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1 Summary 

Following recommendations of the 1st SETAC workshop on ñNon-target terrestrial plantsò 

and considering comments made during the 2nd SETAC workshop a literature review was 

performed to compare the sensitivity of endpoint groups, i.e. vegetative endpoints and 

reproductive endpoints of terrestrial plant species. The goal was to test the hypothesis that 

reproductive endpoints are generally more sensitive than the vegetative endpoints that are 

available from standard regulatory tests. Published literature and unpublished data 

generated for the registration of PPPs were searched for this review. An EFSA expert group 

recently produced a Scientific Opinion covering these topics (EFSA 2014) and the data on 

which their analysis was based were also assessed in this review.  

 

Material & Methods 

Formal literature searches were performed, papers with ERx-endpoints for non-target plant 

species were assessed and the endpoints included in a database. Based on an initial 

evaluation of published data, the substance species combinations for which reproductive 

endpoints were available were identified. For these combinations the database (including 

datasets from the species-sensitivity evaluations, and EU data ([DAR or Review endpoints])) 

was searched for the vegetative endpoints of matching test-substance - species 

combinations. The data available encompassed different growth types, generally grasses or 

shrubs, i.e. annual, biennial or perennial herbaceous plants, but also some woody plants. 

The data listed in the Appendix of EFSAôs Scientific Opinion (2014) were assessed in 

parallel in order to check whether using their database would lead to different results. Any 

data listed in the EFSA 2014 Scientific Opinion but until then not included, were also 

incorporated into our database. Further confounding factors such as testing conditions and 

test design were retrieved from the original papers where available. Some of the endpoints 

listed in in the EFSA 2014 Scientific Opinion were recalculated by the authors of the 

Scientific Opinion and not included in the original publication. In .these cases, both the 

original endpoint and the endpoint recalculated by the authors of the EFSA Scientific Opinion 

were included, but with the same experiment number1. Consequently for the comparison 

based on minima, the lowest endpoint was considered, while for assessments based on 

central estimates the geometric mean was selected (this applies not only to the EFSA 2014 

Scientific Opinion data but also to the whole database). 

 

 

 

                                                

1
 the experiment number is a unique number attributed to every experiment to prevent one experiment 

being considered twice or more, even if several endpoints of the same experiment were reported. 
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Evaluation 

Most of the papers generating reproductive endpoints also reported vegetative endpoints.  In 

a first step these data pairs were assessed visually, and quotients were calculated (dividing 

the vegetative by the reproductive endpoint), thus specifying if, in a given test, vegetative 

endpoints were lower (quotients <1) or higher (quotients >1) than the corresponding 

reproductive endpoints. At this stage there were often multiple observations for a given 

substance - species combination. In a second step, we aimed to consolidate data by 

generating average (geometric mean) or worst-case (minimum) descriptors for the sensitivity 

of the two parameters, so that just one quotient per endpoint type (ER10, ER25, ER50) and 

substance-species combination was obtained. This consolidation was performed in two 

steps; first by experiment (i.e. selecting either the lowest or the geometric mean of all 

endpoints reported, to obtain a single value for each physical experiment), and second by 

substance-species combination (again selecting the overall lowest or the geometric mean.), 

so that ultimately four combinations were obtained (see columns in Tables 8 to 28). In the 

EFSA 2014 Scientific Opinion just one set of endpoints is listed per substance-species 

combination; the authors do not discuss how they selected the one displayed out of any 

further endpoints if such were available. We have assumed, the authors of the EFSA 

Scientific Opinion chose always the lowest endpoint.  

Based on the results of a previous assessment2, (in which differences in sensitivity between 

greenhouse and field data were found to be less pronounced than expected), field and 

greenhouse data were considered together, i.e. based on minima the lowest reproductive 

endpoint was compared with the lowest vegetative endpoint, irrespective of whether it had 

been generated in a field study or in a lab/greenhouse study. Also, the huge variety of 

different reproductive parameters measured (e.g. number of inflorescences or flowers, 

number of pods, number or weight of seeds, germination success of the F1-generation3) 

were considered together at this stage. For the paired approach, all these were used both for 

a geometric mean and for a worst case (minimum) overall measure of toxicity.  

An aspect based on initial assessments considered to be important was the age/growth 

stage of the plant at application, and the subsequent duration of the observation until 

evaluation. In the initial assessment of data pairs generally matching endpoints were 

compared; effects on vegetative endpoints of mature plants with reproductive effects on 

mature plants. This approach thus answers the scientifically valid question of whether the 

physiological processes leading to vegetative growth and the more complex processes 

leading to reproduction are similarly susceptible to exposure to herbicides. This is also one 

of the question discussed in the EFSA Scientific Opinion (Appendix B). However, the more 

relevant question from a regulatory perspective is a different one, namely: how does the 

sensitivity of reproductive endpoints from mature plants relate to vegetative endpoints of 

                                                

2
 Christl 2017 

3
 We are aware that some of these endpoints are more and others less relevant, but the decision on 

which endpoints to consider and which not would inevitably include a judgemental aspect and lead to 
discussions in the course of any potential re-evaluation. However, we did exclude some reproduction-
related endpoints that are not relevant for a non-target plant population reproduction, such as even 
colouring of apples or marketability of cucumbers. 
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young plants? The latter are the endpoints always available for the risk assessment of 

herbicidal active substances, and the current discussion aims to answer the question of 

whether we miss a fundamental protection goal when we use only vegetative endpoints of 

young plants and not also reproductive endpoints which are inevitably from generally less 

sensitive mature plants. In other words, does regulating on the sensitivity of young plants 

also protect plants at an older, more mature stage, including their reproductive capabilities? 

To address this question, vegetative endpoints were differentiated by plant age and 

assigned to two categories: juvenile plants (i.e. all standard lab/greenhouse test data) or 

vegetative from older plants (generally assessed together with the reproductive endpoints). 

These two sets of vegetative endpoints were generally assessed separately. However, for 

some approaches, we merged all vegetative endpoints, so that vegetative and reproductive 

endpoints could be related no matter what age the plants were when the vegetative endpoint 

was determined.  

This paired approach was primarily based on numeric endpoints only. In parallel, 

assessments were also performed considering censored values (for details see Report). 

In addition the data were assessed by an independent evaluator (John W. Green, DuPont) 

applying different statistical methods. For these the original database was used. Green 

included also censored endpoints in his comparison of distributions. The main confounding 

factors that were included as explanatory variables were: substance/formulation tested; 

mode of action; the measured parameter (e.g. shoot height, biomass wet- or dry weight, 

number of seeds etc.); and effect level (i.e. ER10, ER25, ER50); the test species; higher 

taxon (e.g. family, monocot/dicot) and its óanthropinistic affiliationô (i.e. crop species/wild 

plant species); the test system (i.e. lab/field). Further confounding data were also 

considered; their subsequent analysis was however impeded by incomplete reporting in the 

published papers and this is therefore not included in the final statistical analysis.  The main 

analysis focussed on comparing vegetative endpoints of juvenile plants with reproductive 

endpoints. 

Results 

A total of 2873 datasets with vegetative endpoints of juvenile species are included, 1058 

listing vegetative endpoints of older plants and 1260 reproductive datasets. Because in 

some instances several effect levels could be retrieved, the numbers of endpoints are 

higher, and still higher if censored endpoints are also considered. A total of 94 herbicides4 

were included, but only for 39 active substances any reproductive endpoint was available, 

and even for these matching vegetative and reproductive endpoints (allowing calculation of 

quotients) were not always available. A total of 428 substance-species combinations 

appeared in the database, but only 65 of them included numeric reproductive data, 78 when 

including censored endpoints. In this abstract we focus on the assessment based on 

numeric endpoints (non-censored) only. 

                                                

4
 This includes a few mixture formulations for which vegetative and/or reproductive endpoints were 

available. 
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I. Comparing vegetative and reproductive endpoints by the same effect level 

The quotients obtained by dividing vegetative by reproductive endpoints by the same 

substance-species-combination (SSC, Tables 14 to 16) indicated clearly that differences 

were marginal, no matter which effect levels were compared and which consolidation types. 

Reproductive endpoints were generally lower than vegetative ones on juvenile plants by a 

factor only slightly greater than one (i.e. 1.11 ï 1.43). However, in three cases ratios were 

below 1 (range: 0.74 - 0.97), indicating that sometimes vegetative endpoints for juvenile 

plants were overall even slightly lower than the corresponding reproductive endpoints. All the 

mean quotients calculated for vegetative endpoints from mature plants and their 

corresponding reproductive endpoints were above 1 (range: 1.08 ï 1.76) (Tables 11 to 13). 

The quotients from the EFSA Scientific Opinion data alone are fundamentally consistent, 

being within the same range (1.43 and 1.67).  

II. Comparing different effect levels (ER50 with ER10 etc.) for the same parameter 

The quotients listed in Tables 17 to 19 indicate that ER50 were a factor of ca. 5 higher than 

the corresponding ER10 values, no matter which endpoint types they were based on 

(comparing like-with-like), varying between 4.20 and 5.74. The quotients calculated from the 

EFSA Scientific Opinion data alone were slightly higher (6.06 and 7.20) but again are fairly 

similar so fundamentally agree. This comparison thus shows that a change of the effect 

levels has a much larger impact on the overall conservatism than a change from vegetative 

to reproductive endpoints. Comparisons of ER25 and ER50 values (Table 20 to 22) resulted 

in lower overall quotients, as to be expected, ranging between 2.08 and 2.78 when based on 

numeric endpoints only.  

III. Simultaneous changes (steps I. and II.), as proposed in the EFSA Scientific Opinion 

The EFSA Panel proposed moving away from vegetative ER50 to reproductive ER10, i.e. 

changing both the endpoint type and effect level in one step, with the use of an extrapolation 

factor. Evaluating solely EFSA Scientific Opinion data the resulting overall quotient was 8.34. 

Based on the whole data set both steps in one would change the protection level by a factor 

of between 6.25 and 9.03 (see Tables 23, to 25): a range that includes the estimate based 

on EFSA-data alone (8.34) so, again, this is fundamentally in agreement with the present. 

However, in their Scientific Opinion [1] the EFSA Panel proposed a correction factor of 35 for 

both steps, claiming increased uncertainty that may require a higher correction factor (they 

used a 90th percentile). The current data analysis based on a comparison of 5420 numeric 

data points and 139 quotients (SSC*x) comparing reproductive ERx with vegetative ERx of 

juvenile plants does not support the need for such a correction factor.  

For completeness, we also assessed the average difference between vegetative ER50 and 

reproductive ER25., both for reasons of practicability and data robustness. Plant tests 

generally do not generate reliable and meaningful ER10 endpoints for a number of reasons, 

in particular due to their intrinsic variability, hence ER25. could be considered as an 

alternative. Comparing ER50 and ER25, quotients ranging from 2.10 to 3.69 were derived 

(Table 29). Comparing these quotients to those in the two rows immediately above and with 

those of the first set of comparisons (i.e. vegetative to reproductive endpoints), it is evident 
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that, where change of endpoint type and change of effect level are combined, by far the 

largest fraction of the total increase in conservatism is due to the change of the effect level, 

not due to the change from vegetative to reproductive endpoints.  

As example plots we display vegetative and reproductive data pairs on scatter plots, see 

figures in the text body below. When comparing vegetative and reproductive endpoints, all 

points scatter largely around the 1/1 ratio, further supporting that overall there is no 

indication for reproductive endpoints being distinctly lower than vegetative endpoints (e.g. 

Figures 6 to 9). In contrast, when comparing different effect levels, e.g. ER50 and ER10, 

point clouds are shifted upward-left, their average distance to the 1/1 ratio indicates the 

average difference between the two subsets of data (e.g. Figures 13 to 16). Such shifts (off 

the 1/1 ïratio) were also expected for the differences between vegetative and reproductive 

endpoints, but were not detected.  This further supports the conclusion that, overall, there is 

no indication that reproductive endpoints are distinctly lower than vegetative endpoints. 

In the Report matching figures and tables are presented also for evaluations including 

censored values. Obviously n is higher if these are included, but also the uncertainty of 

quotients based on them is larger. The resulting patterns and quotients were however quite 

similar and largely overlap the ranges of quotients and clouds of points displayed here. 

Hence the overall outcome is the same.  

Further assessments were performed at family level, and for individual modes of action. 

While there were individual families where extreme quotients (based on single or very few 

SSC) indicated that reproductive endpoints were much lower than vegetative endpoints, this 

was only true for individual cases, and it was mitigated by other substance-species 

combinations of the same family where reproductive endpoints were similar to vegetative 

endpoints. It was not possible to pinpoint any plant families that would require specific 

testing for reproductive endpoints.  

Analysis at the Mode of Action (MoA) level was considered useful to detect any MoA where 

reproductive endpoints were regularly lower than the vegetative counterparts. However there 

was no MoA that stood out in this respect. The substance-species combinations with 

extreme differences resulting in very high quotients belonged to Amino Acid Synthesis 

Inhibitors (AASI), Cell Membrane Disrupters (CMD) and Growth Regulators (GW). However, 

all these three modes of action also occurred with very low quotients. Therefore no individual 

MoA could be recommended for regular testing for reproductive endpoints. 

Last but not least, the coordinators considered when starting this project that by means of 

including much more data than available in EFSA 2014, and with a more detailed evaluation, 

increased confidence will have been achieved. A high number of endpoints will reduce the 

epistemic uncertainty.  

 

Further statistical analysis (comparison of distributions) 

The additional statistical analysis provided by John W. Green, DuPont found significant 

differences between vegetative and reproductive endpoints for certain combinations of mode 

of action and plant family, but again in both directions, and not consistently for all effect 
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levels. Overall this analysis did not show any conspicuous differences in sensitivity between 

vegetative and reproductive endpoints.  

All these comparisons of distributions are based on the species for which endpoints 

happened to have been reported. The results may thus be affected by chance: particularly 

sensitive plants could have been tested on vegetative endpoints but other ï less sensitive ï 

species of the same family on reproductive endpoints, or vice versa 5. Results must 

therefore be interpreted with care.  

Observations are most reliable when confirmed by the paired approach (see point 

3.1.above) where vegetative and reproductive endpoints were assessed for each substance-

species-combination.  

 

Discussion: 

The hypothesis that reproductive endpoints are generally distinctly lower than vegetative 

endpoints was not supported by the databases assessed here. This is in contrast to the 

perception conveyed by some of the studies included in the database, and also contrasts 

with the interpretation of the data in the EFSA Scientific Opinion. In this context it is maybe 

worth considering the potential for a two-fold bias: Firstly substance-species-combinations 

with already low vegetative endpoints are more likely to be tested also for reproductive 

endpoints than those with higher vegetative endpoints (i.e. the more sensitive ones are re-

tested). Secondly the trend in scientific publications to present results supporting the tested 

hypothesis (e.g. reproductive endpoints are lower than vegetative ones), while ñnullò results 

not supporting or even contradicting it are less likely to be publishable. This possible lack of 

publication of null results may be a major source of bias in the published literature, (e.g. 

Stirling 1959, SETAC Seminar, keynote and seminar, Nantes 2016, Zeegers 2016) but there 

seems to be no easily applicable remedy. It is up to the scientist to publish both inconclusive 

and negative data, although this is increasingly difficult as it is less appealing for peer-

reviewed journals. Therefore, in a database that is mainly built on published data, we have to 

consider that it may be biased by the absence of null results. From a regulatory or 

conservation perspective the bias is towards conservatism, i.e. would rather lead to a false 

positive than to a false negative. The databases compiled by the EFSA Panel and by us are 

useful for partially overcoming this bias, as they combine vegetative and reproductive data 

from different sources.  

Based on this initial evaluation and including all data available to date, reproductive 

endpoints were generally only slightly lower than vegetative endpoints for juvenile plants, i.e. 

the former were more sensitive by a factor of 0.74 to 1.43. However there were exceptions, 

in individual cases vegetative and reproductive endpoints were reported to differ by several 
                                                

5
 The analysis also cannot account for those species for which no effect was measured (publication 

bias). The only analysis possible was when information on both plant growth and plant reproduction 
was available. The data are also likely to be biased (skewed) towards sensitive species (species 
found to be insensitive anyway were less likely to be tested for reproductive endpoints. See 
discussion). 
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orders of magnitude. From information contained in the papers assessed it was not possible 

to explain these cases, neither there was sufficient evidence to exclude them as being not 

reliable. It must however be assumed that many of the more extreme differences between 

vegetative and reproductive endpoints (in both directions) might not stand up to experimental 

re-investigation.  

The proposed change of the effect level in the EFSA Scientific Opinion would have a much 

more pronounced impact on the conservatism of the risk assessment than the change from 

vegetative to reproductive endpoint. Unfortunately this proposal is scientifically questionable 

as the ER10,which is very difficult to measure given the natural variability and accuracy of 

plant testing, bears much more uncertainty (confidence intervals much wider) and is also 

more difficult to measure (given the natural variability and accuracy of plant testing) than an 

ER25 or ER50 which are more amenable to an accurate statistical analysis. We do not think 

that loss of stochastic certainty should be chosen due to change to a less suitable effect 

level for reasons of a modified level of protection.  

Last but not least, there is doubt that ER10 is ecologically relevant. There is ample evidence 

that reproductive success of typical edge-of-field species is extremely variable, depending 

on weather, timing and type of agricultural practice such as fertilisation, weeding, inter- and 

intraspecific competition. A reduction in reproductive success of only 10% would be hard to 

detect in the field, as it is well within the naturally occurring variability.  

Therefore, if there is a need for changing the level of protection in the risk assessment for 

terrestrial non-target plants, an additional assessment factor - while maintaining ER50 - or 

maybe moving to the ER25 would be more expedient than a move to an ER10 endpoint based 

on reproduction.  

 

Conclusions 

Based on two plant databases and the analysis of 5420 endpoints, expected clear 

differences between ER10 and ER50 values were detected, but hardly any between 

reproductive and vegetative endpoints.  

The use of reproductive endpoints as the basis for the risk assessment, instead of the 

currently used vegetative endpoints for juvenile plants, would not increase the margin of 

safety. In contrast, it would cause a multitude of problems (e.g. invalid or unacceptable data) 

due to increased complexity and also the absence of a standardised testing methodology.  

A move from ER50 to ER10 as a basis for the risk assessment would increase conservatism 

but also increase stochastic uncertainty as it is difficult to assess such small effects in plant 

testing. There is little evidence that ER10 endpoints are ecologically relevant for plants.  

The combined changes proposed by the EFSA panel would increase the conservatism of the 

standard risk assessment for herbicides in the EU by a factor of 6.3 ï 9.0, not by a factor of 

35, as indicated in the Scientific Opinion [1]. A move to the ER25 as basis for the risk 

assessment could utilise data generated to address US regulatory requirements, increase 

conservatism and avoid the uncertainty inherent to ER10. Undoubtedly using either the 
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vegetative ER50 or ER25 as basis for the risk assessment would offer a more robust risk 

assessment than a change to reproductive ER10. Reasonably adapted assessment factors 

may be more appropriate to address increase in conservatism than a change to ER10 values. 

Overall, based on vegetative and reproductive ER10, ER25 and ER50 endpoints and on the 

available data sets (vascular plants, largely annual, biennial or perennial herbaceous plants 

but also some trees), there were no consistent differences in sensitivity between vegetative 

and reproductive ecotoxicological endpoints when the same effect level is compared (e.g. 

ER50, ER25 or ER10). 
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2 Introduction  

Terrestrial non-target plants are one of the organism groups regularly tested in the process 

of approval of plant protection products (PPP). As defined in legislations (e.g. 1107-2009 

and American or European data requirements) and specified in the technical guidelines 

(OPPTS/OCSPP, OECD), the endpoints evaluated are exclusively vegetative endpoints at 

early sensitive stages. Reproductive endpoints could add additional information, but are 

never assessed for practical reasons. However, there are a number of recent publications 

investigating reproductive endpoints, and several authors conclude that reproductive 

endpoints may be fundamentally different than vegetative endpoints. Not testing them 

regularly might result in a considerable underestimation of the risk to non-target plant 

populations due to exposure to pesticides and in particular herbicides. In April 2014 a 

SETAC workshop on ñnon-target terrestrial plantsò was organised in Wageningen (The 

Netherlands). One of the recommendations of the workshop was to perform a literature 

review investigating whether reproductive endpoints (such as number of flowers, weight of 

seeds) might be generally more sensitive than the vegetative endpoints (such as shoot 

length and biomass) that are currently investigated, and hence whether the testing 

requirements for plant protection products are protective of non-target terrestrial plants. The 

Scope of work was further extended in the 2nd workshop also held in September 2015 in 

Wageningen.  Results and analyses of such literature review are presented in this report.  

This assessment was performed considering the SETAC tripartite principle of participants 

(members of business, Government and academia). Therefore the selection of the search 

criteria for this review as well as the review of this document were set and conducted by 

representatives from business, Government and academia. Initial results were presented at 

the 2nd SETAC workshop and the task modified and extended based on participantsô 

comments.  

In recent years there has been some investigation in the research hypothesis that 

reproductive endpoints might be significantly more sensitive, and many published papers 

conclude that there is some evidence for this hypothesis see e.g. Al-Khatib et al. 1992a, 

Bhatti et al. 1995, Davy et al. 2001, Olszyk et al. 2009, 2010; Pfleeger et al. 2008; also 

Fletcher et al. 1993, 1995, 1996; EFSA 2014, and many more). Researchers demonstrated 

that the reproductive yield of some herbaceous species may be as low as only 1% of control 

plants when growth was unaffected at rates that were fractions of 0.004-0.008 of the 

recommended field rate (Davy et al. 2001). These conclusions were, however, generally 

based on only few species and few active substances (e.g. Strandberg et al. 2012). Due to 

the lack of guidance the data reported are very heterogeneous, a variety of different 

reproductive experimental endpoints were assessed, and partly also compared with non-

standard vegetative endpoints, without being able to differentiate precisely between actual 

differences in sensitivity and confounding factors such as testing conditions and test design. 

Heterogeneity of data is however also a problem in this database. Anyway, we hope that 

collating as much data as available has put us in a position to make a more robust 

assessment regarding the hypothesis whether reproductive endpoints are generally lower 

than vegetative endpoints and thus should be investigated regularly in context of the 

notification of pesticides. It also should allow us to address (based on facts) whether the null-
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hypothesis (óthere is no indication for a fundamental difference in sensitivity between 

reproductive and vegetative endpointsò) must be maintained, or something in-between e.g. a 

recommendation to test particular active substances or modes of action also for effects on 

reproductive endpoints. In this paper we considered all available published data in which 

vegetative or reproductive plant endpoints were recorded; preferably as ERx (dose-response 

design), merged these data with the experimental endpoints of standard regulatory studies 

(most of them unpublished). These endpoints were provided by members of the ECPA and 

CLI NTP-group for a project investigating potential differences in sensitivity between crops 

and wild plants (Christl 2017). In some cases there were also publicly available data e.g. 

from DARs, EFSA conclusion reports and the official European Lists of Endpoints. 

Experimental endpoints provided to the US-EPA were included when they were cited in 

published papers6. All these endpoints were included in the database.  

The ultimate goal was a comparison of existing vegetative endpoints with published 

reproductive endpoints of the same substance-species-combination (SSC) based on 

standard test parameters, trying to find evidence for differences in sensitivity between 

vegetative and reproductive endpoints, and if yes, if one of the two was lower than the other 

and to what extent; the null-hypothesis being that there is no difference in sensitivity 

between vegetative and reproductive endpoints.  

In light of the proposals made in EFSAôs Scientific Opinion, assuming that elements of these 

could be adopted in the upcoming guidance document, the following specific questions were 

of major interest and also addressed where possible: 

¶ Which modes of action were tested for reproductive endpoints? (Table 2) 

¶ Are there any specific modes of action with particularly low reproductive endpoints 

compared to vegetative endpoints? These would be prone to underestimation of 

toxicity when only tested for vegetative endpoints (see 4.7.3). 

¶ Which species were tested? (Table 4) 

¶ Are there any specific taxa / taxonomic groups with particularly low reproductive 

endpoints compared to vegetative endpoints? These would be prone to 

underestimation of toxicity when only tested for vegetative endpoints. (See 4.6.3) 

¶ Which endpoints were measured? see e.g. Appendix 5 and Point 5.6, p. 118. 

¶ Which seem to be the most relevant endpoints for regulatory purposes? See Point 

5.6. 

¶ Which were the outliers (species, endpoints, compounds) that lead to the high 

extrapolation factors? Were these artefacts? See results, points 4.6.3, 4.7.3 and 

discussion.  

                                                

6
 No US-EPA database was accessible to be used directly as source. 



 B15062_NTTP Sensitivity of vegetative & reproductive plant endpoints May 2017 

 

 Review of published & confidential data on potential differences in sensitivity between vegetative and reproductive endpoints 

 

page 16 of 244 

3 Material and methods  

3.1 Initial steps 

3.1.1 Literature search 

In a first step, known published literature on the topic was searched for ERx values (ñspecies 

ï test-substance combinationsò) and these were included in the database, initially to 

generate a database of vegetative endpoints, that later was extended for reproductive 

endpoints.  

Formal literature search was performed on CAB Abstracts, BIOSIS Previews, Web of 

Science Core Collection, Current Contents Connect, Food Science and Technology 

Abstracts (FSTA), Medline, Chinese Science Citation Index, and SciELO. Duplicate 

references across databases were removed. The initial search strategy focussed on crop 

and wild species (see Christl 2017). Subsequently the search was expanded, searching for 

literature publications with the same chemical substance and reported reproductive 

endpoints such as flowers, seeds, fruits, tubers. A third step was to look at the list of 

references included in the references recovered through the publication database search.  

After the publication of the EFSA Scientific Opinion in July 2014, these endpoints were 

compared with the endpoints already included in our database, endpoints of two 

unpublished papers listed in EFSAôs Appendix B were included in our database, and a 

comparison of their and our list of references was performed.  

3.1.2 Modes of action and anonymisation 

Next, the active substances were classified according to their mode of action. This was 

primarily done to anonymise7 the different active substances and formulations. Most 

company data come from confidential studies that fall under data protection laws that limit 

use in product registrations, therefore anonymisation was required. As a consequence the 

data sets were merged by mode of action. Different classification schemes for modes of 

action are available (see e.g. Martin / Ontario Ministry of Agriculture & Food 2014, Ross M.A. 

and Jordan T N. 1999, Schmidt, R. 1999 and WSSA Herbicide Handbook, Weed Science 

Society of America [1994 and Supplement 1998]). A list of the different modes of action 

(MoAs) considered in this analysis is given in Table 1. Within each Mode of action-group 

active substances were numbered. The full list of actives considered in the analysis is 

provided in Appendix 2 ï List of active substances.  

                                                

7
 A considerable fraction of the vegetative endpoints come from confidential company studies which 

are data protected by data compensation laws in North America and elsewhere, whereas reproductive 
endpoints generally originate from ï mainly published ï papers. 
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The categories in Table 1 are vegetative of juvenile plants (VVj) vegetative of older (mature) 

plants (VVo), any vegetative endpoint (either of the two (VV), and reproductive endpoints 

(RPo). 

Table 1  Modes of action (MoA) of the active substances for which terrestrial plant species 
endpoints were available. Modes of actions not listed were either not available (no 
non-target-plant endpoints) or with very low n and merged with other modes of 
action (óOTHô). The figures are the numbers of active substances for which at least 
one endpoint (e.g. ER25) of the categories listed per column was available.  

Code Mode-of-action           n (a.s.) VVj VVo VV
Ϟ
 RPo 

AASI Amino Acid Synthesis Inhibitors* 16 17 21 18 

SGI# Seedling Growth Inhibitors 5  5  

GW Growth Regulators 15 10 16 15 

PHI Photosynthetic Inhibitors 10 4 11 1 

LSI# Lipid Synthesis Inhibitors 3 2 5  

CMD Cell Membrane Disrupters 12 3 13 3 

ACI Acetyl CoA inhibition 3 1 3 1 

ICD# Inhibition of cell division 3  3  

OTH Other (lumped unique or unknown MoA) 11 6 15 4 

INS# (insecticides)  1 1 1 

TOTAL Sum of all active substances with values 78 44 93ҟ 38 

 * including IES = Inhibition of EPSP synthase 

 
#
 no datasets with vegetative and repro endpoints for the same substance-species- 

    combination and effect level  

 
Ϟ
 vegetative endpoints merged, either VVj and/or VVo endpoint available, or both 

 
ҟ plus one adjuvant only (here seen as potential a.s. in its own right, + a blank formulation 

Please note that this list includes any active substance or product for which a terrestrial non-

target plant endpoint was available8 (81 substances, 12 mixtures) that here were treated as 

if they were active substances on their own. For four of these, both vegetative and 

reproductive endpoints were available, however not necessarily for the same species. 

Furthermore an adjuvant had been tested separately hence could be assessed as if it were 

an active substances in its own right (which it is noté), and also a blank formulation was 

tested for potential effects on plants. For several of these substances, pairs of vegetative 

and reproductive endpoints were available only for one or two plant species, while for others 

only vegetative but no reproductive endpoints were available, or only censored endpoints 

were reported (see Paragraph ñCensored endpointsò, p.21). So, vegetative endpoints were 

                                                

8
 the literature search was not limited to crop protection products, but pairs including reproductive 

endpoints were almost exclusively substances with herbicidal properties 
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available for a total of 93 substance categories, but reproductive endpoints were additionally 

reported only for 38 categories. So only 40% of all substances for which any plant data were 

included in the database allowed to compare vegetative and reproductive endpoints directly 

(depending on the effect levels assessed), see results section.  

Active substance names are generally not given for two reasons: (1) companies have 

confidentiality issues if they display data that has been generated for post Annex-1 which 

has not yet received data protection and is considered a competitive advantage; (2) antitrust 

laws so as not to compare access to markets or the consequences to individual products. 

Thus methods strategies and results are presented for modes of action, but no specific 

active substances or products are presented.  

However we deviated from this rule in cases where based on EFSAôs database the 

substances with exceptional findings (in terms of low reproductive endpoints compared to 

higher vegetative ones, or the other way round) had been identified anyway.  

Next, endpoints were classified by type (measured parameter, effect level ñxò of ERx, field or 

lab data etc., for criteria details see further down). At this step it became apparent that the 

data were very heterogeneous, e.g. for one given active substance only dicot data would be 

available, or only ER25 values based on shoot height, whereas for another one only ER50 

endpoints based on biomass (fresh weight or dry weight) were available. Reproductive 

endpoints originated exclusively from non-standard and non-GLP published papers, whereas 

a considerable fraction of vegetative endpoints was obtained from standard lab/greenhouse 

tests performed under GLP. Furthermore it was noted that there were many cases of 

multiple testing, i.e. the same active-substance-species-combination had been tested 

repeatedly, either by the same authors under different test conditions, in different years, or 

by different authors, and on different formulations, in different test designs etc.).  

3.1.3 Combining several endpoints of the same substance-species-combination 

For the quotient approach an option was implemented to combine multiple experimental 

endpoints of a given ñspecies ï endpoint test-substance combinationò (e.g. several ER25 

vegetative biomass endpoints of the selected a.s. reported from tests on Stellaria media). In 

line with European requirements, the geometric mean of all these experimental endpoints 

was used (see also Chapter 5.4, p. 117). Obviously we did not combine different effect levels 

such as ER25 and ER50 or fundamentally different endpoint types. As endpoints from field- 

and greenhouse tests did not prove to be significantly different in initial runs (see also Christl 

2017), which was also confirmed by another check of substance-species-endpoint 

combinations for which both lab and field data were available, (see Chapter 4.9, P.108) we 

did no longer differentiate between lab and field endpoints here. There were about as many 

reproductive endpoints from field tests as from lab tests, plus a number of test designs 

classified as intermediate (e.g. plants grown in the field were transferred to the greenhouse 

and exposed/assessed there, or the other way round). The potential influence of the variable 

lab/field on variance was also assessed in the overall ANOVA analysis (prepared by J.W. 

Green, see Appendix 6). 
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Due to the heterogeneity of reproductive endpoints (e.g., number of inflorescences, weight of 

seeds, germination success of F1) we did not attempt to assess strictly by measured 

endpoint type (as we could do in the crop-wild project, Christl 2017) but combined these by 

experiment, i.e. if several measured parameters (and endpoints based on them) were 

recorded in one study, we took the overall lowest endpoint for the assessments based on 

minima, and the geometric mean of all endpoints for the assessments based on an average 

response. Only in a second integration step the outcomes of different experiments were 

merged and an overall geometric mean calculated for each type-substance-species-

combination (e.g. óER50*repro*AASI01*LOLPEô, or óER25*vegetat.-juv.*GW01 *LYPESô). 

For the comparison of distributions (Tables 44 and 45) and also for the additional statistical 

analysis performed by J.-W. Green (fundamentally assessing adjusted values based on the 

distribution obtained from MLE methods), no such consolidation steps were implemented, 

but n was determined by the values collated in the database. So in Greenôs analysis 

combinations were not weighted in any way, substance-species combinations with more 

endpoints have a greater influence on the overall outcome than those with fewer endpoints. 

We consider the bigger problem to be in this database that the species tested on 

reproductive endpoints are not necessarily those also tested on vegetative endpoints. See 

discussion point 5.11, p. 123. 

3.1.4 Test substance ï active substances, formulations, mixtures and the issues: 

As there may be pronounced differences between different formulations of the same active 

substance, the original aim was to compare formulation by formulation. The data proved 

however to be too heterogeneous for this approach. For some formulations a number of 

reproductive experimental endpoints were available, but no vegetative endpoints of the 

same formulation , in other cases the formulation was not specified in the publication (this 

applies in particular to publications that did meta-analysis based on other data bases; here 

only the active substance was given). Hence ultimately all data of a given active substance 

were expressed as [g a.s./ha] and assessed together, in case of multiple experimental 

endpoints for one given species calculating the geometric mean. Data of mixture 

formulations were not included unless there were both reproductive and vegetative 

endpoints available from the same mixture formulation, in which case the mixture was 

treated as if it were a distinct active substance. If all actives substances of the mixture 

belonged to the same mode of action, its MoA-code was assigned correspondingly, if not 

they were assigned to the MoA group ñotherò for evaluations at mode-of-action level. Results 

of this diverse ñgroupò are presented in some figures for completeness, but must not be 

mistaken as relevant for any mode of action.  

3.1.5 Environmental conditions 

The environmental conditions during testing may play an important role in the measurement 

values and can affect reproducibility of experimental endpoints, in particular if conditions are 

outside of the normal range required for the individual species or if the plants have not been 

properly maintained. Laboratory-greenhouse tests with controlled environmental conditions, 

many of them defined in the US EPA and OECD testing guidelines are less problematic than 
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the varying conditions in published field tests. For example in at least one case, plants grown 

in pots outside of the greenhouse (e.g. reported as semi-field) were too large for the pot size, 

did not receive adequate water, and suffered from desiccation before termination of the 

study. Many published datasets did not provide any details on test criteria, and for those 

where details were given, these were not consistent (e.g. sometimes temperature and 

humidity was reported but not day length and/or irradiation).  

3.1.6 Compliance with test guidelines GLP, and reliability index 

Another fundamental information generally available was whether the test was performed 

under GLP. This was the rule for unpublished company data from the lab but hardly ever the 

case for published data, i.e. all reproductive endpoints were non-GLP. Similarly compliance 

with test guidelines was generally the case with lab data provided by the companies, but 

obviously not with reproductive endpoints for which no guidelines exist. Both parameters 

were included in the database, but neither was used as selection criterion.  

Reliability of publications was evaluated in parallel to inclusion into the data base by 

assigning reliability indices (see e.g. Klimisch et al. 1997). Main points considered and 

implemented as a three-category-score were whether the test substance was unequivocally 

reported, whether the exposure route was described, whether information regarding dosing 

was sufficient (field rates, treatment levels), whether the observation time was indicated, 

whether the no. of organisms / of replicates was reported, whether the test design was 

described in sufficient detail, and whether there were any inconsistencies that could not be 

explained. Further points that are relevant for regulatory studies were not considered here, 

as including these would inevitable have resulted in rejection of the majority of data (in 

particular measurements of reproduction): Aspects such as minimum germination rate, 

density, defined growing medium, reported fertilization, analytical verification, defined growth 

performance etc. were generally not considered. The resulting three-category-score system 

was simply óyesô, ópartimô or ónoô. (1,2,3) and allowed an approximate grading of the reliability. 

However, some of the papers considered as relevant in the EFSA Scientific Opinion should 

have been regarded as less reliable based on our criteria; we lacked the information to 

assess it thoroughly (unpublished etc.) but it would have been inappropriate not to consider 

that very data which was the basis for EFSAôs conclusions.  

Overall we included and considered all data that allowed the derivation of rate-based 

endpoints with some certainty, i.e. only highly subjective criteria such as fruit colour or 

marketability were not used, or data where the actual doses could not be translated into an 

area-based unit such as g/ha.  

3.1.7 Traits of test species 

Tested species largely belonged to grasses or shrubs, i.e. annual, biennial or perennial 

herbaceous plants, both crops and wild species. Also a few tree species were tested. To 

utilize this information in addition to the species level, assessments were performed at 

higher levels, defining the plant family, the class (monocot/dicot) and crop or wild species as 

potential explanatory variables.  
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3.1.8 Endpoints 

In this review we used the same categories for measured vegetative parameters as in Christl 

2017, namely survival, shoot height, and biomass. There was a raft of reproductive 

endpoints investigated (see Points 5.5 and 12 i.e. Appendix 5) and it was difficult to 

categorise them). Most commonly, numbers of reproductive organs (buds, flowers, seeds, 

pods, fruits) were investigated or their biomass measured, either per plant or per pot, but 

also thousand-kernel weight, or even emergence and survival of the F1-generation were 

used to derive ERx endpoints. Ultimately, all of these were considered equivalent, and per 

SSC the lowermost of each (minimum) or the geometric mean of all endpoints was used for 

further investigation. Only some reproduction-related but purely anthropocentric endpoints 

were excluded as not being relevant for a non-target plant population reproduction, such as 

even colouring of apples or marketability of cucumbers. 

3.1.9 Censored endpoints 

A multitude of endpoints was listed as ñgreater than the highest test rateò. These are not 

strictly numeric but define a range that is only defined at one side (ñless-thanò or ñgreater-

thanò). It is problematic to include them in numeric evaluations e.g. SSD, in particular when 

the censored values are not the lowest or highest, but are framed by higher or lower numeric 

values, for details see discussion. While many of the censored values were not the only 

endpoints for a particular substance-species combination (i.e. often there was also a 

numeric endpoint for the same species), omitting censored values from the evaluation would 

not have had reduced the data base substantially.  

As there are many and contradicting preferences and also to address comments on the 

other project (crop-wild), we repeated the assessment implementing different approaches. 

For the paired assessment by individual SSCs we checked three strategies (1) basing the 

assessment on numeric endpoints only, (2) including censored endpoints disregarding that 

they are censored, (3) including censored endpoints with a correction factor of 2, i.e. ñgreater 

thanò endpoints were doubled and ñless thanò endpoints were halved. The latter was based 

on considerations within the UBA. We presented the results side-by-side, hence anybody 

preferring a different approach can check the outcome based on his preferred approach with 

the alternatives. For the comparison of distributions within the main report MLE-estimates 

were calculated, with and without bootstrapping procedures (Kon Kam King et al. 2014).  

Furthermore the tool developed by Kon Kam King et al. (2014) was used in this project as an 

alternative approach to calculate individual SSDs at family level and at Mode-of-action level 

and to use the HC50 as central estimator and the HC5 as estimator for the most sensitive 

species, with and without bootstrapping procedures. As the latter are time-consuming even 

with modern computers, we deviated in this analysis from the otherwise implemented 

differentiation between vegetative endpoints of juvenile and those of mature plants, and 

simply pooled all vegetative data in one and all reproductive data in the other group. The 

method was implemented using R Studio v. 3.2.5 (2016-04-14). The resulting quotients 

could be compared with traditionally derived quotients and are listed together in Appendix 4, 

Tables 44 and 45. For the paired assessment this was not implemented as in that case an 

MLE estimate would have had to have been calculated for every single reproductive or 
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vegetative effect level-substance-species combination (ERx * SSC * type) which would have 

been forbiddingly time-consuming. 

In the additional statistical analysis of Distributions *John W. Green, see Statistical Appendix 

6 all endpoints were considered, including censored ones, and groups (i.e. vegetative and 

reproductive endpoints of the selected subset of data) compared. This approach has the 

advantages that (1) it utilises all data available (so n is as high as possible), and (2) it is 

statistically straightforward. Disadvantages are however: (1) SSCs with a multitude of 

endpoints get a larger weight compared to SSC that were tested only once (contrasting, for 

SSDôs individual SSC are considered only once),(2) the two distributions contain different 

sets of species and/or a.s. with little overlap of SSCs for both vegetative and reproductive 

endpoints. The results for a particular subset of data (e.g. mode of action, species group) 

could thus be biased due to the fact that there may have been more species with lower 

endpoints tested for one set compared to the other set. Potentially, for the overall conclusion 

such biases may cancel out each other, there is still the fact that both the potency of 

individual substances and intrinsic sensitivities of species were not the same in the two 

groups to be compared, so there is additional stochastic uncertainty. This is not as much of 

an issue with the SSC quotient approach based on individual pairs of endpoints (by SSC) as 

described below. 

As a final additional option and based on considerations of the UBA, censored endpoints 

were included with a correction factor f = 2, i.e. right-censored (greater-than values) were 

multiplied by 2 and left-censored values divided by 29. This additional approach is simplistic 

yet considered to have its merits as it allows to consider censored values already at the two 

consolidation steps (at the experimental level and at the SSC-level), and also with low n10. 

This approach is not supported by extended theoretical considerations, but considered to be 

a pragmatic approach to consider them without having to include a multitude of 

bootstrapping-steps at the various levels. Also it is considered to be superior to the 

alternative of taking the numeric value as is (f = 1), ignoring the censored property. Our 

implementation of a correction factor f definitely increases the relevance of the surrogate 

number, as it moves the predicted endpoint in the appropriate direction. Only the value of f 

could be debated, and the decision to use the same factor throughout. The approach is still 

considered to be a pragmatic approach. Trying to please all commenters we did every 

analysis thrice, either without or with censored values. The differences in outcome were 

generally minor, which suggests either that there were enough numeric data to prevent 

distorting effects of a questionable approach, or that neither of the approaches was 

fundamentally inappropriate ï or maybe both. Details see discussion. 

                                                

9
 The factor of 2 was meant to extend the upper value to twice the highest rate, and the lower value to 

½ the tested rate, thereby artificially attributing effects to rates that were not tested. Although very 
basic, this approach is considered to better reflect the actual toxicity than the commonly used 
alternative where the censoring is simply ignored and the value as such is used (f = 1). 
10

 Also the more sophisticated methods able to consider censored values do require a minimum 
number of uncensored values to deliver the properties / parameters of the distribution, so would also 
ignore a part of the data, i.e. all censored values not accompanied by a sufficient number of 
uncensored values.  
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3.2 Principle of comparison 

The fundamental approach in this paper was to compare like with like, i.e. vegetative and 

reproductive endpoints with otherwise comparable parameters, i.e. same effect level (e.g. 

ER25) same active substance, and same species tested. Quotients may be calculated either 

based on pairs of vegetative and reproductive endpoints of individual SSCs, or based on 

fundamental parameters of distributions (e.g. median, 5th percentile or minimum). Both ways 

indicate quantitatively whether vegetative and reproductive endpoints of a particular active 

substance-species combination differ, and to what extent. Multivariate ANOVA or individual 

student-T-tests (based on log-transformed endpoints) allowed testing for significance.  

 

Figure 1:  Example plot visualising the approach of comparing distributions of vegetative 
and reproductive endpoints via SSD. Distribution of ER50 endpoints of all plant 
species tested on that active substance. Abscissa indicating normalized field rates 
(endpoints divided by the geometric mean of all data). Species sorted by their 
sensitivity. Note that in this example the quotient veg./repro is greater than 1 if 
based on minima but less than 1 if based on geometric means. Further 
explanations see text.  

In the simplest of all cases there is just a pair of one vegetative endpoint and one 

reproductive endpoint each for a given SSC, from which a quotient may be calculated. If not, 

the endpoints were consolidated into one representative endpoint each (as also done for 

SSDs), either based on minima or on geometric means (see 3.1.3, combining several 

endpoints of the same substance-species -combination). Ultimately there are two SSDs, one 
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based on vegetative and the other one on reproductive endpoints, as illustrated in Figures 1 

and 2. (We did not use any real dataset for visualisation of the principle for confidentiality 

reasons.) 

 

Figure 2:  Example plot visualising the quotient approach by substance-species 
combination, comparing individual data pairs of vegetative and reproductive 
endpoints. Same data as in Figure 1. Abscissa indicating normalized field rates. 
Note that in this example the quotient veg./repro is less than 1 for oat but greater 
than 1 for tomato and pea.  

 

3.2.1 Assessment by distribution  

Distributions of endpoints were assessed either based on central estimates or on the left 

tails, or in case of the MLE-estimated distributions on percentiles, see further down. In cases 

where one species was tested multiple times, either the geometric mean of all endpoints of 

the same effect level11 of a species was used, or the lowest (i.e. the minimum).  

  

                                                

11
 Of a given type, e.g. ER25 vegetative. We did not merge e.g. ER25 with ER50 endpoints in one 

analysis.  
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3.3 Abbreviations frequently used 

AI-factor  Proportion of variance capturing the influence of the óActive Ingredientô (AI) on 

the endpoints (two-way ANOVA) 

Average Arithmetic mean  

EPPO code (formerly BAYER-Code) An international standard 5-letter-code specifying 

terrestrial plant species and sometimes also subspecies or variants; mainly used by farmers, 

agronomists and also in efficacy experiments. In this report the code is used in lists and for 

SSC, since full Latin names would have been unwieldy and impractical. The full list is 

available online, e.g.   https://www.eppo.int/DATABASES/GD&Codes/eppo_codes.htm. or 

may be downloaded from e.g. https://data.eppo.int/. 12 

BM Biomass, a measured parameter (weight of plant material above ground) used to 

calculate ERx endpoints, either based on wet weight = fresh weight (WW) or dry weight 

(DW)  

D Dicotyledonous species (sensu lato)13 

DAR Draft assessment report 

DW dry weight (above ground) 

ECPA European Crop Protection Association 

EFSA European Food Safety Authority 

Effect Level: here the ñxò in the ERx, e.g. at the 25% effect level shoot height, growth, 

biomass or seed numbers etc. were inhibited by 25% compared to the controls 

ERx Effect rate, i.e. a treatment rate (often expressed in [g a.s./ha]) at which a certain 

level x of inhibition was observed, e.g. ER25, ER50. Some papers also list EC50 (mostly 

incorrectly as the applied amount was defined as a rate [g/ha]) or IC50 (Inhibition 

concentration) which ï considering the rate unit ï are again incorrectly used and here 

interpreted as synonyms.  

GeoMean Geometric mean, a central estimate of a sample or distribution that is suitable for 

non-linear i.e. log-normal distributions such as concentration scales 

Max. Maximum, here the highest endpoint of the selected groups (e.g. reproductive 

endpoint of Brassicaceae), not used for overall assessment  

                                                

12
 For a few wild species not yet listed in the EPPO-code, preliminary working codes were used 

internally. None of these is relevant for the report here, as for none of these species vegetative and 
reproductive endpoints were available. 
13

 The term ódicotyledonsô stands for a paraphyletic group, so here this effectively covers eudicots or 
tricolpates and magnoliids  

https://data.eppo.int/
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Median Central estimate of a distribution, with 50% of values above and 50% below, 

another central estimate that is more robust against skewed distributions than the arithmetic 

mean 

Min. Minimum, here the lowest endpoint of the selected groups (e.g. vegetative 

endpoint of AASI-MoA) 

M Monocotyledonous species 

MoA Mode of action 

RPo Reproductive endpoints, measured on mature (óoldô) plants  

SE Seedling emergence (e.g. studies acc. to OECD 208), application of soil prior to 

germination and emergence of plant seedlings 

SH Shoot height, a measured parameter used to calculate ERx endpoints, 

sometimes also termed shoot length 

SSC Substance-species-combination e.g. a particular active substance tested on a 

particular plant species, not to be confused with  

SSD Species sensitivity distribution 

Surv. Survival of plants, measured parameter sometimes also used to calculate ERx 

endpoints 

USEPA  United States Environmental Protection Agency 

VVj Vegetative endpoints of juvenile plants, (e.g. from studies performed acc. to 

OECD 208 or 227), plants <28 days old  

VVo Vegetative endpoints of mature plants, e.g. from studies in which vegetative and 

reproductive parameters were measured simultaneously on a mature (óoldô) plant, plants 

generally >28 days old, *sometimes just 28 days, then plants already in reproductive phase) 

WW wet weight = fresh weight (above ground) 
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4 Results  

4.1 Modes of action tested for reproductive endpoints 

The following Table 2 lists the number of SSC for which both vegetative and reproductive 

endpoints were available, and the number of actual quotients, which is higher in cases 

where a comparison could be made at different effect levels, e.g. for some SSCs there were 

matching vegetative and reproductive endpoints at the ER10, the ER25 and the ER50 level. 

Consequently three quotients could be calculated for such SSC. On the other hand, if the 

numbers in the two adjacent columns are identical, there was just one effect level each for 

which both vegetative and reproductive endpoints were available. 

Four column pairs are listed, the leftmost for the comparison between vegetative endpoints 

of juvenile plants and reproductive endpoints and the rightmost for the comparison between 

vegetative endpoints of old (mature) plants and the corresponding reproductive endpoints, 

each with or without consideration of censored values. Higher numbers with censored values 

are due to cases where only by including censored endpoints quotients could be calculated, 

these are obviously much more uncertain.  

Table 2:  Modes of action (MoA), number of active substances, numbers of SSCs and 
numbers of quotients (Q) comparing vegetative and reproductive endpoints 

Code 

(MoA) 

n  

(a.s. 

with 

repro 

data) 

Comparison VVj / RPo  

(vegetative endpt. of juvenile plants) 

Comparison VVo / RPo  

(vegetative endpts. of older plants) 

only numeric with censored only numeric with censored 

# SSC # Q # SSC # Q # SSC # Q # SSC # Q 

AASI* 16 39 75 61 129 57 97 84 160 

SGI# 0         

GW 10 22 41 30 54 22 41 36 69 

PHI 1 2 4 4 7 2 2 6 13 

LSI# 0         

CMD 3 15 16 17 19 15 27 16 28 

ACI 1 3 3 3 3 3 3 3 3 

ICD# 0         

(OTH) 4   3 9 1 1 12 30 

INS 1       4 12 

      * including IES = Inhibition of EPSP synthase 

      
#
 no datasets with vegetative and repro endpoints for the same substance-species  

        combination (#SSC = 0)   

      #Q = number of quotients (higher than #SSC if several pairs of the same ERx) per SSC 

      ñOTHñ and ñINSò only listed for completeness, and non-uniform melting pots,  
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Most data was available for AASI-herbicides, including e.g. the sulfonylureas or glyphosate. 

Also for growth regulators there was a lot of information published, and also for three CMD-

herbicides several species had been tested for reproductive endpoints. For the other modes 

of action the data situation is patchy, and the outcome bears more uncertainty.  

4.2 Plant species tested for reproductive endpoints 

The entire database contains data of 266 species, but for only a fraction of these also 

reproductive endpoints are available, see Table 3. 

Table 3: Number of plant species of the database, and numbers of reproductive endpoints  

 
numeric 

endpoints 
Censored 
endpoints 

Total 

total no of species 266  266 

total no of SSC 131 59 190 

total no of SSC*effect level 277 151 428 

SSCs with repro-data 65 13 78 

SSCs with at least 2 endpoints 62 10 72 

SSCs with 3 or more 46 12 58 

SSCs with 6 or more 14 17 31 

SSCs with 10 or more 2 6 8 

*SCC = substance-species-combination 

Please note that the actual number of comparisons possible (quotients) is higher, as for 

some SCC several pairs of endpoints of the same effect level may be available (e.g. one 

quotient based on the two ER10 and another quotient based on ER25 values).  

The species for which most reproductive endpoints are reported (no. of SSC with at least 

one reproductive endpoint [including censored values]) are listed in Table 4. The table lists 

only species with at least 3 SSC with numeric reproductive endpoints. If censored values are 

included, the numbers of SSC with reproductive endpoints are somewhat higher, see 

rightmost column. The actual number of experiments and endpoints is much higher, the 

numbers here list numbers of substances with at least one reproductive endpoint for the 

species, not the total number of endpoints reported for the substance-species combination.  
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Table 4: Plant species most commonly tested for reproductive endpoints ï number of 
substances tested on the species for at least one reproductive endpoint (e.g. 
ER25)  

Code Latin name Family 
# SSC  

(no cens.) 
# SSC  

(with cens.) 

PIBSX Pisum sativum Fabaceae 32 36 

GLXMA Glycine max Fabaceae 13 20 

VITVI Vitis vinifera Vitaceae 9 18 

CASOB Senna obtusifolia Caesalpinioideae 9 15 

HELAN Helianthus annuus Asteraceae 9 12 

PESGL Pennisetum glaucum Poaceae 8 12 

SETVI Setaria viridis Poaceae 8 12 

SOLAD Solanum tuberosum Solanaceae 6 11 

BRAXX Brassica sp. Brassicaceae 6 9 

BRSNN Brassica napus Brassicaceae 6 9 

ELYHX Elymus hystrix Poaceae 6 9 

ELYRX Elymus riparius Poaceae 6 9 

LENCU Lens culinaris Fabaceae 6 9 

POLCC Persicaria amphibia Polygonaceae 6 9 

AVESA Avena sativa Poaceae 5 8 

CHEAL Chenopodium album Chenopodiaceae 5 8 

ECHCX Echinochloa crus-galli Poaceae 5 8 

LYPES Lycopersicon esculentum Solanaceae 5 8 

RANAC Ranunculus acris Ranunculaceae 5 8 

ALOMY Alopecurus myosuroides Poaceae 5 6 

BUPRO Bupleurum rotundifolium Apiaceae 4 6 

GALAP Galium aparine Rubiaceae 4 6 

GERRO Geranium robertianum Geraniaceae 4 6 

GOSHI Gossypium hirsutum Malvaceae 4 6 

LTHPR Lathyrus pratensis Fabaceae 3 6 

MELNO Silene noctiflora Caryophyllaceae 3 6 

PANDI Panicum miliaceum Poaceae 3 6 

PAPAR Papaver argemone Papaveraceae 3 6 

RUMAC Rumex acetosa Polygonaceae 3 6 

SCABR Scandix pecten-veneris Apiaceae 3 6 

VICSE Vicia sepium Fabaceae 3 6 

ASEAR Asperula arvensis Rubiaceae 3 5 

BRSRR Brassica rapa Brassicaceae 3 5 

PAPRH Papaver rhoeas Papaveraceae 3 5 

SILVU Silene vulgaris Caryophyllaceae 3 5 

CAPBP Capsella bursa-pastoris Brassicaceae 3 4 

GERMO Geranium molle Geraniaceae 3 4 

RASRL Rapistrum rugosum Brassicaceae 3 4 

BIDCE Bidens cernua Asteraceae 3 3 
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Code Latin name Family 
# SSC  

(no cens.) 
# SSC  

(with cens.) 

CAUTI Carthamus tinctorius L. Asteraceae 3 3 

CPSAA Capsicum annuum Solanaceae 3 3 

CRXRE Carex remota Cyperaceae 3 3 

CUMSA Cucumis sativus Cucurbitaceae 3 3 

ELYCA Elymus canadensis Poaceae 3 3 

GALOD Galium odoratum Rubiaceae 3 3 

MIURI Mimulus ringens Scrophulariaceae 3 3 

 

The database contains 266 plant species with ecotoxicological data, but only one quarter of 

these had been tested for reproductive endpoints. Reproductive endpoints were available for 

65 plant species with numeric and another 13 with censored endpoints. As many species 

were tested on several substances, the total number of SSC with reproductive data is higher, 

i.e. 131 SSC based on numeric endpoints and another 59 SSC in addition if censored values 

are included. Each SCC could occur with up to three effect levels (ER50, ER25 and ER10), 

an average about two endpoints were available per SSC, so a total of 277 'SSC* effect level' 

(numeric only) were included and another 151 'SSC* effect level' in addition if censored 

values are included. The 46 species listed in Table 4 have numeric reproductive endpoints of 

at least three different substances (plus further 13 species if including censored data). Pisum 

sativum was the species tested for reproductive endpoints on the widest range of 

substances, followed by Glycine max. Further five species with numeric endpoints for 8 to 9 

substances were Vitis vinifera, Senna obtusifolia, Helianthus annuus, Pennisetum glaucum 

and Setaria viridis. All other species were tested on 6 or fewer substances (9 and fewer 

including censored endpoints), details see Table 4. 

Note that not all of these substance-species combinations allowed a comparison of these 

reproductive endpoints with vegetative endpoints from standard lab data (juvenile plants). 

For some, only vegetative endpoints from older plants were available. These were assessed 

separately. On the other hand often endpoints of several effect levels were available, so that 

the number of calculable quotients is often higher (up to three per SSC, see further up).  

In terms of higher taxa, the families most commonly tested were Poaceae and Fabaceae by 

some margin. Poaceae was also the most diverse family, with 15 species tested for 

reproductive endpoints on at least one substance, and 8 Fabaceae species (each including 

censored endpoints). Comparing the number of species with the number of SSCs for each 

family it is observed that a species was tested on average on 4 to 6 substances, but with 

large variations, details see Table 4.  
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Table 5: Plant families most commonly tested for reproductive endpoints ï number of 
species per plant family and no. of SSCs per plant family, without and with 
censored endpoints.  

Family 
only numeric with censored 

# species # SSC # species # SSC 

Poaceae 14 58 15 87 

Fabaceae 7 61 8 85 

Brassicaceae 7 25 7 37 

Asteraceae 6 20 7 26 

Solanaceae 3 14 4 24 

Polygonaceae 4 13 6 23 

Vitaceae 1 9 1 18 

Caesalpinioideae 1 9 1 15 

Caryophyllaceae 3 8 4 15 

Rubiaceae 3 10 3 14 

Apiaceae 2 7 2 12 

Papaveraceae 2 6 2 11 

Geraniaceae 2 7 2 10 

Chenopodiaceae 1 5 1 8 

Ranunculaceae 1 5 1 8 

Malvaceae 1 4 1 6 

Primulaceae 2 4 2 5 

Cucurbitaceae 1 3 1 3 

Cyperaceae 1 3 1 3 

Rosaceae 1 2 1 3 

Scrophulariaceae 1 3 1 3 

Campanulaceae 0 0 1 2 

Hypericaceae 1 1 1 2 

Juncaceae 0 0 1 2 

Lamiaceae 0 0 1 2 

Phytolaccaceae 0 0 1 2 

Amaryllidaceae 0 0 1 1 

Violaceae 0 0 1 1 

Grand Total 65 277 78 428 

 

4.3 Sensitivity of different reproductive endpoints 

The database contains a very wide variety of different endpoints, encompassing number of 

inflorescences or flowers, numbers of pods, seeds or fruits, weight of pods, seeds or fruits 

(per seed, per plant or per pot), germination success of the F1-generation or their survival. 

An overview of the reproductive parameters measured is given in Table 6. 
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Table 6: Reproductive parameters recorded in the literature.  

Reproductive Endpoints count Reproductive Endpoints (ctnd.) count 

yield 73 No. of fruits 8 

av seed weight 60 number of fruits 8 

pod (dry wt) 60 Seed production per plant 8 

Pod (fresh wt) 60 Total seed production 8 

pod number 60 Clonal shoots (#) 6 

seed production 53 Pea dry weight 6 

Total yield 44 Seed no. per plant 6 

F1-germination 39 Seed no. per pot 6 

Pea number 36 1000-kernel weight 5 

Peas (dry weight) 36 Flower height 5 

Peas (fresh wt) 36 number of silique 5 

seed dry weight 36 1-seed weight 4 

seed reduction 36 fresh crop weight 4 

Seed yield 31 Fruits/plant 4 

F1-Seedling survival 30 germination rate 4 

Seed number 30 Seeds/fruit 4 

fruit weight 28 siliquae/plant 4 

Number of seeds 28 Mean seed dry weight 3 

Fruit color 26 No. of Pods 3 

Fruit firmness 26 number of seed 3 

Fruit harvest 26 seed DW 3 

Bean (dry wt) 24 seedhead mass 3 

Bean number 24 Tillers LT 3 

blossom production 24 Time of Seed production 3 

Mean tuber weight 24 Total seed fresh weight 3 

flowers/plant 20 yield (fruits) 3 

pods/plant 20 Blossoms per plant* 2 

Fecundity (No flowers/plant) 18 apical meristem height 2 

Pruning weight 18 Fruit LT 2 

capsules/plant 16 Fruit yield  2 

n.r. 16 
Number of seeds per plant fresh weight 
(Median) 2 

seed weight 16 number of tillers 2 

seeds/pod 16 Pod LT 2 

Tuber fresh weight 15 Seed LT 2 

seed biomass 13 Tiller count 2 

no. of seeds per gram fresh weight 12 Tillers ST 2 

Seed production - no per plant 12 Apical meristem 1 

Seed production - no per pot 12 Floral Node LT 1 

seeds/pot 12 Floral nodes 1 

thousend grain weight 12 Floret Production 1 

Total seed dry weight 12 Fresh fruit weight 1 

Tuber number 12 Meristem 1 

number of pods 10 Number of flower heads 1 

Early yield 9 Number of seedhead florets 1 

Fruit number per plant 9 Reproduction (unclear) 1 

Grain yield 9 
Reproductive effort (Repro DW/vegetative 
DW) 1 

No of flowers 9 Seed production (weight) 1 

Yield of extra large, medium, marketable 
and cull tomato 9 Seedhead 1 

Area covered with flowers (%) 8 seedling vigour 1 

Fruit fresh weight at harvest 8 Tillers  ST 1 

Lint Yield 8 Grand Total 1438 

* original as òantal blomster per planteò 
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The content of this table could be summarized as follows: The most frequently reported 

reproductive parameters were  

¶ Seed/pod/fruit production ï no. per plant /per pot? 

¶ Seed/pod/fruit ï biomass per plant/per pot 

¶ No. of buds/flowers (total or per plant?) 

¶ Biomass (reproductive) e.g. of tubers (note this includes asexual reproduction) 

¶ Quality of reproductive organ (e.g. firmness of fruits) 

¶ F1-germination or  

¶ F1-seedling survival 

¶ no. of seeds per gram fresh weight  

Germination success of the F1-generation or their survival are of particular interest in terms 

of an ultimate protection goal, i.e. stable wild plant population at the landscape level. 

However only four papers generated F1- data that could be implemented in the database: 

Isaacs et al. 1989, Anderson 1990, Riemens et al. 2008 and Riemens et al. 2009, covering a 

total of 8 active substances and 10 SSCs.  

Isaacs et al. 1989 tested Senna obtusifolia (sicklepod) with five active substances, 2,4-DB, 

2,4-D, chlorimuron, glyphosate and imazaquin (late-season-applications). Only one 

treatment level was tested each (560 g 2,4-D/ha and 280 g/ha of the other four active 

substances), which does not facilitate the assessment. Anyway, 2,4-DB applied at 280 g/ha 

at the early bloom stage reduced seed numbers by 11 to 62% and F1- seedling emergence 

and emerged seedling numbers per pot by 1% and 63% respectively, and thus did not 

indicate stronger effects on the F1-emergence than on the seed production. When applied at 

the early fruit stage, 2,4-DB reduced seed numbers by 37 to 96% and F1- seedling 

emergence and emerged seedling numbers per pot by 74% and 99% respectively, so here 

stronger effects on the F1-emergence were observed than on the seed production. Applied 

at late fruit stage, seed numbers were not reduced but F1- seedling emergence and 

emerged seedling numbers per pot were still inhibited by 31% and 14% compared to 

controls.  

560 g 2,4-D/ha applied at the early bloom stage reduced seed numbers by 12 to 66% and 

F1- seedling emergence and emerged seedling numbers per pot by 11% and by 70% 

respectively, so did not indicate stronger effects on the F1-emergence than on the seed 

production. When applied at the early fruit stage 2,4-D reduced seed numbers by 5 - 34% 

and F1- seedling emergence and emerged seedling numbers per pot by 27% and 52% 

respectively, so here stronger effects on the F1-emergence were observed than on the seed 

production. Applied at late fruit stage, seed numbers were not reduced, neither F1- emerged 

seedling numbers per pot (all ónegative inhibition)ô. Only F1 seedling emergence was still 

inhibited by 23% compared to controls. 

Chlorimuron and imazaquin treatments (280 g/ha each) supressed seed formation 

completely when applied during early bloom or early fruit (but to a lesser extent when 

applied at late fruit). The application of chlorimuron to later fruit reduced seed numbers only 

slightly, but seedling emergence and emerged seedlings were still reduced by 69 % and 

74% respectively. Imazaquin applied at late fruit stage reduced not the number of seeds, but 
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seedling emergence and emerged seedling numbers per pot by ca 40%. The glyphosate 

rate (280 g/ha) applied at early bloom reduced seed numbers (22 - 98% inhibition compared 

to controls), F1-emergence and emerged seedlings per pot were similarly affected (8 ï 86% 

inhibition). When glyphosate was applied at early fruit, seed numbers were reduced by 23 ï 

85% but F1- seedling emergence and emerged seedling numbers per pot were inhibited by 

50 and 94% compared to control respectively. When glyphosate was applied at late fruit, 

neither seed numbers, seedling emergence nor the number of emerged seedlings per pot 

were reduced.  

Anderson 1990 tested three species with clomazone (Carthamus tinctorius, Panicum 

miliaceum and Zea mays. All F-1-germination endpoints were greater-than values, i.e. no 

effects up to and including the highest treatment level, and also ñclomazone did not affect 

germination or 1000-kernel weight of seed from any treated cropò (Anderson 1990). 

Riemens et al. performed two series of experiments also assessing effects on F1 

performance. In case of Stellaria media (chickweed) tested with glufosinate-ammonium, the 

endpoint óF1-germinationô was the least sensitive of the parameters measured, which were 

óseed productionô, ónumber of seeds per plant fresh weight (median)ô and óF1-germinationô 

(Riemens et al. 2008). In testing Poa annua with tepraloxydim, the endpoint F-1-germination 

was also found to be less sensitive than the other reproductive endpoint reported (no. of 

seeds per gram fresh weight; Riemens et al. 2009).  

The overall outcome is inconclusive; there were as many cases reported where the data 

indicated that performance of F1 was more sensitive than reproductive measurements (such 

as no. of seeds), as cases where the F1-endpoints were less sensitive compared to 

standard reproductive investigations of F0. Based on the current database no conclusive 

recommendation is possible. 

4.4 General results  

A total of 5685 data sets were entered (species ï test combinations) with 2869 vegetative 

data entries of juvenile plants, 1149 data entries of older plants, and 1371 reproductive data 

entries. For many of these data entries only one effect level was available, for others all 

three (i.e. ER10, ER25 and ER50).  

Quotients were calculated either based on individual SSCs for which both vegetative and 

reproductive endpoints were available (paired approach), or comparing distribution, see 

materials and methods.  

4.4.1 Paired approach (quotients by individual SSCs) 

4.4.2 Comparing sensitivity of mature plants versus juvenile plants 

Firstly we assessed whether there were pronounced differences in sensitivity between 

vegetative endpoints of juvenile plants (seedlings) and of older plants (mature, with 

reproductive organs). The former are normally tested in standard NTTP tests, the latter were 

often tested for vegetative parameters in parallel to reproductive parameters. This approach 
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has scientific merits as it may compare vegetative and reproductive endpoints in the same 

plant. Differences between the two may however be less relevant in a regulatory context, as 

the vegetative endpoints normally determined for regulatory purposes originate from tests on 

juvenile plants. If their sensitivity should differ from that of older plants (and extensive 

literature data indicates it could), any observed difference in sensitivity between vegetative 

and reproductive parameters would have to be interpreted in context of the plantôs growth 

stage. For this assessment we categorised just two age classes, plants < 4 weeks at test 

evaluation (óVVjô - all tier 1 / tier 2 standard tests) and mature (i.e. older) plants (óVVoô, 

generally > 4 weeks old, exact periods varying between species and test setup). The 

corresponding abbreviation for reproductive endpoints is óRPoô, which is obviously only 

available for mature plants. At this stage we compared only matching effect levels, i.e. ER10 

with ER10, ER25 with ER25 etc. Average quotients between the two groups are listed in 

Table 8, just based on numeric endpoints. Assessments also considering censored 

endpoints in a simplistic way (i.e. either as such, ignoring the censoring signs, f = 1, or with a 

correction factor of 2); are presented in Tables 9 and 10, respectively. 

Tables are colour-coded to visualise the average deviations in either direction as follows: 

Table 7:  Colour coding of quotient tables, visualizing the direction and extent of difference 
between two groups:  

Colour grades 

ŦŀŎǘƻǊ р ƭƻǿŜǊ όҖ лΦнύ  0.20 

sensitivity equal (1.0) 1.00 

ŦŀŎǘƻǊ р ƘƛƎƘŜǊ όҗ рΦлύ  5.00 

 

Table 8:  Quotients calculated by active substance-species-combinations. Quotients based 
only on numeric endpoints (f = 0). The leftmost data column is based on overall 
minima, the rightmost on overall average sensitivity (geometric means at both 
consolidation steps) those in-between list the outcomes for intermediate 
approaches. Further details see material & methods. n indicates the number of 
substance-species combinations with vegetative endpoints of both juvenile and 
older plants.  

  Overall quotients based on 
 Variant Subst.-spec.-comb. Min Geo Min Geo n 

'f<>' = 0 Experiment Min Min Geo Geo   

9wмлϊ±±Ƨκ9wмлϊ±±ƻ 1.45 0.99 1.10 0.81 21 

9wнрϊ±±Ƨκ9wнрϊ±±ƻ 0.90 1.08 0.79 1.02 40 

9wрлϊ±±Ƨκ9wрлϊ±±ƻ 0.67 0.75 0.70 0.81 81 
 

 

The weighted geometric mean of all 12 variants displayed in  

Table 8 is 0.83 indicating that overall based on vegetative endpoints those of mature (old) 

plants tend to be somewhat higher than endpoints of young (juvenile) plants such as the 

seedlings used in tier 1/tier 2 vegetative vigour tests. Based on the database assessed here, 
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the latter are slightly more sensitive than older plants but overall not by a large margin. 

Individual quotients varied considerably; 10%iles and 90%iles ranged from 0.113 to 12.10 

when based on minima in both steps (leftmost data column) and from 0.122 to 9.60 when 

based on geometric means of endpoints, (rightmost data column). Quotients based on 

ER10, ER25 or ER50 were fairly similar, those based on ER50 somewhat lower.  

If censored values were included as numeric values, just ignoring the censoring (f = 1) 

(Table 9) the weighted geometric mean of all variants was found to be 0.92, and if censored 

values were included but corrected by a factor (f = 2) (Table 10) the weighted geometric 

mean of all variants was estimated to be 0.84.  

Table 9:  Quotients calculated by active substance/species combinations. Quotients based 
on numeric and on censored endpoints, the later uncorrected (f = 1). The leftmost 
data column is based on overall minima, the rightmost on overall average 
sensitivity (geometric means at both consolidation steps) those in-between list the 
outcomes for intermediate approaches. Further details see material & methods. n 
indicates the number of substance-species combinations with vegetative 
endpoints of both juvenile and older plants.  

  Overall quotients based on 
 Variant Subst.-spec.-comb. Min Geo Min Geo n 

'f<>' = 1 Experiment Min Min Geo Geo   

9wмлϊ±±Ƨκ9wмлϊ±±ƻ 1.47 1.12 1.18 0.97 32 

9wнрϊ±±Ƨκ9wнрϊ±±ƻ 1.13 1.36 1.07 1.33 63 

9wрлϊ±±Ƨκ9wрлϊ±±ƻ 0.64 0.86 0.64 0.90 121 

 

Table 10:  Quotients calculated by active substance/species combinations, comparing 
juvenile and older plants. Quotients based on numeric and on censored 
endpoints, the later corrected (f = 2). The leftmost data column is based on overall 
minima, the rightmost on overall average sensitivity (geometric means at both 
consolidation steps) those in-between list the outcomes for intermediate 
approaches. Further details see material & methods. n indicates the number of 
substance-species combinations with vegetative endpoints of both juvenile and 
older plants.  

  Overall quotients based on 
 Variant Subst.-spec.-comb. Min Geo Min Geo n 

<> f = 2 Experiment Min Min Geo Geo   

9wмлϊ±±Ƨκ9wмлϊ±±ƻ 1.58 1.13 1.15 0.94 32 

9wнрϊ±±Ƨκ9wнрϊ±±ƻ 1.06 1.32 1.00 1.27 63 

9wрлϊ±±Ƨκ9wрлϊ±±ƻ 0.55 0.75 0.55 0.78 121 
 

Thus, based on quotients from individual active substance/species combinations, young 

plants were found to be slightly more sensitive than mature plants, however the data 

currently available in this database do not indicate pronounced differences in sensitivity 

between old and young plants, or that ï depending on active substance, species, and time 

of applications, opposite patterns could have cancelled each other out.  
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As example chart the data of one variant are presented, here A) the individual data pairs 

based on overall geometric mean ER50 endpoints and only considering numeric endpoints, 

i.e. the quotient 0.81 at the right bottom of  

Table 8. in Figure 3, and B) in Figure 4 the same variant, again based on overall geometric 

mean ER50 endpoints, but including censored endpoints with a correction factor f = 2 , 

corresponding to the quotient 0.78 in Table 10.  

 

Figure 3:  Data pairs displaying vegetative ER50 endpoints of mature plants (abscissa) and 
juvenile plants (ordinate), each based on the geometric mean of various 
experiments and the geometric mean of different endpoints, so each point 
signature stands for one substance-species combination for which numeric ER50 
data of both juvenile and older plants were available. Only numeric endpoints 
considered, (f = 0), n = 81).  
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Figure 4:  Data pairs displaying vegetative ER50 endpoints of mature plants (abscissa) and 
juvenile plants (ordinate), each based on the geometric mean of various 
experiments and the geometric mean of different endpoints, so each point 
signature stands for one substance-species combination for which ER50 data of 
both juvenile and older plants were available. Censored endpoints included and 
corrected (f = 2), n = 121).  

For the data displayed in Figure 4 also the resulting individual quotients are displayed as an 

example (Figure 5), again n = 103, including any censored values).  
























































































































































































































































































































































