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Aim of the three literature reviews 
 
The National Research Programme “Benefits and Risks of the Deliberate Release of 
Genetically Modified Plants (NRP 59)” consists of four main areas of interest: 
 

1. Plant biotechnology and the environment 
2. Social, economic and political aspects 
3. Risk-assessment, risk-management and decision-making processes 
4. Synthesis and overview studies 

 
It was neither in the capacity nor in the scope of NRP 59 to duplicate the many studies on 
benefits and risks associated with genetically modified plants (GMP) that have been carried 
out in other parts of the world. On the other hand, it may be possible to distil relevant and 
valuable scientific data from the results of such studies that could help to shape future 
research and decision-making processes specifically tailored for Switzerland. In the frame of 
focus point IV, three overview studies were therefore compiled by members of the Steering 
Committeee of NRP 59 that evaluate on an international scale existing research and 
knowledge on topics that are of direct relevance to the central themes of NRP 59. 
 
In the volume “Medical issues related to genetically modified plants of relevance to 
Switzerland” Karin Hoffmann-Sommergruber and Karoline Dorsch-Häsler provide an 
extensive overview of health-related risks and benefits of GM plants. 
 
In the volume “Genetically modified crop production: social sciences, agricultural economics, 
and costs and benefits of coexistence”, Joachim Scholderer and Wim Verbeke assembled 
valuable insight obtained by screening literature databases and research/project portals, and 
through direct contacts with key researchers in the different areas. 
  
In a comprehensive third volume entitled “Synthesis and overview studies to evaluate 
existing research and knowledge on biological issues on GM plants of relevance to Swiss 
environments”, Jeremy Sweet and Detlef Bartsch compiled information resulting from close 
to one thousand scientific publications relating to biological and environmental issues on 
GMP. 
 
The chapters in this volume will not only be useful to a readership that is familiar with the 
biological, environmental, political, socio- and agro-economical aspects of GMP, it will also 
provide newcomers to the field with an in-depth introduction into a range of specialised topics 
that are relevant to this complex area. 
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1. Introduction 
 
This study is an assessment of the extent that worldwide scientific information on GMOs is 
relevant to Switzerland. The results of this study will feed into the final report to be submitted 
to the Federal authorities in 2012.  
 
An environmental risk assessment for GM plants is required by regulatory agencies 
worldwide. However, there are considerable differencies regarding assessment concepts, 
data requirements, their analysis and interpretation (e.g. EFSA, 2010a, Graef et al., 2010, 
Gressel, 2010, Herman, 2010, Raybould, 2010, Schubert, 2010, Hilbeck et al., 2011). Little 
attention is given to cost-benefit assessments and the EU regulatory approach is specifically 
focused on risks rather than benefits of GMO (EFSA, 2008d, Miller and Bradford, 2010, 
Tabashnik, 2010), which is probably one of the reasons why there is an asynchronus 
authorization of GM plants worldwide. However, trends of globalisation and worldwide trade 
(see e.g. Anderson, 2010, Beddington, 2010) have a number of implications for the 
assessement and regulation of GM plants. In addition, progress in plant breeding and genetic 
engineering techniques put constant challenges to current risk assessment approaches and 
the sustainable use of GM plants (e.g. COGEM, 2010, Cominelli and Tonelli, 2010, Fedoroff, 
2010, Fedoroff et al., 2010, Jaggard et al., 2010, Llorente et al., 2010, Piesse and Thirtle, 
2010, Franke et al., 2011, Hunter, 2011). 
 
This NFP59 Module 4 study analyses and compiles the current state of knowledge on the 
environmental impacts of GM plants and crop coexistence from international research 
results. This report is a Synthesis Document encompassing a summary of the existing 
knowledge based on the evaluation of international research, complemented with findings 
obtained to date. Today, more than 11,000 studies about safety and coexistence aspects of 
GMO (including GM plants) have been published and made publically available with their 
abstracts in databases (See Figure 1).  
 
About 1000 relevant scientific publications including a number of synthesis, review, and 
meta-analysis studies about GM plants and their potential effects on the environment and on 
coexistence were analysed in detail in this report (for methodology see chapter 2).  
 
The report incorporates views on the implications for Switzerland of current research 
knowledge and addresses the principle issues and questions raised by a range of 
stakeholders. The report contributes towards the future debate on the commercialisation of 
GMOs in Switzerland.  
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Figure 1: Publically available studies on biosafety and coexistence aspects of GMO with publication 
date since 1990 divided into for sections: General aspects, Agriculture, Environment, and Health. 
Source ICGEB Biosafety Bibliographic Database including 11,663 studies available on 6 June, 2012. 
Potential adverse effects of GMOs have been identified in many publications, but only a few of these 
effects have been confirmed in laboratory or greenhouse studies. No field scale adverse effects have 
been detected associated with cultivation of approved GM plants in the EU, though field experimental 
studies have shown the potential for Bt and HT crops to have some adverse effects (see chapter 4 for 
details).  
 

Jeremy Sweet, Detlef Bartsch: Synthesis and Overview Studies to Evaluate Existing Research and Knowledge... © vdf Hochschulverlag 2012



 9 

2. Methodology  
 
In the early 1990s the first large, publicly financed biosafety research programmes started in 
the EU as well as in many other countries worldwide. These research programmes 
accompanied the engineering of GM plants, for which one of the fathers of GM plants – Marc 
van Montagu – recently gave a very personal but nevertheless remarkable overview (Van 
Montagu, 2011).  
 
An international community of researchers studying biosafety was developed and the 
International Society for Biosafety Research (ISBR) was formulated. National and 
international meetings such as the biennial International Symposium on Biosafety of GMOs 
organised by ISBR commenced. The focus of much of the scientific activity was to inform 
and elaborate the science underpinning the risk assessment and risk management of GMOs. 
The regulation, risk assessment and risk management of GMOs worldwide is largely based 
on this science, though socio-economic and political factors have considerable influence on 
regulatory and management practices. This study collected and collated information on 
identified and potential effects of GM crops on agriculture, the environment and on 
coexistence between GM and non-GM systems. The data are analysed to highlight and 
summarise the most important information and then this summary is related to Swiss 
agriculture, environment and political issues.  
 
 

2.1 Sources of Biosafety Information  

A broad spectrum of sources of information was studied, such as internet based information, 
library catalogues (International Centre for Genetic Engineering and Biotechnology (ICGEB)), 
online literature databases (e.g. ISI Web of Science, Medline), and conferences reports (e.g. 
Sweet, 2009). Additionally unpublished data (e.g. reports from premarketing experiments, 
personal communications with experts from science and regulation) were analysed. In 
particular resources in countries with a long experience of GMO cultivation (in particular 
USA, Canada, (see NRC, 2010) but also Argentina, Brasil and Australia) were explored as 
well as resources from countries with considerable biosafety research programmes. The 
findings of recent major European studies such as AIGM (ESF project), Ecogen and 
SIGMEA (EC projects), BEETLE (2009), and a review of EU funded GMO research (EU, 
2010) are summarised. In addition Biosafenet (a network of European research scientists on 
biosafety) were exploited. This literature survey continues in major parts the BEETLE (2009) 
structure and findings. 
 
The range of GM plant (GMP) species studied includes the majority of GMPs that could be 
potentially grown or introduced (intentionally or unintentionally) into Switzerland, including 
maize, oilseed rape, sugar beet, soya, potato, sunflower, cereal crops (wheat, barley etc.), 
fruit crops (apple, plum, strawberry, melon etc), flowers (carnation, chrysanthemum etc.) 
herbage and forage crops (e.g. alfalfa, grasses) vegetables (e.g. tomato, pepper, aubergine, 
Brassicae, etc.).   
 
 

2.2 Legal Framework of ERA in the EU 

In the EU, the environmental risk assessment must be carried out in accordance with the 
objectives, elements, principles and methodology laid down in Annex II to Directive 
2001/18/EC. This Annex has been supplemented by guidance notes established in 
Commission Decision 2002/623/EC of 24 July 2002.  
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The objective of the environmental risk assessment is, on a case by case basis, to identify 
and evaluate potential direct or indirect, immediate or delayed adverse effects of the 
deliberate release of the GMO, on human and animal health and the environment. The 
Module 4 literature survey analysed the most relevant information from various sources and 
grouped the knowledge according to the main points as listed in Directive 2001/18/EC 
(section D2 of Annex II):  
 

1. Likelihood of the Genetically Plant (GMP) becoming more persistent than the 
recipient or parental plants in agricultural habitats or more invasive in natural habitats. 
 

2. Any fitness advantage or disadvantage conferred to the GMP. 
 

3. Potential for gene transfer to the same or other sexually compatible plant species and 
any fitness advantage or disadvantage conferred to those plant species. 
 

4. Potential immediate and/or delayed environmental impact resulting from direct and 
indirect interactions of the GMP with target and non-target organisms, such as 
predators, parasitoids, and pathogens (also taking into account organisms which 
interact with target organisms), including impact on population levels of competitors, 
herbivores, symbionts (where applicable), parasites and pathogens. 
 

5. Possible immediate and/or delayed effects on human and animal health resulting 
from potential direct and indirect exposure to the GMP.  
 

6. Possible immediate and/or delayed effects on biogeochemical processes resulting 
from direct and indirect interactions of the GMP with soil functional systems.  
 

7. Possible immediate and/or delayed, direct and indirect environmental impacts of the 
specific cultivation, management and harvesting techniques used for the GMP where 
these are different from those used for non-GMPs. 
 

All collected data were assessed and conclusions compared with results generated in the 
relevant NFP59 projects on impacts on the environment. The potential benefits of GMPs are 
also assessed particularly in relation to benefits for central European agriculture and the 
environment. 
 
Within the EU, EFSA is responsible for the scientific assessment of the release applications 
for GMOs and their associated risk assessments, and gives scientific opinions on the safety 
of GMOs for human and animal health and the environment. This includes providing 
independent scientific advice on the safety of:  
 

• genetically modified organisms (GMOs) such as plants, animals and micro-
organisms, on the basis of Directive 2001/18/EC on the deliberate release into the 
environment of genetically modified organisms, including genetically modified plants  
 

• genetically modified food and feed, on the basis of Regulation (EC) No 1829/2003 on 
genetically modified food and feed  

 
The EFSA GMO Panel assesses the risks of all GMO applications in order to produce 
scientific opinions and advice for the EC and members state risk managers. Its risk 
assessment work is based on reviewing scientific information and data in order to evaluate 
the safety of a given GMO. This helps to provide a sound foundation for European policies 
and legislation and supports risk managers in taking effective and timely decisions. European 
legislation requires that an applicant must submit an application for any GMO to be 
authorised in the EU for placing on the market. This application must contain a risk 
assessment conducted according to the requirements of the EU regulations. In accordance 
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with EU legislation, an independent scientific assessment is carried out by the EFSA’s GMO 
Panel to evaluate the risk assessment of the applicant and give an opinion on safety of the 
GMO. The Panel’s independent scientific advice is then used by the Commission and 
Member States when taking a decision on market approval. As part of its remit, the EFSA 
GMO Panel produces a number of Guidance Documents to provide the applicants with 
guidance for the preparation and presentation of applications and to clarify its approach to 
risk assessment and to ensure transparency in its work. Recently, a new EFSA publication 
(EFSA, 2010a) provided more detailed guidance for the environmental risk assessment 
(ERA) of genetically modified (GM) plants submitted within the framework of Regulation (EC) 
No 1829/2003 on GM food and feed or under Directive 2001/18/EC on the deliberate release 
into the environment of genetically modified organisms (GMOs).  
 
The EFSA ERA guidance document (EFSA, 2010a) was subject to intensive discussions and 
consultations with a wide range of stakeholders and several alternative approaches were 
considered during the exercise. Recent critical reviews of risk assessment methodologies 
(e.g. by Myhr, 2010, Hilbeck et al., 2011 or Meyer, 2011) have indirectly confirmed the 
scientific robustness and applicability of the EFSA approach.  
 
Risk assessment serves as the scientific basis for informing decision making as laid down in 
national and international regulations (see Sparrow, 2010). Risk assessment is subject to 
considerable scientific, political, and public scrutiny (Abt et al., 2010). With increasing 
complexity and demands, the risk assessment process is challenged to provide decision-
relevant information in a timely fashion, with some assessments in the GM Agriculture area 
taking more than 10 years to complete. According to Davison (2010) the EU has the probably 
strictest regulations in the world for the presence of GMOs in food and feed, which is likely to 
be true for both risk assessment and coexistence issues. 
 
The ERA of GM plants involves generating, collecting and assessing information on a GM 
plant in order to determine its impact on human/animal health and the environment relative to 
non-GMOs, and thus assessing its relative safety. The EFSA ERA document provides 
guidance to risk assessors for assessing potential effects of GM plants into the environment 
and the rationales for data requirements in order to complete a comprehensive ERA, and to 
draw conclusions for the post-market environmental monitoring (PMEM). The ERA should be 
carried out in a scientifically sound manner based on available scientific and technical data 
and on common methodology for the identification, gathering and interpretation of the 
relevant data. Tests, and measurements, and data generated should be clearly described as 
well as the assumptions made during the ERA. In addition, the use of scientifically sound 
modelling approaches could provide further useful information for the ERA. Sufficient 
scientific data must be available in order to arrive at qualitative/quantitative risk estimates. 
 
Each risk assessment begins with problem formulation in which the most important questions 
that merit detailed risk characterisation are identified (see chapter 3.1). Problem formulation 
helps to make the risk assessment process transparent by explicitly stating the assumptions 
underlying the risk assessment. At the end, the overall risk evaluation should result in 
informed qualitative and, if possible, quantitative advice to risk managers, outlining the nature 
and magnitude of uncertainties associated with the identified risks (see chapter 5.1). The 
implications of the risk assessment for risk management measures should also be assessed.  
 
The EFSA ERA document considers that seven specific areas of concern should be 
addressed by applicants and risk assessors during the ERA (1) persistence and 
invasiveness of the GM plant, or its compatible relatives, including plant-to-plant gene 
transfer; (2) plant-to-micro-organism gene transfer; (3) interaction of the GM plant with target 
organisms; (4) interaction of the GM plant with non-target organisms, including criteria for 
selection of appropriate species and relevant functional groups for risk assessment; (5) 
impact of the specific cultivation, management and harvesting techniques; including 
consideration of the production systems and the receiving environment(s); (6) effects on 
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biogeochemical processes; and (7) effects on human and animal health. Each specific area 
of concern is considered in a structured and systematic way following the above-mentioned 
steps (1 to 6). In chapter 4 of this NFP59 Module 4 report the main scientific and biosafety 
issues associated with these seven areas of concern are addressed. 
 
The ERA should follow a weight-of-evidence approach considering intended and unintended 
effects.  
 
The ERA should be carried out on a case-by-case basis, meaning that the required 
information may vary depending on the type of the GM plants and trait(s) concerned, their 
intended use(s), and the potential receiving environment(s). Information for ERA can be 
collected via (1) field-generated data (from field trials, field surveys, semi-field trials, and/or 
agronomic field trials), (2) molecular characterisation data, (3) compositional data, (4) 
laboratory studies (including ecotoxicological studies , (5) modelling, and/or (6) desk and 
literature studies. 
 
In addition, the EFSA Guidance Document (EFSA, 2010a) is supplemented with several 
general cross-cutting considerations (e.g. choice of comparator, receiving environment(s), 
general statistical principles, long-term effects) that need to be considered in the ERA. The 
scientific Panel on Genetically Modified Organisms of the European Food Safety Authority 
(EFSA GMO Panel) proposes a step-wise selection process of relevant receiving 
environments to be addressed for ERA of a GM plant in question. Applicants should follow 
general statistical principles as outlined in this document. If experimental studies are being 
used they should allow testing for difference and equivalence. The EFSA GMO Panel also 
provides statistical guidance for specification of effect size, limits of concern, power analysis, 
experimental design, analysis and reporting. Recommendations are given how to address 
uncertainty (see also Van der Voet et al., 2011).  
 
Predicting impacts of GM plants on complex ecosystems which are continually in flux is 
difficult and largely based on experiences with other introductions and an understanding of 
the robustness of ecosystems. It is recognised that an environmental risk assessment is 
limited by the nature, scale and location of experimental releases, which biospheres have 
been studied and the length of time the studies were conducted.  
 
The assessment of long-term effects requires specific information sources and techniques, 
including experimental or theoretical methodologies, and recommendations for establishing 
relevant baseline information. Scientific knowledge and experience gained from growing GM 
plants during the monitoring of experimental releases and provisional approval periods for 
GM plants will also inform the risk assessment process and are opportunities to continually 
update environmental risk assessments in the light of any new knowledge. 
 
The risk characterisation should include considerations: 
 

• whether cultivation of GM plants is as safe for the environment as the cultivation of 
non-GM plants;  
 

• whether consumption of foods/feed derived from GM plants is as safe for hu-
mans/animals as the conventional comparators; 
 

• whether specific conditions for GM plant cultivation, may be required; 
 

• regarding the scientific basis for different options to be considered for risk man-
agement, including post market environmental monitoring. 
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Where GM events have been approved under Regulation (EC) No 1829/2003 or Directive 
2001/18/EC, genotypes produced by crossing plants containing these events with non-GM 
plants are not required to undergo further risk assessment. However, where applications 
involve the crossing of GM plants to stack GM events, a risk assessment is required in the 
European Union, even when the single events comprising the stack have been approved. 
This regulation differs from that operating in some other countries (e.g. USA). The stacking of 
approved events can arise from unintentional crosses as has happened in Canada with both 
oilseed rape and its weedy relative Brassica rapa (e.g. Knispel et al., 2008, Londo et al., 
2010) and has occurred in rice and wheat breeding programmes in USA with unapproved 
events (EC 2006, EFSA, 2006, Gaines et al., 2007). Stacked events have become more 
important in recent years. The first cultivation started in 1997-1999 with a stacked event of 
insect resistance (IR) and herbicide tolerance (HT) in cotton and maize. Today, the most 
common stacked events are combinations of (i) different IR genes or (ii) of IR and HT genes, 
obtained by the crossing of single (or double trait ie IR +HT) paternal lines. In some cases 
the HT genes are present more as selective markers than for allowing use of the specific 
herbicide. An increasing number of stacked events are now being submitted for both food 
and feed importation and for cultivation in the EU (EFSA, 2007a; De Schrijver et al, 2007). 
Based on the EFSA Guidance Document (EFSA, 2010a) the ERA should take into account 
the evaluation of the individual events and additional data from molecular characterisation 
and comparative compositional analysis of the stacked events when determining potential 
interactions between genes or between gene products. In line with the BEETLE report (2009) 
and the US National Research Council (NRC 2010) this Module 4 report confirms that no 
detrimental negative interaction has been observed between stacked genes in GM crops so 
far. In addition, the EFSA GMO Panel recently dismissed claims of adverse interactions 
thought to be inherent to stacked events by an NGO organisation (EFSA, 2011a). Another 
issue to be considered is that stacked events naturally segregate in the process of 
reproduction, and recent scientific opinions of EFSA regarding stacked events therefore 
consider all sub-combinations independently of their origin (e.g. EFSA, 2011e).  
 
 

2.3 Legal Framework of Coexistence in Europe  

Coexistence of GM crops and products with non GM crops and products is primarily a socio-
economic issue associated with supplying foods and feeds of known GM or non-GM purity. 
In order to achieve certain thresholds of purity it is necessary to segregate agricultural 
production systems and supply chains. Scientific knowledge is required to understand the 
sources of cross contamination and to manage the levels within required thresholds.  
 
The important routes for cross contamination in agriculture are through cross pollination and 
seed dispersal, both natural and man induced. Considerable research has been conducted 
on the nature of pollen dispersal, the biology of cross pollination and the genetics of seed set 
(see review by Eastham and Sweet, 2002). In addition studies have been conducted on a 
range of physical and biological methods to minimise or restrict pollination and seed set. 
There is also considerable research information on seed dispersal, dormancy, longevity and 
viablility in the major crop species. This research was reviewed and put into the context of 
studies in Switzerland where there has been considerable research on managing 
coexistence of GM and non GM maize and some studies of other crops (see chapter 6).   
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Specifically information was obtained from the six international coexistence conferences 
(GMCC031, GMCC052, GMCC073, GMCC094, GMCC115 and SGFA116), from international 
studies and from the EU projects SIGMEA, Co-Extra and Transcontainer. In addition the co-
existence and gene flow studies conducted in Switzerland were examined. The issues of GM 
crops with stacked events are also considered within coexistence measures (Paul et al., 
2011).  
 
 

2.4 GM Plants of Interest for Switzerland 

Present and future GM plants that are cultivated or might be considered for cultivation in 
Europe are among others: 
 

• Maize 
 

• Soybean 
 

• Oilseed rape and other oil crops (eg sunflower)  
 

• Cotton 
 

• Rice  
 

• Beet 
 

• Potato 
 

• Wheat and other cereals 
 

• Vegetables 
 

• Fruit crops 
 

• Trees 
 

• Grass and forage crops  
 

                                                
 
1 GMCC03: First European Conference on Co-existence of Genetically Modified Crops with Conventional and 

Organic Crops. http://www.agrsci.dk/gmcc-03/ 
2 GMCC05: Second International Conference on Co-existence between GM and Non-GM based agricultural 

supply chains. http://www.gmcc05.com/ 
3 GMCC07: Third International Conference on Co-existence between GM and Non-GM based agricultural supply 

chains. http://gmcc-07.jrc.ec.europa.eu/news.htm 
4 GMCC09: Fourth International Conference on Co-existence between GM and Non-GM based agricultural 

supply chains. www.gmcc-09.com/ 
5 GMCC11: Fithth International Conference on Co-existence between GM and Non-GM based agricultural supply 

chains. http://gmcc-11.com/ 
6 SGFA11: The Science of Gene Flow in Agriculture and its role in co-existence. Conference UC Davis. 

http://sbc.ucdavis.edu/files2/geneflowcompleteproceedings2011.pdf 
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Some of these crops (like cotton, rice) can only realistically be cultivated in some warmer 
regions, while others, like potato, may (potentially) be cultivated throughout Europe. 
Therefore in risk assessment the existing geographical zones should be coupled to the likely 
cultivation area of specific GM crops, considering the crop*trait combination.  
 
The potential environmental risk associated with some of these crops is discussed in the 
following Sections, considering particularly crops of interest to Switzerland: wheat, potato, 
maize, sugar beet, oilseed rape, apple, and grape vine (BATS, 1996).  
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3. Environmental Risk Assessment  
 
The risk assessment strategy for GM plants seeks to use appropriate methods to compare 
the GM plant and derived products with their appropriate comparator. Thus non-GM plants 
serve as comparators for the ERA of GM plants. The comparative safety assessment is 
being followed in order to identify differences caused by either intended or unintended effects 
of the transformation process and the expression of the novel gene construct. This 
‘Comparative Safety Assessment’ is still subject to intensive discussion (Abt et al., 2010, 
Kuiper and Davies, 2010, Herman, 2010, Hilbeck et al., 2011, Meyer, 2011, Parrott et al., 
2010, Rüdelsheim and Smets, 2010). 
 
Comparative safety assessment includes molecular characterisation, the agronomic and 
phenotypic characteristics of the GM plant in question, as well as its compositional analysis 
(OECD, 1993, FAO/WHO, 1996). In addition, the comparative safety assessment within ERA 
shall use information on the interactions of the GM plant with its receiving environment(s) in 
comparison with those associated with similar conventional plants.  
 
Genetic modification of plants results in the intended effects required by the plant breeder, 
but may also result in unintended effects. There is increasing evidence that ‘classical 
breeding’ technologies such as mutation breeding, radiation breeding, and other tech-
nologies including chemical treedments may cause more physiological and phenological 
alterations than genetic engineering (Arber 2010, Barros et al., 2010, Coll et al., 2010a, 
2010b, Harrigan et al., 2010, Kogel et al., 2010, Herman et al., 2011).  
 
The ERA is focused on the identification and characterisation of both effects with respect to 
possible adverse impacts on human and animal health and the environment. Effects can be 
direct and indirect, immediate and delayed, including cumulative long-term effects.  
 
Intended effects are those that are designed to occur and which fulfil the original objectives 
of the genetic modification. Alterations in the phenotype may be identified through a 
comparative analysis of growth performance, yield, pest and disease resistance, etc. 
Intended alterations in the composition of a GM plant compared to its appropriate com-
parator, may be identified by measurements of single compounds.  
 
Unintended effects of the genetic modification are considered to be consistent (non-transient) 
differences between the GM plant and its appropriate comparator, which go beyond the 
primary intended effect(s) of introducing the transgene(s). Since these unintended effects are 
event-specific, applicants must supply data on the specific event. In general, it can be 
concluded that very few clearly unexpected effects were observed during the large scale 
post-release growing of herbicide-tolerant crops and Bt crops within the last 10 to 15 years 
(Van den Brink et al., 2010). One has to keep in mind that there will always be an element of 
subjectivity in assessing effects as “unexpected”. Furthermore, it is also possible that certain 
effects are becoming visible only after a longer period than 10 to 15 years, but no indications 
for such effects were found in the literature (see e.g. Van den Brink et al., 2010, BEETLE, 
2010). Unexpected effects caused directly by the genetic modification were not found. For 
example, Himanen et al. (2010) tested whether Bt transgenes may have unintended effects: 
The presence of transgenes did not perturb fecundity, within-plant biomass allocation or O3 
tolerance of B. napus. Only in herbicide-tolerant crops, Brink et al. (2010) concluded to some 
indirect unexpected effects: the reduced uptake of micro-nutrients and some positive and 
negative effects on susceptibility to diseases. These effects are specific to herbicide use with 
glyphosate-tolerant GM and non-GM crops.  
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The sources of data that are used to determine unintended effects are:  
 

1. Molecular characterisation: A starting point in the identification of potential unintended 
effects is analysis of the DNA construct and insertion site to establish whether the 
insertion is likely to have potential effects other than the intent of the original genetic 
modification (e.g. unintended effect(s) could be due to loss of function of an 
endogenous gene at the insertion site). However, there seems to be high genetic 
stability in commercialized GM plants to date (e.g. for Bt maize: Ben Taher et al., 
2010).  
 

2. Compositional analysis: Unintended effects may be detected through the comparison 
of the compositional characteristics of the GM plant with its appropriate comparator 
(e.g. unintended effect(s) could potentially be linked to metabolic perturbations).  
 

3. Agronomic and phenotypic characterisation: Unintended effects may also be detected 
through the comparison of the phenotypic and agronomic characteristics of the GM 
plant with its appropriate comparator (e.g. unintended effects could be linked to 
morphological alterations). 
 

4. GM plant-environment interactions: Unintended effects may be detected through 
comparisons of biotic and abiotic interactions of the GM plant and its appropriate 
comparator with components of their receiving environment(s). In planta data are the 
fundamental source of information (e.g. unintended effects could be linked to 
changes in the interaction of the GM plant on functionality of NTO guilds).  
 

For ERA, statistically significant differences between the GM plant and its appropriate 
comparators, which are not due to the intended modification, may indicate the occurrence of 
unintended effects, and should be assessed specifically with respect to their biological 
relevance and potentially hazardous environmental implications. The outcome of the 
comparative safety assessment allows the determination of those “identified” characteristics 
that need to be assessed for their potential adverse effects in the environment, regardless of 
whether they were intended or unintended, and will thus further structure the ERA. 
 
Raybould et al. (2011) studied how laboratory methods for assessing the ecotoxicological 
effects of synthetic pesticides have been modified for the measurement of effects of 
insecticidal proteins, and how these effect measures are combined with exposure estimates 
to derive ‘Hazard Quotients’ for assessing the ecological risks from the cultivation of insect-
resistant transgenic crops. Allthough the potential for such ecological modeling to inform the 
design of laboratory effects tests for insecticidal proteins is discussed by Raybould et al. 
(2011) it remains unclear how this approach might improve the ERA in the future. 
 
 

3.1 Problem Formulation: Context and Definitions 

Problem formulation is the critical first step of the environmental risk assessment (ERA). It 
extracts policy goals, scope, assessment endpoints and methodology to an explicitly stated 
problem and approach for analysis (Figure 2). Improving the consistency and value of ERAs 
conducted for genetically modified (GM) plants can be achieved through rigorous problem 
formulation (PF) whereby the problem context for risk assessment is transformed through 
problem definition to an analytical plan that describes relevant exposure scenarios and the 
potential consequences of these scenarios (Wolt et al., 2009). Formal definition of the ERA 
through a properly executed PF assures the relevance of risk assessment outcomes for 
decision-making. Adopting consistent problem formulation will bring greater uniformity in 
ERAs among various regulatory regimes. 
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The PF should also explicitly state significant assumptions underlying the risk assessment. 
For example, even the term ‘environment’ requires operational definition in a given ERA. This 
is because, depending on the specific problem context, the ERA may encompass con-
sideration of anthropogenic as well as natural components; and human and animal health 
needs to be considered according to Directive 2001/18/EC.  
 
In terms of assessment endpoints, there needs to be a common understanding of adverse 
effects for hazard and value identification (see chapter 3.2). One crucial point is whether PF 
should consider the occurrence of pleiotropic effects, for which it is per se hard to give any 
case-specific prognosis. Pleiotropic and other unanticipated effects may be important to 
assess for certain types of GM plants and they should be taken into consideration when 
formulating the problem and developing risk hypotheses. Considering pleiotropic effects may 
call for more data and this might increase rather than allay concerns about the environmental 
impacts of GMOs (Raybould 2006, Johnson et al., 2007). 
 
The PF needs to include specified or appropriate assessment endpoints, and sufficient clarity 
on the purpose and use of information requested by risk assessors and decision-makers.  
 
Based on the EFSA ERA guidance document (EFSA, 2010a) the ERA is conducted starting 
with step 1 and moving towards step 6; step 2 and 3 can, however, be carried out in parallel 
(see Figure 2). The EFSA document provides detailed guidance on how to consider 
appropriate comparators, long-term effects and general aspects of statistical data analysis. 
 

 
Figure 2: Six steps within the environmental risk assessment (ERA) and relationship to risk 
management, including monitoring, according to Directive 2001/18/EC and Regulation (EC)  
No. 1829/2003, as outlined by EFSA (2010a). 
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3.2 Environmental Protection Goals  

Environmental Protection Goals (EPG) need to be defined according to national (Swiss) and 
internationally binding legislation. For the EU, some EPGs are defined in the Fauna-Flora-
Habitat Directive (see Table 1), such as biodiversity, species protection, habitat conservation 
etc. The aim of this Directive is to contribute towards ensuring biodiversity through the 
conservation of natural habitats and of wild fauna and flora in the European territory of the 
Member States to which the Treaty applies. This comprises not only protected species and 
habitats, but also ecosystem functions, such as pollination or biological control, protection of 
soil functions, quality of water and air. Related to this, sustainable agriculture is also 
described as an EPG since it is generally considered to be an approach for conserving 
Biodiversity in agro-ecosystems which are heavily influenced by man. Recent alternative 
approaches to define protection goals considering effects of GMO are available from Bartz et 
al. (2009), Heink et al. (2010), and NABU (2010). Considerable work on technology 
assessment and protection goals for Switzerland was already carried out during the BATS 
research project ‘Nachhaltige Landwirtschaft’ (BATS 2000). 
 
Biodiversity is an important element in determining protection goals and biodiversity covers 
both species richness and ecological services (including agro-eco-functions). Both 
components are clearly linked; for example rareness and conservation/protection status are 
often linked. However ecosystem function may not always be dependent on the number of 
species but the ecological niche(s) they occupy and their role in those niches (see Finke and 
Snyder, 2008). 
 
In relation to environmental impact assessment of any developments on (wider) biodiversity, 
most European countries have put into place assessment procedures to identify projects of 
high risk to biodiversity, in line with Article 14 of the CBD7. The EU legislation is available at 
http://europa.eu.int/comm/environment/eia/home.htm.  
 
All agriculture, forestry, and landscape management systems have impacts on biodiversity. 
For example, Bacillus thuringiensis israelensis (Bti) is the most commonly used – 
conventional – microbial pesticide to control mosquitoes worldwide, including sensitive areas 
like the Camargue in France. It has been shown by Poulin et al. (2010) that there can be 
negative effects on breeding bird populations. Thus mosquito-control programmes should 
integrate non-biased awareness campaigns and mitigation measures balancing the social 
demands for mosquito reduction with the factors involved in mosquito proliferation and 
dispersion. Such measures could consist in improved agricultural and wetland management; 
reduction in areas and periods of Bti spraying; consideration of alternatives to Bti spraying, 
such as mosquito traps; specific measures to reinforce animal populations affected by Bti; 
and suspension of mosquito control in environmentally sensitive areas where nature 
preservation is a priority. It is well documented that changes in the scale of farms, farming 
practices and the use of pesticides has resulted in declines in farmland biodiversity in many 
parts of Europe and elsewhere (Donald et al., 2006, Reidsma et al., 2006, Reif et al., 2008, 
Hawes et al., 2010, Potts et al., 2011). Natura 2000 and the agro-environmental schemes 
developed in many countries are trying to arrest this decline and improve biodiversity in 
some regions. In addition moves towards integrated pest management as a component of 
more sustainable farming systems are making farmers and land managers aware that 
biodiversity can be exploited in order to protect and enhance crop performance. Thus 
managing functional biodiversity should be an important component of farm management 
systems. It is against these farming systems that systems incorporating GM plants should be 
assessed and their risks and benefits to these systems should be considered.  
 

                                                
 
7 Convention on Biological Diversity: http://www.cbd.int/ 
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It is important that the environmental risk assessment of GM crops identifies whether their 
impacts are different from those of comparable conventional cropping systems. To 
scientifically assess risks, it is necessary to test hypotheses and identify clear and objective 
protection goals around which assessment and measurement endpoints are developed for 
the environmental risk assessment of GM plants. The issue of selecting an ‘appropriate’ or 
‘acceptable’ baseline level of biodiversity for any agro-ecosystem is widely debated. 
Logically, an ‘acceptable’ level of biodiversity needs to be determined and agreed. This 
acceptable level needs to be above a ‘minimum’ biodiversity level for the efficient and 
sustainable functioning of the particular agro-ecosystem (i.e. providing essential ‘biological 
services’, including biological control of pests and diseases, nutrient fixing and cycling, 
maintenance of soil moisture and structural stability, etc). Once an acceptable level of 
biodiversity is known for a particular agro-ecosystem, it should then be possible to design the 
management of the crop towards achieving or maintaining this desired level of biodiversity. 
The required level of biodiversity in a particular agricultural system is therefore considered by 
many to be a subjective or cultural response in an artificial (human-managed) environment, 
rather than a basic and definitive biological measure. Since agro-ecosystems are human-
modified environments, it is logical to expect biodiversity levels to be different from those of 
natural habitats. Providing more bio-diverse semi-natural habitats in areas adjacent to 
farmed land can maintain biodiversity levels. These wildlife refugia are more important to 
provide when farming is more intensive, less fragemented and has little crop diversity, 
especially if integrated management systems are to be exploited (e.g. the ‘push-pull’ strategy 
for maize IPM, Cook et al., 2007). The spatial deployment of pest susceptible ‘refugia’ areas 
within pest-resistant GM crops illustrates that larger scale approaches can be devised and 
successfully deployed at a regional scale if there are sufficient incentives (contractual, 
financial, etc.). It is therefore important that the environmental risk assessment takes into 
account the possible threats to the biodiversity within the agro-ecosystems and in the 
surrounding habitats, particularly considering the possible implications for protected areas 
that might be in proximity of cropping areas. 
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Table 1: Examples of environmental protection goals and their legal bases in the EU. 
Directive 2001/18/EC (a) specifically applies to GM plants. Other legislations as listed 
below should be considered by the applicant. 
 
Protection goals Legal basis 
Areas of protection Background Scope 

Directive 2004/35/EC(b) Environmental liability 

Directive 92/43/EEC(c) Conservation of natural habitats 
and of wild fauna and flora 

Directive 2009/147/EC(d) Conservation of wild birds 

Regulation 338/97(e) Protection of endangered wild 
fauna and flora 

Action plan for biodiversity(f) Conservation of biodiversity 
Biodiversity strategy(g) Conservation of biodiversity 
Biodiversity action plan for the 
conservation of natural resources(h) 

Conservation of natural 
resources 

Biodiversity action plan for 
agriculture(i) Conservation of biodiversity 

Bern convention(j) Conservation of European 
wildlife and natural habitats 

Convention on biological diversity(k) Conservation of biological 
diversity 

Biodiversity 
conservation 

Species of 
conservation 
or cultural 
value; red list 
species 
// 
Protected 
habitats; 
landscapes 

  
Directive 2004/35/EC Environmental liability 
Thematic strategy for soil 
protection(l) Preservation of soil functions Soil 

  
Water Directive 2000/60/EC(m) Water protection 

Regulation 1107/2009(n)  
 
Directive 2009/128/EC(o) 

 

Marketing of plant protection 
products 
Sustainable use of PPP 

Biodiversity strategy Sustainable use of biodiversity 

Ecological 
functions 

Production 
systems; plant 
health 

Thematic strategy on the 
sustainable use of natural 
resources(p) 

Sustainable use of natural 
resources 

(a): Directive 2001/18/EC of the European Parliament and of the Council of 12 March 2001 on the 
deliberate release into the environment of genetically modified organisms and repealing Council 
Directive 90/220/EEC 
(b): Directive 2004/35/CE of the European Parliament and of the Council of 21 April 2004 on 
environmental liability with regard to the prevention and remedying of environmental damage 
(c): Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats and of wild 
fauna and flora 
(d): Council Directive 2009/147/EC of 30 November 2009 on the conservation of wild birds 
(e): Council Regulation (EC) No 338/97 of 9 December 1996 on the protection of species of wild fauna 
and flora by regulating trade therein 
(f): Commission Communication of 22 May 2006 “Halting the loss of biodiversity by 2010 – and 
beyond – Sustaining ecosystem services for human well-being” COM(2006) 216 
(g): Communication from the Commission to the Council and the European Parliament of 4 February 
1998 on a European Community biodiversity strategy COM(1998) 42  
(h): Commission Communication of 27 March 2001 to the Council and the European Parliament: 
Biodiversity Action Plan for the Conservation of Natural Resources (Volume II) COM(2001) 162 
(i): Commission Communication of 27 March 2001 to the Council and the European Parliament: 
Biodiversity Action Plan for Agriculture (Volume III) COM(2001) 162 
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(j): Council Decision 82/72/EEC of 3 December 1981 concerning the conclusion of the Convention on 
the conservation of European wildlife and natural habitats (Bern Convention) 
(k): Council Decision 93/626/EEC of 25 October 1993 concerning the conclusion of the Convention on 
Biological Diversity 
(l): Commission Communication of 22 September 2006 entitled “Thematic strategy for soil protection” 
COM(2006) 231 
(m): Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 
establishing a framework for Community action in the field of water policy 
(n): Regulation (EC) No 1107/2009 of the European Parliament and of Council of 21 October 2009 
concerning the placing of plant protection products and repealing Council Directives 79/117/EEC and 
91/414/EEC. (o): Directive 2009/128/EC of the European Parliament and of the Council of 21 October 
2009 establishing a framework for Community action to achieve the sustainable use of pesticides 
(p): Communication from the Commission of 21 December 2005 – Thematic Strategy on the 
sustainable use of natural resources COM(2005) 670 
 
 
With regard to Non-target organisms and NTO biodiversity, species assemblages and food 
webs in the crop should be considered, specifically describing the functional groups active in 
the receiving environments and how the situation could/could not be different in GM plant 
receiving environments based on laboratory and/or field studies on species at different 
trophic levels using the methods described in section 4.5 and in the EFSA opinion on NTO 
testing (EFSA, 2010b). Comparisons should be made with the range of current pest 
management strategies so that comparative estimates of biodiversity impacts of GM plants 
can be performed under a range of systems and related to current practices.  
 
With regard to crop diversity, the need to protect crop genetic resources has sparked a 
growing interest in the genetic diversity maintained in traditional farming systems worldwide 
(Van Heerwarden et al., 2010). It is likely that GM crops, which have only one or a few genes 
changed, will continue to need to exploit the wide genetic diversity available in gene banks 
and breeding programmes around the world in order to optimise crop production and 
performance in a range of environments. As an example in should be noted that the 
MON810 event has been commercialised in over 100 different varieties in Europe in order to 
optimise crop performance in different regions and for different markets. 
 
Soil biodiversity also consists of several trophic levels and numerous varieties of flora and 
fauna. Understanding the role of crop plants within the soil ecosystem provides the baseline 
for assessing any differing effects of GM plants. The close interaction between crop 
cultivation and soil processes means that soil organisms will directly and indirectly interact 
with GM plants and their products (eg Bt-proteins) released from GM crops. In any risk 
assessment the importance of the biodiversity of the system and the level of functional 
redundancy within the soil system needs to be addressed. FAO (2008) indicate that soil 
biodiversity can be assessed, managed and conserved, showing examples of successful and 
unsuccessful practices which have been used in various regions of the world to manage soil 
biodiversity. Moreover the Conference of the Parties to the Convention on Biological 
Diversity (CBD) identified soil biodiversity as an area requiring particular attention. It is 
therefore important that soil is specifically included in environmental impact assessments. 
 
 

3.2.1 Environmental Damage 

Environmental damage is defined as a measurable adverse change in a natural resource 
(e.g. of a protected species, ecosystem services or on other environmental entities of 
concern) or measurable impairment of a natural resource service which may occur directly or 
indirectly.  
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The following three principles merit attention for the testing of GMOs and/or ecosystem 
services (starting in the problem formulation phase):  
 

1. “Damage or harm” means a measurable adverse change. This definition has 
implications for ERA in respect to practicality since there is a need to quantify the 
effects on biota in receiving environments.  
 

2. The significance of any damage needs to be evaluated on a case-by-case basis 
particularly in relation to species population sizes and the potential for recovery of the 
affected biota. This definition has implications for the assessment of the magnitude of 
observed changes. 
 

3. Representativeness of the receiving environment, protection goals and ecosystem 
services needs to be determined.  
 

A crucial step in ERA problem formulation is to identify the aspects of the environment that 
need to be protected from harm according to environmental protection goals set out by EU or 
Swiss legislation (see e.g. BATS 2000, and Table 1 for EU legislation). Because protection 
goals are general concepts, they should be translated into measurable assessment 
endpoints. Defining assessment endpoints is necessary to focus the risk assessment on 
assessable/measurable aspects of the environment – a natural resource (e.g. natural 
enemies) or natural resource service (e.g. biological control functions of pest populations 
performed by natural enemies, or pollination) that could adversely be affected by the GM 
plant and that require protection from harm.  
 
Subsequently, within the problem formulation, the identified potential adverse effects need to 
be linked to assessment endpoints in order to derive testable hypotheses that allow 
quantitative evaluation of the harm posed to those assessment endpoints. The hypotheses 
are of importance as they will further guide the setting up of a methodological approach on 
how to evaluate the magnitude of harm. Through hypothesis, assessment endpoints are 
translated into quantitatively measurable endpoints, termed measurement endpoints (such 
as measurements of mortality, reproduction, abundance). A measurement endpoint can be 
regarded as an indicator of change in the assessment endpoint, and constitute measures of 
hazard and exposure. 
 
Finally, for each measurement endpoint, the level of environmental protection to be 
preserved is expressed through the setting of ‘limits of concern’ which may take one of two 
forms. For studies in the environment(s) that are controlled, the limits of concern will usually 
be trigger values which, if exceeded, will either lead to conclusions on risks or the need for 
further assessment in receiving environment(s). For field studies, the limits of concern will 
reflect more directly the minimum effect that is considered to potentially lead to harm. If these 
limits are exceeded then detailed quantitative modelling of exposure may be required to 
scale up effects at the field level both temporally and spatially. Limits of concern can be 
defined by literature data, modelling, existing knowledge and policy goals. 
 
 

3.2.2 Environmental Scope 

It is important to consider whether GM plants are released intentionally (via cultivation) or 
unintentionally (from imported products).  
 
The major route of environmental exposure will be the intended release of GMP via 
cultivation. On a case be case basis unintended but unavoidable releases into the 
environment also needs to be considered, e.g. the loss and spillage of seeds from imported 
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food/feed products. In many cases food and feed processing or handling renders seeds non-
viable (e.g. Reuter et al., 2010b). 
 
a. Unintended release (e.g. derived from imports of food and feed containing or 
consisting of GM plants) 
If a GMP is not to be grown or cultivated in a country then the environmental risk 
assessement relates primarily to any exposure routes of the GM plant and its products 
through its intended use and any accidental release of the GMP into the environment during 
transport and use.  
 
b. Intended release of GM plants for cultivation  
If a GMP is to be grown or cultivated then the environmental risk assessment should be 
based on an assessment of all possible exposure routes associated with the growing, 
harvesting and processing of the GMP, the event and its products, and on the impacts of the 
cultivation of the GMP (Bartsch and Schuphan, 2002).  
 
 

3.3 Receiving Environment 

Accordung to EFSA (2010a) the receiving environment(s) is the environment into which the 
GM plant(s) will be released and/or into which the transgene(s) may spread either 
intentionally or unintentionally. The receiving environment(s) is characterized by 3 com-
ponents: 
 

• The GM plant (e.g. plant variety species, genetic modification(s) and intended 
uses(s)). 
 

• The Geographical Zones (e.g. the climate, altitude, soil, water, flora, fauna, habi-
tats…). 

 
• The Management Systems (e.g. land use, and production systems, other cultivated 

GM plants, cultivation practices, integrated and other pest management, non-
production activities and nature conservation activities). 

 
In the component “Management Systems”, land use, production systems should be 
considered as these systems can differ significantly between geographical regions (e.g. 
irrigated maize versus non-irrigated cultivation elsewhere). Moreover, within a region, 
cultivation of GM plants for different purposes may also have certain specific risk assessment 
implications (e.g. green maize for biogas or silage with earlier harvest compared to grain 
maize). 
 
These three components result in biotic and abiotic interactions that should be considered 
when establishing representative scenarios considering receiving environment(s) for carrying 
out the ERA of a GM plant. A broad range of various environments in terms of their flora and 
fauna, climatic conditions, habitat composition and ecosystem functions and human 
interventions occurs in the EU. Accordingly, GM plants will potentially interact with those 
differing environments.  
 
The ERA should be carried out on a case-by-case basis, meaning that the required 
information may vary depending on the type of the GM plants and trait (s) concerned, their 
intended use(s), the potential receiving environment(s). There may be a broad range of 
environmental characteristics (regional-specific) to be taken into account. To support a case-
by-case assessment, it may be useful to classify regional data reflecting aspects of the 
receiving environment(s) relevant to the GM plant (e.g. botanical data on the occurrence of 
wild relatives of GM plants in different agricultural or (semi) natural habitats of Europe, 
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effects of production systems on the interactions between the GM plant and the 
environment).  
 
Relevant baseline(s) of the receiving environment(s), including production systems, 
indigenous biota and their interactions, should be determined to identify any differences 
associated with the characteristics of the GM plant and their potential to cause harm. Defined 
relevant baselines refer to current production systems for which generally published literature 
is available. These baseline(s) serve as a point of reference against which future changes 
can be compared. The baseline(s) will depend to a considerable extent on the receiving 
environment(s), including biotic and abiotic factors (for example, natural preserved habitats, 
agricultural farmland or contaminated land). Databases (e.g. the Knecht et al. (2010) on 
maize field arthropods) may be helpful for comparing the species representing particular 
ecological functions and/or taxonomic groups in each country and thus can support ERA. 
 
Both the plant and the transgenic trait(s) determine where the GM plant will most likely be 
grown. Some GM plants (e.g. cotton, rice) can realistically be cultivated in some 
geographical zones only, while others, like maize and potato, may be cultivated more widely 
in Europe. Transgenic traits such as biotic (e.g. pest resistance) and abiotic stress (e.g. 
drought and salt) tolerance will also define where GM plants are likely to be grown. 
Therefore, all these elements should be taken into account when defining the receiving 
environment(s) (e.g. considering geographical zones) for the ERA of each GM plant. 
 
The ERA should take into account potentially harmful interactions of the GM plant with any 
other relevant GM plants that may have been deliberately released or placed on the market 
in the same receiving environments in the past, including interactions between the specific 
cultivation characteristics (e.g.repeated releases of the same GM plant, such as the use of 
plant protection products) associated with the different GM plants. In addition, applicants 
should consider likely and/or predicted trends and changes to receiving environments, 
including uptake of new technologies, and how these might interact with the GM plants. More 
detailed guidance on receiving environments is provided by EFSA (2010a). 
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4. Risk Characterization 
 
Risk is characterised by combining the magnitude of the consequences of a hazard and the 
likelihood that the consequences occur (EC, 2002a). It is described in EFSA (2010a) as the 
quantitative or semi-quantitative estimate including attendant uncertainties, of the probability 
of occurrence and severity of harmful effect(s) based on problem formulation, hazard and 
exposure characterisation. The overall uncertainty for each identified risk should be 
described where relevant, possibly including documentation relating to: 
 

• Assumptions and extrapolations made at various levels in the ERA; 
 

• Different scientific assessments; 
 

• Specified uncertainties; 
 

• Conclusions that can be derived from the data. 
 
The risk characterisation should indicate whether the problem formulation (including hazard 
identification), hazard characterisation and exposure characterisation are complete.  
 
The following sub-chapters extract current knowledge for certain GM plant x trait com-
binations gained during the past ten or more years of research. These findings represent a 
general overview and therefore may not be fully applicable to new GM plant events.   
 
 

4.1 Gene Flow, Persistence and Invasiveness of GM Plants  

Recombinant genes introduced into crops conferring resistance to biotic and abiotic stress 
could potentially lead to increased fitness of the GM crop plants and of potential GM hybrids 
with related wild species (Chapman and Burke, 2006, Heuberger et al., 2010, Hooftmann et 
al., 2011, Raybould 2011, Yang et al., 2011, see also the reviews of Gressel, 2005, Ellstrand 
et al., 2010, Kwit et al., 2011, Snow and Campbell, 2011).  
 
Inter- and intra- specific hybridization between vascular plants has been documented 
worldwide for decades. Gene flow has been widely documented for a range of crop species, 
and their wild relatives (Raybould and Gray, 1994, Darmency et al., 1998, Ellstrand et al., 
1999, Ellstrand, 2001, Eastham and Sweet, 2002, Hails and Morley, 2005, Allainguillaume et 
al., 2006, Simard et al., 2006, Ellstrand et al., 2010, Zuo et al., 2011). The rate of 
hybridization between different species is highly dependent on parameters such as cross 
compatability, synchrony of flowering and the distance between populations (Ellstrand, 
2003a, b). 
 
Introgression of new genes into wild and feral populations will be initially determined by 
hybridisation frequency but also will depened on the fitness of the hybrids and subsequent 
backcross generations. Some crop genes found in wild relatives do not appear to confer 
fitness advantages so that there may be base rates of gene introgression dependant on 
factors such as pollination pressure/frequency and hybridisation frequency. Genes which 
confer fitness advantages would be expected to increase this rate of introgression and may 
subsequently result in uptake of genes to the extent that the behaviour of plant populations is 
altered. It is important that risk assessments consider whether changes in the fitness, 
persistence and invasiveness of GM plants will result in behavioural changes in the GM 
plants and compatible relatives with consequences for receiving environments. There is 
substantial variation in the rates and patterns of crop allele introgression after a single 
hybridization event. Certain crop alleles can introgress easily while others remain rare, 
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supporting the assumption that neutral or beneficial transgenes that are not linked to 
maladaptive traits can persist in the wild (Snow et al., 2010). Frequent allelic introgression 
into weedy populations resulting from outcrossing with nearby cultivars determines the 
private alleles of local feral populations, possibly leading to their genetic differentiation. 
Introgression from a crop may play an important role in the adaptive evolution of feral 
populations (Jiang et al., 2011). However, despite a high expected frequency only few few F1 
hybrids that produce seeds, and no backcrossed plants are found in nature for many plants 
(e.g. Brassica rapa and B. napus, Luijten and De Jong, 2011). 
 
According to EFSA (2010a) the risk assessment considering persistence and invasiveness 
should conclude on (i) the impact of the GM plant and/or hybridising relatives in the 
production system, particularly through increased weediness and more intense weed control; 
(ii) the impact of the GM plant and/or hybridising relatives in semi-natural and natural 
habitats, through change in invasiveness or reduction of biodiversity or ecological function; 
(iii) why any anticipated harm may be considered acceptable; and (iv) what risk management 
measures may be required to mitigate any harm. 
 
 

4.1.1 Altered Flowering Characteristics  

Genetic transformation may alter flowering characters such as male fertility (e.g. in 
barstar/barnase oilseed rape), self and cross pollination potential, seed set, time of flowering, 
synchrony of male and female flowers etc. it is important that the consequences of such 
changes are determined in an ERA. Altered flowering characteristics played so far only a 
minor role in risk assessment practice, but future gene flow mitigation measures, based on 
molecular techniques, aim to alter flowering characteristics (Koziolek, 2009, see also chapter 
6).  
 
In one published study, a delayed flowering of Bt crops was observed (Hoheisel and 
Fleischer, 2007). The authors studied the effects of concurrent introduction of three 
vegetable Bt cultivars (sweet corn, potato, winter squash) with respect to coccinellid, aphid 
and pollen diversity. For all of the three GM varieties, the authors found a delay in pollen 
production in comparison to the isogenic non-genetically modified controls. Small differences 
were detected for sweet corn; larger differences were revealed for potato and squash. The 
production of substantial pollen amounts was one to three weeks delayed in the genetically 
modified lines. For the Bt potato event the peak of pollen production was one week delayed. 
The number of flowers was reduced in the Bt varieties but higher amounts of pollen were 
produced; the reason for this unintended effect is not known, and somaclonal variation might 
be one possible explanation. Altered flowering characteristics was also abserved for some 
GM wheat lines in the NFP59 (Zeller et al., 2010). 
 
In addition it is important to understand the significance of flowering characteristics in 
determining likely introgression of GM traits to wild populations. Stanton et al. (1986) studied 
the insect-attractiveness of white or yellow coloured flowers of the self-incompatible species 
Raphanus raphanistrum. According to their results, white coloured petals attracted fewer 
insects than yellow coloured. However, the maternal function in terms of fruit and seed 
production was not affected when comparing the seed set of white or yellow coloured 
flowers. Thus, the attractiveness of flowers and the frequency of insect visits do not seem to 
be sufficient explanation for female reproductive success when the male function of a flower 
is retained.  
 
Raphanus sativus (cultivated radish) and R. raphanistrum (wild radish) are frequently used 
as a model system for studying the potential fate of GM traits in hybrids (Klinger and 
Ellstrand, 1994, Snow et al., 2001). Lee and Snow (1998) carried out a study on hybridization 
between cultivated radish (as potential target for genetic modification) and wild radish in view 
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of potential fitness effects on hybrids. Cultivated radishes were white-coloured; the wild 
partner R. raphanistrum had yellow flowers but is known as polymorphic for flower colour 
(white or yellow). The hybrids invariably had white or pink coloured flowers like the crop 
partner, thus visualizing the transfer of crop genes. From pollinator studies, the authors found 
that the white coloured hybrids were significantly less frequently visited by pollinators than 
the wild yellow coloured parental plants. Consequently, a lower seed production was 
observed in the hybrids. The discrimination tendencies for the white-coloured hybrids were of 
substantial importance when hybrids were of great numbers. The results give evidence that 
pollinator preferences may potentially affect the likelihood for reproduction and survival of 
GM hybrids. However, as found by Stanton et al. (1986), the frequency of pollinator visits 
alone is not a sufficient estimate for reproductive performance.  
 
Beside petal colours as factor for attracting pollinators, also volatiles emitted from the flowers 
to ambient air play an important role for orientation of insects and plant pollination (see e.g. 
review by Dicke & Baldwin 2010). Plants synthesize and emit a large variety of volatile 
organic compounds; some are probably common to almost all plants whereas others are 
specific to only one or a few related taxa (Pichersky and Gershenzon, 2002). Plant flavours 
are not only produced to attract pollinating insects; several plant species emit volatile 
substances acting as repellents to deter pests or herbivores from attacking the specific plants 
(e.g. scents of distress = “Herbivore-induced Plant Volatiles” – HIPV). Additionally, HIPV are 
attracting the herbivores enemies (predators) in terms of providing biological defence 
(Turlings and Ton, 2006).  
 
Vogler et al. (2009) found in four terpenes and an aromatic compound differences in 
emissions between a GM apple line and two non-GM apple cultivars, but the volatiles were in 
the range of variability recorded for crucial references.  
 
Pierre and Pham-Delègue (2000) demonstrated in a study on honey bee that the 
attractiveness of GM oilseed rape, constitutively expressing a protease inhibitor or HT 
(glufosinate), will not alter the attractiveness of such plants compared to non-GM plants. The 
analyses of nectar and flower volatile compounds from protease inhibitor plants discovered 
differences in the chemical composition between GM and non-GM oilseed rape. However, 
this did not change the attractiveness of the flowers for bees.  
 
Altering flowering characteristics can be used to manage or prevent gene flow and this has 
been extensively researched in relation to hybrid seed production and coexistence of GM 
and non-GM crops (Hüsken et al., 2010). Some methods are discussed in Section 6 on 
Coexistence.  
 
Conclusions regarding altered flowering characteristics: 
 

• Altered flowering characteristics are theoretically possible but do not seem to play an 
important role in risk assessment of currently available GM crops. 
 

• In the future, intended alteration of flowering characteristics may play an important 
role in managing plant-to-plant gene flow (see Section 6 on Coexistence).  

 
 

4.1.2 Increased Fitness of GM Plants 

Fitness is defined as the ‘contribution made to a population of descendents by an individual 
relative to the contribution made by others in its present population’. It is the relative 
contribution that an individual makes to the gene pool of the next generation (Begon et al., 
2005). 
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Fitness is thus a relative and not an absolute term. It depends specifically on the biotic and 
abiotic environment for a given plant species or plant population. Various numbers of 
stressors affect growth, yield and reproduction of GM and non GM crops. Important 
environmental stressors are: weeds competing for space and nutrients on fields, pests 
feeding on crop plants like dwelling insects, infectious bacteria, fungi or viruses (Chapman 
and Burke, 2006). Consequently, fitness improvement might be provided by any transgene 
that affords protection against the stressors mentioned. In addition, traits conferring 
advantages for crop cultivation under detrimental abiotic conditions (e.g. drought) would also 
have the potential for enhancing fitness (Hails and Morley, 2005, Snow et al., 2005). 
 
In case of hybrids containing a GM trait conferring tolerance against a specific stressor, the 
cost of expressing the extra protein is balanced by the advantage of the GM trait. However, 
the advantage does not appear if the pest or abiotic stressor is absent (Chapman and Burke, 
2006, Snow et al., 1999). In this case the GM plant expression of the proteins may have a 
“fitness costs” or “cost of resistance” (Coley et al., 1985). Bergelson (1994) found reduced 
fecundity of transformed lines in comparison to untransformed plants in cases where the 
stressor was absent. However, the resistance costs vary substantially and Strauss et al. 
(2002) found costs ranging from 6 to 45%. Additionally, it was found in the below mentioned 
investigations by Vacher et al. (2004) on hybrid fitness of Bt protein expressing B. napus x B. 
rapa hybrids, that vitality of the Bt protein containing hybrids was reduced in the absence of 
the herbivores. 
 
Where the genetically modified crop does not have any wild relatives in Europe, the ERA is 
simplified: only the fitness effect of the GM traits on the crop itself requires an assessment. 
Matters of environmental importance are factors such as the occurrence of volunteer or feral 
populations.  
 
Where the GM crop has compatible wild relatives in Europe, it is important to determine the 
spread and establishment of the transgene in wild relatives in areas close to GM crops and in 
more remote areas and to determine the consequences for these populations and any 
associated adverse environmental impacts. 
 
Stress tolerance and fitness 
GM crops are being developed with improve abiotic stress tolerance to factors such as 
salinity or drought (e.g. maize), or tolerance against herbicidal agents (e.g. maize, soya 
cotton, oilseed rape etc…). 
 
Drought and salinity are important environmental constraints to crop productivity in arid and 
semi-arid regions of the world. Currently, there are several attempts to improve drought 
tolerance in major crops like maize, potato, and soybean (Huang et al., 2000, Ahmad et al., 
2007, Wu et al., 2008, Xue et al., 2007). The potential ecological impact of increased salt and 
drought tolerance for sugar beet was discussed by Bartsch et al. (2003), but no experimental 
data on potential drought or salinity resistant GM sugar beet are yet available.  
 
At the same time, basic research has studied model plants, e.g. GM plants exhibiting 
increased tolerance to salinity in tomato (Foolad 2004) or perennial ryegrass (Lolium 
perenne; Wu et al., 2005). In both cases the gene used is expressing a vacuolar anti-porter 
protein controlling Na+/H+ antiport derived from Arabidopsis thaliana. In potato drought 
resistance is achieved by introduction of the trehalose 6-phosphate synthase (TPS 1) gene 
from Saccharomyces cerevisiae (Yeo et al., 2000). By introducing additional trehalose level 
controlling genes, tobacco plants were genetically modified to achieve drought tolerance 
(Karim et al., 2007). Genetically modified plants overexpressing trehalose-6-phosphate 
synthase (TPS) for drought tolerance are often not sufficiently protected against drought 
stress, due to either short-term trehalose accumulation or to pleiotropic growth aberrations. A 
better drought tolerance was achieved by introducing a double construct consisting of TPS 
and trehalose-6-phosphate phosphatase (TPP) from Sacchoromyces cerevisiae and 
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combining it with specific regulatory elements from Arabidopsis thaliana. In this case plant 
growth was normal at certain levels of stress due to a still unknown water retention effect that 
was not found in the non-transformed varieties.  
 
Genes conferring tolerance against specific non-selective herbicides are currently among the 
most common traits introduced into GM plants.Today, there are several different HT systems 
available on the market: introduced GM tolerance (eg ALS, 2,4D glyphosate, and glufosinate-
ammonium tolerance) and non-GM technologies (e.g. Imidazolinone – Clearfield technology 
and Atrazine). 
 
The herbicide tolerance trait offers fitness advantages in the presence of the complementary 
non-selective herbicide.  
 
It is likely that volunteer HT plants will occur in successive years on the cultivation fields. 
However, herbicide-tolerant volunteers are of lesser importance if GM crops are cultivated in 
rotations with non-herbicide tolerant crops or crops expressing different herbicide tolerance 
traits. HT varieties (including HT oilseed rape or HT sugar beet) are also likely to have 
growth advantages on disturbed ground outside the cropping field if the specific herbicide is 
applied there. According to the specific national herbicide regulations this may apply for field 
and road verges or for railway tracks. 
 
Watrud et al. (2011) conducted small-scale experiments on the consequences of glyphosate 
drift into field edges and roadsides. Such a drift can contribute to persistence of GM plants 
that express the CP4 EPSPS transgene due to higher fitness in these managed conditions 
(see also chapter 4.7). 
 
Herbicide resistance development has also been reported in weeds associated with HT 
crops. Repeated cultivation of GM crops with the same herbicide tolerance puts an increased 
selection pressure on weed populations in fields, resulting in an increased likelihood of 
herbicide resistance evolving (Chapman and Burke, 2006). Currently, herbicide resistance to 
glyphosate has been observed for weeds like Lolium rigidum by Powles et al. (1998) and for 
Conyza canadensis by Koger et al. (2004). Up to now, more than 9 non-GM wild plants 
(weeds) resistant to glyphosate have been confirmed on a worldwide scale (Heap, 2011, 
Powles, 2008). 
 
A consequence of the development of herbicide resistance in weeds has been an initial 
increase in the use of the specific herbicide (e.g. higher doses or more applications) and the 
use of mixtures of herbicides with the specific herbicide. In some cases farmers have used 
alternative herbicides or have changed their cropping systems. These changes in herbicide 
use have resulted in different environmental impacts and in some cases greater adverse 
impacts. The environmental impacts of herbicide management of GM crops are discussed in 
section 4.7.  
 
Biotic stress tolerance and fitness 
Resistance to certain biotic stressors in GM plants is being developed particularly against 
insect pests, pathogenic fungi and viruses. Studies on the consequences for the fitness of 
GM plants can be grouped into these main areas: 
 
i. Pest tolerance and plant fitness  
Field experiments with Bt maize expressing resistance genes against infestations of 
European Corn Borer (ECB) in infestation areas usually revealed high protection of the crop 
(Koziel et al.,1993). Beneficial effects in terms of yield are highly dependent on the local 
situation. In Europe, seed yield increases due to greater seed production and specific weight 
in infestation areas of up to 10% have been noticed.  
 

Jeremy Sweet, Detlef Bartsch: Synthesis and Overview Studies to Evaluate Existing Research and Knowledge... © vdf Hochschulverlag 2012



Studies to evaluate research on biological issues on GM plants of relevance to Swiss environments 
 

 32 

Stewart et al. (1997) found higher numbers of seeds produced by insect protected Bt oilseed 
rape than by non-GM oilseed rape under the pressure of herbivores. Fitness in terms of seed 
productivity of GM hybrids with B rapa was also enhanced by Bt traits.  
 
Similar results were obtained by Vacher et al. (2004) when testing the fitness of F1 hybrids 
between Bt protein expressing oilseed rape and B. rapa. Under permanent herbivore 
pressure Vacher et al. (2004) reported a significantly higher number of offspring from F1 
hybrids between Cry protein expressing oilseed rape and B. rapa than from conventional B. 
rapa populations. Interestingly, the Bt-hybrids produced 6.2-fold fewer seeds than non 
trangenic plants in the absence of herbivores resulting in a remarkable decline of Bt-hybrids 
in the following generation. If herbivores were present the GM-hybrids produced 1.4 times 
more seeds than non-Bt hybrids. The authors conclude that Bt expressing hybrids will 
primarily benefit from the recombinant gene in terms of invading into wild floras when 
herbivore pressure is of high importance. The results of a hybridization experiment carried 
out by Hauser et al. (1998a; b) with non-GM hybrids of B. napus x B. rapa demonstrate, that 
the fitness of F1 plants was intermediate in comparison to their parents and declined further 
in F2 and backcross hybrids.  
 
Mikkelsen et al. (1996) detected high similarity of GM B. napus x B. rapa hybrids to wild B. 
rapa plants with respect to morphology and chromosome number. F1 hybrids of B. napus x 
B. rapa had a relatively high fertility in comparison to the wild ancestor. However, the male 
fitness of the F1 hybrids was low in another hybridization experiment with glufosinate-tolerant 
oilseed rape and B. rapa (Pertl et al., 2002). Similar results were published by Halfhill et al. 
(2005) when crossing Bt protein expressing B. napus x B. rapa. The authors found the F1 
hybrids and the backcrosses to be of similar nitrogen efficiency as oilseed rape. The hybrids 
were weakened in terms of competitive ability in comparison to wild B. rapa. Hence the 
assumption can be drawn that a diminished competitive ability would decrease their chances 
to spread and thus to persist in nature. 
 
Snow et al. (2003) crossed Cry1Ac expressing cultivated Bt sunflower (Helianthus annuus) 
with wild sunflower and reported that the (GM) hybrid sunflower was more resistant to 
attacks of certain lepidopteran species. Since wild sunflowers also suffer from herbivory by 
lepidopterans, the transgene transferred to the hybrids had a significant resistance effect, 
reducing stem damage and flower head damage, and increasing seed set.  
 
ii. Pathogen resistance and fitness  
Burke and Rieseberg (2003) examined GM sunflower expressing the oxalate oxidase (OxOx) 
gene protecting the recombinant plants against Sclerotinia sclerotiorum. After backcrossing 
the gene into wild sunflowers over three generations no fitness effects in the recombinant 
hybrids could be detected, despite severe pathogen pressure. Seed production was not 
altered. Even non transformed and infested control plants were able to produce seeds at the 
same level as the recombinant plants. However, the effects were site dependent, giving rise 
to the assumption that environmental parameters have influenced the results. 
 
 No altered survivability (including the offspring) have been reported from studies with GM 
potatoes with increased pathogen tolerance (Rasche et al., 2006a, b and references therein).  
 
Experiments with genetically modified and near isogenic virus (Rhizomania) resistant hybrids 
of sugar beet x wild sea beet demonstrated that biomass production depended on the 
intensity of virus infections and on the intensity of competition by other weeds (Bartsch et al., 
1996). Virus resistance offered a fitness advantage only under specific conditions i.e. a high 
degree of virus infection. Wild forms of cultivated beets and wild sea beets seem to be 
naturally virus resistant (see review by Bartsch et al., 2003). 
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Conclusions regarding increased fitness of GM plants: 
 

• Data are currently scarce on the long-term consequences of enhanced fitness effects 
of GM crops or GM hybrids expressing salinity or drought resistance genes. 
Currently, information for ERA has to be derived from analogous data on the 
behaviour of conventional crop varieties selected for salinity or drought resistance 
and wild species that might occur in dry or saline areas.  
 

• Biotic stress tolerance induced fitness enhancement is case-specific for GM plants 
and their hybridising relatives and the environments where populations are currently 
restrained by biotic stress and where selective pressures can favour the GM trait 
(Arnold and Hodges 1995, Chapman and Burke 2006, Ellstrand et al., 2010).  

 
• Specifc studies are therefore needed on all new stress tolerant GM plants and their 

wild relatives in order to determine changes in their fitness and any environmental 
impacts.  
 

• Herbicide tolerance genes will only enhance fitness in cropping systems where the 
complementary herbicide is applied.  

 
 

4.1.3 Outbreeding Depression  

From the population biology point of view, the term “outbreeding depression” describes 
hybrids being offspring from crosses between individuals of a source and a recipient 
population that have lower fitness than progeny from crosses between individuals from the 
same population. The drop in fitness may be caused by insufficient homology of the 
genomes resulting in detrimental effects on the functioning of metabolic pathways or other 
unfavourable parental gene combinations undermining the hybrid’s vigour (Hails and Morley 
2005). The ultimate consequence of these effects may be local extinction of wild species 
populations (Ellstrand et al., 1999). Outbreeding depression is of increased interest 
particularly within conservation genetics of rare and endangered wild plant populations. In 
general, knowledge of the consequences of inbreeding and outbreeding depression in wild 
populations as well as the capacity of small populations to adapt to local environmental 
conditions is urgently needed (Pertoldi et al., 2007). Since crop-wild hybridization ability is 
the prerequisite condition, these effects are specifically reviewed for the two crops with 
potential for hybridization with wild relatives in the EU: oilseed rape and sugar beet (See 
Sections 4.2).  
 
Large scale cultivation of GM crops can result in repeated or continuous outcrossing and 
gene flow into populations of wild plants (Rhymer and Simberloff 1996, Ellstrand et al., 
1999). Small wild populations could have high levels of outcrossing due to gene swamping 
and this could result in a high uptake of the transgene and changes in the fitness of the 
population. The risk of extinction of small crop-related populations will be higher if the GM 
crop is introduced into new areas since the wild populations still exhibit a higher degree of 
genetic ‘integrity’ than wild populations growing in production zones which have aleady 
introgressed crop genes into their populations (Ellstrand 2001). The receiving environment is 
also an important factor in determining whether outcrossing will result in depression of 
populations to levels of local extinction (Campbell et al., 2006, 2007). There are some 
indications for outbreeding depression in US approved GM squash crops hybridizing with 
wild relatives. Data of Fuchs et al. (2004) suggest that Cucurbita texana acquiring 
transgenes leading to virus resistance upon hybridization and introgression lead to such 
outbreeding depression under virus free conditions. A selective advantage was only 
observed if viruses like CMV, ZYMV, and WMV were severely limiting the growth and 
reproductibility of wild squash populations. 
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Conclusions regarding outbreeding depression of the GM cultivar: 
 

• Outbreeding depression is of increased interest particularly within conservation 
genetics of rare and endangered wild plant populations that are related to GM crops. 
 

• There are currently only limited data available for currently approved GM crops 
concerning adverse effecs resulting from outbreeding depression in the EU.  

 
• Outbreeding depression is potentially a problem for wild relatives of GM plants such 

as sugar beet, oilseed rape and others and should be studied for each new GM trait 
being developed for Europe.  

 
 

4.2 Specific Considerations for Crops of Interest to Switzerland  

4.2.1. Oilseed Rape (Brassica napus) 

Oilseed rape has the potential to distribute pollen and seeds over large distances and has 
seed that can persist for many years in soil presenting a potential weed problem. GM oilseed 
rape is currently imported into the EU for processing but is not approved for cultivation. 
Devos et al. (2011) concluded that feral GM HT plants resulting from seed import spills will 
have little relevance as a potential source of pollen or seed for GM admixture.  
 
OSR is a potential weed of other crops in arable rotations and GM oilseed rape can 
contaminate conventional OSR crops through cross pollination, seed admixture and 
volunteers in following crops. Oilseed rape is generally regarded as an opportunistic species, 
and not as an environmentally hazardous colonizing species (Warwick et al., 1999). 
Populations of oilseed rape as well as hybrids between oilseed rape and Brassica rapa can 
persist outside of cultivation especially in disturbed soils (Crawley and Brown 1998, 2004, 
Pivard et al., 2007, Knispel et al., 2008). Pascher et al. (2010, 2011) and Squire et al. (2011) 
reported that feral oilseed rape shows a widespread capacity to persist in many EU regions 
and retain traits from varieties no longer grown. However, feral oilseed rape is not a relevant 
source of impurity at its present density in the landscape but provides opportunity for genetic 
recombination, stacking of transgenes and the evolution of genotypes that under strong 
selection pressure could increase and re-occupy fields. The latter case could lead to a 
coexistence problem e.g. via economic weed burden and impurity in future crops (see 
chapter 6).  
 
However, any fitness advantage derived from new traits could increase the persistence in 
natural and semi-natural environments and would enhance the rate of gene flow to wild 
relatives.  
 
A number of hybridization studies are available for oilseed rape and its wild relatives. 
Brassica napus is able to cross with its two genetic ancestors Brassica rapa (Warwick et al., 
2003) and Brassica oleracea. In addition oilseed rape can hybridise with Raphanus and other 
Brassica species such as B. nigra and B. juncea (Chèvre et al., 2004). Di et al. (2009) 
reported that there is no fitness cost in hybrids of Bt GM oilseed rape and B. juncea, which 
might allow the transgenes to persist in ecosystems. Thus, these species can be regarded as 
an important crop/weed/wild plant complex for the potential environmental spread of GM 
traits.  
 
Brassica rapa populations grow sympatrically with oilseed rape at several locations in 
Western Europe. Additionally, populations of B. rapa (as weeds as well as wild populations) 
are more common than wild Brassica oleracea populations (Wilkinson et al., 2003). Hybrids 
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from Brassica napus and B. rapa have been studied in more depth in Denmark and the UK 
(Jørgensen and Andersen, 1994, Ammitzbøll et al., 2006). Allainguillaume et al. (2006) 
studied the fitness of spontaneous F1 hybrids between oilseed rape and Brassica rapa as 
well as of F2 hybrids between F1 offspring and Brassica rapa (first backcross). The authors 
estimated approximately 7.000 second generation hybrids (i.e. ~ 20% of F1 hybrids) 
occurring every year in UK. These could be transgenic if the crop crossing partner is GM.  
 
At present only herbicide tolerant (HT) and male sterility and fertility restorer traits are being 
commercially exploited in GM oilseed rape. Several field studies and model predictions have 
reported that the presence of herbicide tolerance in oilseed rape does not change this 
behaviour or confer a fitness advantage, unless the respective herbicide is applied (Crawley 
et al., 1993, 2001; Fredshavn et al., 1995; Warwick et al., 1999, 2004; Norris and Sweet, 
2002; Claessen et al., 2005a,b; Simard et al., 2005; Garnier and Lecomte, 2006; Garnier et 
al., 2006, 2008, Simpson et al., 2006). Moreover, there is no evidence that tolerance to 
glyphosate or glufosinate enhances seed dormancy, and hence the persistence of feral 
oilseed rape populations (Claessen et al., 2005a,b; Lutman et al., 2005a,b, Hall et al., 2005, 
Aono et al., 2006). Because glyphosate/glufosinate-containing herbicides are not widely used 
in ruderal ecosystems in Europe, feral oilseed rape plants ensuing from GMHT oilseed rape 
would not show any enhanced fitness and would thus behave as conventional plants. Only 
where and when the associated herbicides are applied, is a fitness advantage likely (see 
Watrud, 2011).  
 
However GMHT feral oilseed rape and hybridised/introgressed relatives will develop in 
agricultural systems becoming weeds of oilseed rape and other crops. Changes in 
management will be needed to control these weeds and volunteers, particularly in non-GM 
systems wishing to remain below thresholds for adventitious presence. However they can be 
managed by the use of other herbicides and/or adequate mechanical and rotational practices 
(Beckie et al., 2004; Devos et al., 2004; Warwick et al., 2004; Légère, 2005; Simard et al., 
2005); see also section 4.7 on impacts of cultivation and section 6 on coexistence.  
 
In Canadian regions where GM oilseed rape is frequently grown, feral oilseed rape and 
Brassica rapa populations were shown to actively outcross with cultivated populations of GM 
oilseed rape and to accumulate transgenic traits (Beckie et al., 2006, Knispel et al., 2008). 
Other studies have shown the potential for GM oilseed rape to outcross and eventually 
disperse genes to cross-compatible plants such as Brassica rapa and Raphanus 
raphanistrum (Scheffler and Dale, 1994; Eastham and Sweet, 2002; Chèvre et al., 2004; 
Warwick et al., 2004, 2008; Claessen et al., 2005b; Jørgensen, 2007; Warwick et al., 2008; 
Devos et al., 2009a,b,c) in both Europe and North America. Hybridization between oilseed 
rape and wild radish (Raphanus raphanistrum) or cabbage (Brassica oleracea) may lead to 
viable offspring, even though to a relatively low extent (Darmency et al., 1998, Al Mouemar 
and Darmency 2004, Chèvre et al., 2004, Halfhill et al., 2004, Ford et al., 2006). F1 hybrids 
derived from B. napus x R. raphanistrum exhibit low fertility (Chèvre et al., 1997). Guéritaine 
et al. (2002) backcrossed GM oilseed rape to R. raphanistrum six times. Depending on the 
direction of the backcrosses, the fitness of lines differed. Hybrids derived from backcrossing 
with the wild relative kept wild characteristics to higher extents. However, in the presence of 
the transgene, fecundity of the hybrids was generally reduced by ~ 50%.  
 
Ammitzbøll and Jørgensen (2006) tested spontaneous hybridization rates between male-
sterile GM Brassica napus spp. oleifera with Raphanus raphanistrum as wild relative species. 
The populations of wild radish came from France, Switzerland and Denmark. The offspring of 
the crosses with the French wild radish population was 100 % confirmed as being hybrids. 
From the cross with the Swiss population only 53 % were hybrids and only 2 % of the 
offspring crossed with the Danish population were confirmed as hybrids. Thus, the 
outcrossing barrier between different but related species seems to vary according to 
populations. Lee and Snow (1998) revealed the importance of pollinator preferences for the 
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fate of Raphanus hybrids since the hybrids often show white coloured flowers, which are less 
attractive to pollinators. 
 
None of these studies have shown changes in fitness in the introgressed plants and thus 
confirming the assumption that, in the absence of the associated herbicides, hybrids or wild 
relatives containing the herbicide tolerance trait would not show any enhanced fitness and 
would behave as conventional plants. However genetically modified Brassica rapa hybrids 
and backcross generations could become invasive if they contain fitness increasing traits. 
Allainguillaume et al. (2006) estimated that there is a decline in the fitness of hybrids, 
however F2 offspring was usually of higher fitness than F1 as the proportion of wild type 
genes increased.  
 
Experiments with Bt oilseed rape and B. rapa have shown some fitness enhancement in the 
presence of high levels of target pest infestation (Stewart et al., 1997, Halfhill et al., 2005). 
However Bt oilseed rape has not been commercialised in any country to date.  
 
Conclusions regarding gene flow, fitness and invasiveness of oilseed rape: 
 

• Gene flow within some species of the genus Brassica and closely related genus can 
occur and has resulted in gene stacking in both feral rapeseed and in B rapa plants.  
 

• Changes in fitness in Bt and introgressed plants has been shown when there is 
infestation with the specific insect pest.  

• In the absence of the associated herbicides, GM plants, hybrids or wild relatives 
containing the herbicide tolerance trait do not show enhanced fitness and behave as 
conventional plants. 

 
 

4.2.2 Sugar Beet (Beta vulgaris ssp. vulgaris) 

The ancestors of cultivated sugar beet (B. vulgaris ssp. vulgaris) are the sea beets (B. 
vulgaris ssp. maritima) naturally growing along drift lines of sea shores. Since wild sea beet 
and cultivated varieties have the same ancestor and sea beets are still used as plant genetic 
resources in breeding programmes, both forms are often difficult to distinguish (Ford-Lloyd 
and Williams, 1975, Cureton et al., 2006). Cultivated B. vulgaris varieties, in contrast to wild 
varieties, are biennials, growing in the year of cultivation merely vegetatively as a result of 
breeding and selection. If the crop is not harvested in the first season, flowering usually 
occurs after the winter season, though sugar beets are frost-sensitive and may not survive 
cold winters. Interestingly, the life span of wild sea beet plants exhibits a range very different 
periods. Wild sea beet plants may survive up to 11 years in populations in Northern Brittany; 
whereas in populations occurring in Italy and south-western France the life time span of 
individual plants usually ends after the second season (van Dijk et al., 1997). Sugar beet 
hybridizes with their wild relatives in the seed production areas, leading to crop-wild hybrid 
weed beets. In sugar beet, the reproductive potential allows weed beet to restore and 
increase the soil seed bank of glomerules rapidly (Landova et al., 2010). The increased 
fitness of weed beets in sugar beet fields originates from positive selection on first-year 
flowering induction depending on genetic elements (e.g. the bolting B gene) inherited from 
the wild (Arnaud et al., 2011). However, the bolting tendency in the crop species Beta 
vulgaris, which includes sugar beet, is a complex trait governed by various environmental 
cues, including prolonged periods of cold temperatures over winter (vernalization) and 
photoperiod, and multiple genetic factors (Abou-Elwafa et al., 2012, Pin et al., 2012). 
 
Premature flowering of cultivated varieties may occur after sowing in spring due to low 
temperatures acting as a late vernalization effect (Lavigne et al., 2002, Sukopp et al., 2005). 
In addition, sugar beets are capable of outcrossing other cultivated forms of B. vulgaris like 
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red beet, leaf beet or table beet. Feralized annual sugar beets (weed beets) occur in fields 
and as feral populations growing in disturbed habitats in areas with maritime climates, and 
gene flow from GM beet has experimentally been proven up to 300 m (Saeglitz et al., 2000, 
Darmency et al., 2007, Darmency and Richard-Molard 2008) and has been demonstrated to 
occur over long distances (800 m) in conventional beet (Jensen and Bogh 1941). Interacting 
populations in the Genus Beta are within the species B. vulgaris, B. macrocarpa, B. 
atripicifolia and potentially also B. trigyna. Genetic material from sugar beet to wild or weed 
beet populations can be introduced via pollen, seeds or feralization of the cultivar. Human 
activities like seed production and seed trade contribute substantially to the amount of 
naturally occurring gene flow over long distances. Best management options to decrease 
unintended gene flow are bolter control in root production fields, and isolation distances in 
seed production areas (Bartsch, 2010). 
 
In summary, gene flow may occur (i) between flowering cultivated beets and wild beet in 
coastal beet breeding areas, (ii) after vernalization and flowering of vegetative parts 
remaining on fields after harvest, (iii) by late vernalization and flowering of seedlings after 
sowing in spring, (iv) from adventitious bolters occurring during cultivation (Bartsch et al., 
2003, Andersen et al., 2005, Sukopp et al., 2005). GM traits could potentially be transferred 
from cultivation areas far away from natural sea beet habitats by weed beets acting as 
bridging plants (Fénart et al., 2007).  
 
Outbreeding depression was indirectly studied in experiments with GM (BNYVV resistant) 
hybrids of sugar beet x wild sea beet and near isogenic control hybrids (Bartsch et al., 1996). 
Decreased biomass production and competitiveness were observed for one of the two GM 
events studied in the absence of a fitness advantage (see review by Bartsch et al., 2003). 
The most likely explanation is an unintended effect due to the genetic transformation and that 
the observed effect was likely to be independent of the specific GM trait. Sugar beet 
breeders use wild populations of Beta vulgaris as sources of particular traits or genes quite 
commonly in their breeding programmes and thus their genotypes overlap quite considerably 
(Bartsch et al., 2003).  
 
These results underline the importance of selection pressure for the expression of fitness 
effects of GM traits in oilseed rape and sugar beet. Without selection pressure, hybrids of 
interspecific crosses often exhibit reduced fitness (Arnold and Hodges, 1995, Allainguillaume 
et al., 2006). Outbreeding depression is thus a more general concern for crop-wild 
populations, for GM crop ERA the characteristics conferred by the new traits could be of 
importance. 
 
A close relationship to maritime climates in Europe is obvious for both oilseed rape and 
sugar beet crop/wild plant complexes.  
 
Herbicide tolerant (HT) sugar beet is cultivated in N America and has been tested in several 
European countries. The US authorities (USDA, 2011) filed in 2011 a comprehensive 
environmental impact assessment on this sugar beet. No increase in fitness of the GM beet 
has been reported though there are reports of increased performance and yield of GMHT 
beet due to the lack of phytotoxicity of the glyphosate herbicide to the HT beet compared 
with the sensitivity to conventional herbicides (Sweet et al., 2004).  
 
The economics of sugar beet production, weed beet problems and the absence of detectable 
transgenic DNA in sugar make it likely that this crop could be cultivated in Europe in a few 
years. Carefull management of beet seed production will be required to ensure that crops 
contain no annual GM HT beets and crop management will be needed to prevent spread of 
transgenes into weed beets.  
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Conclusions regarding gene flow, fitness and invasiveness of sugar beet: 
 

• Gene flow within the genus Beta can occur. 
 
• None of these studies have shown changes in fitness and invasiveness of herbicide 

tolerance genes in the introgressed plants. Virus resistance genes might offer fitness 
advantage under certain levels of infection. 

 
• In the absence of the associated herbicides, hybrids or wild relatives containing the 

herbicide tolerance trait do not show any enhanced fitness and behave as 
conventional plants. 

 
 

4.2.3. Potato (Solanum tuberosum ssp. tuberosum) 

Potatoes have been cultivated in Europe for about 300 years and today they are a 
widespread crop used throughout Europe as well as many other countries. Potato is being 
genetically modified for resistance to a range of pests and diseases and for changes in 
quality (e.g. modified starch). Virus resistant potatoes have been cultivated in N America. Bt 
potatoes with resistance to Colorado potato beetle and potatoes with resistance to 
nematodes and blight (Phytophthora spp) have been tested in many countries.  
 
The organs of interest are the tubers produced in the soil. Plants are capable of vegetative 
reproduction via seed tubers and sexual reproduction occurs through flowering and fertile 
fruit set. Self-pollination rates are high (80-100% and many cultivars show low levels of 
fertility (OECD, 1997). Cross pollination is mostly limited to 3 m, maximum distances are  
10 m (McPartlan and Dale, 1994). No gene flow has been found with the potato’s wild 
relatives Solanum nigrum and S. dulcamara in the field (Eijlander and Stiekema, 1994, 
McPartlan and Dale, 1994, Conner, 1997). However, very low frequency of hybridization is 
possible with S. nigrum under artificial conditions (OECD, 1997). No data are available on 
potential transfer to other Solanum species, e.g. to S. eleagnifolium. Therefore hybridisation 
between cultivated S. tuberosum and other Solanum species appears very unlikely in Europe 
based on empirical knowledge and literature reports. 
 
Potato tubers and seeds are frost sensitive but can survive if insulated by soil resulting in 
“ground keepers“ in subsequent seasons. They are destroyed by a frost period of 25 h at  
-2°C or by a frost period of 5 h at -10°C (OECD, 1997). In applications for deliberate releases 
of GM starch potatoes the applicants frequently report on potential altered winter survival of 
the new potato lines. There is no report on alterations in frost-hardiness or overwintering for 
amylose- or amylopectine enriched lines. 
 
Conclusions regarding gene flow, fitness and invasiveness of potato: 
 

• Gene flow between cultivated S. tuberosum and other Solanum species appears very 
unlikely in Europe. 
 

• Starch modification does not seem to offer fitness advantages and changes in 
invasiveness. 

 
• No reports on fitness advantages of other GM traits are available so far. 
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4.2.4. Maize (Zea mays) 

Maize has also been introduced to Europe about 300 years ago. It is a highly domesticated 
annual plant and cannot survive temperatures below 0°C for more than 6 hours after having 
reached the 5-leaf stage; before reaching this stage the susceptible growing point is still 
below soil surface (OECD 2003). Survival of maize inside and outside cultivation in Europe is 
mainly limited by a combination of poor competitive ability, absence of a dormancy phase, 
susceptibility to diseases and to cold climate conditions. Maize is an open-pollinated cross-
fertilizing species – the self-pollination rate is about 1-5% – and thus the movement of 
genetically modified traits between maize plants is not easily controlled. Maize pollen grains 
being about 90-100 µm in diameter are among of the heaviest and largest wind-dispersed 
pollen grains (Ma et al., 2004). Maize pollen has the potential for movement over great 
distances like any other biotic or abiotic particle of similar size and weight, mostly depending 
on wind and temperature conditions (Eastham and Sweet 2002, Henry et al., 2003, Devos et 
al., 2005). The longevity of maize pollen viability ranges from 24 hours to several days 
depending on air temperature and humidity. Pollen loses viability in hot dry weather after 1 to 
2 hours due to desiccation (Emberlin et al., 1999, Luna et al., 2001, Owen, 2005).  
 
According to Emberlin et al. (1999) percentages of airborne pollen concentrations downwind 
compared with concentrations at 1 m from the source are approximately 2 % at 60 m, 1.1 % 
at 200 m and between 0.75 and 0.5 % at 500 m. However, such numbers are just rough 
estimates since dispersal gradients would be altered by climatic conditions and local 
topography. No wild relatives occur in Europe since maize is the only representative of the 
genus Zea. Vertical gene transfer is limited to other cultivated maize plants (OECD, 2003, 
Baltazar et al., 2005, Pineyro-Nelson et al., 2008, Bitocchi et al., 2009).  
 
In addition, gene flow may also occur via seeds (Abbott et al., 2003, Snow 2002a,b). At 
harvesting and during transport individual kernels of maize are distributed. These can result 
in volunteers appearing in fields and along roadsides. However maize does not establish 
populations outside of cultivation (Gould, 1968). Volunteers of GM maize could lead to 
management problems if the GM maize is grown in rotation with non GM maize. Also GMHT 
maize may be adventitiously present in other HT crops cultivated in rotations which are 
tolerant to the same herbicide.  
 
Genetically modified maize containing insect resistance (Bt) and/or herbicide tolerance 
(mostly to glyphosate) is widely grown around the world. Bt maize MON810 is now 
extensively cultivated in Spain and smaller areas of cultivation are expanding in other 
European countries eg Portugal, Slovakia, Romania, Serbia. Previously MON810 was 
cultivated in France and Germany but has now been banned on the basis of claims of 
environmental risks which have not been substantiated by the Scientific Committees 
providing risk assessment advice to the government in those countries or by EFSA. By 
contrast no adverse environmental effects have been reported associated with this cultivation 
and some benefits such as reduced insecticide usage (JRC, 2008) have been reported. 
However concerns about effects on non-target Lepidoptera remain. Recent assessments by 
the EFSA GMO panel considered that it was extremely unlikely that field and/or field margin 
populations of Lepidoptera would be exposed to toxic levels of Bt maize pollen from maize 
MON810 that would effect their populations (EFSA, 2009a) but that some extremely sensitive 
lepidoptera may be adversely affected by another Bt maize, 1507, in areas where this maize 
might be extensively cultivated (EFSA, 2011c, see also section 4.5).  
 
Applications for maize NK603 containing glyphosate tolerance and a maize cultivar 
containing Bt and glyphosate tolerance have been assessed recently by EFSA and some 
competent authorities. Concerns were raised that the use of the herbicides could reduce 
farmland biodiversity and encourage development of weeds with resistance to these 
herbicides, as has been reported in USA. EFSA recommended that the herbicides should 
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only be used in management programmes that maintain biodiversity and prevent weed 
resistance developing (e.g. EFSA, 2009b) – see section 4.6.  
 
Maize with drought tolerance is currently being commercialised in USA. This maize will have 
fitness advantages in certain dryer environments but the consequences of this for European 
environments have not yet been assessed. 
 
Conclusions regarding gene flow, fitness and invasiveness of maize: 
 

• Vertical gene transfer is limited to other cultivated maize plants. 
 
• Currently used GM traits (herbicide tolerance and insect resistence) do no offer 

fitness advantages and changes in invasiveness. 
 

• Maize with drought tolerance will have fitness advantages in certain dryer en-
vironments but the consequences of this for European environments are unknown. 

 
 

4.2.5. Soybean (Glycine max) 

The cultivated soybean species (Glycine max) belongs to the subgenus Soja of the genus 
Glycine. The species originated from eastern Asia and is a highly domesticated crop (Lu, 
2005). In Europe, soybean is mainly cultivated in Italy, France and Romania and less in 
Hungary (FAOSTAT, 2005). Weedy soybean has not been reported growing naturally 
outside its centre of origin. This holds true for areas such as the Americas and Europe, 
where only cultivated soybeans are found (Lu, 2005).  
 
Seed and pollen are potential sources of gene dispersal. However, soybean is an annual 
almost completely self-pollinating crop in the field with a percentage of cross-pollination 
usually lower than 1% (Weber and Hanson, 1961; Caviness, 1966; Lu, 2005). Temporal and 
spatial isolation will be effective strategies to minimize hybridization between GM and wild 
soybean (Mizuguti et al., 2010). 
 
GM herbicide tolerant soja is cultivated extensively in N and S America and some other 
countries (e.g. Ukraine, Serbia). It was also cultivated in Romania but was stopped when 
Romania entered the EU, as EU approval had not been given. An application for cultivation 
in Europe is currently being considered by EFSA (EFSA, 2012a).  
 
Conclusions regarding regarding gene flow, fitness and invasiveness of soybean: 
 

• Vertical gene transfer occurs at very low levels to other cultivated soybean plants only 
in Europe. 
 

• Currently used GM traits (herbicide tolerance) do no offer fitness advantages and 
changes in invasiveness, except in the presence of the herbicide. 

 
 

4.2.6 Wheat (Triticum aestivum) and Other Cereals  

Wheat is largely self pollinating species with limited outcrossing. Some outcrossing to wild 
related grasses such as Aegilops speltoides, Ae. Biuncialis, Ae. Geniculata, and Ae. 
triuncialis has been reported. The risk assessment of GM wheat cultivars needs to evaluate 
the importance of amphiploids as a bridge for transgene introgression and for gene escape 
to the wild (Loureiro et al., 2009). 
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GM wheat with herbicide tolerance, disease resistance and modified grain quality characters 
has been developed in several countries. There has been reluctance to commercialise GM 
wheat because it is a primary food crop and there are concerns about consumer acceptance. 
However recently some of the producer and processing organisations in several wheat 
growing countries (eg USA, Argentina, Canada, Australia) appear to have reached 
agreement in principle that they will accept GM wheat. 
If glyphosate tolerant GMHT wheat was developed it would be cultivated in rotation with 
glyphosate tolerant rapeseed and other crops which would create management problems. In 
addition while glyphosate would give effective control of grass weeds, there are concerns 
that glyphosate tolerance would move into Goat Grass (Aegilops spp) making it more of a 
problem weed to control (Arrigo et al., 2011, Econopouly et al., 2011). 
 
Disease resistant GM wheat was the focus of a major study of agronomic and environmental 
impacts in the Swiss NFP 59 programme (Foetzki et al., 2011).  
 
There is little GM work at present on other cereal crops such as barley, oats, triticale and rye. 
It is likely that developments made in wheat will be replicated in these crops but not in the 
forseable future. There are extensive research and field trial programmes in Australia and 
some other countries for the development of drought tolerant wheat.  
 
Conclusions regarding regarding gene flow, fitness and invasiveness of wheat and 
other cerals: 
 

• Vertical gene transfer is limited to other cultivated wheat plants and some wild 
Aegilops species. 
 

• Currently used GM traits (herbicide tolerance) do no offer fitness advantages and 
changes in invasiveness, except in the presence of the herbicide. The ecological 
impact of other GM traits (eg drought tolerance) has not been studied so far. 

 
 

4.2.7 Trees and Fruits  

A number of GM trees have been developed and field tested in the last 15 years. These 
carry novel or modified traits such as herbicide and insect tolerance, low lignin content and 
long fibres for pulp and paper production, heavy metal accumulation for phytoremediation, 
virus resistance, and fast-growing varieties for biomass production (Boerjan et al., 2003, 
Busov et al., 2005a,b, Ražanskienė et al., 2005, 2006, Robischon, 2006, Fladung, 2011). 
Because of the long life cycles of trees and their particular significance in many terrestrial 
ecosystems, concerns of potential impact of transgenic trees have been raised (Slavov et al., 
2004, Wennström, 2004, OECD, 2006, Fladung et al., 2012). The ERA of trees has to 
consider their long life spans and cycles, their ability to disperse genes through seed and 
pollen over large distances. They form both the pioneering and the climax vegetation in a 
diverse range of natural habitats and are a major component of these environments 
providing niches for a range of species as well as food. Thus determining environmental 
impacts is made difficult by these complex interactions operating over large time scales. 
These impacts will include changes to the behaviour of GM trees as well as direct and 
indirect consequences of spread of transgenes via vertical or horizontal transfer pathways 
and the pleiotropic and unintended effects of the altered expression patterns of the 
transgenes.  
 
Research on biosafety of GMTrees has already been initiated in a number of European 
countries (e.g. Belgium, Netherlands, Germany, Finland, France, Spain, Sweden, UK and 
others). This research included the potential impacts of outcrossing, the development of 
containment strategies, and the relationship between the genomic position of the transgene 
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and its stable expression. Other studies have been considered principally the alteration of the 
transgenic host plant genome for the possibility that these changes can also cause 
pleiotropic, often undesirable alterations in plant metabolism and physiology. Also effects on 
composition and activities of soil microbial community as well as the fate of the transgene 
and proteins from GMTs in soil were monitored (Pilate et al., 2002, Kaldorf et al., 2002, 
Pasonen et al., 2005, Fladung and Ewald, 2006, Hönicka and Fladung, 2006a,b). Genetic 
modification can alter senescence and winter dormancy in GM poplar according to Hörnicka 
et al. (2008). In Canada and China, field trials with transgenic poplar (Populus spp.) have 
been conducted to study the stable integration and expression of the inserted genes 
(Donnarumma et al., 2007a,b, 2008). China established commercial plantations of 
insecticide-producing varieties a few years ago and it is likely that transgenic trees will 
become planted as commercial crops in plantation forestry and increased number of trials 
and releases for commercial plantations can be expected (Robischon, 2006, Fladung, 2011, 
Harfouche et al. 2011, 2012, Viswanath, V. and Strauss, S.H., 2011).  
 
There are two main technological challenges for GMT tree development: 
 

i) the establishment of efficient containment strategies, and  
 

ii) the development of methods leading to predictable/reproducible integration of foreign 
genes in the plant genome. 
 

i) Containment strategies have already been proposed including the establishment of male 
and/or female sterility as well as inhibition of vegetative propagation (Sederoff, 2007, Strauss 
et al., 2004, Hönicka and Fladung 2006). ii) The integration site of the transgene in the 
genome affects the stability of the expression of this transgene, partly due to methylation and 
silencing events. In addition, depending on the molecular layout of the integration locus as 
well the possibility that alternative splicing of the foreign gene irrespective of its origin occurs, 
the production of “variants” of the intended protein is theoretically thinkable. In this context, 
the targeted integration to known genomic position appears to be a valuable approach. 
Although gene targeting has been shown to be possible in plants, albeit with a lower 
frequency, so far nobody has developed this commercially. 
 
A range of small, cane and tree fruits have been transformed with a range of characters 
including pest and disease resistance, increased production and modified quality 
characteristics. GM virus resistant papaya was first developed in Hawai and is now being 
cultivated in several countries. Similarly virus resistant GM melon is also being cultivated in 
USA and elsewhere. Considerable research and development work is being conducted on a 
range of other fruits including strawberries, raspberries, blueberries, grapevine, apple and 
plum. In the case of the last three there is interest in developing GM rootstocks which confer 
pest and disease resistance to the scion but allow the fruit to be sold as non-GM. A swiss 
team are involved in developing disease resistance in apples and other teams studied the 
environmental impacts of GM strawberry as part of the NFP59 programme.  
 
Many of these fruits occur as wild types (e.g. Fragaria, Ribes, Rubus, Prunus) and most have 
both wild and cultivated relatives with which they can hybridise. Thus changes in plant 
characteristics and gene flow and its consequences are the primary concerns in 
environmental risk assessment of GM fruits and trees. Because they are perennial species 
with perennial relatives, risk assessments must consider long term consequences of GM 
induced changes in plant characteristics. In addition integrated pest management is widely 
practised in fruit production so that it is important to understand how GM crops will interact 
with beneficial biota, particularly predators and pollinators.  
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Conclusions regarding regarding gene flow, fitness and invasiveness of trees: 
 

• Vertical gene transfer is in most case widespread within the same Genus. 
 

• Environmental risk assessments must consider long term consequences of GM 
induced changes in plant characteristics 

 
• More conclusions are not possible as experience is lacking. 

 

4.2.8 Vegetable Crops  

A range of GM plants have been developed from a wide range of vegetable species 
(Srivastava et al., 2011). The introduced traits include pest and disease resistance and 
changes in productivity, development and quality. Virus resistance has been developed in a 
range of cucurbitae and solanaceae and some commercialisation has occurred of virus 
resistant squash and peppers in USA and China. A range of fungal and bacterial resistance 
genes are being studied in several species. Bt insect resistance genes have been introduced 
into a range of species including Brassicae and aubergines but there is no commercialisation 
of Bt vegetables to date.  
 
Genes to control plant development and quality have been tested in several species. The 
classic example is the slow ripening tomato which allowed later harvesting of fruits with 
higher sugar content and longer shelf life and enhanced flavour. These Flavr Savr tomatoes 
were commercialised in USA and widely sold in many countries including Europe, but are no 
longer marketed.  
 
Most vegetable crop types are highly bred and adapted to cultivated conditions and thus 
have a low tendancy for ferality. However it will be important in an ERA to determine whether 
plant characteristics are changed to the extent that GM plants and their wild relatives will be 
more persistant or invasive outside of cultivation.  
 
Many vegetable production systems are based on integrated crop, pest and disease 
management sytems so that it is important to understand how GM crops will interact with 
beneficial biota, particularly predators and pollinators. This is particularly the case for 
protected crops where biocontrol agents are being used.  
 
Some vegetables have a high potential for outcrossing, particularly during seed production, 
and possess a range of compatible wild relatives. Thus gene flow to wild relatives and its 
consequences is an important consideration. Extensive studies have been conducted on 
species such as carrot (Hauser et al., 2004, Magnussen and Hauser, 2007) and lettuce (van 
de Wiel et al, 2004) to determine existing rates of gene flow from cultivated to wild types and 
between different wild types and populations. In these cases it can be anticipated that 
beneficial GM traits could be adopted by wild populations and so the consequences of such 
introgression will need to be determined.  
 
Conclusions regarding regarding gene flow, fitness and invasiveness of vegetable 
crops: 
 

• Vertical gene transfer is in many cases widespread within the same Genus. 
 

• Enrivonmental risk assessments shall consider consequences of outcrossing to wild 
relatives 

 
• More conclusions are not possible as experience is lacking. 
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4.2.9 Grasses and Forage Crops  

Some grass species and alfalfa (lucern) have been transformed and consideration is being 
given to other species such as clovers and other grasses. GM herbicide tolerant alfalfa and 
creeping bent grass (Agrostis stolonifera) is now commercially available in the USA. The 
former is for forage production for livestock and the grass is to be used for amenity purposes 
on golf courses etc.. Other GM traits are being studied including pest and disease resistance 
and modified metabolism to produce forage with higher digestibility and conversion efficiency 
in ruminants, combined with lower methane emissions from the animals.  
 
Most agricultural grasses, clovers and Medicago species are perennials and many occur as 
wild types as well as cultivated varieties. Grass has the potential to outcross both with wild 
relatives and also with some other species (each Lolium x Festuca). Similarly clovers and 
medics are outcrossing species. Gene flow from GM bent grass to wild relatives has already 
been reported in USA (Mallory-Smith and Zappiola, 2008). Fears about gene flow from GM 
alfalfa has resulted in several legal actions in USA and raised concerns about gene flow into 
Canada where GM alfalfa is not approved (Bagavathiannan et al., 2011a,b).  
 
ERA of these species should therefore focus on changes in characteristics of the plants, 
changes in their associations with other biota and the consequences of gene flow to wild 
relatives and other species. In addition, where HT traits are introduced, the impacts of the 
use of the herbicides on biodiversity in pastures should also be examined.  
 
Conclusions regarding regarding gene flow, fitness and invasiveness of grasses and 
forage crops: 
 

• Vertical gene transfer is in many cases widespread within the same Genus. 
 

• Enrivonmental risk assessments shall consider consequences of outcrossing to wild 
relatives. 

 
• More conclusions are not possible as experience is lacking. 

 
 

4.3 Plant-to-Microorganism (Horizontal) Gene Transfer 

A non-sexual exchange of genetic material between organisms belonging to the same or 
different species is referred to as horizontal gene transfer (HGT). A prerequisite for such a 
gene transfer is the availability of pathways for the transfer of genetic material. HGT is a 
naturally occurring process occuring between bacteria (Wellington and van Elsas, 1992; 
Nielsen et al., 1998). The impact of the process depends on the likelihood of its occurrence 
and the magnitude of associated adverse outcomes (Nielsen et al., 1998; Droge et al., 1998). 
HGT, of genes related to antibiotic-resistant pathogens are profoundly important to human 
health. According to Allen et al. (2010) environmental reservoirs of resistance determinants 
are currently poorly understood. The origins of antibiotic resistance in the environment seem 
to be relevant to human health because of the increasing importance of zoonotic diseases as 
well as the need for predicting emerging resistant pathogens. Despite knowledge gaps, it is 
known that some organisms and some environments harbour antibiotic resistance genes 
irrespective of the human use of antibiotics (Allen et al., 2010). 
 
Genomic DNA is a component of many food and feed products derived from GM crops 
including maize and soybean. It is well documented that DNA present in food and feed 
becomes substantially degraded during digestion in the human or animal gastrointestinal 
tract. However, a low level of exposure of fragments of ingested DNA, including the 
recombinant fraction of such DNA, to microorganisms present in the digestive tract of 
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humans, domesticated animals and other animals feeding on GM crops (e.g. EFSA, 2012b). 
Current scientific knowledge of recombination processes in bacteria indicates that horizontal 
transfer of non-mobile, chromosomally located DNA fragments between unrelated organisms 
(such as plants to microorganisms) is not expected to occur at detectable frequencies under 
natural conditions (see EFSA, 2009c for further details). A successful horizontal transfer 
would require stable insertion of the transgene sequences into a bacterial genome and a 
selective advantage conferred to the transformed host. The only known mechanism that 
facilitates horizontal transfer of non-mobile, chromosomal DNA fragments into bacterial 
genomes is homologous recombination. This requires the presence of stretches of DNA 
sequences that are similar in the recombining DNA molecules and, in addition to substitutive 
gene replacement, facilitates the insertion of non-homologous DNA sequences if their 
flanking regions share sequence similarity with bacterial sequences in the recipient. A survey 
of Brigulla and Wackernagel (2010) on potential HGT from various GM plants indicates very 
rare transfer of foreign DNA. At the same time, in prokaryotic habitats, genes introduced into 
transgenic plants are abundant, and natural HGT frequencies are relatively high providing a 
greater chance for direct transfer instead of via transgenic plants. Brigulla and Wackernagel 
(2010) concluded that potential HGT from GM plants to prokaryotes is not expected to 
influence prokaryotic evolution and to have negative effects on human or animal health and 
the environment. 
 
In soil, large DNA strands may be stabilized through the adsorption to soil constituents like 
clay, minerals or humic substances. Adsorbed DNA may persist for weeks or months 
(Gebhard and Smalla, 1999, Nielsen et al., 1997). Additionally, DNA may be preserved in 
dead plant tissue and kept biologically available to soil bacteria for hours, days or longer time 
spans. 
 
The most likely scenario for the transfer of DNA from (GM) plants to bacteria takes into 
account the transformation of naturally competent bacteria with free plant DNA released into 
the soil or into the digestive tract of humans or animals (Nielsen et al., 1998). In this process, 
several events must occur sequentially, the likelihood of which depends on the availability of 
intact homologous DNA, the ability of bacteria to undergo transformation with the specific 
DNA, and the competitiveness of the transformed bacteria. Accordingly, the likelihood of 
horizontal gene transfer and incorporation of eukaryotic DNA by prokaryotes is extremely low 
due to genetic incompatibilities and to barriers which prokaryotes evolved to suppress this 
kind of gene transfer (de Vries and Wackernagel, 2005).  
 
Evidence for horizontal gene transfer regarding recombinant plant DNA transferred to 
bacteria has not been obtained up to now under natural conditions. As an example, Gebhard 
and Smalla (1998) observed uptake and integration of transgenic plant DNA and of plasmid 
DNA into competent Acinetobacter sp. strain BD413. The authors studied the ability of 
Acinetobacter sp. strain BD413(pFG4nptII) to take up and integrate transgenic plant DNA 
based on homologous recombination under optimized laboratory conditions. A recombinant 
nptII-gene (neomycine-phosphotransferase-gene) conferring kanamycin resistance being 
integrated into the genome of GM sugar beet leaves was selected as marker for potential 
HGT. The recipient Acinetobacter strain was kanamycin sensitive before the transfer 
process. Bacteria being resistant to kanamycin when cultivated together with a homogenate 
of GM sugar beet leaves were taken as proof for HGT. The frequency of horizontal transfer 
of sugar beet DNA to Acinetobacter sp. strain BD413 was calculated as 1.5 x 10-10. Tothova 
et al. (2010) analysed bacteria and fungi from pristine soil never exposed to glufosinate 
herbicide. They isolated several strains naturally tolerant to glufosinate. At the same time no 
bar gene transfer was detected under laboratory conditions to Bacillus pumulus either by a 
classical plate count method or PCR. These results indicate that HGT of bar genes from 
Bt176 maize into B. strains is improbable and coincidental dissemination of rare natural 
microbial transformants does not significantly increase the number of glufosinate-resistant 
soil microorganisms. 
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Another approach for testing HGT under optimized conditions was carried out by de Vries et 
al. (2004) using a specific illegitimate recombination system. Competent cells of 
Acinetobacter were exposed to plant DNA from leaf and root tissue of GM tobacco plants. 
The authors used the spectinomycin/streptinomycin-resistance gene as “anchor” for the 
transfer of segments of the tobacco plastid DNA. Horizontal transformations of genes 
connected to the anchor gene were found at a frequency of 1.2 x 10-7 per cell. The relatively 
high frequency was due to specific GC-rich microhomological sites in the Acinetobacter 
genome. These GC-rich sites may act as hotspots for stimulating illegitimate recombinations. 
The specific (artificial) conditions selected in the experiments (anchor-sequences plus 
existence of microhomological site in rector bacteria) were the prerequisites for achieving 
relatively high frequencies of HGT. 
 
In considering the probability of functional gene transfer from plants into bacteria in the 
environment or human/animal gut, several aspects need to be taken into account (with npt II 
as example, see EFSA, 2007b, 2009c): 
 

1. DNA is released from plant material by normal digestion processes that take place in 
the gastrointestinal tract, or by activities of nucleases present in various organisms in 
the environment. 
 

2. The probability that bacteria will be exposed to DNA stretches long enough to contain 
the intact nptII gene is very low because of the above mentioned digestion and 
degradation processes (Lorenz and Wackernagel, 1994). 
 

3. The nptII gene from plant material can only be taken up by competent bacteria via 
natural transformation, a process that occurs infrequently in many bacteria and in 
most environmental conditions (Davison, 1999). 
 

4. If the intact nptII gene enters the bacteria, it will be rapidly degraded by restriction 
endonucleases in many bacterial cells which possess DNA restriction systems in 
order to destroy foreign DNA (Davison, 1999). 
 

5. If the intact nptII gene does indeed survive, the probability of its incorporation into the 
bacterial genome is very low unless there are homologous regions already present in 
the bacterial genome. Gene transfer from plants to bacteria has only been 
demonstrated under laboratory conditions when regions of homology were already 
present in the recipient bacterium (Bennett et al., 2004, de Vries et al., 2001, de Vries 
and Wackernagel, 2002, Kay et al., 2002, Tepfer et al., 2003). 
 

6. Expression of the incorporated nptII gene is unlikely, considering that in GM plant 
material the nptII gene is under the control of a promoter with preferential expression 
in plants, which does not support its efficient expression in bacteria. 
 

7. Stable integration and inheritance of the nptII gene in the host bacterium is not likely 
in the absence of selective pressure from a relevant. 
 

When all of the above mentioned aspects are taken into account, the probability of functional 
gene transfer from plants into microorganisms is extremely low. According to EFSA (2007b, 
2009c) it is not surprising that transfer of an antibiotic resistance marker from GM plants to 
bacteria has still not been observed under natural conditions (Gay and Gillespie, 2005, 
Keese 2008). 
 
Principally, the same constraints as for HGT from GM plant material to competent bacteria 
are effectual for incorporation of transgenes from the pollen of GM crops into the genomes of 
bacteria living in the gut of pollen feeding insects like bees. Mohr and Tebbe (2007) chose 
the following approach to detect HGT in gut bacteria: Gut bacteria were collected from the 
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gut of bee larvae fed with pollen collected from a field cultivated with glufosinate tolerant 
oilseed rape. Subsequently, the gut bacteria were tested for glufosinate tolerance. 60.4% of 
the 96 strains tested were sensitive to glufosinate applications. The others were tolerant to 
differing concentrations of the herbicide. However, this surprisingly high proportion of 
resistant gut bacteria is not per se an indication for horizontal gene transfer. More likely, the 
bacterial populations already exhibited a natural resistance; therefore this approach does not 
seem to be appropriate for demonstrating HGT. 
 
Several authors share the view that studies on HGT should consider specific conditions 
potentially enhancing HGT despite the very low likelihood of its occurrence. In addition, the 
appropriateness of detection methods needs attention. Nielsen et al. (1998) recommended 
enhancing the understanding of selection processes in the environment (e.g. in soil). Any 
prediction of possible consequences of the introduction of novel traits into the environment 
would be impossible without a thorough understanding of selection events. If specific 
transgenes are derived from e.g. prokaryotes or plastoms, the likelihood of HGT after 
degradation in soil could be higher (Monier et al., 2007). According to Nielsen and Townsend 
(2004), the sampling methodology and sample sizes need substantial improvement in order 
to ensure the collection of representative samples, reflecting e.g. the biological conditions at 
the sampling sites and the natural variability of microbial communities.  
 
The structure of DNA originating from GM plants is usually not fit to allow for expression in 
prokaryotes (e.g. due to different promoter elements). De Vries and Wackernagel (2005) 
emphasized that the probability of effects of HGT to occur would increase if the potentially 
transferred foreign DNA conferred fitness advantage to the recipient. Nielsen et al. (2007) 
emphasized the importance of the acquisition of extracellular foreign DNA for the evolution of 
bacteria. In contrast to long strands of DNA, DNA of limited size seems to physically persist 
in natural media over time. The question is still not answered whether this kind of DNA is 
more accessible to competent bacteria than long strands of intact DNA. Heuer and Smalla 
(2007) addressed the necessity of checking “mobile genetic elements” (MGE), typical 
elements of bacteria including GM bacteria, for their potential to enhance HGT between 
bacterial species.  
 
In summary, the probability for HGT from GM plants to bacteria could potentially increase if 
the transgene (i) conferred a specific fitness advantage, (ii) its structure was prokaryote-
related and (iii) its strand length was not too long. Under these circumstances, the probability 
for the spread of a transgene in prokaryotes would be enhanced. 
 
Conclusions regarding horizontal gene transfer: 
 

• A novel GM trait may theoretically increase the frequency of horizontal gene transfer 
from plants to populations of microorganisms, thereby introducing new traits into 
microbial communities.  
 

• However, a high degree of homology between plant DNA and bacterial genes is the 
prerequisite for increasing frequency of horizontal gene transfer.  

 
• When all available information (including the origin of promoters) is taken into account 

the probability of functional gene transfer from plants into microorganisms is 
extremely low.  
 

• Since many of the genes and the traits they express (e.g. antibiotic resistance) are 
prevalent in bacterial populations, HGT from GM plants will be of negligible 
relevance.  
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4.4 Impact on Target Organisms  

Some GM plants produce biologically active proteins which act against the specific pests and 
pathogens and the target organisms are defined as the pests (eg insects, nematodes, mites) 
or pathogens (fungi, bacteria, viruses, protozoa,) which are targets of the genetic 
modification.. For example, genetically modified Cry1 Bt-plants are designed to be protected 
against Lepidoptera pests like the corn borer larvae and Cry3 Bt plants are designed to be 
protected against Coleoptera pest like the Western Corn Rootworm. The damage caused by 
these pests is highly variable and additional crop protection (CP) strategies are available to 
use with the GM plants (Dillen et al., 2010a,b). 
 
Weeds are not considered target-organisms of a GMHT plant but are the targets of the 
herbicides, applied to the GMHT plant. The effects on weeds and biodiversity of the 
cultivation of herbicide tolerant GM plants are considered in section 4.7 effects of cultivation 
and management. 
 
Genetic resistance to chemicals, and behavioural resistance to host-plant defenses and 
cultural practices (Onstad, 2008) such as crop rotation are known to evolve in pathogens and 
in insect pests, including lepidopteran and coleopteran species (Calcagno et al., 2010, Dillen 
et al., 2010a, EFSA, 2011c, Erasmus et al., 2010, Razze et al., 2011, Whalon et al., 2011). 
Resistance is also likely to develop in pests or pathogens exposed to the plant protection 
proteins produced by GM-crops (Andow and Zwahlen, 2006).  
 
 

4.4.1 Effects on Target Pathogens 

According to Tepfer (2002) and AGBIOS (2009), only a few crops with pathogen virus 
resistance are on the market, mainly in the USA and Canada. These GM crops are papaya 
with resistance against ringspot virus (PRSV), squash with resistance against cucumber 
mosiac virus (CMV), zucchini yellow mosaic (ZYMV) and watermelon mosaic virus (WMV); 
potatoes with resistance against potato virus Y (PVY) and potato leafroll virus (PLRV) and 
plum with resistance against plum pox virus (PPV). None of these crops are on the EU 
market. Lheureux et al. (2003) and Fernandez-Cornejo and Caswell (2006) reported a 
number of crops with resistance genes against fungal or bacterial diseases to be under 
development. In the EU there is considerable interest in the development of GM potatoes 
with resistance to potato blight. However, the authors are not aware of any report of the 
commercialisation of GM crops with resistance to these pathogens and so there is no 
information on the potential for resistance development in pathogens. Whether viral 
pathogens are able to develop resistant against GM-crops is subject to controversial 
discussion (Tepfer, 2002). However from the experience with other plant protection 
measures long-term resistance development cannot be excluded. 
 
Conclusions regarding effects on target pathogens: 
 

• The potential for pathogens to develop resistance to GM plant protection products is 
case by case depending on the characteristics of the pathogen and the mechanisms 
of resistance. However no information is currently available  
 

• Resistance management strategies will need to be designed considering the specific 
characteristics of the pathogen and its intactions with the GM plant.  

 
• It is likely that post market environmental monitoring for resistance development will 

be a general recommendation from EFSA for these GM crops/plants 
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4.4.2 Effects on Target Pests 

Bt-proteins bind to specific receptors on the epithelial surface of the insect midgut, resulting 
in insect midgut cell bursting. Pores are formed in the membranes of the gut cells of the 
insect that subsequently causes cells to burst and enables midgut bacteria to enter the body 
cavity, which leads to septicemia and death of the larvae (Crickmore, 2005; Broderick et al., 
2006, 2009; Jimenez-Juarez et al., 2007; OECD 2007, Soberón et al., 2007, 2009; Bravo 
and Soberón, 2008; Lemaux 2009, Raymond et al., 2010, Vachon et al., 2012). Conventional 
Bt preparations are considered as the most effective, specific and environmentally-friendly 
bioinsecticides; they have been used as biological pesticides in agriculture, forestry and in 
human health for the elimination of vectors of diseases for more than 60 years, but they have 
several limitations, such as a narrow activity spectrum, instability in rain and sunlight, and 
inefficiency against pest feeding on internal tissues of the plants (Sanchis, 2011). According 
to Sanahuja et al. (2011) conventional Bt sprays and transgenic crops have been 
extraordinarily successful and advantageous, with a strong record in terms of safety, efficacy, 
economic and environmental beneficence.  
 
The vast majority of insect resistant (IR) GM plants (maize, cotton, potato, tomato) placed on 
the market express Cry-Proteins against lepidopteran pests (Cry1Ab, Cry1Ac, Cry1F, 
Cry2Ab, Cry9C1) or coleopteran pests (Cry 3A, Cry 3Bb1, Cry34Ab1, Cry35Ab1) (OECD, 
2007, AGBIOS, 2009). Maize varieties expressing various combinations of Cry 1 and Cry 3 
are now being developed and marketed in USA and elsewhere to provide protection against 
both classes of pests. At the end of 2007, only MON810 maize expressing Cry1Ab was 
available on the market for cultivation purposes in Europe. However, Ranjekar et al. (2003) 
reported that other IR-crops have been developed expressing proteins against target pests 
like proteinase inhibitors, amylase inbibitors, chitin degrading enzymes or plant lectins. In 
addition synthetic Cry proteins in various crop plants were reported to be under investigation 
(Ferré and van Rie, 2002). There is no data on potential resistance development in target 
pests to non-Bt systems in IR GM. For the EU, the literature review is currently of relevance 
only for GM crops expressing Bt-protein.  
 
The toxic pathway involves (i) ingestion of Cry protein by susceptible insects, (ii) 
solubilization of crystals, (iii) release of protoxins, (iv) processing of protoxins by midgut 
proteases into a protease-resistant core fragment (the toxin), (v) passing of the toxin through 
the peritrophic membrane, (vi) binding to a specific receptor located on the brush border of 
the midgut cells, (vii) partial insertion of the toxin into the membrane, (viii) pore formation, (ix) 
cell lysis followed eventually by cell death (Schnepf et al., 1998). 
 
McGaughey (1985) published the first report on Bt-resistance development in 1985. The 
Indian meal moth from grain bins developed a 100-fold level of resistance against 
conventional Bt-insecticides after laboratory selection. Ferré and van Rie (2002) gave a 
broad overview of further Bt resistant pest strains evolving during the following decades, 
specifically for several lepidopteran pests. Here, the first case of field resistance was 
observed in Hawaii. Populations of the diamondback moth Plutella xylostella showed a 
reduced susceptibility to Bt-sprays (Tabashnik et al.,1990). A decreasing susceptibility and 
increasing resistance or increasing frequency of resistance genes against Bt-protein 
expressed in GM cotton was observed for lepidopteran pests in the field several years after 
cultivation in Australia, India, USA, and China (Zhao et al., 1996, 2000, Shen et al., 1998, 
Fakhrudin et al., 2003, Gunning et al., 2005, Downes et al., 2007, Bagla, 2010, Dhurua and 
Gujar, 2011, Tabashnik et al., 2012).  
 
Field resistance is defined as a genetically based decrease in susceptibility of a population to 
a toxin caused by exposure of the population to the toxin in the field (Tabashnik, 1994; 
Andow, 2008). Instances of field resistance to Bt-maize have been reported outside Europe 
for two lepidopteran target pests in maize that are not present in the European fauna 
(Tabashnik et al., 2009; Huang et al., 2011b): Busseola fusca (Van Rensburg, 2007; Kruger 
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et al., 2009, 2011b) and Spodoptera frugiperda (Matten et al., 2008; Moar et al., 2008; 
Tabashnik, 2008; Tabashnik et al., 2008a; Storer et al., 2010). The field resistance in a 
population of the African stem borer (B. fusca) in South Africa, where some larvae were able 
to survive on Cry1Ab-expressing maize (Van Rensburg, 2007; Kruger et al., 2009a, 2011b) 
resulted from a combination of a late general planting date with consequent increased levels 
of infestation and variance in time of planting, providing a continuous supply of moths 
(Kruger et al., 2009a). The recent survey by Kruger et al. (2011a) revealed that compliance 
with refugia requirements in the region was low especially during the initial 5-7 years after 
release and a high number of farmers applied insecticides as preventative sprays on Bt-
maize and refugia irrespective of stem borer infestation levels. 
 
Another instance of pest resistance concerns fall armyworm, S. frugiperda (for a review see 
Storer et al., 2012). Larvae surviving on Cry1F-expressing maize in some fields on an 
isolated tropical island in the USA (Puerto Rico) were collected and exposed to high 
concentrations of the Cry1F protein in laboratory bioassays, where no mortality was 
observed (Matten et al., 2008; Moar et al., 2008; Tabashnik, 2008; Tabashnik et al., 2008a). 
Recently, Storer et al. (2010) confirmed via laboratory bioassays that S. frugiperda collected 
from the affected area exhibited lower sensitivity to the Bt protein compared with typical 
colonies from other regions, and that the resistance was shown to be autosomally inherited 
and highly recessive. The unusual combination of biological, geographic, and operational 
factors (such as high selection pressure for resistance by continuous silage maize production 
with sequential year-round plantings, high level of overall S. frugiperda pest pressure during 
the year of observing its damage on Bt expressing hybrids, drought conditions reducing 
availability of alternative host plants that encouraged movement of the adult and larval 
populations into irrigated agricultural maize fields led to S. frugiperda evolving resistance to 
the Bt protein in Puerto Rico. Moreover, no insect resistance management (IRM) measures 
were put in place at that time in Puerto Rico. It is considered very unlikely that the levels of 
selection pressure exerted on S. frugiperda by Bt maize cultivations in Puerto Rico will be 
experienced in the EU, with the exception of overseas territories. S. frugiperda is a migratory 
seasonal pest across most of the USA, cannot develop at temperatures below 12°C, and 
displays one or two generations per year in the USA. This reduced selection pressure on S. 
frugiperda, the availability of alternative host-plants and the implementation of IRM plans 
make the evolution of resistance as observed in Puerto Rico unlikely in other regions (EFSA, 
2011c). In the future, pyramided trait products that produce two or more different Bt proteins 
are being introduced to further delay resistance development to Cry1F (Storer et al., 2012). 
 
Resistance development of pests in the field has so far not been reported in other GM Cry1 
Bt-plants (EFSA, 2011c). In particular, in different Bt-maize cultivars resistant to lepidopteran 
or coleopteran pests no resistance development in the field has been observed either in the 
USA or in Europe (Farinós et al., 2004, Eizaguirre et al., 2006, Siegfried et al., 2005, Stodola 
et al., 2006, Huang et al., 2007). However European Corn Borer populations with a 
decreased susceptibility to Bt-proteins were selected in the laboratory by Huang et al. (1997), 
Bolin et al. (1999), Chaufaux et al. (2001) and Alves et al. (2006). Considering that European 
climatic and maize cultivation conditions differ from those observed in Puerto Rico and South 
Africa, EFSA (2011c) concluded that field resistance would not develop rapidly in EU target 
pests such as the European corn borer (Ostrinia nubilalis) and the Mediterranean corn borer 
(Sesamia nonagrioides). 
 
From the breeders point of view the potential development of resistence of target organisms 
is a serious problem since their products would be useless in specific regions. To delay 
evolution of pest resistance breeders introduced multiple (stacked) Cry toxins into maize 
lines. The strategy relies on the assumption that simultaneous evolution of resistance to 
slightly differently acting cry-proteins would be highly unlikely. An example is the 
transformation of specific Bt-cotton lines with Cry1Ac and Cry2Aa genes for improving long-
term effects on Heliothis virescens (Tobacco budworm; Jurat-Fuentes et al., 2003). Another 
strategy for avoiding evolution of resistance in pest insects is the construction of synthetic 
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Cry-genes whose proteins are equipped with multiple binding domains. An example is the 
synthetic Cry1.105. It consists at least of binding domains of Cry1Ab, Cry1Ac and Cry1F. All 
of them are directed against lepidopteran larvae (MON 89034 http://www.efsa.europa.eu/ 
EFSA/DocumentSet/gmo_02_partii_summary,0.pdf). 
 
Summarizing the available literature, resistance development of lepidopteran species against 
Bt-protein has not been observed in Europe (as at end 2011); this also holds true for Bt-
maize cultivation worldwide with the exception of South Africa and Puerto Rico. So far, the 
applied insect resistance management seems to be a successful measure for delaying or 
preventing resistance development during several years of large scale cultivation (Tabashnik 
et al., 2003, Bates et al., 2005). Additionally knowledge about the potential for resistance 
development has been gained due to extended studies about basal susceptibility and the 
frequency of resistance alleles in Europe (e.g. Chaufaux et al., 2001, Ferré and van Rie, 
2002, Bourguet, 2004, Saeglitz et al., 2006, Schuphan, 2006, Gaspers et al., 2010). 
However, several of these authors regard resistance development for Bt crops to be a 
question of time.  
 
Transgenic Cry1 proteins are pore-forming toxins producing ion channels in lipid membranes 
of gut of targeted lepidopteran pests (Rausell et al., 2004a,b, Bravo et al., 2007, Gomez et 
al., 2007, Pigott and Ellar, 2007). Because insect pests have been able to develop resistance 
to chemical insecticides applied to control them (Whalon et al., 2008), the potential 
development of insect resistance to Cry proteins constitutively expressed in GM crops is 
considered as a relevant concern in the ERA (e.g. EFSA, 2008b,c, Gassmann et al., 2009). 
Resistance development generally refers to a genetically-based decrease in a population’s 
susceptibility to a toxin and can be evaluated with laboratory bioassays estimating the 
resistance ratio, which is the LC50 (concentration of toxin killing 50% of the larvae) of a field-
derived strain divided by the LC50 of the susceptible strain (Saeglitz et al., 2006; Andow, 
2008; Bravo and Soberón, 2008). Susceptibility is usually measured by sampling insects 
from a field population and determining how their progeny respond to the toxin in laboratory 
experiments (Tabashnik et al., 2008a, Huang et al., 2011a). 
 
Major lepidopteran target pests of the Cry1Ac expressing cotton and Cry1Ab expressing 
maize (such as MON810) have been monitored worldwide for potential resistance 
development against specific Cry1 proteins. A recent meta-analysis of available monitoring 
data indicated that neither in the EU, nor in the United States (US), have populations of 
resistant European and Mediterranean corn borer been found in regions where Cry1Ab 
expressing maize is grown (Tabashnik et al., 2008a), confirming previous observations 
(Andow et al., 2000; Bourguet et al., 2003; Farinós et al., 2004; Eizaguirre et al., 2006; 
Schuphan, 2006; Stodola et al., 2006; Andreadis et al., 2007). In Spain, for instance, after 
many years of field exposure of corn borer populations to Cry1Ab expressing maize, no 
indications of resistance development were found (Farinós et al., 2004; Eizaguirre et al., 
2006; Andreadis et al., 2007, Farinós et al., 2011). So far, F2 screenings (Andow and Alstad, 
1998) performed on mated females collected from the field in Mediterranean EU countries 
and their progeny reared under confined conditions, failed to detect major resistance alleles 
in corn borer populations (Bourguet et al., 2003; Schuphan, 2006; Andreadis et al., 2007). 
These data indicate that dominant resistance alleles are extremely rare in populations of corn 
borers and also that the initial frequency of recessive resistance alleles is low (Andow et al., 
1998, 2000; Bourguet et al., 2003; Schuphan, 2006; Stodola et al., 2006; Andreadis et al., 
2007). In contrast, laboratory selections for resistance with Cry1Ab toxins have yielded 
partial resistance levels in some corn borer strains after many generations (Chaufaux et al., 
2001; Huang et al., 2002; Farinós et al., 2004; Alves et al., 2006; Schuphan, 2006). While 
resistance levels fluctuated between generations for each strain, toxin susceptibility 
decreased significantly over generations for all selected strains. However, none of the 
laboratory-selected resistant corn borer larvae studied by Farinós et al. (2004) survived on 
Bt-maize seedlings. It is thus questionable whether these levels of resistance will reflect 
potential resistance development upon exposure of field populations to Bt-crops (e.g., 
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Bourguet, 2004). Moreover, even though partial resistance has been shown to be reasonably 
common in some European corn borer populations (Bourguet et al., 2003), the polygenic 
nature of resistance in tested laboratory strains suggests that major genes for resistance to 
the Cry1Ab protein are rare in founding populations of the European corn borer (Alves et al., 
2006). 
 
Available data indicate that recessive resistance alleles are rare in populations of European 
and Mediterranean corn borers. Moreover, according to the EU research project ProBenBt in 
which various aspects of European and Mediterranean corn borer genetics and Cry1 
resistance in targeted lepidopteran pest species were studied, gene flow among European 
populations of both pest species is likely to be high enough to delay resistance development 
to Cry1 proteins in maize (Schuphan, 2006). The fact that some adults of the European corn 
borer mate at a more restricted spatial scale (Hunt et al., 2001; Qureshi et al., 2005; Dalecky 
et al., 2006; Bailey et al., 2007) than previously assumed in the high-dose/refuge strategy 
might under certain circumstances (e.g., crop rotated landscape) decrease its efficiency 
(Dalecky et al., 2006; Schuphan, 2006), as well as the infestation rate of the pest with a 
natural parasite (Lopez et al., 2010). However, predictions generated by a recently 
developed demo-genetic dynamic model confirm that applying the high-dose/refuge 
resistance management strategy is likely to maintain the sensitivity to Cry proteins in pest 
species (Tyutyunov et al., 2008, Liu et al., 2011). An alternative strategy is the refuge in a 
bag approach where GM and non-GM seeds are mixed and sown together so that the crop 
contains a proportion of non-GM plants and the selection pressure on the pest population is 
reduced. Generally this is not considered as effective as other refuge strategies (Murphy et 
al., 2010, EFSA, 2012b).  
 
In areas where resistance is found to be developing or where few or no refugia are 
established, the release of sterile insects to mate with resistant insects can be used to 
prevent the build up of resistant populations (Tabashnik et al., 2010, Wu, 2010). 
 
To delay or prevent the potential development of insect resistance to Bt-crops, a resistance 
management tactic, relying on a ‘high dose/refuge strategy’, has been endorsed in the US 
and EU (Bates et al., 2005, Andow, 2008, Bravo and Soberón, 2008, Gassmann et al., 2009, 
Andow et al., 2010). The high dose/refuge strategy intends to reduce the selection pressure 
for resistance alleles by combining Bt-maize that produces a high dose of toxin with non-Bt-
maize plants that are grown nearby as a refuge (Ives and Andow, 2002). To ensure that 
individuals heterozygous for a resistance allele are killed by the Cry1Ab protein produced in 
plant tissues, the increase in fitness conferred by resistance alleles must be recessive. The 
study of fitness costs associated with resistance to Cry proteins is important for 
understanding resistance evolution and for evaluating resistance management practices 
(Crespo et al., 2010, Pereira et al., 2011). The second assumption of the high dose/refuge 
strategy is that resistance alleles must be rare, so that only few homozygotes survive on Bt-
crops. Finally, it is assumed that the few resistant insects emerging in Bt-crops must mate 
randomly or preferentially with the larger pool of susceptible insects preserved on non-Bt-
crops (Alstad and Andow, 1995; Andow, 2008). Mating pattern between susceptible and 
resistant insects need to be considered (Blanco et al., 2010) as well as the design of reguges 
(Onstad et al., 2011). The implementation of the ‘high-dose ⁄ refuge’ IRM strategy has been 
successful during the last 15 years in substantially delaying field resistance to Bt crops 
(Huang et al., 2011b). Moreover, Bt maize has become so widely adopted in U.S. agriculture 
that Hutchison et al. (2010) found areawide suppression of the primary pest (European Corn 
Borer) benefitting also farmers using conventional maize. 
 
Another strategy that is being developed is to stack genes expressing different cry toxins that 
are effective against the same target pest. For example Cr1Ab and Cry1F are combined to 
give control of lepidopteran pests while reducing the likelihood of resistance developing to 
each toxin.  
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The cultivation of Cry1 expressing maize in the EU is currently on a small scale and limited to 
a few geographic regions. In addition, as potential resistance development is dependent 
upon multiple factors, predicting future responses of corn borer populations in Europe is case 
specific (Tyutyunov et al., 2008). Dispersal distances, for instance, have been shown to be 
influenced by plant size, weather conditions during the flight, pheromonal patterns in the field 
and the timing of the flight (Hunt et al., 2001; Engels et al., 2008). Therefore, the potential 
development of resistance in target pests should be monitored in order to detect potential 
changes in resistance levels in pest populations. Applicants are generally requested to 
monitor resistance development in target pests in the US and Canada. In this respect 
Downes et al. (2010) report of field evolved resistance to a protein in a dual-toxin Bt-crop in 
Australia. This observation has precisely fulfilled the intended function of monitoring for 
resistance. Such monitoring provides an early warning of increases in frequencies that may 
lead to potential failures of the transgenic technology. Furthermore, Downes et al. (2010) 
demonstrate that pyramids so more than one Bt protein does not exclude resistance 
development.  
 
In the EU, the monitoring of Cry1 expressing maize demands case-specific insect resistance 
management and considers further general surveillance through farmer questionnaires 
(Schmidt et al., 2008).  
 
The possible evolution of resistance to Bt protein in lepidopteran target pests is considered 
by EFSA as a relevant environmental and agronomic concern associated with the cultivation 
of Bt maize, as the consequences of resistance evolution may lead to altered pest control 
practices that may cause adverse environmental effects. However, appropriate risk mitigation 
measures and monitoring can address the risk proportionately (see e.g. EFSA, 2011c).  
 
In the case of coleopteran related pests, e.g. the Western corn rootworm, the possible 
evolution of resistance to the Cry3Bb1 protein has been demonstrated for maize MON 863 
under artificial selection experiments under greenhouse conditions (Meihls et al., 2008) and 
recently confirmed under field conditions in some populations in Iowa, USA (Gassmann et 
al., 2011). 
 

• Meihls et al. (2008) exposed Western Corn Rootworm (coleopteran) colonies to Bt-
maize in the greenhouse under four selection regimes (1) continuous exposure 
(larvae were reared on Bt-maize throughout the larval development period), (2) 
neonate exposure (larvae were placed on Bt-maize as neonates, then shifted to non-
Bt-maize to complete development), (3) late exposure (larvae ate non-Bt-maize as 
neonates and completed development on Bt-maize), and (4) no exposure (larvae 
were reared on non-Bt-maize). After three and six generations of greenhouse 
selection, the colony that was continuously exposed to Bt-maize was highly resistant; 
larval survival on Bt-maize was equivalent to survival on the non-Bt-maize 
counterpart. After three generations of selection, the LC50 of the continuous 
exposure colony was approximately 22-fold greater than that of the unexposed 
control colony. After six generations of selection, percent survival on Bt-maize relative 
to its non-Bt-maize counterpart was 11.7-fold greater in the field for the continuous 
exposure colony than for the control colony (Meihls et al., 2008). 
 

• Gassmann et al. (2011) reported that the survival of Western corn rootworm on 
Cry3Bb1-expressing maize in laboratory bioassays was significantly higher for 
individuals from problem fields where farmers reported severe root injury to Cry3Bb1-
expressing maize than from control fields where such injury was not reported. In all 
problem fields studied, Cry3Bb1-expressing maize had been grown for at least three 
consecutive years (Gassmann et al., 2011), corresponding to three generations of 
selection (Gray et al., 2009). 
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These results demonstrate that Western corn rootworm will rapidly evolve resistance to 
Cry3Bb1-expressing maize under conditions of continuous exposure (Meihls et al., 2008; 
Tabashnik, 2008; EPA, 2010; Hibbard et al., 2010, Gassmann et al., 2011; Oswald et al., 
2011; see also Lefko et al., 2008 and Nowatzki et al., 2008 for the Cry34Ab1/Cry35Ab1-
expressing maize event DAS-59122-7, and Meihls et al., 2011 for the mCry3A-expressing 
maize event MIR604). It is evident that these maize types do not meet the functional 
definitions of high dose, so that the utility of refuge, refuge size and refuge placement for 
delaying rootworm resistance should be further investigated (Binning et al., 2010). 
 
Based on risk assessments, the EFSA GMO Panel advocates the deployment of diversified 
resistance management strategies, along with more integrated methods to control 
coleopteran pests targeted by Bt-crops (e.g. EFSA, 2011d). 
 
It should be noted that the effectiveness of the control of a target insect pest may lead to the 
emergence of secondary pests. In China, the control of H. armigera by Bt cotton cultivation 
has resulted in a decrease in the amount of insecticides used on Bt cotton compared to 
conventional cotton. This has led to a lack of control of mirids on Bt cotton due to the 
reduction in broad-spectrum insecticide use and consequently to a transformation of a minor 
pest to a main one. Therefore, it is important to develop pest control using a broad spectrum 
of practices. These include crop rotation, tillage, high biological diversity in the farming 
system and promotion of the pests’ natural antagonists (Berge and Ricroch, 2010). 
According to a review by EFSA (2011c) arthropod assemblages in agricultural fields are in a 
continuous fluctuation in terms of their species number, composition and individual densities 
over time and space. Human interventions, including pest control, also influence these 
parameters. Whenever pest management of crops changes, the abundance of some pest 
species may decline and other pest species may increase. Reduced or no insecticide 
applications in Bt crops (e.g. maize and cotton), that express selective Cry proteins, provide 
an opportunity for secondary pest species, previously controlled by insecticides used against 
key target pests, to reach damaging levels. Natural enemies failing to fully control secondary 
pests, and reduced competition with target pests might also play a role in secondary pest 
outbreaks (Catangui and Berg, 2006, Sanvido et al., 2007, 2008a, Eichenseer et al., 2008, 
Romeis et al., 2008b, Fitt, 2008, Kennedy, 2008, Naranjo et al., 2008, Dorhout and Rice, 
2010, Lu et al., 2010, Virla et al., 2010, Hutchison et al., 2011). However, the emergence of 
secondary pests is not specific to the cultivation of GM crops but a common phenomenon in 
a range of integrated agricultural managment systems (see e.g. the critical discussion of 
Then, 2010 by Hutchison et al., 2011). 
 
In an integrated pest management (IPM) context, Bt maize can be regarded as a preventive 
(host plant resistance) or a responsive pest control measure (Meissle et al., 2011).  
 
Conclusions regarding effects on target pests: 
 

• Bt proteins can cause resistance development in target pests, which results in a loss 
of environmentally desirable plant protection tools.  
 

• Resistance development in target insect pests is most likely to occur in regions where 
Bt crops are deployed most extensively for several years and selection pressure is 
highest. Due to the nature of cropping in Switzerland it is very unlikely that this will be 
a focus for resistance development.  

 
• Post market environmental monitoring for resistance development is a general 

recommendation (from EFSA, 2011c,d) for all Bt crops.  
 

• Resistance development of target organisms can be delayed by a range of 
management techniques e.g. as described in EFSA (2011c,d)  
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• Bt maize is a highly specific tool that efficiently controls the main pests and allows 
combination with other preventive or responsive measures to solve other agricultural 
problems including those with secondary pests (Meissle et al., 2011). 

 
 

4.5 Impact on NTOs  

The potential impact on non-target organisms is addressed in various international 
documents where it forms a substantial part of any environmental risk assessment of GMOs 
(e.g. EC, 2001, EC, 2002, Canadian Food Inspection Agency, 2004, EFSA, 2006a, Rose, 
2007). 
 
An assessment is required of the possible immediate and/or delayed environmental impact 
resulting from direct and indirect interactions of the GM plant with non-target organisms, 
including the impact on population levels of competitors, herbivores, symbionts (where 
applicable), predators, parasites and pathogens (EFSA, 2006). Several detailed descriptions 
for NTO risk assessment procedures, including selection criteria for the NTO test species 
and test methods that can apply to different regions, are provided in guidance documents 
which can be adapted for specific crops in specific agriculture ecosystems (EFSA, 2010a, 
2010b, Romeis et al., 2009). Tests on non-target organisms covering bi- and tri-trophic 
interactions including direct and indirect effects are widely accepted in risk assessment and 
results are widely published in the literature (BEETLE, 2009).  
 
A number of review papers particularly emphasize the effects of GM plants producing 
insecticidal proteins on non-target arthropods (Andow and Hilbeck, 2004, Hails and 
Raymond, 2004, Dolezel et al., 2005, Lövei and Arpaia, 2005, O’Callaghan et al., 2005, 
Andow and Zwahlen, 2006, Hilbeck and Schmidt, 2006, Schuler, 2006, Sanvido et al., 2007, 
Greenpeace, 2007, Marvier et al., 2007, Widmer, 2007, Woiwod and Schuler, 2007, Romeis 
et al., 2007, Farinós et al., 2008, Arpaia, 2010, Bartsch et al., 2010, EPA, 2010, Romeis et 
al., 2010, Marvier, 2011, Meissle, et al., 2011).  
 
An extensive body of research data has been assembled on non-target impacts of maize 
expressing insecticidal Bt proteins, like the varieties MON810, Bt176, Bt11, and maize 1507. 
One important lesson according to Schuler (2006) is that negative effects observed in the 
laboratory do not necessarily translate into impacts in the field where many other factors 
affect the impact on non-target species (including climate, food availability and predation). 
The majority of studies reviewed by Schuler (2006) do not show any unexpected negative 
effects on non-target insects.  
 
A tiered process of toxicity testing is generally used to assess the non-target effects posed 
by traditional insecticides because it is suitable for assisting the decision-making process in 
an effective and rigorous way (Romeis et al., 2008a). The application of tiered approaches is 
widely accepted (Rose, 2007, EFSA, 2006), but differences appear e.g. how to use the 
results for decision making. There is considerable disagreement about the most appropriate 
framework for using ecological approaches (Andow et al., 2006a,b, Andow and Zwahlen, 
2006; Romeis, 2006, Romeis et al., 2006a), and a major difference between the approaches 
is related to confidence and certainty in decision making within the tiered framework (EFSA, 
2008, BEETLE, 2009). It is clear that ecotoxicological methods developed for the testing of 
pesticides are not always suitable for risk assessment of GMPs (Römbke et al., 2010, 
Romeis et al., 2010). However, the ERA framework provided by EFSA (EFSA, 2010a,b) 
makes use of the benefits of the various approaches. 
 
Based on a three year interdisciplinary research project called ECOGEN, Birch et al. (2007) 
provided a detailed discussion of the role of laboratory, greenhouse and field scale 
experiments in understanding the interactions between GM plants and soil ecosystems. They 
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concluded that results were not predictive between the three experimental scales, but have 
value when used with feedback loops between the scales, which can be used to address 
questions raised by results from any level of experimentation and also for putting GM crop 
risks into context with current agricultural practices in regionally differing agro-ecosystems. 
 
Another review was published by Andow and Zwahlen (2006), which provides an overview 
on ERA development since the end of the 1980s. The authors assessed previous models for 
risk assessment and a conclusion was that future genetically modified crops are likely to 
pose greater challenges for risk assessment, and meeting these challenges will be crucial in 
developing a scientifically coherent risk assessment framework. However, scientific 
understanding of the factors affecting environmental risks to NTOs is an ongoing task where 
environmental scientists need to help improve environmental risk assessment methods. 
 
It is helpful for the assessment to group the published literature into categories based on the 
tiered approach to testing (see below). The BEETLE report (BEETLE 2009) suggests a 
grouping into the following categories: 
 
0 Literature reviews or modelling approaches 
 
1 Tier 1 Laboratory studies with purified insecticidal protein 
 
2 Tier 1 and 2 Laboratory or glasshouse studies with GM insecticidal plants  

(or parts of plants) 
 
3 Tier 3 Semi-field studies (contained environment) with GM insecticidal plants 
 
4 Tier 4 Field studies with GM insecticidal plants (open environment) 
 
For the purpose of NFP59, we conclude that ‘tiering’ provides an internationally accepted 
concept and recommend making use of the tiered approach developed by the international 
initiative of Romeis et al. (2008a). This approach focuses on the formulation and testing of 
clearly stated risk hypotheses, making maximum use of available data and using formal 
decision guidelines to progress between testing tiers (see Figure 3). This tiered approach is 
intended to provide guidance to regulatory agencies that are currently developing their own 
NTO risk assessment guidelines for GM crops and to help harmonize regulatory 
requirements between different countries and different regions of the world.  
 
The following sub-chapters on potential effects of GMO on NTO reiterates the categories 
developed by the BEETLE (2009) report. 
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Figure 3: Tiered approach according to Romeis et al. (2008a). 
 
 

4.5.1 Direct Toxic Effects on Plant-Associated NTOs 

Genetically modified crops that express insecticidal Cry proteins derived from the soil 
bacterium Bacillus thuringiensis (Bt) have been cultivated since 1996 (Clive, 2008). Bt is an 
insecticidal bacterium that has successfully been used as a biopesticide for many years. 
According to Raymond et al. (2010) the bacterium B. thuringiensis is a true pathogen that 
reproduces in an insect cadaver. Bt spores are prevalent in the environment and it can act as 
an opportunistic pathogen under appropriate conditions. In their critical review, Vachon et al. 
(2012) concluded that the presently available information still supports the notion that Bt Cry 
proteins act by forming pores, but most physiological events leading to their formation, 
following binding of the activated toxins to their receptors, remain relatively poorly 
understood. 
 
Each Cry protein is highly specific to species groups like lepidoptera and coleoptera and are 
targeted at pests of these groups (O’Callaghan et al., 2005). GM Bt plants can express the 
specific Cry proteins in a range plant organs (including pollen, anthers and roots) depending 
on the specific GM-event. As a consequence larvae of target species (e.g. European Corn 
Borer (ECB) or Western Corn Rootworm (WCR)) as well as larvae of non-target species (e.g. 
butterflies or beetles) are likely to be exposed. Lepidopteran and coleopteran specific Cry 
proteins have only been used in maize until now in the EU, and only one Cry1Ab expressing 
maize (MON810) is cultivated so far.  
 
It is well known that a range of lepidopteran species larvae could potentially be affected by 
Cry1 proteins (Losey et al.,1999, Felke and Langenbruch, 2002, 2005, Lang and Vojtech, 
2006, Prasifka et al., 2007, Felke et al., 2010). Data on effects are mainly derived from 
laboratory tests but some are derived from maize crops (for a review see Evans, 2002). 
However, exposure of any populations of NTO larvae to the toxin is restricted to those 
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consuming the Bt plant or its products. Such NTO larvae may be exposed to the Cry protein 
when Bt maize pollen is deposited on plants on which they are feeding in the fields or 
margins of Bt maize fields. This was confirmed by the extensive semi-field and field 
experiments conducted in USA and Europe (Oberhauser et al., 2001, Pleasants et al., 2001, 
Sears et al., 2001a,b, Stanley-Horn et al., 2001, Wright et al., 2000, Dively et al., 2004, Lang, 
2004, Gathmann et al., 2006a,b). However, in all studies no or minor effects on non-target 
lepidopteran species and populations were reported for maize varieties that express low 
levels of Cry1Ab protein in pollen.  
 
Anthers have a higher concentration of Cry1Ab protein than pollen and in a similar level to 
that in maize leaves (e.g. in MON810 maize, between 0.30-6.65 µg/g as reported in Nguyen 
and Jehle, 2007). In laboratory experiments the consumption of anther fragments of maize 
MON810 caused a significant increase in mortality in monarch butterfly larvae (Felke and 
Langenbruch, 2005), confirming previous observations made by Hellmich et al. (2001), 
Anderson et al. (2005), Prasifka et al. (2007). However, anthers are not considered to 
contribute significantly to European lepidopteran larvae exposure to Cry1Ab since anthers 
show a much lower spatial and temporal distribution compared to pollen (EFSA, 2009a).  
 
In the course of the evaluation of three applications for renewal of authorisation maize MON 
810 (EFSA, 2009a) the EFSA GMO Panel used a new risk assessment methodology, 
published later by Perry et al. (2010), in order to simulate and assess potential adverse 
effects on non-target Lepidoptera after ingestion of harmful amounts of Cry1Ab-containing 
maize pollen deposited on their host-plants. On the basis of the data provided by the 
applicant and obtained from a literature survey and a modelling exercise, EFSA concluded 
that the amounts of maize MON 810 pollen grains found in and around maize fields are 
unlikely to adversely affect a significant proportion of non-target lepidopteran larvae. The 
EFSA Panel also noted that all modelling exercises are subject to uncertainties and, as with 
any ecological model, further data would refine the estimates reported. Hence, the EFSA 
GMO Panel considered it advisable that, in areas with sensitive non-target Lepidoptera 
present, higher levels of adoption of the cultivation of maize MON 810 be accompanied by 
management measures in order to mitigate the possible exposure of these species to maize 
MON 810 pollen (EFSA, 2009b). 
 
Bt-maize pollen might be hazardous to a range of lepidopteran species of conservation 
concern (Lang and Otto, 2010), and should therefore be the focus of specific risk 
management (Hofmann et al., 2010, 2011). The mathematical model, developed for maize 
MON 810, was recalibrated and extended to estimate the effects of maize 1507 pollen on 
non-target Lepidoptera and the efficacy of certain mitigation measures (Perry et al., 2011, 
EFSA, 2011c,d). In situations when the proportion of maize and uptake of maize 1507 are 
sufficiently high, then highly sensitive non-target Lepidoptera populations might be at risk, 
and the EFSA GMO Panel recommends that mitigation measures are adopted to reduce 
exposure. Risk managers are provided with tools to estimate global and, where needed local, 
mortality of exposed non-target Lepidoptera, both before and after different mitigation 
measures are put in place, and for different host-plant densities. Mitigation measures are 
only needed when the proportion of maize and uptake of maize 1507 are sufficiently high, 
and when highly sensitive Lepidoptera species are present. If maize 1507 cultivation remains 
below 5% of the Agricultural Unit of Account8, then risk mitigation measures are not required. 
EFSA concluded that, subject to appropriate management measures, maize 1507 cultivation 
is unlikely to raise safety concerns for the environment (EFSA2011c,d).  
 
There was some discussion about the usefulness of such modeling excercises in the light of 
incomeplete data and thus remaining uncertainties. Lang et al.’s (2010) main objections to 

                                                
 
8 For example, an uptake of 20% of maize 1507 in a region where maize represents 25% of the arable land. 
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quantitative conclusions from such models for the ERA of GM plants was the need to allow 
for the fact that sensitivity to a Cry protein can vary greatly among lepidopteran species, 
even within genera, making a prediction of the sensitivity to a Cry protein for any given 
species difficult. As Perry et al. (2010, 2011) confirmed, extrapolating observations made on 
one non-target lepidopteran species to another is problematic because of between-species 
variability in acute sensitivity to Cry1 proteins (see also Schmitz et al., 2003). EFSA (2011b) 
has addressed this problem by providing output from the model for a range of non-target 
lepidopteran species with different sensitivities. Risk managers will need to assess which 
species may be at risk, and modulate management options according to any known or 
assumed sensitivities of these species.  
 
Kjaer et al. (2010) examined the consequences of Cry1Ac expressing GM oilseed rape for 
larvae of Pieris brassicae. Based on laboratory feeding studies and modeling the authors 
concluded that under certain circumstances the ecological consequences can be severe for 
susceptible butterfly populations. Such models may both aid the design of further tests for 
effects and support the assessment whether population effects are likely to occur due to the 
presence of insect-resistant plants outside the agricultural area. 
 
Surveys of biota in the main Bt maize growing areas of Spain (Eizaguirre et al., 2006, Perry 
et al., 2010) have revealed an absence of wild lepidoptera occurring during the flowering 
period of maize and thus there is no exposure in this and some other areas of Europe. 
Exposure and hence risks to sensitive Lepidoptera are considered to be generally very low 
across the maize growing regions of Europe and only likely to occur in a few situations. This 
contrast with the use of insecticides in maize which are applied earlier in the season and so 
larger numbers of Lepidoptera are likely to be exposed.  
 
Potential detrimental effects on NT coleopteran species have been studied as these could be 
expected from crops expressing coleopteran specific cry-proteins e.g. Cry3Bb1. Beetle 
species feeding on plant parts as well as carnivorous species such as rove beetles or 
carabid beetles are exposed to the Cry protein (Harwood et al., 2005, 2006, Zwahlen and 
Andow, 2005, Obrist et al., 2006a,b,c). Tier 1 lab studies showed increased mortality or 
sublethal effects on longevity of ladybird or carabid beetles (Bai et al., 2005, Meissle et al., 
2005, Schmidt et al., 2004) under worst-case high exposure/intake situations.   
 
Of particular interest is the study of Schmidt et al., 2009 (see also Schmidt et al., 2004), 
which was used by some EU Member states to defend a temporary ban on MON810 Bt 
maize cultivation. Schmidt et al. (2009) carried out laboratory toxicity tests with microbially 
produced trypsin-activated Cry1Ab or Cry3Bb proteins applied to different larval stages (L1-
L4) of the coccinelid Adalia bipunctata. Bt-protein treatment was performed via 0, 5, 25, or 50 
µg/ml Bt-protein spray on Ephestia sp. eggs, which were then offered as food in a no-choice 
test. The authors did not quantify the actual intake of Bt-protein by the larvae, but tested 
qualitatively the presence of the Bt-proteins in the spray solution by immuno-strip assays. 
The paper reports that A. bipunctata larvae fed lepidopteran-active Cry1Ab protein at the 
lowest concentration (5 µg/ml) of the protein as well as the higher levels exhibited 
significantly higher mortality than the control group. However, in experiments with the 
coleopteran-active Cry3Bb toxin, only a concentration of 25 µg/ml resulted in a significantly 
higher mortality compared to the control. Both experiments revealed a slight decline in 
mortality at the highest concentration of 50 µg/ml, though this was statistically significant only 
in the case of Cry1Ab treatment. No differences were detected for development time of 
larvae and body mass of newly emerged adults. The authors re-iterated (Hilbeck et al., 
2012a,b) that the increased mortality of larvae in the toxin feeding trials was caused directly 
by the activated Cry-proteins and raised questions regarding their suggested postulated 
specificity and their mode of action in A. bipunctata. The authors also reiterated that their  
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lower tier laboratory studies including the Schmidt et al. (2009) studies “provide indications 
for possible hazards that require further investigation (or possibly long-term field monitoring) 
to determine whether they pose a risk or translate into ‘harm’ in the field: no more and no 
less.” 
 
However, neither a dose-response relationship, nor sublethal effects (on developmental time 
and adult body weight) on surviving specimens were observed; both these features represent 
a typical response of sensitivity to Cry proteins. The higher toxicity of a Lepidoptera-specific 
Cry1Ab reported on Coleoptera in comparison to the more Coleoptera-specific Cry3Bb is an 
outcome that needs to be confirmed based on more quantitative data (both on food intake 
and actual protein concentration). However these data are not sufficient to identify a hazard 
or indicate a new mode of action of Cry proteins on the coccinellid species tested. The 
experimental design has some obvious weaknesses (e.g. no measurement of the actual 
intake of Cry protein as recommended by Meissle and Romeis, 2009). Romeis et al. (2012) 
do not see verified evidence that A. bipunctata larvae are sensitive to Cry1Ab at realistic 
worst-case exposure concentrations. This, together with the fact that A. bipunctata will be 
little exposed to Cry1Ab under field conditions, allowed Romeis et al. (2012) to conclude that 
the risk of Bt maize to this predator is negligible. Support for this comclusion comes from the 
results of many Bt maize field studies that have not revealed evidence for direct Cry1Ab 
effects on non-Lepidoptera species (e.g. as referenced in EFSA, 2012d).  
 
Garcia et al. (2010) found no effect of Cry1Ab on the rove beetle Atheta coriaria exposed 
through MON810 maize fed-prey. MON810 maize did not influence the overall community 
structure of rove beetle (Staphylinidae) according to a three year study from 2001-2003 in 
Hungary (Balog et al., 2010). After grouping staphylinids into guilds the authors did not find 
significant differences for non-aphidophagous predators and parasitoids, whereas there were 
significantly and marginally significantly higher abundances of predators with aphids in their 
diet in isogenic maize stands in 2002 and 2003 respectively.  
 
According to EFSA (2011d) data from other coleopteran-active Cry proteins do not indicate 
adverse effects on rove beetles, suggesting that they are not sensitive to the tested 
coleopteran-active Cry proteins. Porcar et al. (2010) reported that, based on a 15-day 
laboratory bioassay covering 70 % of the life-span of adults, the adult mortality of A. coriaria 
when fed a diet containing the coleopteran-active Cry3Aa protein, did not differ statistically 
from that of the control group. A field study in Hungary with Bt-maize that expresses the 
coleopteran-active Cry34/35Ab1 proteins showed that the overall assemblage of rove beetles 
was not significantly affected by the Cry34/35Ab1 proteins through their diet (Balog et al., 
2011). These studies confirm that the adverse effects reported by Büchs et al. (2008) were 
likely due to varietal or prey quality effects, rather than the toxicity of the Cry3Bb1 protein. 
 
Wold et al. (2001) did not find adverse effects of maize expressing Cry1Ab to A. bipunctata in 
laboratory and field studies, but reported some adverse effects on another coccinellid 
species in a laboratory test. Higher tier studies are also available in the literature and no 
adverse effects of Bt-maize expressing Cry1Ab on field populations of a range of coccinellid 
species were detected (e.g., Pilcher et al., 1997; Jasinski et al., 2003; Dively and Rose, 
2004; Lundgren and Wiedenmann, 2005; Poza et al., 2005, Eckert et al., 2006; Alvarez-
Alfageme et al., 2008, 2009, 2010). An important consideration in terms of environmental risk 
assessment is that it is unlikely that coccinellid larvae will be exposed to biologically relevant 
amounts of Cry1Ab from maize MON810. The exposure route used by Schmidt et al. (2009) 
may constitute a useful model for laboratory studies, but any exposure through egg feeding 
in the field is very unlikely. The Cry1Ab protein content in maize MON810 pollen (which is 
likely to be the most common source for possible toxin ingestion for coccinellids) is very low 
and ranges between 1-97 ηg/g fw (Nguyen and Jehle, 2007). Bt-proteins are normally absent 
in aphids feeding on maize (Head et al., 2001; Raps et al., 2001), which is the main diet of 
coccinellid larvae. However in contrast to maize, Burgio et al. (2010) report that a small 
fraction of Bt-protein could be found in aphids sucking on Bt oilseed rape. However, Romeis 
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and Meissle (2010) argue that aphids do not ingest considerable amounts of insecticidal 
proteins when feeding on Bt-transgenic crops and that occasional reports of low 
concentrations of Bt Cry proteins in aphids can be explained by contamination of the 
samples. 
 
Under field conditions Wold et al. (2001) found smaller numbers of ladybird beetle 
Coleomegilla maculata on Bt maize expressing Cry1Ab in only one of two years. The authors 
concluded: “In summary, few statistical differences and inconsistent numerical trends might 
suggest that Bt has no adverse effects on beneficial insects in the field”. Other studies 
regarding coleopteran species reported no effects either of lepidopteran specific Cry proteins 
(e.g. Lozzia, 1999, Bourguet et al., 2002, Candolfi et al., 2004, Toschki et al., 2007) or of 
coleopteran specific proteins (e.g. Lundgren and Wiedemann, 2002, Bhatti et al., 2005, 
Mullin et al., 2005, Lundgren et al., 2005, Ahmad et al., 2005, 2006a, Duan et al., 2006, 
2008, Ferry et al., 2007, Raybould et al., 2007).  
 
Cry1A and Cry3 effects have been reported from tier 1 or tier 2 studies on NTO species 
which are not related to the Lepidoptera or Coleoptera. These include aphids (Deml et al., 
1999, Ashouri et al., 2001, Liu et al., 2005), acari (Obrist et al., 2006a), Heteroptera (Ponsard 
et al., 2002) and bees (Ramirez-Romero et al., 2005) (see also review of Hilbeck and 
Schmidt 2006). However none of these studies could clearly identify the Cry protein as factor 
responsible for the effect. The methodology and experimental design of some of the studies 
are subject to controversial discussions, e.g. those studies which reported adverse effects on 
predators and parasitoids fed with prey or hosts reared on Cry protein containing diet or 
plants (e.g. Hilbeck et al., 1998a,b, 1999, Lövei and Arpaia, 2005, Hilbeck and Schmidt, 
2006). These studies are considered in more detail under Section 4.4.3 (tri-trophic 
interactions). No non-target effects of Cry proteins on bees were reported from a number of 
laboratory semi-field and field studies (Malone et al., 2001, Hanely, 2003, Malone, 2004, 
Bailey, et al., 2005, Babendreier et al., 2004, 2005, Rose et al., 2007, Marvier et al., 2007, 
Malone and Burgess, 2009), or for different groups of phytophagous and predatory 
arthropods (e.g. Riddick et al., 2000, Bourguet et al., 2002, Jasinski et al., 2003, Candolfi et 
al., 2004, Carter et al., 2004, Rauschen et al., 2004, Sisterson et al., 2004, 2007, Alvarez et 
al., 2005, Dively, 2005, Eckert, et al., 2006, Meissle and Lang, 2005, Naranjo et al., 2005a,b, 
Obrist et al., 2005, O’Callaghan et al., 2005, Pons et al., 2005, Poza et al., 2005, Eizaguirre 
et al.,2006, Habustova et al., 2006, Ludy and Lang 2006, Rodrigo-Simón et al., 2006, 
Habustova et al., 2007, Rose and Dively 2007, Toschki et al. 2007). In a field study where 
colonies foraged on Cry1Ab expressing maize (event Bt11) and were fed Bt-pollen cakes for 
28 days, Rose et al. (2007) did not observe adverse effects on bee weight, foraging activity, 
and colony performance. Similarly, in a flight cage study maintained under controlled 
conditions, no significant differences were reported in honeybee mortality, syrup 
consumption and olfactory learning performance when honeybee colonies were exposed to 
different syrups containing Cry1Ab protoxin (Ramirez-Romero et al., 2005). In this respect, 
Ramirez-Romero et al. (2008) recently concluded that negative effects of the Cry1Ab protein 
on foraging behaviour and olfactory learning performance of honeybees are unlikely in 
natural conditions. Feeding behaviour and olfactory learning performance were disturbed 
only when honeybees were exposed to extremely high concentrations of Cry1Ab protein 
(5000 µg/kg), which do not occur under normal conditions (Ramirez-Romero et al., 2008). 
Lima et al. (2010) exposed honey bee larvae to either pure larval diet (control), diluted larval 
diet (diluted control) or larval diet diluted in a Cry1Ac solution at a concentration compatible 
with the maximum possible field exposure to Bt cotton. Although the diluted diet slightly 
increased larval mortality, Cry1Ac ingestion did not affect survival, developmental time, and 
neither adult body mass nor size, indicating that GM plants are unlikely to significantly impair 
the development of honey bee larvae. The larval-rearing system reported here was suitable 
to assess the lethal and sub-lethal effects of GM expressed toxins on honey bee larvae. 
 
A different effect was observed when bees are exposed to a combination of Cry1Ac and 
CpTI (Cowpea Trypsin Inhibitor) in GM cotton (CCRI41) which is increasingly planted 
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throughout China. Han et al. (2011) reported that Cry1Ac/CpTI pollen carried no lethal risk 
for honey bees. However, during a 7-day oral exposure to the various treatments (transgenic, 
imidacloprid-treated and control), honey bee feeding behaviour was disturbed and bees 
consumed significantly less CCRI41 cotton pollen than in the control group in which bees 
were exposed to conventional cotton pollen. It may indicate an antifeedant effect of CCRI41 
pollen on honey bees and thus bees may be negatively affected if large areas are planted 
with such GM Bt cotton. After evaluating the recent studies by Álvares-Alfageme et al. (2010) 
and Porcar et al. (2010) and other known data from field trials, the German Biosafety 
Commission (ZKBS) came to the conclusion that the Bt proteins Cry1Ab and Cry3Bb1 are 
not expected to have potential adverse affects on ladybird beetles (ZKBS 2011). So far, only 
the publication by Schmidt et al. (2009), which is based on a laboratory study, has reported 
adverse effects on two-spotted ladybirds. This study was intensively criticized (Rauschen, 
2010a, Ricroch et al., 2010). Hilbeck et al. (2012a,b) reiterated that their laboratory studies 
provide indications for possible hazards that require further investigation (or possibly long-
term field monitoring) to determine whether they pose a risk or translate into ‘harm’ in the 
field. However, in the light of available data (e.g. reviewed by EFSA, 2009a, 2011c,d) and the 
low level of environmental exposure, the risk to ladybirds from Cry expressing Bt maize 
varieties is negligible. Moreover, Tian et al. (2012) demonstrated that Cry1F protein did not 
affect important fitness parameters of a ladybird beetle, Coleomegilla maculata 
experimentally exposed to high doses via a Cry1F resistant Lepidopteran pest. 
 
In the EU, no negative impact of Cry3Bb1 expressing maize MON 88017 was shown on the 
abundance of spiders (Svobodová et al., 2012), carabids (Priesnitz, 2010; Svobodová et al., 
2012), chrysomelids (Rauschen et al., 2010a), coccinellids (Rauschen et al., 2010a), 
staphylinids (Svobodová et al., 2012), and the hemipteran species Trigonotylus caelestialium 
(Rauschen et al., 2009) and Zyginidia scutellaris (Rauschen et al., 2008, 2010b). The results 
of these higher-tier studies confirm the conclusions of lower-tier studies, indicating that the 
Cry3Bb1 protein has little or no activity on species other than chrysomelids (EFSA, 2011d).  
 
Similar results were optained from biosafety research Bt cotton in China. Chen et al. (2010) 
showed that the adult beetle abundance in the field did not differ significantly between non-
GM and GM cotton, the exposure to Cry1Ac/CpTI pollen in laboratory had no effect on the 
developmental time, hatching rate, pupation rates and emergence rates of H. luteolus, no 
significant differences were found in the mating rates and the fecundity between treatments, 
and the survival curves of both treatments also resulted in no significant differences. It 
indicated there were no significant direct adverse effects of GM cotton pollen on H. luteolus 
both in the field and in the laboratory.  
 
For Cry1F expressing GM maize, Virla et al. (2010) observed in field experiment that the 
population of the leafhoppers was higher in the GM maize than in the non-Bt control. 
Possible hypotheses for the differences in abundance are: a) that pleiotropic effects of Bt 
maize could attract adult leafhoppers; b) the existence of a possible direct competition 
between the leafhoppers and the target pest in order to utilize maize plants as refuge and 
feeding sites; and/or c) a differential attack of natural enemies occurring in non-Bt plots. 
However, no direct toxic effect on leafhoppers of Cry1F maize was observed. 
 
Additionally, potential toxic effects of Cry proteins were also examined in studies on NT soil 
organisms. However, results of studies on the effects of Cry proteins on nematodes are 
controversial. When using Cry5B, Cry 6, Cry 12, Cry 14 and Cry 21 proteins direct toxic 
effects on nematodes were observed by Marroquin et al. (2000) and Wei et al. (2003), but 
these Cry proteins are different from the lepidopteran or coleopteran specific proteins 
currently used in GM plants in Europe. No significant differences in the abundance of 
nematodes in the rhizosphere of Bt maize and non-Bt maize have been reported (Saxena 
and Stotzky 2001a). In contrast, Manachini et al. (2004) reported a shift in nematode 
community structure in soil cultivated with Bt oilseed rape compared to the non-Bt oilseed 
rape control.  
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Griffiths et al. (2005) found a significantly reduced number of nematodes under Bt maize 
compared to non-Bt maize when they made an overall comparison of Bt versus non-Bt maize 
(MON810) across three different field sites in different European regions. But the authors 
judged this effect as small and within the normal variation range expected in the considered 
agricultural systems. In support of this conclusion, a greenhouse study observed no negative 
effects on nematodes and the nematode population sizes under Bt maize were higher than in 
soils with non-Bt maize (Griffiths et al., 2006).  
 
The nematode Caenorhabditis elegans exposed to aqueous Cry3Bb1-containing solutions 
showed a dose-dependent inhibitory effect on the growth and reproduction, with EC50 values 
of 22.3 mg/L (0.29 µM) and 7.9 mg/L (0.10 µM), respectively, indicating susceptibility to the 
aqueous solution of the Cry3Bb1 protein (Höss et al., 2011). Higher-tier field studies 
conducted with Cry3Bb1-expressing maize in the EU (event MON 88017; Höss et al., 2011) 
and the USA (event MON 863; Al-Deeb et al., 2003) did not indicate significant differences in 
the abundance and diversity of nematodes in soil planted with Bt-maize and soil planted with 
its near-isogenic counterpart due to the low Cry3Bb1 protein concentrations in soil. Any 
effects on nematodes by Cry3Bb1-expressing maize and their products are likely to be minor 
compared with effects of agricultural practices, environmental stresses or differences 
between localities and maize varieties (e.g., Griffiths et al., 2005, 2006, 2007a,b). 
 
According to Bakonyi et al. (2006) Bt-maize (MON810 producing Cry1Ab protein) was a less 
preferred food source for Folsomia candida (Collembola) than the isogenic control variety. 
No similar phenomenon was found in the studies with two other species (Heteromurus 
nitidus and Sinella coeca). Later, Bakonyi et al. (2011) reported the absence of adverse 
effects taken from long-term laboratory studies with several generations feeding of F. 
candida on MON810 maize. Bitzer et al. (2005) observed no detrimental effect on 
Collembola due to Bt maize cultivation. Heckmann et al. (2006) reported no adverse effect of 
Bt maize on the collembolan Protoaphorura armata. In general, no negative effects of Cry 
proteins on collembolans and soil mites have been reported in the scientific literature 
(reviewed by Icoz and Stotzky, 2008). The survival and reproduction of Folsomia candida fed 
leaf material of Cry3Bb1-expressing maize was not adversely affected by the Cry3Bb1 
protein (EPA, 2010). The conclusion of the lower-tier studies was supported by higher-tier 
studies on Collembola performed with maize MON 88017 in the EU (Höneman et al., 2008), 
maize MON 863 in the USA (Al-Deeb et al., 2003; Ahmad et al., 2005; Bitzer et al., 2005), 
and Bt rice in China (Bai et al., 2011). No adverse effects of Cry3Bb1-expressing maize were 
reported on field densities of springtails and soil mites (Acari) in a nine months leaf litter-bag 
field study conducted in Switzerland with maize MON 88017, as compared with the non-Bt-
treatment (Hönemann et al., 2008). Field trials conducted in the USA also showed that there 
were no significant differences in numbers of soil mites (Al-Deeb et al., 2003; Ahmad et al., 
2005). 
 
Zwahlen et al. (2003b) published results from a 200-day study investigating the impact of 
genetically modified Bt maize event Bt11 (expressing Cry1Ab) on immature and adult 
Lumbricus terrestris in a single worst-case laboratory study and in a single small scale field 
test. At the end of the laboratory test the earthworms showed a significant weight loss of 18% 
(compared with their initial weight) when fed with Bt maize litter whereas a weight gain of 4% 
occurred with non-GM control maize. No difference was found in a small scale field test. Two 
other studies reported that Cry1Ab had no apparent effect on earthworms or nematodes in a 
45-day combined laboratory and field study (Saxena and Stotzky 2001a, Ahmad et al., 
2006b). In addition, Vercesi et al. (2006) and Schrader et al. (2008) found no adverse effects 
on earthworms. Other laboratory studies were carried out to investigate effects of genetically 
modified Cry1Ab (MON810) maize leaf material on the terrestrial isopods, and a difference in 
isopod growth was reported (Escher et al., 2000, Wandeler et al., 2002, Clark et al., 2006). 
Another study reported potential sublethal effects of Cry-proteins on saprophytic diptera 
larvae (Büchs et al., 2005). No adverse effects due to toxicity of the Cry3Bb1 protein have 
been detected in lower-tier studies on the the enchytraeid worm species Enchytraeus albidus 
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(Hönemann and Nentwig, 2009). Feeding E. albidus with diets containing leaf material from 
maize MON 88017 did not affect the survival and reproduction of adults (Hönemann and 
Nentwig, 2009). 
 
In their higher-tier field study conducted in the USA, Zeilinger et al. (2010) did not observe 
significant differences in numbers and biomass of juvenile and adult earthworms 
(Aporrectodea caliginosa, A. trapezoides, A. tuberculata, and L. terrestris) between non-Bt-
maize and Bt-maize (event MON 863) varieties during four years of cultivation. A nine month 
leaf litter-bag field study conducted in Switzerland with maize MON 88017 revealed no 
difference in decomposer communities (including Clitellata which represented 6 % of the total 
abundance of observed decomposers) when compared with the near-isogenic counterpart 
and other conventional maize varieties (Hönemann et al., 2008). 
 
The ECOGEN project found no effect of the Bt maize (MON810) on snails, microarthropods 
or mycorrhizal fungi in mesocosm and field experiments (Cortet et al., 2007, de Vaufleury et 
al., 2007, Griffith et al., 2007a, b, Krogh et al., 2007). One noticeable result was reported as 
the Cry protein was carried over into the soil food web by snails and their faeces (Harwood et 
al., 2005, Harwood and Obrycki, 2006, de Vaufleury et al., 2007). An extensive soil 
ecological field sampling programme was run throughout the ECOGEN project (Krogh and 
Griffiths, 2007) for soil microorganisms (Bacteria), microfauna (Protozoa and nematodes), 
mesofauna (Collembola, mites, enchytraeids) and macrofauna (earthworms). For all major 
groups of soil organisms no differences were observed with Bt-maize that were greater than 
differences caused by season, soil type, tillage practice or cultivar (Krogh and Griffiths, 
2007). 
 
The soil ecological evaluations in Krogh and Griffiths (2007) were performed at three levels 
of biological organisation: single species, mesocosm model communities and field 
ecosystems and produced specific conclusions at each level of complexity: 
 

• Soil organisms held singly in lab cultures did not respond negatively to either pure 
Cry-toxin or maize plant material expressing Cry-toxin. 
 

• Mesocosm experimental test systems responded mainly to properties of maize 
varieties other than the Cry-toxin and applied pesticides. 

 
• Changes in soil biodiversity were detected mainly from tillage practices, soil types, 

crop type and history, pesticides and the maize variety. 
 
Harwood and Obrycki (2006) studied the impact of Bt maize on molluscs e.g. Deroceras 
reticulatum which are readily consumed by many generalist predators so that predators 
would be exposed to higher Cry1Ab protein concentrations. The authors tested the 
hypothesis that slugs fed Bt maize would accumulate detectable quantities of Cry1Ab 
proteins for prolonged periods of time. It was possible to detect Cry1Ab proteins in slugs up 
to 95.9 h after consumption of Bt-maize. In addition Kramarz et al. (2007a,b) observed that 
Bt had an adverse effect on snails parasitized by nematodes whereas non-parasitized snails 
showed no reaction on Bt when healthy. However, these effects seem to have little or no 
ecological or biological relevance. 
 
The Cry3Bb1 protein was detected in the gut and feaces of the molluscs, Arion lusitanicus 
and Deroceras reticulatum, after the slugs had fed on leaves from maize MON 88017, 
indicating possible exposure of slugs when feeding on Bt-maize. Following exposure, no 
differences in weight gain or loss of slugs were observed among the treatment groups 
(Zürbrugg and Nentwig, 2009). In a continuation of the study by Zürbrugg and Nentwig 
(2009) with experiments lasting for 16 weeks, no significant effects of maize MON 88017 
were detected on the survival, weight change and oviposition of the slug Arion vulgaris 
(Hönemann and Nentwig, 2010). 
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Since the early 1990s, the potential harm that Bt insecticide posed to aquatic ecosystems 
has been studied (Kreutzweiser et al., 1992, Richardsen and Perrin, 1994 Kreutzweiser et 
al., 1994, Kreutzweiser and Capell, 1996). Overall, results from these studies indicated that 
significant adverse effects of Cry protein on aquatic macro-invertebrates are unlikely.  
 
Two studies merit further attention: The study of Douville et al. (2007) demonstrated that 
aquatic organisms could also be exposed to Cry protein from genetically modified plants due 
to Bt crop residues in the water and sediments. A laboratory study by Rosi-Marshall et al. 
(2007) reported significant adverse effects on caddiesflies at high pollen exposure level, but 
the relationship to Bt maize events or dose-response level of Cry1Ab is unclear from the data 
presented in the publication. The EFSA GMO Panel considered that important background 
information on levels of exposure and plant material used is missing and that the conclusions 
made by Rosi-Marshall et al. (2007) are not supported by the data presented in the paper 
(EFSA, 2007c). Similar views were also expressed by ACRE (2007a), Beachy (2008) and 
Parrot (2008). Hence, it could be concluded that a potential hazard for Trichopterans has 
been identified under laboratory conditions when exposed to high doses of Cry proteins. 
However, due to the low level of Cry proteins in aquatic systems, as reported by Douville et 
al. (2005, 2007), exposure of Trichopterans in aquatic ecosystems is likely to be very low 
(Chambers et al., 2007). The publication by Douville et al. (2009) is a preliminary study on 
the occurrence of cry1Ab genes from Bt and Bt-maize in mussels without any indications of 
environmental impact. In addition, Bt proteins can have sublethal effects on non-target 
aquatic taxa, but this evidence should be considered in the context of the low levels of 
exposure and other anthropogenic impacts and alternative methods of pest control 
influencing streams draining agricultural regions (Chambers et al., 2010). 
 
According to EFSA (2011d) few studies, assessing the impact of the Cry3Bb1 protein on 
non-target aquatic arthropods and the fate of the Cry3Bb1 protein in senescent and decaying 
maize detritus in aquatic environments, have been reported in the scientific literature so far, 
but data are available for the daphnid species Daphnia magna (APHIS, 2005; EPA, 2010), 
the dipteran species Chironomus dilutus (Prihoda and Coats, 2008a) and Tipula abdominalis 
(Jensen et al., 2010), the caddisflies Lepidostoma spp. and Pycnopsyche scabripennis 
(Jensen et al., 2010), and the isopod Caecidotia communis (Jensen et al., 2010). Based on 
exposure estimates, Carstens et al. (2011) identified shredders as the functional group most 
likely to be exposed to Cry proteins. 
 

• No adverse toxic effects on D. magna were observed when fed high amounts of 
Cry3Bb1-expressing maize pollen mixed with water (APHIS, 2005; EPA, 2010). 
Questions have been raised about using maize pollen in aquatic invertebrate testing 
with D. magna because maize pollen is thought to be too large for ingestion by these 
filter feeders (EcoStrat, 2000; see also Bern, 1990) and, if ingested, to have a low 
food value for daphnids (Masclaux et al., 2011). However, there is some 
observational evidence that daphnids do ingest pollen (see Hadden, 1978 cited in 
Campbell, 1999). Daphnids fed maize pollen are actually yellow in colour, which can 
be indicative of ingestion of the test material, with no treatment mortality or 
behavioural change compared with untreated controls. Even though there is some 
observational evidence that daphnids do ingest pollen, there is no clear evidence that 
these filter feeders are capable of digesting pollen grains. The presence of a 
refractory wall reduces the digestibility of intact pollen grains by daphids, and hence 
the nutritional value of pollen for these filter feeders (Masclaux et al., 2011). 
Therefore, only a statement of no effect from exposure to pollen, and no statement on 
lack of toxicity can be made from the D. magna study provided by the applicant (EPA, 
2010). 
 

• Bøhn et al. (2008, 2010) revealed that D. magna fed a 100 % suspension of maize 
MON 810 flour under lower-tier conditions had a higher mortality and reduced fitness 
performance, as compared with the non-Bt-maize treatment, suggesting toxic effects 
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of the Cry1Ab protein. However, it remains unclear whether the unusual delays in 
development of D. magna fed non-Bt-maize have been caused by nutritional 
deficiencies related to the maize-based diet or the presence of the Cry1Ab protein 
(EFSA, 2009d; Ricroch et al., 2010). 

 
• Prihoda and Coats (2008a) observed a decrease in survival but no effect on the 

growth of the larvae of the C. dilutus when exposed to the Cry3Bb1 protein via root 
extracts of maize MON 863. However, the authors of the study concluded that it 
remains unclear if the observed effects were due to the presence of Cry3Bb1 or other 
compounds in the root extracts, as no control treatments with increasing 
concentrations of non-Bt maize root extracts were included. 
 

• No adverse effects on non-target aquatic shredding arthropods (two caddisflies 
(Lepidostoma spp. and P. scabripennis), a crane fly (T. abdominalis) and an isopod 
(C. communis)) were reported when fed senesced leaf tissues from Cry3Bb1-
expressing maize (maize event MON 810 x MON 863) ad libitum for 30 days (Jensen 
et al., 2010; Lamp, 2010). 

 
• Direct feeding studies with MON810 maize expressing Cry1Ab proteins did not show 

consistent effects on salmon and zebrafish (Sissener et al., 2010). 
 
In summary, exposure of non-target organisms to Cry proteins in aquatic ecosystems is likely 
to be very low (Douville et al., 2005, 2007; Wolt and Peterson, 2010; Carstens et al., 2011) 
and hazardous effects are unlikely. 
 
New Bt crop developments concern Vip3A, which is a Bt vegetative insecticidal protein that is 
active against lepidopterous pests (Raybould and Vlachos, 2010). Vip3A has a different 
mode of action from other proteins for control of Lepidoptera, and when combined with these 
proteins in new Bt crops, it is expected to delay the evolution of pest resistance to Bt crops. 
Raybould and Vlachos (2010) presented data on the effects of Vip3A on non-target 
organisms, and an ecological risk assessment of MIR162 maize, which expresses Vip3Aa20. 
Their laboratory studies indicated few adverse effects of Vip3A to non-target organisms: 11 
of 12 species tested showed no adverse effects when exposed to high concentrations of 
Vip3A relative to estimated exposures resulting from cultivation of MIR162 maize. Daphnia 
magna exposed to Vip3Aa20 were unaffected in terms of survival or fecundity, but grew 
slightly more slowly than unexposed controls. The data of Raybould and Vlachos (2010) 
indicate that cultivation of MIR162 maize poses negligible risk to non-target organisms, and 
that crops producing Vip3A are unlikely to adversely affect biological control organisms.  
 
GM crops expressing toxic proteins such as protease inhibitors, chitinase or lectins have 
been reported as causing adverse effects on bees, predators and parasitoids (e.g. Malone et 
al., 1999, Burgess et al., 2002, Down et al., 2003, Otsu et al., 2003, Dechaume-
Moncharmont et al., 2005, Lövei and Arpaia 2005, Romeis et al., 2006b, Malone and 
Burgess 2009). However none of these GM crops has been commercialised yet.  
 
Von Burg et al. (2010) studied the impact of GM wheat lines on clonal aphids within the 
NFP59 research project. Their results showed that the genetically modified plants used were 
of similar host plant quality as the non-transformed control lines and that the introduced 
transgene had no major effect on the performance of individual aphid clones. Another test 
system for examining effects of GM mediated fungal resistance was used for the GM wheat. 
Lindfeldt et al. (2011) studied enchytraeids as an important model decomposer species in 
feeding experiments with transgenic and non-transgenic GM wheat diets, to check for 
possible effects on survival as well as reproduction of Enchytraeus albidus. Results indicated 
that effects due to specific resistance were either absent or too weak to affect number of 
surviving adults or numbers of offspring in a significant way. Chitinase and glucanase 
expression affected the number of surviving adults negatively, but a comparison of five 
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conventional wheat varieties also revealed significant differences in the number of surviving 
adults. Since these differences were in the same range as the effect of glucanase and 
chitinase expression, Lindfeld et al. (2011) questioned whether the negative transgenic effect 
is of ecological relevance or whether other biotic, abiotic and genetic factors are more 
important. The analysis of plant compound composition showed no differences between 
transgenic and non-transgenic wheat varieties: No correlation to number of surviving adults 
or number of offspring was observed for lignin, hemicellulose, and cellulose contents. Peter 
et al. (2010) found occasional differences in development time or the number of offspring for 
two dipteran species in several investigated GM wheat diet comparisons but found no 
consistent pattern of GM wheat effects on the tested dipteran species. Though some wheat 
lines showed an altered chemical composition, possibly indicating a pleiotropic effect, they 
found no correlation between diet quality of the wheat lines and fitness parameters of the two 
Diptera larvae. Direct adverse effects on NTOs caused by herbicide tolerant events in GM 
crops have not been reported (e.g. Volkmar et al., 2003, Huang et al., 2004, EFSA, 2011d). 
However the herbicides and their management can affect NTO populations as described in 
Section 4.7.  
 
In future, GM crops expressing multiple or altered Cry-proteins will be widely used, for 
example Bt cotton expressing Cry1Ac and Cry2Aa proteins both acting against lepidopteran 
pests (Jurat-Fuentes et al., 2003), maize MON89034 expressing the Cry1.105 protein, and 
maize 59122 expressing Cry34 and Cry35. Other approaches may use other classes of pest 
defence mechanisms (e.g. barley cystatins to interfere with the performance of two aphid 
species Carillo et al., 2010). So far there is no indication that there are changes in specificity 
of cry toxins or synergistic effects on NTOs from combinations of Cry proteins. 
 
Conclusions regarding direct effects on NTOs: 
 

• An extensive body of research data is available for effects of GM plants on non-target 
organism.  
 

• Where the available literature indicates adverse effects on non-target of crops 
expressing Cry toxinsin Tier 1 and Tier 2 studies, these effects are rarely found in 
Tier 3 and Tier 4 studies, i.e. toxic effects observed in the laboratory do not 
necessarily translate to effects on populations under field conditions, in most cases 
due to low levels of exposure.  

 
• However, conclusions from short-term ecotoxicological experiments cannot entirely 

eliminate uncertainty regarding long-term environmental effects. In particular, the 
observed sublethal effects could have the intrinsic potential to affect NTOs in the long 
run.  

 
• The majority of laboratory studies and all the field studies reviewed in the BEETLE 

(2009), Carpenter (2011), and EFSA (2011c,d) reports and by the authors of this 
study demonstrate that adverse or long-lasting effect on NTOs are likely to be rare.  

 
• In some instances (e.g. high intensity of cultivation of Bt maize) exposure to pollen 

from Bt maize may adversely affect populations of non-target Lepidoptera that are 
extremely sensitive to Cry1 toxins.  
 

• There are no indications of direct adverse effects on NTOs caused by HT events, 
however removal of weeds can lead to food chain effects as discussed in Section 4.6.  
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4.5.2 Effects on NTOs due to Altered Nutritional Composition of the GM Plant 

There is ongoing discussion in the literature whether genetic modification leads to 
unanticipated or unintended effects on the nutritional composition of GM plants which might 
affect NTOs. Unintended changes are defined as consistent differences between the GM 
plant and its appropriate comparator, which go beyond the primary intended changes of 
introducing the transgene(s) (EFSA, 2010a,b). For example, Saxena and Stotzky (2001b) 
reported higher lignin contents in three GM maize events (maize Bt11, Bt176, and MON810). 
In addition, Poerschmann et al. (2005) confirmed the occurrence of altered lignin 
biosynthesis in stems of Bt maize as described by Saxena and Stotzky (2001b), but the 
differences between the GM plants and their isogenic controls seemed to be much less than 
originally reorted by Saxena and Stotzky (2001b). In contrast, Jung and Sheaffer (2004) 
suggested that the extent of lignification of Bt maize (several lines derived from MON810 and 
Bt11) does not differ from the non-GM controls. Since lignin is well-known for its capability to 
influence palatability and digestibility of plant material to herbivores and decomposers 
(Zwahlen et al., 2003a, 2007), the possibility of altered lignin content in Bt maize needs to be 
compared with the available literature on whether adverse effects have been reported for 
maize herbivores or decomposers. It is not clear whether the effects of higher lignin in Bt 
maize are caused by the genetic modification, by potential epigenetic effects or by different 
genetic backgrounds of the GM crop and its comparators. However it is generally considered 
that alterned lignin content in maize varieties is not an effect attributed to the insertion of the 
transgene, but from the genetic background of the maize varieties under consideration 
(Fernie et al., 2006; Griffiths et al., 2007; Lehman et al., 2008, 2010; Zurbrügg et al., 2010; 
Yanni et al., 2011). In the ECOGEN project, Bt-maize (MON810) had no differences in 
biological decomposition in any of the three locations investigated over several years in 
Denmark and France concerning the decomposition of organic matter as studied using a 
straw-litterbag methodology (Krogh and Griffiths, 2007). These results are confirmed be 
other studies (Lehman et al., 2008).  
 
Interestingly, some studies reported that herbivores might even prefer genetically modified 
plants as food more than their conventional counterparts or developed faster on GM crops 
than on non-GM crops. This effect – contrasting the previous reports on higher lignin content 
of Bt maize – was observed in lab studies for acari and isopods (Escher et al., 2000, 
Wandeler et al., 2002, Zemková-Rovenská et al., 2005) and in field studies for aphids, thrips 
and saprophytic beetles (Bourguet et al., 2002, Lumbierres et al., 2004, Eckert et al., 2006). 
There are also contrary data by Akhtar et al. (2010) who showed that Bt rice lines may be 
less preferable host plants for thrips in comparison to the non-Bt rice plants, but it is unclear 
what the reason for this effect is.  
 
Starch modified potatoes developed by BASF were also studied to determine whether plant-
associated organisms (e.g. invertebrates) might be affected by altered nutritional composition 
of the host crop (EFSA, 2006). Data are available on the impact of the modified crops on 
plant-associated organisms from field studies carried out in Sweden, Germany and The 
Netherlands, suggesting that environmental impacts are small or absent. According to EFSA 
(2006) the results of field studies indicate no change in susceptibility to pests (e.g. aphids, 
leafhoppers, potato cyst nematodes (sp Globodera)) and diseases (e.g. late blight 
(Phytophthora infestans), potato early blight (Alternaria solani), Erwinia rots) than non-GM 
potato lines. There was no evidence of changes in sensitivity to the plant-associated viruses 
PVY, PLRV, PMTV, and TRV. In view of this and the equivalent composition of the GM 
potato plant, EFSA (2006) considered that no adverse effects on plant-associated organisms 
would be expected from cultivation of the potato EH92-527-1.  
 
Trees are currently being modified to produce higher or lower lignin contents. Potential 
adverse effects of such GM trees were studied by Halpin et al. (2007) and Tiimonen et al. 
(2005, 2007) and no unexpected biological or ecological impacts were detected. Interactions 
with leaf-feeding insects, microbial pathogens and soil organisms were unaltered although 
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the short-term decomposition of genetically modified roots was slightly enhanced (Halpin et 
al., 2007). 
 
In applications for the release of Bt and HT maize no altered agronomic and phenotypic 
characteristics, except for the specific target pest resistance and herbicide tolerance have 
been identified, suggesting that unintended effects are rare in the GM maize screened by 
plant breeders. Based on data on molecular characterization, compositional analysis, field 
performance and data on plant-environment interactions it is estimated that unintended 
environmental effects of GM plants will occur at a similar or lower frequency than in 
conventionally bred plant varieties. 
 
Conclusions regarding effects on NTOs due to altered nutritional composition: 
 

• It can be anticipated on a case by case basis that the nutritional value of GM crops for 
herbivores may potentially be altered by the genetic modification.  
 

• There is currently no indication that altered starch composition changes populations 
of plant associated herbivores or decomposers e.g. due to the genetic modification 
(amylose or amylopectin content) of potato tubers.  

 
• There are no indications to date that GM crops with changed composition alter 

herbivore attractiveness and no adverse effects have been reported.  
 
 

4.5.3 Tritrophic Interactions on NTOs 

The ERA of NTOs is also concerned with tri-trophic interactions since first evidence was 
found that predatory green lacewing Chrysoperla carnea may be adversely affected by 
feeding on herbivorous larvae feeding on Bt maize (Hilbeck et al., 1998a,b, 1999, and 
recently reviewed by Hilbeck and Schmidt (2006). These observed indirect effects from prey 
feeding on Bt maize or Bt protein have been widely discussed and Romeis et al. (2004), 
Dutton et al. (2003, 2005), Rodrigo-Simón et al. (2006), and Li et al. (2008) concluded that 
the observed mortality in Bt-fed lacewing larvae was solely due to lower nutritional quality of 
the sublethally affected prey and not an affect of the Cry protein derived from the Bt plant. 
Based on an additional literature review, Romeis et al. (2006a) emphasized that laboratory 
and glasshouse studies have revealed effects on predators only when Bt-susceptible, 
sublethally harmed herbivores of bad nutritional quality were used as prey or host, with no 
indication of direct toxic effects. Conversely, Hilbeck and Schmidt (2006) considered this 
unlikely and a too limited interpretation as they also demonstrated adverse effects of the Bt 
protein fed directly to the predator using a specific lacewing diet. Lately, Lawo et al. (2010) 
produced clear evidence that nutritional prey-quality factors rather than the Bt protein, 
underlie the observed negative effects when C. carnea larvae are fed with Bt cotton-fed prey. 
Possible factors were an altered sugar composition or fitness costs associated with the 
excess intake of other nutrients. It is thus not surprising that most regulatory risk assessors 
consider that tri-trophic interactions thus far shown are more likely to be affects due to 
changes in prey availability or quality. The use of appropriate methodology is essential for 
generating meaningful results from tri-trophic experimental studies.  
 
The potential carry over of Bt proteins in the food chain has also been considered by several 
other studies of predator species. Carabid beetles, Heteroptera, and Chrysopidae were 
exposed to surprisingly high concentrations of Cry1Ab Bt protein in spider mites 
(Tetranychus urticae) (Harwood et al., 2005, Obrist et al., 2006a, Zwahlen and Andow, 2005) 
which was three times higher than in the Bt176 maize leaves that the mites had fed on 
(Obrist et al., 2006b). No adverse effects were identified. It can be concluded that the main 
predator species are not susceptible to the Cry1 proteins currently used in a large variety of 
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GM crops. In addition, Li and Romeis (2010) conducted studies to assess the prey-mediated 
effects of Cry3Bb1-expressing Bt maize (event MON88017) on the ladybird beetle Stethorus 
punctillum (Coleoptera: Coccinellidae). The results indicate that S. punctillum is not harmed 
by feeding on spider mites containing Cry3Bb1. Consequently, detrimental effects on this 
predator when preying in Cry3Bb1-expressing Bt maize fields are unlikely.  
 
Host quality can affect tritophic interactions and it has been shown that in some cases 
parasitoids or hyperparasitoids developed on Bt fed hosts were significantly smaller, had 
longer development times or less fecundity or were less successful in parasitizing (Romeis et 
al., 2003, Prütz et al., 2004, Lövei and Arpaia, 2005, Prütz and Dettner, 2004, Romeis et al., 
2006b, Sanders et al., 2007, Ramirez-Romero et al., 2007).  
 
In contrast, Liu et al. (2011) did not find an effect on the parasitoid, Diadegma insulare, using 
a system of Cry1Ac expressing Bt broccoli plants with susceptible or Cry1Ac-resistant 
Plutella xylostella. Lumbierres et al. (2010) studied the effect of Bt maize on aphid parasitism 
and the aphid–parasitoid complex in field conditions on three transgenic varieties, two 
derived from event MON810 and one from Bt176, and their near-isogenic lines in a two-year 
study. No differences in aphid abundance were found between Bt maize varieties and their 
near-isogenics. Bt maize did not alter the aphid-parasitoid associations and had no effect on 
the aphid parasitism and hyperparasitism rates. The results suggest that Bt maize has no 
negative impact on second, third and fourth levels of the trophic relationships studied. 
 
Birch et al. (1999) showed that a predatory 2-spotted ladybird, feeding on aphids reared on 
potatoes expressing snowdrop lectin, had reduced longevity and fecundity. In contrast, Down 
et al. (2003) found that the same prey and host species showed no effects on longevity and a 
trend for improved fecundity of up to 70%. Furthermore Schuler et al. (2003) reported that 
the number of emerging parasitoids was higher on Bt-plants compared to wildtype plants. 
Faria et al. (2007) reported in laboratory studies an effect of Bt maize on the performance of 
the maize leaf aphid Rhopalosiphum maidis, which in turn enhanced the performance of 
parasitic wasps that feed on aphid honeydew from GM plants. 
 
Li et al. (2011) conducted a tritrophic bioassay to evaluate the potential impact of Cry2Ab- 
and Cry1Ac-expressing cotton on fitness parameters of the ladybird beetle, Coleomegilla 
maculate, using Bt-susceptible and -resistant larvae of Trichoplusia ni as prey. The ladybird 
larvae survival, development time, adult weight and fecundity were not different when they 
were fed with resistant T. ni larvae reared on either Bt or control cotton. Overall the results 
show that C. maculata is not affected by Bt cotton and is not sensitive to Cry2Ab and Cry1Ac 
at concentrations exceeding the levels in Bt cotton, thus demonstrating that Bt cotton will 
pose a negligible risk to C. maculata. 
 
A tri-trophic study was performed with GM oilseed rape expressing a protease inhibitor 
(oryzacystatin – OC-1), the grey field pest mollusc Deroceras reticulatum as herbivore and 
Pterostichus melanarius as predator (Harwood and Obrycki, 2006). It was demonstrated that 
the protease inhibitor had no detrimental effect on the beneficial beetle consuming the pest 
mollusc, which was exposed to OC-1.  
 
Trophic interactions between GMP and birds were studied by Gibbons et al. (2006) and by 
Chamberlain et al. (2007) based on the farm scale evaluation (FSE) in the UK (see Firbank 
et al., 2003a, 2006). The study aimed to compare bird abundance between GMHT and 
conventional crop treatments. The management of the GMHT plant and not the genetic 
modification itself showed effects on decrease or increase of bird abundance on a case-by-
case and species-by-species basis. The observed differences were dependent on food 
availability (see also indirect effects of HT crops: section 4.7). 
 
Many studies have looked at GM plant effects on single non-target herbivore species or on 
simple herbivore-natural enemy food chains (von Burg et al., 2011). Agro-ecosystems, 
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however, are characterized by numerous insect species which are involved in complex 
interactions, forming food webs. In the NFP59 study by von Burg et al. (2011), GM disease-
resistant wheat (Triticum aestivum) was studied in semi-field studies for its effect on aphid-
parasitoid food webs. Allthough significant effects of the different wheat lines on insect 
community structure up to the fourth trophic level were observed, the effects were 
inconsistent between study years and the variation between wheat varieties was as big as 
between GM plants and their controls. These results suggest that the impact of powdery 
mildew-resistant GM wheat plants on food web structure may be negligible and potential 
ecological effects on non-target insects are expected to be limited. 
 
Insect herbivores may change their host plant preferences as an ‘avoidance strategy’ to 
escape Bt plants, and this could result in predators also switching to prey on other plants. For 
example, an altered preference of prey was described by Zemková-Rovenská et al. (2005) 
showing that predatory mites preferred feeding on mites not reared on genetically modified 
Bt egg plants. Since the objective of GM IR plants is to reduce the abundance of the target 
(pest) organisms, decreased abundance of monophagous or oligophagous predators or 
parasitoids of these target pests can be expected (Riddick et al., 1998, Bourguet et al., 2002, 
Pilcher et al., 2005).  
 
A meta-analysis of published field studies on non-target effects of Bt-crops (Wolfenbarger et 
al., 2008) differentiated the effects on functional guilds of non-target arthropods. The 
abundance of predators, parasitoids, omnivores, detritivores and herbivores was compared 
under scenarios where neither, only the non-Bt-crops, or both Bt and non-Bt-crops received 
insecticide treatments. Different effects of Bt-maize on functional guilds of non-target 
arthropods were reported. As expected, fewer specialist parasitoids of the target pest 
occurred in Bt-maize fields (specifically Macrocentrus grandii), as compared to unsprayed 
non-Bt-controls, but no significant reduction was detected for other parasitoids. Higher 
numbers of the generalist predator C. maculata were found in Bt-maize compared to non-Bt-
maize, with no difference found for other common predatory genera. 
 
Conclusions regarding tritrophic interactions on NTOs: 
 

• The vast majority of available studies on predators or parasitoids with hosts feeding 
on GM plants, have reported effects within the normal variation and no adverse 
effects. In comparison chemical insecticide treatments were demonstrated to have 
greater adverse impacts on tritrophic level species (Marvier et al., 2007, Naranjo 
2009). 
 

• GM protein (e.g. “Bt-”) susceptible herbivores (2nd trophic level organisms) feeding 
on host plants expressing GM proteins (1st trophic level organism) could have 
reduced nutritional value for predators or parasitoids and potentially affect local 
populations of these 3rd or 4th trophic level organisms.  

 
• Long-term adverse effects on populations or diversity of predators or parasitoids will 

also depend on a range of ecological factors, such as availability of alternative prey or 
area of GM plant cultivation, so that any affects are likely to be localized and 
temporary.  

 
 

4.5.4 Effects on NTOs due to Persistence and Accumulation of  
New GM Compounds 

Some scientific publications indicate that Cry proteins may persist at low concentrations in 
soil following cultivation of Bt maize. Cry protein persistence was hypothesed to negatively 
affect soil organisms, and there is also a debate whether the processes governing the fate 
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and bioavailability of Cry proteins in soils are sufficiently understood (Madlinger et al., 2011, 
EFSA, 2011d,e). Therefore, risk assessment needs to consider both direct and indirect 
impacts of the protein or the Bt maize (e.g. potential increase of lignin content in combination 
with a possible delay in decomposition) on non-target soil organisms and soil functions (e.g. 
Saxena et al., 2002a, Zwahlen et al., 2003a). 
 
There have been several studies of Cry protein persistence (e.g. Dubelman et al., 2005) 
including a large research project founded by the German Ministry of Science and Education 
(BMBF) in the years 2001-2004. In this project, Baumgarte and Tebbe (2005) and Nguyen 
and Jehle (2007) measured the tissue-specific expression and seasonal abundance of 
Cry1Ab protein in Mon810 maize plants and potential accumulation of the Cry protein in 
German soils. The authors specifically considered methodological constraints e.g. the re-
extraction capability of Cry proteins from soil (Baumgarte and Tebbe 2005). The Cry1Ab 
protein did not accumulate during the growing season in the rhizosphere. The concentrations 
of the Cry1Ab protein in soil from Bt-maize fields were in the range between 0.1 and 10 ng g-
1 in bulk soils and rhizospheres. Baumgarte and Tebbe (2005) were not aware of any non-
target or target organism that would directly respond to such low concentrations as a 
bioindicator. In addition, the bacterial community structure was less affected by the Cry1Ab 
protein than by other environmental factors, i.e. the age of the plants or field heterogeneities. 
Gruber et al. (2011a) investigated the fate of Cry1Ab in soil under long-term Bt-maize 
cultivation in an experimental field trial performed over nine growing seasons on four South 
German field sites cultivated with MON810 and its near isogenic non Bt-maize variety. The 
Cry1Ab protein was never detected in soil sampled in the spring before the next farming 
season at any of the four experimental sites. There was no evidence for accumulation or 
persistence of Cry1Ab protein in different soils under long-term Bt-maize cultivation. 
 
The EU funded project (ECOGEN) conducted over four years between 2002-2006 with field 
plots in Denmark and France (Andersen et al., 2007, Krogh and Griffiths, 2007) studied 
Cry1Ab protein concentrations in the soil cultivated with Bt maize and controls. Levels were 
increased in the plots with Bt-varieties but they did not seem to increase from year to year. 
The quantification of Cry-protein in soil was confounded by the low concentrations in soil and 
interference from soil factors, as suggested by the seasonal variation in the amounts of Cry-
protein apparently detected even under non-Bt maize. In particular when comparing a range 
of varieties of Bt-maize and near-isogenic maize it was demonstrated that there were no 
detectable differences in the concentration of Cry-toxin in plant or soil with any of the Cry-
expressing varieties. Although soil nematodes and microbial community structure differed 
between maize varieties, these could not be related to the Bt-trait (Krogh and Griffiths, 2007). 
 
There is no evidence for accumulation of the Cry proteins on agricultural fields cultivated 
repeatedly with Bt maize (e.g. EFSA, 2011d), despite the protein’s potential to bind to 
surface-active particles. Effects of crops on soil microbial communities, which are especially 
expected in the rhizosphere or on decaying plant material, depend more on their species, 
variety or age than whether they are genetically modified. Tan et al. (2010) showed that 
neither the actively growing Bt maize (MON810 expressing Cry1Ab and a Chinese variety 
expressing Cry1A) nor its straw had any constant apparent effect on soil bacteria and fungi 
community structure. According to the authors, the age of the growing plants, or the timing of 
plant straw decomposition may have more effect on the microbial community than other 
factors, i.e., the presence of Cry protein, plant hybrid and variety.  
 
Rearrangements in structural diversity and population abundance of non-target soil 
organisms occur frequently in the agricultural environment. They are typically associated with 
several sources of variation, caused by natural variability (e.g. soil heterogeneity, weather 
conditions) and agricultural practices (e.g., soil tillage, crop rotation, irrigation measures) and 
are thus not necessarily an indication of environmental harm. 
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Another potential source of Bt protein entrance in soil ecosystems is via manure from animal 
feed Bt maize. Gruber et al. (2011b) examined the fate of recombinant Cry1Ab protein in a 
liquid manure field trial when feeding GM maize MON810 to dairy cows. A rapid decline of 
Cry1Ab levels was observed as 2.6% and 0.9% of Cry1Ab from the GM plant were detected 
in feed and liquid manure, respectively. Half of this residual Cry1Ab persisted during slurry 
storage for 25 weeks. After application to experimental fields, final degradation of Cry1Ab to 
below detectable levels in soil was reported. Cry1Ab exhibited a higher rate of degradation 
compared to total protein in the agricultural processes. The soil exposure via manure is 
therefore regarded as biologically irrelevant. 
 
In Canada, Douville et al. (2007) examined the occurrence and persistence of Cry1Ab 
protein and the Cry1Ab gene from conventional Bt spray (Btk) and genetically modified Bt 
maize in aquatic environments near fields where Bt maize was cultivated in Canada. The 
Cry1Ab gene from Bt maize was still detectable after 40 days in clay and sand-rich 
sediments and both the DNA from the GM maize and from naturally occurring Bt was more 
abundant in the sediment than in the surface water. Cry1Ab DNA sequences were detected 
as far away as 82 km downstream from a maize cultivation plot, suggesting that there were 
multiple sources of this gene and/or that it undergoes transport by the water column. Tank et 
al. (2010) found that maize detritus is common in lowgradient stream channels in 
northwestern Indiana, USA. There, Cry1Ab proteins persist in maize leaves and can be 
measured in the water column even 6 month after harvest. Allthough Tank et al. (2010) were 
unable to conclude on the ecological consequences for stream-dwelling organisms that are 
exposed to the dissolved Cry1Ab concentrations, Wolt and Peterson (2010) used a 
conservative screening level approach to to evaluate the potential risk to sensitive aquatic 
species occurring in a representative agroecosystem. It was concluded the risk expressed in 
terms of the combined probability of short-term exposure and acute effects to a sensitive 
species indicated no concern in 99% of cases. Tank et al.,(2010) reported a mean Cry1Ab 
concentration (±SD) in stream water samples 14 ± 5 ng/L, with a maximum concentration of 
32 ng/L. Wolt and Peterson (2010) used for their risk expression that the combined 
probability of exposure and effect occurring at or below 7200 ng/L would be manifested in 
1% of cases.  
 
There is no tendency for DNA accumulation as sediment-associated Cry1Ab gene from Bt 
maize decreased with distance from the Bt maize field. The data indicate that DNA from Bt 
maize and conventional Btk are persistent in aquatic environments and were detected in 
rivers draining farming areas. However, the levels of Cry1Ab protein in samples were mostly 
below the detection limit, and thus there is no indication for biologically relevant effects 
caused of the Bt maize plants. 
 
In many countries GM Bt-maize will be used for agricultural biogas facilities. Rauschen and 
Schuphan (2006) monitored the fate of Cry1Ab proteins in silage and biogas production 
chains of two farm-scale biogas facilities in Germany. The Cry1Ab content in silage exhibited 
no clear-cut pattern of decrease over the experimental time of 4 months. After fermentation 
in the biogas plants, the Cry1Ab content declined to trace amounts of around 3.5 ng g-1 in the 
effluents. The limit of detection of the employed ELISA test corresponded to 0.75 ng Cry1Ab 
g-1 sample material. Assays with larvae of O. nubilalis showed no bioactivity of the reactor 
effluents. The authors conclude that the ecotoxicology is negligible considering the utilization 
of residual material for fertilizer in agriculture. 
 
A four year study in Canada on the decay of genetically modified maize Bt protein was 
published by Hopkins and Gregorich (2003). The Bt protein decay followed the rate at which 
the Bt-maize leaves decomposed in soil from a field in which Bt-maize had been cultivated 
for four years. In addition, Hopkins and Gregorich (2005) determined the concentrations of 
the Cry1Ab protein in organic residues from MON 810 maize plants at increasing stages of 
ageing and decay, and the subsequent decomposition in soil of these residues and the 
Cry1Ab protein in them. The Cry1Ab protein decomposes faster than the bulk organic carbon 
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in residues and it is likely to fall below the detection limit by ELISA within few months of 
entering the soil. The results suggested that much of the Cry1Ab protein in crop residues is 
highly labile and quickly decomposes in soil, but that a small fraction may be protected from 
decay in relatively recalcitrant residues. 
 
In the USA, Icoz and Stotzky (2007) studied the potential accumulation of a Cry3Bb1 in 
sterile hydroponic culture and in nonsterile soil throughout plant growth (of GM Maize 
MON863). Soils were analyzed for the presence of the protein every 7 to 10 days with a 
western blot assay (ImmunoStrip) and verified by ELISA. The protein was detected for only a 
maximum of 21 days. These results again indicate that Bt proteins do not persist or 
accumulate in soil and seem to be degraded rapidly.  
 
Icoz and Stotzky (2008) reviewed various reports on the persistence of Cry-proteins in soils. 
Half-lives of Cry1Ab ranged from 1.6 days (Sims and Holden, 1996) up to 34 days (Wang et 
al., 2006a). Long-term persistence of Cry1Ab is also variable: Low concentrations were 
detected ranging from 56 days (Donegan et al., 1995) to 234 days (Tapp and Stotzky, 1998) 
and 180 to 350 days in residues of Bt maize (Saxena and Stotzky, 2002). Recent studies 
confirm these observations (Marchetti et al., 2007). 
 
As mentioned in chapter 4.4.2 Bt protein might accumulate in prey organisms which could 
lead to increased exposure of predators or parasitoids (Obrist et al., 2006a,b), but no direct 
toxic effects have been confirmed to date. 
 
Conclusions regarding persistence and accumulation: 
 

• There is no indication that Cry proteins are likely to accumulate in soil where Bt plants 
are cultivated even over several consecutive years.  
 

• The time-spans over which low residue concentrations of Cry proteins have been 
detected vary and so the persistence and fate of Cry proteins in the soil is not fully 
understood.  

 
• However, Cry-protein concentrations measured by standard ELISA-tests in soil or 

water are generally very low indicating that direct toxic effects to soil or water 
organisms are unlikely.  

 
 

4.5.5 Effects on Rhizosphere Microbiota 

The impact of GM plants on rhizosphere microbiota is an important consideration in biosafety 
assessments (Schuler, 2006). For example, saprophytic fungi and bacteria are key to the 
functioning of soil ecosystems, and exhibit a range of interactions with plants. In the case of 
GM plants producing Cry proteins, there are two pathways of exposure of rhizosphere 
microbiota: (i) decaying plant material (Baumgarte and Tebbe, 2005) and (ii) release of 
Cry1Ab proteins by roots via root exudates (Saxena et al., 2002b).  
 
Hannula et al. (2011) found no detectable differences between a GM potato cultivar and its 
parental cultivar in terms of influence on fungal community structure of function. Fungal 
community structure and functioning of both GM- and parental cultivars fell within the range 
of other cultivars at most sampling moments. 
 
Widmer (2007) analysed and reviewed 60 studies for the potential effects of seven different 
types of genetically engineered traits: herbicide tolerance, insect resistance, virus resistance, 
proteinase inhibitors, antimicrobial activity, environmental application, and biomolecule 
production. Widmer (2007) came to the conclusion that tools for the sensitive detection of 
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changes in soil microbiological characteristics are available; however, they also reveal that at 
present it is very difficult or impossible to define which alterations in these characteristics 
may represent unacceptable damage to a soil system. A number of studies were published 
under the umbrella of the ECOGEN EU research project (for an overview see Krogh and 
Griffiths, 2007). The international consortium of French, UK and Danish scientists examined 
primarily MON810 Maize expressing the Cry1Ab insecticidal protein from Bacillus 
thuringiensis, and later GM herbicide tolerant (HT) maize was also included in some later 
stages aof the project. Mesocosm studies showed that small effects of Bt maize or 
conventional insecticide treatments on nematodes, protozoa and microorganisms were less 
pronounced than effects due to soil and plant growth stage (Griffiths et al., 2006), and less 
than the variation seen between eight maize cultivars (Griffiths et al., 2007b). No GM maize 
effects were observed on snails, microarthropods or mycorrhizal fungi. However, the Cry1Ab 
protein was detectable in snail faeces, and was therfore considered as a novel route of Bt 
protein exposure to soil food webs (de Vaufleury et al., 2007). Within ECOGEN, field 
experiments were also carried out at four sites across three European climatic zones and 
results of these field experiments indicated that MON810 maize could have a significant, but 
small and transient negative effects on soil protozoa, nematodes and microorganisms 
(Griffiths et al., 2005; 2007a). There was no indication for effects on organic matter (wheat 
straw) decomposition (Cortet et al., 2006).  
 
The advantage of such an interdisciplinary project like ECOGEN is that experiments are 
conducted using the same organisms and soils across a range of scales (i.e. laboratory, 
glasshouse and field), which allows for comparison of scales and assessment of their utility 
for biosafety assessments. It was not possible to predict the outcome between scales, but 
there was useful information and insights from each of the experimental approaches (Birch et 
al., 2007). The complexity of soil organisms and their functioning was transformed into soil 
quality attributes and fed into a multi-attribute model, which now can be used in assessment 
of new agricultural technologies including GM crops. Details of this quantitative, multi-
attribute model were published by Bohanec et al. (2007). The model considers the effects of 
different cropping systems on soil quality, and has considerable potential for application for 
other aspects of soil management.  
 
The ECOGEN reseach group concluded that Bt-maize does not have deleterious effects on 
the soil biota. Although soil nematodes and microbial community structure differed between 
maize varieties, these could not be related to the Bt-trait (Krogh and Griffiths, 2007). The few 
‘adverse’ effects observed were considered most likely to be caused by differences between 
the maize varieties. It is not the Bt-maize that influences soil quality, but the agricultural 
techniques used in association with the GM crop which could potentially improve (reduced 
tillage) or reduce (increased use of pesticides) the soil quality. 
 
In addition Lilley et al. (2006) analysed various published studies on the effects of GM plants 
on soil systems: 25 peer reviewed studies were evaluated involving nine plant species 
(alfalfa, bird’s-foot trefoil, black nightshade, potato, rice, maize, cotton, tobacco and oilseed 
rape) genetically modified in ten distinct ways for the expression of: α-amylase; lignin 
peroxidase; an organic acid (malate dehydrogenase); T4-lysozyme (anti-pathogenic); 
cecropin b (an antibacterial lytic peptide); Bt protein; insect resistance (proteinase inhibitor I); 
herbicide tolerance; opines; and lignin production. The majority of the analysed studies were 
performed during a single growth-season, and some post-experimental monitoring was 
carried out. Two- and three-year studies were perfomed for GM herbicide tolerant canola and 
T4-lysozyme expressing potato. Lilley et al. (2006) noticed in 16 of 25 studies effects on the 
soil community or soil system. These effects were considered as being transient and of little 
biological consequence. Discribed effects were on (i) bacterial diversity, number and activity; 
(ii) fungal counts; (iii) effects on numbers of protozoa, nematodes and collembola; (iv) 
diversity of nematodes; and (v) woodlice mortality. Lilley et al. (2006) concluded:  
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(a) Considerations of the transgene product, its activity, site of expression and 
persistence are important guides to developing, on a case-by-case basis, lines of 
investigation into probable and/or important potential effects.  
 

(b) Most GM plants have detectable effects on the soil system, but they are relatively 
minor compared with differences between cultivars or those associated with weather 
and season. Assays of the natural variation in the system are a valuable baseline 
reference.  
 

(c) The response of soil systems when genetically modified plants are removed provides 
an important measure of impact. Studies generally find a quick return of many soil 
parameters to match those of the control soils.  
 

(d) Many apparent losses of taxa observed in field monitoring are probably changes in 
the relative numbers of different groups in the community. 
 

(e) Regular sampling is important because changes in community structures through the 
season and plant development, confer an added level of complexity to comparing GM 
vs. non-GM effects. Many of these effects are context-dependent and not systematic 
in character through the season.  
 

(f) Arising from the case-by-case approach, specific targets for monitoring are selected, 
which have intrinsic and clear definitions of damage; however, there is a lack of 
monitoring activity, which is linked to a concept of damage to the system.  

 
Lilley et al. (2006) recommended the establishment of long term monitoring to collect data on 
potential slowly accumulating effects, effects that become apparent when land-use 
conditions change, and scaling up effects after commercialization. The results of this 
monitoring will give a feed-back to improve the initial risk assessment. 
 
While a considerable amount of research was carried out with MON810 Bt maize, other 
authors have investigated soils rhizosphere effects related to different GM plants:  
 
Brusetti et al. (2004) used BT176 maize to study function and community structure of 
rhizosphere bacteria. The only differences detected were related to rhizosphere and bulk soil 
bacterial communities depending on the age of the maize plants examined with no influence 
of the genetic modification. Accordingly, the authors state that bacterial communities can be 
influenced by altering root exudates during host plant development, but not by the GM in 
question. 
 
Devare et al. (2007) analysed the impact of Cry3Bb1 expressing MON863 on soil microbial 
activity and biomass during a 3-year field trial in the USA. The research group measured 
microbial biomass, nitrogen (N) mineralization potential, short-term nitrification rate, and 
respiration rate in rhizosphere and bulk soil samples collected. Sample size was designated 
to three replicate field plots just before planting, at anthesis, and at harvest in each year. The 
results of this study showed that there were clear seasonal effects on microbial biomass and 
activity in the field soils. This was apparent by the consistent changes in all analysed 
variables across years and sampling times. There were also some differences observed 
between bulk and rhizosphere soil parameters. However, there were no adverse effects of 
either the Bt or non-Bt maize (with insecticide treatment) compared to non-Bt controls. The 
data on microbial biomass and soil respiration suggests a stimulatory effect of the Bt 
genotype, particularly in comparison to the non-Bt isoline. In summary, the data suggest that 
cropping MON863 Bt maize is unlikely to adversely affect soil ecology during a period of at 
least 3 years. 
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We are not aware of any published data for direct adverse effects of HT plants to soil 
microorganisms. Indirect effects due to the use of the complementary herbicide (and root 
exudates containing herbicide residues) were reported on nitrogen fixing bacteria and 
pathogen fungi by Kremer et al. (2005) and Njiti et al. (2003) and are discussed in Section 
4.7.  
 
As stated before (e.g. EFSA, 2011d), effects of GM crops on soil microbial communities in 
the rhizosphere or on decaying plant material, depend more on the plant species, variety or 
age than whether they are genetically modified. Rearrangements in structural diversity and 
population abundance of non-target soil organisms occur frequently in the agricultural 
environment. They are typically associated with several sources of variation, caused by 
natural variability (e.g. soil heterogeneity, weather conditions) and agricultural practices (e.g. 
soil tillage, crop rotation, irrigation measures) and are thus not necessarily an indication of 
environmental harm. 
 
Conclusions regarding effects on microbiota: 
 

• Decaying plant material or root exudates containing products of GM plants may affect 
population size and activity of rhizosphere organisms.  
 

• However, the results optained from field experiments suggests that products of GM 
plants, in particular Cry proteins, might only have transient negative effects on soil 
protozoa and microorganisms.  

 
• The results reveal no or only some minor changes in soil microbial community 

structure.  
 

• Consideration should be given to monitoring soil functions in order to detect potential 
long-term effects on important soil microbial functions (see e.g. BEETLE 2009).  

 
 

4.5.6 Effects on Symbiotic NTOs 

Interaction with symbiotic organisms has not been extensively studied with GM plants but 
there are some studies of on mycorrhiza. Mycorrhizal symbiosis provides a source of 
nutrients for both plants and microbes. It constitutes an important functional component of 
the soil plant system (Leyval et al., 2002). Effects of Bt maize (event Bt176) on mycorrhizal 
fungi have been reported by Turrini et al. (2004) and Castaldini et al. (2005) in microcosm 
and greenhouse experiments for one specific Bt maize event (Bt176). Significantly lower 
levels of mycorrhizal colonization of Bt maize roots was observed compared to non-Bt maize 
but no near isogenic control varariety was available in these experiments. Other reports are 
contradictory: de Vaufleury et al. (2007) did not find any differences in mycorrhizal 
colonization or infectivity between Bt (event MON810) and non-Bt maize in microcosms. Liu 
(2010) published an overview of research on the effects of GMPs on arbuscular mycorrhizal 
fungi, soil biochemical properties and microbial communities. It was concluded that data are 
still inconsistent on environmental effects and that present empirical data are incompatible. 
For HT crops, direct impact on symbiotic organisms has not been reported so far. However, 
there are data available on the effects of the herbicides applied to HT crops on rhizobia 
nitrogen fixing bacteria (see chapter 4.5.5). 

Jeremy Sweet, Detlef Bartsch: Synthesis and Overview Studies to Evaluate Existing Research and Knowledge... © vdf Hochschulverlag 2012



Studies to evaluate research on biological issues on GM plants of relevance to Swiss environments 
 

 78 

Conclusions regarding effects symbiotic NTOs: 
 

• There have been few studies of impacts on symbionts of GM plants  
 

• It is still unclear whether some observed effects of Bt plants on symbiotic mycorrhyza 
are related to varietal effects or the genetic modification. 

 
• Data so far suggests that these effects will not differ significantly from effects due to 

different conventional varieties and cropping systems. 
 
 

4.5.7 NTO Species Selection for Testing GM Plants 

There are several criteria suggested for species selection to conduct ERA for GM plants. The 
use of “surrogate species” is advocated, e.g., by Romeis et al. (2008a,b) in order to select 
appropriate species which are representative of their genera and/or of particular functional 
groups (including herbivory, pollination of cultivated and wild plants, predation and parasitism 
of pest organisms and decomposition of plant material) to serve as surrogates that can be 
tested under laboratory and/or field conditions. The concept of using surrogates is widely 
applied in regulatory toxicity testing, in monitoring the effects of environmental pollutants and 
in conservation biology to indicate the extent of anthropogenic influences. Surrogate species 
or guilds that are representative of different functional groups are known in most systems 
and appropriate surrogates can therefore be selected that are relevant to the agro-
ecosystem of concern. Species selection would normally prioritize the functional role of these 
taxa, so that conclusions from the risk assessment address important processes and are 
broadly applicable. In addition, the problem formulation may consider species of 
anthropocentric significance, including those with special aesthetic or cultural value (e.g. the 
monarch butterfly in Northern America or the peacock butterfly in Europe) or species 
classified as threatened or endangered. The most effective surrogate taxa, including for 
example honeybees (Apis mellifera), are found in many different crops or regions. More 
specific, crop-associated species may be selected to represent an important genus (e.g. 
Orius spp.), and other taxa may be selected that are broadly representative of whole families 
(e.g. parasitic wasps of the Ichneumonidae) or orders (e.g. Coleoptera) that are known to be 
important for ecosystem services. The pest species that are screened for their sensitivity to 
the insecticidal protein during product development can also serve as surrogates for NTO’s. 
The familiarity with the species as a laboratory organism is deemed important in this 
approach. 
 
The concept of using functional groups and anthropocentric values was also an important 
component of the Andow et al. (2006b) concept. A ‘key species’ selection process was 
developed in a stepwise approach to address effects on non-target organisms and biological 
diversity. The essential components include: 1) a risk endpoint selection process, 2) a 
process relying on risk hypotheses to guide the characterization of exposure, adverse effects 
and risk, and 3) a transparent prioritization of the selected species based on ecological 
characteristics for the specific system. Significant properties of the methodology include: 1) it 
relies on all available scientific information; 2) it relies first on qualitative information and 
methods and proceeds to quantitative approaches only as necessary; 3) it is structured in a 
way to overcome the lack of information, specifically addressing uncertainties, and 4) it 
considers the special needs of highly biodiverse countries. This stepwise selection is used to 
filter out 6 to 10 key species for GM crop/trait combinations which should then be examined 
in more detail. 
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4.5.8 EFSA GMO Panel Guidance  

NTOs to be tested in ERA studies should be potentially exposed to the GM plant and its 
products in field conditions and good indicators of changes in the environment or of 
ecosystem functions. Problem formulation (see Figure 3) should identify the relevant NTOs 
potentially exposed to the GM plant or its products, taking into account the specific plant/trait 
combination and the receiving environment of the crop. An important criterion for the 
selection of NTOs to be assessed comes from the national environmental protection goals, 
and other legal EU frameworks provide guidance, in particular the Directive 2004/35/EC (EC, 
2004) puts emphases on protected species and habitats as part of biodiversity. Other criteria 
for selection (see EFSA, 2010a) might be cultural value, conservation concern, or economic 
value (i.e. “anthropocentric functions”). 
 
The EFSA GMO Panel (2010b) proposed criteria for NTOs selection, and provided advice on 
standardized testing methodology. The following requirements for NTO testing are described: 
Clear and objective protection goals for which assessment and measurement endpoints shall 
be developed, the need to initiate the scientific risk assessment by setting testable 
hypotheses, the criteria for appropriate selection of test species and ecological functional 
groups, appropriate laboratory and field studies to collect relevant NTO data, and the use of 
statistical techniques that should be an integral part of experimental design. A range of 
approaches and methodologies of ERA of NTOs is described in the current literature (EFSA, 
2010b). Risk assessment approaches should be based on selection of functional groups and 
individual species within a tiered approach. The EFSA scientific opinion provides guidance to 
risk assessors for assessing potential effects of GM plants on NTOs, together with the 
rationale for data requirements in order to complete a comprehensive ERA for NTOs.  
 
NTO species and ecological functions/services should be selected based on clear ecological 
criteria, from which focal species should be selected for testing. A theoretical framework is 
presented in Fig. 2 showing how to select focal species. 
 
The species selection process should start with the analysis of the agroecosystem and the 
listing of the main arthropod species linked to it.  
 
However, one should again notice that NTO species selection depends on crop*trait*region 
combination taking into account Table 2. From this initial selection a prioritization process is 
needed during which the applicant ends up with a decision on which NTO species will be 
used in the evaluation.  
 
Additional criteria that might be of relevance in this selection of focal species are: 
 

• the occurrence/presence of NTO (considering specific life stages) during the most 
likely period of exposure 
 

• ecological significance of the species 
 

• abundance of the species 
 

• environmental sensitivity of certain NTOs (i.e. are their populations already 
threatened and thus more sensitive to additional pressures?) 

 
• special attention should be paid and appropriate testing and sampling conducted for 

NTO species that have a life cycle and hence exposure extending over more than 
one crop growing season 
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Once the possible focal species are prioritized based on ecological criteria, the feasability 
and practicability of conducting tests on certain species can be used to further discriminate 
the species to be tested. Soil is a complex environment and it is challenging to employ 
laboratory bioassays to produce reliable predictions of what could happen to the below-
ground ecosystem. However, such studies are currently approached by using species 
sensitivity distributions and by requiring specific tests for the main functions and life-forms. 
Biological indicators are often very dynamic and particularly sensitive to changes in soil 
conditions. Consequently, they are often used as markers of short-term changes in soil 
quality. Biological indicators include populations of micro-, meso- and if possible macro-
organisms, or the study of its structure with multiple endpoints analysis addressing both 
diversity and processes. 
 
 
Table 2: Functional Groups considered by EFSA (2010b) linked to GMP exposure 
through trophic interactions 
 
Functional group   Examples of taxonomic groups 

 
Phloem-feeders:  aphids  (Hemiptera:  Aphididae),  leafhoppers 
(e.g. Hemiptera: Cicadellidae), certain Heteroptera 
Cell-content feeders: thrips (Thysanoptera: Thripidae), spider 

Herbivores 
 
 
 
 
 
 
 
 
 
 
 

Natural enemies 

 
 
 
 
 
 
 
 

Predators 

mites (Acarina) and Nematoda (Tylenchida: Meloidogynidae)  
Chewing: leaf beetles (Coleoptera: Chrysomelidae),  
Lepidoptera larvae, Diptera larvae, grasshoppers  
(Orthoptera Ensifera), gastropods (Mollusca, Gastropoda) 
 
Beetles: Coleoptera (e.g. Coccinellidae, Carabidae, Staphilinidae) 
Predatory bugs: Heteroptera (e.g. Nabidae, Anthocoridae)  
Predatory flies: Diptera (e.g. Syrphidae) 
Lacewings: Neuroptera (e.g. Chrysopidae, Hemerobidae)  
Thrips: Thysanoptera (e.g. Aeolothrips) 
Spiders & harvestmen: Araneae and Opiliones 
Mites: Acarina (e.g. Phytoseiidae) 
Nematoda (e.g. Mononchus sp) 

Parasitoids Hymenoptera (e.g. Ichneumonidae, Braconidae, Aphelinidae)  
Parasites & Pathogens Bacteria, fungi, viruses 
Entomopathogenic 
organisms 

 
Pollinators 

 
 
 

Decomposers 
 
 

    Plant symbionts 

Nematoda (e.g. Heterorhabditidae, Steinernematidae),  
pathogenic microorganisms 
 
Solitary and social bees (Hymenoptera: Apidae), hover flies  
(Diptera: Syrphidae); Coleoptera (e.g. Melyridae,  
Curculionidae, Scarabaeidae) 
 
Diptera larvae (e.g. Phoridae, Sciaridae), Nematoda (e.g. Rhabditidae, 
Dorylaimidae), springtails (Collembola), mites (Acarina), earthworms 
(Haplotaxida: Lumbricidae), Isopoda, microorganisms 

 

rhizobacteria, mycorrhiza 

In the categorisation of relevant NTO species, additional species of economic or aesthetic or cultural value, 
or species of conservational importance considered as threatened or endangered may also need to be 
included. 
 
 
Conclusions regarding selection of NTO species for testing: 
 

• Selection of NTO species is related to the crop*trait*region combination.  
 
• Other selection criteria for the NTO species used in an evaluation include the feasibility of 

culturing the NTO, the coincidence of sensitive stages of its life cycle with exposure to the 
GMP or its products, and its ecological relevance in receiving environments. 
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4.6 Effects on Biogeochemical Processes  

According to the EFSA guidance document (EFSA, 2010), there is a requirement to 
determine whether GM plants have adverse effects on biogeochemical processes. These 
could include alteration  
 

• of climatic conditions (e.g. altered production of greenhouse gases), 
 

• of mineralisation (e.g. root exudates changing the soil pH), and 
 

• to soil nutrient cycling.  
 
Changes in the abiotic environment caused by GM plants can have impacts on the biotic 
environment and changes to soil biota (caused by GM plants) can also result in changes to 
the abiotic environment, and thus there is interaction with soil NTOs as discussed in previous 
Sections. 
 
 

4.6.1 Increased Production of Greenhouse Gases 

“Global change” encompasses changes in atmospheric composition, climate, land cover and 
land use. These changes and their interactive effects on biological systems are on a 
worldwide scale (Scherm et al., 2000). Any living population in terrestrial or limnic 
environments including cultivated GM crops will be exposed to a complex of environmental 
alterations. One of most important causes for global change scenarios is increasing CO2. 
Together with light, water, nutrients and temperature, CO2 is an important factor in plant 
biomass production (Begon et al., 2005). There are a number of studies on the impact of 
green house gases on crops including several GM crops (e.g. Ryle and Powell, 1992, Traore 
et al., 2000, Pritchard et al., 2007, Wan et al., 2007, Lobell et al., 2008, Taub et al., 2008). By 
contrast the impact of plants on the production of green house gases (GMG) is in its infancy. 
Of particular interest is whether GM plants will contribute to climate change for example 
through increased production of green house gases emitted by the cultivation, production or 
processing of GM crops. 
 
In general, intensification of agriculture has led to the use of fossil energy sources for 
agricultural practice and increased CO2 emissions. Similarly, intensive high-yield agriculture 
is dependent on addition of fertilizers, especially synthetic N produced through a fossil fuel-
consuming industrial process that converts abundant atmospheric N to available form for 
plants (Matson et al., 1997).  
 
However, according to Brookes and Barfoot (2005) GM crops contributed to significantly 
reduced greenhouse gas emissions from agricultural practices. This reduction resulted from 
decreased fuel use, about 1.8 billion litres in the years 1996-2004, and additional soil carbon 
sequestration because of reduced ploughing or improved conservation tillage associated with 
biotech crops. According to the authors, this reduction was equivalent to eliminating more 
than 10 billion kg of carbon dioxide from the atmosphere in 2004. An increased adoption of 
soil conservation practices was also reported for the USA by Fernandez-Cornejo and 
Caswell (2006). In contrast, concerns were expressed that the production of HT soybean 
leads to environmental problems such as deforestation and soil degradation (Benbrook, 
2005, Pengue, 2005).  
 
Conclusions regarding effects biogeochemical processes: 
 

• Literature data are currently limited with respect to impacts of GM crops on climate 
change.  
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• Information to date shows that where GM crops have reduced agrochemical usage 
and/or soil tillage then GHG emissions are reduced.  

 
• If GM crops are associated with intensification of agriculture there may be higher use 

of fossil energy resources, and decline of the organic soil fraction, which might 
increase carbon dioxide release into the atmosphere. It is not likely that GM crops 
with potential relevance for Switzerland will adversely affect GHG emissions 
compared with current crops, though this will largely be influenced by how these 
crops are managed.  

 
 

4.6.2 Increased Mineral Nutrient Erosion and Fertilizer Leaching 

Decomposition and mineralization of organic matter are the main natural nitrogen and 
phosphorus sources in soils. There are concerns about potential detrimental effects on soil 
quality and function with respect to the increasing area of GM crops being cultivated 
worldwide (Motavalli et al., 2004). On the one hand soils could potentially be impacted by 
root exudates originating from the genetic modifications as GM plants produce recombinant 
metabolites throughout the season; on the other hand larger amounts of toxic compounds 
(e.g. Cry proteins) might be incorporated into soil after harvest. In addition, changes in 
compositional character of plant tissue could affect composition of plant necromass, 
degradation and nutrient cycling (Raubuch et al., 2007). 
 
In addition Cry proteins could affect soil arthropods or soil microbes being involved in organic 
matter degradation (see chapter 4.5.1). Baumgarte and Tebbe (2005) found differences in 
microbial community structures in the rhizosphere of Bt maize compared to control 
treatments. However, the extent the alterations of microbial community structure due to Cry 
proteins was less than those determined by biological (e.g. age of plants) or physical factors 
(field heterogeneity). No differences were reported by Griffith et al. (2006) in soil 
microorganism communities by comparing conventional and Bt maize. Some differences 
were observed for protozoa depending on the year and experimental sites. 
 
Increased lignin content in Bt maize residues could affect nitrogen mineralization (Saxena 
and Stotzky, 2001c). The authors found 33 to 97% higher lignin content in several Bt maize 
varieties. Additionally, Masoero et al. (1999) determined that two Bt maize varieties exhibited 
higher starch, higher lignin but lesser protein and nitrogen content. Flores et al. (2005) 
suggested that a higher C: N ratio of Bt maize would result in delayed N mineralization and 
could increase nitrogen fertilizer demand. Such additional applications of fast degradable 
organic or mineral fertilizer increase the likelihood of enhanced mineral fertilizer input into 
groundwater or of losses of fertilizer by surface runoff to water streams in vicinity of the 
fields.  
 
In theory, higher lignin concentrations of Bt maize residues could lead to slower degradation 
of organic plant residues and an enrichment of organic matter in soils. This would be 
particularly important if Bt maize was be cultivated continuously in organically depleted fields. 
Under such conditions losses of mineral fertilizers from soils would be reduced. However, 
altered lignin content in maize varieties is not an effect attributed to the insertion of the 
transgene (see chapter 4.5.2), but from the genetic background of the maize varieties under 
consideration (Fernie et al., 2006; Griffiths et al., 2007; Lehman et al., 2008b, 2010; Zurbrügg 
et al., 2010; Yanni et al., 2011). For example, the total lignin content in the roots and leaves 
of maize MON 88017 is slightly higher (7 %) or similar, respectively, compared with the near-
isogenic counterpart (Poerschmann et al., 2008; Zurbrügg et al., 2010). In a litter bag study, 
Zurbrügg et al. (2010) found that leaf litter from maize MON 88017 is quickly degraded. 
According to EFSA (2011d) the degradation did not differ from the near-isogenic counterpart, 
but varied among conventional maize varieties. Compositional plant properties including 
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lignin contents among conventional maize varieties differed more than between maize MON 
88017 and its near-isogenic counterpart, with maize MON 88017 falling within the variation 
found in conventional maize varieties (see also Lehman et al., 2008a, 2010 for Cry3Bb1-
expressing maize events). 
 
Direct input of pollen and other parts of Bt maize plants into headwater streams nearby to 
maize fields cultivated with Bt maize in the Midwest of USA was investigated by Rosi-
Marshall et al. (2007). They found evidence for transport of the Bt containing maize residues 
downstream in the water bodies. However, with respect to the breakdown rates of Bt 
containing plant litter, no differences were found between Bt and non-Bt containing litter. In 
laboratory feeding trials with aquatic insects (Helicopsyche borealis) decreased growth rates 
and in one case an increased mortality was observed with high amounts of Bt maize pollen. 
Aquatic ecosystems were also studied by Douville et al. (2007). The group spiked surface 
water and sediment of a surface water body in Canada with genomic maize DNA containing 
the cry1Ab gene. At different times in a season samples from water and sediment were 
collected and tested for cry1Ab residues. The gene was still detected 40 days after 
introduction in clay and sand-rich sediment. Persistence of the genes was significantly higher 
in sediments than in the open water. Potential effects of Bt-proteins on NTO in aquatic 
ecosystems are discussed in chapter 4.5.1. However, the is no indication for any effect of Bt 
expressing GMP on increased mineral nutrient erosion and fertilizer leaching. 
 
Some proteins expressed in herbicide tolerant plants also occur in conventional plants (e.g. 
EPSPS) and /or in microorganisms (e.g. pat or bar) (Busse et al., 2001) and are not known to 
act differently to the naturally occurring ones. Because the CP4 EPSPS protein of GMP is 
homologous to the EPSPS proteins found in plants and microorganisms (CERA, 2010), it is 
unlikely that it will affect microbial communities (EFSA, 2011d) and hence biogeochemical 
processes adversely. Likewise, the expression of the newly introduced traits in GM plants, 
which are naturally occurring in the soil environment, are not expected to alter the natural 
interactions of maize plants with the abiotic environment.  
 
Some herbicides can remain in soil and affect micro-biota and so applications of the non-
selective herbicides used on herbicide tolerant crops may affect the biotic and abiotic soil 
environment. However, removal of ground cover plants may increase the likelihood for losses 
of nutrients by surface run-off and soil erosion which in turn could lead to an increased risk of 
eutrophication of water courses in agricultural landscapes (Haney et al., 2000, 2002). This 
kind of risk would depend on the herbicide management as well as the chemicals used. 
 
Another potentially adverse aspect of glyphosate usage on nutrient availability is reported by 
Eker et al. (2006). Glyphosate applications in low doses (~ 6% of recommended dosage) to 
non-target (glyphosate-sensitive) sunflowers (Helianthus annuus) resulted in significantly 
reduced root uptake of Fe and Mn. Also root-to-shoot translocation of the cationic minerals 
was almost completely inhibited potentially leading to severe impairments in Fe and Mn 
nutrition of non-target plants. Due to the chelating effect of glyphosate poorly soluble 
glyphosate-metal complexes may be formed in plants as well as in the rhizosphere reducing 
the availability of these two nutrients. US farmers are recommended to add Mn to fields 
cultivated with glyphosate-tolerant crops. 
 
Conclusions regarding mineral nutrient erosion and fertilizer leaching: 
 

• Data are limited on impacts of GM crops on soil mineral and organic nutrients and no 
harmful effects have been reported that are additional to those found in conventional 
crop production.  

 
• Intensive and repeated cultivation of Bt and HT crops may impact soil organisms 

involved in nutrient cycling but it is not clear whether these affects will effect soil 
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nutrient status and are any different from those associated with some conventional 
practices  

 
• An indirect effect of glyphosate as a chelating agent of Fe and Mn availability is 

reported that potentially might cause increasing nutrient deficits.  
 

• It is considered unlikely that the current GM crops would have adverse effects on 
soils if cultivated in Switzerland. 

 
 

4.6.3 Persistance and Fate of GMP Expressed Products in Soil  

Icoz and Stotzky (2008) have published an extensive review on the fate and behaviour of Bt 
proteins in soils. They report very different results with respect to the persistence of Cry-
proteins in soils. Half-lives of cry1Ab protein range from 1.6 days (Sims and Holden, 1996) 
up to 34 days (Wang et al., 2006b). Also long-term persistence of cry proteins in soils is 
variable. Cry1Ab proteins in low concentrations were detected up to 56 days (Donegan et al., 
1995) or up to 234 days (Tapp and Stotzky, 1998) or up to 180 to 350 days in residues of Bt 
maize (Saxena and Stotzky, 2002).  
 
Gruber et al. (2011a) investigated the fate of Cry1Ab in soil under long-term Bt-maize 
cultivation in an experimental field trial performed over nine growing seasons on four South 
German field sites cultivated with MON810 and its near isogenic non Bt-maize variety. The 
Cry1Ab protein was never detected in soil sampled in the spring before the next farming 
season at any of the four experimental sites. There was no evidence for accumulation or 
persistence of Cry1Ab protein in different soils under long-term Bt-maize cultivation. 
 
These reported differences in half-life and persistence of Bt proteins in soil may be a result of 
the specific chemical and physical conditions in the soils. Of special importance are pH, clay 
content and type and electrokinetic charge of external clay surfaces (Pagel-Wieder et al., 
2007, Blackwood and Buyer, 2004). Icoz and Stotzky (2007) found differences in Cry3Bb1 
persistence in soils depending on the type of the predominant clay minerals. The protein was 
found for a short period of 21 days in the presence of montmorillonite. If kaolinite was 
amended, the protein was detectable for 40 days. However, if pH was adjusted to 7 the 
protein was only found for up to 20 days in kaolinite. 
 
Pagel-Wieder et al. (2007) have chosen an approach to elucidate the interdependence 
between chemical and physical soil properties and Cry protein persistence. The authors 
tested the adsorption of Cry1Ab protein at Na-montmorillonite and were able to perform 
adsorption kinetics of Cry protein and clay. The best adsorption per unit weight of the protein 
was detected with high protein and low but highly dispersed clay concentrations. With higher 
clay concentrations the minerals clumped leading to lower surface charge or binding sites 
exhibiting relatively decreased adsorption capacity. Additionally, with lower soil pH binding of 
Cry 1Ab to clay surfaces was improved. About 10% of the bound Cry proteins could be 
recovered by washing. A variability of shape confirmations is known for Cry proteins (e.g. 
folded/unfolded shapes, oligomerized/non-oligomerized forms) according to Schnepf et al. 
(1998), Bravo et al. (2004) and Rausell et al. (2004). It is still unclear whether there is a 
relationship between protein shape and soil adsorption. 
 
Madlinger et al. (2011) studied the processes governing the fate and bioavailability of the 
expressed transgenic Cry proteins in soils in laboratory experiments. Experimental and 
modeling evidence was provided by the authors that the surface heterogeneity of soil SiO2 
particles modulated electrostatic attraction, leading to a fraction of adsorption sites with slow 
Cry1Ab desorption kinetics. Desorption rates from these sites increased upon increasing the 
solution pH. In toxicity bioassays, Madlinger et al. (2011) demonstrated that Cry1Ab retained 
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insecticidal activity when adsorbed to SiO2, suggesting high protein conformational stability 
during adsorption desorption cycles. The authors concluded that models predicting Cry1A 
protein adsorption in soils need to account for combined effects of the nonuniform protein 
surface charge distribution and of sorbent surface heterogeneity. This means that adsorption 
to polar, charged surfaces in soils does not inactivate the Cry1A protein. 
 
In addition the active ingredients of non-selective herbicides are at least partially bound to 
soil particles. For glyphosate a rapid adsorption in soils is reported (Goldsborough and 
Brown, 1993). Nevertheless, some publications emphasize transport processes of the 
negatively charged glyphosate in soils. Those transports are depending on structural and 
chemical soil characteristics like clay content or iron vice versa phosphate availability 
(Gimsing and Borggard, 2002, Borggard and Gimsing, 2008). Mobility of glyphosate is 
increased to a small extent if pH is high. Glufosinate will also be bound by soil particles; 
however the efficiency of binding is moisture dependent (Gallina and Stephenson, 1992). 
According to EFSA (2011d) a large number of authors have claimed that some of the 
herbicidal active substances used on GMHT crops (e.g. glyphosate) have reduced 
environmental impacts compared with those applied on their conventional counterparts 
(Nelson and Bullock, 2003; Peterson and Hulting, 2004; Brimner et al., 2005; Brookes and 
Barfoot, 2006; Leroux et al., 2006; Kleter et al., 2007; Bonny, 2008, 2011; Devos et al., 2008; 
Arregui et al., 2010; Mamy et al., 2010). The environmental impact indices used for these 
calculations are generally based on residual, persistence and ecotoxicity characteristics, and 
do not relate to the efficacy and hence the biodiversity impact of herbicides. The 
ecotoxicological effects of herbicides fall under the Plant Pesticide Directive 91/414/EC and 
will not be further discussed in this report as these a direct effects of the herbicide and not of 
the HT GMP. Indirect effect on biodiversity of the use of non-selective herbicide in GM HT 
crops are discussed in chapter 4.7. 
 
In general, if binding to the surfaces of soil minerals of GM plant (directly or indirectly) related 
metabolites occurs, this could lead to a reduction of the exchange capacity of soils. Cation 
exchange capacity (CEC) of soils is responsible for preventing the risk of cationic nutrients 
being transported through the root zone into lower soil horizons or into the groundwater. This 
beneficial effect of nutrient retention would be decreased by binding of large amounts of Bt 
proteins to these soil particle sites. Additionally, the negatively charged clay surfaces play an 
important role for binding H+-cations. If the H+-binding was affected by Bt protein buffering 
then the neutralizing of high H+-concentration in soil would be altered, and lower soil pH. This 
theoretical possibility has not been reported. 
 
Effects of GMP on biogeochemical processes e.g. via microbial communities, which are 
especially expected in their rhizosphere or on decaying plant material, depend more on their 
species, variety or age than whether they are genetically modified. Rearrangements in 
structural diversity and population abundance of non-target soil organisms occur frequently in 
the agricultural environment. They are typically associated with several sources of variation, 
caused by natural variability (e.g. soil heterogeneity, weather conditions) and agricultural 
practices (e.g. soil tillage, crop rotation, crop type and variety, irrigation measures) and are 
thus not necessarily an indication of environmental harm (EFSA, 2011d). 
 
In summary, there is no indication for the accumulation of GMP expressed products in soil 
which could raise concerns for biogeochemical prosesses. With respect to biogeochemical 
processes and effects on NTO (see chapter 4.5) a number of studies (reviewed by Widmer, 
2007; Filion, 2008; Icoz and Stotzky, 2008) were performed under laboratory, glasshouse or 
field conditions covering a large array of classical and more recent analytical tools. These 
studies revealed only some minor changes in soil microbial community structure with Bt-
maize compared to non-Bt-maize (Blackwood and Buyer, 2004; Brusetti et al., 2004; Griffiths 
et al., 2006; Mulder et al., 2006) or generally show no adverse effects of the Cry1Ab protein 
released by Bt-maize in root exudates or from biomass incorporated into soil microorganisms 
or microorganism-mediated processes (Saxena and Stotzky, 2001a, Flores et al., 2005, 
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Anonymous, 2006, Hönemann et al., 2008, 2009, Icoz et al., 2008). Miethling-Graff et al. 
(2010) did not detect any significant differences between the rhizosphere bacterial 
community structure of Cry3Bb1 expressing maize MON 88017 compared with the near-
isogenic counterpart and two conventional maize varieties in their 3-year field study in 
Germany. 
 
Conclusions regarding persistence and fate of GMP expressed products in soil: 
 

• Several studies on potential effects have been performed under laboratory, 
glasshouse or field conditions covering a large array of classical and more recent 
analytical tools. 
 

• There is no indication for the accumulation of GMP expressed products in soil. 
 

• There are no indications of adverse effects on soil nutrient cycling or on soil functions 
due to GMPs.  

 
 

4.7 Impacts of the Specific Cultivation, Management and Harvesting 
Techniques  

In the EU, Directive 2001/18 specifically requires that the environmental impacts of any 
specific cultivation techniques or measures associated with the GM crop are considered. 
Thus, as with the introduction of any new crops, the cultivation of GM crops (e.g. pest 
resistant or herbicide tolerant crops) may alter current management regimes and may 
introduce new cropping techniques (Champion et al., 2003, Hayes et al., 2004, Collier and 
Mullins, 2011). Any environmental impacts of these changes should be compared with 
current “standard” practices to determine whether any adverse environmental effects are 
likely to occur.  
 
 

4.7.1 Herbicide Tolerant Crops  

Genes conferring tolerance against specific non-selective herbicides are currently among the 
most common traits introduced into GM plants. Today, there are several different HT 
systems available on the market: introduced GM tolerance (e.g. ALS, glyphosate and 
glufosinate-ammonium tolerance) and non-GM technologies (e.g. Imidazolinone – Clearfield 
technology, Atrazine). Soil bacteria with a resistance to glyphosate and glufosinate are 
widespread and naturally occurring in the environment. Inactivation of glyphosate and the 
expression of glyphosate tolerant EPSPS synthases were transferred from bacteria to plants.  
 
Glyphosate and glufosinate are broad-spectrum systemic herbicides used for the control of 
annual and many perennial weeds (Duke and Powles, 2008b), but with no soil acting or little 
residual properties.  
 
According to Directive 91/414/EEC (recently substituted by regulation 1107/2009/EC), a plant 
protection product may only be authorised in the EU if its active substances are listed in 
Annex I of Directive 91/414/EEC, and if its application has – inter alia – no harmful effect on 
human or animal health and no unacceptable influence on the environment. Contrary to the 
overall evaluation of the environmental safety by the EU competent authorities in the field of 
plant pesticide registration, Schütte and Mertens (2010) concluded that the direct use of 
glyphosate and glyphosate-based herbicides negatively affect soil and aquatic organisms 
and plant health. The authors claim that glyphosate, interacts with certain fungal crop 
diseases and endangers amphibians. Glyphosate and its degradation product, 
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aminomethylphosphonate (AMPA), residues are not usually detected in high levels in ground 
or surface water in areas where glyphosate is used extensively. In addition both glyphosate 
and AMPA are considered to be much more toxicologically and environmentally benign than 
most of the alternative herbicides (see e.g. Cerdeira and Duke, 2010). The evaluation of 
active substances and plant protection products according to Directive 91/414/EEC 
comprises a comprehensive toxicological and ecotoxicological assessment including the 
assessment of effects on soil micro-organisms. The German Competent Authority (BVL) has 
considered the results of these evaluations for glyphosate and for the use of glyphosate on 
genetically modified herbicide-tolerant sugar beet and fodder beet. Based on its assessment, 
the German Competent Authority has reached the conclusion that the direct impacts of weed 
control in glyphosate tolerant sugar beet on the environment (including non-target animals 
and soil microorganisms) will be within the range of the environmental impacts of weed 
control methods that are currently used in sugar beet in the EU. 
 
In the EU, glyphosate is currently used in conventional cropping and can be used pre-
emergence of annual crops and for controlling emerged weeds in seedbeds and stubbles 
prior to cultivation. Both herbicides are also used as preharvest dessicants of annual crops 
and around perennial crops. In addition, in some situations, glyphosate and glufosinate can 
be applied in an emerged crop as a band application between crop rows (Monsanto, 2007a).  
 
Herbicide regimes in GMHT crops: the broad spectrum herbicide is applied post-crop 
emergence to established weeds providing high levels of weed control and little or no to 
injury the crop. Theoretically, the biotechnology-based weed management strategy enables 
delaying the post-emergence application of broad-spectrum post-weed management, 
compared to non-GMHT maize (Gianessi, 2005; Cerdeira and Duke, 2006, 2007, 2010). 
Because the efficacy of glyphosate at controlling weeds is less dependent on weed size, 
glyphosate can be used up to a later growth stage for weeds. Therefore, the biotechnology-
based weed management strategy offers a greater flexibility in timing of weed management. 
However, the control of larger and perennial weeds might require higher application rates 
(Monsanto, 2007a). Experimental research has shown that a single post-emergence 
application of glyphosate alone at the recommended application rates might be inadequate 
(Gianessi et al., 2002, Gower et al., 2003, Parker et al., 2006). If the first single treatment is 
applied early, later-emerging weeds will be unaffected. These weeds can reduce crop yield 
by competing for resources and might set seed that replenishes the seed bank, or survive 
vegetatively until the following season, increasing weed pressure in subsequent years (e.g. 
Myers et al., 2005). Thus, in the absence of pre-emergent residual herbicides, a sequential 
application of glyphosate might be needed to control later emerging weeds. Recommended 
strategies to avoid weed reinfestation involve the use of two post-emergence applications of 
glyphosate (Gower et al., 2003). In this respect, Monsanto recommends using glyphosate at 
dose rates ranging between 1440 and 2160 g/ha ai (active ingredient) in two applications 
(Monsanto, 2007a) and dose rates ranging between 1800 and 2160 g/ha ai in two 
applications (Monsanto, 2007b). In a field trial with maize NK603 in Czech Republic, 
optimum herbicide efficacy was provided by a split application of glyphosate (1080 + 1080 
g/ha ai) (Soukup et al., 2008). 
 
Delaying the first single treatment with glyphosate can lead to yield reductions due to an 
extended period of early weed competition (Gower et al., 2002, 2003; Champion et al., 2003; 
Cox et al., 2006). To limit early-season competition and ultimately maize yield losses, and to 
eliminate the need for a second post-herbicide application, the use of pre-emergence 
residual conventional herbicides followed by one delayed post-emergence glyphosate spray 
has been suggested (Thomas et al., 2004; Parker et al., 2006). In this situation, the 
application rates of glyphosate recommended by Monsanto are within the range of 720 to 
1440 g/ha ai (Monsanto, 2007a). 
 
In regions where early post-emergence herbicides are predominantly used, a single 
application of glyphosate in mixtures with other post-emergence herbicides with residual 
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activity is considered effective for glyphosate tolerant maize (e.g. Gianessi, 2008; Soukup et 
al., 2008). This will eliminate early-season weed competition and will control the weeds that 
are not exposed to glyphosate (Thomas et al., 2004; Dill, 2005; Tharp et al., 2004; Grichar 
and Minton, 2006; Parker et al., 2006; Young, 2006; Zuver et al., 2006). Based on field 
studies conducted at 35 sites throughout the north-central US, Gower et al. (2003) concluded 
that the optimum timing for the glyphosate application to avoid maize yield loss is when 
weeds are less than 10 cm in height, no later than 23 days after maize planting, and when 
maize growth was not more advanced than the 4 leaf stage. In that case, the recommended 
glyphosate application rates are within the range of 720 to 1080 g/ha ai (Monsanto, 2007a) 
and dose rates of 1080 g/ha ai when mixed with another herbicide with residual activity 
(Monsanto, 2007b). 
 
In the Technology Use Guide developed by Monsanto for the use of Roundup PRO2 in 
France (Monsanto, 2007a), the applicant recommends the following application patterns and 
rates for the use of glyphosate on maize NK603: i) a sequential application pre- and post-
emergence at rates ranging from 720 to 1440 g/ha ai; ii) two applications post-emergence at 
rates ranging between 720 and 1080 g/ha ai each.; iii) single application post-emergence of 
a mixture (Roundup PRO2 + residual activity) at rates around 1080 g/ha ai. The maximum 
annual usage dose is set at 2880 g/ha ai. 
 
In the Technology Use Guide developed by Monsanto for the use of Roundup Ready in 
Spain (Monsanto, 2007b), the applicant recommends the following application patterns and 
rates for the use of glyphosate on maize NK603: i) a sequential application pre-emergence 
with a selective herbicide with residual activity and post-emergence with Roundup Ready at 
rates of 1080 g/ha ai; ii) two applications post-emergence at rates ranging between from 900 
and 1080 g/ha ai each; iii) single application post-emergence of a mixture (Roundup Ready + 
residual activity) at rates around 1080 g/ha ai. The maximum annual usage dose is set at 
2880 g /ha ai. 
 
A diversity of weed management regimes is likely to be used in the different agricultural 
regions across the EU when GMHT crops are cultivated. EU countries show considerable 
variation in herbicide use in crops such as maize, sugar beet, soya and oilseed rape 
depending on weed species (including crop volunteers), meteorological and agro-
environmental conditions, farming systems (including weed resistance management, rotation 
systems), economics, and in farmers’ behaviour. Moreover, herbicide regimes are dependent 
on crop type and on weed species and weed populations as weeds have different life cycles 
and not all stages are equally susceptible to glyphosate (e.g. Norsworthy et al., 2001; 
Soukup et al., 2008, Albajes et al., 2009). This would mean that the locally adopted herbicide 
regimes and cultivation management (including conservation tillage) for GMHT crops will 
take into account all these factors. Therefore, it is anticipated that herbicide regimes 
containing glyphosate will vary according local conditions and hence will differ in numbers of 
applications (single vs. sequential), doses, timing of application and the use of residual 
herbicides in association with glyphosate.  
 
Interplay between Directive 2001/18/EC and Directive 91/414/EEC  
The registration and use of herbicidal active substances in formulations in the EU was 
covered by Directive 91/414/EEC (which is now replaced by Regulation (EC) No 1107/2009) 
as operated by individual Member States and both are relevant for the risk assessment of 
GMHT crops and their associated weed control management practices (EC, 2008, EFSA, 
2008a, Ehlers, 2011). Where GMHT plants rely on specific herbicides as an integral part of a 
weed management strategy, an environmental risk assessment must also consider their 
potential impact on biodiversity under Directive 2001/18/EC. In the current legislation 
governing the registration of plant protection products in Europe, the environmental risk 
assessment of pesticides includes an assessment of impacts on certain non-target 
organisms (such as fish, Daphnia, algae, birds, mammals, earthworms, bees and beneficial 
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arthropods and non-target plants) and studies of residual activities in soil and water (cf., 
environmental fate) (Streloke, 2011). 
 
As already stated in chapter 4.5.1 (direct toxic effects on NTO), a large number of authors 
have claimed that some of the herbicidal active substances used on GMHT crops (e.g., 
glyphosate) have reduced environmental impacts compared with those applied on their 
conventional counterparts (Nelson and Bullock, 2003, Peterson and Hulting, 2004, Brimner 
et al., 2005, Brookes and Barfoot, 2006, Leroux et al., 2006, Kleter et al., 2007, Bonny, 2008, 
2011, Devos et al., 2008, Arregui et al., 2010, Mamy et al., 2010, Stewart et al., 2011). 
Environmental impact indices used for these calculations are generally based on residual, 
persistence and ecotoxicity characteristics. However, they do not relate to the efficacy and 
hence the biodiversity impact of herbicides (e.g., van der Werf, 1996; Reus et al., 2002). As 
concluded by EFSA (2012a), the environmental risk assessment under Directive 91/414/EEC 
does not include studies of impacts on biodiversity within crops and changes in agro-
ecosystems, which are required under Directive 2001/18/EC in relation to GM crops. Due to 
these different legal requirements in the EU, a herbicide used on a GMHT crop is assessed 
differently from the same herbicide used on non-GMHT crops (e.g., imidazolinone tolerant 
crops) and conventional crops (Chassy et al., 2003, Sweet and Bartsch 2011). The 
assessment of GMHT crop regimes includes evaluating potential effects on farmland 
biodiversity, while this is not a requirement for non-GM crop herbicide regimes (ACRE, 
2007b, Morris, 2007, Sanvido et al., 2007, 2011a,c, Ehlers, 2011). However, though an 
assessment of indirect effects of herbicidal active substances on biodiversity was not 
required for the risk assessment of pesticides under Directive 91/414/EEC, the new 
Regulation (EC) No 1107/2009, concerning the placing of plant protection products on the 
market, explicitly mentions biodiversity as a protection goal (Streloke, 2011). Moreover, 
Directive 2009/128/EC aims to strike a new balance between food security and the support 
of biodiversity by promoting the sustainable use of pesticides. 
 
Weeds have numerous interactions with other organisms and, in turn, some of these 
interactions can have direct, either negative or positive, effects on the functioning of the agro-
ecosystem (Petit et al., 2010). It has long been recognized that the widespread use of 
herbicides in agriculture has resulted in serious declines in both plant and animal diversity in 
many farming areas (Krebs et al, 1999, Chamberlain et al., 2007, Robinson et al., 2002). 
Concern has been expressed that GMHT crops, through the in-crop use of very effective 
broad-spectrum herbicides, will further deplete biodiversity in farmland. 
 
Factors affecting impacts in Europe 
Extensive research has shown that impacts on the environment depend upon a wide range 
of baselines and on agronomic and environmental factors, which vary from region to region 
and from season to season. For example, Firbank et al. (2003b) commented following the 
UK Farm Scale Evaluations that major sources of variation in potential impacts would arise 
from probable future changes in agricultural practice such as herbicide regimes, tillage 
systems and crop rotations and from possible long-term interactions between weed and 
invertebrate populations. Most importantly, they stressed that the impact on biodiversity 
depends greatly upon the management of crops, rotations, and upon the provision of forage 
and habitat resources across the entire farmed landscape. Included in crop management is 
the dose being applied and the time and frequency of applications of the specific non-
selective and other herbicides (Champion et al., 2003). Timing of application is particularly 
important, since with broad-spectrum herbicides sprays are often delayed until a later plant 
growth stage than is the case with the more selective herbicides associated with 
conventional crops. The higher mortality of larger (reproductive) individual weeds caused by 
the later herbicide application in GMHT crops (Heard et al., 2003b) tends to reduce the 
persistence of plant populations in the farmed landscape and reduce seed densities and in 
turn emerged plants. This loss of food resources is likely to cause reductions in the 
abundance of key invertebrate groups (Hawes et al., 2003) and of species at higher trophic 
levels, such as farmland birds.  
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All of the factors above will vary from region to region, from Member State to Member State, 
and from season to season. They depend not only on the nature of the particular receiving 
environment, but on weed pressure, soil type and climatic conditions. For these reasons, 
there are considerable challenges to the drawing of meaningful conclusions on the 
environmental consequences of the use of herbicides that includes consideration of every 
issue involved, over the full range of possible parameters that may be varied in the 
management of the GMHT crops, and the full range of receiving environments within Europe. 
 
The focus of the environmental risk assessment should be on regions where the GM crop will 
be cultivated. However the environmental variation between arable ecosystems within 
regions is often as large as that between Member States. Two additional factors hamper the 
accuracy of estimates of impacts attempted at the European scale. First, individual Member 
States operate different regulations concerning certain aspects of conventional herbicide 
management applied to potential non-GM comparator crops, so there are difficulties in the 
quantification or establishment of detailed baselines in such dynamic situations for 
comparative analysis (Champion et al., 2003; Firbank et al., 2003a; Heard et al., 2005). 
Second, each EU Member State will have different baselines for the impact of current 
farming practices on the environment. These will influence Member State’s policies on what 
are termed variously: environmental stewardship for farmland, biodiversity action plans, 
integrated pest management (IPM), good farming practice, etc. As reviewed in the EU 
resesearch project ENDURE, pesticides could potentially be reduced by using other means 
of pest control such as the choice of varieties including genetically modified hybrids, cultural 
control including crop rotation, biological control, optimized application techniques for 
chemicals, and the development of more specific treatments (Meissle et al., 2010). The 
authors concluded, however, that restrictions in the availability of alternative pest control 
measures, farm organization, and the training and knowledge of farmers need to be 
overcome before the adoption of environmentally friendly pest control strategies can reduce 
chemical pesticides in an economically competitive way. IPM approaches are needed to 
address the complex of several problems be tackled simultaneously. There is a link between 
different control measures. Pest and weed control needs to be seen in the context of the 
cropping system and on a regional scale (Meissle et al., 2010). 
 
Environmental impacts of herbicide regimes used in GMHT cropping systems 
GMHT plants tolerant to glyphosate-based herbicides allow these herbicides to be directly 
applied to the growing crop to give effective control of weeds (Beckie et al., 2006, Soukup et 
al., 2008). There is extensive literature on the range of effects of the use of glyphosate and 
its associated management in glyphosate tolerant crops (Cerdeira and Duke, 2006). For 
example in Western Canada, a reduction in the total number of chemical applications over a 
3-year period was reported, resulting in a decrease of herbicide active ingredient being 
applied to farmland of nearly 1.3 million kg annually. Fewer tillage passes over the survey 
period were reported, improving moisture conservation, decreasing soil erosion and 
contributing to carbon sequestration in annual cropland (Smyth et al., 2011). 
 
Some studies have focused specifically on the impacts of glyphosate associated with GMHT 
crops in Europe, though there is information on GMHT maize from Albajes et al. (2007, 2009) 
and Soukup et al. (2008, 2011). In addition, projects such as the project on botanical and 
rotational implications of GM herbicide tolerance in winter oilseed rape and sugar beet 
(BRIGHT) (Sweet 2003, Sweet et al., 2004, 2006) and the Farm Scale Evaluations (FSE) 
(Firbank et al., 2003a,b, 2006, Bohan et al., 2005, Champion, 2011) in the United Kingdom 
and the NERI study in Denmark (e.g., Strandberg and Pedersen, 2002, Strandberg et al., 
2005) have studied GMHT sugar beet and fodder beet treated with glyphosate. Also, there is 
information from the FSE on GMHT forage maize treated with glufosinate. Additionally there 
are some other studies of herbicide tolerant crops in European countries that have compared 
conventional production systems with GMHT systems (Madsen and Jensen, 1995, 
Bückmann et al., 2000, Coyette et al., 2002, Soukup et al., 2008, Verschwele and Mülleder, 
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2008, Albajes et al., 2008, 2009, 2010, 2011, Szekeres et al., 2008, Thieme, 2010, 
Verschwele, 2011, Pálinkás et al., 2012).  
 
The FSE remain one of the largest ecological experiments ever carried out to answer 
scientific questions about what impact the introduction of newly produced GM crops might 
have on farmland wildlife. It concluded that the scientific impacts of these crops and their 
environmental effects were due to the management of the herbicide tolerant trait which they 
included (Champion, 2011).  
 
Adverse effects on biodiversity of the management of glyphosate tolerant crops have been 
reported in several experimental studies in Europe (Andow, 2003, Brooks et al., 2003, 
Hawes et al., 2003, Heard et al., 2003a,b, Lutman et al., 2008, Squire et al., 2009). Recently 
in the USA the loss of weedy host plants of Monarch Butterfly in agricultural fields due to 
glyphosate use has been indicated as causing reductions inpopulations of Monarchs (Brower 
et al., 2011a, Pleasants et al., 2012; see also critical remarks by Davies (2011) and the 
response by Brower et al., 2011b). Although cumulative effects on biodiversity due to the 
continuous cultivation of a GMHT crop have been predicted (Heard et al., 2005), such effects 
remain to be confirmed by field data. By contrast, the FSE reported a generally greater 
abundance of biodiversity in GMHT maize treated with glufosinate, than in conventionally 
treated maize. Perry et al. (2004) reported that these conclusions for maize would likely be 
affected in degree but not in direction by the withdrawal of atrazine from conventional 
herbicide management. Following the FSE, the advice from the UK Advisory Committee for 
Releases to the Environment (ACRE) was that biodiversity was likely to be reduced by the 
herbicide management of glyphosate tolerant sugar beet and glufosinate tolerant oilseed 
rape and should not be commercially cultivated using these management regimes. The FSE 
indicated that GMHT maize (glufosinate tolerant) tested in FSE could be cultivated in the UK 
using the regimes used in the FSE, because this would not result in adverse effects, as 
defined and assessed by criteria specified in Directive 2001/18/EC. This advice was adopted 
by the Department of Environment and Rural Affairs in the UK (DEFRA, 2005). Similarly in its 
early scientific opinions on maize Bt11 and 1507, the EFSA GMO Panel considered that the 
use of glufosinate ammonium in the cultivation of these two maize events is not likely to give 
an increased impact on biodiversity in most situations (EFSA, 2005a,b).  
 
It is well known that weed community shifts will affect food resources leading to food chain 
effects on weed-associated fauna and higher trophic levels (Heard, 2005). Schütte and 
Mertens (2010) concluded that glyphosate resistant sugar beet management will have 
negative effects on biodiversity. The abundance and composition of weed flora was strongly 
altered by differential herbicide treatments in a four year field trail in Spain (Albajes et al., 
2009). Several groups of arthropods responded to the weed changes but in variable 
directions. Whereas leafhoppers and aphids were more abundant on herbicide-treated plots, 
the contrary was found for phytophagous thrips. Among predators, Orius sp., spiders and 
trombidids were more abundant on treated plots, whereas nabids and carabids were more 
abundant in untreated plots, and more carabids and spiders were caught in pitfall traps. 
Among parasitoids, ichneumonids were more abundant in untreated plots and mymarids in 
treated plots. According to Bigler and Albajes (2011) many articles show that maintaining 
some weed enhances arthropod densities and natural biological control: GMHT crops may 
increase adoption of minimum and no tillage systems with possible effects on weeds and 
arthropods. Some weed management systems with GMHT plants also have the potential to 
alter plant diversity in crops in favor of conservation of biological control. 
 
The above studies have confirmed that effects on weed populations, and hence biodiversity, 
are very dependant on the management of the herbicides in GMHT and conventional crop 
production systems and on the herbicides used in both systems. In some circumstances, 
such as with high dosage or repeated applications, the use of glyphosate with GMHT crops 
will more than likely result in reductions in botanical diversity in fields which in turn might 
adversely affect food chains and webs.  
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Environmental risk assessment must recognise that farming systems are highly dynamic, 
and that the introduction of widespread broad-spectrum herbicide systems may lead to 
substantial changes in management and biodiversity. There is now increasing knowledge 
from cultivation of GMHT crops worldwide that continuous and repeated application of 
glyphosate is causing changes in weed flora and development of more resistant or tolerant 
weeds (Fernandez-Cornejo and Caswell, 2006). Weed shifts have initially been discussed by 
Marshall et al. (2003) and noted by Owen and Zelaya (2005). Powles (2008) has observed 
the early development of resistance in some weed species and its effect in inducing 
modification of farmers’ weed management through intensification of herbicide usage and 
subsequent adverse environmental effects. Herbicide resistance in weeds is not a topic or 
concern specifically focused upon the relatively recent introduction and adoption of GM 
crops, since the first case of herbicide resistance in weeds was reported in the scientific 
literature in 1970 (Owen 2010). However, if farmers were to repeatedly grow two or three 
successive glyphosate tolerant crops (such as sugar beet, maize, and soybeans) in their 
rotations, this would further increase selection pressure for such weeds. Maintaining diversity 
in crop rotation (HT and non-HT crops) coupled with the use of herbicides with different 
modes of action, is an important factor in lessening this risk (Duke and Powles, 2009, 
McGinnis et al., 2010). Currently, 21 weed species have evolved glyphosate resistant 
populations globally and twelve glyphosate resistant weed species have been identified in 
the USA, most of which evolved resistance to glyphosate in GMHT cropping systems 
(Beckie, 2011, Heap, 2011). The basis for resistance has been attributed to altered EPSPS 
target site, reduced translocation or cellular transport to the symplast, and sequestration in 
the vacuole (reviewed by Powles, 2008, Powles and Yu, 2010, Ge et al., 2010, Beckie, 2011, 
Shaner et al., 2011, Vila-Aiub et al., 2011). The problem of glyphosate resistant weeds is 
exacerbated by the fact that new resistance mechanisms such as gene amplification are 
being found (e.g. Gaines et al., 2010). Moreover, the evolution of multiple and cross 
resistances to herbicides is becoming increasingly more common (Heap, 2011). The 
overreliance on glyphosate to control herbicide resistant weeds contributed to the evolution 
of multiple resistances in populations (e.g. two or more resistance mechanisms) as a 
consequence of sequential selection and pollen flow, such as in glyphosate resistant Lolium 
spp. in Australia and South Africa (Neve et al., 2004, Yu et al., 2007, Preston et al., 2009, 
Preston, 2010) and in A. palmeri in cotton fields in southern USA (Culpepper et al., 2010). 
Multiple resistances to ALS-inhibiting herbicides and glyphosate are reported in horseweed 
(Conyza canadensis) (Davis et al., 2009).  
 
It is important to note that glyphosate does not ‘cause’ weeds to evolve resistance per se, but 
rather how it is used that leads weeds to evolve resistance (Owen, 2011, Owen et al., 2011, 
Wilson et al., 2011). Evidence from the USA confirms that, where there is very intense 
glyphosate selection (e.g. glyphosate tolerant maize monocultures or glyphosate tolerant 
maize-soybean rotations), little diversity in weed control practices and no mandated herbicide 
resistance programmes (Waltz et al., 2010), glyphosate resistant weeds may evolve and 
spread rapidly (e.g. Dauer et al., 2009, Owen et al., 2011). This in turn may induce 
modification of farmers’ weed management practices through intensification of herbicide 
usage and subsequent adverse environmental effects (Johnson et al., 2009, Kruger et al., 
2009b, Shaw et al., 2009, Webster and Sosnovski, 2010). In regions where glyphosate 
resistant weeds have to be controlled, farmers might exacerbate this phenomenon by 
increasing rates of glyphosate applied, which may further increase the selection pressure on 
weeds and lead to more instances of resistance (Duke, 2005, Pline-Srnic, 2005, Neve, 2008, 
Owen et al., 2011). Populations of five resistant weed species have been found in Europe in 
2011 (Spain, Czech Republic, France and Italy) where their occurrence is so far restricted to 
perennial crops (viniculture, orchards of fruit, citrus or olives) which receive two to four 
glyphosate applications per year. 
 
While the scale of glyphosate resistant weed outbreaks has remained relatively small so far, 
a concern is that glyphosate resistant weeds would become more widespread in the near 
future (Service, 2007), and that this would represent a significant threat to the sustainability 
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of the herbicide and trait, and perhaps to global food production (Duke and Powles, 2008a, 
Powles, 2010, Owen et al., 2011, Ronald, 2011). Without proper management, the potential 
for weed populations to express a high degree of resistance to glyphosate will adversely 
impact the utility of glyphosate (Shaw et al., 2011).  
 
In summary, the cultivation of GMHT crops in monoculture or in rotation with other 
glyphosate tolerant crops, in conjunction with the repeated and/or exclusive application of 
glyphosate-based herbicides will cause changes in weed flora, and will favour the evolution 
and spread of glyphosate resistant weeds due to the selection pressure exerted by 
glyphosate. This, in turn, may affect food webs, and the functional value of weed vegetation 
for organisms of higher trophic levels (reduced functional biodiversity). However, where there 
is more diversity in weed control practices and crop rotation, and where mandated herbicide 
resistance programmes are put in place, the selection pressure of glyphosate on weeds will 
be reduced, decreasing the selection of more tolerant or resistant weeds significantly. 
 
The complex nature of all these dynamic effects will of course be further modulated by 
market forces and agricultural economics. 
 
Glyphosate can also have effects on soil microbial communities, micorhizal fungi and 
rhizobial populations important in plant nutrient cycling (Zablotowicz and Reddy, 2004, 2007, 
Means et al., 2007, Powell et al., 2009a). Zablotowicz and Reddy (2004) reported that 
glyphosate was toxic to certain Rhizobia involved in root nodulation and nitrogen fixation in 
comparison with herbicides used on conventional soybean. The consequences of this could 
be that glyphosate applications will reduce rhizobial populations, at least temporarily, thus 
reducing microbial functions and contributions to field ecosystems – principally in relation to 
fixing nitrogen. An increased representation of GM non-mycorrhizal hosts within plant 
communities may indirectly negatively impact beneficial ecosystem services associated with 
arbuscular mycorrhiza.This could lead to increases in synthetic nitrogen application with 
consequences for the environment, especially water run-off etc. Powell et al. (2009b) 
observed that glyphosate use significantly reduces maize litter decomposition although the 
glyphosate effect is dependant on the location of litter placement.  
 
Thus, whilst it may be easy to list the environmental advantages and disadvantages of the 
adoption of GMHT systems, it is by no means simple to conclude on overall environmental 
impacts. Experimentation with GMHT systems can be very expensive, particularly because 
of the need for farm-scale evaluations on a range of sites with sufficient replication (Perry et 
al., 2003, Qi et al., 2008) and the need to sample a wide range of biodiversity (Firbank et al., 
2003a) over a sufficiently long period (Lutman et al., 2008). When, for whatever reason, 
experimentation is deemed infeasible, modelling may be attempted, particularly to assess 
regional-scale and long-term effects of possible changes in agricultural practice over the 
course of many rotations. However, present models do not provide a robust means of 
predicting outcomes, because of their critical dependence on underlying assumptions. 
Different models of the same system may give very different predictions and therefore 
caution must be exercised in reviewing the output of models. As an illustration, consider four 
models that were built around the GMHT cropping systems studied in the FSE. In an initial 
assessment, Heard et al. (2003a,b) used long-term data from the decline in UK weed 
seedbanks and compounded this with the reduction in seedbank density found for 
dicotyledons in GMHT crops other than maize (e.g. for beet and oilseed rape). They 
predicted a worst-case decline in seedbanks of 7% per annum for a 5-course cereal rotation 
with a break crop grown every 5 years. By contrast, they believed that it was quite possible 
that, under rotations including glufosinate-tolerant maize, weed populations would in the long 
term be stable or increase. Heard et al. (2005) later revised and refined their earlier opinion 
for GMHT beet and rape, after taking into account density dependence of the weeds that 
integrated both population dynamics and grower response to weeds, within a 7-course, 4-
year rotational framework. Gibbons et al. (2006) calculated the quantitative effects of 
changes in seed rain on the dietary requirements of 17 granivorous farmland bird species, 
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although they declined to predict effects on individual bird species. They concluded that 
should beet, spring and winter rape crops in the UK be largely replaced by GMHT varieties 
and managed as in the FSE, this would markedly reduce important food resources for 
farmland birds, many of which had already suffered decline during the last 30 years. By 
contrast, glufosinate-tolerant maize would be beneficial to farmland birds. Butler et al. (2007) 
used a semi-qualitative approach and concluded that of 39 susceptible farmland bird 
species, even under nationwide introduction of the GMHT beet and oilseed rape systems 
studied in the FSE regimes, only one species would be re-classified to a less favourable 
conservation status due to the implementation of such systems. Grower uptake was 
predicted to have only a limited effect on Farmland Bird Indices. Butler et al. (2010) showed 
that changes in resource availability within the cropped area of agricultural landscapes have 
been the key driver of current declines in farmland bird populations. The authors developed 
targeted agri-environment schemes (AES) for cost-effective and efficient delivery of rural 
development strategies and biodiversity conservation targets. However, it is unclear whether 
these methodologies will help to manage potential adverse effects of GM HT crops. In 
conclusion, the potential adverse environmental effects of GMHT crops are (1) the evolution 
of less desirable weed assemblages leading to a reduction in farmland biodiversity; (2) the 
evolution of weed resistance and (3) adverse effects on soil microbial communities. The 
magnitude of these potential adverse environmental effects will depend on the specific 
herbicide management applied at the farm level. Studies have shown that appropriate 
management of glyphosate can mitigate some of these potential environmental effects. 
Dewar et al. (2003), May et al. (2005) Pidgeon et al. (2007) showed that avoiding field 
margins, row spraying and reduced area spraying in sugar beet could reduce adverse 
environmental effects without reducing yields.  
 
Management and Monitoring of GMHT crops 
The EFSA GMO Panel is of the opinion that an option for the risk management of GMHT 
crops would be the use of management and mitigation measures (e.g. Dewar et al., 2003, 
Dewar 2010, May et al., 2005, Pidgeon et al., 2007) to manage herbicide effects on 
biodiversity, in conjunction with the monitoring for weed resistance evolution under Directive 
91/414/EEC (Sweet and Bartsch, 2011). General surveillance (Directive 2001/18/EC) should 
be used to determine unanticipated adverse environmental effects. As with any other 
cropping system, the adoption of herbicide tolerant crops will require careful positioning in 
rotations and monitoring to prevent development of evolved resistance in weeds or a shift in 
weed spectrum to species with natural higher tolerance (Dewar, 2010). The introduction of 
GMHT crops has substantially changed weed control systems and sometimes crop rotations 
and soil tillage systems. Soukup et al. (2011) proposed that attention should be given to the 
environmental and agro-environmental aspects and sustainability of agro-ecosystems based 
on HT crops because some adverse effects with this technology can appear, especially if 
used without knowledge of the risks involved and their prevention. In addition to 
management measures, they proposed monitoring for potential adverse effects using 
existing monitoring networks. 
 
Conclusions regarding potential adverse environmental effects of GMHT crops: 
 

• Potential adverse environmental effects are due to the changes in herbicide use and 
crop management. These include  
 
• the evolution of less desirable weed assemblages leading to a reduction in 

farmland biodiversity,  
 

• the evolution of weed resistance, and  
 

• negative impacts on soil microbial communities.  
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• Environmental effects can be managed. The magnitude of these potential adverse 
environmental effects will depend on the specific herbicide management applied at 
the farm level in Switzerland as elsewhere. 

 
• Effective management guidelines should be established supported by monitoring to 

ensure farmer compliance and to assess whether adverse effects are occurring.  
 
 

4.7.2 Indirect Changes in Susceptibility of HT Crops Against Plant Pathogens  

The susceptibility of crops to plant pathogens may theoretically change and result in altered 
interactions between plant and pathogens (Hilbeck, 2000). Low doses of glyphosate are able 
to render pathogen-resistant cultivars susceptible to plant diseases (Brammal and Higgins, 
1988). On the other hand, this herbicide is also known to be toxic to specific microorganisms, 
including plant pathogens, and was reported to inhibit or reduce the growth of different plant 
pathogens, e.g. rust diseases (Feng et al., 2005, Cerdeira and Duke, 2006).  
 
However, increased susceptibility of HT soybean to plant pathogens was reported for 
Sclerotinia sclerotiorum by Michigan farmers (Lee et al., 2003). Furthermore, an interaction 
between soybean cyst nematode and glyphosate was also observed (Yang et al., 2002). 
Colonization of GM soybean roots with fungi was found to be significantly increased after 
application of glyphosate but not after application of conventional post-emergence herbicides 
(Sanogo et al., 2001, Njiti et al., 2003, Kremer et al., 2005). Following application of 
glyphosate to crops, plant root exudates may potentially provide a special advantage to 
certain Fusarium strains relative to other fungi commonly found in soils (Benbrook, 2005). It 
is reported that glyphosate in root exudates stimulated growth of selected rhizosphere fungi, 
possibly by providing a selective C and N source combined with high levels of soluble 
carbohydrates and amino acids associated with glyphosate treatment of soybean plants. 
Increased rhizosphere populations of the fungi Fusarium spp. and the bacteria 
Pseudomonas spp. developing under glyphosate treatment of GM soybean may adversely 
affect plant growth and biological processes in the soil and rhizosphere (Kremer et al., 2005).  
 
In summary, the application of glyphosate in HT crops may potentially affect soil microbial 
activity and/or soil microbial abundance through exudation of the herbicide into the 
rhizosphere by HT crops. In addition the use of HT crops has led to more intensive cultivation 
in short rotations which enhance the development of soil pathogens. As a consequence HT 
crops may show increased incidence and susceptibility to fungal attacks. These changes 
could result in increased use of fungicides. As a consequence additional adverse effects on 
soil microbial activity might occur. However, there are few published results on increased 
susceptibility of HT crops to fungi and the affects of broad-spectrum herbicides on 
pathogenic microorganisms.  
 
Conclusions regarding indirect changes in susceptibility of crops against plant 
pathogens: 
 

• Herbicide treatments and associated changes in rotational management may alter the 
susceptibility of GMHT crops to plant pathogens. 
 

• Appropriate management and post market environmental monitoring should be 
applied. 
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4.7.3 Potential Changes in Fertilizer Use in HT Crops 

In glyphosate tolerant soybean, glyphosate is transported from the leaves to the rhizosphere. 
Glyphosate transported into the roots of HT plants leads to the accumulation of growth 
inhibiting benzoic acids. It has been reported that application of glyphosate can decrease 
nodule formation, nodule biomass, nitrogen fixation and nitrogen accumulation (Moorman et 
al., 1992, King et al., 2001, Powell et al., 2007, Zablotowicz and Reddy, 2007). It has also 
been reported that symbiotic nitrogen fixation can be affected by herbicides due to direct 
effects on the rhizobial symbiont as well as due to indirect effects on the physiology of the 
host plant (Moorman, 1989).  
 
Glyphosate reduces the nitrogenase activity of Bradyrhizobium japonicum bacteroids with the 
inhibition being proportional to the in vitro sensitivity of these strains under culture conditions 
(Hernandez et al., 1999). The symbiont is known to possess a glyphosate susceptible 
enolpyryvate-shikimate-synthase (EPSPS) protein (King et al., 2001). Consequently, 
soybean plants in untreated plots had higher nodule biomass compared to soybean plants in 
glyphosate-treated plots that were relatively weed-free (Zablotowicz and Reddy, 2007). In 
addition, a reduction of the N2 fixation potential could have long-term effects on sustainable 
soil nitrogen pools (King et al., 2001, Zablotowicz and Reddy, 2004). Soils may lose natural 
fertility and may lack sufficient nitrogen to produce optimal soybean yields in fields where 
nitrogen fixation is impaired. This will cause increasing usage of nitrogen fertilizers to 
maintain the yield levels (Benbrook, 2005). 
 
Another aspect of potential changes in fertilizer use connected with use of the non-selective 
glyphosate is reported by Eker et al. (2006). In greenhouse experiments the authors sprayed 
non-glyphosate-tolerant sunflowers (Helianthus annuus) with low glyphosate doses (~ 6% of 
recommended dosage) to simulate effects of glyphosate drifts on non-target plants. In root 
uptake experiments Fe and Mn uptake were significantly reduced 12 and 24 hours after 
glyphosate application. This effect may be caused by the formation of poorly soluble 
glyphosate-metal complexes in plant tissues and or in the rhizosphere as the most important 
nutrient source since glyphosate is known as an effective chelating agent. Due to the 
chelating effect poorly soluble glyphosate-metal complexes may be formed in the 
rhizosphere reducing the availability of these two nutrients. 
 
In summary, the cultivation of HT soybean may affect the nitrogenase activity of symbiotic 
Rhizobia leading to reduced nitrogen fixation. In addition, the chelating effect of glyphosate 
affects the availability of Mn and Fe for GM crop roots. These fertilizer micronutrients are 
already recommended to be supplemented in soybean cultivation stewardship programmes 
depending on soil quality. The effects on soil nutrient mineralization processes of both these 
glyphosate effects are unclear. However cultivation management of HTGM soya and other 
plants may result in reduced levels of soil nutrients with adverse effects on nitrogen 
availability or symbiotic NTOs and uptake of cationic nutrients resulting in potential adverse 
effects on soil ecological functions. A consequence of this may be that farmers change their 
fertilizer use and thus have additional environmental impacts. As reviewed by EFSA (2012a) 
other studies performed under a wide range of environments indicated no yield reductions 
due to glyphosate applications on glyphosate tolerant soybean, suggesting that soybean has 
the potential to recover from glyphosate stress (Delannay et al., 1995; Reddy and Whiting, 
2000; Elmore et al., 2001; Krausz and Young, 2001; Nelson and Renner, 2001; Reddy and 
Zablotowicz, 2003). Further, Powell et al. (2009a) reported that nitrogen fixation was greater 
in GMHT soybean treated with glyphosate than in untreated plants when glyphosate was 
applied at the first trifoliate soybean growth stage. 
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Conclusions regarding changes in fertilizer use in GMHT crops: 
 

• GM plant management may cause indirect changes in fertilizer use. 
 
• Appropriate management measures and guidelines including post market environ-

mental monitoring should be applied. 
 
 

4.7.4 Potential Changes in Landscape Structure  

Due to market-orientated and modern production processes the intensity and extent of 
farming in many regions of the world is currently increasing. On global scale the largest 
changes in the landscape structure are associated with deforestation to create additional 
agricultural areas (Begon et al., 2005). Deforestation accounts for 15% of GHG omissions – 
more than is produced by the entire worlds transport (Clarke, 2012). The rate of deforestation 
and the soybean acreage (mostly GMHT) nearly doubled from 1995 to 2004 (Trigo and Cap, 
2003, Benbrook, 2005, Joensen et al., 2005). In Argentina, the increase in surface area 
dedicated to GM soybean cultivation has been at the expense of other crops and caused 
marginalisation of cattle and dairy farming.  
 
In Europe intensification of agricultural production was driven by increased food and feed 
demands after World War II when the human population started to increase again. The 
additional rise of production costs led to significant changes in mechanisation to replace 
labour and changes to the scale of farming units and fields resulting in changes to landscape 
structure. These changes were often initiated and supported by political programs for 
supporting agricultural practices (e.g. hedgerow removal, merging of farms and fields) in 
certain regions. Gardiner et al. (2010) considered that the production of biofuel feedstocks in 
agricultural landscapes (including the use of GM and non-GM crops) will result in land use 
changes that may have major implications for arthropod-mediated ecosystem services such 
as pollination and pest suppression. However, the intensity of landscape changes differs 
from region to region depending on socio-economic and political factors.  
 
Coexistence measures combined with cultivation of GM crops in Europe may alter farming 
systems and scales and consequently have impacts on future landscape structure. Farmers 
who are willing to cultivate GM crops have to fulfill requirements for isolation distances. 
Fulfillment of these prerequisites may lead to further enlargement or aggregation of cropping 
fields in order to minimize isolation conflicts to neighbours. This might alter agricultural 
landscapes by changing field sizes and non cultivated areas such as farm woodlands, 
hedges, ditches or field margins. These landscape structures are important habitats for 
maintaining biodiversity in agricultural landscapes (Hendrickx et al., 2007). The connectivity 
and consequently any potential biological exchange will be negatively affected if these 
habitats decrease in size and numbers. 
 
According to Collier and Mullins (2011), management impacts can create difficulties when 
making policy, regulation and licensing decisions in those countries where agriculture has a 
significant social and ecological position in the landscape. The authors proposed four key 
biodiversity stressors (Chemicals, Introgression, Nutrients and Management: CINMa) to 
gauge the potential impacts of the management of a selection of GM crops on an agricultural 
landscape. An index was developed and applied to five selected GM crops in a case study 
area: CINMa identified areas in the wider landscape where biodiversity is likely to be 
negatively or positively impacted, as well as agricultural zones which may benefit from the 
land use change associated with the management of GM crops and their associated post 
market environmental monitoring. However, so far there is no experience reported in the 
literature on the applicability of this index. 
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No clear impacts on landscapes have been identified in the GM crop production areas of 
Europe but some changes due to varying national coexistence measures are anticpated with 
some possible future GM crops.  
 
Conclusions regarding changes in landscape structure: 
 

• GM plant management may cause indirect changes in landscape structure e.g. due to 
changes in cropping systems and coexistence measures (e.g. larger fields, larger 
distances between specific crops, changing from livestock to crop production), 
resulting in loss of habitat connectivity and reduced local biodiversity.  
 

• Appropiate management at the landscape scale combined with post market 
environmental monitoring should be applied in order to protect biodiversity across 
landscapes.
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5. Risk Evaluation, Mitigation Measures and Environmental 
Monitoring  

5.1 Risk Evaluation 

In the EU, the EFSA GMO Panel routinely evaluates existing research and knowledge on 
biological issues on GM plants of relevance for the European environments.  
 
In addition EU Directive 2001/18/EC (EC 2001) provides the possibility for EU Member 
States to invoke safeguards on specific GMOs in cases where they consider that new or 
additional scientific information is likely to affect the risk assessment conclusions on an 
authorised GMO. Article 34 of Regulation (EC) No 1829/2003, entitled ‘Emergency 
measures’, provides that “where it is evident that products authorised by or in accordance 
with this Regulation are likely to constitute a serious risk to human health, animal health or 
the environment … measures shall be taken under the procedures provided for in Articles 53 
and 54 of Regulation (EC) No 178/2002”. Article 53 of Regulation (EC) No 178/2002 provides 
that “where it is evident that food or feed originating in the Community or imported from a 
third country is likely to constitute a serious risk to human health, animal health or the 
environment, and that such risk cannot be contained satisfactorily by means of measures 
taken by the Member State(s) concerned, the Commission, acting … on its own initiative or 
at the request of a Member State, shall immediately adopt one or more of the following 
measures, depending on the gravity of the situation (…)”. On 8 September 2011, the EU 
Court of Justice ruled that “with a view to the adoption of emergency measures, Article 34 of 
Regulation No 1829/2003 requires Member States to establish, in addition to urgency, the 
existence of a situation which is likely to constitute a clear and serious risk to human health, 
animal health or the environment”. Furthermore, such measures can be envisaged only if 
they are supported by a comprehensive risk assessment indicating that such emergency 
measures are justified.  
 
Such provisions have been invoked by France, Hungary, Greece, and Austria to provisionally 
prohibit the marketing of several GM plants (e.g. maize MON810, Amflora potato, oilseed 
rape GT73) for their intended uses in these Member State territories. In the case of MON810 
the EFSA GMO Panel examined the set of supporting documents submitted by France, 
Hungary, Greece, and Austria. In this respect, the GMO Panel assessed whether the 
submitted documents contain any new scientific information that would change the outcome 
of previously performed risk assessments, and if detailed grounds exist to consider that the 
authorised maize MON810, for its intended uses, constitutes a risk to human and animal 
health or the environment. The GMO Panel looked for evidence for GMO-specific risks taking 
into consideration the EFSA Guidance Document for the risk assessment of genetically 
modified plants and derived food and feed (EFSA, 2006) as well as any related risk 
assessments carried out in the past. In addition, the GMO Panel considered the relevance of 
concerns raised in the light of the most recent scientific data and relevant peer-reviewed 
publications. After careful evaluation of the submitted documents by these four EU Members, 
the EFSA GMO Panel concluded that no specific scientific evidence, in terms of risk to 
human and animal health and the environment, was provided that would justify the invocation 
of a safeguard clause (EFSA, 2008d,e,f). 
 
The EFSA GMO Panel assessed maize MON810 within a general review of Bt maize and 
this document provides an extensive overview on the biosafety knowledge on Bt maize with 
more than 280 literature references (EFSA, 2009a). At the same time the EFSA GMO Panel 
and the Spanish competent authority have evaluated the renewal application of maize 
MON810 and this opinion will also contain an extensive review of current information on this 
maize event and closely related ones.  
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On 20 February 2012, France notified to the European Commission its scientific ar-
gumentation in support of the prohibition of maize MON810 cultivation in the EU, according 
to Article 34 of Regulation (EC) 1829/2003. The European Commission asked the EFSA 
GMO Panel to assess if new scientific evidence, that would indicate an environmental 
concern, was provided by France to support an emergency measure on maize MON810. 
France endorsed its emergency measure on maize MON810 through a decree9 of 16 March 
2012 suspending the cultivation of maize MON810 varieties. 
 
On 16 April 2012, the European Commission requested the European Food Safety 
Authority’s Panel on Genetically Modified Organisms (EFSA GMO Panel) to assess the 
supporting documentation submitted by France. In its opinion published 21 May 2012, the 
EFSA GMO Panel (EFSA, 2012c) considered the relevance of concerns raised by France in 
the light of the most recent and relevant scientific data published in the scientific literature. In 
the documentation provided by France in support of the current emergency measure on 
maize MON810, the EFSA GMO Panel could not identify any new science-based evidence 
indicating that maize MON810 cultivation in the EU poses a significant and imminent risk to 
the human and animal health or the environment. The EFSA GMO Panel came to the 
conclusion is that there is no specific scientific evidence, in terms of risk to human and 
animal health or the environment, that would support the notification of an emergency 
measure under Article 34 of Regulation (EC) No 1829/2003 by France and that would 
invalidate EFSA’s previous risk assessments of maize MON810 (EFSA, 2012c). 
 
EFSA (2011a,b) also produced updated opinions on MON810, Bt11 and 1507 maize impacts 
on non-target lepidoptera and confirmed that low levels of risk can occur when extremely 
sensitive species are exposed to large scale intensive cultivation of these maizes. EFSA 
advised that, under such circumstances, measures may need to be taken to reduce 
exposure levels and hence reduce mortality (see also Section 4.5.1). 
 
In addition the EFSA GMO Panel has produced overall risk assessment opinions on the 
following GMPs intended for cultivation in the EU: 
 

• glyphosate tolerant maize NK603 and maize GA21 which contain e.g. extensive 
reviews of information on GM HT crops (EFSA, 2009b, 2011e).  
 

• glyphosate and insect resistant maize MON88017, which contains e.g. an extensive 
review of information of corn rootworm (Diabrotica virgifera) insect resistance 
management (EFSA, 2011d) 

 
Conclusions regarding risk evaluation: 
 

• Extensive reviews and reports on risk evaluation confirm that new scientific 
information indicates that the GM plants which have received a positive opinion by 
EFSA can be regarded as safe as conventional crops for the human and animal 
health and the environment.  
 

• These reviews also indicate the potential risks associated with the cultivation of HT 
crops and quantify the low potential risk of cry1Ab and cry 1F producing maize to very 
sensitive non-target Lepidoptera.  

 

                                                
 
9 http://legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000025525099&categorieLien=id 
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5.2  Risk Management Including Post Market Environmental Monitoring 
(PMEM) 

The risk assessment can identify risks that require management and propose risk mitigation 
measures to reduce the levels of risk. In the EU the EFSA GMO Panel provided in their 
guidelines on the environmental risk assessment of GM plants (EFSA, 2010a) – in line with 
Annex II of the Directive 2001/18/EC – what scientific requirements should be considered 
when establishing risk management measures. Risk mitigation should be proportionate to the 
results of the different risk scenarios studied, the specific protection goals in the receiving 
environments, and to the levels of scientific uncertainty and risk identified in the 
environmental risk assessment (EFSA, 2011e)  
 
Directive 2001/18/EC introduces an obligation for applicants to implement monitoring plans, 
in order to trace and identify any direct or indirect, immediate, delayed or unanticipated 
effects on human health or the environment of GMOs as or in products after they have been 
placed on the market. Monitoring plans should be designed according to Annex VII of the 
Directive. The objectives of a post-market environmental monitoring plan according to Annex 
VII of Directive 2001/18/EC are (1) to confirm that any assumption regarding the occurrence 
and impact of potential adverse effects of the GMO, or its use, in the environmental risk 
assessment are correct (Case-specific Monitoring); and (2) to identify the occurrence of 
adverse effects of the GMO, or its use, on human health or the environment that were not 
anticipated in the environmental risk assessment (General Surveillance). First experiences 
with monitoring plans provided by applicants in the EU are reviewed by Bartsch et al. (2006, 
2007) and Delos et al. (2007). First experience on the national coordination of GMO 
monitoring in Germany was published by Gathmann and Bartsch (2006). Allthough it is 
recommended to agree on common strategies for the data coordination and harmonisation 
(e.g. Reuter et al., 2011a), there is currently no consensus among competent authorities on 
important issues e.g. on the baseline against which effects of GMHT cropping must be 
compared when discussing potential effects on farmland biodiversity (Sanvido et al., 2011b). 
Another major problem for GS is according to De Jong (2010) that controls are missing with 
some proposed monitoring methods. Standardization is helpful (see e.g. Seitz et al., 2010) if 
the methodologies fulfil the necessity and requirements of PMEM according to EFSA 
(2011e). 
 
The EFSA PMEM guidance (EFSA, 2011e) made use of the experience gained from its 
assessment of applications on GMPs for cultivation and considered different sources of 
information such as the PMEM reports on cultivated GMPs, relevant scientific literature and 
stakeholders comments. EFSA’s PMEM guidance (2011e) aims to clarify the objectives, 
tasks, tools and requirements for PMEM. Firstly, the document explains the scientific 
rationale for PMEM, including the concept of developing management and monitoring 
strategies based on the overall conclusions and assumptions of the Environmental Risk 
Assessment. Secondly, it provides examples and guidance to applicants on how to develop 
and implement their plans for Case-Specific Monitoring (CSM), taking into account the case-
by-case character of CSM. In addition, it provides guidance to applicants on the strategy, 
methodology and reporting of General Surveillance (GS). Different tools and approaches to 
implement a plan for GS are considered. EFSA proposes a holistic and integrative approach 
for monitoring GMPs in the EU that considers GS within a framework of general 
environmental protection monitoring. Finally, EFSA makes proposals to risk managers for the 
future conduct of PMEM in the EU and suggests that access to PMEM data could be 
facilitated by setting-up standardised and centralised reporting centres. In this respect, Smit 
et al. (2011) described a number of recommendations for the development of a General 
Surveillance system of the soil ecosystem specifically focussed on the situation in the 
Netherlands. They concluded that for reasons of cost effectiveness, a GS system of the soil 
ecosystem will have to make use of existing networks. 
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5.2.1 Mitigating and Monitoring the Effects of Bt Crops on TOs and NTOs 

In the risk assessments of Bt maize and associated EFSA opinions (2005a,b, 2009a, 
2011a,b,c,d) it was concluded that resistance to the Bt proteins is likely to evolve in exposed 
populations of lepidopteran target pest species, particularly those subjected to the highest 
selection pressures, such as in areas of continuous or very extensive Bt maize cultivation or 
in rotation with other crops expressing a comparable Bt protein (if any). While this is not 
considered a direct environmental harm, the consequences of resistance evolution may 
require altered pest control practices with higher environmental load. Considering that 
lepidopteran target pests may evolve resistance to Bt-expressing maize under conditions of 
continuous exposure, the applicants usually propose to put in place risk management 
measures to delay the possible evolution of resistance. Appropriate IRM strategies (i.e., ‘high 
dose/refuge’ strategy) should be employed, in order to delay the potential evolution of 
resistance to the Bt protein in target pests. 
 
Risk assessments have identified that some extremely sensitive Lepidoptera may be at risk if 
their larvae are exposed to pollen from certain Cry1 expressing Bt maize. Risks were 
specifically identified in areas where there are likely to be high levels of exposure through 
extensive cultivation of Bt maize and where the highly sensitive larvae are feeding on plants 
when pollen is deposited.  
 
In several opinions EFSA has indicated that monitoring of these Lepidoptera would be 
problematic due to their generally low level of abundance and the distribution of their host 
plants and hence larval populations. EFSA therefore suggested that host plant presence in 
and near Bt maize as well as in the landscape should also be assessed in order to determine 
exposure levels of host plants and therefore the potential exposure of Lepidoptera 
populations.  
 
Monitoring should be appropriate to the level of identified risk. For example, an analysis of an 
existing dataset on butterfly communities in Switzerland (Aviron et al., 2008, 2009) have 
shown that case-specific monitoring would at best detect large effects in ubiquitous butterfly 
populations. These authors and Lang (2004) also indicated that monitoring butterfly 
populations, particularly of infrequent species, is unlikely to achieve the level of sensitivity 
commensurate with the effects that are anticipated by the EFSA GMO Panel in case of 
MON810, Bt11 and 1507 maize, unless thousands of samples are taken (EFSA, 2009a). 
Case-specific monitoring of most lepidotera species would not detect minor shifts in non-
target Lepidoptera and therefore needs to be complimented with other studies of the species 
present in an area and the distribution and frequency of their host plants.  
 
In the case of maize 1507 the EFSA GMO Panel recommended carrying out further field 
studies on non-target Lepidoptera (see EFSA, 2011c) and considered that the purpose of 
these studies should be: 
 

• to estimate whether non-target Lepidoptera larvae, with high sensitivity to the Cry1F 
protein, are in reality feeding on plants in and adjacent to maize fields at the time of 
pollen deposition, and if so: 
 
• to estimate the proportions of these populations likely to be affected; 

 
• to determine the overall effect on maintaining a favourable status of these 

populations. 
 
The EFSA GMO Panel considered that monitoring and additional studies are only required in 
situations where there is a potential risk to populations of sensitive non-target Lepidoptera 
due to high adoption of Bt maize (e.g. in case of maize 1507 an adoption rate of >20%). 
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The objective of general surveillance is to identify unforeseen adverse effects of the GM 
plant or its use on human health and the environment that were not predicted in the risk 
assessment. The general surveillance proposed by applicants in the EU is based on four 
pillars: (1) the use of annual farm questionnaires to feed a general surveillance database; (2) 
the review of scientific information provided by existing observation networks; (3) the 
implementation of company stewardship programs; and (4) the follow-up of various 
information sources such as official websites, scientific publications and expert reports on 
GMOs to identify potential adverse effects associated with the intended uses of GM crops 
like maize MON810 (EFSA, 2009a). General surveillance for the environmental effects of Bt 
crops cultivation should be in line with the general recommendations of EFSA’s guidance on 
post-market environmental monitoring (EFSA, 2006b, 2011e).  
 
Wilhelm et al. (2010) reviewed PMEM programs of GM Bt maize in view of existing 
experiences from cultivation, current monitoring activities initiated by Member States and 
applicants, proposed monitoring strategies and methods as well as potential environmental 
impacts of cultivation. They concluded that future challenges will arise from large-scale and 
cumulative cultivation of various GMP events. This will demand optimized organization 
structures for data collation and integration to support further decision-making and 
management. 
 
Conclusions regarding monitoring of GM Bt crops: 
 

• Monitoring of resistance evolution in TOs is a general requirement for all Bt crops so 
far considered by EFSA. This should be associated with appropriate and affective 
resistance management strategies.  
 

• Monitoring should be practical and feasible in relation to the NTO species potentially 
at risk from GM Bt crops and appropriate to the level of identified risk. 

 
• General surveillance for the unanticipated environmental effects of GM Bt crop 

cultivation should be in line with the general recommendations of EFSA. 
 
 

5.2.2 Monitoring the Effects of Other GMP  

Potential adverse environmental effects of the cultivation of GM HT crops are associated with 
the use of the complementary herbicide regimes (see chapter 4.7.1, and EFSA, 2011e, 
2011f). These potential adverse environmental effects comprise (1) a reduction in farmland 
biodiversity, (2) changes in botanical diversity due to weed shifts, with the selection of weed 
communities mostly composed of tolerant species, and (3) the selection of glyphosate 
resistant weeds. The potential harmful effects could occur at the level of arable weeds, 
farmland biodiversity, food webs and the ecological functions they provide. The magnitude of 
these potential adverse environmental effects will depend upon a series of factors, including 
the specific herbicide and cultivation management applied at the farm level, the crop rotation 
and the characteristics of receiving environments. Risk mitigation should be proportionate to 
the results of the different risk scenarios studied, the specific protection goals, the receiving 
environments, and to the levels of scientific uncertainty and risk identified in the 
environmental risk assessment (see EFSA, 2011e). In considering the form that case-
specific monitoring should take, the EFSA GMO Panel reiterated the considerable challenges 
it identified previously (EFSA, 2009c, 2011e) to the drawing of meaningful conclusions on the 
environmental consequences of the use of herbicides from large-scale multi-site 
experiments, such as the FSEs, which seek to compare HT with conventional herbicide 
management (Squire et al., 2003, 2009). On the grounds of scientific practicability (e.g. Perry 
et al., 2003) and of cost (e.g. Qi et al., 2008), and the fact that certain herbicides like 
glyphosate are already extensively used in a wide range of crops, such studies are 
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considered disproportionate to the identified risks. In order to assess the efficacy of risk 
mitigation measures put in place to reduce levels of risk and inorder to reduce the remaining 
scientific uncertainty, the EFSA GMO Panel recommended recently case-specific monitoring 
to address (1) changes in botanical diversity within fields due to novel herbicide regimes, and 
(2) resistance evolution to glyphosate in weeds due to novel herbicide regimes (EFSA, 
2011f). 
 
Beckie et al. (2010) outlined a framework and protocol for case-specific environmental 
monitoring of drought-tolerant plants such as canola (Brassica napus L.) as a model for GMP 
with 2nd generation traits. They proposed that the primary potential environmental risk 
associated with cultivation of drought-tolerant canola is increased invasiveness of volunteers 
or feral plants (self-perpetuating populations) and weedy relative-crop hybrids or 
backcrossed progeny in ruderal (noncropped disturbed) and natural areas adjacent to GMP 
cultivation, resulting in loss of abundance or biodiversity of native plant species. Beckie et al. 
(2010) stated that accurately predicting invasiveness a priori is problematic, especially for 
traits that may enhance plant fitness and invasiveness. For them, PMEM can effectively 
address the greater uncertainties in the environmental risk assessment of these second-
generation vs. first-generation GMPs. 
 
Conclusions regarding monitoring of other GM crops: 
 

• Monitoring should be practical and feasible in relation to the ecosystem components 
potentially at risk from these GM crops and appropriate to the levels of identified risk. 
 

• General surveillance for the unanticipated environmental effects of the GM crop 
cultivation should be in line with the general recommendations of EFSA.  
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6. Coexistence Analysis  
 
The EU research project SIGMEA studied coexistence of GM and non-GM crops in Europe 
and this project included several partners from Switzerland and incorporated many of the 
coexistence studies conducted in Switzerland in its analysis (Messean et al., 2009).  
 
SIGMEA analysed available information on gene flow in maize, oilseed rape, beet, wheat 
and rice and established landscape models (Castellazi et al, 2010) and decision support 
systems to enable coexistence measures, such as crop separation, to be established at field 
and landscape level. In addition the project studied the economic impacts of proposed 
coexistence measures (see review by Carpenter, 2010) and legal and liability issues 
associated with coexistence and the cultivation of GM crops. The studies showed that 
coexistence was feasible in most situations but would become more problematic with large 
scale adoption of open pollinating GM crops such as maize (Le Bail et al., 2010, Ruhl et al., 
2011) and oilseed rape (Lecomte et al., 2007), especially in areas where fields were small 
and farms very fragmented.  
 
Many of the studies conducted in SIGMEA were reported in the Third International 
Conference on Coexistence in Seville in 2007 (GMCC07) published by the European 
Commission (ISBN 978-92-79-07298-7) and available at http://ipts.jrc.ec.europa.eu. 
 
SIGMEA has recently produced a summary report of its main findings and this is attached as 
Annex. One of the main conclusions of SIGMEA is that coexistence measures should be 
adopted on a case by case basis taking into account the nature of the crop, the relative areas 
of GM and non-GM crops, the juxtaposition of other crops, fields and farms, landscape and 
climatic features. Establishing standard isolation measures for each crop would require 
setting isolation distances that would achieve the desired thresholds under most 
circumstances. In many cases this would result in disproportionate measures being adopted 
with associated costs and management issues. More information on SIGMEA is available at 
www.inra.fr/sigmea. The EU research project Co-Extra has also studied coexistence and 
traceability from farm to fork, (e.g. right through production, processing and supply chains). 
This project adds information on stacked genes on agricultural coexistence (Paul et al, 
2011), and provides considerable insight into methods for restricting gene flow including 
cleistogamy in oilseed rape, cytoplasmic male sterility (Weider et al., 2009), refugia and 
transplastomics.  
 
Of particular interest was the study on the use of cytoplasmic male sterility and xenia in 
maize for the biological containment of transgenes while maintaining high levels of crop 
productivity. This study was conducted partly within NFP59 and also within Coextra and 
SIGMEA. It was lead by Peter Stamp’s group at ETH and demonstrated that the Plus hybrid 
system, i.e. growing suitable mixtures of GM cytoplasmic male-sterile plants (80%) and 
unrelated non-GM male fertile plants (20%), the latter acting as pollen donors, is an 
interesting way for controlling the release of pollen from genetically modified maize (Weider 
et al., 2009). The Plus-hybrid system relies on the fact that the female fertility of CMS plants 
is not affected and seeds can be set if vital pollen is provided. Field trials were conducted in 
several European countries over a 3 year period.  
 
Coextra also studied economic and logistical aspects of supply chain management and 
provided considerable information on sampling techniques (Sustar-Vozlic et al., 2011) and 
new diagnostic techniques (Gašparič, et al., 2010; Papazova et al., 2010, Bahrdt et al., 
2010), including those for unknown GM admixtures (Ruttink et al, 2011) and stacked genes 
(Paul et al, 2011). Information is available at www.coextra.eu.  
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Swiss researchers from AGRO Reckenholtz (Sanvido et al., 2008b) have reviewed existing 
cross-fertilization studies in maize, established relevant criteria for the evaluation of these 
studies and applied these criteria to define science-based isolation distances. To keep GM-
inputs in the final product well below the 0.9% threshold defined by the EU, isolation 
distances of 20 m for silage and 50 m for grain maize, respectively, are proposed based on 
data from several studies as recently reviewed by Riesgo et al. (2010). An evaluation using 
statistical data on maize acreage and an aerial photographs assessment of a typical 
agricultural landscape by means of Geographic Information Systems (GIS) showed that 
spatial resources would allow applying the defined isolation distances for the cultivation of 
GM maize in the majority of the cases under actual Swiss agricultural conditions. A different 
view is expressed by researchers from FIBL Frick (Oehen et al., 2007, Oehen and Stolze, 
2009) who investigated the coexistence costs of GM and Non-GM grain maize for the GM 
maize and the Non-GM maize producer based on isolation distances of 100 m. From their 
simulation results the authors concluded that the benefits of GM maize production can only 
cover the potential coexistence and management costs in cases of i) small isolation zone 
distances and ii) high GM maize adoption rates of 90%. 
 
Gene flow and coexistence studies have also been conducted in N and S America, Australia 
and some other countries (Stein and Rodrígez-Cerezo, 2010; Kaphengst et al., 2010). 
Results are largely similar to those in Europe but other crops have also been studied in some 
of these countries including grasses, alfalfa (lucern), and sunflower. These results have been 
recently summarised in a conference held in Washington in September 2011 (see Annex). 
The Coexistence Bureau for the European Union has published a best practice document for 
the coexistence of maize (Rodrígez-Cerezo and Czarnak-Kłos 2010) and other docucuments 
will follow.  
 
Conclusions regarding coexistence and segregation: 
 

• The studies showed that coexistence is feasible in most situations, but depends on 
isolation measures and segregation costs.  
 

• Coexistence would become more problematic with large scale adoption of open 
pollinating GM crops such as maize and oilseed rape, especially in areas where fields 
were small and farms very fragmented. 

 
• Coexistence is more problematic in areas that include both organic and GM open 

pollinating crops as organic growers are often required to have “zero” admixture with 
GM crops in their produce (Stokstad, 2011), even though there is no legal basis for a 
lower threshold in most European countries. 

 
• Segregation of processing and supply chains would require the introduction of new 

measures in many systems and also involve additional costs.  
 

• Cultivation of GM maize in Europe has not raised major problems for coexistence as 
much of the maize is fed to livestock and so there is no necessity for segregation pre 
and post harvest in most countries. Arrangements with organic growers have 
included manipulation of sowing dates and isolation in order to avoid pollination of 
organic crops.  

 
• Cultivation of GM potatoes for starch is being done in a closed system which involves 

complete separation of the cultivation, harvest and processing from other potatoes. 
Some processed materials are used in biogas production and some will be fed to 
livestock in future but no segregation problems are predicted.   
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7. General Conclusions for ERA and Coexistence  
 
In more than 20 years of experimental field releases and more than 10 years of commercial 
cultivation, adverse effects reported in the scientific literature concern (i) adverse effects on 
non-target organisms (ii) the development of resistance in Bt crop target organisms and (iii) 
reduced biodiversity and increased weed tolerance caused by complementary herbicides 
used in HT crops. No other adverse environmental effects of approved crops have been 
reported in the scientific literature though there have been several unsubstantiated reports of 
adverse effects (e.g. adverse effects on animal or human health). Impacts on non-target 
organisms have been shown in (some) laboratory studies but field studies indicate that 
effects on populations are within the normal range found in agricultural systems. An 
important lesson is that negative effects observed in the laboratory do not necessarily predict 
impacts in the field, where many other factors can affect impacts on non target species 
(including climate, food availability and predation). Resistance development in plant pests 
targeted by GM crops expressing protective Bt proteins, tolerance in weeds and reduced 
biodiversity caused by complementary herbicides used on HT crops, are effects which were 
already anticipated from the risk assessment studies and the scientific literature.  
 
However, other potential effects are discussed in the relevant chapters above and in the 
scientific literature.  
 
Gene flow regarding GM traits from GM crop plants to wild relatives should be considered in 
cases of GM plants that have ancestors in the natural European flora, e.g. for crops related 
to vegetable, tree fruit and herbage species which have sexually compatible relatives. 
Although gene flow as such is not an adverse environmental effect, the long-term 
consequences for species fitness, conservation and biodiversity might be relevant. 
 
Coexistence between different types of crops is an important agro-economic issue which has 
to be addressed once GM crops are approved. Risk management and coexistence measures 
should be considered together. Thus non-GM buffer zones around Bt crops to restrict cross 
pollination can also be used as refugia in pest resistance management.  
 
The art of Environmental Risk Assessment is constantly evolving and incorporating new 
scientific information and experiences. In addition the information being asked of risk 
assessors is becoming more complex and demanding. Long term, cumulative effects are 
difficult to determine against a background of flux in biota, ecosytems, agriculture, 
environments and global climate change. The introduction of complex GM plants containing 
a number of events will increase the data requirements for risk assessment and increase the 
complexity of the analyses and assessments.  
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8. Summary of Practical Consequences for Switzerland  
 
This report shows that there are potentially several GM crops of interest to Switzerland 
currently or shortly to be available. It also shows that the identified environmental risks 
associated with GM crops lie within the range of risks currently found in conventional crop 
production. For example the environmental and agronomic impacts of cultivating Bt and HT 
crops are similar to those associated with the crop protection measures currently applied to 
conventional crops. However it is recognised that, as well as the range of scientific, 
environmental and agronomic factors affecting their introduction, there will also be a range of 
socio-economic factors to consider. Switzerland will need to decide what its future strategy is 
for developing sustainable agriculture and protecting agricultural environments. This strategy 
will determine the environmental goals that are required and influence the role that GM crops 
can play in achieving these goals.  
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Annex Co-Existence Report SIGMEA 
 
Sustainable Introduction of GM Crops Into European Agriculture:  
a Summary Report of the FP6 SIGMEA Research Project 
 
Antoine Messéan, Geoff Squire, Joe Perry, Frédérique Angevin, Manuel Gomez, Peter 
Townend, Christophe Sausse, Broder Breckling, Stephen Langrell, Saso Dzeroski and 
Jeremy Sweet 
 
Keywords: GMOs, gene flow, coexistence, modelling, decision-making, ecological impacts. 
 
Introduction 
Genetically-modified (GM) plants are now widely cultivated in North and South America, and 
to a lesser extent in Asia. In Europe, only a few tens of thousands of hectares of Bt maize 
are being grown, mostly in Spain. The regulatory provisions of Directive 2001/18 reinforced 
the prior evaluation of GM crops, set up rules concerning traceability and labeling and 
imposed post-market monitoring. Furthermore, the European Commission laid down 
guidelines defining the context for the coexistence of different types of agriculture: “to ensure 
that each farmer can make a practical choice between conventional, organic and genetically 
modified (GM) crop production”. 
 
In order to determine what is needed for the sustainable introduction of GM crops in Europe, 
the cross-disciplinary SIGMEA Research Project was set up to create a science-based 
framework to inform decision-makers. SIGMEA has (i) collated and analysed European data 
on gene flow and the environmental impacts of the major crop species which are likely to be 
transgenic in the future (maize, rapeseed, sugar beet, rice, and wheat), (ii) designed 
predictive models of gene flow at the landscape level, (iii) analysed the technical feasibility 
and economic impacts of coexistence in the principal farming regions of Europe, (iv) 
developed novel GMO detection methods, (v) addressed legal issues related to coexistence, 
and (vi) proposed public and farm scale decision-making tools, as well as guidelines 
regarding management and governance.  
 
SIGMEA brought together the principal teams and thereby the principal programmes, 
studying gene flow in a large number of countries across Europe, representing a wide range 
of agricultural systems including organic cropping. Seven regional case studies were carried 
out for designing and assessing scenarios for coexistence.  
 
The largest collection in Europe of data on gene flow and persistence has been 
organized.  
 
SIGMEA collated and synthesized experimental data on gene flow and filled gaps in 
knowledge by designing and conducting further evaluations, particularly at the landscape-
scale or over several years of cropping sequence. Maize and oilseed rape were the major 
crops targeted for this study – other crops under consideration were sugar beet, rice and 
wheat. Available information from past and current field studies on cross pollination, 
volunteers, ferals and wild relatives were gathered from 22 SIGMEA partners through a 
rigorous procedure which ensured quality control through electronic submission of data sets 
using a standard template or “data-entry” format, thorough checking and retrieval of any 
missing information, internal review of each data set, and a formal mechanism for completing 
and “signing off” data sets. The data were made available to other users within SIGMEA 
through a secure web server. 
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The synergies within the project led new research studies, using harmonised protocols, on 
moderate- to long-distance gene flow, plant demography and characterising volunteer, feral 
and wild populations. These new studies led to further SIGMEA datasets in 2006/07. By the 
end of the SIGMEA project, the database had over 100 data sets (Fig. A), constituting more 
than 150 “experiment-years”. Around two thirds of the data are for oilseed rape or close 
relatives. Information for beet and maize comprised just less than one sixth each. A few data 
sets were submitted on wheat and rice. Data on crops and volunteers constitute around 35% 
each, wild relatives 16% and ferals 6%. However, data on ecological impacts – as distinct 
from gene flow by seed and pollen – form a small part of the total (as expected in the original 
proposal); formal submissions in this topic involve Bt maize in Spain and herbicide tolerant 
oilseed rape.  
 
Due to the very high replication achieved by combining data from different sites, the crop-
specific conclusions in SIGMEA on cross pollination and seed persistence in maize and 
oilseed rape are mostly of very high statistical significance and make it possible to draw 
general conclusions about given topics. Most of the data sets provide information on scale, 
climate, geography, biology, as well as spatial and temporal factors associated with pollen 
flow, cross pollination and seed dynamics, in more detail than appears in refereed 
publications. The datasets have been extensively used to provide added value through meta-
analysis, data mining and the development and verification of gene flow models designed 
within SIGMEA. Since much of the research is still not in the public domain, the datasets are 
presently accessible only within SIGMEA to partners who submitted data, and to others with 
designated access. 
 
In summary, the database, together with information already published, provided a sound 
basis to enable SIGMEA to reach a set of conclusions with respect to each of maize, oilseed 
rape and beet as summarised below. Additionally, the database allowed an assessment of 
three questions about transferability of information: the consistency of measurements at 
different spatial (or temporal) scales; the differences between agricultural regions in Europe 
with different climates and soils; and. the behaviour of different crop species. 
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Figure A. Locations of main experimental studies available in the SIGMEA database on maize (red), 
oilseed rape (yellow) and beet (blue). Some locations involved several experiments. 
 
 
Enhanced understanding of gene flow informs practical strategies for coexistence in 
maize, oilseed rape and sugar beet.  
 
Similar biological mechanisms govern the life histories of all crop plants. They produce 
structures that survive over time and disperse over space and by these means have the 
potential to transfer genes from one crop to another. Seed-borne genetic impurities can arise 
by several routes: from plants already present in the field as volunteers (weeds of the same 
species as the crop) and wild relatives; by seed brought to the field in the sown seed or on 
farm machinery; and by seed dispersed from feral plants or wild relatives growing around the 
the field. Volunteers or wild relatives growing in the same field can contribute their own seed 
to the harvest. Pollen-borne genetic impurities can arrive from another crop and from 
volunteers, ferals and wild relatives. The seed-borne genetic impurities can arise at any time 
of the year and from crops grown in the past, while pollen transmission occurs during the 
relatively short period that both receptor and donor plants are in flower.  
 
Maize  
Experiments relevant to coexistence of maize in Europe were almost exclusively on cross 
pollination between crops, since admixture through seeds and pollen from volunteers was 
thought to be low and relevant only in warmer regions. Maize has no wild relatives and few 
feral plants are found in Europe. However maize landraces are maintained in some regions, 
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so special consideration was given to the cumulative outcrossing which may occur between 
modern varieties and landraces.  
 
Cross pollination has been examined in great detail in several European countries, either 
using GM crops as a donor or using markers such as yellow and white grain colour. The 
database allows comparisons across scales, from small plots to full sized commercial fields, 
and in several contrasting climates in Germany, Spain, Switzerland and the UK. The studies 
are consistent and indicate a steep decline in cross pollination over three orders of 
magnitude (a 1000-fold) with distances to 100 m from the source of pollen, and an effect on 
percentage pollination of wind direction and related meterological factors. Cross pollination 
declined with distance in a similar manner in both experimental plots and full-sized fields. At 
100 m from the donor, cross pollination was below 0.1% in most circumstances. Where 
donor and receptor fields were well dispersed in a landscape, and at a generally low overall 
density, the average cross pollination was typically 0.01% between 100 m and several 
kilometers. Where donor and receptor fields were grown close together in similar proportions 
(as in Spain, a region where commercial crops are grown without coexistence measures), 
cross pollination rates above 0.9% were sometimes found in situations where non-GM fields 
were completely surrounded by GM fields and both types flowered at the same time.  
 
In summary, the potential to introduce adventitious presence of GM material in non-GM 
maize production is: 
 

• moderate for cross pollination between fields, and can be managed through 
separation, discards or buffers where crops are in close proximity; 
 

• low through volunteers, and then mainly in southern Europe;  
 

• low for introgression to landraces from modern crop varieties;  
 

• zero through wild relatives as none exist in Europe. 
 
Over most of Europe, therefore, the biology, environment and agronomy of maize have been 
well characterised, so that coexistence (meeting the official threshold) for hybrid varieties 
should be achievable by using high purity seed and management of cross pollination by 
using varieties that flower at different times, spatially separating fields, or using buffers or 
discards where fields are in close proximity. However, a zero level of adventious presence 
cannot be achieved or measured in practice. Volunteer maize still needs to be investigated 
thoroughly in climates where it occurs. 
 
Oilseed rape 
Genetic impurities in oilseed rape can arise from a wider range of sources than in maize. 
Pollen is dispersed by wind, hive bees, bumble bees and a variety of other insects. Transfer 
by seed following seed drop at harvest can be very high, as large seedbanks can form which 
survive for several years producing volunteers in subsequent crops. Also seed is transported 
on farm machinery, from which the small seeds are difficult to remove under normal 
agricultural conditions. Feral plants are widespread along waysides and margins, while wild 
relatives, notably Brassica rapa (the wild turnip), occur locally and cross pollination with 
crops, volunteers and ferals. 
 
In total, results from over 50 field-experiments on oilseed rape from the Czech Republic, 
Denmark, France, Germany, Poland and the UK were re-examined in SIGMEA. Results on 
cross-pollination differed according to experimental designs, regions, cultivars and climates, 
but a dispersal function with a ‘fat’ tail (power-law) appears to be the most appropriate 
currently available to predict pollen movement at any scale. Over distances of tens of metres, 
cross pollination showed a similar decline to that in maize, and was typically less than 0.1% 
at 100 m from the edge of the donor; but crossing between commercial fields was sometimes 
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as high as 0.1% even at distances between 100 m and 1000 m. The contribution of 
volunteers to admixture of harvested seed may range from <0.01% to more than 10% for the 
same crop variety in different management, soil and climatic conditions A range of agronomic 
practices can be deployed to limit transfer through seed banks such as delaying soil 
cultivation after harvest to allow germination and destruction of seedlings, increasing the 
interval between crops and stale-seedbed techniques. Comparison of feral oilseed rape in 
more than 20 growing seasons across 5 study areas enabled the definitive statement that, 
though widespread and sometimes persisting in the same place over several years, ferals 
are a negligible fraction of the total flowering oilseed rape in a region and contribute little to 
admixture in crops. The abundance of wild relatives differs between regions, and while their 
progeny may be fertile and as ecologically fit as the parents, they do not constitute a major 
route for transmission of traits between to crops.  
 
In summary, the potential to introduce adventitious presence of GM material in non-GM 
oilseed rape production is: 
 

• moderate for cross pollination between fields, which can be managed through spatial 
separation and use of buffers or discards where crops are in close proximity; 
 

• high through seedbanks resulting in volunteer populations that admix with and 
pollinate non-GM crops – volunteers are ubiquitous, mobile and commonly in high 
abundance and are of maximum importance to coexistence over time; 
 

• moderate through wild relatives in those localised areas of Europe where they occur 
in high abundance in the fields (e.g., B. rapa in Denmark) 
 

• low through ferals (with some local exceptions) because of their low overall density 
compared to crops and volunteers in the landscape.  
 

Problems of coexistence during the first few years of commercialisation can be reduced by 
management of cross pollination through separation and seed purity. However uncertainties 
remain over whether the cumulative movement and amplification of volunteers can be 
managed so as to achieve coexistence in of GM and non-GM oilseed rape in the longer term. 
 
Beet 
Crop varieties, in-field volunteers, ferals and wild types of beet are all sexually compatible 
variants of the species, Beta vulgaris, and together comprise the Beta complex. Crop beet 
plants are biennial, producing root bulk in the first season (after which they are usually 
harvested) and flowers in the second. By contrast most wild and weed beet forms are 
annual, producing flowers in the year they germinate. Flowers produce small wind-borne 
pollen that can disperse over large distances. The main source of genetic impurity in 
commercial crops arises from seed produced in localised areas of Italy and France in fields 
consisting of male fertile pollinators and male sterile seed mother plants. The male sterile 
mother plants can also receive pollen from volunteers, ferals and wild sea beet in the 
surrounding countryside and from other seed production fields in the area. The wild and 
weedy forms introduce annual genes into the seed crop, which give rise to annual plants that 
flower in the first year of the crop but produce little or no root and sugar yield. If allowed to 
set seed, these annual weedy beets give rise to seedbanks lasting many years, from which 
annual volunteers (bolters) will flower.  
 
Annual traits, whether GM or otherwise, have the potential to spread in commercial 
production areas, but as indicated above, annual plants rarely give rise to tubers and so 
contribute little to adventitious presence in sugar beet. Their main importance is as weed. If 
herbicide tolerant (HT) beets are grown, HT weed beets will arise and pollinate non-GM 
weed beets and in this way introduce HT genes into non-GM fields. Since this does not 
translate in adventitious presence of GM in the final crop (roots), and therefore is not a 
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coexistence issue sensu stricto, it could create weed management problems. For example, if 
the HT trait conferred tolerance to glyphosate, this same herbicide would become less 
effective for weed beet control in the non-GM beet crops.  
 
SIGMEA drew together current and recent research on the Beta complex. Compared to 
maize and oilseed rape, there is little data on the form of the decline in cross pollination with 
distance, though in the studies examined pollen was found to move over at least several 
hundred metres. The work on beet in SIGMEA concentrated on weed and wild beet. Unlike in 
the other two species examined, the wild form, sea beet, is an important genetic resource 
within the Beta complex, and is used as a source of genetic traits by plant breeders. Genetic 
assessment of plants growing along both the Baltic and Adriatic coasts, confirmed 
populations remain highly diverse and distinct from crop varieties. Nevertheless, areas were 
identified where the crop, volunteer, feral and wild beets exist in proximity and exchange 
genetic material through movement of seed and pollen. It is considered essential to preserve 
the diversity of sea beet for any long term, plant breeding strategy, and for conservation and 
study in its own right.  
 
In summary, the potential for adventitious presence of GM material in non-GM sugar beet 
production is: 
 

• low through cross pollination between sugar beet crops since the harvest is 
vegetative,  

 
• low through volunteer (weed beet) populations which arise from impurities in sown 

seed, since best management should minimise any harvest contamination with roots 
of these weed beets; 

 
• low though cross pollination from feral plants and wild beet for the reasons given for 

volunteers. 
 
The main source of adventitious presence is therefore through the seed sown to grow crops 
of sugar beet. Coexistence should still be achievable by best management of seed 
production crops, and by strategic siting and separation of seed production fields. 
Specifically, GM seed production crops need to be sufficiently separated from non-GM crops 
and from wild and weedy beet (which in time would contain GM individuals) both to keep the 
non-GM seed pure and to reduce the spread of transgenes into wild, weedy and feral 
populations. Separate areas or regions for GM and non-GM seed production may be 
required.  
 
Wheat and rice 
The knowledge-base for wheat and rice in Europe is much less than for the other crops, but 
tentative conclusions are that the potential for introducing impurities should be: 
 

• low through cross pollination between crops,  
 

• probably low in rice (to moderate in wheat) through volunteers, but their contribution 
needs to be clarified under European conditions;  

 
• low in wheat through wild relatives, and low to moderate in rice through the red rice 

weed, in those areas where it occurs, provided agricultural practices to control this 
weed are applied. 
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Further research is needed on cross pollination and the life cycle of these species and their 
wild relatives in Europe.  
 
General 
In summary, the general conclusion drawn from gene flow studies of maize, oilseed rape and 
beet is that adventitious presence due to cross pollination alone can generally be managed 
through separation distance and related measures to comply with the official EU regulation. 
However it should be recognised that zero level of adventious presence cannot be achieved 
or measured in practice.  
 
Oilseed rape (OSR) was identified by SIGMEA as having major problems in the management 
of coexistence. The problems arise principally because OSR seeds survive for several years 
in soil and give rise to volunteers that are competitive and difficult to eliminate. Thus gene 
movement and persistence in seeds and volunteers is difficult to manage agronomically. 
Coexistence issues arising from maize volunteers are manageable using good agricultural 
practice. The problems associated with weed beet are mostly related to seed production 
which therefore needs careful management on a regional scale.  
 
There remains uncertainty on the relevance to coexistence of transgenes that might confer 
differential fitness, for example by being associated with reduced pollen production or 
resistant to common herbicides. Further measurements at previous GM release sites are 
needed to assess the persistence and genetic structure of relevant populations (e.g. 
volunteers, wild relatives). State of the art modelling tools (individual based, spatially explicit, 
incorporating introgression of multiple events) have been developed to simulate the 
population dynamics around complex transgenic events, and could be adapted as aids to 
monitoring following commercialisation.  
 
A synthesis of available data on environmental impacts of Bt maize and HT oilseed 
rape within European cropping systems  
 
SIGMEA reviewed the (a) impacts of gene flow and introgression on within-and-between-
species plant diversity and (b) the wider ecological implications of growing Bt maize and HT 
oilseed rape. It linked several important ‘impact’ studies, notably those in Spain on Bt maize10 
and in the UK on HT beet, maize and oilseed rape11, and was closely associated with the EU 
ECOGEN project on Bt maize12. 
 
The approaches to studying environmental impacts in SIGMEA were based on the key 
elements described in the US Environmental Protection Agency Guidelines of 1998 and the 
European Food Safety Authority Guidance Document of 2006. The “exposure” and the 
“effect” were considered for a range of ecological indicators of the in-field soil and food web, 
including soil biophysical status, soil micro- and meso-fauna, plant species, functional groups 
and assemblages (as affected by introgression and field management, e.g. herbicide), plant-
feeding invertebrates and other invertebrate functional or trophic groups. There was little 
evidence available to SIGMEA (and little evidence generally) of wider effects on, for 
example, biogeochemical cycles and the quality of water or air. The conclusions reached by 
SIGMEA for the main crops studied are as follows: 
 

                                                
 
10 Monitoring programme of Bt maize in Spain: Farinos et al., 2008. Diversity and seasonal phenology of 
aboveground arthropods in conventional and transgenic maize crops in Central Spain. Biological Control, Volume 
44, Issue 3, March 2008, Pages 362-371. 
11 Farm Scale Evaluation: Firbank et al., 2003. An introduction to the Farm Scale evaluations of genetically 
modified herbicide-tolerant crops. Journal of Applied Ecology 40, 2-16. 
12 FP5 project ECOGEN (www.ecogen.dk/reports) – PH Krogh & B. Griffiths, 2007. ECOGEN: soil ecological and 
economic evaluation of Genetically Modified Crops. Pedobiologia 51 (2007) 171-173. 
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• Maize (Bt varieties, targeted at corn borers). There appears to be no reason on 
grounds of biosafety not to increase the scale of growing. The most consistent finding 
is that Bt maize in field trials and crop production in Europe to date had no systematic 
or reproducible effects on any of the invertebrates or soil organisms studied over a 
time period of several years. In contrast, over similar time periods, other agronomic 
factors did have large and measurable effects on the same organisms. Appropriate 
monitoring should be in place, especially for resistance development in corn borers, 
and potential effects on certain sensitive non-target biotic groups should be 
considered in greater depth.  
 

• Oilseed rape (HT varieties, tolerant to glufosinate ammonium or glyphosate). The 
ranking of HT oilseed rape against the comparator, usually the conventional crop and 
agronomy, varied with the local context. Negative effects occurred where a) the 
herbicides used in HT cropping caused a systematic depletion of the weed flora and 
dependent invertebrates resulting in reductions in biodiversity within fields, and b) the 
presence of HT volunteers limited future options for use of herbicides and the growing 
of certain crops such as beans in which volunteers are difficult to control. Positive 
effects may occur due to the herbicides used with HT cropping being less toxic to 
non-weed organisms than most other herbicides and crop protection chemicals. 
Nevertheless, the ecological effects of HT crops compared to non-HT in the same 
production system are generally smaller than those due to differences between crop 
species, season of sowing or agronomic practices. 

 
• Beet. The various types of beet – crop, weed, feral, wild – are in genetic contact 

through seed and pollen. Wild beet needs proactive conservation, since it is a 
biologically interesting plant form of restricted habitat, a source of genes for future 
beet breeding and a source of annual impurities in crop beets. HT beet cultivation 
could also deplete biodiversity within fields for the same reasons as discussed for HT 
oilseed rape.  

 
In summary, statistically significant effects of GMHT cropping on ecological processes or 
organisms have been obtained in the field, but most effects are smaller than or at most 
comparable to those due to general agronomic operations. There is an increasing consensus 
that future assessment of GM crops considers both negative and positive impacts of GM 
cropping in a more holistic way than previously. Most important, standards and criteria for 
environmentally resilient cropping systems are needed against which GM cropping and its 
non-GM comparator can be assessed. Setting such environmental standards is now an 
absolute priority.  
 
A landscape generator simulating agricultural landscapes has been designed and is 
available online. 
 
SIGMEA designed LandSFACTS, a user-friendly windows-based software to simulate crop 
allocation to fields by integrating typical crop rotations and crop spatio-temporal 
arrangements within agricultural landscapes. LandSFACTS reproduces the farmers’ 
decision-making process for crop succession and location (rotational and spatial rules). 
Rules on rotational (equivalent to temporal), spatial and spatio-temporal patterns of crops in 
agricultural landscapes were determined by analysing existing data from SIGMEA case study 
areas, by analysing the questionnaires to farmers on the decision process for growing 
specific crops on specific fields and their links to agronomical and economical rules, and by 
analysing results of discussions with farmers’ advisers. Specific modelling algorithms for 
simulating crop allocation to fields in a realistic and reliable way were created. 
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The general structure of LandSFACTS, its interfaces with Geographical Information Systems 
(GIS) and the generic gene flow platform LandFlow-Gene as well as its user interface were 
set up through a close liaison with modellers and case studies to ensure its usefulness and 
quality.  
 
The final version of LandSFACTS was released in June 2007 as open-source software under 
the GNU Public Licence and is publicly available at http://www.rothamsted.bbsrc. 
ac.uk/pie/LandSFACTS/.  
 
In summary, LandSFACTS generates an agronomic arena that can act as the input for other 
research tools, especially models, and for informing various issues related to to spatial 
agricultural processes. Indeed, agricultural models often need to operate at large spatial 
scales, such as landscapes or regions over many years. LandSFACTS facilitates the setting 
up of realistic scenarios at such scales.  
 
An operational, practical and dynamic generic gene flow modelling platform 
LandFlow-Gene is available for research purposes  
 
A generic gene flow platform has been designed and validated for research purposes. 
LandFlow-Gene allows users to evaluate the effects of landscapes, climate, cropping 
systems, agricultural practices on gene flow and adventitious presence of GM material in 
non-GM production. LandFlow-Gene is operational for maize and oilseed rape through the 
use of two previously existing models: MAPOD® (Maize) and GeneSys (Oilseed Rape). 
These models have been further validated within SIGMEA and have benefited from the 
largest available data sets collated in Europe in an improved capacity to assess and predict 
levels of gene flow between crops.  
 
Interfaces with GIS-datasets and the Landscape Generator LandSFACTS are available 
(figure B).  
 
LandFlow-Gene thus provides tools to run spatial and temporal simulations of pollen and 
seed dispersal for rapeseed and maize crops. Given an agricultural landscape, a climate, 
cropping systems and crop management practices, LandFlow-Gene predicts the adventitious 
presence of GM in non-GM fields under various scenarios of GM adoption. Figure C presents 
an output of LandFlow-Gene for maize. 
 
LandFlow-Gene was used to analyze the regional case studies of SIGMEA and to support 
the cost analysis. 
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Figure B. General Structure of LandFlow-Gene. LandFlow-Gene uses spatial information on 
landscape patterns and crop allocation as well as information on crop management, climate and 
varieties to estimate the proportion of GM material in non-GM crop production. Outputs can be 
obtained at the field level (average mean of adventitious presence) or for small units (intra-field 
adventitious presence). 
 
The following software was developed by SIGMEA:  
 

• LandFlow-Gene: complete generic platform software for rapeseed and maize. It can 
be simply adaptable to other crops (connexion with an .exe file);  
 

• LandFlow-Gene-GeneSys: generic platform for rapeseed;  
 

• LandFlow-Gene-MAPOD: generic platform for maize;  
 

• LandFlow-Gene-Viewer: viewer for LandFlow-Gene outputs;  
 

• Shpconv: converter of shapefile (file coming from GIS) into matricial or vectorial 
format.  

 
The three first software products include MAPOD® and/or GeneSys© for rapeseed. Access 
to MAPOD® and GeneSys for research applications is governed by a license agreement 
under the European agency for programme protection (http://app.legalis.net/) granted to 
INRA in 2003 and renewed in 2005 (GeneSys) and in 2006 (MAPOD® ). This helps to 
protect INRA in the case of liability issues. Members of the SIGMEA consortium have access 
to these models if they sign a licence agreement. To date, the use is restricted to research 
purposes.  
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The two last programmes were specifically produced by SIGMEA partners. Members of the 
consortium have free access but distribution outside of the SIGMEA consortium requires 
agreement from INRA to ensure traceability of uses.  
 
In summary, SIGMEA has developed a generic platform to model gene flow at the scale of 
agricultural landscapes – LandFlow-Gene. For any agricultural plot described using a 
geographical information system, this platform can test different scenarios of GM 
introduction, take account of the effects of practices and the climate, and deliver a diagnosis 
as to the gene flow. The current version is now operational for maize and rapeseed, and 
could easily be extended to include other species. In addition, the platform could be adapted 
to take account of other biological flows, such as spore dispersal. SIGMEA thus makes it 
possible to answer questions such as “what will happen, in terms of gene dispersal, if a 
particular GM organism is introduced into a particular European region?” and “how can crops 
be organised so as to maintain the fortuitous presence of GMOs in conventional crops within 
the legal thresholds?” 
 
 

  

Figure C: Outputs of LandFlow-Gene. This landscape is simulating conditions in Alsace (France) 
where 70% of the arable land is maize, 10% of maize fields are GM maize. A and B are two different 
allocations of GM maize: in B the GM fields are less scattered and the overall GM adventitious 
presence in non-GM fields is lower (0.18%) than in allocation A (0.23%). 
 
 

A B 

Jeremy Sweet, Detlef Bartsch: Synthesis and Overview Studies to Evaluate Existing Research and Knowledge... © vdf Hochschulverlag 2012



Studies to evaluate research on biological issues on GM plants of relevance to Swiss environments 
 

 178 

The feasibility of coexistence and its costs have been analyzed in various European 
agricultural situations and scenarios for managing coexistence are proposed. 
 
European Agriculture is diverse and landscapes, climate, cropping systems and crop 
management practices differ across Europe. Managing coexistence in practice has been 
studied at the regional level by assessing the impact of growing GM crops on gene flow 
under various scenarios. Regional case studies were conducted at three embedded scales: 
whole regions, small agricultural regions corresponding to homogeneous farming systems, 
and small landscapes of a few km² according to the requirements of the simulation tools. 
The approach implemented four steps:  
 

• First, the case studies were described according to all the main variables influencing 
coexistence.  
 

• Secondly, the impact of structural variables (mainly landscapes and cropping 
systems) was assessed without any coexistence management measures (using the 
LandFlow-Gene platform). 

 
• Third, identification and management of critical points were discussed according to 

the opinions of the main stakeholders and considering their views on constraints and 
leeways. For this purpose, new data was collated from: 1) surveys carried out with 
individual farmers, 2) working groups of farmers, collecting firms and advisers, and, 3) 
the use of a gene flow platform to test the efficiency of certain strategies.  

 
• Finally, the fourth step set up scenarios based on role-playing games allowing 

stakeholders to discuss realistic management situations. Simulations were used 
during the games to predict the consequences of different management strategies. 

 
Seven case studies were chosen, but the whole methodology was implemented only for two 
of them (Table 1). The work carried out in Aragon, Aquitaine and Fife aimed at comparing the 
effect of structural variables on gene flow and the management of critical points between 
case studies. Simulations were carried out in Switzerland and Schleswig Holstein to illustrate 
specific problems or phenomena such as the management of boundaries (Swit-
zerland/France) or dilution effects (Schleswig Holstein). Although Beauce and Alsace were 
the main studies, generic conclusions were drawn for other regions as well. 
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Table 1: Regional case studies methodology 
 

Case 
study 

Crop Description of 
regional contexts 
and crop 
management 
practices 

Assessment 
of 
coexistence 
under 
current 
practices 

Management of 
critical points 
(effect of 
additional 
measures) 

Elaboration 
of scenarios  

Alsace 
(France) 

maize     

French-
Swiss 
border 

maize     

Aragon 
(Spain) 

maize     

Aquitaine 
(France) 

maize     

Beauce 
(France) 

OSR     

Fife 
(Scotland) 

OSR     

Schleswig 
Holstein 
(Germany) 

OSR     

 
 
The work carried out suggested a framework to identify and organize the main factors that 
could determine the implementation of coexistence in specific contexts. These factors fall 
into three categories: 
 

1. Structural variables describing the characteristics of the agroecosystem (cropping 
systems, landscapes, meteorology, crop management) having an influence on gene 
flow. 
 

2. Organizational variables concerning farmers and grain collecting firms, explaining 
how they adapt their management according to certain constraints and rooms for 
manoeuvre. We identified two types of adaptation. First, each actor mobilizes its own 
resources to various degrees, from technical choices in the short term, to more 
strategic in the long term: a farmer, for example, may adapt agricultural practices, 
change his rotations, or decide new investments, while a collecting firm may amend 
the planning of the grain collection or decide to invest in new storage capacity. 
Secondly, coordination is crucial, whether between farmers, collecting firms or 
between farmers and collecting firms. Here arises the question of practical feasibility 
of collecting and sharing information in a region. 
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3. Characteristics of the introduction of GMOs. Coexistence implementation also de-
pends on market conditions (relative prices of GM and non-GM products on the 
marketplace), on considered thresholds (which can differ from what is required by 
regulation, e.g., specific market requirements) and on traits (some traits – e.g., Bt 
traits which require refugia areas – may facilitate or constrain certain types of co-
existence measures).  
 

For given characteristics of GM introduction (crop density, marketshare of GM, threshold), 
we have highlighted the variability of structural and organizational factors, between regions 
and within each of them. Maize case studies, for example, have shown that the comparative 
sensitivity to gene flow was higher inside one region than between two remote European 
regions (e.g., Alsace and Aragon). In fact, landscape patterns (sizes and shapes of fields) 
may differ more within one region than between regions and this greatly affects coexistence 
features. 
 
Based on the simulation results obtained in regional case studies, we have identified four 
major types of situations, the so-called pre-scenarios13, that local stakeholders may have to 
deal with  
 

• segregation at the silo level is feasible without any specific measures at the field level;  
 

• curative measures at harvest (selection of non-GM fields or parts of fields) allows 
meeting market requirements in terms of targeted thresholds;  

 
• preventive measures at the crop level (e.g., sowing dates) or at the system level (crop 

rotation, spatial arrangement of crops;  
 

• coexistence is not possible because whatever the agronomic measures undertaken at 
the crop or system level, the targeted threshold cannot be met or requires non 
realistic measures. 

 
For a given threshold and a given rate of introduction of GMOs in the landscape, limits 
between the pre-scenarios are defined by the sensitivity of the landscape to gene flow, as 
well as the capacity of actors to put them to work. Oilseed rape (OSR) is a particular problem 
because of the dynamics of volunteers in the cropping system. If farmers wished to return to 
conventional varieties after GM cultivation, the fields should be managed differently from 
those which have never been grown with GM OSR. For these latter fields, a thorough control 
of volunteers will be required in order to meet thresholds. Even if GM and non-GM OSR 
fields are spatially segregated (i.e., if non-GM varieties are never grown in fields previously 
cultivated with GM varieties), proper management is required to reduce both spatial and 
temporal gene flow due to volunteers. 
 
Role-playing games carried out in Alsace and Beauce made it feasible to test the relevance 
of pre-scenarios under realistic management situations. They demonstrated how players 
(farmers, collectors) would combine different management strategies in a more or less 
coordinated way, and how these strategies may evolve over time. It thus appears that risk 
assessment determines actions, such as the selection of “complying” or “non-complying” 
quality harvests by the collecting firms according to their presumed GMO content and the 
targeted threshold firms are considering. 
 

                                                
 
13 The word “pre-scenario” is used because the pre-scenarios only cover a component of the overall picture and 
should then be integrated into overall management scenarios taking into consideration other factors than those 
affecting farm coexistence (see below). 
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Risk assessment and management are not static and evolve according to feedback from 
experience. We observed that the effectiveness of measures undertaken at the field level 
was ensured only if the rules (i.e., agreement on the way to assess risks and on the 
measures to be implemented) were shared between the collecting firms and farmers. In 
addition, the role-playing games demonstrated that collating and sharing information at the 
territory level is essential to facilitate coexistence. This raises practical implementation 
problems that are not currently solved.  
 
Three main processes determine how pre-scenarios may be embedded into global 
management scenarios:  
 

• the system and rules for collating and sharing information at the territory level,  
 

• the framework and procedures describing coordination between actors, 
 

• and learning processes (both individual and collective).  
 
Based on these findings, contrasting global scenarios may be defined by considering 
different regulation approaches: 
 

• A “bottom-up” approach, which freely allows the private actors (collector, farmers) to 
choose the best way to achieve the objectives of coexistence and to meet regulatory 
or market-based threshold requirements;  

 
• A “top-down” approach, based on the strong intervention of public authorities with the 

implementation of compulsory uniform measures (e.g., isolation distances). 
 

• and a “third way” approach, which provides a focused response of authorities to lift 
some constraints on information and coordination between private actors, and allow 
some flexibility in the measures . 

 
Each approach has advantages and disadvantages: the “bottom up” approach allows more 
flexible measures than the “top down” one, leading to subsequent lower costs. Moreover, it 
may help in dealing with management problems out of the scope of the GM regulations, such 
as specific requirements for “Identity Preserved” (IP) market. However, it may not prevent 
distrust from the general public and does not solve all the liability issues. The “third way” 
takes advantage of both local knowledge from individual stakeholders and the ability of public 
authorities to collect and share information at a large scale, in order to cope with practical 
problems raised by the implementation of coexistence measures. 
 
Costs of coexistence highly depend on the framework for implementing coexistence 
measures and uniform measures are not optimal 
 
The economic perspective of coexistence of GM and non-GM crops with specific applicability 
to oilseed rape (OSR) and maize in different regions of the EU was investigated by SIGMEA. 
Three levels of coexistence costs were considered: 
 

• Costs of compliance to the coexistence measures developed to prevent adventitious 
presence of GM material as a result of cross-pollination; 
 

• Monitoring costs (testing for adventitious presence in non-GM crops); 
 

• Costs due to failure of the system (losses due to contamination of conventional 
crops). 
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Coexistence costs had already been investigated in former coexistence studies14. In addition 
to standard coexistence measures such as isolation distances, we also considered flexible 
coexistence measures which allow GM and non-GM crops to be grown in adjacent fields as 
long as farmers coordinate their activities by: 
 

• implementing a non-GM buffer zone (BZ) within GM fields, large enough to prevent 
cross-pollination to reach the official thresholds in neighboring fields cultivated with 
the same crop; 

 
• discarding a non-GM strip (discard zone – DZ) within non-GM fields (again large 

enough to ensure the remaining parts of non-GM fields comply with thresholds). The 
crop from the discard strip could be delivered as a GM product by either party 
involved; the non-GM farmer gets a compensation for the income forgone, either from 
the GM farmer or from an insurance. 

 
•  

Various sizes of buffer and discard zones have been considered (from 10 to 100m15). These 
scenarios require a good coordination between farmers and they were compared to 
compulsory isolation distances between fields (various distances have also been considered 
for this measure). 
 
We assumed that GM farmers could benefit from GM technology by saving costs (e.g., 
herbicides or insecticides) or by higher yields (Bt traits). Different percentages of such 
benefits were considered. Non-GM farmers could receive a premium in an Identity-Preserved 
(IP) market and they might want to undertake additional measures to meet such IP 
requirements, as long as the price premium covers these costs. 
 
The coexistence costs were addressed in the same regional case studies as those 
considered for assessing the technical feasibility of coexistence: 
 

• coexistence costs for oilseed rape were examined in the Beauce region (France) and 
in the Fife region (Scotland);  
 

• coexistence costs for maize were discussed in the Aragon region (Spain) and in 
Alsace (France);  

 
• the potential costs of transboundary coexistence between France and Switzerland 

were analysed.  
 
For calculating the coexistence costs, spatial simulation models taking into account the 
economic incentives for coexistence were used. Using a Geographical Information System 
(GIS) dataset and Arcview® software, a set of simulations of realistic coexistence scenarios 
were carried out in order to assess the costs of coexistence in the different regions. We 
assumed that each GM and non-GM field was managed independently but that farmers 
agreed that buffer zones or discard zones were cultivated with non-GM varieties of the same 
crop species. It was also assumed that other sources of adventitious presence were 
controlled (e.g., no GM presence in non-GM seeds, or in volunteers in non GM crops)16.  
 

                                                
 
14 See for example Bock et al, 2002 and Messéan et al., 2006. 
15 Large sizes of BZ or DZ have been considered as they would drastically reduce cross pollination and thus 
might avoid monitoring measures on the non-GM field or on the truck delivering the non-GM commodity to the 
elevator.  
 
16 These hypotheses do not alter general conclusions but prevent us from providing quantitative estimation. 
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Generally speaking, results obtained in different regions demonstrated that coexistence costs 
depend on the agricultural context (landscapes, cropping systems, climate, practices), the 
share of GM crop (maize or oilseed rape) in the Agricultural Used Area (AUA) and the 
willingness of GM and non-GM farmers to cooperate. 
 
Uniform non-flexible coexistence rules, such as standardized large isolation distance 
requirements between GM and non-GM crops, while providing a margin factor for 
adventitious presence of GM in non-GM production, might impose a severe burden on GM 
crop production in the European regions investigated in this study. Indeed, cross-pollination 
highly depends on structural factors like landscape field patterns, agronomic practices and 
climatic conditions and, in most cases, small isolation distances would be sufficient to meet 
the official threshold of 0.9%. Large uniform isolation distances, as implemented by most 
European countries, are not flexible and, therefore, not proportional to the actual risk of 
adventitious presence.  
 
In addition, large and/or fixed isolation distance requirements may lead to a domino-effect17. 
so that farmers would have few, if any, fields complying with these isolation distances and 
would be unable to cultivate GM crops. This domino-effect can also occur with smaller fixed 
isolation distances in areas with small fields and a high density of cropping with the same 
crops. This effect is particularly important at low levels of GM adoption as the probability of a 
GM field of having a non-GM field nearby is higher even though the overall cross-pollination 
potential is lower. Conversely, the domino-effect would be less of a problem for higher 
adoption rates of GM crops. The domino-effect exacerbates the non-proportionality of wide 
isolation distances by reducing GM crop planting options in the landscape and raising 
opportunity costs for GM crop adopters.  
 
Flexible measures based on buffer zones or discard zones may require compensation of loss 
of income by non-GM farmers, whenever and wherever it occurs, but lead to lower overall 
coexistence costs and are proportional to the incentives for coexistence and, consequently, 
less counterproductive for European agriculture. However, they require a high level of 
coordination between farmers and hence assume that farmers will cooperate and accept 
additional transaction costs and financial risks. Under these conditions, flexible measures 
lead to a natural minimization of coexistence costs as farmers will negotiate the measures 
that reduce overall costs and reflect their incentives for coexistence in the long-run.  
 
GM seed price premium had no significant effect on costs of coexistence, as non-GM seed 
price might also increase, while coexistence costs increased with the Identity Preservation 
(IP) price premium, due to factors such as greater demand for non-GM crops. The benefits of 
GM crop adoption are generally higher than the costs of coexistence (transaction costs not 
considered). It was concluded that GM crop adoption is not an issue of costs of compliance 
to coexistence measures but rather one of the incentives for adopting or rejecting the 
technology. From the economic point of view, coexistence is only a subject of concern when 
there is significant preference for non-GM crops to GM crops.  
 
As far as flexible coexistence are considered (buffer or discard zones), the average per-
hectare coexistence management costs, although variable, were relatively independent from 
the GM adoption rate in moderately dense areas such as Aragon (maize) or Scotland 
(oilseed rape). There are, however, large differences regarding the monitoring costs which 

                                                
 
17 The domino-effect is a dynamic spill-over effect of farmer decisions induced by enforcing wide isolation 
distances on potential GM crop adopters. It consists in the iterative process of farmers switching their planting 
intentions from ‘GM’ to ‘IP’ crops to comply with isolation distances and hereby restricting planting options of 
neighbouring farmers. 
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are related to GM crop adoption rates: the higher the GM adoption rate, the lower the 
additional per-ha costs of coexistence18.  
 
In Alsace, SIGMEA was able to test the impact of the agricultural structure on coexistence 
costs by comparing a region with small farms and small field sizes (Heiwiller) with a region 
with medium-sized farms and larger field sizes (Ensisheim). The coexistence costs are 
higher in those regions with a smaller scale of agricultural structures (fields, farms). This is 
due to higher transaction costs on the one hand and a higher share of monitoring costs and 
discard zone areas on the non-GM maize area on the other hand. The latter leads to higher 
compensation costs for income forgone by the non-GM farmers. 
 
Crucial to the evaluation of the coexistence costs for non-GM farmers producing for the IP 
market are the perceived effectiveness of the implemented coexistence measures, the non-
GM farmer’s willingness to take the risk of non-compliance with IP market conditions and the 
non-GM farmer’s trust in liability or insurance procedures in the case of system failure. 
Monitoring can be a significant cost for non-GM farmers so that, in some situations, overall 
coexistence costs of non-GM farmers can be decreased by increasing discard zone sizes as 
this can result in lower monitoring requirements and costs. However, in some cases, the 
respective discard zone area required exceeds up to 99% of the envisaged non-GM maize 
area. As a consequence of these large discard zone areas, IP maize production in those 
cases is impossible. 
 
Flexible coexistence regimes without discard zones would lift spatial constraints but is likely 
to increase the number of downgraded non-GM maize lots (fields not complying with the 
official threshold or any other IP requirements). Such regimes may be economically viable if 
the assumed insurance fee (e.g., 14 €/ha used in our work) could cover the compensation of 
non-GM farmers for downgraded IP maize produce. This is more likely to occur for small 
adoption rates. Nevertheless, such flexible coexistence regimes would not work at all in 
situations where GM-free production is required. As a consequence, downstream supply 
chain actors who demand pure GM-free IP produce might not be willing to accept deliveries 
from non-GM farmers in regions with flexible coexistence regimes. Thus, even though GM 
farmers would be able to compensate potential income forgone of the IP maize farmers with 
the insurance, those non-GM farmers might be excluded from IP maize market channels. 
Coexistence in this case would thus be impossible due to market exclusion of the non-GM 
farmers. 
 
Finally, we addressed transboundary issues by analyzing the situation of maize farmers 
cultivating land along the border between France and Switzerland and considering that GM 
varieties were sown in France while GM cultivation was not permitted in Switzerland due to a 
five year moratorium. Swiss fields cultivated along the borders would be affected by cross-
pollination with GM maize grown in the neighbouring country. In this case, low thresholds 
could not be met without implementing a strategy for coexistence in the non-GM growing 
country which may lead to legal issues. Growing non-GM maize in the border region would 
require exchange of information (location of GM crops, coexistence strategies, liability and 
thresholds) and additional measures to avoid admixture of GM and non-GM crops.  
 
In summary, these SIGMEA studies demonstrate that the economics and appropriateness of 
different measures are mainly determined by the spatial and temporal patterns of fields and 
crops. This indicates that coexistence management measures should be as flexible as 
possible and based on local information on field characteristics whereas regional and 
national governance provides only general guidelines and rules.  
 

                                                
 
18 Monitoring costs of non-GM fields might increase but would be supported by a larger GM acreage.  
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SIGMEA has produced the first large-scale empirically based estimation of the 
economic impact of a GM crop for EU farmers.  
 
Currently the only GM crop authorised for commercial cultivation in the EU is Bt maize, 
resistant to certain stem borer pests.  Spain has the largest surface of Bt maize in the EU 
and over 9 years of commercial experience in cultivation. The Spanish case presented an 
opportunity to study ex-post the agronomic and economic performance of a GM crop in the 
EU. Analyses of GM crop impacts on farm economies are usually based on surveys of 
farmers cultivating GM crops under commercial conditions. A face-to-face survey was 
conducted among Spanish commercial maize farmers with the aim both of obtaining data on 
the agronomic and economic performance of Bt maize during three growing seasons (2002-
2004) and of comparing the socioeconomic profile of farmers who adopted Bt maize versus 
those who did not. The survey was conducted in the three leading Bt maize-growing regions 
(Aragon, Catalonia and Castilla-La Mancha), which accounted for approximately 90% of the 
Bt corn-growing area in Spain in 2006. A province was selected within each region based on 
the importance of maize cultivation and the presence of farmers growing Bt maize (the 
provinces of Zaragoza in Aragon, Albacete in Castilla-La Mancha and Lleida in Catalonia).  
 
Survey results found that Bt maize, like other pest-control technologies, produced variable 
impacts on maize yields in different provinces, ranging from neutral to 11.8% yield increase. 
The regional variability depends mainly on local variations of pest pressure and damage. 
Yield gains for growers of Bt maize were translated into revenue increase since no 
differences were found in the price paid to farmers for Bt or conventional maize. Regarding 
production costs, Bt maize growers paid more for the seeds than conventional growers, but 
had reduced insecticide use and costs. On average, growers of conventional maize applied 
0.86 insecticide treatments/year to control borers and other insects, versus 0.32 
treatments/year applied by Bt maize growers. All things considered, the impact of Bt maize 
adoption on gross margin obtained by farmers in different provinces ranged from neutral to € 
122/ha per annum. In the survey, the reason most quoted by farmers for adopting Bt maize 
was “lowering the risk of maize borer damage” followed by “obtaining higher yields”. 
 
Finally, the survey compared the socio-economic profiles of farmers adopting or not Bt maize 
varieties. No differences were found for the two groups of farmers for variables such as land 
ownership, farm size, experience as maize grower, education or training. The conclusion is 
that the differences in yields and gross margin are therefore attributable to the adoption of Bt 
maize varieties. 
 
SIGMEA has also produced the largest survey to estimate ex ante the potential adoption by 
farmers of three GM crops not yet authorized in the EU but widely grown elsewhere: 
Herbicide Tolerant (HT) oilseed rape, HT maize and Bt/HT maize (combining herbicide 
tolerance and insect resistance). It has also looked at the impact of proposed coexistence 
measures on the willingness of farmers to adopt GM crops. A face-to-face survey of 1214 
European farmers with a questionnaire specifically designed for this study was the main 
source of data. Germany, France, Spain, Hungary, United Kingdom and Czech Republic 
were chosen as countries to be studied. All these countries are major producers of maize 
and/or oilseed rape.  
 
Analyses of farmers’ responses show that there is high potential adoption of HT oilseed rape 
and HT maize, as well as Bt/HT maize. On average, forty-one percent of the farmers 
surveyed in the six countries are prepared to plant these GM crops. This figure nevertheless 
depends to a large extent on the coexistence measures put in place by EU member states. 
Measures strongly affecting potential adoption of GM crops are the obligation to pay 
compensation to nearby farms in case of unintended admixture, a GMO tax or the 
introduction of an insurance mechanism to cover dissemination risks. In addition, if 
mandatory separation distances for GM crops are excessive, then many farmers would not 
adopt GM crops.  
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Table 2: Potential adoption of GM crops by EU farmers: results of a survey carried out 
in 2007 in 5 countries.  
 

Trait/Crop Country 

(1) 

Likely+very-likely 
% 

(2) Unlikely 

+ Very-
unlikely % 

Ratio 

(1)/(2) 

Germany  53,4 31,7 1,68 

United Kingdom  44,0 25,5 1,73 HT rapeseed 

Czech Republic  43,9 28,1 1,56 

Spain  36,5 38,5 0,95 

France 37,6 33,7 1,12 HT maize 

Hungary  38,0 38,0 1,00 

Spain 48,3 35,0 1,38 

France 46,5 28,7 1,62 Bt/HT maize 

Hungary  25,3 57,6 0,44 

  Total average 41,5 35,2 1,18 

 
 
A framework for designing multi-attribute decision-support systems has been pro-
posed 
 
Genetically modified (GM) crops have become an option in modern agriculture but they also 
raise concerns about their ecological and economic impacts. Decisions about GM crops are 
complex and call for decision support. SIGMEA has been examining decision tools which 
would help stakeholders and decision-makers to better understand the implications of 
growing GM crops.  
 
A first model, the so-called “Grignon” model, is a qualitative multi-attribute model for the 
assessment of ecological and economic impacts at a farm level of GM and non-GM maize 
crops which was developed together with the UE ECOGEN research project. The model is 
applied for one agricultural season. This is an ex-ante model developed according to multi-
attribute decision tree methodology. In this model, cropping systems are defined by four 
groups of features: (1) crop sub-type, (2) regional and farm-level context, (3) crop protection 
and crop management strategies, and (4) expected characteristics of the harvest. The impact 
assessment of cropping systems is based on four groups of ecological and two groups of 
economic indicators: biodiversity, soil biodiversity, water quality, greenhouse gasses, 
variable costs and production value. The evaluation of cropping systems is governed by 
expert-defined rules.  
 
The “Grignon” model has been used to assess hypothetical and real maize-based cropping 
systems. For each system, we are able to obtain a qualitative overall assessment together 
with its ‘profile’, i.e., its performances for the main economic and ecological attributes. 
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Moreover, one can ‘drill-down’ into lower levels of the model to identify the most sensitive 
components.  
 
It represents a practical means encapsulating a complex system as it integrates findings of 
different specific disciplines, such as agronomy, biology, ecology and economics (although it 
cannot capture specific details of any of these disciplines), and provides a general overview 
to the assessment of cropping systems which can then easily support discussion among 
experts and stakeholders.  
 
The issue of coexistence was also considered: is it possible, under which conditions and to 
which extent, to grow both GM and non-GM (conventional) crops simultaneously or in close 
proximity and ensure that non-GM crops would meet a targeted threshold of adventitious 
presence? As stated above, the answer can be extremely complex as coexistence involves 
many variable factors, which are difficult to assess, predict and control such as pollen flow, 
volunteers, feral plants, mixing during harvesting, transport, storage and processing, human 
error, and accidents. The LandFlow-Gene platform has been designed to assess gene flow 
at the agricultural landscape level. At present LandFlow-Gene cannot be used on a real-time 
basis by end-users as quite a lot of data describing landscapes, climate and practices are 
required. To allow farmers to carry out a preliminary in-field diagnosis, SIGMEA developed a 
decision-support tool called SMAC Advisor, which is aimed at providing advice to farmers 
and other decision-makers (administrative workers, policy makers) who want to assess the 
achievable level of maize coexistence on a given field and in a given agricultural 
environment. The assessment is based on a qualitative multi-attribute decision-support 
model, which was constructed from two sources: (1) MAPOD® gene-flow simulations under 
constrated situations and (2) expert-provided rules. 
 
SMAC Advisor formulates the decision problem as follows: 
 
Suppose a farmer wants to start growing GM maize on field F. In the neighbourhood, there 
are some other fields, E1, E2, …, En, on which this or other farmers grow (or want to grow) 
non-GM maize. Then, the question is: to what extent will the plants grown on F genetically 
interfere with the plants on E’s? Will this interference be small enough to allow coexistence? 
The “interference” between plants is expressed and measured in terms of adventitious 
presence (AP). AP refers to the unintentional and incidental commingling of trace amounts of 
one type of seed, grain or food product with another. EU regulations have introduced a 0.9 % 
labelling threshold for the AP of GM material in non-GM products (Regulation 
2003/1830/EC). Thus, in order to approve the coexistence between GM and non-GM crops, 
we usually require that the achieved AP is 0.9 % or less. Now, some supply chains may 
require lower levels of AP (e.g., organic farming). In SMAC Advisor, the target threshold is a 
user-defined parameter. 
 
Basically, SMAC Advisor requires basic information from the user about the: (1) emitting field 
F, (2) neighbouring fields E1, E2, …, En, (3) relation between F and each Ei in terms of 
distance, relative size, prevalent wind direction, etc., (4) type and characteristics of used 
seeds, (5) environmental characteristics (e.g., background GM pollen pressure), and (6) use 
of machinery (e.g., sharing with other farmers). All these elements can easily be provided by 
the end-user (e.g., farmers) through a user-friendly interface (Figure C). 
 
On this basis and through a multi-attribute decision tree (Figure D), SMAC Advisor 
determines the achievable AP, that is, the expected level of GM impurities in harvests of the 
neighbouring fields, and compares it with the required target AP, which is provided by the 
user. SMAC Advisor completes the analysis giving one of the following “colour-coded” 
recommendations: (1) “Green”: GM farming allowed or possible, (2) “Red”: GM farming 
disallowed, (3) “Yellow”: coexistence is possibly achievable but further risk assessment is 
needed, and (4) “Orange”: the target AP is currently not achievable, continue assessing 
additional coexistence measures. 
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Figure D. Description of SMAC Advisor: hierarchical attribute structure and user interface. 
 
 
On-site novel methods for GMO detection have been designed 
 
A pre-harvest method to estimate the GM content of conventional maize fields, employing a 
duplex RT-PCR detection and quantification assay for MON810 for use on the Cepheid 
SmartCyclerII on-site instrument as a model, was developed and validated through an 
international ring-trial. Assay performance met minimum requirements as considered by the 
European network of GMO Laboratories (ENGL). Complimentary to this, two field-level 
sampling procedures have been further investigated with suggestions for practical 
implementation. Together, both elements (method and sampling procedure) constitute the 
basis for a strategic “prototype” on-site decision tool for assessing GM adventitious presence 
pre-harvest. In addition, a protein based strip-test, based on a commercial kit, was also 
validated in-house for use in a semi-quantitative capacity against maize, and in support of 
the RT-PCR method. 
 
In addition, an in-house validated qualitative strip-test for Round-up Ready oilseed rape, 
originally commercialised for use with soybean, was shown to function adequately.  
 
As it was considered more appropriate to make such method information available in a more 
established and purpose built database for public access, the GMOs Method Database 
hosted by the Joint Research Centre's Institute for Health and Consumer Protection (IHCP), 
Ispra, Italy (http://biotech.jrc.it/home/ict/methodsdatabase.htm#Database) has been selected 
to host the these details. For copyright reasons, this will be finalised once the methods have 
been published in a peer reviewed format. 
 
With respect to the maize field-level sampling schemes, as part of the delivery of the 
prototype pre-harvest predictive tool, a number of important conclusions from both studies 
towards accurate estimation of field-level GM presence highlight the necessisty to sample 
kernels from cobs on many plants, and not from single plants. In this way the probability 
distribution of cross-pollination is also better sampled. Therefore it is better to sample a few 
kernels from many cobs, rather than many kernels from a few cobs, although the former is 
more problematic in practice – it would be less prone to plant-to-plant variation and sampling 
error. In addition, further investigation of optimal in-field sampling schemes should be 
performed to take into account the intra-field distribution of cross-pollination (boundaries 
have a higher cross-pollination level). 
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Monitoring issues for EU including recommendations for regulation, relevant bio-
logical indicators, sampling and detection methods  
 
A coherent structure for GMO monitoring in Europe is still under development. This refers not 
only to the central level of European institutions but refers also to member state and to the 
regional regulatory levels. In many member states, biodiversity assessments are not 
implemented in ways that provide results relevant to GMOs. Standard environmental and 
agricultural monitoring are not always appropriate for capturing the relevant effects and 
associating them with GMOs. Methods require further development which is is still “in 
progress”. One reason for slower implementation may be the regulatory statement that the 
notifiers are held responsible for this task in financial terms. Notifiers have to cover the 
relevant expenses either by executing the required tasks or compensating for required 
activities by the authorities. It seems questionable whether this is appropriate for GMO 
monitoring as environmental monitoring is also a sovereign responsibility.  
 
The molecular analytical effort of the Central Reference Laboratory together with the 
European Network of GMO Laboratories ENGL are primarily focused on GMOs. These are 
the most comprehensive structures established for GMO assessment and are largely 
institutionalised by the EU as a precondition for efficient regulation. This is reasonable to fulfil 
sovereign tasks of identifying approved and unapproved GMO presence in a range of 
imported and manufactured products. A similar network is required for the assessment of 
anticipated and unanticipated long-term and combinatory effects of GMOs. The necessity of 
sovereign engagement becomes also apparent in the context of data collation and synthesis 
requirements. Evaluating completeness, consistency and quality standards of measurements 
and to draw conclusions has to be done at an administrative level. Therefore, it appears 
useful that the European Union as well as the member states expand their initiatives in this 
field – to provide basic data, model-supported synthesis capacities and decision making. To 
develop such regulatory steps competent authorities will need to be well informed on the 
scientific rationales for monitoring and prepared to integrate monitoring activities both 
nationally and internationally. 
 
The current regulatory regimes of EU and member states, liability and redress issues 
have been analyzed and recommendations have been made.  
 
Following the research carried out on liability and redress issues and analysis of scenarios, 
the following conclusions are drawn for the regulatory regime in the EU.  
 
Does GMO pose novel problems for the law?  
There are no novel problems posed at the present time by GMO for the questions of liability 
and redress. The sorts of harms, the causation issues and contributory issues can be seen in 
a number of analogous risk activities (e.g., asbestos injuries, smoking related illness, drug 
regulation, product liability, and food production). These analogous situations have been met 
by different legal solutions both at the national, regional and international level. However, it 
could be that long-term difficulties emerge that are not foreseen at the present time.  
 
Are there any problems which make particular established legal tools unsuitable as 
options for the GMO problems? 
There is a range of established legal tools available to regulate GMOs. Civil regimes, 
insurance-based regimes, and compensation-based state regimes were all studied and none 
shows any particular technical problems. There is, of course, the question for the insurance 
model of whether a market can be established to make this a viable regime.  
 
Is there any particular regime that suggests itself as appropriate to the GMO issue? 
There is no particular regime that stands out as appropriate for use in the GMO issue. 
However, this is not because all the models are equally appropriate and attractive. Rather it 
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is because of a number of significant external factors which were considered in drawing 
conclusions for this report.  
 
Recommendations 
 

• The first and only concrete recommendation that can be made is that the trans-border 
issues relating to GMO make the desirability of an EU-wide single legal regime very 
strong. This would eliminate costly conflict of laws problems between member states. 
This would, however, require a degree of agreement over the desirability of GMOs in 
the Union, which on current form is unlikely. 
 

• Whereas a regime could be entirely no-fault based, there could be arguments for the 
application of the polluter pays principle where this would be seen to act as a 
deterrence against deliberate harmful actions, recklessness, negligence and 
carelessness. It could also raise the industry standards. However, the polluter may 
not be able to pay, requiring a mandatory insurance (with enforcement). This in turn 
depends upon the viability of a market for insurance (i.e. a financial return for the 
insurance industry). The question of deterrence may be better served through 
criminal sanctions and a blanket, no-fault compensation scheme. 

 
• The question of responsibility clearly needs resolution before the choice of regulatory 

regime can be set. It would seem logical that those who encourage the development 
of the technology, be it state or consumer, actively or passively, bear levels of 
responsibility for the consequences of those choices. This requires consideration in 
relation to the farmer and producer as agent of the state and consumer (with the 
analogous issues of liability where the individuals outside the terms of the agency – 
e.g. in this case, where the farmer acts deliberately or recklessly). 

 
• There is the over-riding question of who actually pays. There is the question of how 

far that liability (fines, etc.) are passed down the chain to the last individual 
(consumer) who cannot pass on costs. There is no guarantee that the added costs of 
a system requiring the investigation of proof and blame will be more efficient than a 
compensation scheme. 

 
• Equally, there is the question in a taxation system of why someone who does not 

want to participate in the new technology must pay for the liability and redress issues 
caused by such a technology. 

 
• So the overall choices of regulatory regime concern the causation, foreseeability, 

responsibility, and participation. These must be considered in relation to the cost and 
practicality of the scheme. The great number of harmful, risky activities in modern 
society produce a vast range of analogous situations which provide evidence that any 
legal model could be applied. 

 
• There is also a broader question of why GMO is taken in isolation and treated as a 

special case. There are harms and issues concerning liability and redress in non-
GMO agriculture, organic and non-organic, and yet the GMO is taken for special 
consideration outside the whole structure of agriculture. There is a very strong 
argument for taking the GMO debate within the broader agricultural questions. 
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Recommendations for the decision-making processes relating to the market release of 
GM crops under progress can be derived from SIGMEA outcomes 
 
Although gene flow is a common phenomenon for crop species, its implications for 
Genetically Modified Plants have raised new concerns. Undesirable effects related to gene 
flow may result in ecological or agronomic considerations (persistence of resistant 
volunteers, creation of new weeds, multiple resistances) as well as commercial 
considerations (unintended presence of GMOs in conventional crop production affecting its 
competitiveness in the marketplace). The coexistence between different types of crops is an 
important issue and has to be addressed once GM crops are approved in the EU. The 
European Union has issued guidelines designed to allow for the coexistence of various kinds 
of agriculture in support of its policy that “farmers should be able to cultivate freely the 
agricultural crops they choose, be it GM, conventional or organic” (Recommendation 
2003/556/EC). New GMO regulations have been introduced as a basis for Member states to 
develop appropriate coexistence and traceability measures for delivery of food and feedstuffs 
complying with the labelling thresholds.  
 
SIGMEA has produced a practical toolbox for addressing GM impacts in agriculture:  
 

1. A unique database including more than 100 datasets on geneflow and ecological 
impacts which may inform decision-makers on factors driving gene flow at the 
landscape level and on the variability of such processes across Europe, help 
regulators to set up coexistence measures at National levels as well as help scientists 
to identify further research priorities in that area.  

 
2. LandSFACTS is a user-friendly windows-based software to simulate crop allocation to 

fields by integrating typical crop rotations and crop spatio-temporal arrangements 
within agricultural landscapes and could be used for a practical implementation of 
coexistence measures 
 

3. The generic gene flow platform LandFlow-Gene, including validated rapeseed and 
maize modules and interfaced with the landscape generator LandSFACTS and GIS 
softwares, is now available as a prototype. It is used to support regional case studies 
analysis and discussion about scenarios. This platform could be extended to other 
crops to provide a general framework for informing coexistence in all cropping 
systems of Europe.  
 

4. A user-friendly decision-support system to assess maize coexistence feasibility at the 
field level was designed.  
 

5. Structural and organisational factors affecting coexistence in practice have been 
identified and strategies for managing coexistence at the regional level have been 
proposed; 
 

6. A comprehensive overview of monitoring and legal issues has been provided but, due 
to the delay in implementing regulations in most member states and the low 
development of commercial GM cropping in Europe, only general recommendations 
have been made. 
 

Altogether, these tools and outcomes can be combined to assess coexistence at various 
spatial scales (field, farm or region) and various decision-making levels (farmers, elevators, 
member states, EU). Depending on the decision problem and the amount of information 
available, various SIGMEA tools can be used.  
 
SIGMEA findings make it possible to address issues such as “what will happen, in terms of 
gene flow, if a particular GM organism is introduced into a particular European region?” and 
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“how can crops be deployed at the landscape level so as to maintain the adventitious 
presence of GMOs in conventional crops within the legal thresholds, or any specific market-
driven requirements?”. 
 
The outcome of both field and modelling studies carried out in SIGMEA is that best practices 
for coexistence are highly variable and depend on local characteristics, crop practices, 
environments as well as farmer strategies and preferences, and that the feasibility of 
coexistence directly depends on the targeted threshold.  
 
Based on regional case studies findings, contrasting global coexistence scenarios may be 
defined by considering different regulation approaches: 
 

• A “bottom-up” approach, which would let the private actors (collectors, farmers) free 
to choose the best way to achieve coexistence guidelines and to meet regulatory or 
market-based threshold requirements;  
 

• A “top-down” approach, based on the strong intervention of public authorities with the 
implementation of compulsory uniform measures (e.g., isolation distances); 
 

• and a “third way” approach, which provides a focused response of authorities to lift 
some constraints on private actors.  

 
It has been stressed that coexistence regime based on “uniform isolation distances”, as 
implemented so far in several member states, are not optimal, not proportional and may lead 
to unnecessary additional costs or render coexistence impossible. 
 
SIGMEA thus recommends that coexistence measures should be as flexible as possible. 
And depend on local climatic, agronomic and environmental factors. Such an approach 
would lead to more cost-efficient measures. However the current regulatory framework to 
support such an approach is still to be developed.   
 
SIGMEA has developed tools to support such an approach. Predictive gene flow models are 
now available (currently only for maize and oilseed rape but easily extendable to other 
crops). These can help decision-makers assess the feasibility of coexistence at the field, 
farm and silo level for the various targeted thresholds under various environmental and 
agronomic conditions. In addition simple decision-support tools, like SMAC Advisor can be 
used by farmers or advisors who would like to quickly assess coexistence feasibility using 
limited amounts of information at a local field level.  
 
SIGMEA is providing the scientific community as well as decision-makers with 
adequate information about gene flow and its implications in terms of co-existence.  
 
To date, SIGMEA partners have published around 70 refereed papers on issues associated 
with gene flow, coexistence and gene detection and a further 40 papers have been submitted 
for publication, many of them already accepted. In addition, SIGMEA contributed to book 
chapters on GMO issues, European and National government reports and public debates.  
 
SIGMEA was very directly involved in the organization of the two last conferences on 
coexistence (GMCC05 in Montpellier – www.gmcc05.com – and GMCC07 in Seville – 
http://teamwork.intbase.com/0703_03/new_index.php). At GMCC07 there were 17 oral 
presentations by SIGMEA partners including papers summarising scientific knowledge on 
gene flow in maize, oilseed rape and sugar beet from the SIGMEA data sets and other 
papers reporting findings from SIGMEA studies. There were also 24 poster presentations.  
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13 PhD theses and 5 Masters were submitted during the period of the project. SIGMEA 
partners were also involved in events related to communication to extension services and 
farmers as well as in public debates, press articles, radio/TV interviews. 
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