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Executive summary 
 
1) The proposal of the EU Commission falls short of acknowledging fundamental ecologi-
cal principles at the level at which NGT will be applied. 
 
2) Deregulating NGT1 for all plant species world-wide could become a serious threat for 
biodiversity conservation and sustainability. NGT1 should not go beyond agricultural ap-
plications. 
 
3) The threshold between NGT1 and NGT2 does not consider environmental risks. 
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1) Summary 

We concede that the proposal of the EU Commission related to NGT modified plants is a solid at-
tempt to address legal uncertainties in NGT applications regarding their equivalence to classical 
breeding methods. Yet, the proposal should better consider several fundamental ecological prin-
ciples. Due to the ‘law of large numbers’ and high likelihood of outcrossing, it may be expected that 
NGT1 modified plants will have undesirable ecological effects on wild populations, communities 
and ecosystems. 

A clear distinction must be made between applications replacing classical breeding for food and 
feed, especially for plants where the genome is known, and wild plant species. Specifically, our main 
concern is the suggested expansion of the regulation to ‘all plants’, i.e. approx. 300,000 plant spe-
cies world-wide. This allows unlimited application of NGT1 in wild populations with unpredictable 
consequences for biodiversity and nature conservation. We strongly recommend an appropriate 
risk assessment of all NGTs according to the precautionary principle. This is especially important for 
applications within natural populations where outcrossing into the wild – a main assessment crite-
rion in classical GMOs - is almost certain. Our appeal does not preclude the use of wild genotypes 
and species for domestication and agricultural breeding purposes. 

We also call for a clear justification for the proposed threshold distinguishing between unregu-
lated NGT1 and regulated NGT2, that relies on sound and replicated scientific evidence. The sug-
gested quantitative threshold (20 x 20 genomic alterations) assumes a positive correlation be-
tween the number of genetic modifications and potential risks. Environmental risk relates to the 
novelty of phenotype, which is often unrelated to the number of genomic changes. Also, the man-
ner in which NGT1 is currently defined may allow for potentially unlimited sequential genomic 
changes, and thus deregulation of all NGT. 

On a more general note, the proposal falls short of acknowledging state-of-the art scientific evi-
dence about the causes for the current environmental multi-crises (biodiversity loss, nutrient crisis, 
toxic substances, climate change) and approaches to mitigate them. These measures, advocated 
recently by specialist national and EU-wide committees and institutions as very fast, safe, and highly 
effective, such as diversification, should not get out of sight. We thus appeal to the EU commission 
to pursue, and support, the rapid implementation of ecological intensification measures with a 
higher priority and effort than the implementation of NGT in intensive, solely monoculture-based 
agriculture. 

Contact person:  
Prof. Dr. Katja Tielbörger, Universität Tübingen, Auf der Morgenstelle 5, D-72076 Tübingen 
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2) Background 
On July 5th, 2023, the EU Commission has presented a proposal for a new regulation of plants pro-
duced via New Genomic Techniques (NGT). Under the current legislation, these plants are regulated 
in the same manner as hitherto existing ‘classical’ Genetically Modified Organisms (GMOs). The goal 
of the proposal by the EU commission was find criteria that can be easily assessed and implemented 
for regulating NGT depending on their equivalence to classical breeding methods (see proposal his-
tory: https//food.ec.europa.eu/plants/genetically-modified-organisms/new-techniques-biotech-
nology.en) 

In a nutshell, the main point of the EU Commission’s proposal includes the distinction of two cate-
gories of NGTs in plants: Category 1 (NGT1 in the following) and Category 2 (NGT2): 

NGT1 are considered equivalent to plants produced by conventional breeding. They would be sub-
ject to a verification, labeling and cataloguing procedure but otherwise exempt from the require-
ments of the GMO legislation which includes a case-by-case risk assessment. A recent study by the 
German BfN (Bohle et al. 2023) showed that 94% of existing NGT applications would fall under this 
category. 

For all other NGT plants (NGT2 plants), the requirements of the current GMO legislation would ap-
ply. I.e. they would be subject to risk assessment and authorization before could be put on the mar-
ket.  

The equivalence criteria for NGT 1 are based on the number of mutations introduced by targeted 
mutagenesis and cis-genetics that may also occur spontaneously. Specifically, a threshold of max. 
20 locations in the genome with each max. 20 changes in nucleotides (insertions and deletions), i.e. 
400 changed nucleotides, was defined (‘20 x 20’ in the following), beyond which a plant would be 
classified as NGT2. 

The proposal and associated documents capitalize on cultivated plants, mainly crops, and the potential value 

for food and feed production in agriculture. Nevertheless, the proposal explicitly includes ‘all plant species’ 

and is thus open for releases of modified organisms in a wider range of contexts in wild plant populations. 

For the time being, the EU Commission proposes to exclude animals and microorganisms for the regulation 

due to the lack of sufficient knowledge about them. The use of NGTs in organic agriculture will be prohibited 

with this regulation, to enable consumers to choose non-modified products.  

3) Aim of this statement 
The legislative initiative is a bottom-up approach, seeking solutions on the plant breeding (molecu-
lar) level with the hope to find solutions for problems observed at higher biological organisational 
(population to ecosystem) level. Namely, NGT has been advocated as a main, low-risk (NGT1) meas-
ure for supporting sustainability and the EU Green Deal. While we acknowledge the goal to utilize 
NGT for the adaption of crop species to, for example, climate change, the proposal falls short in 
considering benefits and risks at such a higher organizational level. In our opinion, ecological aspects 
of NGT have been largely underrepresented in the public and scientific discourse, as well as in na-
tional statements about NGTs (e.g., by the German Research Foundation DFG, and the Leopoldina). 
The main goal of this statement is to fill that gap.   
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4) Environmental risks from an ecological perspective 

A) Environmental effects of introducing NGT1 plants into the wild without prior risk assessment 
It should be noted that the careful application of NGT for breeding purposes in food plants, where 
a long history of mostly safe applications is available, may have its merits, such as speeding up the 
introduction into the market. Also, the proposal is based on legitimate arguments related to com-
parative risk assessment in agriculture. Yet, possible ecological effects as well as potential differ-
ences of NGT to conventional breeding from an ecological perspective need to be discussed. 

Since we currently lack ecological studies about the potential environmental benefits and risks of 
the deregulation of NGT-plants, we must draw from scientific knowledge in related topics. Here, the 
insight of myriads of studies of neobiota, i.e. newly introduced species or genotypes, may be used 
as an analogy for newly introduced NGT-modified plants.  

The main environmental risk of introducing new organisms into the wild is outcrossing and subse-
quent spread of novel organisms and/or genes into natural populations and communities (e.g., 
Ellstrand et al. 2013) with unpredictable consequences for entire ecosystems (Snow et al. 2005). 
Due to the unpredictability of such effects, ecologists have advocated the precautionary principle: 
introduction should not be allowed until risks have been excluded after scientific scrutiny (Snow et 
al 2005). This calls for a careful reassessment of environmental risks associated with introducing 
NGT plants into the wild, explicitly considering the consequences of abandoning the precautionary 
principle.  

Scientific evidence from invasion ecology points to the realistic, but unpredictable, risk for single 
introductions of neobiota with severe environmental consequences (an estimated 1%, Simberloff 
2005), despite the fact that newly introduced species have evolved under very different environ-
mental conditions. This is not the case for NGT plants, because they are usually produced in order 
to thrive under current environmental conditions. Thus, it is unlikely that NGT plants would experi-
ence similar genetic bottlenecks as newly introduced species, i.e. a 1% likelihood of new genotypes 
causing environmental problems is likely a conservative estimate. Furthermore, the ‘law of large 
numbers’ in invasion research (Lockwood et al. 2009), tells us that the more individuals or species 
are introduced, the more likely is their establishment and spread in the wild. This is the key to un-
derstand the global spread of invasive species, and subsequent legislation related to transport of 
new species or genotypes. NGT-modified plants are unique compared to breeding methods or 
GMOs, because the expected ease and appeal of the method, new cultivars and new genotypes of 
wild plants have been – and will be- potentially developed in very large numbers. This, will, as op-
posed to classically-bred plants, largely increase the likelihood for spread into the environment, thus 
counteracting existing attempts to limit the global spread of novel organisms (e.g., EU 2014). 

The establishment and spread of an organism is also promoted by the fitness relevance of the trait. 
(e.g. Vacher et al. 2004: Brassica sp., Fuchs et al. 2004: squash). An example is pathogen resistance 
(Bartsch et al. 1996) which is beneficial for plants and has thus a large potential to disrupt ecological 
interactions. Several proposed NGT modifications aim at modifying fitness-related traits, further in-
creasing the likelihood of unpredictable effects after outcrossing. 

B) Expansion of the new regulation to all plant species 
A main concern from an ecological point of view, and where likelihood of introgression is relevant, 
is the fact that the proposed new regulation states up front that it applies to all plant species, i.e. 
an estimated 300,000 species (Mora et al. 2011). From a conservation biological point of view, this 
expansion to all plants, compared to the approx. 15 major crop species, is highly problematic 
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against the background of rapid species extinction - the most pressing environmental crisis (Rock-
ström et al. 2009). Tampering with genetic constitution in non-crop plants can have severe conse-
quences for natural adaptation processes, such as maladaptation for confounded factors in targeted 
selection. Such introductions could prevent us in the future to follow unbiased evolutionary re-
sponses (e.g. to climate change), i.e. responses that are not anthropogenically manipulated.  

For these reasons, national (e.g. §40 Abs. 2 Satz 3 BNatSchG) and international (e.g. Convention of 
Biodiversity - CBD) laws and regulations concerned with biodiversity conservation have ruled out 
any measure jeopardizing the genetic integrity of wild populations, e.g. by introducing new geno-
types. For example, the BNatSchG prohibits the introduction of plants and animals into a specific 
place if a risk for natural populations and communities cannot be ruled out.  

Outcrossing into the wild is fostered by the relatedness of plants (Ellstrand 2003a, b; Ellstrand et al. 
12013, Ellstrand 2018). Consequently, outcrossing among conspecific flowering individuals within a 
wild population is a certainty, and geneflow from NGT-modified individuals to wild genetically com-
patible heterospecific plants in the vicinity is likely (e.g. within the Brassicaceae, cereals such as 
Hordeum, Triticum, and related genera), and has been shown with classical GMOs (e.g., Chapman & 
Burke 2006, Ford et al. 2006, Ellstrand et al. 2013). Therefore, with application of NGT1 to wild plants 
and the expected large number of modified crop plants released into the wild, likelihood of out-
crossing and the subsequent risk of a spread of new alleles is very high.  

A common misconception in that context is that release of modified plants is not risky per se, since 
alleles with no or detrimental fitness effects will disappear from the gene pool. However, ample 
scientific evidence suggests that this is not generally the case. A spread of alleles can be both asso-
ciated with rapid propagation of species or genotypes (e.g. Ward et al. 2008, Ellstrand et al. 2013), 
but also with spread of detrimental alleles (outbreeding depression, e.g. Montalvo & Ellstrand 
2001). Yet, outbreeding depression has been missing from the debate, and was apparently not con-
sidered when expanding the proposed regulations to all plant species.  

It should be noted that the aim of finding a measure for ‘equivalence’ between NGTs and conven-
tionally bred plants makes clear that the sole target for the new regulations is in plant breeding for 
cultivation, i.e. food and feed. Thus, the expansion of the NGT1 regulation to ‘all plants’ is not even 
necessary for the goals of the EU proposal. We therefore suggest that legal measures must be taken 
to prevent such effects, such as adequate a-priori risk assessment of NGT1. This does not preclude 
new domestications or the use of natural genetic resources in agriculture. 

C) Application of NGT1 in natural populations for non-breeding purposes is very likely 
The scenario for many new genotypes of wild plant species being introduced into natural popula-
tions should NGT1 be deregulated for all species, is not hypothetical. For example, there are many 
advocates of using classical GMOs in ecological and evolutionary field experiments (e.g. Kessler et 
al. 2008), and NGTs are now highly accessible for disciplines that have traditionally worked mostly 
on an organismic, population or an ecosystem level (i.e. beyond breeding). Many appealing ques-
tions related, e.g. to local adaptation or differential plant performance in the field are foreseeable. 

Additionally, apparently beneficial applications in nature conservation have been proposed (Breed 
et al. 2019, Phelps et al. 2020), such as ‘de-extinction/resurrection’ (e.g. Popkin 2018), combatting 
invasive plants, or amending assisted migration (Chen et al. 2011), which underrates the above risks 
of introgression. Thus, a scientific discourse about such measures is urgently needed.  
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D) NGT1 deregulations is at odds with regulations regarding the introduction of new genotypes 
The scientific insights outlined are in line with current practice and the above national (e.g., §40 
Abs. 2 Satz 3 BNatSchG) and international (e.g., Convention of Biodiversity - CBD) regulations con-
cerned with the genetic integrity of wild populations.  

Importantly, these regulations have been formulated for the introduction of naturally evolved gen-
otypes in a practical context such as assisted migration in a climate change context, or reseeding for 
conservation practices. Both measures have long been controversially discussed in the ecological 
literature (e.g. MacLachlan et al. 2007, Hewitt et al. 2011) due to the possible adverse effects of 
outbreeding depression or import of pests (e.g. Hamilton 2001, Ricciardi & Simberloff 2009). Also, 
observations of introduced ‘warm-adapted’ ecotypes having none of the intended effects (e.g. Bu-
charová et al. 2016), or of hybridization actually accelerating extinction under climate warming 
(Gomez et al. 2015) have questioned the efficiency of such measures. For reseeding practice in con-
servation, the use of local seed provenances has been strongly advocated by evolutionary biologists 
as well as conservation biologists (e.g. Breed et al. 2013). Thus, there is a scientific and legal con-
sensus for a case-by-case risk assessment when planning such measures (e.g. Hoegh-Guldberg et 
al. 2008). This is at odds with the proposed general deregulation of NGT1. 

E) Knowledge about all plant species is insufficient for justifying deregulation of all NGT1 
The proposal states that the new regulations should not apply to animals and microorganisms be-
cause of our insufficient knowledge about them, indirectly implying that this knowledge exists for 
all living plant species on earth. We strongly disagree with this assumption. While genomic data is 
available for the few main crop species, knowledge about most known wild species is clearly insuf-
ficient to make an informed judgement about species-specific and NGT-specific risks from introduc-
ing modified plants into the wild. Also, the proposed threshold distinguishing NGT1 from NGT2 will 
likely have diverging consequences among species, the quality of the changes, and environmental 
context. Therefore, deregulating all plants fulfilling NGT1 criteria as if there was no environmental 
risk, is not supported by scientific evidence. 

Overall, we strongly recommend to limit the proposed deregulations, and apply NGT1 to a limited 
number of explicitly listed agricultural plant species, for which knowledge from whole-genome se-
quencing allows for testing equivalence of genome editing to classical breeding methods. 

F) Defining risk based on a quantitative threshold of genetic modifications 
We fully acknowledge the wish for a new regulation that can be easily implemented on the ground. 
To that end, the draft proposal of the EU commission suggests a threshold (i.e. 20x20 genetic mod-
ifications) for distinguishing NGT1 and NGT2. Yet, small changes in the genome are not always as-
sociated with small phenotypic changes and vice-versa, as also known from breeding. Also, the reg-
ulation opens up the possibility for a larger number of modifications because crossings amongst 
NGT1 plants would be considered NGT1, and NGT1 allow for potentially unlimited modifications, 
because also subsequent modifications of existing NGT1 are deregulated. Therefore, the number of 
genetic changes in a plant is meaningless for future legislation related to NGT. Overall, and as orig-
inal genetic lines show mutations, too, the proposed threshold is a classification against a moving 
baseline. 

From an ecological point of view, the risk of introducing a new genotype into a natural population 
is mediated by the phenotype, which is determined by the specific location of a genetic difference, 
but not by the number of genetic differences between a local and an introduced genotype.  
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Also, a recent extensive study by the German Federal Agency for Nature Conservation (BfN) has 
indicated that 94% of current plants produced with NGT would fall into the NGT1 category (Bohle 
et al. 2023). The same study has also provided scientific evidence for environmental risks, such as 
non-target effects on organisms interacting with plants, albeit not based on comparative risk as-
sessment. Thus, the proposed regulation is very likely to result in an almost complete deregulation 
of NGT.  

Thus, a major challenge in deregulation remains, i.e. obtaining scientifically sound evidence for the 
equivalence of a plant altered through NGT1 compared to classically bred plants. A meaningful num-
ber of experiments that compare the (context-dependent) phenotype of plants produced with al-
ternative breeding methods prior to deregulating NGT1 would be very helpful. We thus recommend 
that the EU commission provides a substantial justification, and possibly adjusts their categoriza-
tion, based on sound scientific evidence. Until that point in time, we advocate a case-by-case risk 
assessment of NGT modifications instead of a general threshold, especially when introducing non-
agricultural NGT into wild populations. 

5) Environmental benefits from an ecological perspective - a general note 
Several main arguments for deregulating NGTs are based on claims related to ecological sciences. 
For example, it is assumed that classically bred plants and plants produced with NGT (1) are equiv-
alent, and we have commented to this above. Secondly, the claim is that NGTs could contribute to 
realizing the Green Deal, and contribute to climate adaptation and biodiversity conservation.  

We agree with the view that NGTs could contribute to increasing agricultural yield, at least in the 
current agricultural system, and if sustainability goals are the sole target for NGT (Purnhagen et al. 
2023). Yet, when assessing risks and benefits of a new technology, knowledge about the currently 
best solution is crucial. Based on ample scientific evidence from (agro-) ecological studies, the cur-
rently most effective, fastest, most productive, and safest approach to transforming the agricul-
tural system towards social and environmental sustainability is ‘ecological intensification’, i.e. the 
application of ecological knowledge and rules to agro-ecosystems. The best example is to use 
knowledge from a myriad of experiments indicating that biologically diverse systems increases 
many functional attributes (e.g., Tilman et al. 2014, Dainese et al. 2019). These include productiv-
ity/yield and nutrient-use efficiency, resistance and resilience to extreme (climate) events, pathogen 
resistance, resistance to invasion by unwanted species (see summaries for policymakers by WBGU 
2021 and EEA 2022 for many more examples, or Leopoldina 2020). A particularly relevant effect is 
the well-known reduction in pathogen load by simply mixing more than a single crop genotype (Gar-
rett & Mundt 1999). The increase in yield of, e.g. pathogen insensitive rice varieties, can be enor-
mous (approx. 90%) and up to a point where fungicides do not need to be applied (Zhu et al. 2000), 
without bearing the risk of rapid evolution of pathogen resistance, as is commonly observed in mon-
ocultures (Bourke et al. 2021). 

Thus, while environmental benefits of NGTs still need to be assessed, there is ample scientific 
evidence for ecology-based solutions that are fast, efficient and bear no environmental risk.  

We feel that with the intensive debate about NGTs, such solutions have moved out of sight, depriv-
ing us from realizing a highly efficient measure for agricultural sustainability which can be imple-
mented immediately. We advocate that the scientifically attested approaches towards a sustainable 
agriculture based on ecological evidence are pursued with at least as much vigour as the application 
of NGT. 

  



 8 
  

 
 

Cited literature  

Bartsch D et al. 1996: Competitiveness of transgenic sugar beet resistant to beet necrotic yellow vein virus and poten-
tial impact on wild beet populations. Mol Ecol 5: 199-205. 

Breed MF, MG Stead, KM Ottewell, MG Gardner, AJ Lowe 2013: Which provenance and where? Seed sourcing strate-
gies for revegetation in a changing environment. Cons Gen 14: 1-10. 

Breed MF et al. 2019: The potential of genomics for restoring ecosystems and biodiversity. Nat Rev Gen 20: 615-628. 

Bohle F, R Schneider, J Mundorf, L Zühl, S Simon, M Engelhard M 2023: Where does the EU-Path on NGTs lead us? BfN 
Preprints, 2023111897. 

Bourke PM et al. 2021: Breeding beyond monoculture: putting the “intercrop” into crops. Frontiers Plant Sci12: 
734167.  

Bucharová A et al. 2016: Plants adapted to warmer climate do not outperform regional plants during a natural heat 
wave. Ecol Evol 6: 4160-4165. 

Chapman MA, JM Burke 2006. Letting the gene out of the bottle: the population genetics of genetically modified 
crops. New Phytol 170: 429-443.  

Chen et al. 2021: Applying genomics in assisted migration under climate change: Framework, empirical applications, 
and case studies. Evol Appl 15: 3-21. 

Dainese MI et al. 2019. A global synthesis reveals biodiversity-mediated benefits for crop production. Science Ad-
vances 5: eaax0121. 

Ellstrand NC 2003a: Current knowledge of gene flow in plants: implications for transgene flow. Phil Trans Royal Soc B 
358: 1163-1170.  

Ellstrand NC 2003b: Dangerous Liaisons? When Cultivated Plants Mate with Their Wild Relatives. NC Ellstrand 2003. 
The John Hopkins University Press, 2715 North Charles Street, Baltimore, MD 21218-4363. 244 p. 

Ellstrand NC et al. 2013: Introgression of crop alleles into wild or weedy populations. Ann Rev Ecol Evol Syst 44:325-
345. 

Ellstrand NC 2018: “Born to run”? Not necessarily: species and trait bias in persistent free-living transgenic plants. 
Frontiers Bioeng Biotech 6: 88. 

EEA – European Environment Agency 2022: Rethinking agriculture. Briefing no. 25/2021 

EU 2014: Verordnung (EU) Nr. 1143/2014 des Europäischen Parlaments und des Rates vom 22. Oktober 2014 über die 
Prävention und das Management der Einbringung und Ausbreitung invasiver Arten.  

Ford CS et al. 2006: Spontaneous gene flow from rapeseed (Brassica napus) to wild Brassica oleracea. Proc Royal Soc B 
273: 3111–3115.  

Fuchs M et al. 2004: Comparative fitness of a wild squash species and three generations of hybrids between wild × 
virus-resistant transgenic squash. Env Biosafety Res 3: 17-28 

Garrett KA, CC Mundt 1999: Epidemiology in mixed host populations. Phytopathology 89: 984-990. 

Gomez JM et al. 2015: The silent extinction: climate change and the potential hybridization-mediated extinction of 
endemic high-mountain plants. Biodiv Cons 24:1843–1857. 

Hails RS & Morley K 2015: Genes invading new populations: a risk assessment perspective. TREE 20: 245-252 

Hewitt N et al. 2011: Taking stock of the assisted migration debate. Biol Cons 144: 2560–2572 

Hoegh-Guldberg O et al. 2008: Assisted colonization and rapid climate change. Science 321: 588 

Höfer T 2020: Gebietsheimische Ansaaten und Bepflanzungen in der freien Natur entsprechend Anforderung des Bun-
desnaturschutzgesetzes. Leitfaden zur Umsetzung in Planung und Ausführung. LNV Baden-Württemberg 

Kessler A, R Halitschke, IT Baldwin 2004: Silencing the jasmonate cascade: Induced plant defenses and insect populati-
ons. Science 305: 665–668 



 9 
  

 
 

Jedicke et al. 2022: Gebietseigenes Saatgut – Chance oder Risiko für den Biodiversitätsschutz? Nat Landschaftspl 54: 
12-21 

Leopoldina- Nationale Akademie der Wissenschaften, acatech – Deutsche Akademie der Technikwissenschaften & 
Union der deutschen Akademien der Wissenschaften 2020: Biodiversität und Management von Agrarlandschaften – 
Umfassendes Handeln ist jetzt wichtig. Halle (Saale) 

Lockwood JL, Cassey P, Blackburn TM. 2009. The more you introduce the more you get: the role of colonization pres-
sure and propagule pressure in invasion ecology. Div Distr 15: 904-910 

MacLachlan et al. 2007: A Framework for Debate of Assisted Migration in an Era of Climate Change. Cons Biol 21: 297-
302 

Montalvo AM, NC Ellstrand NC 2001: Nonlocal transplantation and outbreeding depression in the subshrub Lotus sco-
parius (Fabaceae). Am J Bot 88: 258-269 

Mora C, DP Tittensor, S Adl, AG Simpson, B Worm 2011: How many species are there on Earth and in the ocean? PLoS 
Biol 9: e1001127 

Phelps MP et al. 2020: Transforming ecology and conservation biology through genome editing. Cons Biol 34: 54–65 

Popkin G 2018: Can a transgenic chestnut restore a forest icon? Science 361: 830-831 

Purnhagen K et al. 2023: Options for regulating new genomic techniques for plants in the European Union. Nature 
Plants. https://doi.org/10.1038/s41477-023-01570-2 

Ricciardi A & Simberloff D 2009: Assisted colonization is not a viable conservation strategy. TREE 24: 248-253 

Rockström J et al. 2009: Planetary boundaries: Exploring the safe operating space for humanity. Ecol Soc 14: 32 

Simberloff D 2005: The politics of assessing risk for biological invasions: the USA as a case study. TREE 20: 216–222 

Snow AA et al. 2005: Genetically engineered organisms and the environment: Current status and recommendations. 
Ecol Appl 15: 377-404 

Tilman D, F Isbell, JM Cowles 2014: Biodiversity and Ecosystem Functioning. Ann Rev Ecol Syst 45: 471-493 

Vacher C et al. 2004: Impact of ecological factors on the initial invasion of Bt transgenes into wild populations of bird-
seed rape (Brassica rapa). Theor Appl Gen 109: 806–814.  

Ward SM, JF Gaskin, LM Wilson 2008: Ecological genetics of plant invasion: what do we know? Inv Plant Sci Managem 
1: 98-109 

WBGU – Wissenschaftlicher Beirat der Bundesregierung Globale Umweltveränderungen 2020: Landwende im Anthro-
pozän: Von der Konkurrenz zur Integration. Berlin: WBGU 

Zhu Y et al.2000: Genetic diversity and disease control in rice. Nature 406: 718-722 
 
 

 


