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Abstract 

 

The risk assessment of genetically-modified plants pursuant to Annex II B of EU Direc-

tive 94/15/EC assumes that it is possible to infer the environmental impacts of a crop 

plant from its characteristics, so most of Annex II should also be applicable to conven-

tional plants. To test this, we surveyed reports on the ecological impacts of the cultiva-

tion of non-transgenic crop plants with novel or improved traits and, in three cases, in-

vestigated whether Annex II B would have been adequate to indicate the effects. Such 

an assessment appears feasible only if the time frame on which ist is based is short, so 

that long-term effects cannot be assessed. Secondly, the plant must be genetically 

homogenous which is not always granted, e.g. trees in forest. Thirdly, the cultivation 

area must be defined. Differences in the behaviour of foreign plants between their 

original and cultivation habitats may be ecologically relevant and should be assessed. In 

the (few) cases where direct inference of the observed effects was possible from inherent 
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(few) cases where direct inference of the observed effects was possible from inherent 

traits, these effects often correlated with poor adaptation to local environmental condi-

tions. The ecological impacts of traits that had been introduced in order to overcome 

poor adaptation may differ widely according to the way in which the traits are ex-

ploited. In practice, the effects of agricultural measures are more important than the ef-

fects of gene transfer and invasiveness, although the latter currently play a major role in 

risk assessment. In the light of these deliberations, a modification of Annex II B of EU 

Directive 94/15/EC is suggested. 
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1 Introduction 

The cultivation of crop plants sometimes leads to such side effects as soil erosion, con-

tamination by pesticide residues, gene transfer through cross-breeding or the loss of na-

tural species due to the higher competitiveness of invasive cultivated crops. Whether or 

not such effects can occur depends largely on certain traits inherent to the plants: repro-

duction behaviour, various resistance factors and different requirements concerning soil 

and climate. Although it is widely accepted that transgenic crop plants do not differ 

fundamentally from conventional plants, and that only the traits matter [1], it is only 

with genetically-modified plants that the possible impacts are assessed a priori [2]. The 

EU considers separate regulation to be necessary because, through genetic engineering, 

fundamentally-new traits can be introduced. In the assessment pursuant to EU Directive 

94/15/EC [3], conclusions are drawn with regard to the possible behaviour of the plants 

and to any effects resulting from the trait introduced. In principle, it should be possible 

to identify ecological impacts from the cultivation of most crop plants with the help of 

these criteria. 
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2 Methods 

 

To test this, we compiled information both from scientific literature and from interviews 

with experts as to the ecological effects ensuing from the cultivation of eleven selected 

conventional crop plants (apple, carrot, cocksfoot, maize, potato, oilseed rape, black lo-

cust, Norway spruce, sunflower, Jerusalem artichoke, and wheat) with respect to newly-

bred or specific traits. We assessed which of these effects are relevant in practice, 

whether it is possible to deduce them from individual traits, and what kinds of secon-

dary effects can be found [4-6].  

Although we found it difficult to relate the effects reported to certain traits of the crop 

plants, some correlations could be established if the time frame assessed was short, the 

cultivation area defined, and the plant genetically homogenous. However, agricultural 

practice appeared to be of greater empirical importance with regard to ecologically-

relevant effects than either invasiveness or gene transfer. Plant-cultivation measures are 

determined by the needs of the individual culture in interaction with the environment, 

especially by resistance factors and tolerances. Breeding modifications have led to chan-

ges in cultivation conditions and thus had ecological impacts. We concluded that culti-

vation measures and traits cannot be assessed separately, and that the biological needs 

fulfilled by any of these measures must be taken into account [7]. 

We then assessed the questionnaire in Annex II B of Directive 94/15/EC to determine whether it 

is possible to predict effects previously identified as practically important. In a thought experi-

ment, wheat, maize, and black locust were subjected to risk assessment. To wheat and maize, a 

special trait was arbitrarily assigned in order to analyse its effects; black locust was assessed as a 

species. 

3 Results 
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3.1 Wheat 

We investigated a wheat variety with short stalks, a trait common to many modern 

high-yield varieties. 

 

3.1.1 The Problem 

 

Short stalks were a breeding goal because lodging (laying wheat stalks flat) was an important 

factor for yield losses. Frequently, lodging is due to a fungus infestation; therefore, fungicides are 

applied. The high nitrogen supply has led to an increase in yield; however, since the ears grow 

heavier, the stalks lay down more easily. Thus, the yield of long-stalk varieties could not be in-

creased any further unless chemicals were applied to shorten the stalks. Today, varieties with 

short stalks are available that lower the risk of breaking, avoid “shorteners”, and – potentially – 

decrease fungicide use. However, as a consequence, it is possible to increase the nitrogen supply 

in order to increase the size of the ears, until lodging occurs again. Due to the higher input, the 

susceptibility for fungus disease and, hence, the use of fungicides may increase again.  

 

3.1.2 Coverage by Annex II B of EU Directive 94/15/EC 

 

The appropriate questions of Annex II B are in Sections D and H. Section D deals with modifica-

tions that concern interactions with other organisms; Section H, with the ecological effects of 

these modifications. The pertinent question is D.9 (Potentially significant interaction with non-

target organisms). However, the wording only makes sense if a plant is resistant to a parasite (e.g. 

by means of a toxin) and if organisms other than the parasite are directly affected. In our case, the 

shortening of the stalks may be interpreted as a modification of the conditions which the parasite 

(fungus) meets. Therefore, data on modified conditions for interactions with other organisms ap-

pear necessary. In the case of tolerances, possible interactions with the abiotic environment are 

important and should be indicated as well. Secondly, short stalks may lead to higher input, but 

this is not linked directly to the trait. Nevertheless, higher input may easily be anticipated. There-

fore, possible effects on cultivation measures should be included, with regard to the effects on 

agricultural input. 
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3.2 Maize 

Maize may be regarded as an “exotic species”. The “Exotic Species Model” had consid-

erable influence on the shaping of the EU Directive on deliberate release [8]. The trait 

assigned was cold tolerance, being of practical ecological relevance [5]. 

 

3.2.1 The Problem 

 

In Austria, the vegetation period for maize is very short, and the juvenile and maturation phases 

are problematic. Cultivation requires the soil to remain open for a long time, in order to make up 

for the initial lack in competitiveness. In predisposed ecosystems, erosion and herbicide problems 

may occur. With early-maturing varieties or with silage maize, the maturation phase is no longer 

a limiting factor. Cold-tolerant varieties, on the other hand, allow for a faster juvenile growth and 

result in an earlier covering of the soil and, hence, in ecological improvements. However, the 

cultivation area may also be expanded to colder climates, where maize replaces such better-

adapted forage plants as clover. Here, the same problems must be expected as is observed in 

places where the old varieties can be grown. With cold-tolerant varieties, the situation should 

improve in such places, whereas problems must be expected in new cultivation areas in colder 

climates.  

 

3.2.2 Coverage of Annex II B of EU Directive 94/15/EC 

 

Since the effects might differ considerably according to the ecosystem, the potential to expand 

the cultivation area is an important information. The pertaining parts of Annex II B are Sections 

D and H. However, the potential to expand the cultivation area is not the subject of this question-

naire. 

3.3 Black Locust 

Black locust was chosen as a forest tree where genetic diversity is desirable. Hence there 

are no specific varieties easily discernible.  
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3.3.1 The Problem 

 

Due to its ability to regenerate vegetatively, black locust is difficult to remove. With its special 

root system and its ability for nitrogen fixation, it is highly competitive. Black locust may also be 

regarded as an “exotic species” and may lead to the loss of indigenous species. However, the ge-

netic basis of black locust is difficult to assess: the variability is high and, consequently, long-

term effects are difficult to pinpoint. 

 
3.3.2 Coverage by Annex II B of EU Directive 94/15/EC 

 

Annex II B refers to the comparison of an existing variety with a new variety. Therefore, only a 

description of traits in compliance with Section B (Information Relating to (A) the Recipient or 

(B) (where appropriate) Parental Plants) was carried out. The “exotic” character is covered by 

questions B.6 (In the case of plant species not normally grown in the Member States, description 

of the natural habitat of the plants, including information on natural predators, parasites, competi-

tors and symbionts) and B.7 (Potentially significant interactions of the plant with organisms other 

than plants in the ecosystem where it is usually grown, including information on toxic effects on 

humans, animals and other organisms). In B.6, the habitat of the plant and its behaviour are to be 

described. In our case, it includes references to symbionts (rhizobium), incompatibility with birch 

and beech, reasons for differing competitiveness, and persistency in the native regions and 

Europe, etc. In Annex II B, this question applies only to exotic species in the narrower sense, i.e. 

those that are not found in Europe. Plant species cultivated in a member state are excluded, re-

gardless of their ecological impacts. However, for black locust, such information would be use-

ful; though often regarded as an "exotic species", it does not meet the formal criteria. The limita-

tion to the "natural" habitat leads to a loss of important information. Additionally, in question 

B.7, the restriction to "non-plant" is too narrow.  

3.4 Proposal for an Amendment of Annex II B of EU Directive 94/15/EC 

In our view, the shortcomings detected may also arise with other plants and are not restricted to 

the cases analysed. In particular, reference should be paid to altered conditions for the interaction 
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with organisms and the environment, to cultivation measures likely to be determined by the plant 

assessed, to the possible extension of the cultivation area, and to a better understanding of the 

nature and impacts of an “exotic” crop plant. We propose the following amendments to Annex II 

B of EU directive 94/15/EC: 

 

Section B 

 

3. b) (rephrasing) Specific abiotic factors affecting survivability (temperature, water, 

soil and nutrient needs, stress tolerances). 

3. c) (new): Genetic homogeneity, genetic adjustment potential.  

5. b) (new): Form of utilisation and cultivation. 

6. (rephrasing):  In the case of plant species not grown in agriculture and forestry in 

the Member States, description of the natural habitat of the plant and 

the ecosystem in which it is to be grown, including information on 

natural predators, parasites, competitors and symbionts. 

7. (rephrasing): In the case of plant species grown in agriculture and forestry in the 

Member States, potentially significant interaction with the biotic and 

abiotic environment in the ecosystem in which it is usually grown, 

and possible changes to these interactions in the ecosystem in which 

it is to be grown, including information about toxic effects on hu-

mans, animals and other organisms. 

Section D 

9. (rephrasing): Do any modified conditions result for interaction with other organ-

isms and the abiotic environment?  

10.) (new): Does the genetic modification allow, promote or require changes in 

agricultural practice, including possible expansion of the growing a-

rea into other ecosystems? 
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Section H 

4. (rephrasing): Possible environmental impact resulting from potential interactions 

with other organisms and the abiotic environment. 

5. (new): Possible environmental impacts resulting from agricultural practice 

that has been modified due to the new traits, including possible ex-

pansion of the ecosystem where it is grown.  

4 Discussion 

4.1 Agricultural Practice 

A reason for the difficulty of assigning certain effects to different traits may be the way in which 

we generally perceive crop plants, which creates the basis for our “familiarity” with them: gener-

ally, it is performance that is investigated, and not the unintended effects. Hence, in practice, 

"familiarity" with a certain crop plant refers primarily to agronomic performance and less to envi-

ronmental impacts. In risk assessment, analogous to the assessment of agronomic performance, it 

is the short-term effects which are investigated in relatively few individual subjects. It is thus not 

surprising that it has hardly been possible to relate environmentally-relevant effects to specific 

traits. Effects could be surveyed only by intensive monitoring during widespread cultivation – 

provided one knows what to look for. For transgenic crops, however, monitoring is normally not 
provided for, because the licensing procedure for placing crops on the market does not specify 

any monitoring obligation.  

Among those effects where a correlation could be established are the slow juvenile 

growth of maize leading to erosion danger, and the lack in competitiveness during early 

growth stages resulting in high herbicide requirements. Such effects are often associated 

with sub-optimal adaptation to local environmental conditions (e.g. climate) and are 

usually not specifically bred. Little attention is generally paid to these traits and effects 

within the scope of current risk assessment. Such environmental effects occur primarily 

under conditions of intensive agriculture, which are difficult to modify in practice. New 

breeds with tolerances that could reduce them may actually fail to do so due to maxi-
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mum exploitation of the trait in practice. For example, short-stalk wheat helps to pre-

vent crop failure and the use of fungicides through improved stability – as long as the 

tendency for lodging does not increase through heavier ears. Hence, the practice that is 

made possible by a certain trait is obviously more important in terms of environmental 

impact than the trait itself. Its significance lies in the fact that it allows various practices 

– those that prevent negative effects, and those that merely shift or even enhance them. 

The assessment of a trait without considering the associated cultivation method is there-

fore questionable. 

4.2 Gene Transfer and Invasiveness 

In the OECD study entitled "Safety Considerations for Biotechnology" [2], gene transfer and in-

vasiveness are seen as the main points to consider in a risk assessment of transgenic plants. These 

events also have been observed occasionally in conventional plants and may be more common 

than has been hitherto acknowledged. For example, in the case of oilseed rape, it has been shown 

that genes are transferred rapidly to wild relatives [9]. However, the practical significance of this 

phenomenon in several cases appears to be fairly low. The negative effects of invasiveness were 

observed in about one out of 1000 non-indigenous species [10]. The only significant effect due to 

gene transfer and invasiveness which we could detect in the analysis of “model” plants was the 

suppression of the crab apple by weedy domestic apples in some very specific habitats [4]. Al-

though the selection of plants may not be entirely representative, the effects of gene transfer seem 

to be of minor importance in practice, and those of invasiveness are problematic in only few 

cases. This has led many scientists, companies and regulators to conclusions that today´s trans-

genic crops are inherently safe [11].  

Gene transfer also depends on local environment and cultivation conditions. Gene trans-

fer will almost certainly happen somewhere, since transgenic varieties will be cultivated 

in areas in which cross-breeding partners exist [12]. Their distribution, and hence the 

frequency of gene transfer, will vary locally. Agricultural practice influences the prob-

ability of contact between hybridisation partners depending on the field-edge surface 

(edge effect). Therefore, it is important whether an agricultural system has larger or 
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smaller fields. For example, the small average size of fields in Norway compared with 

the mean in the EU, and thus the greater probability of cross-breeding and gene transfer 

was recently mentioned in a Norwegian commentary on an application for placing 

transgenic oilseed rape on the market (T.H. Nielsen, TMV Oslo, pers. Communication). 

Invasiveness is the result of interaction between a (hybrid) species and the ecosystem; it 

cannot be reasonably assessed by analysing the traits of one (parental) species alone 

without taking into account the environment. However, this is precisely what is re-

quired for placing a crop on the market. Experience with field tests must necessarily re-

fer to only a few (mostly similar) ecosystems. The possibility of invasiveness depends on 

the removal of volunteers, crop rotation, and the existence of fallow or ruderal sites, 

among other reasons. Therefore, even if we were to restrict ourselves to the parameters 

of gene transfer and invasiveness and to assess their probability, agricultural practice 

cannot be excluded from any analysis. 

This was also emphasised in a recent paper describing the rationale for a monitoring 

experiment with transgenic hybrid oilseed rape [13]. The authors stressed the point that 

comparisons (the basis of “familiarity”) are difficult to make since “little data are avail-

able on how non-GM oilseed rape behaves.” They criticised that risk assessment has not 

“considered whether the agronomy of the GM crop has an environmental impact.” For 

example, Glufosinate – which is more effective than current herbicides – may kill a 

wider spectrum of plants if it drifts into the field margins, hence permitting more volun-

teer rape to establish itself. Enhanced colonisation “...may thus be due to the changed 

herbicide regime rather than to characteristics of the GM rape.” They conclude that “it is 

important that assessments of impact are based on comprehensive environmental audits 

of both the plant and its agronomic management, so that meaningful comparisons can 

be made with current cropping of non-GM crops.” Our results and conclusions fully 

support such an approach. 

5 Conclusion 
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Since there is agreement that it is mainly the phenotypic characteristics (as determinants of agro-

nomical practice) that are significant for defining any possible risk, most of the criteria in Annex 

II B may also be applied to conventional plants. However, 

• conclusions with regard to anticipated effects cannot always be drawn from phenotypic traits 

with sufficient certainty — although this is a prerequisite for the currently-practised form of 

risk assessment;  

• the significance of gene transfer and invasiveness is much lower in practice than in risk as-

sessment, where ecological impacts of major practical importance are not taken into account 

because they concern agricultural practice; 

• possible differences resulting from different time scales and the cultivation areas are not ade-

quately taken into consideration. 

The complex procedure for the risk assessment of transgenic plants may be inadequate with re-

gard to the possible effects to be avoided. In our opinion, there are two solutions: 

 

• In the long term, the introduction of "ecological sustainability" as a breeding goal in terms of a 

prophylactic environmental protection would be desirable. Definitions being provided, this 

would allow for more consistent regulations that do not discriminate against transgenic plants. 

• In the short term, the shortcomings should be relieved by assessing the possible influence on 

agricultural practice and amending the text of Annex II B to EU Directive 94/15/EC as indi-

cated. Also, post-marketing monitoring schemes and new ways of modelling realistic agro-

nomic conditions have to be found. 
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