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Abstract: Correctly assessing the performance and threats of microorganisms in agricultural soils – 
identifying meaningful endpoints under field-relevant pesticide, biocide and pharmaceutical 
exposure  

The MlCROSOIL project aimed to identify meaningful endpoints for assessing effects on 
microorganisms exposed to chemicals in agricultural soils.  

In the actual risk assessment for plant protection products (PPP), the soil microbial communities 
and their ecosystem services are considered not to be at risk if the maximum predicted 
environmental concentration causes no more than a 25% effect on N-transformation (OECD 
216) at least after 100 days. A literature review idendified five methods considered to be most 
suitable to replace or supplement the currently used OECD 216 tests: potential nitrification (ISO 
15685), substrate induced respiration using MicroRespTM, enzymatic activity (ISO 20130), spore 
germination of arbuscular mycorrhiza fungi (AMF) (ISO 10832) and the fingerprinting method 
ARISA. For comparison, these methods were experimentally tested in the laboratory with six 
test substances in three different soils. Based on the results obtained in MICROSOIL and 
considering the recommendations of EFSA PPR panel (2017), it is advised to enhance the first-
tier risk assessment by an additional test on bacterial function (ISO 20130, enzymatic activity) 
and a structural test covering effects on AMF. A fingerprinting method to assess effects on the 
community structure is also recommended, but needs further research before implantation in 
the regulatory practice. 

Single-species toxicity tests with microorganisms play an important role during the ERA of 
antibiotics (Brandt et al. 2015). While the EUCAST database provides data on minimum 
inhibitory concentrations (MIC) for clinical bacteria, similar information for soil bacteria is 
lacking. Therefore, within MICROSOIL, MICs were determined for four soil-relevant bacteria 
strains. For the four antibiotics tested, no systematic difference between MICs for the tested soil 
and clinical strains (from the EUCAST database) was found. For three of the four antibiotics 
tested, the soil bacteria showed a similar sensitivity than the clinical strains. Only in one case, 
Chlortetracyline hydrochlorine, the MIC of the soil bacterium Acidovorax facilis was lower than 
all MICs of tested clinical strains. Due to missing data for organic carbon-water partition co-
efficient (KOC) or soil predicted environmental concentration (PECsoil), risk quotients could not 
be calculated except for tiamulin hydrogen fumarate. For this antibiotic, the MIC indicated a 
higher risk than the standard ecotoxicological tests (risk quotient > 100). Thus, current risk 
assessment for veterinary pharmaceuticals might not cover the development of antibiotic 
resistance in environmentally relevant soil bacteria. 

The degradability of PPPs in soil is currently estimated in laboratory tests (OECD Test Guideline 
307) with standardised soils and one maximum application rate. However, agricultural used 
soils are exposed to multiple chemicals. Within one growing season, several PPPs are applied 
which may include more than one active substance, but the occurrence of multiple residues in 
agricultural used soils is not reflected by the current risk assessment schemes for PPPs or other 
chemicals. Thus, it was analysed whether multiple applications of one substance, binary 
mixtures and background contamination affect the degradation time in soils using the active 
substances, pyraclostrobin and ethofumesate in the representative standard soils, RefeSol 02A 
and LUFA 2.1. Multiple applications of the same substance as well as the presence of another 
substance in soil may have both positive and negative effects on the degradation rate of the test 
substances. However, a negative impact on the degradation rate was shown for ethofumesate 
when applied to a soil where a second substance (here: pyraclostrobin) was already present. 
The results indicate that further research on multiple exposure is necessary to consider more 
realistic use patterns and agricultural practices.  
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The MICROSOIL project underlines the necessity of the European commission’s mandate to 
update the Guidance document on terrestrial ecotoxicology (EFSA, 2025) and provides detailed 
recommendations how to update this guidance document.  

Kurzbeschreibung: Korrekte Bewertung der Leistung und Gefährdung von Mikroorganismen in 
landwirtschaftlichen Böden - Ermittlung aussagekräftiger Endpunkte bei feldrelevanter Pestizid-, 
Biozid- und Arzneimittelexposition  

Ziel des Projektes MlCROSOIL war es aussagekräftige Endpunkte für die Bewertung der 
Auswirkungen von Pflanzenschutzmitteln (PSM), Tierarzneimitteln und Bioziden auf 
Mikroorganismen in landwirtschalftlichen Böden zu identifizieren.  

Bei der aktuellen Risikobewertung für Pflanzenschutzmittel (PSM) wird davon ausgegangen, 
dass die mikrobiellen Gemeinschaften im Boden und ihre Ökosystemleistungen nicht gefährdet 
sind, wenn die vorhergesagte Höchstkonzentration in der Umwelt zumindest nach 100 Tagen 
nicht mehr als 25 % der Stickstoff (N)-Transformation (OECD 216) beeinträchtigt. Auf Basis 
einer Literaturrecherche in Kombination mit einem Bewertungsschema wurden fünf Methoden 
identifiziert, die sich am Besten eignen könnten, um den momentan verwendeten OECD 216-
Tests zu ersetzen oder zu ergänzen: potenzielle Nitrifikation (ISO 15685), substratinduzierte 
Atmung mit MicroRespTM, enzymatische Aktivität (ISO 20130), Sporenkeimung von 
arbuskulären Mykorrhizapilzen (AMF) (ISO 10832) und die Fingerprinting-Methode ARISA. Zum 
Vergleich der Empfindlichkeit wurden diese Methoden auf sechs Testsubstanzen in drei Böden 
getestet. Auf der Grundlage der MICROSOIL Ergebnisse und unter Berücksichtigung von EFSA 
PPR panel (2017) wird empfohlen, die Risikobewertung der ersten Stufe um einen zusätzlichen 
Test zur Funktion der Bakterien (ISO 20130, enzymatische Aktivität) und einen strutkurellen 
Test zu den Auswirkungen auf AMF zu erweitern. Eine Fingerprinting-Methode zur Bewertung 
der Auswirkungen auf die Struktur der Lebensgemeinschaften wird ebenfalls empfohlen, muss 
aber vor der Einführung in die Regulierung von Chemikalien weiter erforscht werden. 

Tests zur Toxizität einzelner Spezies mit Mikroorganismen spielen bei der Risikobewertung von 
Antibiotika eine wichtige Rolle (Brandt et al. 2015). Während die EUCAST-Datenbank Daten zu 
minimalen Hemmkonzentrationen (MHK) für klinische Bakterien liefert, fehlen ähnliche 
Informationen für Bodenbakterien. Daher wurden im Rahmen von MICROSOIL die MHKs für vier 
bodenrelevante Bakterienstämme bestimmt. Für drei der vier getesteten Antibiotika wurde kein 
systematischer Unterschied zwischen den MHKs für die getesteten Boden- und klinischen 
Stämme (aus der EUCAST-Datenbank) festgestellt. Nur in einem Fall, 
Chlortetracylinhydrochlorin, war die MHK eines Bodenbakteriums (Acidovorax facilis) niedriger 
als alle MHKs der klinischen Stämme. Aufgrund sonst fehlender Daten zur Exposition konnte nur 
für Tiamulinhydrogenfumarat ein Risikoquotient (RQ) bestimmt werden. Hier wurde ein 
höheres Risiko der MHK als durch die ökotoxikologischen Standardtests angezeigt. Die 
derzeitige Risikobewertung für Tierarzneimittel deckt also möglicherweise die Entwicklung von 
Antibiotikaresistenzen in umweltrelevanten Bodenbakterien nicht ab. 

Die Abbaubarkeit von PSM wird routinemäßig in Laborstudien mit standardisierten Böden und 
einer maximalen Aufwandmenge bestimmt (OECD 307). Innerhalb einer Vegetationsperiode 
können aber mehrere PSM aufgebracht werden, die auch mehre Wirkstoffe enthalten können. 
Dies wird jedoch in der aktuellen Risikobewertung von Chemikalien nicht berücksichtigt. 
Anhand der Testung von Pyraclostrobin und Ethofumesat bei Nutzung von repräsentativen 
Standardböden (RefeSol 02A und LUFA 2.1) wurde untersucht, ob Mehrfachanwendungen eines 
Wirkstoffes, eines binären Gemisches und auch Hintergrundkontaminationen die Abbaubarkeit 
im Boden beeinflussen. Mehrfache Applikation derselben Substanz sowie das Vorhandensein 
einer anderen Substanz im Boden hatten sowohl positive als auch negative Auswirkungen auf 
die Abbaugeschwindigkeit der Testsubstanzen. Eine negative Auswirkung auf die 
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Abbaugeschwindigkeit wurde beispielsweise für Ethofumesat nachgewiesen, wenn es auf einen 
Boden aufgebracht wurde, in dem bereits Pyraclostrobin vorhanden war. Die Ergebnisse deuten 
darauf hin, dass weitere Untersuchungen zur Mehrfachexposition erforderlich sind, um 
realistischere Anwendungsmuster und landwirtschaftliche Praktiken zu berücksichtigen.  

Das MICROSOIL Projekt unterstreicht die Notwendigkeit des Auftrags der Europäischen 
Kommission, den Leitfaden zur terrestrischen Ökotoxikologie zu aktualisieren (EFSA, 2025) und 
gibt konkrete Empfehlungen wie dieser Leitfaden aktualisiert werden sollte. 
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The project included 7 different work packages (Figure 1). In work package 1 a literature review 
was conducted, resulting in proposals for test methods, which were then analysed in work 
package 2. Work package 3 examined antibiotic resistance, while work package 4 focussed on 
the effect of multiple applications and background concentrations on the degradation 
performance of soil microorganisms. Finally, work package 5 summarised the data to enable an 
integrative analysis. Work packages 6 and 7 involved organisational work. 

Figure 1: Project structure of the MICROSOIL project. 

 
Source: own illustration, Fraunhofer IME 

This report is structured into three main chapters: 

► Chapter 2: Function and structure of soil microorganisms.  
Six chemicals were tested in three soils using six different methods (Table 1) to evaluate 
whether the current assessment based on the OECD test 216 on N-transformation should 
be replaced or supplemented. The focus is on ecological risk assessment for plant 
protection products but the results are also relevant for other regulations. 

► Chapter 3: Antibiotic resistance 
Four antibiotics and two other chemicals (a disinfectant and a heavy metal, (Table 1)) were 
tested on antibiotic resistance building in soils using four typical soil bacteria strains in 
contrast to the typically tested clinically relevant strains. Thus, the background is risk 
assessment for human and animal health.  

► Chapter 4: Degradation performance of soil microorganisms 
Effects of multiple applications, a second chemical stressor and of background 
contamination of agricultural soil were tested. Results may affect the calculation of 
Predicted Environmental Concentrations in Soil (PECsoil) if they would indicate higher 
background levels due to slower biodegradation. 

The final Chapter 5 summarizes results and provides recommendations for improving risk 
assessments. 
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Table 1: Overview on tests items and soils tested with different methods within the project. 

Test item Application Microbial 
function and 
structure  
(OECD 216,  
ISO 15685, 
MicroResp,  
ISO 20130, 
ARISA) 
 
in 
RefeSol 02A, 
RefeSol 04A  
LUFA 2.1 
 
Chapter 2 

Mycorrhiza 
germination 
ISO 10832 
 
 
 
 
 
 
in 
RefeSol 02A 
 
 
 
Chapter 2 

Antibiotic 
resistance 
using  
4 bacterial 
strains 
 
 
 
 
 
 
 
 
 
Chapter 3 

Degradation 
OECD 307 
(modified) 
 
 
 
 
 
 
in 
RefeSol 02A 
LUFA 2.1 
 
 
Chapter 4 

Propamocarb- 
hydrochloride  

Fungicide x X - - 

Pyraclostrobin Fungicide x x - Alone & with 
Ethofumesate 

Tebuconazole Fungicide x x - x 

Tiamulin 
hydrogen 
fumarate 

Antibiotic x x x - 

Ethofumesate Herbicide  x x - Alone & with 
Pyraclostrobin 

Didecyl-
dimethyl-
ammonium 
chloride 
(DDAC) 

Disinfectant x x - - 

Colistin sulfate Antibiotic  - - x - 

Neomycin 
sulfate 

Antibiotic  - - x - 

Chlortetracylin
e hydrochlorid  

Antibiotic - - x - 

Copper sulfate Fungicide, 
algicide, 
molluscicide 

- - x - 

TWEEN 20 
(Polysorbate 
20) 

Detergent - - x - 

 



TEXTE Correctly assessing the performance and threats of microorganisms in agricultural soils – identifying meaningful 
endpoints under field-relevant pesticide, biocide and pharmaceutical exposure  

57 

Costs per sample measurement and working hour of laboratory staff: Low costs result from 
personal with basic laboratory experience AND work load for test preparation (≤ 10 h) AND for 
determination per sampling day and calculation of results (≤ 10 h).  

Moderate costs result from personal with increased laboratory experience OR work load for test 
preparation (≥ 10 h) OR for determination per sampling day and calculation of results (≥ 10 h).  

High costs result from personal with increased laboratory experience AND work load for test 
preparation (≥ 10 h) AND for determination per sampling day and calculation of results (≥ 10 h).  

2.1.2.3 Replicability/Reproducibility 

 Green: Information on laboratory comparison or ring tests are available.  
Low variability based on the available data: ≤25% of the mean CV of the control replicates 
for the determined endpoint (e.g. expected for standardised ISO guidelines). 

 Yellow: Information on laboratory comparison or ring tests are available.  
Acceptable variability based on the available data: 26 - 40% of the mean CV of the control 
replicates for the determined endpoint (e.g. expected for standardised ISO guidelines). 

 Red: No information on laboratory comparison or ring tests available (e.g. expected for non-
standardised methods). 

Criteria for variability: To set a limit, data from ring tests of the ISO standard guidelines (ISO 
14240-2 (2011), ISO 17155 (2012), ISO 15685 (2012), ISO 20130 (2018) and ISO 18187 (2024)) 
were summarised. The mean value of the coefficient of variation and the respective standard 
deviation was calculated (Table 2). The coefficients of variation of the ISO 15685 ring test had a 
high variability and therefore, these values were not considered for possible limits.  

Methods with a mean coefficient of variation below or equal to 25% were considered as 
methods with a low variability. Methods with a mean coefficient of variation above 25 and up to 
40% were considered as methods with moderate variability.  

The threshold values were set based on the data available in the ISO guidelines (see Table 2), but 
were slightly adapted to receive standard values (i.e. 25% were used as threshold value instead 
of 26% to implement threshold for low variability). In addition, 46% were considered to be 
quite high and therefore, the upper threshold value for moderate variability was set to be at 
40% by expert judgement. 

Table 2: Available coefficients of variations [%] from single tests of ring tests conducted 
with five ISO standard guidelines for the assessment of soil quality. 

Soil microbial 
biomass – 
Fumigation 
extraction method 
(ISO 14240 -2) 

Abundance and 
activity of soil 
microflora using 
respiration curves 
(ISO 17155) 

Potential 
nitrification – 
Rapid test by 
ammonium 
oxidation (ISO 
15685) 

Measurement of 
enzyme activity 
patterns (ISO 
20130) 

Dehydrogenase 
activity of 
Arthrobacter 
globiformis (ISO 
18187) 

CV [%] 
of measured C 
concentration 

CV [%] 
of measured CO2 or 

O2 concentration 

CV [%] 
of measured NO2-
N/g concentration 

CV [%] 
calculated for each 
activity considering 
all laboratories and 

a single soil 

CV [%] 
calculated for 
inhibition of 

dehydrogenase 
activity 

21 66 84 17 10 22 8 

15 53 40 40 18 33 22 
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Table 3: Assessment of possible methods considered to be included in the testing strategy. 
Bold and blue: The method with the highest score in each of the assigned groups was highlighted.  

No. Method Endpoint Practicability Costs Replicability/ 
reproducibility 

Influence of  
soil type  

Relevance Final 
score 1 

Activity of aerobic (and anaerobic), heterotrophic microbial biomass 

Ref OECD 217 Carbon 
transformation 3 2 3 3 1 2.40  

(12) 

1 Biolog® 

Nutrient cycles or 
turnover of C-, N-, 

P- and/or S-
containing 
substrates 

3 3 2 2 2 2.40  
(12) 

2 MicroRespTM 

Nutrient cycles or 
turnover of C-, N-, 

P- and/or S-
containing 
substrates 

3 3 2 3 3 2.80  
(14) 

3 Fe(III)  
reduction test 

Soil microbial 
activity 2 2 1 3 3 2.20  

(11) 

Nitrifying and denitrifying bacteria 

Ref OECD 216 Nitrogen 
transformation 

3 2 3 3 2 2.60  
(13) 

4 ISO 15685 Ammonium-
oxidizing bacteria 

(AOB); 
Transformation of 

NH4 to NH2 

3 3 2 3 2 2.60  
(13) 
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Table 4: Possible modification of the assessment of methods for the testing strategy and the resulting score.  
The presented value is the total score divided by the number of parameters, while the value in brackets is the overall total score. 
Bold and blue: The method with the highest score in each of the assigned groups was highlighted.  

No. Method Endpoint Final score 
without 

weighting (as 
presented in 

Table 3) 

1st modification  
(Final score 
considering 
weighting 
factors)1 

2nd modification  
(Final score without 

weighting and 
neglecting 

reproducibility if no 
ring tests were 

available)2 

3rd modifications  
(Final score without 

weighting and neglecting 
reproducibility for all 

methods) 

4th modification  
(Final score with 

weighting and 
neglecting 

reproducibility for all 
methods) 

Activity of aerobic (and anaerobic), heterotrophic microbial biomass 

Ref OECD 217 Carbon transformation 2.40 (12) 2.29 (16) 2.40 (9) 2.25 (9) 2.17 (13) 

1 Biolog® 

Nutrient cycles or 
turnover of C-, N-, P- 
and/or S-containing 

substrates 

2.40 (12) 2.43 (17) 2.40 (12) 2.50 (10) 2.50 (15) 

2 MicroRespTM 

Nutrient cycles or 
turnover of C-, N-, P- 
and/or S-containing 

substrates 

2.80 (14) 2.86 (20) 2.80 (14) 3.00 (12) 3.00 (18) 

3 Fe(III)  
reduction test Soil microbial activity 2.20 (11) 2.29 (16) 2.50 (10) 2.50 (10) 2.50 (15) 

Nitrifying and denitrifying bacteria 

Ref OECD 216 Nitrogen transformation 2.60 (13) 2.57 (18) 2.60 (10) 2.50 (10) 2.50 (15) 

4 ISO 15685 

Ammonium-oxidizing 
bacteria (AOB); 

Transformation of NH4 to 
NH2 

2.60 (13) 2.57 (18) 2.60 (13) 2.75 (11) 2.67 (16) 
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Table 5:  Compilation of methodological characteristics of the proposed ecotoxicological 
tests to assess the effects of contaminants on soil microbial communities. In cases 
where no provision is made in the respective guideline, the recommendation is 
taken from the OECD216 or own expertise in this project. 

Parameter Nitrification - 
Ammonium 
oxidation, 
ISO 15685  

Respiration - 
Microbial 
activity, 
MicroResp 

Enzyme activity, 
ISO 20130 

Microbial 
community 
structure, 
ARISA 

Germination – 
AMF, 
ISO 10832 

Test objective Determination 
of inhibitory 
doses (IDx) for 
the inhibition of 
the 
transformation 
of NH4 to NO2- 
by ammonium-
oxidising 
bacteria 
(nitrification) 

Metabolically 
fingerprinting 
soil microbial 
communities  - 
no direct 
relation to 
testing of 
chemical 
contaminants 

Determination 
of adverse 
effects of toxic 
substances on 
hydrolase- 
activities in soils  

Characterization 
of bacterial (B-
ARISA) and 
fungal (F-ARISA) 
communities 
from different 
soil types - no 
direct relation to 
testing of 
chemical 
contaminants 

Determination 
of inhibitory 
concentration of 
toxic substances 
on spore 
germination of 
mycorrhiza-
fungus Glomus 
mosseae 

Functional group 
assessed 

Nitrifying 
bacteria 

Microbial community Arbuscular 
mycorrhizal 
fungi (AMF) 
e.g.; 
Funneliformis 
mosseae 

Measurement 
parameter 

NO2-formation Transformation 
to oxidised 
products of C-, 
N-, P-, and S-
containing 
substrates. 
Oxidised 
products 
formation (D-
(+)-Glucose, L-
Cysteine 
hydrochloride, 
L-Malic acid, y-
Amino butyric 
acid, N-Acetyl 
glucosamine, 
Citric acid, L-
Alanine) 

Oxidised 
product 
formation as 
extinction 
caused by para-
Nitrophenol, ß-
Naphthylamine, 
Ammonium-
chloride as 
reaction 
products 

Number of 
individual 
Operational 
Taxonomic Unit 
– OTU 
Peak area as a 
surrogate for 
abundance per 
OTU 

Proportion of 
number of 
germinated 
spores to total 
spore number 

Measurement 
unit  

ng NO2-N/g dw 
soil/h 

µg CO2-C | PO4-P 
| SO2-S | NO2-
N/g dw soil/h 

nmol/minute/g 
dw soil 

Number % 

Test duration [d] not defined not defined not defined not defined 14 

Test design Could be combined with one or a few of the other methods, e.g. similar to 
the design proposed in OECD test guidelines 216, 217 

Test on its own 

Measurement 
dates 

Following OECD 216: 0, 7, 14, 28, 
for PPP prolonged if effect >25% 

In this project: 
28 

14 
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Figure 2:  Regions according to FOCUS scenarios across EU28. 

 
Source: own illustration darwin statistics 

2.2.1 RefeSol and LUFA 2.1 soils 

IME RefeSols and LUFA soils are soils recognized by the German Environment Agency 
(Umweltbundesamt UBA) for application in test procedures according to the German Federal 
Soil Protection Act/Ordinance. On behalf of the UBA, the different RefeSol soil types were 
selected and tested by the Fraunhofer Institute for Molecular Biology and Applied Ecology IME 
(Fraunhofer IME) in cooperation with the Department of Physical Geography and Landscape 
Ecology, Hanover University. The focus was on the RefeSol soils 02A and 04A since they were 
proposed to perform ecotoxicological tests to describe the effects of chemicals on soil 
microorganism community structures and functions (results in chapter 2.4). Refesol 01A, 
originally proposed to be included in effect testing, was dismissed by the expert support of the 
project sponsor and replaced by LUFA 2.1 soil within this project. For the properties of the 
different soil types, see Table 6 and Table 7. 
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Table 6:  Soil type and properties of RefeSols (A= arable land, G=grassland) and LUFA 2.1. 
https://www.refesol.de/english/analysedaten.shtml, accessed 2021-06-16. 

RefeSol soil type properties 

01A  Dystric Cambisol sandy loam, medium acidic, very light humic 

02A  Stagnic Luvisol silt loam, sub-acidic, light humic 

03G  Eutric Cambisol silt loam, medium acidic, medium humic 

04A  Gley-Podsol loamy sand, medium acidic, medium humic 

05G  Gleyic Fluvisol loam, strongly acidic, strongly humic 

06A  Cambic Rendzina silty clay, very sub-acidic, medium humic 

Lufa 2.1 not known sand, strongly acidic, very light humic 
WP2 relies on RefeSol soils 02A and 04A and LUFA 2.1 soil. The Refesol soils 01-A, 03-G, 05-G, and 06-A are included in the 
table as they were originally proposed for WP2. 

Table 7:  Analysis Data (Average AV), https://www.refesol.de/english/analysedaten.shtml, 
accessed 2021-06-16. Blue cells: RefeSols foreseen for testing in the MICROSOIL 
project. 

RefeSol  Sand 
DIN 
[%] 

Sand 
USDA 
[%] 

Silt 
DIN 
[%] 

Silt 
USDA 
[%] 

Clay 
DIN 
[%] 

Clay 
USDA 
[%] 

pHCaCl2 
AV [%] 

Corg 
AV 

CECeff 
[mmolc/kg] 

WHC 
[g/kg] 

Ntotal 
AV 
[g/kg] 

01A  73.1 74.0 17.2 17.7 6.1 5.70 5.61 0.93 11.6 293 0.97 

02A  2.3 4.1 82.0 80.1 15.7 15.8 6.54 1.04 81.2 471 1.20 

03G  17.7 19.9 57.5 55.7 24.8 24.4 5.97 3.01 115.2 734 3.65 

04A  79.7 81.2 14.9 12.2 5.40 6.50 5.11 3.04 82.4 346 1.76 

05G  21.9 33.0 59.0 46.7 19.1 20.3 5.37 1.92 89.2 666 2.51 

06A  11.5 12.1 41.3 40.9 47.2 47.0 7.39 2.55 271.8 699 2.86 

LUFA 2.1 87.1 88.2 9.6 8.4 3.5 3.5 4.6 0.55 2.9 29.5 0.6 
WP2 relies on RefeSol soils 02A and 04A and LUFA 2.1 soil. The Refesol soils 01-A, 03-G, 05-G, and 06-A are included as they 
were originally proposed for WP2. 

2.2.2 Comparison between the range of soil characteristics across Europe and standard 
natural soils 

From Figure 3 and Figure 4, intervals of characteristic soil values under identifiable peaks of 
probability could be deduced and used for decision-making on the most relevant soils tested in 
our experiments. Figure 5 shows the absolute frequencies. For the present analyses, all data was 
filtered for agricultural soils first. Cation exchange capacity (CEC) is not implemented in the 
EFSA Spatial Dataset 1.0. The kernel density figures below indicate the most probable ranges of 
values for organic carbon contents and pH values. The area under the curve sums up to one, and 
the absolute values from the y-axis are of minor importance. Concrete probabilities must be 
computed from the density model for given ranges of values (e.g., the minimum and maximum 
organic carbon content of a set of RefeSols). Soil textures are given as categorical data and thus 
shown by their absolute frequencies per class. Analyses are based on about two Million raster 
cells. Figure 3 shows that those low values between 0.5 % and 6 % organic carbon content are 

https://www.refesol.de/english/analysedaten.shtml
https://www.refesol.de/boden01a.shtml
https://www.refesol.de/boden02a.shtml
https://www.refesol.de/boden03g.shtml
https://www.refesol.de/boden04a.shtml
https://www.refesol.de/boden05g.shtml
https://www.refesol.de/boden06a.shtml
https://www.refesol.de/english/analysedaten.shtml
https://www.refesol.de/boden01a.shtml
https://www.refesol.de/boden02a.shtml
https://www.refesol.de/boden03g.shtml
https://www.refesol.de/boden04a.shtml
https://www.refesol.de/boden05g.shtml
https://www.refesol.de/boden06a.shtml
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much more likely than any other higher range values due to the steep decrease of the density 
curve. 

Figure 3:  Organic carbon contents of agricultural soils in the EFSA Spatial Dataset 1.0 
database combined with OC values from RefeSol soils and LUFA 2.1. 

EFSA SPATIAL DATASET 1.0 values were generically converted by a factor of 0.58 from organic matter data because the 
maps of EFSA SPATIAL DATASET 1.0 (Hiederer 2012) were constructed vice versa with the factor of 1.72 from OC data, 
combined with organic carbon content from representative European soils. 

 
Blue-shaded area: range of OC-values obtained from RefeSols. The probability of observing an OC-value in the range of the 
RefeSols throughout Europe is 40 %. Source: Own illustration, darwin statistics  
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Figure 4 shows that European agricultural soils most often exhibit pH values acidic around pH 5 
and neutral around pH 7. 

Figure 4:  pH-values of European agricultural soils from the EFSA Spatial Dataset 1.0 database 
combined with pH-values from RefeSol soils and LUFA 2.1. 

 
Blue-shaded area: range of pH values obtained from RefeSols. The probability of observing a pH value in the range of the 
RefeSols throughout Europe is 56 %. 
Source: Own illustration, darwin statistics 

The textures of RefeSols 01-06 (summarized in Table 8) were classified accordingly to the EFSA 
SPATIAL DATASET 1.0. 

Figure 5:  EFSA SPATIAL DATASET 1.0 texture class data 

 
Source: Own illustration, darwin statistics  
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Table 8: Texture classes of RefeSol and LUFA soils according to EFSA SPATIAL DATASET 1.0 
texture class data. 

RefeSol Identification texture class 

01A Coarse 

02A  Medium fine 

03G  Medium 

04A  Coarse 

05G  Medium 

06A  Fine 

Lufa 2.1. Coarse 
WP2 relies on RefeSol soils 02A and 04A and LUFA 2.1 soil. The Refesol soils 01A, 03G, 05G, and 06A are included in the 
table as they were originally proposed for WP2. 

2.2.3 Representativity of RefeSol and LUFA soils in Europe 

Four RefeSol soils were initially considered for laboratory studies within the project. The 
analysis of the organic carbon values of European agriculturally used soils showed that the 
probability of encountering soils within the range of the RefeSols between 0.93 and 3.04 % Corg 
is approx. 40 %. The range of pH values of RefeSols between 5.11 and 7.39 occur with 56 % 
probability, as derived from the EFSA soil dataset. By far, the most frequent textures, coarse, 
medium, medium fine, and fine, are well covered by the RefeSols 01-04.  

It was concluded that the RefeSols cover the common soil characteristics of European soils very 
well, constituting a representative sub-sample of soils. With this, it was expected that the results 
of the studies within the project would be readily transferable to many different soil conditions 
throughout Europe. 

However, it was finally decided that even if the RefeSol soils cover the common soil 
characteristics of Europe very well, LUFA 2.1 is the reference soil commonly used in studies with 
a regulatory purpose and will be very likely focused in upcoming research activities of the 
contracting body, the German Federal Environment Agency. Therefore, RefeSol 01A soil was 
replaced by LUFA 2.1 soil. 

2.3 Material and methods 
The proposed test strategy included five methods to determine the effect of one herbicide, three 
fungicides, one biocide, and one veterinary pharmaceutical on soil microorganism communities' 
function and structure. The compilation of the selected tests was intended to provide a picture 
as accurate as possible of the effect on soil microorganisms in terms of structure and function of 
the microbial community (bacteria and fungi).  

2.3.1 Test substances 

The UBA provided a list of candidate test substances before a web conference in September 
2021. After a discussion at the web conference, the UBA made a final decision on the test 
substances. On October 15, 2021, the UBA provided a detailed list of information (e.g. Predicted 
Environmental Concentration (PEC) based on intended application rate(s), data on fate and 
effect studies) for the six chosen test substances ethofumesate, tebuconazole, propamocarb 
hydrochloride, pyraclostrobin, tiamulin hydrogen fumarate and didecyl-dimethylammonium 

https://www.refesol.de/boden01a.shtml
https://www.refesol.de/boden02a.shtml
https://www.refesol.de/boden03g.shtml
https://www.refesol.de/boden04a.shtml
https://www.refesol.de/boden05g.shtml
https://www.refesol.de/boden06a.shtml
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chloride. An overview of the purchased substances, their amounts, the costs and physico-
chemical properties are given in Table 9, Table 10, and Table 11. 

Table 9: General information on the purchased test substances. 

Test  
substance 

Category CAS  
number 

Producer Culture/ 
application 

Amount 
[mg] 

Costs 
[Eur] 

Propamocarb- 
hydrochloride  

Fungicide 25606-
41-1 

LGC 
Standards 

Salad, 
ornamental 
plants, 
potato 

100 58.9 

Pyraclostrobin Fungicide 175013-
18-0 

Merck Grain, potato 300 186.3 

Tebuconazole Fungicide 107534-
96-3 

LGC 
Standards 

Grain 1000 235.6 

Tiamulin hydrogen 
fumarate 

Antibiotic 55297-
96-6 

Merck Manure 500 146 

Ethofumesate Herbicide 26225-
79-6 

LGC 
Standards 

Turnip 1000 125.4 

Didecyl-
dimethylammonium 
chloride 

Quaternary 
ammonium 
compound 

7173-51-
5 

Honeywell Sewage 
sludge 

1000 258.48 

Table 10: Available information on the fate of the test substances to assess the suitability of 
the methods chosen for the test strategy. 

Test  
substance 

Soil relevant  
application 
rate 
[g a.s./ha] 

PECsoil1  
(initial max) 
[mg/kg] 

Log Kow Solubility in 
water 
[g/L] 

DT50/90 in 
soil 
[d] 

Propamocarb- 
hydrochloride  

1350 – 3032 1.69 – 3.88 -1.3 1005 DT50 = 22.3;  
DT90 < 100 

Pyraclostrobin 13.6 – 250 0.013 – 0.49 3.99 1.95 DT50 = 41.9;  
DT90 > 100 

Tebuconazole 150 0.185 3.7 0.032 DT50 = 39.92;  
DT90 > 100 

Tiamulin hydrogen 
fumarate 

No 
information; 
no agricultural 
use 

1.1 4.5 0.000000524 DT50 = 15.6;  
DT90 = 59.8 

Ethofumesate 799.2 1.04 2.7 0.05 DT50 = 21.6; 
DT90 = < 100 

Didecyl-
dimethylammonium 
chloride 

No 
information 

No 
information 

2.59 0.39 DT50 = 29.9; 
DT90 = < 78.7 

1 PECsoil values were calculated with the EU approach assuming a soil distribution of the substance within the upper 5 cm. 
2 These DT50 and DT90 values are results of a field study. 
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Table 11: Available information regarding the toxicity of the chosen test substances based on 
OECD 216 data (Data provided by UBA). 

Test  
item 

Test 
soil 

Test  
concentration 

Test  
duration  
[d] 

Inhibition on  
N-transformation  
(OECD TG 216)  
[%] 

PPP containing 
Propamocarb- 
hydrochloride 

Loamy to  
clayey sand  
(BBA type 2.3) 

216.6 kg a.s./ha  
equal to  
288.8 mg a.s./kg 
dw soil 

14 42.8 

28 -36.3 

56 -42.3 

90 -31.4 

Sandy  
loam 

216.6 kg a.s./ha  
equal to  
288.8 mg a.s./kg 
dw soil 

14 -24.7 

28 -33.2 

56 -30.5 

90 -15.8 

PPP containing 
Pyraclostrobin 

Loamy  
sand 

1.8 and 18 kg 
product/ha  
equal to  
2.4 and 24 mg 
product/kg dw soil  
(1x and 10x 
application rate) 

14 2.4 mg/kg: -52.7 
24 mg/kg: -76.0 

28 2.4 mg/kg: -21.0 
24 mg/kg: -37.3 

56 2.4 mg/kg: 5.9 
24 mg/kg: -4.4 

Loamy  
silt 

1.8 and 18 kg 
product/ha  
equal to  
2.4 and 24 mg 
product/kg dw soil  
(1x and 10x 
application rate) 

14 2.4 mg/kg: 1.7 
24 mg/kg: -6.1 

28 2.4 mg/kg: 1.2 
24 mg/kg: 3.7 

56 n.d. 

PPP containing 
Tebuconazole 

Silty  
sand 

0.625 and 6.25 kg 
a.s./ha  
equal to  
0.83 and 8.33 mg 
a.s./kg dw soil 
(1x and 10x 
application rate) 

7 0.83 mg/kg: 26.3 
8.33 mg/kg: -26.3 

14 0.83 mg/kg: -11.8 
8.33 mg/kg: -53.2 

28 0.83 mg/kg: -8.6 
8.33 mg/kg: -9.7 

Tiamulin hydrogen 
fumarate 

Sandy  
loam 

0.36 and 3.6 mg 
a.s./kg dw soil 
(1x and 10x 
application rate) 

28 0.36 mg/kg: n.d. 
3.6 mg/kg: 102 

90 0.36 mg/kg: 15.0 
3.6 mg/kg: n.d. 

Didecyl-
dimethylammoniu
m chloride 

Sandy  
loam 

No information 
available. Data was 
generated in a 
dose-response 
study with three 

5 10 and 100 mg/kg:  
No information 
available. 
1000 mg/kg: 
24.8 
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Test  
item 

Test 
soil 

Test  
concentration 

Test  
duration  
[d] 

Inhibition on  
N-transformation  
(OECD TG 216)  
[%] 

nominal 
concentrations and 
a spacing of 10 
between them. 

28 10 and 100 mg/kg:  
No information 
available. 
1000 mg/kg: 
<25 
EC50 = >1000 mg 
a.s./kg 

Low 
humic 
acid 

5 10, 100 and 1000 
mg/kg:  
No information 
available. 

28 10, 100 and 1000 
mg/kg:  
No information 
available. 
EC50 = >1000 mg 
a.s./kg 

Sandy  
loam 

No information 
available.  
Data was 
generated in a 
dose-response 
study with eight 
nominal 
concentrations 
ranging from 50 to 
3200 mg a.s./kg dw 
soil. 

28 EC50 = 135.6 mg 
a.s./kg 

Note 1: Negative effect values present a stimulation compared to the control treatment, while positive effect values 
indicate an inhibition compared to the control. 
Note 2: Effect values for propamocarb hydrochloride and tebuconazole were determined before the release of the official 
OECD 216 test guideline based on the BBA guidance VI 1-1, which in general is comparable to the OECD test guideline 216 
regarding the test performance and evaluation. 

Table 12: Available information regarding the toxicity of the chosen test substances based on 
OECD 217 data. 

Test  
item 

Test 
soil 

Test  
concentration 

Test  
duration  
[d] 

Inhibition on  
C-transformation  
(OECD TG 217)  
[%] 

Ethofumesate 

Light  
sandy  
loam 

1.4 and 7.0 kg a.s./ha  
equal to  
1.9 and 9.3 mg 
a.s./kg dw soil 
(1x and 5x 
application rate) 

7 1.9 mg/kg: -0.84 
9.3 mg/kg: -22.6 

14 1.9 mg/kg: -0.01 
9.3 mg/kg: -16.5 

28 1.9 mg/kg: 1.83 
9.3 mg/kg: -14.6 

1.4 and 7.0 kg a.s./ha  
equal to  

7 1.9 mg/kg: -72.4 
9.3 mg/kg: -35.5 
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Test  
item 

Test 
soil 

Test  
concentration 

Test  
duration  
[d] 

Inhibition on  
C-transformation  
(OECD TG 217)  
[%] 

Heavier  
clay  
loam 
 

1.9 and 9.3 mg 
a.s./kg dw soil 
(1x and 5x 
application rate) 

14 1.9 mg/kg: -33.2 
9.3 mg/kg: -16.9 

21 1.9 mg/kg: -41.1 
9.3 mg/kg: -21.9 

28 1.9 mg/kg: -33.6 
9.3 mg/kg: -19.8 

Note 1: Negative effect values present a stimulation compared to the control treatment, while positive effect values 
indicate an inhibition compared to the control. 
Note 2: Effect values were determined before the release of the official OECD 217 test guideline based on the BBA guidance 
type VI, which is generally comparable to the OECD test guideline 217 regarding the test performance and evaluation. 

2.3.2 Test soils 

Table 13 summarizes the most important physico-chemical properties of the test soils Lufa 2.1, 
RefeSol 04A and RefeSol 02A.  

Table 13:  Analysis Data of the RefeSol and Lufa soils used in the project.  

ID Soil  
type 

Attributes Sand 
[%] 

Silt 
[%] 

Clay 
[%] 

pHCaCl2 Corg 
[%] 

WHC 
[g/kg] 

Ntotal 
[g/kg] 

LUFA 
2.1 

- sand 87.5 8.7 3.9 4.7 <0.1 314 0.6 

02A Stagnic 
Luvisol 

silt loam, sub-acid, 
light humic 

2.30 82.0 15.7 6.5 1.04 471 1.2 

04A  Gley-
Podsol 

loamy sand, medium 
acid, medium humic 

79.7 14.9 5.40 5.1 3.04 346 1.8 

2.3.3 Application of test items into soil 

The test soil was adjusted to around 20 % of the maximum water holding capacity (WHCmax) for 
storage at 4°C. Three days prior to the test initiation, the soil was pre-incubated at 20°C. The 
water content was calculated gravimetrically (ISO 11465) with the Halogen Moisture Analyzer 
HC 103 (Mettler Toledo, Germany). 

Each test substance was applied via a carrier soil (air-dried test soil) into the test soil. For this, 
10 g of carrier soil, corresponding to 1% of the total amount of soil per treatment, was air-dried 
for at least 24 hours.  

For each control and treatment, three separate replicates were prepared. Acetonic stock 
solutions were prepared to contain appropriate amounts of the test substances to achieve 
maximum solubility. The same amount of acetone was used in all treatments, including the 
control. Appropriate volumes of the acetonic stock solution were added to the carrier soil. The 
solvent was allowed to evaporate for 1 hour, and the carrier soil containing the test substance 
was added to the test soil. The test soil (1 kg) was spread out on a tray, and the carrier soil was 
spread on top of the test soil. The soil was then carefully turned over with a trowel to receive a 
homogeneous mixture. Deionised water was added in several steps to achieve a final water-
holding capacity of 45%. After the test substance was applied, the test soil was incubated in an 
incubation chamber (Memmert Inkubationsschrank IPS 749, Memmert GmbH & Co KG, 
Schwabach) at 21°C in the dark. The mass in the test vessels was measured every two weeks. 
Evaporated water was replaced with deionized water. 

https://www.refesol.de/boden01a.shtml
https://www.refesol.de/boden04a.shtml
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2.3.4 Test concentrations 

The nominal test concentrations used in the tests with the six model test substances for the test 
soils (Lufa 2.1., RefeSol 04A and Refesol 02A) are summarized in Table 14.  

According to the OECD TG 216 and 217, at least two concentrations must be tested. The lower 
concentration corresponds to the maximum amount expected to reach the soil under practical 
conditions (e.g. maximum PEC or application rate), and the higher concentrations should be a 
multiple (five- or ten-fold) of the lower concentration. In addition, care was taken to ensure that 
the test concentrations were comparable with those from the OECD 216/OECD 217 data 
provided by UBA.  

For the testing of ethofumesate, tebuconazole, pyraclostrobin, propamocarb hydrochloride, 
tiamulin hydrogen fumarate and DDAC we investigated three test concentrations. We 
considered the test concentrations on which the results of the UBA data were based which were 
1x and 5x or 1x and 10x the maximum PEC or application rate. With the third concentration the 
test range of 1x, 5x and 10x was completed. Tiamulin hydrogen fumarate was tested slightly 
higher (20x PEC or application rate) in addition to concentrations reflecting the application rate 
and 10x the application rate, since the provided data showed only stimulations at the used test 
concentrations. For DDAC no data regarding the application rate was available and therefore 
based on the data of dose response tests the nominal test concentrations were chosen as 
outlined in Table 14.  

While three concentrations were used for the tests in Lufa 2.1. and RefeSol 02A, for the tests 
with RefeSol 04A additionally a 4th test concentration was added to get better information on 
concentration response. Note that in preference of testing a large number of combinations of 
test items, soils and methods, none of the tests was conducted with the minimal design 
recommended for regression analysis (at least five test concentrations). 

Table 14: Test concentrations used for the studies (OECD 216/OECD 217) provided by UBA 
and chosen for the tests conducted in this project. 

Test  
substance 

Test concentrations  
used in OECD 216/OECD 217  
(data provided by UBA) 

Test concentrations used in this project1 
[mg a.s./kg dw soil] 

in tests with  
Lufa 2.1. and  
RefeSol 02A 

in tests with RefeSol 
04A 

Propamocarb- 
hydrochloride  

288.8 mg a.s./kg dw soil 
(100x application rate) 

3.0, 15 and 30 
(1x, 5x and 10x 
application rate) 

3, 15, 30 and 75 

Pyraclostrobin 
2.4 and 24 mg product/kg dw 
soil  
(1x and 10x application rate) 

3.0, 15 and 30 
(1x, 5x and 10x 
application rate) 

3.0, 15, 30 and 75  

Tebuconazol 0.83 and 8.33 mg a.s./kg dw soil 
(1x and 10x application rate) 

1.0, 5.0 and 10 
(1x, 5x and 10x 
application rate) 

1.0, 5.0, 10 and 50 

Tiamulin hydrogen 
fumarate 

0.36 and 3.6 mg a.s./kg dw soil 
(1x and 10x application rate) 

0.36, 3.6 and 7.2 
(1x, 10x and 20x 
application rate) 

0.36, 3.6, 7.2 and 14.4 

Ethofumesat 1.9 and 9.3 mg a.s./kg dw soil 
(1x and 5x application rate) 

2.0, 10 and 20 
(1x, 5x and 10x 
application rate)  

2.0, 10, 20 and 100 
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2.3.5.1 ISO 15685 

The first method of the test sequence performed was the ISO 15685:2012. This rapid test aims to 
determine the potential nitrification and inhibition of nitrification in soils. For each replicate of 
the three treatments and the control one replicate was prepared. Briefly 25 g dw soil were 
mixed with 100 mL of a solution containing diammonium sulfate. The test vessels were placed in 
an incubator (Infors HT Multitron Pro) and were incubated at 25°C while shaking at 150 
revolutions per minute (rpm). After two- and six-hours subsamples of 5 mL were taken from 
each replicate and mixed with 5 mL M KCl. The samples were centrifuged with 10.000 g for 5 
minutes. A colour reagent was added to the supernatant and absorbance was measured using an 
Epoch microplate spectrophotometer (BioTek, Germany) at 530 nm. Based on the measured 
absorbance and a calibration curve the potential nitrification rates were calculated following the 
instructions of the test guideline. 

2.3.5.2 MicroRespTM 

The MicroResp™ system was carried out using deionized water for estimating basal respiration. 
D-(+)-Glucose, L-Cysteine hydrochloride, L-Malic acid, y-Amino butyric acid, N-Acetyl 
glucosamine, Citric acid and L-Alanine were used as additional carbon source determining 
substrate-induced respiration. Briefly, around 11 g of test soil, depending on its water content, 
was added to a 96-well deepwell plate. 25 µL of substrate was added into each well. The 
deepwell plate was covered with a seal. A 96-well microplate containing agar mixed with cresol 
red as colour reagent was placed on top and the complete system was fixed with a clamp. 
Incubation took place at 25°C in the Thermo Scientific™ Heraeus BK 6160 incubator. Prior to 
incubation and after 6 hours incubation, the absorbance was measured at 570 nm using an 
Epoch microplate spectrophotometer (BioTek, Germany) and the quantity of evolved CO2 was 
calculated following the instructions as stated in the manual.  

2.3.5.3 ISO 20130 

The measurement of enzyme activity in accordance to ISO 20130 was determined using 
colorimetric substrates reflecting the hydrolase activity. Samples of 4 g dw were taken directly 
from the replicates and were suspended with 25 mL deionized water or buffer solution 
(arylamidase). A horizontal shaker (Laboshake LS 500, Gerhardt, Germany) was used for 10 
minutes to homogenize the samples. Subsamples were transferred into 96-well microtiter plates 
before adding enzyme specific substrates. The plates were placed in an incubator (Infors HT 
Multitron Pro). The reaction was stopped after respective reaction times with specific reagents. 
The investigated enzyme activity of phosphatase, ß-glucosidase, and arylsulfatase was measured 
through the degradation product Para-Nitrophenol, arylamidase by ß-naphthylamine and urease 
by ammonium chloride. 

2.3.5.4 ISO 10832 

For the performance of a spore germination test with Funneliformis mosseae in accordance to 
ISO 10832, it was necessary to establish a culture at the Fraunhofer IME, to implement the test 
system itself and to investigate the suitability of the test design as outlined in the ISO 10832 for 
artificial soil for natural soils as the RefeSol 02A, 04A and Lufa 2.1.  

The guideline mentions “Sporocarps of the fungus Funnelisformis mosseae, formerly known as 
Glomus mosseae, manufactured and distributed by BioRize, are an example of a suitable 
commercial product. “ However, BioRize could not be found as a supplier for spores or 
sporocarps. Therefore, the International Bank for Glomeromycota (IBG, https://www.i-beg.eu; 
Dijon, France) was contacted for spores. Technicians of the Fraunhofer IME were send for a 
training to learn how to handle spores, how to cultivate them and how to receive sufficient 

https://www.i-beg.eu/
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spores for testing. In this training, it became apparent during the discussion with the respective 
experts that the IBG would not be able to send sufficient spore materials for more than one test 
and that the recommendations of the ISO 10832 using 180 spores per concentration and control 
leading to a total of 1,260 spores for a single test will be impossible to achieve, which had to be 
considered for testing in the scope of the MICROSOIL project.  

In order to establish the germination test, a number of tests had to be carried out in advance. In 
the following chapter all used methods from parsley cultivation, spore harvest, test setup and 
evaluation are listed. For a better overview, the rough procedure of the test is shown in Figure 6. 

First a successful cultivation of F. mosseae with parsley as a host plant for a sufficient spore 
production was established. After validation of the symbiosis and spore production first pre-
tests could be performed. To improve the germination rate, the WHCmax and temperature were 
adapted. In a following pre-test the use of natural and artificial soils was evaluated. Hereafter, a 
suitable soil was chosen and the spore germination tests with selected substances were 
conducted. 

Figure 6: Overview of the procedure to establish the ISO 10832. 

Source: Own illustration, Fraunhofer IME 

2.3.5.4.1 Cultivation 

In a first step, a culture of the arbuscular mycorrhizal fungi Funneliformis mosseae, received from 
the IBG, was established at Fraunhofer IME. As a symbiotic plant partner parsley (single cut 3, 
Petroselium crispum, Kiepenkerl GmbH) was used. Parsley seeds were grown in cotton wool and 
afterwards incubated with the AMF to initiate symbiosis. 

Parsley seeds were soaked for one hour in a 3 % hydrogen peroxide (H2O2) solution while 
stirring to sterilize the seeds and washed afterwards under running deionized water. Soaking 
the seeds during sterilization has the advantage that the seeds can swell and thus germination 
can be promoted. In 6 jars (WECK, round-edged, 290 mL) the soaked seeds were evenly 
distributed on cotton wool (ISANA 100 % cotton) and moistened with deionized water. To 
ensure a humid climate and prevent desiccation, an inverted glass was placed on top to mimic 
greenhouse conditions. The three-week-old parsley plants were carefully removed from the 
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Figure 7  Spores in a hyphae net and different spore types. a) shows a net of hyphae with 
spores at different stages of proliferation in a 4x magnification; b) mature spores 
with left over after a 500 µm sieving; c) mature spores which are used for testing; 
d) juvenile spore in the left side and sporocarp in the right side; e) juvenile spore 
after root staining attached onto parsley roots. Black bar equals 200 µm. 

  

Source: Own illustration, Fraunhofer IME 

To evaluate if F. mosseae formed a symbiosis with parsley, a root staining was performed. For 
root staining, long roots were carefully separated from the plant with a spoon. Roots were 
washed with tap water and placed in a small glass vial with 10 mL of 10 % potassium hydroxide 
and boiled at 90 °C for about one hour. The incubation time depended on the degree of 
lignification of the root. Thin roots only need a shorter incubation time, while the incubation 
time for larger roots was longer. After washing with tap water, the roots were dried on a paper 
towel and were incubated for 5 min at 90 °C in 10 mL staining solution. Then roots were 
incubated for 25 min at room temperature in 8 % acetic acid solution. After washing the roots 
again in tap water, they were transferred directly to pure glycerol and analyzed via microscopy 
or stored at 4 °C for approximately 6 month or until colored out. The microscopic examination 
was carried out within three days. 

2.3.5.4.3 Spore germination test in accordance to ISO 10832 

Suitable spores (yellow, bright, no internal inclusions, intact shell) were selected under the 
binocular microscope and freed from adherent mycelium. These selected spores were kept in 
deionized water at 4 °C for a maximum of three days until testing. On the day of testing, 30 
spores were placed on a filter (nitrocellulose membrane filter, diameter 47 mm, porosity 0.45 
μm, white, 3 mm grid) using a 100 µL pipette. One spore at a time was placed in a square on the 
filter. Another with deionized water wetted filter was carefully placed on top of the wet filter 
with the spores. The resulting spore sandwich was placed in a slide frame (Alif Kunststofftechnik 
GmbH, hinged frame without glass, 5x5 cm/24x36 mm). A sterile petri dish (plastic, diameter 9 
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cm) was filled with 40 g dm soil with a maximum water holding capacity of 50 %, the spore 
sandwich was placed on top and covered with the remaining 40 g dm soil. The Petri dish was 
sealed with a Parafilm and incubated in the dark at 25.5 °C for 14 days. For a more detailed 
figure of the test setup see Figure 8. In total 6 replicates of a control and 2 concentrations per 
test substances were prepared. 

Figure 8: Schematic setup of the DIN ISO TS 10832:2009. 

 

Source: Own illustration created with BioRender.com, Fraunhofer IME 

After 14 days of incubation, the spore sandwiches were carefully removed from the petri dish 
and rinsed with deionized water, if necessary. It is important to keep the spore sandwiches 
horizontal at all times to avoid spore loss. The sandwiches were then incubated in 0.05 % trypan 
blue solution for 15 minutes to visualize hyphal growth/ germination. After rinsing and drying, 
the sandwiches were carefully opened and observed under a binocular microscope. The total 
number of spores recovered and the number of spores that germinated were recorded. 
According to the guideline a spore was considered germinated only if the hypha was at least five 
times larger than the spore diameter. The number of spores recovered and the number of spores 
germinated were expressed as a percentage, compared with the control sample, and a standard 
deviation was calculated. Following the ISO 10832, the validity criteria of the test are fulfilled if 
the average number of spores recovered is greater than or equal to 25 and the germination rate 
of the control sample is greater than 75 %. 
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Soil Number of 
spores used 

Number of 
spores 
recovered 

Recovery rate 
[%] 

Spores 
germinated > 5 
times the 
diameter 

Spores 
germinated ≤ 5 
times the 
diameter 

Artificial soil, 
benlate (7mg 
a.s./kg dw soil)1 

20 s 19 95.0 - - 

1 At one replicate (artificial soil benlate (7 mg a.s./kg dw soil), the filter was divided into two 
parts of which the 1st part contained mature spores and the 2nd part contained spores of 
sporocarbs. The treatment was chosen since soil was already prepared and no further test soil 
was available, however, during preparation of the spores it occurred that there were still 
sporocarbs available to be used within the test.  

Figure 9  Pre-test 1: Spores after 14 days of incubation and staining on a filter with a 3.1 mm 
grid. a) most of the spores were located near the edge of the filter b) yellow, 
mature spores and sporocarps. 

 

Source: Own illustration, Fraunhofer IME 

To check whether spores were still germinating after a longer incubation period, the spore 
sandwiches were put back into the soil after staining and counting and incubated at 24 °C for 
another 7 days.  

After 21 days of incubation at 24 °C, a total of 14 spores germinated (see Table 17). Only 4 of 
them had hyphae longer than five times the spore diameter and counted as valid. If benlate 
affected the spore germination it could not be assessed, since the overall germination rate was 
low.  

Table 17:  Results of the spore germination test 1 after 21 days of incubation at 24 °C. – 
means no germination could be detected. 

Soil Spores germinated and > 5 times 
the diameter 

Spores germinated and ≤ 5 times 
the diameter 

Artificial soil, control - - 

Artificial soil, control 10 3 





TEXTE Correctly assessing the performance and threats of microorganisms in agricultural soils – identifying meaningful 
endpoints under field-relevant pesticide, biocide and pharmaceutical exposure  

134 

A statistical analysis, e.g. testing on significant effect of the treatment or differences in the 
structure of the treated community compared to the control could not be conducted to the low 
number of samples (3 concentrations with 2 replicates each). Deviations between control and 
treatments were visually evaluated. 

2.4 Test results 
The following chapter includes the presentation of the test results with the six chosen test 
substances ethofumesate, tebuconazole, pyraclostrobin, propamocarb hydrochloride, tiamulin 
hydrogen fumarate and didecyl-dimethylammonium chloride in three soils and five test systems 
described in chapter 2.3.4. 

As outlined in chapter 2.3.5.4, the spore germination test with the AMF F. mosseae could not be 
performed with Lufa 2.1 and RefeSol 04A. Therefore, results for this test system are presented 
for RefeSol 02A only. The raw data on the spores introduced and the determined spore 
germination for the tests with the 6 test substances are presented in Table 152 to Table 158 in 
the Annex.  

The results of the OECD 216 limit test with the six substances in the three chosen soils (Lufa 2.1, 
RefeSol 02A, RefeSol 04A) are presented in the respective chapter of each test substance. The 
highest test concentration from the tests described in chapter 2.3.4. was used. In general, the 
observed results for the plant protection products differ from those of studies prepared for 
regulatory purposes, presented in chapter 2.3.1 (Table 11 and Table 12). However, it has to be 
noted that these studies were performed with formulations containing the active substance in 
the 90s, while the actual tests were performed with the sole active substance. It can, therefore, 
not be ruled out that formulation additives also caused effects with the formulations tested at 
that time. 

2.4.1 Ethofumesate 

2.4.1.1 Standard test results 

Ethofumesate affected the C-transformation (UBA data mentions CO2) of 15 to 23% between 
days 7 and 28 in a test with a light sandy loam. In a test with a heavier clay loam, effects were 
stronger, with 72% at the lower test concentration (1x application rate) and 35% at the higher 
test concentration (5x application rate) on day 7. Afterwards, the deviation from the control 
decreased slightly until day 14 to 33% and 17%, respectively, and remained stable until day 28 
(Table 12). Within the experimental work of this project, the herbicide ethofumesate affected 
the nitrogen transformation by more than 25% compared to the control only on day 14 in the 
test soil RefeSol 02A with stimulation of 33%, while there was no observable effect after 28 days 
exposure (Table 28). No relevant effect was observed in Lufa 2.1 (Table 22) and RefeSol 04A 
(Table 25).  

2.4.1.2 Lufa 2.1. 

The observed inhibitions of the AOB (ISO 15685), the substrate-induced respiration 
(MicroRespTM) and the enzymatic activity (ISO 20130) due to ethofumesate are presented in 
Table 22. 

2.4.1.2.1 Soil microbial function (ISO 15685, MicroRespTM, ISO 20130)  

The highest inhibition of the AOB (ISO 15685) of 24% was found at test initiation, again at the 
lowest test concentration. Since no data on the effects of ethofumesate at test initiation was 
available in the UBA data, a direct comparison was not possible. Afterwards, the AOB was not 
inhibited on days 14 and 28; therefore, the ISO 15685 was not performed on days 56 and 84.  
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In the tests with LUFA 2.1, a sandy soil, which should be more comparable with the light sandy 
loam, the MicroRespTM system on days 0, 14 and 28 showed, compared to the control treatment, 
no effect above 25% on the SIR using eight different substrates. Therefore, the MicroRespTM 
system was not further used on days 56 and 84.  

Using the ISO 20130, at test initiation in all ethofumesate treatments, the arylsulfatase activity 
was stimulated by 55 to 63% compared to the control. After 14 days, the arylsulfatase activity 
decreased by 10 to 22%. On day 14, the activity of the arylamidase increased without any 
concentration dependency by 133 to 192%. The urease activity was inhibited by 21 to 23%. At 
day 28, a concentration-dependent effect on the arylsulfatase was found, inhibited by 11 to 87%. 
This inhibition could not be confirmed by measurements at day 56. Here, the inhibition 
decreased to 11% up to a stimulation of 31%. However, on day 84, at the highest concentration 
of 20 mg a.s./kg dw soil, an inhibition of 40% was found. Neither of the other observed enzyme 
activities showed any adverse effect due to the ethofumesate on day 84. 

Table 22:  Effects of ethofumesate with application rates of 2, 10 and 20 mg a.s./kg soil dw in 
four test systems (ISO 15685, MicroRespTM, ISO 20130 and OECD 216) using Lufa 
2.1. as test soil. 

Test day Test system Test details Inhibition [%] 

2 mg/kg 10 mg/kg 20 mg/kg 

Test initiation 
D0 

ISO 15685 - 24 9 12 

MicroRespTM Deionized water -4 2 4 

D-(+)-Glucose 2 7 3 

L-Cysteine  
hydrochloride 

-5 -1 -6 

L-Malic acid 16 15 3 

y-Amino  
butyric acid 

-3 14 13 

N-Acetyl glucosamine -2 1 -2 

Citric acid 4 6 4 

L-Alanine -4 0 0 

ISO 20130 Phosphatase -4 13 8 

ß-Glucosidase  11 13 

Arylamidase -18 -17 -17 

Urease n. d. n. d. n. d. 

Arylsulfatase -63 -61 -55 

D14 ISO 15685 - 7 -6 9 

MicroRespTM Deionized water 5 -5 3 

D-(+)-Glucose -9 10 17 

L-Cysteine  
hydrochloride 

1 -5 3 
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In the tests with RefeSol 04A, the data neither on day 14 nor day 28 of the MicroRespTM system 
showed more than 25% effect on the basal respiration and the SIR at any of the chosen test 
concentrations for the used substrates. Therefore, the MicroRespTM system was not further used 
on days 56 and 84.  

The enzyme activity determined with the ISO 20130 appeared to be the most sensitive 
compared to the other two test systems. Ethofumesate increased the activity of the arylsulfatase 
and ß-glucosidase by more than 25%. Again, no concentration dependency could be observed. 
After 28 days of exposure, the activity of the phosphatase, arylsulfatase, urease and ß-
glucosidase was inhibited by more than 25% at least by one of the chosen test concentrations. 
However, the inhibition occurred mainly at the lowest test concentration of 2 mg a.s./kg dw soil. 
The urease was most affected, but there was no clear pattern with inhibitions of 57, 120 and 
30% at 2, 20 and 100 mg a.s./kg dw soil and a stimulation of 27% at 10 mg a.s./kg dw soil. Based 
on the results, it was decided that the test would be prolonged until day 56. Here, the 
arylsulfatase activity was inhibited by 45% at 10 mg a.s./kg dw soil, while the urease activity 
was inhibited by 43% at 2 mg a.s./kg dw soil and stimulated by 43% at 100 mg a.s./kg dw soil. 
After 84 days of exposure, the effect pattern again was different. No effect above 25% could be 
observed for ß-glucosidase and arylsulfatase, while the urease was inhibited by more than 25% 
at a test concentration of 20 mg a.s./kg dw soil, a concentration which was not affected at test 
termination and after 56 days, but after 28 days of exposure. 

Table 25:  Effects of ethofumesate with application rates of 2, 10, 20 and 100 mg/kg dw soil in 
four test systems (ISO 15685, MicroRespTM, ISO 20130 and OECD 216) using Refesol 
04A as test soil.  

Test day Test system Test details Inhibition [%] 

2 mg/kg 10 mg/kg 20 mg/kg 100 mg/kg 

D14 ISO 15685 - -21 -31 -28 -13 

MicroRespTM Deionized 
water 

-8 -8 -7 -12 

D-(+)-Glucose 5 4 -6 -9 

L-Cysteine  
hydrochloride 

9 6 4 -1 

L-Malic acid 11 8 9 2 

y-Amino  
butyric acid 

13 11 11 5 

N-Acetyl 
glucosamine 

15 14 15 9 

Citric acid 20 20 18 11 

L-Alanine 18 15 15 11 

ISO 20130 Phosphatase 20 9 -8 -19 

ß-Glucosidase -15 -64 -36 -48 

Arylsulfatase  -22 -23 -64 -9 

Arylamidase -23 2 -12 -4 

Urease -14 -15 -1 -13 
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was prolonged to observe the reliability of the data. After 84 days of exposure, again, the SIR was 
stimulated by more than 25% compared to the control for L-cysteine hydrochloride, L-malic 
acid, y-Amino butyric acid, N-acetyl glucosamine, citric acid and L-alanine. In most cases, the 
stimulation did not follow a concentration dependency.  

The enzyme activity of the arylsulfatase, ß-glucosidase and the urease, determined with the ISO 
20130, was not affected by more than 25% after 28 days of exposure. For the phosphatase, a 
complete inhibition was observed after 28 days of exposure, which decreased over time and 
after 84 days, no effect above 25% could be observed anymore. For the arylamidase, an effect 
was observed with the strongest effect (40% inhibition) at the lowest test concentration after 28 
days of exposure. The inhibition changed afterwards, with an inhibition ranging from 19 to 26% 
at the different test concentrations after 56 days and finally a slight concentration-response 
relationship after 84 days with inhibitions compared to the control of 17%, 25% and 28% at the 
three test concentrations, respectively.  

Table 28:  Effects of ethofumesate with application rates of 2, 10 and 20 mg/kg dw soil in four 
test systems (ISO 15685, MicroRespTM, ISO 20130 and OECD 216) using RefeSol 02A 
as test soil.  

Test day Test system Test details Inhibition [%] 

2 mg/kg 10 mg/kg 20 mg/kg 

D28 ISO 15685 - -4 -1 7 

MicroRespTM Deionized 
water 

-3 -5 3 

D-(+)-Glucose -30 -8 -18 

L-Cysteine  
hydrochloride 

-21 -8 -16 

L-Malic acid -87 -7 -74 

y-Amino  
butyric acid 

0 -8 10 

N-Acetyl 
glucosamine 

-16 -12 -5 

Citric acid -171 -39 -148 

L-Alanine -38 -35 -28 

ISO 20130 Phosphatase 100 100 100 

ß-Glucosidase 14 0 3 

Arylsulfatase 13 -4 4 

Arylamidase 40 -3 19 

Urease -11 5 5 

D56 MicroRespTM Deionized 
water 

1 -5 -2 

D-(+)-Glucose 2 -7 -2 



TEXTE Correctly assessing the performance and threats of microorganisms in agricultural soils – identifying meaningful 
endpoints under field-relevant pesticide, biocide and pharmaceutical exposure  

382 

 

B Appendix 2 - Exemplary testing of methods (work package 2) 

Table 152:  Results of the spore germination test with ethofumesate after 14 days of 
incubation at 25.5 °C and with a WHCmax of 50 %. Mean: arithmetic mean; Std.Dev.: 
standard deviation; CV: coefficient of variation 

Nominal 
concentration  
[mg a.s./kg dw 
soil] 

Replicate number Number of 
recovered spores 

Number of 
germinated spores 

Germination rate 
[%] 

0 1 30 29 96.7 
 

2 30 22 73.3 
 

3 30 28 93.3 
 

4 30 25 83.3 
 

5 29 28 96.6 
 

6 29 24 82.8 
   

Mean 87.7 
   

Std.Dev. 9.38 
   

CV [%] 10.7 

2 1 30 25 83.3 
 

2 29 26 89.7 
 

3 29 25 86.2 
 

4 29 23 79.3 
 

5 30 23 76.7 
 

6 30 23 76.7 
   

Mean 82.0 
   

Std.Dev. 5.33 
   

CV [%] 6.51 

   Inhibition [%] 7.92 

20 1 30 26 86.7 
 

2 30 24 80.0 
 

3 29 15 51.7 
 

4 30 23 76.7 
 

5 30 17 56.7 
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Nominal 
concentration  
[mg a.s./kg dw 
soil] 

Replicate number Number of 
recovered spores 

Number of 
germinated spores 

Germination rate 
[%] 

   
Std.Dev. 12.7 

   
CV [%] 19.9 

   Inhibition [%] 16.1 

300 1 27 20 74.1 
 

2 30 25 83.3 
 

3 29 18 62.1 
 

4 29 24 82.8 
 

5 29 25 86.2 
 

6 28 19 67.9 
   

Mean 76.0 
   

Std.Dev. 9.67 
   

CV [%] 12.7 

   Inhibition [%] 3.64 

Table 158:  Results of the 2nd spore germination test with DDAC after 14 days of incubation at 
25.5 °C and with a WHCmax of 50 %. Mean: arithmetic mean; Std.Dev.: standard 
deviation; CV: coefficient of variation 

Nominal 
concentration  
[mg a.s./kg dw 
soil] 

Replicate number Number of 
recovered spores 

Number of 
germinated spores 

Germination rate 
[%] 

0 1 29 24 82.8 
 

2 30 17 56.7 
 

3 30 22 73.3 
 

4 27 20 74.1 
 

5 30 15 50.0 
 

6 27 19 70.4 
   

Mean 67.9 
   

Std.Dev. 12.2 
   

CV [%] 17.9 


