Mycorrhizal Culture Collection, located in India. Information can be 
checked at: http://mycorrhizae.org.in/cmcc/prod_res.php   

6. SAF: Swiss culture collection of Arbuscular Mycorrhizal Fungi, located in Switzlerland. 
Information can be checked at: 
https://www.agroscope.admin.ch/agroscope/en/home/topics/environment-
resources/soil-bodies-water-nutrients/swiss-collection-of-arbuscular-mycorrhizal-
fungi.html.   


