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European Commission recommendation on coexistence

SUMMARY

Based on the European Commission recommendations on coexistence, there is a need to
regulate coexistence crop specifically and step by step, from management at the farm level to
management at the neighbourhood level up to measures with region-wide dimension.

Based on analyses on cross-pollination, seed dispersal, seed viability in the soil and in
accordance with the European Commission recommendation, cumulative effects as well as the
small-scale structure of Austrian Agriculture, there will be a need to regulate the cultivation of
GM maize and GM oil seed rape at a regional level. In some regions, the agricultural structure
may allow management of maize at the neighbourhood level, although a detailed analyses to
identify such regions was not the subject of this study. While voluntary regions will not provide a
proper conflict solution potential, legally binding regions (GM regions or GM-free regions) will
be necessary. From a management perspective, only minimum isolation distances would serve
as a practically feasible decision tool. Hedges, for example, are very difficult to handle in the
management of coexistence, as exact knowledge on the efficient reduction of the rate of cross-
pollination at certain distances is lacking. Varieties with different flowering time will not provide
sufficient security to avoiding cross-pollination. A DIGITAL CULTIVATION PARCEL MAP is
proposed by the author to serve as a core instrument in the way to handle a complex
information flow ,which has to consider farmers’ crop rotation plans and cultivation type
(organic, conventional, GMO) for each parcel on a annual basis. Furthermore, the
establishment of a regulation on “GMO cultivation and processing” is proposed. It should be
based on the EC Regulation 2092/91 for organic farming, in order to get a full separation of
GMO cultivation and processing to achieve full traceability as required by the adopted EC
Regulation on traceability and labelling as well as EC Regulation 178/2002. Besides these
recommendations on the management of coexistence, the author points out that there are huge
gaps of knowledge in the underlying basic science of risk assessment of GMOs, e.g. with
regard to cell biology, genetics). Moreover, the current practice of risk assessment does not
provide sufficient information to conclude that GMOs for food and feed use are safe. GMO
crops which have the potential for outcrossing should not be approved because there would be
no (or at least very limited) options for mitigation measures in the case of error, which cannot
be ruled out for risk assessment methods. Besides the problems with coexistence, an approval
of GMOs would still be premature.
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Preliminary Remark
Important Limitation of this REPORT

The question of coexistence of organic and conventional non-GM production with the cultivation
of GMOs” touches upon very diverse areas of science and social policy. These are:

e The level of biological science, including questions of outcrossing

Focu's of t:his study distances (by airborne/wind pollen transport or distribution by insects) and
on'blologlcal the dispersal of transgenic seed (by birds, other animals, etc.)
science

e The level of quality assurance, which continuously investigates whether
the framework conditions set are met, and whether the framework
conditions are practically applicable in the sense of monitoring, or whether

adjustments should be made.

e The level of social science, which investigates the aims society develops regarding the future
direction of agriculture, and which attempts to clarify what a fair balance of interests
(subsidies and other measures) between various different interest groups might look like.

e The legal level, which looks into how a regulatory approach might be integrated into existing
legal frameworks without undermining prevailing rules and regulations.

e The political level, which, bearing in mind cost-benefit considerations, makes decisions as to
values and sets goals on the basis of findings of biology and social science.
It is obviously not possible to cover all aspects within the scope of the present study, as this
would exceed by far the financial framework and the time available.
The focus of this work is on the level of biological science and that of quality assurance.
Political as well as legal aspects have only been touched upon and therefore need further
extensive analysis.

1 EUROPEAN COMMISSION RECOMMENDATION ON
COEXISTENCE

On July 23, 2003 the European Commission published recommendations on coexistence.
Therein, the “European Commission considers that measures for co-existence should be
developed and implemented by the Member States. European Commission should support and
advise Member States in this process by issuing guidelines for addressing co-existence.”

This report analyses the recommendations made by the European Commission. Based on this
analysis and on data of cross-pollination as well as in consideration of the small scale structure
of Austrian agricultural cultivation area, the author gives some recommendations for possible
solutions for the problem of coexistence.

1.1 INTRODUCTION

In its introduction, the European Commission summarises the problem of coexistence as
follows:

“The cultivation of genetically modified organisms (GMOs) in the EU is likely to have
implications for the organisation of agricultural production. On the one hand, the
possibility of the adventitious (unintended) presence of genetically modified (GM) crops
in non-GM crops, and vice versa, raises the question as to how producer choice for the
different production types can be ensured. In principle, farmers should be able to
cultivate the types of agricultural crops they choose - be it GM crops, conventional or
organic crops. None of these forms of agriculture should be excluded in the EU. On the
other hand, the issue is also linked to consumer choice. To provide European
consumers with a real choice between GM food and non-GM food, there should not only
be a traceability and labelling system that functions properly, but also an agricultural
sector that can provide the different types of goods. The ability of the food industry to
deliver a high degree of consumer choice goes hand in hand with the ability of the
agricultural sector to maintain different production systems. Co-existence refers to the
ability of farmers to make a practical choice between conventional, organic and GM-
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crop production, in compliance with the legal obligations for labelling and/or purity
standards.”

1.2 EcONOMIC ASPECTS OF CO-EXISTENCE VERSUS ENVIRONMENTAL AND HEALTH ASPECTS

The European Commission considers the problem of coexistence solely as an economic but
not an environmental or health issue.

“It is important to make a clear distinction between the economic aspects of co-
existence and the environmental and health aspects dealt with under Directive
2001/18/EC on the deliberate release of GMOs into the environment. Since only
authorised GMOs can be cultivated in the EU, and the environmental and health aspects
are already covered by Directive 2001/18/EC, the pending issues still to be addressed
in the context of co-existence concern the economic aspects associated with the
admixture of GM and non-GM crops” (EC-COMMISSION 2003, 1.2).

This conclusion by the European Commission has to be challenged on account of the following
reasons.

1.21 THE PRACTICAL SITUATION OF RISK ASSESSMENT OF GMOs

From a legal perspective, all authorized GMOs are safe. From the current practical perspective,
this is not guaranteed by the current way risk assessment of GMOs is undertaken. The core
assessment of health effects of GMOs is based on the principle of substantial equivalence. This
principle, however, lacks a scientific basis. It is a hypothesis that has never been tested by way
of a large number of controlled experiments. Thus, this hypothesis has been made a decision
tool without scientific justification. MILLSTONE et al. (1999) points out::

“The relationship between genetics, chemical composition and toxicological risk remains
unknown. Relying on the concept of 'substantial equivalence' is therefore just wishful
thinking: it is tantamount to pretending to have adequate grounds to judge whether or
not products are safe.”

Furthermore, a review (SPOK et al. 2002) of the current practice of risk assessment of 11 out
of 28 applications for placing on the market of pending and authorized GMOs demonstrated
that:

¢ “In general, toxicological information is rather a minor part of the dossiers.
o Differences in the intended use of the GMP do not affect the extent of the toxicological
evaluations.

o  Most toxicity tests are displayed as summaries or are just references to literature and can
therefore not be verified and reviewed. Internal references are often used improperly.

o Apparently, toxicological tests were carried out rather sporadically, most likely in cases of
Bt-plants, as Bt-toxins had already been approved before as insecticide in some countries.

e Data on the toxicity of the whole GMP are not provided in any dossier.

e Toxicological acceptance is often justified by three arguments: low toxicity of the gene
product, substantial equivalence of the GMP to their conventional counterparts, and low
exposure.

o Potentially toxic effects resulting as a secondary effect from the gene insertion are not
considered in any case.

o  Most of the toxicological testing was not carried out in compliance with quality assurance
programs such as Good Laboratory Practise (GLP).

e  GMP are very often declared as being safe just by assumption based reasoning.
e  Furthermore these assumptions are sometimes not easily or not at all verifiable.

¢ Risk assessment procedures which are carried out in a systematic way consisting of a
hazard assessment of the GMP on the one hand and of an analysis of exposure on the
other hand, are lacking in the dossiers.”

In the absence of a thorough risk assessment of GMOs, it is not far to conclude that consumers

are unwillingly part of a great food gamble (DIAMOND 2001).
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1.2.2 THE CASE OF UNCERTAINTY

Decisions regarding risks are always preliminary (uncertain) and there is no way to prove that a
product is safe. Scientist can only assume that a product is safe after a thorough risk
assessment. A review on 14 case studies like BCP, asbestos, and others, where risk
assessment had failed to protect human health and/or the environment, shows clearly that we
have to admit that risk assessment has a significant probability of error (EEA 2001). GEE
(2003) concludes that there are far more examples which were not covered in the study, and
that in general science produces more false negative risk assessments (a risk was not
identified although there was a risk) than false positive risk assessments (risk assessment
concluded a product is unsafe although the product was safe). There are several published
reports on unintended effects like a 20 % increased lignin content in RR soybeans expression
of glyphosphate (EPSPS) )resistance) or increased vitamin B6-content , (+50%) in rice with
transgene for higher lignin content (20%), expression of soybean glycinin (KUIPER et al. 2001,
table 6).

Besides this general view on uncertainty and precaution in risk assessment, new evidence from
Man is only cell biology and genetics clearly demonstrates our limited understanding of
attributed the role of DNA, RNA and protein in living organism. The HUMAN GENOME
40.000 genes, PROJECT revealed that instead of the assumed 142,000 genes, man has a
as opposed to  mere 30,000 — 40,000 genes. In a New York Times article of
previously February 19, 2001, entitled "Humbled by the Genome’s Mysteries,*
assumed evolutionary biologist and Harvard University Professor of Zoology Jay Gould
142,000 genes.  duestioned how it might be possible that e.g. the very simply constructed

worm C. elegans, with a mere 939 cells, has 19,000 genes, while humans,

with their much more complex functions (metabolism, immune system, brain)
have only 30,000 to 40,000 genes. He postulated that human complexity could not be
explained with the old view of life being embedded in a DOGMA of “DNA makes RNA makes

PROTEIN.” Human complexity is thus not achieved by genes but by combinations and

interactions within the cell and the organism. The interaction of genes, however, cannot be

derived from the knowledge of one gene alone (cf.Textbox 1). Furthermore analyses of non
coding DNA (junk DNA) suggests the existence of a hidden class of abundant regulatory

elements (e.g. FLAM 1994, MONK 1995, SHCHERBAK 2003, HARE und PALUMBI 2003).

Textbox 1: Lack of understanding in cell biology

“The collapse of the doctrine of one gene for one protein, and one direction of causal flow
from basic codes to elaborate totality, marks the failure of reductionism for the complex
system that we call biology - and for two major reasons.

First, the key to complexity is not more genes, but more combinations and interactions
generated by fewer units of code - and many of these interactions (as emergent properties,
to use the technical jargon) must be explained at the level of their appearance, for they can-
not be predicted from the separate underlying parts alone. So organisms must be explained
as organisms, and not as a summation of genes (GOULD 2001).

9 The one-gene-one-protein hypothesis has no longer been valid for some time. Nor can the
concept of one-gene-one-enzyme be applied any longer. ,A concept of general validity that
integrates the diverse characteristics of the hereditary material in a uniform and easy-to-handle
pattern, can no longer be formulated today (HENNIG 2001, 457ff).

Potential patterns of explaining the small number of genes and the high number of proteins are
found in the different forms of splicing - the cutting out of uncoded sequences within the mRNA
synthesis and/or mRNA editing. From a gene consisting of 6 exons, for example, different but
mutually related proteins are expressed. In cells of the parathyroid, the exons 1-4 are linked by
splicing, with the concomitant loss of 5 and 6. Exon 4, in turn, is spliced from neurons. Thus,
proteins of a gene are coded that are active in the parathyroid gland, in hypothalamics cells, in
sensory gangliocytes of the spinal cord as well as in other areas of the spinal cord (KNIPPERS
2001, 412ff).
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"We are in a data-rich environment, but the fact is we are information poor, You look at
biological systems with much more complexity than before" Peter Sorger, an associate
professor of biology at MIT

” We really have a poor understanding of what a gene actually does and where and when it
should do it. You can understand the entire genome and [still] understand less than 1
percent about what is going on in a cell." Eric Neumann, vice president of bioinformatics at
Beyond Genomics Inc.(DODGE 2003).

What is true for basic research is particularly true and of special significance for the risk
assessment of GMOs. Risk assessment is based on the current knowledge of genetics, cell
biology, molecular ecology and ecology. The risk assessment of human health effects is only as
good as the underlying knowledge of the basic interactions in the cell and in an organism. Gaps
in the underlying science lead to gaps in the risk assessment as well.

In view of numerous uncertainties regarding GMO risk assessment, it is possible for important
risk aspects to remain unobserved. In the light of precaution, the author concludes that the
release of GMOs into the environment and the approval of GMOs for food and feed is still too
premature. The quote from OECD (2000) very adequately describes the link between
precaution and uncertainty. "While the duty of preventing damage to the environment is based
on a known risk, the notion of precaution is based on lack of certainty.”

2 ANALYSIS OF CAUSES AND INTERRELATIONSHIPS
REGARDING GMO-CONTAMINATION

Several institutions and persons - have dealt intensively with questions of pollen reach of
selected crops and coexistence over the past three years INGRAM 2000, TREU und
EMBERLIN 2000, SCP 2001, EASTHAM und SWEET 2002, IPTS (EDS.) 2002, BECK et al.
2002, TOLSTRUP et al. 2003.

2.1 BIOLOGICAL CONTAMINATION WITH POLLEN

211 POLLEN TRANSPORT AND FERTILISATION
2111 CROSS-POLLINATORS AND SELF-POLLINATORS
Self-fertilisers: In flowering and fertilisation behavior, we distinguish between cross-

fertilisers and self-fertilisers. Self-fertilising species (e.g. wheat, barley,
soybean, oat) are species whose naturally occurring self-fertilisation
rate does not rate does not exceed 3 -4 % on average (ODENBACH 1997, 106f).
exceed an average Species whose cross-fertilisation rate exceeds 3 - 4 %, are classified as
of3-4% cross-fertilisers (e.g. maize, rye, oilseed rape (depending on the variety)).
In many species, both forms of fertilisation occur simultaneously, i.e. the
flowers of one inflorescence may be partly self-fertilised and partly cross-
fertilised. The relationship between self-fertilisation rate and cross-fertilisation rate may
fluctuate considerably within one species (depending on the variety, and, to a certain extent, on
the climatic conditions at the flowering time), which sometimes renders an unequivocal
classification difficult.)

plants whose
cross-fertilisation

21.1.2 POLLEN DISPERSAL

The way of pollen dispersal determines to a large extent the maximum reach of vertical gene
transfer in genetically modified plants. Along with wind and insects (flies, ants, honeybees,
bumblebees), birds and mammals are potential pollinators. With some plants, pollination occurs
in water, which means that water also has to be borne in mind as a vector for various water
plants. With regard to the species we are dealing with herein (oilseed rape, maize, soybean),
pollen transfer is limited to insects and wind. A total separation of the various ways of

4
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fertilisation is not feasible. Sometimes, several forms of fertilisation occur simultaneously.
Oilseed rape, for example, is to a great extent self-fertilising, depending on the variety; cross-
fertilisation occurs mainly by way of insects but also wind. Oilseed rape pollen (which may also
cause allergies) can be detected in the air in areas remote from the production areas
(HEMMER et al. 1997). What is more, exclusive fertilisation by way of wind does not mean that
the pollen is avoided by insects. While maize (monoecious - male and female flowers are
physically separated on the plant) is exclusively wind-pollinated, maize pollen (as opposed to
the female floral organs of maize that do not secrete nectar) is an attractive and in certain
locations the most important late pollen source for bees.

2113 PROBLEMS OF METHODOLOGY IN MEASURING THE REACH OF HYBRIDIZATION

2.1.1.3.1 INFLUENCE OF MEASUREMENT TECHNIQUE

Gene flow is the transport of genetic information between individuals, populations, and species.
Particularly in plants, we distinguish between "potential” and “actual” gene flow. Potential gene
flow is the transport of pollen or seeds (diaspores) as a function of the distance (i.e. the
dispersal distance of pollen and seeds). Actual gene flow is the height of fertilisation rates
(with pollen) as a function of the distance from a source (RAYBOULD und CLARKE 1999).
Obviously, not every pollen grain leads to successful fertilisation and not every seed produces
plants capable of reproduction. This is why the actual gene flow differs considerably from the
potential gene flow (RAYBOULD und CLARKE 1999).

There are direct and indirect methods of measuring gene flow. The most common form is the
direct measurement of the pollen and seed transport with respective
traps that allow an estimate of the potential gene flow. Volumetric pollen

Thus, the actual traps (measurement of the amount of pollen per m® of air and unit of
gene flow may time, as a rule 24 hours) (e.g. TIMMONS et al. 1995) are distinguished
differ considerably ¢ holien sinks (e.g. SQUIRE et al. 1999). Already at this stage,

from the potential |\, ever, it becomes evident that the choice of the suitable methods

gene flow. may have a decisive influence on the result. SQUIRE et al. (1999, 60 f)
point out that the result of pollen measurements (pollen trap or
measurement of the pollen load on a defined area) may differ
considerably depending on the method chosen. Pollen concentration

measurements with sinks at greater distances render higher pollen concentrations than

measurements with pollen traps. For an estimate of the potential reach of gene flow between
crops (in particular of the gene flow from GMOs to organically cultivated crops), both methods
should be applied, particularly as it is necessary to further strengthen the hypotheses for gene
flow on the landscape level as well as to further back the conclusions to be derived thereof

(SQUIRE et al. 1999).

By means of genetic markers, which, like pollen traps, are suitable for estimating the reach of
gene flow between crops, the actual gene flow is measured directly (RAYBOULD und CLARKE
1999).

Estimating the gene flow from crops to wild plant populations is possible in the form of an
indirect estimate of the actual gene flow via ascertaining the variation of allele
frequencies. A great variation of allele frequencies are indicative of low gene flow, while great
correlation in the allele frequencies indicate high gene flow. Both direct and indirect
measurements of gene flow, if applied exclusively, do not render a complete picture of the gene
flow. Best results are achieved if both methods are applied simultaneously (RAYBOULD und
CLARKE 1999).

21.1.3.2 INFLUENCE OF THE CULTIVATION AREA ON MEASURING DISTANCE

Along with the measurement techniques, the experimental design exerts considerable influence
on the result. Many experiments limit themselves to distances between
100 m and 400 m (SIMPSON et al. 1999, SCHEFFLER et al. 1993,

Measuring technique
and experimental
design exert
considerable
influence on the final
result

SCHEFFLER et al. 1995, DOWNEY 1999). Thus, the quality of the
findings regarding maximum reach is significantly limited by the way the
experiment is designed. The few experiments that made measurements

5
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at greater distances up to 4,000 m (SQUIRE et al. 1999, THOMPSON et al. 1999) actually
detected gene flow at these distances.

Along with the maximum distances considered in the experimental design, the size of the area
of the pollen source has a strong influence on the final result. The hybridization frequency turns
out to ultimately correspond to the ratio of pollen availability (of the plant’s own or foreign
origin). In small experimental plots with a large non-GM isolation track, outcrosses of the non-
GM plants on the isolation track are higher on the experimental plot than outcrosses of GM-
plants of the research-size plot into non-GM plants on the isolation track (cf. SQUIRE et al.
1999,58f). This is why the pollen dispersal distances found in experiments with small research
plots are only approximate values. Numerous values of maximum outcrossing distances had to
be upwardly corrected.

For oilseed rape, outcrossing frequencies were initially, as a consequence of the small size of
the experimental design (research-size plots with diameters of 9 m), estimated at 0.4 % at 3 m,
0.02 % at 12 m, and 0.0003 % at 47 m (SCHEFFLER et al. 1993). Later works with an
experimental plot of 400 m?, found outcrossing rates for oilseed rape of 0.0156 % at 200 m and
0.0038 % at 400 m. These figures were below the level of tolerance for seed production, which
is why the recommendation of the authors of the study was that isolation distances of 200 -
400 m would be sufficient (SCHEFFLER et al. 1995).

Works (THOMPSON et al. 1999, TIMMONS et al. 1996b1996b) with larger fields (up to 10 ha),
outcrossing distances of up to 4 km have been found in experiments (details cf. 2.3.1). Similar
experiences were made with alfalfa (Medicago sativa), for which the outcrossing frequency of
large fields was 10 times higher than that of small research-size plots, and significant
hybridization was detected across distances of ca. 1,000 m (AMAND et al. 2000).

2.1.1.3.3 INFLUENCE OF THE RECEPTOR PLANT

An equally very frequent direct way of measuring gene flow in oilseed rape is the use of male
sterile receptor plants, measuring the number of fertilised seeds (e.g. TIMMONS et al. 1995,
THOMPSON et al. 1999). As in this method, self-fertilisation as well as fertilisation by
neighboring plants is suppressed and the hybridization frequency eventually corresponds to the
ratio of pollen available (of the plants’ own or foreign origin), this form of measurement
produces higher values in terms of reach and hybridization than with male fertile oilseed rape
plants (SIMPSON et al. 1999, 81f). However, it is a sound indicator of the actual theoretical
potential of hybridization.

21.2 WIND-POLLINATION

Several criteria influence the maximum distance of a successful fertilisation by pollen transport:
e Potential and absolute pollen concentration in the field
o viability of pollen
e transport dynamics of pollen

Details shall be discussed in the following chapters.

21.21 POLLEN CONCENTRATION IN THE AIR

The potential and absolute pollen concentration in the air above a field
depends primarily on the strategy of generative reproduction.
Closely related to this concept is the plant’s open-floweredness
(chasmogamy), which in cross-pollinators is much more frequent than
in self-pollinators. Wind-pollination, as opposed to pollination by

strategy of insects, is not very precise. The probability for a single pollen grain to
generative be wind-borne exactly onto the stigma of a plant of the same species
reproduction (and not, for example, onto a leave or the stem of the plant), is very
pollen production low. In order for a successful wind-fertilisation to occur, there has to be
per plant a considerable surplus of pollen. Wind-pollinators thus mostly produce
cultivation area several tens of millions of pollen grains per plant. Maize produces

approximately 14 - 50 million of pollen grains per plant and
approximately 30 - 50 times more than wheat (TREU und EMBERLIN
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Many
approximative
values on
maximum
outcrossing
distances had to
be corrected to
higher values.

2000, 6f). Rye produces 8 - 35 times more pollen per anther than wheat
(HORAK et al. 1980)

Chasmogamous nature and amount of pollen production determine the
pollen concentration in the field and the air layer immediately above the
field. The airborne pollen share of self-fertilisers (in particular remote
from agricultural cultivation areas) is significantly lower than that of
cross-fertilisers.

The weight of pollen is another significant factor for the extent and
distance of pollen dispersal. Light pollen (e.g. rye pollen) weight leads to
significantly higher concentrations in the air remote from agricultural

areas than heavier pollen weight (e.g. maize pollen) (HORAK et al. 1980).

As the pollen concentration frequently (although not always) declines continuously with the
distance to the field, the maximum transport distance of relevant pollen densities increases
directly in proportion to the level of the initial pollen concentration (and thus to the size of the
cultivation area).

POLLEN VIABILITY

The theoretically global reach of pollen transfer that might result in fertilisation is limited in
particular by the longevity of the pollen. In general, pollen is viable only for a short period of

Key factors of pollen
viability are:

21.23

duration of
biological
fertilisation
capacity of the
pollen
meteorological
factors

time. The fertilising capacity may last between a few hours and
several days, depending on the climatic situation. Under natural
conditions, maize pollen, for example, is viable between 24 hours
and several days. In an experiment with maize pollen stored in
bags, the pollen, when exposed to direct solar irradiation as well as
at maximum temperatures of 96 °F (= 35.56 °C) was viable for 3
hours only. When shaded by plants as well as at maximum
temperatures of 86 °F (= 30 °C), the pollen had a life of 30 hours
(EMBERLIN et al. 1999). In contrast, LUNA et al. (2001) detected a
maximum viability of maize pollen of 2 hours .

Depending on the pollen, the climatic factors exerting an
unfavorable or favorable influence on pollen longevity (direct solar

irradiation, humidity, temperature) vary. In general, low humidity as well as direct solar
irradiation have a negative impact on pollen viability. The fertilising capacity of oat pollen
lessens considerably as soon as after 15 minutes when it is exposed to direct solar irradiation
(HOFFMANN et al. 1985, 102f).

TRANSPORT DYNAMICS

The microclimate prevailing in the layer near the ground has a significant influence on the

Key factors of
influence:

wind force
wind direction
turbulences

pollen dispersal rate. The convection occurring on account of the
warming-up of the soil may contribute to carrying pollen into higher
layers of air, which are generally characterized by greater wind
velocities than layers close to the ground.

But also actively flying insects make use of thermal up-currents in
order to get into higher strata. The monarch butterfly in the United
States, for example, uses thermal up-currents in order to reach layers

of air adequate for carrying it during its long-distance migration (WESTBROOK und ISARD
1999).
Depending on the pollen dispersal distance, we distinguish between three types:
Part (ca. 50 %, LAVIGNE et al. 1998 1998) of the pollen does not reach the local thermal
currents and will sink in the immediate surroundings (up to 3 m) of the plant (type: local
pollen).

Another part is seized by local thermal air currents that carry it further (several meters to
several kilometers). Such small-scale convection cells rarely last longer than 20 to 30
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minutes, the average wind velocity in these cells being 0.5 to 1 m/sec (TREU und EMBERLIN

2000, 2f) (type: regional pollen).

Part of the pollen is seized by large-scale atmospheric circulation, taking pollen across

regions and even across the globe. The major part of the pollen will sink in the evening or at

night, when temperatures start to cool down (TREU und EMBERLIN 2000, 2f). Pollen that
does not sink in the following night is as a rule carried away on a

Part of the pollen global scale. Thus, pollen is ubiquitous in the atmosphere (though in
is seized by clearly differing concentrations) and, among other purposes, serves
large-scale as crystallization nucleus for rain drops (WESTBROOK und ISARD
atmospheric 1999, 271f). The distances pollen is able to travel are considerable
circulation, and have time and again made for surprising findings. In Swiss
taking pollen glaciers and lakes, for example, pollen from North Africa and the
across regions Mediterranean region was found (KJELLSSON et al. 1997, 58f) (type:
and even across ubiquitous pollen). Owing to the fact that pollen is viable only for
the globe. short periods of time (a few hours up to several days, in extremely

rare cases; average maximum longevity is around 24 hours), it may
be assumed that ubiquitous pollen that does not sink in the first night
after leaving the anthers, is irrelevant in terms of fertilisation.

The distribution of the overall quantity of pollen released from the anthers among the three
pollen types is difficult to predict, considering that it is strongly dependent upon microclimatic
conditions at the moment of bursting of the anthers.

As a rule, the overall quantity of the pollen released from the anthers decreases with the
distance from the pollen source. This is true for both regional and ubiquitous pollen. The decline
of the pollen concentration is directly in proportion to the pollen source. The course of the curve
is negatively exponential and progresses asymptotically toward zero (TREU und EMBERLIN
2000, 3f). The detailed course of the curve depends upon the plant species, the initial pollen
concentration, as well as microclimatic conditions.

Along with the initial concentration (cf. below), wind conditions considerably influence the pollen
concentration at greater distances. Pollen, spores, seeds (diaspores), microorganisms, etc., are
as a rule dispersely scattered by wind, with the concentration decreasing as a rule continuously
with the distance. However, pollen may also, if wind conditions are favorable, be dispersed
across long distances without a significant decline in concentration (WESTBROOK und ISARD
1999, 164f). GIDINGS et al. conclude in their theoretical model examinations of pollen dispersal
in genetically modified grass varieties that the pollen concentration does not always decrease
linearly with the distance (GIDDINGS et al. 1997).

GAGE et al. (1999) devised a scale linking the spatial dispersal by wind with temporal
dimensions.

Micro-scale
¢ In the range of seconds to minutes, the spatial dispersal by
wind is in the range of 1 mm?to 1 km?.
Meso-scale
¢ In the range of minutes to hours, wind dispersal is between 1-
10 km?.
e Inthe range of hours to days, wind dispersal is between
1-100 km*.
e Inthe ranzge of days to weeks, wind dispersal is between 100-
1,000 km~.

(GAGE et al. 1999, table 1)

As pollen retains its fertilising capacity several minutes to several days, with an average
longevity of 24 hours, a dispersal of viable pollen of up to 100 km?is to be expected. On the
basis of the data compiled above, this marks the “maximum” theoretical potential for successful
fertilisation. The fact that pollen can be detected at distances far greater than that has already
been mentioned. Thus, the potential for a dispersal of 100 km certainly exists. However, the
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pollen concentration? at these distances seems to be so low that the probability for fertilisation
to occur is greatly reduced or extremely small. LUNA et al. (2001) assume 32 km to be the
maximum theoretical dispoersal distance for viable pollen assuming a
2 h viability of pollen grain. With a clear decrease in pollen
concentration, the probability of a pollen grain to land exactly on the
stigma of a receptor plant decreases continually. Adventitious
occurrences are, however, at least theoretically possible. The author
does not have concrete statements as to the probability of such
possible “lucky incidents” at his disposal. Such incidents may occur
with a probability of one contaminated maize grain on the maize area
of Austria per year. In any case, such incidents are clearly below the
discussed limits of 0.1 % in Austria and 0,9 % in EU. Although the
wind direction has a significant impact on the dynamics of pollen
dispersal, even small-scale air circulation must not be omitted. As a
rule, fertilising rates are higher in the direction of the prevailing wind
than in the averse direction. WAGNER and ALLARD are quoting trials
in which the prevailing wind direction had no significant influence on
the number of fertilisations in the immediate surroundings (WAGNER
und ALLARD 1991. Fertilisation rates were about the same in all
spatial directions, with fertilisation being slightly, though not significantly, higher in the direction
of the wind.

Pollen is as a rule
dispersely scattered by
wind, i.e. the
concentration decreases
continually with the
distance. However, pollen
may also, if wind
conditions are favorable,
be dispersed across long
distances without a
significant decline in
concentration.

21.3 INSECT-POLLINATION

In most agricultural crops (e.g. maize, rye), pollen is wind-dispersed. Oilseed rape pollen,
however, is distributed, along with wind-dispersal, also by insects, e.g. honey-bees (Apis
mellifera) or bumble-bees (Bombus terrestris). Fruit trees are almost exclusively insect-
fertilised. As opposed to pollen transfer by wind, pollen distribution by insects is much more
precise. With low amounts of pollen, a very efficient fertilisation rate is achieved. This is why for
an estimate of maximum reach of fertilisation through insects, the specific pollen biology
(weight and number of pollen) of the plant as well as the initial pollen concentration on the field
edge are of minor importance. Significant for an assessment of hybridization distances is the
specific behavior of insects and their foraging of pollen and nectar. Here, it becomes obvious
that detailed studies allowing first projections on the maximum reach of fertilisation exist on the
European honey-bee (Apis mellifera) only. Many investigations deal with fundamental subjects
such as orientation, movement across the field, planting activity. Only few experiments have
been carried out with a GMO-focus - the estimation of the gene flow from synthetic transgenes
into non-transgenic crops or wild plants. And yet, it is particularly this new focus that brings
about entirely new findings that modify the existing status of knowledge. The following is a brief
overview of the most relevant events related to this subject.

Many different insect species are able to transfer pollen. In most cases, host plant and
pollinator (the insect, mammal, etc. carrying out the fertilisation) are closely adapted to each
other. The most important group of pollinators is the family of bees (Apidae, insect order of
Hymenoptera). Within this family, there are numerous genera, such as Apis (honey-bee) and
Bombus (bumble-bee) as well as several genera of wild bees. Globally, 25,000 species of wild
bees have been described (DELAPLANE und MAYER 2000, 19f), the largest part being solitary
bees. The best investigated and most frequently bred species is Apis mellifera (European
honey-bee). However, some solitary bee species are also used specifically for commercial
orchards and vegetable farms (DELAPLANE und MAYER 2000).

Bumble-bees (Bombus spp., family Apidae) are mostly found in regions of moderate climate.
There are 400 bumble-bee species worldwide (DELAPLANE und MAYER 2000, 63f). The
bumble-bee B. terrestris is bred and “artificially” reproduced. Bumble-bee colonies are mainly
used in vegetable farming under glass covers. As opposed to bees, which prefer forage

2 Pollen concentration in the atmosphere or in areas remote from agricultural activities is very low.
On the Swedish mainland, for example 18,000 pollen grains per 100 m®were measured, as opposed
to a mere 0.7 above the Atlantic (ERDTMANN 1943, quoted in TREU and EMBERLIN 2000, 2f)
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sources in the immediate surroundings of the hive, bumble-bees forage on honey plants
preferably at a distance of 50 to 600 m from their nest (DELAPLANE und MAYER 2000, 13f).

But also syrphids and sawflies are capable of pollen transfer. On as
. . well as in the immediate surroundings of an oilseed rape research-
As with estimates of the size plot area in Germany, 49 syrphid species, 94 bee species and
reach of hybridization by 95 sawfly species were deteced (SAURE et al. 2000).
'.”md’ tm :Ze area of £ The maximum and average foraging distances have been well
ereclsa ere sre Igaﬁs ? documented only for honey-bees. In principle, bees prefer forage
howledge and a lack o sources in close proximity to the hive. The average distances

cor:p riheZ‘?'Ve p covered during foraging are approximately 2 km. For a good forage
unaerstanding o source, however, bees fly over greater distances. Here, the upper
interrelationships.

limit seems to be 5 to 7 km. Merely the queen as well as drones may
cover even greater distances of over 30 km for mating flights. Queen
and drones, however, do not participate in the search for pollen and
nectar, and thus do not contribute to the fertilisation of crops.

As with wind-pollination, the maximum flight distances of insects are of merely theoretical value
for an estimate of the maximum transfer distances of pollen. Regarding the distribution of pollen
by insects, the insects’ behavior in foraging for nectar and pollen is the key factor.

As with estimating distances of hybridization by wind, in the field of insects, there are gaps of
knowledge and a lack of comprehensive understanding of interrelationships. Depending on the
setup and the focus of the experiment, results may vary considerably and thus lead to differing
conclusions.

When we look at individual bees in a field, it becomes evident that notwithstanding a theoretical
reach of several kilometers, very short distances are covered from plant to plant. Most of the
pollen is deposited onto plants of the same species in the immediate surroundings. A small
share of the pollen is carried ca. 20 to 40 plants further (CRESSWELL et al. 1995) cf.
CRESSWELL 1997.

The detailed research of RAMSAY et al. (1999) demonstrates that observing bees in the field
only reveals part of the findings. RAMSAY analyzed pollen loads that bees
Pollen transfer from  carried into the hive. Even though in the pollen load, as a rule, the pollen of
bee to bee in the one plant species prevailed, pollen loads gathered from several plant
hive species were found. Also, along with a main component (99 %), traces of
other plant species can be detected (RAMSAY et al. 1999, table 2). A
large-scale distribution of pollen beyond the nearest 40 plants is thus very likely.

In addition, those pollen grains that are not part of the load on the bees’ hind legs but are
deposited in the hair coat and the wings are of importance. RAMSAY et al. (1999) counted
60,000 oilseed rape pollen grains in the hair coat of one bee. These grains seem to be
responsible for the transfer of pollen from bee to bee in the hive, which is why in terms of
dispersal distances, the foraging radius of bees around the hive (2 km on average) gains
greater significance.
This is confirmed by research by RAMSAY et al. (1999) with 5 visually pollen-free bees caught
on the alighting board of the hive, located near a field with transgenic oilseed rape, which were
placed onto male sterile oilseed rape plants. Three of the five bees were able to carry out
successful fertilisation. 12 of the overall 62 seeds were transgenic. This

Three in five is a clear indication of the multifold nature of pollen share in a bee’s hair
visually pollen-free coat (RAMSAY et al. 1999).

bees were able to RAMSAY et al. (1999) concluded that bees can visit several different
fertilise male sterile  plant species during a single foraging flight in their search of pollen and
oilseed rape, 20 % nectar, and that after having taken their pollen load into the hive, they
of the segds were carry along many pollen grains with fertilising capacity in their hair coat
transgenic. on their next trip. With an average foraging radius of 2 km of bees

around a hive, a significant pollen transfer of 4 km is to be expected.

Considering that under certain circumstances, greater distances are

covered, even greater distances have to be reckoned with in terms of
the spreading of synthetic transgenes. The results of THOMPSON et al. (1999) support this
hypothesis of RAMSAY et al. Despite a very low pollen density at 4 km, they detected

10
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hybridization of male sterile oilseed rape plants and interpreted this as a result of insect-
pollination.

Table 1: Overview: Increase of Area Need with Reach of Hybridization

Buffer  Buffer

feoallcehn area area ]Ic-|ybridizat/ion cource
inm need in need requ?clncy
km?2 in ha gene flow
0.1 % maize SCP 200115f no
details on
100 0,03 3,14 source3
200 0,13 12,57
300 0,28 28,27
0.06 % oilseed rape EASTHAM and
male fertile but also SWEET 2002
0.6 % at 366 m oilseed
rape male fertile i
Stringham &
Downey, 1978
and 1982
quoted in
EASTHAM und
400 0,50 50,27 SWEET 2002
ca. 1 % of initial pollen ~ JONES and
concentration of maize, NEWELL (1946
427 m quoted in TREU
und EMBERLIN
500 0,79 78,54 2000)
600 1,13 113,10
700 1,54 153,94
0.2 % maize SALMOV (1940
quoted in TREU
und EMBERLIN
800 2,01 201,06 2000)
900 2,54 254,47
1000 3,14 314,16
1.2 % oilseed rape TIMMONS et al.
1500 7,07 706,86  male sterile 1995
sugar-beet SCP 200115f no
2000 12,57 1.256,64 male sterile details on

3 Most maize varieties are hybrids with male sterile seed producing plants inter-planted with rows of
pollinators and surrounded by pollinators. This surrounding block of pollinators forms an effective
screen against alien pollen since maize pollen is large and flow declines rapidly with distance.
French and UK experiments have shown that alien cross pollination is reduced to 0.1% at distances
between 20 and 50m into these male fertile barriers. Thus we can advise that current isolation
distances can be used to achieve the 0.3% threshold in maize provided current seed production
methods continue to be used which include the use of surrounding barriers of pollinators. While
these isolation measures may be appropriate in some circumstances, seed producers will need to
take account of the density of potential contaminating GM crops in a region, the flowering period of
these crops in relation to the seed crop and environmental factors such as wind speed and direction,
and adjust isolation measures accordingly (SCP 2001).

11
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2500 19,63
3000 28,27
3500 38,48
4000 50,27
several km

1.963,50
2.827,43
3.848,45

5.026,55

0.8 % oilseed rape
male sterile

oilseed rape
male sterile
(insect fertilisation)

0.3 % oilseed rape
male sterile
(several kilometers)

2.2 BIOLOGICAL CONTAMINATION BY VOLUNTEERING AND ESCAPE

2.21 FUNDAMENTALS OF DIASPORE DYNAMICS

2211

SPATIAL DIASPORE DISPERSAL

source?

TIMMONS et al.
1995

THOMPSON et
al. 1999, 97f.

SCP 200115f,
no details on
source®

For an estimate of the reach of the gene flow, the transport of seeds (diaspores) has to be

There are only few
experimental data on
the dynamics of
diaspore dispersal of
crops.

taken into account, in particular if the seeds are able to persist in the
soil for several years, such as in oilseed rape.
Along with the dispersal by pollen, the dispersal of fertile seeds and
their persistence in the soil is of great importance for the spatial and
temporal introduction and distribution of synthetic transgenes in new
gene pools. As in pollen, air, water, and animals are potential vectors

for seed dispersal. But the main source of seed dispersal from field to
field is man and transport machines (see below).. Distances may vary greatly and depend to a

great extent on the dispersal type. For wind dispersal, weight, size, and form

(granometeorochor, cystometeorochor (balloon or bladder-like diaspore), trichometeorochor
(plumed diaspore), glider, etc.) are of significance. However, these factors alone can only give
an approximate estimate of the dispersal, as wind direction, wind force, as well as the
population density of the initial population also exert a strong influence. Ocean currents are
factors of large-scale dipersal. Fruits of the leguminous plant Entada scandens, common in
tropical regions, is carried by the Gulf Stream as far as to the coasts of England and Norway
(URBANSKA 1992, 39f). The most common agricultural crops, such as maize, oilseed rape,
sunflower, are not wind-dispersed but distriubted via animal feed (e.g. birds and mammals) and
excretion of the diaspores with the animals’ excrements (zoochory) (URBANSKA 1992, 40ff). In
zoochorous plants, projections as to dispersal distances, gene flow, and population structure
are particularly difficult, given that they depend to a high degree on the mobility of the animal

4 SCP 2001, 15f : "Comments from plant breeders suggest that doubling isolation distances of male
sterile mother plants of sugar beet to 2000m will be needed to achieve the threshold for sugar beet

seed, assuming that the mother plants are surrounded by non-GM pollinators.”

5 SCP 2001, 15f: Fertility and hybrids: Experiments with oilseed rape varieties with reduced male
fertility have shown that considerably higher levels of outcrossing can occur. Varietal associations
commonly have only 20% of plants producing pollen and subsequently have a greater level of
outcrossing at any given distance. In addition recent information from North America on the
production of hybrid oilseed rape seed, where male sterile plants

are grown in conjunction with pollinators, has shown that these crops have been pollinated by GM
crops growing at several kilometres distance. Some samples of imported hybrid rape seed
contained levels in excess of 0.3% GM presence. Thus, recommendations on isolation requirements
for seed crops of hybrid oilseed rape and beet (which is also commonly produced from hybridisation
of male sterile mother plants) to meet 0.3% thresholds cannot currently be made.

12
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concerned as well as the share of the seeds destroyed during digestion (URBANSKA 1992,
278f). Man has come to be the most important factor in the long-range distribution of seeds for
crops (NOBLE 1989, HOLZNER 1998, pers. comm.). Man is able to surmount geographical
barriers, such as the Alps, and thus significantly widen dispersal areas (URBANSKA 1992, 45f).
Humans not only distribute diaspores across wide distances but also in great quantities, e.g. in
the form of feed stuff. Losses occurring during shipment and transportation may thus also
contribute considerably to “filling” the seed bank along transport routes. Containment of pollen
dispersal is very difficult to achieve, and an effective prevention of the spreading of seeds
through management measures is practically hardly feasible, as following citation shows:

“Using a chloroplastic marker and a set of nuclear microsatellite loci, the occurrence of crop-to-wild
gene flow was investigated in the French sugar beet production area within a 'contact-zone' in
between coastal wild populations and sugar beet fields. The results did not reveal large pollen
dispersal from weed to wild beets. However, several pieces of evidence clearly show an escape of
weedy lineages from fields via seed flow. Since most studies involving the assessment of transgene
escape from crops to wild outcrossing relatives generally focused only on pollen dispersal, this last
result was unexpected: it points out the key role of a long-lived seed bank and highlights support for
transgene escape via man-mediated long-distance dispersal events” (ARNAUD et al. 2003).

221.2 PERSISTENCE IN THE SOIL OF SEED BANKS (DIASPORE BANKS)

. Along with the spatial component, time is also a significant factor in the
Oilseed rape can dispersal of species. The spatial component may be interpreted as the
remain viable in search for new habitats. The formation of seed-banks of long viability
the soil for more serves the purpose of survival during unfavorable living conditions. In
than 10 years. forest soils, frequently, large quantities of pioneer plant seeds are found,

which, following clearing and windthrow, etc., find adequate conditions for
growth and reproduction.

Just as there are different types of dispersal which exert significant influence on the average
and maximum dispersal distance of seeds, different strategies may be derived from the
longevity of the seeds. In general, seeds of pioneer plants are considered more persistent than
those of climax communities (PARKER et al. 1989). However, the maximum persistence of
individual seeds in the soil depends to a great extent on environmental conditions, with low
temperatures and low water content in the soil as well as in the diaspore favoring persistence.

The reports on the maximum viability of diaspores are very diverse and partly rather
spectacular. ODUM (1974 quoted in URBANSKA 1992, p. 61), reports that viable diaspores of
Chenopodium album (lamb’s-quarters), discovered during archaeological excavations, are
estimated to be approximately 1,700 years old. These results, are, however, doubted by
BAKER (1989).

The dynamics of a seed bank is not only influenced by the maximum viability of the seeds but
also by seed feeders, pathogens, and soil conditions (water content, maximum and minimum
temperatures, etc.). For an estimate of the dynamics of the seed bank, these factors reducing
seeds in the soil are juxtaposed with additive factors such as germination, establishment and
reproduction of the seeds as well as immigration (URBANSKA 1992, 65f, PARKER et al. 1989).

For cereal species, the data bank of literature sources on the persistence of seeds in the soil
compiled by THOMPSON et al. 1997 gives strongly diverging data. According to this data bank,
maize and rye are viable in the soil for less than one year, while for wheat and barley, both
short and long times of persistence in the soil are given. RUCKENBAUER and STEINER
(1995) demonstrated that under favorable and artificial conditions (low water content, air
exclusion, temperatures between 10 and 15 °C), oat and barley as well as some weed seeds
retain relatively high viability (81 % for oat) even after 110 years.

Burying trials by SCHLINK (SCHLINK 1998) have demonstrated that oilseed rape seeds are
able to persist in the soil for more than 10 years. With all varieties, an average of 0.5 % of the
seeds were viable after 10 years. Recently buried seeds showed a higher average rate of
persistence than seeds allowed to afterripen for 6 weeks before being buried.

If the crop is capable of building independent populations remote from the agricultural area, the
problem of seed dispersal is aggravated by the fact that these populations serve as “stepping
stones” and thus may lead to a very far-reaching dispersal.
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222 VOLUNTEERS

Before and after harvesting crops, a certain amound of grains are shed and thus find their way
into the soil seed bank. Volunteer growth is the undesired emergence of these crops, which
emerge from the soil seed bank in the following year(s) and are thus considered weeds.
Particularly cereal and oilseed rape have a high tendency of shedding. Volunteering is best
counteracted by incorporating the self-sown cereal immediately after harvesting, in order for as
many seeds as possible to germinate and emerge (unless they are dormant). They are then
destroyed following one further stubble cultivation (BAEUMER 1992, 354f). Nevertheless,
volunteering cannot be avoided entirely. It is not only the volunteering of one crop species in
another (e.g. volunteer oilseed rape in cereal) that is undesired. Volunteer growth is also
problematic if it occurs in the same crop species (e.g. volunteer oilseed rape in oilseed rape),
most of all if it transcends a certain level of damage and thus impairs the crop’s quality and
marketability.

For GM-plants with herbicide tolerance, volunteering is a difficult problem to cope with. Owing
to the fact that volunteers differ only slightly from the crop, they are also herbicide resistant and
can no longer be captured with total herbicides. In Canada, oilseed rape plants with resistance
against two herbicides have been detected in several fields, in one case even oilseed rape
plants with resistance against three total herbicides (HALL et al. 2000).

From the point of view of non-GM production, volunteering is a significant problem, as it is
preceded by a long-term contamination risk. As noted above (2.2.1.2), particularly oilseed rape
seeds are able to persist in the soil and retain their germinative capacity for more than 10
years, and thus also contaminate GMO-free oilseed rape plants over this period of time, or, if
they are harvested along with the non-GM crop, get into the commaodity flow. This is also
ranked as problematic in the report of EASTHAM and SWEET (2002).

Textbox 2: The problem of volunteers

“Gene flow can occur to and from volunteer and feral populations which

Volunteering is act as gene pools carrying over the contamination into subsequent
particularly crops. Management systems should be used to minimise GM seed
problematic in spread on a farm and to minimise seed bank and volunteer populations.
oilseed rape and Allowing GM volunteer populations to discharge viable seed will cause a
sugar-beet large increase in the burden for following crops (Harding & Harris, 1994)

through gene exchange from volunteers to crops, and the possibility that
GM volunteer plants could be harvested with the crop and passed on to
the consumer. (EASTHAM und SWEET 2002, 59f)

Volunteer growth is thus a major obstacle particularly with regard to the return of a GM-
production area into a GMO-free area. As opposed to switching from non-GM production to
GM-production, which can be done every year without periods of transition, the return from
“GMO” to “non-GMO” requires waiting periods of several years. Long waiting periods (periods
of readjustment) are, however, extremely undesirable from an economic point of view,
considering that there have to be several years of non-GM production without being able to
market the commodity as GMO-free.

223 ESCAPE POTENTIAL

Some plant species, e.g. oilseed rape (PASCHER et al. 2000, PESSEL et al. 2001), have a
capacity of building up independent populations outside the cultivation area. The dynamics of
their spreading depends to a great extent on environmental conditions. Management methods
for an effective reduction of feral plants show results at best at an early stage.

After the feral plants have become established in various ecosystems, management measures
are only efficient to a limited extent. Feral GMOs constitute a reservoir with a continuous
contamination potential for areas of organic or conventional GMO-free cultivation, as reflected
in the following quote:

Textbox 3: Problem of escape of oilseed rape

“Within the scope of transgenic oilseed rape cultivation, these results
suggest that more studies on the dynamics of feral oilseed rape are
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needed in order to assess more precisely the risks of its invasiveness
and its potential impact on genetic pollution between GM fields and non-
GM fields” (PESSEL et al. 2001).

2.3 CASE EXAMPLES OF DISPERSAL DISTANCES OF POLLEN AND SEEDS

2.31 OILSEED RAPE (BRASSICA NAPUS)
Flowering OILSEED RAPE (Brassica napus)
Biology

Flowering Biology | Oilseed rape is a facultative self-pollinator. In case of winter oilseed rape
(Brassica napus), the share of cross-fertilisation is ca. 25 %. This figure
may, however, be significantly higher for individual plants and/or lines,
and reach values between 0 and 100 % of cross-fertilisation (OLSON
1960 quoted in HOFFMANN et al. 1985, 294f).

Pollination Biology | Pollen transfer in oilseed rape is assumed to occur via insects. Oilseed
rape is an important source of pollen and nectar for bees and bumble-
bees. SAURE et al. (2000) list honey-bee, bumble-bee Bombus terrestris,
as well as other adrena species as the most important pollinators for
oilseed rape. Along with bees, other groups of insects have been
observed to frequently visit its flowers and transfer pollen - syrphid
species, sawflies, bibionid flies, lacewings, blossom (pollen) beetles,
weevils, as well as diurnals. In addition, oilseed rape pollen is dispersed
by wind, with cool and humid weather resulting in smaller amounts of
pollen in the pollen traps than warm and dry weather (SAURE et al.
2000).

Pollen structure The pollen grain of oilseed rape has typical characteristics for insect
pollination: It has a size of 32 — 33 ym and is relatively heavy and sticky.
Pollen longevity is ca. 24 hours up to 1 week (MESQUIDA & RENARD
1982, zit. in EASTHAM und SWEET 2002).

Pollen reach In oilseed rape, the dispersal distances given for successful fertilisation
fluctuate strongly and can be interpreted only on the basis of an exact
description of the experimental design.

When male sterile oilseed rape plants were used as recipient plants (cf.
description under 2.1.1.3.1), significantly greater distances were
measured than with male fertile oilseed rape plants. This is attributable to
the fact that the hybridization frequency eventually corresponds to the
ratio of pollen availability (of the plants’ own or foreign origin).

Experimental measurements of hybridization frequencies with male
sterile plants (measured at male sterile oilseed rape plants whose petals
were removed in order to make them less attractive to bees) ranged from
0.8 % at a distance of 2.5 km and 1.2 % at a distance of 1.5 km
(TIMMONS et al. 1995) as well as 3.7 % at a distance of 360 m
(TIMMONS et al. 1996a). At a distance of 360 m from an oilseed rape
field of about 10 ha, the pollen concentration was about 10 % of that of
the field edge. Low pollen densities (on an 11-day average 1.57 pollen
grains per m*® and 24 hours, max. 27 pollen grains per m*® and hour),
which, however, evidently sufficed for the
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Flowering
Biology

OILSEED RAPE (Brassica napus)

fertilisation of male sterile oilseed rape plants, were measured at a
distance of 2.5 kilometers.

Similar results were gained in experiments with male sterile oilseed rape
plants by THOMPSON et al. (1999). On one of the experimental plots,
hybridization occurred with a certain oilseed rape genotype whose
nearest pollen source was about 4 km away. As the pollen density at this
site was, however, less than one pollen grain per m?® and day, this special
case was in all probability a case of insect-fertilisation (THOMPSON et al.
1999, 97f). SCHEFFLER et al. (1995), too, conclude on the basis of their
experiments that long-range pollen transport of oilseed rape pollen is in
all probability accounted for by bees (SCHEFFLER et al. 1995).
Measurements with male fertile oilseed rape plants resulted in
significantly lower values, with values fluctuating strongly. They are
around 0.6 % at 366 m (STRINGHAM & DOWNEY, 1978 and 1982
quoted in EASTHAM und SWEET 2002), and one tenth of that value, i.e.
around 0.06 % at 400 m (SIMPSON unpublished quoted in EASTHAM
und SWEET 2002, 17f). The margin of fluctuation might either be
explained with the share of male sterile plants within one variety (which
results in higher frequencies at the same distances), or with insect
fertilisation (EASTHAM und SWEET 2002, 17f).

These data show that male sterile varieties and/or varieties with a high
share of male sterile plants (e.g. the variety SYNERGIE with 80 % male
sterile plants, EASTHAM und SWEET 2002, 18f) are clearly more
affected by contamination.

Reach of passive
seed dispersal

The determination of passive dispersal distances is very difficult, but is
estimated at several kilometers. Factors of passive dispersal are humans
(harvesting machines, transport of feed, as well as birds and mammals
(cf. also 2.2.1.1). In addition, oilseed rape is capable of establishing
independent populations outside agricultural cultivation areas (PESSEL
et al. 2001), which, again, may serve as “bridgeheads” for further
dispersal.

Persistence of
seeds

Burying experimens with oilseed rape seeds demonstrate that the
germinative capacity of oilseed rape seeds decreases exponentially over
the first 5 years, and then decreases only slightly on a low level. Of all
varieties, after 10 years, an average of 0.5 % of the seeds were still
viable. Recently buried seeds had a higher average rate of persistence
than seeds allowed to afterripen for 6 weeks before being buried
(SCHLINK 1998). The viable persistence of oilseed rape seeds is also
influenced by primary dormancy (species-specific) and secondary
dormancy.

By way of targeted post-harvest management (turning-under of
germinated oilseed rape seed after harvesting; refraining from
intersowing catch crops, which prevents the growth and renewed seeding
of oilseed rape), it is possible to reduce the probability of oilseed rape
volunteers within five years to 1 volunteer oilseed rape plant per 1,000
oilseed rape plants (0.1 % or 1 plant per 100 m?, which equals 100
plants/ha) (SCP 2001). In some EU member states, areas can only be
used for the production of oilseed rape seed after 7 years without oilseed
rape cultivation. In view of the fact that even without sowing oilseed rape,
the potential for renewed seeding on account of oilseed rape volunteers
is relatively high (PEKRUN et al. 1999) and the seed stock in the soil can
thus be refilled, even longer interim periods are conceivable for the
production of non-GM oilseed rape seed, for which demands of purity are
significantly higher than for conventional seed.

16




Analysis of Causes and Interrelationships Regarding GMO-Contamination

Flowering OILSEED RAPE (Brassica napus)

Biology

Hybridization Along with genetic contamination on account of regular oilseed rape
partners cultivation as well as unintended oilseed rape volunteering, genetically

contaminated field associate flora (wild relatives of oilseed rape)
constitutes a permanent contamination potential of agricultural crops over
thousands of years and of unknown dimension in terms of spreading. The
extent (the possible percentage) of the contamination potential depends
on several factors (overlap of the flowering dates, nature of the oilseed
rape cultivated, dynamics of spreading, flowering biology of the
contaminated wild herbs, etc.) and can hardly be assessed with any
degree of certainty. Currently, we know of five wild relatives of oilseed
rape that are able to receive a synthetic transgene by way of
hybridization (JORGENSEN 1999).

In Austria, these are (PASCHER et al. 2000, 131ff):
Brassica napus (wild form of oilseed rape)
Brassica rapa (turnip rape)
Raphanus raphanistrum (wild radish)
Diplotaxis tenuifolia (slimleaf (perennial) wall rocket)
Sinapis arvensis (field mustard/yellow charlock)

And the following crops:

Brassica oleracea ("cabbage” or “kale”, which refers to several cabbage
species, including white cabbage, red cabbage, turnip cabbage,
cauliflower)

Raphanus sativus (wild radish, including a.o. small radish, garden radish,
)

Sinapis alba (white mustard)

Sinapis nigra (black mustard — rare in Austria)

There is also a danger that “bridge building” will allow the spreading of
synthetic genes also to plant species that are per se not hybridizable with
oilseed rape (PASCHER et al. 2000, 132f).

CONCLUSIONS

From an ecological point of view, any genetically modified crop that is
able to pass on its synthetic transgenes to wild relatives cannot be
brought in line with the principle of precautionary environmental and
nature protection. We currently do not know the “half-life” regarding the
persistence of synthetic transgenes in natural populations. Moreover, the
term “half-life” can only be applied to a limited extent - if at all - to
organisms capable of reproduction (as opposed to persistent chemicals).
According to the current status of knowledge, synthetic transgenes will
persist in wild populations (ARRIOLA und ELLSTRAND 199743,
ELLSTRAND 2001).even if there is no selective advantage (ADAM und
KOHLER 1996). Owing to the fact that environmental hazards can never
be assessed to their full extent, any damage to the environment caused
by synthetic transgenes, recognized at a later date, can merely be
registered. There are no management measures to go back to the status
quo ante. Along with the great environmental damage potential of GM-
oilseed rape, fears are justified that a genetically contaminated field
associate flora might continuously contaminate crops.
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2.3.2 MAIS (ZEA MAYS)

Flowering Biology

MAIZE (Zea mays)

Cross-pollinator

Maize is a monoecious cross-pollinator.

Flowering biology

Pollen transfer occurs mainly by wind. Maize pollen is an important
pollen source for bees and bumble-bees and is also detectable in
honey. Maize is monoecious, i.e. the male and the female
inflorescence are totally separated on the plant. Fertilisation by bees
is unlikely, in particular as the female flowers do not excrete nectar
and are thus, as opposed to maize pollen, not attractive to bees.

Pollen reach

As maize pollen is relatively heavy, it sinks to a greater extent in the
immediate surroundings than that of other cross-pollinators. Within
the scope of the present research, no current data was found on the
maximum outcrossing distances for maize. This is in accordance with
the results of a study of TREU and EMBERLIN (2000), who studied
the relevant literature between 1940 and 1950. SALMOV (1940
quoted in TREU und EMBERLIN 2000) found the following average
hybridization events in maize: 3.3 % (10 m), 0.3 % (50 m), 0.4 %
(100 m), 0.3 % (150 m), 0.5 % (200 m), 0.02 % (400 m), 0.1 %

(500 m), 0.8 % (600 m), 0.2 % (700 m), 0.2 % (800 m) as well as
JONES and BROOK (1950 quoted in TREU und EMBERLIN 2000):
254 % (0 m), 13.1 % (25 m), 6.1 % (75 m), 3.1 % (125m), 1.6 %
(200 m), 0.7 % (300 m), 0.3 % (400 m), 0.2 % (500 m).

RAYNOR et al. (1972 quoted in TREU und EMBERLIN 2000) found in
their experiments with pollen traps at a distance of 60 m as much as
5 % of the pollen concentration measured 1 m away from the field
edge. At a distance of ca. 427 m, JONES and NEWELL (1946 quoted
in TREU und EMBERLIN 2000) found ca.1 % of the initial pollen
concentration in maize. Pollen traps only give an approximate
indication of potential hybridization. The results of SALMOV as well as
JONES and BROOK are clearly of higher quality, on account of the
fact that hybridization occurances were measured.

Reach of seed dispersal

The reach is very difficult to determine, but is estimated at several
kilometers. Dispersal factors are man (harvesting machines, transport
of feed) as well as birds and mammails (cf. also 2.2.1.1). As opposed
to oilseed rape, maize is in Austria (Europe) not capable of
establishing independent populations outside agricultural cultivation
areas. In addition, maize is not perennial, which is why there is no
danger of volunteering even on areas of agricultural cultivation.

Persistence of seeds

The potential of maize kernels to perennate in the soil and remain
viable is considered very low. Maize kernels are thus persistent in
the soil for less than one year (THOMPSON et al. 1997).

Hybridization partners

Maize has no natural hybridization partner in Austria.

CONCLUSIONS

Maize is not capable of establishing independent populations outside
agricultural areas. Passive dispersal of the diaspores (by man or
animals) causes short-term contamination risks. However, as maize is
not perennial, the winter brings wild populations to an end, provided
no renewed passive dispersal occurs. As maize is (almost) 100 %
cross-pollinating and pollen can be wind-dispersed across wide
distances, long-range pollen contamination is the most important risk
factor in maize when it comes to the question of coexistence. The
reach of successful fertilisation is up to 1 km, which may be
significantly exceeded depending on the wind force and local
structural conditions.
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233 SOYBEAN (GLYCINE MAX)
Flowering Biology SOYBEAN (Glycine max (L.))
Cross- /Self-pollinator Soybean has a hermaphrodite flower and is to a great extent

self-pollinating.The share of natural cross-pollination is around
0.5 %, although lines can be selected that have a higher
tendency to cross-pollinate (HOFFMANN et al. 1985, 176f).

Pollination biology In Europe, its pollen is only very rarely transferred by insects, as

the flower excretes only little nectar (HOFFMANN et al. 1985,
176).

Pollen reach

no specific data.

dispersal

Reach of passive seed Determining the reach is very difficult, but it is estimated at

several kilometers. Dispersal factors are man (harvesting
machines, transport of feed), as well as birds and mammals (cf.
also 2.2.1.1). As opposed to oilseed rape, soybean is not
capable in Austria (Europe) of establishing inependent
populations outside agricultural cultivation areas. In addition,
soybean is not perennial (WAHL 1991), which is why even on
areas of agricultural cultivation, there is no danger of
volunteering.

Persistence of seeds The potential of soybeans to perennate in the soil and remain

viable is considered very low.

Hybridization partners Soybean has no natural hybridization partners in Austria.

CONCLUSIONS

Soybean is not capable of establishing independent populations
outside areas of agricultural cultivation. A passive dispersal of
the seeds (by man or animals) leads to very low short-term
contamination risks via pollen, as soybean is predominantly self-
pollinating. Given that soybean, like maize, is not perennial,
contaminaion with GM-soybean - provided there is no renewed
passive dispersal - ends with the winter. Pollen transfer via
insects is not very likely owing to its insignificant production of
nectar, but may be more than 4 km in reach.

2.4 TECHNICAL CONTAMINATION

Technical
contamination may
cause a
concentration of
contamination.

The analysis of technical contamination with GMOs or GMO-derivatives is not
part of this study. In the interest of completeness, however, works relating to
this subject and the most important aspects should be mentioned.

The danger of contamination on account of technical contamination exists
during the entire process (harvest and processing) and logistics chain
(transportation, shipping, storage) of agricultural raw materials. An efficient
segregation of non-GMO and GMO-containing raw materials is only possible
in case of a local concentration of various processing steps. PASCHER et al.
found oilseed rape ruderal populations on remote sites such as the
Donauinsel (“Danube Island,” an artificial island in Vienna) or a railway track
in Lower Austria. The authors assume the deposition of excavation material

(dug earth) on the “Danube Island” and losses of seed during rail transportation, respectively, to
be the causes for the emergence of these populations (PASCHER et al. 2000, 112f).

Via the production chain, contamination may be concentrated but also diluted. The SCP
(Scientific Committee on Plants) of the EU Commission gives a brief overview of possible rates
of concentration of foreign contamination within the processing chain (SCP 2001).
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Table 2: Overview of concentration of foreign contamination with GMOs within the
processing chain (SCP 2001, 81f).

Table 1. Estimated average potential rates of adventitious presence occurring at
various stages during on farm production.

Oilseed rape Maize Sugar beet
(fully fertile)

Seed 0.3% 0.3% 0.5%
Drilling 0% 0% 0%
Cultivation 0% 0% 0%
Cross pollination 0.2% 0.2% 0%
Volunteers 0.2% 0% 0.05%
Harvesting 0.01% 0.01% 0.01%
Transport 0.05% 0.01% 0.01%
Storage 0.05% 0.05% 0.1%
% achieved 0.81% 0.57% 0.67%

SCP 2001 did not cover contamination during the processing of food and feed. It is clear,
however, that this is a major contamination point. WENK et al. (2001) give a detailed view of
ways of contamination within a processing plant. GMO-traces had been detected in 20 % of the
organic production when GMO feed was processed previously. An Austrian study yet to be
finished is investigation ways of contamination in Austrian feed processing plants.

3 CHECKLIST OF ITEMS WITH POLITICAL REGULATORY NEED
REGARDING COEXISTENCE

The following summary is to provide an overview of items to be regulated when it comes to
regulating coexistence.

3.1 DETERMINATION OF PROTECTION GOALS

The determination of protection goals is of central importance, as detailed measures are
derived from there. Defining protection goals and priorities for the Austrian agriculture is a
purely socio-political task; deriving the necessary measures to attain the protection goals a task
of both natural and socio-economic sciences. The ultimate question is: What agricultural
practice is

e desirable and
e economically and ecologically viable

for Austria? In the following, some possible protection goals are listed, which individually or in
various combinations may have to be considered in the context of regulating coexistence.

3.11 POSSIBLE PROTECTION GOALS

Protection of Organic Farming
By now, ca. 9 % of By now, ca. 9 % of the Austrian agricultural areas are cultivated

the Austrian organically (cf. footnote 1).In terms of trade, organic farming products
agricultural areas have been among the fastest-growing segments over the past years.
are areas of This development was influenced in particular by the food scandals of

orqganic cultivation. the past years, e.g. BSE. The protection of organic cultivation is thus
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certainly the central focus of the question of coexistence. It is certainly not only maintaining the
current share of organic farmers that is important but also expanding organic farming. While
organic farming is more or less stagnating in grassland areas, it is growing in arable areas by
an average 8-10 % per year (MULLER 2000, tables 1 and 2, 19ff).

Securing the production opportunities of organic farming over a long term is not only a
necessity from the consumers’ point of view. It is also supported from the point of view of
climate protection. The “Enquete-Commission of the Bundestag (German Lower House of
Parliament) for the Protection of the Global Atmosphere” (DT.BUNDESTAG 1994) recommends
a “significant expansion” and support of organic farming, in order to prevent further
environmental damage and avoid, among other goals, the emission of greenhouse gases by
agriculture. The contribution of organic farming to reducing stresses to the atmosphere and
underground water as well as to increasing and securing food quality and the diversity of
species is increasingly recognized. Among the current agricultural cultivation practices in
Central Europe, organic farming is considered the practice availing the highest degree of
ecologization, and thus comes closest to the principles of sustainability (SUSTAIN 1994, SRU
1985).

Securing of GMO-free Land Reserves

Depending on the GM-crop admitted, a return to organic and/or GMO-free production is only
possible after transition periods of several years. Along with transgenic volunteer growth, a
potential enrichment with toxins might negatively effect the quality of production areas. Bt toxin,
for example, which transgenic maize varieties released into the soil, was detectable in the soil
over the entire observation period of 180 days (maximum duration of experiment) (STOTZKY
2001). Bt toxins, fixed to clay minerals, may continue to persist in the soil beyond this
experimental period. If new scientific findings were to reveal serious health risks from the
consumption of GMO-products, market turbulences similar in vehemence to those caused by
the BSE crisis were to be expected. A sufficient share of GMO-free production area would
provide a buffer capacity to check such fluctuations. Furthermore, once problems have been
recognized, alternative technologies have to be available. A switch of production modes
requires practical knowledge that is continually applied and further developed.

Maintaining the Possibility of Epidemiological Studies (Monitoring)

Over the past years, a significant rise of various clinical syndromes (allergies, childhood cancer
POLLAN et al. 1997, HIALMARS et al. 1999, SKLAR 2002, MCKINNEY et al. 2003) have been
registered by way of scientific methods. It is very difficult to attribute these syndromes to
respective causes. Nevertheless, such examinations are of great relevance from the point of
view of preventive health care. Attributing potential factors to certain syndromes is only possible
by way of epidemiological studies, which allow a statistical evaluation of differences in the way
of living and possible correlations. If the freedom to chose GMO-free nourishment cannot be
guaranteed, it cannot be ascertained whether or not GMO food products are potential factors in
the development of clinical syndromes. As risk assessment can never give full certainty (safety)
(cf.EEA 2001), monitoring measures in the sense of early warning systems are of great
importance. As monitoring is an integral part of EU Directive 2001/18/EC (EU 2001), securing
the option of GMO-free nourishment is a requirement also under this aspect.

Other protection goals to be considered:

e  Protection of Ecologically Sensitive Areas (see HOPPICHLER 1998, HOPPICHLER 1999)
e  Protection of GMO-free Seed Breeding

¢ Maintaining a Small-structured, Farm-centered and Sustainable agriculture

e  Precautionary Principle - Uncertainties of GMO Risk Assessment - Wide Gaps of
Knowledge in Fundamental Research (see chapter 1.2)

3.2 SETOFRULES

Based on the protection goals, rules have to be defined. These rules should provide clear
answers for the following questions:
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o How is the exchange of information regarding cultivation plans and crop rotation organized,
e.g. which information has to be submitted by farmers to whom and at what time?

e Who is responsible for applying anti-contamination measures or obeying minimum isolation
distances? (A rule as “who has the right of way” on the farmland.)

e  Who bears the costs of anti-contamination measures?

e  What are the minimum isolation distances for each crop?

e How is surveillance undertaken and who bears the costs?

e Who has to take liability in case of contamination beyond the admitted threshold?

One of the basic questions is who will account for the costs and be responsible for carrying out
anti-contamination measures or the obeying of minimum isolation distances. Simply speaking,
this means: Who has the right of way in case of conflict? Who has the right to go ahead with his
or her cultivation plan and who will be required to look for alternatives, e.g. planting
conventional maize varieties or an entirely different crop?

The EU-Commission gives a first hint to this kind of problem: “As a general principle, during the
phase of introduction of a new production type in a region, operators (farmers) who introduce
the new production type should bear the responsibility of implementing the farm management
measures necessary to limit gene flow” (EC-COMMISSION 2003, 2.1.7).

While this could be considered a protection goal for existing organic farmers, this rule could
result in a considerable burden for farmers (or their sons and daughters) willing to switch to
organic farming in the future. Finally, it might lead to “freezing” organic cultivation area to the
size of today.

Some groups have recommend establishing a legally binding regulation on “GMO cultivation
and processing guidelines,” such as EC Regulation 2092/91 for organic farming. This regulation
on “GMO cultivation and processing” should describe how GMOs are cultivated and handled
from farm to fork, to avoid contamination to other crop-systems (conventional and organic). Like
organic farmers and processors, GMO farmers and processors have to ensure that no
contamination occurs. This means that GMO farmers and processors have to build up their own
system of GMO production, as organic farmers and processors did in the past. This requires
separate harvesting, transporting, storing, processing etc. An inspection system such as that
applied in organic farming has to be implemented.

Such a system could help organic and conventional GMO-free farmers to reduce costs,
considering that they are already bearing the cost of coexistence. Although GMOs are not
cultivated in Austria, food and feed containing GMOs (particulary soybean) is on the market.
Anti-contamination measures are already handled at the expense of organic farmers,
processors and inspection services. There had been significant investments by processors
especially in the feed industry to exclude or minimize GMO contamination in the organic
processing chain. In some cases, processors stopped producing conventional feed and
switched to solely producing organic feed to ensure GMO-free organic production. Furthermore,
the Austrian organic inspection services are continuously screening organic feed and food for
GMO contamination. (Personal communication, Schérpf M, Organic farming association
ERNTE f das Leben Lower Austria).

3.3 THRESHOLDS FOR CONTAMINATION

Contamination thresholds have to be established, as they play a role in determining the size of the
buffer zones. Lower thresholds require larger buffer zones, higher thresholds demand smaller buffer
zones. The following thresholds were established for Austria:

Table 3: Thresholds established for GMO contamination in Austria

Threshold | Valid for Reference
0.1% Seed of the following species: BMLFUW 2001
e Swede (Brassica napus L. var. napobrassica)
e Maize (Zea mays)

e Oilseed rape (Brassica napus)
e  Turnip rape (Brassica rapa)
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e Soybean (Glycine max)

e  Turnip (Brassica rapa L. var. rapa)

e Tomato (Lycopersicon lycopersicon) as processing
varieties

e Chicory (Chichorium intybus L.)

0.1% For food ingredients and food processing aids, feed BMSG 2001

ingredients and feed processing aids, fertilisers and

soil improvers

The EU has set a 0.9 % threshold for genetically modified food and feed (EU Regulation on
genetically modified food and feed, approved by the Council and the Parliament in July 2003, but
not yet published), but has not yet established thresholds for adventitious contamination of seeds
and organic farming products. Whether the 0.9 % threshold in the final product is also valid for
organic products remains unclear. In the opinion of the European Commission, “The organic
farming regulation does allow for the setting of a specific threshold for the unavoidable presence
of GMOs, but no threshold has been set. In the absence of such a specific threshold, the general
thresholds apply.” (Original quote from EC-COMMISSION 2003, 2.2.3). Others hold an opposite
opinion: Without any threshold set in EC Regulation 2092/91, the detection limit of 0.1 % should
be considered the valid threshold (cf. TOLSTRUP et al. 2003). Some consider a 0.9 % tolerance
level not compatible with organic consumer interests. To meet consumers interpretation of
organic or GMO free products the threshold should be based on the detection limit (KC Gritter
discussion remark in WENK et al. 2001, 104f).

Experts (Heissenberger UBA, pers. communication 2003, Moder ABG, pers. communication
2003) remind that a threshold of 0.1 % is only achievable if a complete segregation from farm to
processing unit is undertaken. That means that GMO processing is completely separated from
GMO-free or organic processing. In Austria, organic feed processing is completely separated
from conventional feed processing (which contains GMO soybean) in order to get organic GMO-
free feed.

It remains unclear if processing of GMOs and conventional GMO free products is possible to
observe the 0.9 % threshold.

Experts (Heissenberger UBA, pers. communication 2003, Moder ABG, pers. communication
2003) estimate that during processing, a minimum contamination of 0.5 % will take place.
Processors will therefore require food or feed delivered with about 0.3 to 0.4 % contamination.
The following table gives a short overview of contamination rates during the production chain.

Table 4: Overview of GMO contamination rates during the production chain

Production steps Con- Remaining Con- Remaining
tamination threshold tamination threshold
rate rate

Threshold in final product 0.90 0.10

(conventinal) (organic)

Contamination during 0.50 0.40 0.00 0.00

processing

Storage 0.05 0.35 0.00 0.00

Transport 0.05 0.30 0.00 0.00

Harvesting 0.05 0.25 0.05 0.05

Cultivation (drilling, cross- 0.20 0.05 0.05 0.00

pollination, volunteers)

Seed 0.05 0.00 0.00 0.00

Table 4 clearly shows that for seed purity and cultivation together a threshold of about 0.25 %
(0.05 %) in organic crops has to be met. If seed purity of 0.00 % is guaranteed, a contamination
tolerance of 0.25 % during cultivation is possible. For crops without volunteer growth, cross-
pollination which leads to a maximum of 0.25 % has to be considered in the calculation of
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isolation distances. If there is a tolerance level for seed purity, there will be a lower tolerance
level for cross-pollination. In the case of oilseed rape volunteer growth, which is assumed to
contribute to 0.2 % of the contamination (cf.Table 2), the margin for cross-pollination and seed
contamination is almost zero.

For an organic production with a threshold of 0.1 % in the final product, a total separation of the
production chain is needed. This will mean separate harvesting, transport machines and a
totally separated processing unit. In Austria, the feed processing industry already uses totally
separate production units for organic feed.

3.4 ISOLATION DISTANCES

Based on remaining thresholds (if contamination rates through processing, storage, transport,
harvesting are taken into account, cf. Table 4 above), minimum isolation distances have to be
determined. Minimum isolation distances are one of the central policy decisions to be taken.
Measures to ensure coexistence at the farm level, neighbourhood level, and regional level are
derived from minimum isolation distances.

There is the possibility to describe minimum isolation distances for every crop, or to form two
groups of crops.

1. Self-breeding crops which require a certain isolation distance, e.g. 60 m, and
2. outcrossing crops for which an isolation distance of e.g. 1,000 m is required.

3. Besides, ared list of crops might be drawn up which are incompatible with Austrian
nature protection goals, e.g. all crops that have the potential to outcross with wild
species in Austria, such as oilseed rape.

4. A discussion on minimum isolation distances is provided in chapter 4.4.3.
3.5 LIABILITY

If anti-contamination measures prove to be insufficient e.g. on account of false assumption and
models, improper implementation, or neglecting of coexistence rules by farmers, a clear liability
program has to be in place before GM cultivation starts.

3.6 SURVEILLANCE

The success of a measure ultimately lies in the extent to which the conditions set can be met to
the highest percentage possible using efficient means. This requires an efficient system of
checks and inspections, modelled, for example, after the quality assurance system of the
Austrian Agri-Environmental Program and/or the surveillance system for organic farming. This
system establishes:

e goals,

e  critical control points,

e measurement density,

e measures (sanctions) in case of deviations, and

e review and monitoring of the surveillance activities.

On the basis of the data of the two previous points, it has to be examined whether:

o the measures established have been observed.

o the measures established (provided they have been observed) guarantee protection
against contamination with GMO pollen, and thus whether the buffer zones have been
sufficiently or insufficiently dimensioned.

Any system only works well as long as all persons involved adhere to the agreements made.

Bearing this in mind, regulations (SANCTIONS) have to be devised for the case of deliberate

violations of the agreements made. Beyond that, it has to be settled “WHO” will carry out the

checks and surveillance, and “HOW” it is to be carried out (time-frame, details of drawing
samples, etc.)
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4 ANALYSES OF PROPOSED APPROACHES TO POSSIBLE
SOLUTIONS

4.1 EC RECOMMENDATIONS

The European Commission recommends that every measures must be
e crop-specific
e production-specific (seed production or food/feed production)
e step by step from farm to region.
In this section, possible approaches to solving the problem of coexistence are examined on a
crop by crop level as to their efficiency and practicability. Requirements to practically avoid
technical contamination through harvest, transport and processing are not considered. The
following analysis focuses on the long-term securing of a coexistence of ecological and
conventional non-GM agricultural production and the cultivation of GM crops, with an emphasis
on scientific requirements as well as on aspects of practicability. Every approach has to
consider the following points:

Pollen flow on the air current and by wind or distribution by insects

Seed transport

Volunteering

Accumulation factor (through seed savings)
Based on the recommendations by the European Commission, the management options are
divided into three management levels:
e Management at farm level
e Management at neighbourhood level
e Management at regional level
On a case by case basis and step by step, coexistence measures should be first applied at the
farm level. If there is no sufficient reduction of contamination, measures/tools of the next
management level have to be adopted.
The European Commission is referring to anti-contamination measures via genetic engineering
methods (EC-COMMISSION 2003, 2.2.7). Therefore, the author gives a brief summary on the
current state of the art of what is called biological containment.

4.2 MEASURES AT THE SEED LEVEL — GENETIC ENGINEERING APPROACHES — BIOLOGICAL
CONTAINMENT

Biological containment through genetic engineering methods is considered to provide some
approaches to solve the coexistence problem. According to EASTHAM und SWEET (2002), the
following approaches are worth considering with regard to GMOs:

e  Apomixy - production of seed without fertilisation
o Cleistogamy - self-pollination without opening of the flower.

o Prevention of flowering by subsequent control of flowering through application of chemical
elicitors.

o Male sterility that prevents not only flowering but also pollen development.

e Plastid transformation - not the DNA of the nucleus but merely the DNA of the plastids is
transformed. In many cases, this allows to prevent transgenic pollen, as plastids are
maternally inherited in most macrophytes.

o Sterile seed is made possible by using genes that prevent seeds’ germinative capacity.

EASTHAM und SWEET (2002) unfortunately do not indicate whether and to what extent these
possibilities are merely theoretical in nature, or whether they have already been further
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developed. A review from DANIELL (2002) confirms the preliminary character of these
approaches but states that: “As yet, however, no strategy has proved broadly applicable to all
crop species, and a combination of approaches may prove most effective for engineering the
next generation of GM crops (DANIELL 2002).

Male sterility a fully developed approach: EEC Directive 90/220/EEC admits the release of two
male sterile oilseed rape lines, MS1, RF1 and MS1, RF2 (system for the production of hybrid
seed and herbicide tolerance with phosphinothricine as effective agent - Register of Organisms
Containing GMOs #06 and #07 (both so far without national admission, status: 18 April 2002)
as well as one male sterile line of chicory (Cichorium intybus L.), Register of GMOs #04 -
http://www.gentechnik.gv.at/gentechnik/set/recht_set.html). Male sterile plants (which through
respective mutants have already found their way into conventional cultivation) are required in
hybrid breeding in particular for bisexual (hermaphrodite) flowers in order to prevent self-
pollination.

For the purpose of profit, the use of male sterile plants as a rule does not make sense, as it
may result in yield losses. Whether the restoration of male fertility through spraying with
respective chemicals would be a promising approach remains to be seen. Here, too, the key
issue is whether the approach entails yield losses.

Plastid transformation, as a further approach, is fairly advanced. Plastids are supposed to
derive from endosymbiotic bacteria and thus have a transcription and translation mechanism of
procaryotic origin. Thus, for example, unmodified Bt kurstaki HD73 crylA( ¢ ) genes were not
built into the nucleus of a tobacco cell but into the plastom, the genome of plastids such as
chloroplasts. As plant cells contain up to 50,000 copies of one plastid, the delta-endotoxin gene
existed in several thousand copies per cell in transgenic plants. Plastid transformation resulted
in a very high accumulation of 3-5% soluble protein (Bt toxin) in tobacco cells and an extremely
high toxicity for the insects Tobacco budworm (Heliothis virescens), Corn earwom (Helicoverpa
zea) and beet armyworm (Spodoptera exigua). Along with the high expression of unmodified Bt
toxin, this method allows to prevent position effects, as the transgenes are introduced into the
plastid genome by homologous recombination. Equally, the transgenes contained in the
plastids are not expressed in the pollen, and the genetic information is exclusively maternally
inherited (MCBRIDE et al. 1995). This might be a containment strategy for gene flow via pollen.
The containment of gene flow via seeds i.e. volunteers seems to be quite limited (HANSEN et
al. 2003).

Seed sterility , as a further approach, is fairly advanced, but it will just help to reduce the risk of
volunteers but do not cover the risk of contamination through cross-pollination.

All other approaches appear to be rather theoretical at this point.

CONCLUSIONS: BlOLOGICAL CONTAINMENT

Biological containment faces several problems:

Prelimary status: Except male sterility, seed sterility and plastid trasnformation all other
approaches appear to be rather theoretical at this point.

Its effect is uncertain. Seed sterility is only of advantage in volunteer control, but
contamination by cross-pollination is not affected. In many approaches, the stability of
expression is not fully developed. Thus, the protective effect (prevention of pollen emission) can
only be guaranteed for a certain percentage. The extent of the contamination potential is
uncertain, as there are presently no known results (to the knowledge of the author) of
respective cultivation attempts.

Yield. With regard to most crops, the grain is the central unit of yield. Any measures that cause
a change in flowering biology might also result in respective yield losses, which is why even
technically highly developed approaches are unlikely to be put into practice from an economic
point of view.

The problems of volunteer growth and airborne pollen movement can only be solved by a
combination of approaches that prevent flowering and approaches that impair the seed’s
germinative capacity. As the individual approaches are technically insufficient at the moment, it
is doubtful whether and when a combination of these approaches may be put into practice.
Non of current applications which had been submitted for approval by the companies, has
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“build in” anticontamination measures. Biological containment is not able to provide solutions
for current coexistence problem.

4.3 MANAGEMENT AT FARM LEVEL

4.3.1 BARRIERS

Even though it is a frequent argument that planting barriers might be a remedy to reduce
outcrossing distances, this area has not yet been subject to thorough scientific investigation
(HOKANSON et al. 1997). The key issue in need of clarification is what factors allow a reliable
diminishing of dispersal distances as well as a reduction of the amount of transgenic pollen. In
his literature analysis, INGRAM (2000) repeatedly notes that border planting helps reduce
outcrossing frequencies. According to INGRAM, the reduction of the outcrossing frequency and
the maximum outcrossing distance is most effective by diluting pollen with non-transgenic
pollen. Hedgerow plantings in the form of rows of trees, for example, lead to a decrease in
effectiveness in shortening distances and/or reducing the frequency of hybridisation (INGRAM
2000). New proposed rules from APHIS-USDA which don’t allow the use border rows on field
test plots with pharmaceutical corn, seem to underline the uncertainty associated with the
establishment of border rows or barriers to reduce gene flow.”(APHIS-USDA 2003b).

4.3.2 DILUTION WITH NON-TRANSGENIC POLLEN

Dilution with non-transgenic pollen by planting mixtures or rows of conventional varieties is
another approach to reduce cross-pollination that is being discussed. This approach is
successful primarily in wind-pollinaters and demands that:
¢ the flowering times of transgenic and non-transgenic varieties occur largely simultaneously
e the growth height of transgenic varieties be lower or equal to that of the non-transgenic
variety.
Admixture of the available pollen with non-GM varieties dilutes the GMO share, which
decreases the statistical probability of fertilisation for the GMO share. It remains unclear if that
approach will be adopted by farmers who want avoid separate workload through row planting.
Dispersed mixtures may provide a practical solutions to farmers but will reduce some “benefits”
of GM crop. Moreover, in herbicide tolerant crops, seed mixtures will not be applicable.

4.3.3 CROP-SPECIFIC CONCLUSIONS FOR MEASURES AT FARM LEVEL

For maize and oilseed rape, these measures do not guarantee coexistence. Further measures at the
next management level have to be implemented. The risk of contamination by cross-pollination
could be sufficiently reduced for soybeans. No further requirements at a higher management level
may be necessary. Yet, while soybeans are also fertilised by bees, further studies are needed to
prove this hypothesis.

4.4 MANAGEMENT AT NEIGHBOURHOOD LEVEL

441 PREFACE

The idea of a coexistence of “organic” and “GMO” on the basis of flexible coordinated
cultivation management measures is not new and has been proposed time and again since the
start of the discussion on possible modes of coexistence. The EEA Report also gives mention
to this concept: “Neighbouring farms should inform each other of their planting intentions in
order for appropriate isolation measures to be considered.” (EASTHAM und SWEET 2002, 59f).
But the authors give no recommendations how conflicts could be settled with this approach.

The European Commission recommends (EC-COMMISSION 2003, 3.3):

e Voluntary clustering of fields of different farms for the cultivation of similar crop varieties (GM,
conventional or organic) in a production area.

e Use of crop varieties with different flowering times.
e Arranging for differences in sowing dates in order to avoid cross-pollination during flowering.
e Coordinating crop rotations.
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No details are given how farmers should come to agreements on sowing dates, use of specific
varieties, clustering fields etc.

The following is a discussion of a selection of the most important proposals for cultivation
management, without differentiating between measures considered meaningful only in
combination with other measures, and measures considered meaningful by and in themselves.

442 SELECTING VARIETIES WITH DIFFERING FLOWERING DATES - DIFFERENT SOWING DATES

Different varieties and different sowing dates are dealt together because different sowing dates
are in many cases associated with a different variety.

By selecting varieties with differing flowering dates, the requirements of cultivation management

might, even if the crop species remain the same, be reduced to a minimum, and the farmer

would not be limited in his or her selection regarding crop rotation. However, significant factors

speak against this approach:

This proposal could only be put into practice if varieties were chosen that vary significantly with

regard to their flowering dates, and provided that there is no overlap of flowering (flowering
periods). In most cases, however, this is unlikely. In a cultivar
evaluation trial using 12 varieties of winter oil-seed rape, for

The choice of differing example, the maximum difference in the start of the flowering time

varieties can neither was 4 days (SCHULZ und JAKISCH 2001 ) The rowering period
theoretically nor of approximately 3 - 4 weeks, however, leads to considerable
practically guarantee overlaps in flowering (INGRAM 2000, 25 f). Only the flowering
sufficient protection period of winter oilseed rape varieties has as a rule ended when
against cross- summer rape varieties start flowering (INGRAM 2000, 25f). But
contamination. there are also exceptions from that rule (see Textbox 4) . The

same applies to maize - almost all varieties overlap in terms of
their flowering stages (INGRAM 2000), 17f).

Owing to the fact that neither the beginning of flowering nor the
flowering period can be managed, control might only be executed via the sowing date and the
variety. In winter-planted crops, flowering date and sowing date are approximately 6 - 9 months
apart, in spring-planted crops approximately 3 - 5 months. After sowing, environmental factors
have a strong impact on the beginning of flowering and the flowering period of varieties and
species. Heat and dryness make for an earlier start of flowering and a shorter flowering period
(SCHULZ und JAKISCH 2001), while cold, humid weather cause flowering to begin later and
prolongs the flowering period.

Conclusion: An exact steering of the flowering date as well as the prevention of overlaps of
different varieties during flowering are thus hardly feasible. (See also interesting data from wild
plant studies FITTER und FITTER 2002).

Textbox 4: Winter oilseed rape and summer rape ought to be considered as one fruit in
terms of coexistence

While from a normal sowing, the flowering periods of spring and winter
crops are quite different; flowering times can be heavily modified by
sowing date and other husbandry or environmental factors. It is therefore
suggested that spring and winter types are considered as one crop for
separation purposes. (INGRAM 2000, 28f).

This approach limits the farmer in his or her choice of varieties. The choice of a variety in
relation to the properties of the site is one of the most important yield factors. The frequency of
late frosts, for example, as well as the soil type are significant factors in selecting a certain
variety. The demand of producing optimum yields only allows the farmer a small margin of
variation regarding flowering dates (BAEUMER 1992, 127ff). The practical fitness of this
approach (different sowing dates) remains to be seen. Weather conditions especially in the
spring open only small time-windows to choose optimum sowing times for a perfect seed bed.
Yet, farmers have to agree on different sowing dates several months in advance of the sowing

28



Analyses of proposed Approaches to Possible Solutions

date to make a coordinated management process work. It seems to be very unlikely for farmers
to agree in advance and limit their cultivation management to a limited range of sowing dates.

Spring-varieties for soybean and maize are exclusively planted in Austria. Oilseed rape spring
and winter-varieties may be planted, but as shown above, even these types have to be
regarded as one crop for separation purposes.

Apart from the unresolved difficulties of finding agreement among a group of farmers, selecting
varieties with differing flowering dates and selecting different sowing dates does not seem to be
an adequate strategy to significantly reduce contamination by cross-pollination. In addition, this
measure does not provide any regulation for problems of GMO volunteer growth. This approach
might only be adopted in combination with other approaches.

443 ISOLATION DISTANCES

The European Commission recommends isolation distances as a tool on the farm level. Given
Austria’s small-scale structures, this is not feasible at farm level in most of the cases, such as
maize and oilseed rape. Isolation distances at farm level may be useful for highly selfing
species like wheat and barley. Soybean is considered a selfing species, but bees are likely to
play a significant role in cross-pollination, which is why it remains unclear which level will apply
to guarantee coexistence in soybean cultivation.

The EU recommends that isolation distances be specified as a function of the outcrossing
potential of the crop. For open pollinating crops, such as oilseed rape, larger distances are
required. For self-pollinating crops and plants where the harvested product is not a seed, such
as beets and potatoes, shorter distances are possible. Isolation distances should minimise but
not necessarily eliminate gene flow by pollen transfer. The objective is to ensure a level of
adventitious presence below the tolerance threshold.

The EU Commission gives no detailed recommendation on that issue. Scientific advice on
isolation distances varies significantly (e.g. cf. Table 1).The extent of isolation distances is
derived from biological circumstances (pollen reach) as well as from the thresholds and a
security factor potentially to be determined.

Based on previous calculation (cf. Table 4) isolation distances have to reduce cross-
contamination at or below a level of 0.25 % in maize or soybeans and almost 0.00 % in oilseed
rape. The percentage of contamination decreases (logarithmically) with the distance. Thus, low
thresholds result in larger buffer zones. This has lead for example to the view that a threshold
of 0.1 % is not practically applicable. In the following, some crop specific recommendations on
isolation distances will be discussed.

OIL SEED RAPE
INGRAM (2000, 28f), for example, recommends 1.5 m for a threshold of 1 %; 11.5 m for a
threshold of 0.5 % und 100 m for a threshold of 0.1 %. He makes the reservation, however, that
the degree of safety is rather low at 0.1 %, given that beyond a distance of 60 m, the
hybridization frequency decreases very slowly.

These distances can only be justified in cases of a high degree of self-

Some authors fertilisation and very low bee activity. Even for rigid self-fertilisers such

recommend as barley, distances of 60 m have meanwhile come to be suggested
significantly shorter as safe if the contamination level is to be kept below 0.1 % (WAGNER
minimum separation und ALLARD 1991). INGRAM (2000, 28f) also estimates that for male
distances. sterile oilseed rape varieties, 100 m of isolation distance suffice to

achieve a cross-pollination rate below 1 %. He admits, however, that
exact data to this effect are not yet available. EASTHAM und SWEET (2002) recommend
100 m (10 times the recommendation of INGRAM (2000)) for oilseed rape varieties to keep
cross-pollination under 0.5 %; for oilseed rape varieties with a share of male sterile plants
(varietal associations, e.g. synergy), they recommend “considerably greater isolation distances
from GM crops than conventional varieties,“ without giving concrete figures.
INGRAM (2000, 26f) recognizes that bees forage over average distances of 2 km and
sometimes even further. He believes, however, that fertilisation by bees across wide distances
occur only very rarely. In tests conducted by RIEGER et al. (2002) with commercial fields
canola, randomness of long-distance pollination events was detected. The authors state, ” We
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did not observe a leptokurtic or exponential decline, as found in many small-scale studies.
Instead, a more variable distribution with isolated pollination events was detected. The multiple
pollinating agents (wind and insects) of canola and the large size of the source may contribute
to the randomness of long-distance pollination events. Varietal differences among canola sink
fields were observed (Fig. 4), but no consistent effect of wind direction on pollen-mediated gene
flow was detected (data not shown). The variety of canola may be a contributing factor in
random pollination events at distance. Pollination has been shown to be affected by crop
variety. Varieties have differences in flowering period, which will affect pollination events over
such a large scale. Another explanation for these seemingly random events may also be
related to insect behavior. Roaming insects may target single plants flowering early or late in a
field, resulting in sporadic pollen movement.” .... “These observations, coupled with our data
on long-distance pollen movement, indicate that laboratory and small-scale experiments may
not necessarily predict pollination under commercial conditions. This study demonstrates that
cross-pollination between commercial canola fields occurs at low frequencies but to
considerable distance.” Figures show that cross-pollination had occurred up to nearly 3,000 m
(Fig 2) at a low frequency 0.05 % pooled by all samples of a field. Several incidents of cross-
pollination had been detected between 1,000 and 2,500 m (FIG 2 in RIEGER et al. 2002).
Given the fact that in this study the commercial variety with ALS resistance, had been in its first
year of introduction, a much higher rate of contamination has to be assumed on a longer time
perspective through volunteer growth and seed dispersal by birds and man.

Recommendation by the author on isolation distances for OILSEED RAPE:

Many recommendations for Isolation distances take only cross-pollination into account and are
based on results obtained by research-plot size field experiments. Seed dispersal by machines
will lead to volunteer growth which will contribute to significant long-range contamination
(several km). Seed dispersal by machines is very hard to control and to manage, seed
dispersal by animals is not manageable. Moreover, long range cross-pollination (RIEGER et al.
2002 and STOKSTAD 2002) of up to 4 km (THOMPSON et al. 1999) has been detected in
commercial field size research. Isolation distances from 2 to 4 km are justified if a sustainable
GMO free production is envisaged. Isolation distances above 1,000 m should be handled at the
regional level. The author therefore recommends to choose tools at the regional level to ensure
sustainable levels of cross-pollination below 0.1 or 0.0 % in GM-free oilseed rape production.
Regulations for beekeepers also have to be met at the regional level.

MAIZE

For maize, separation distances of 420 m are recommended (INGRAM 2000, 31f) in order to
keep cross-fertilisation below 0.1 %. The preliminary recommendations of the Danish study are
200 m to achieve a 0.1 % level of cross-pollination if seed purity is high, i.e. 0.0 %. In research
plots sized 0.4 ha, cross-pollination was observed at a maximum of 200 m. But up to 0.2 %
cross-pollination at 800 m has been detected by JONES and BROOK (1950 quoted in TREU
und EMBERLIN 2000).

Plant breeders trying to create corn seed of high genetic purity have recognized that the
physical separation of different corn varieties by 200 m (660 feet) will still result in
“contamination” due to cross-pollination at levels of about 0.1% (National Academy of Sciences,
2000 quoted in ELLSTRAND 2003. In order to prevent cross-pollination from transgenic corn
with pharmaceutical traits, APHIS requires in a proposed rule that there will be no corn grown
within 1 mile (1.6 km) of the field test site throughout the duration of any field test which
involves open-pollinated corn. This establishes a physical isolation distance that is eightfold
greater than the isolation distance required for the production of foundation seed (660 feet).
Furthermore APHIS requires.” With the establishment of isolation distances of 1 mile for open-
pollinated corn and one-half mile for controlled pollination corn field tests, APHIS will not allow
the use of border rows to reduce these isolation distances. APHIS believes that other methods
are available and do not pose the difficulties inherent in using border rows”(APHIS-USDA
2003b). (Since August 6th 2003 field releases of transgenic plants with pharmaceutical or
industrial traits require a permit by APHIS instead of just a notification (APHIS-USDA 2003a)).

Recommendation by the author on isolation distances for MAIZE:

30



Analyses of proposed Approaches to Possible Solutions

Owing to the fact that maize cultivation in Austria is almost complete based on hybrid seeds, a
cumulative effect through seed savings by farmers has not to be considered. Moreover,
volunteer growth of maize is unlikely. The contamination potential thus only needs to be
calculated by the risk of cross-pollination. Recommendations for isolation distances vary
significantly. Given the fact that significant cross-pollination had been detected at 800 m, the
author recommends 800 m as minimum isolation distance for cultivation and 1,200 m for seed
propagation. It is unclear whether coexistence in maize cultivation might be resolved at the
neighbourhood level. Aspects for beekeepers have to be met at the regional level.

MANAGEMENT AT THE REGION LEVEL

5.5.1 EUROPEAN COMMISSION RECOMMENDATION: MEASURES OF REGIONAL DIMENSION

The European Commission document refers to that as follows: “Measures of a regional
dimension could be considered. Such measures should apply only to specific crops whose
cultivation would be incompatible with ensuring co-existence, and their geographical scale
should be as limited as possible. Region-wide measures should only be considered if sufficient
levels of purity cannot be achieved by other means. They will need to be justified for each crop
and product type (e.g. seed versus crop production) separately. (EC-COMMISSION 2003,
2.1.5).

The European Commission refers to voluntary GMO-free regions as follows:

“3.3.3. Voluntary agreements among farmers on zones of a single production type.

Groups of farmers in a neighbourhood may achieve a significant reduction in the costs related
to the segregation of GM and non-GM production types if they coordinate their production on
the basis of voluntary agreements” (EC-COMMISSION 2003, 3.3.3). No further concepts for the
establishment of GMO regions or GMO-free regions are given by European Commission.

5.5.2 VOLUNTARY REGIONS: EXPERIENCE IN AUSTRIA

The European Commission recommends voluntary regions as a regional management tool. As
discussed above management, measures must help to avoid conflicts and solve conflicts.
“Voluntary regions” are a group of farmers in a consolidated area who favour a special
cultivation system. Becoming part of this group is a decision of each farmer.

There is some experience in Austria regarding voluntary agricultural regions.

RWA (Raiffeisenware Austria), for example, is putting its stake in Austria upon non-GM maize
production, including the necessary checks and controls, rather than on mass-produced
commodities, with an attempt to establish as consolidated GM-free maize cultivation areas as
possible. This is ultimately considered the only chance to relieve Austrian cultivation of some of
the price pressure farmers will be facing with an even wider opening of the EU market for maize
imports from Eastern Central Europe. RWA is supported in this initiative by the Chambers of
Agriculture. Along with numerous RWA “Lagerhauser” (large-scale stores especially dedicated
to farmers’ needs) in Lower Austria, Styria, and Upper Austria, several private provincial
product traders and Upper Austrian “Lagerhauser” not pertaining to RWA wish to join the
initiative and establish consolidated genetic-engineering-free regions in their resource areas.
(APA 2002)

In Austria, there are several organic regions (e.g. http://www.bioalpeadria.info/). The existing
organic regions exist on a voluntary basis, i.e. within organic regions, also conventional farmers
farm their land. Organic regions contribute to a common marketing of products of the same
region. A consolidated region is not necessary for this concept. On the contrary, it would be
very difficult to obtain a fully consolidated organic region without different production type.

Voluntary GMO or GMO-free regions will face the same problem that organic regions are
already facing - “How to get a consolidated area on a voluntary bases.” In the province of Lower
Austria a voluntary GMO free Region “Waldviertel” has been proclaimed in December 2002.
But even 6 months later farmers did not formally sign binding agreements (SCHORPF 2003,
head of the GMO free Waldviertel initiative, personal communication).

Even with subsidies, there is no guarantee to get consolidated regions. The probability of
getting consolidated areas rises when the subsidy approach is bound on an Agri-Environmental
Programme which has been widely adopted among Austrian farmers. Protection covering as
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extensive an area as possible could be achieved by coupling the use of GMO-free seed to
various subsidies under the Austrian Agri-Environmental Programme. In terms of duration, a
period of time of e.g. 10 years might be foreseen regarding the coupling with subsidies under
the Austrian Agri-Environmental Programme. But some problems still remain. Small areas of
continuous GM-cultivation suffice to contaminate several hectares. Thus, accompanying
measures have to be resorted to in order to guarantee the long-term coexistence of different
farming methods.

5.5.3 LEGALLY BINDING REGIONS

A possible approach is to define legally binding instead of voluntary regions . This is fully in line
with European Commission’s recommendation on coexistence. In the view of the Commission,
“region-wide measures should only be considered if sufficient levels of purity cannot be
achieved by other means”.

In Austria, there is some experience with legally binding regions, such as:
e \Water Protection Zones” in accordance with Austrian Water Act
e  Consolidated Cultivation Areas in accordance with Seed Act of 1997

o A protection zone of four kilometers around mating station in accordance with Upper
Austrian Apiculture Act.

e A protection for the entire Province of Vienna admitting exclusively the variety Carnica
(Apis mellifera carnica). The keeping of other bee varieties (Apis mellifera mellifera) and/or
other species (e.g. the Asian bee Apis cerana) is subject to authorization in accordance
with Vienna Apiculture Act.

Depending on several protection goals certain areas such as the following ones might be

declared free of GMO cultivation: “seed production area”, “ecologically sensitive areas”, “areas
of special interest for organic farming.”

As mentioned above, at least for oilseed rape and most likely also for maize, coexistence
management has to be obtained at a regional level. While voluntary regions have a limited
conflict solution potential legally binding region have to solve conflicts between different farming
types in the case of oilseed rape.

5.6 SIMULATION MODEL CALCULATION

The calculation and evaluation of the data was carried out in cooperation with DI A. Bartel,
Institute for Landscape Architecture and Landscape Management, University of Agricultural
Sciences, Vienna.

It was agreed with the bodies commissioning the study to develop a graphic model in order to
depict the need of protected areas for farming enterprises operating on an organic basis. The
district of Wels Land, Upper Austria, was selected to serve as an example. For the district of
Wels Land, a detailed calculation of the area need for agricultural purposes that have to be
labelled as GMO-free was carried out on the basis of the existing digitally stored properties and
crofts. The data set provided courtesy of DORIS did not entirely cover the district of Wels Land.
The following data were worked into the map of “Wels Land*:

e DKM (Digital parcel map) (Wels Land) DORIS OO, with property (plots of land) limits and
property numbers (the data set was incomplete at the time the report was drafted, some
partial areas were missing on account of work not yet completed.)

e  Property numbers of organic farming areas of the year 2000 for Wels Land (Federal
Ministry of Agriculture and Forestry, DI HOFER)

Owing to the fact that the property numbers of the data sources of the Federal Ministry of
Agriculture and Forestry and DORIS had different formats, they had to be partly hand-adapted.
Around every ORGANIC plot of land, separation distance circles of 500 m to 4,000 m in steps
of 500 m were marked in colour. In addition, the organic farming fields were colour-marked in
yellow. The map shows area need for organic farmers for growing GM-free. The analysis ends
at cultivation type level. For a decision tool in accordance with the European Commission
recommendations, a map providing crop-specific data, not only for organic but also for
conventional farmers would be needed to meet the requirements of crop specific “region-wide
measures”. With regard to the update and English translation of this study, an update of this
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map had not been planned. But his map should serve just as an example how to come to
decisions regarding oilseed rape using a digital cadastral map as a decision tool. For this
purpose following calculation has been assumed: All yellow organic plots in Wels Land are
organic oil seed rape or GMO-free oil seed rape fields While in Austria the cultivation of organic
oilseeds is rather low, i.e. 1,6 % of the total cultivated oilseeds area (data specific for oil seed
rape was not available) in Austria (personal calculation for 2001 based on data provided by
www.awi.bmlf.gv.at). A voluntary contract programme called “RAPSO” for GMO-free oilseed
rape has been conducted rather successfully in Upper Austria for several years (for further
details see http://www.vog.at/rapso.htm). WELS Land is the district with the lowest density of
organically operating enterprises in Upper Austria. Out of a total of 24 municipalities, 10
municipalities do not have any organic farms, 13 municipalities have an organic share lower
than 4 % of the municipality’s agricultural area, and one municipality has an organic area share
of the agricultural below 8 %. It seems realistic that organic rape and gmo-free oil seed rape
(RAPSO) fields could almost reach the small amount of overall organic fields in the district Wels
Land.

Assuming that all yellow organic plots in Wels Land are organic oil seed rape or GMO-free oil
seed rape fields (RAPSO), there will be almost no place to cultivate GMO oilseed rape in the
district of Wels Land. As reflected on the map of WELS LAND (Appendix 1), even if the number
of organically or GMO free oil seed rape cultivation is small, large sectors of the municipality will
be claimed as protection areas. The map also clearly depicts the overlapping of areas claimed
as protection zones with neighbouring municipalities. Owing to the fact that the available data
set for Wels Land was incomplete and the city of Wels is located entirely within the district of
Wels Land, the author is notable to make complete statements as to the size and location of
potential areas on which GMO cultivation would be possible without posing a hazard to organic
or GMO free areas on account of pollen contamination and seed dispersal. In addition, the
adjoining municipalities of the neighbouring districts would have to be included in the
evaluation.

5.6.1 SMALL SCALE STRUCTURE IN AUSTRIA

The map in Appendix 2 clearly reflects the small scale of Austrian fields. Fields 80 m wide and
300 m long are quite common in Austria. Also, the various fields of individual farmers are often
dispersed among other farmers’ fields. Consolidated fields in terms of crop cultivation are quite
rare in Austria. With regard to grassland, consolidated areas are more frequent in mountain
regions. Thus, conflicts over coexistence will in many cases arise between not only two but
several farmers, which is why the coordination at neighbourhood level of different field plots and
different crop rotation plans (management a neighbourhood level) seems rather unrealistic from
a practical point of view.

5.6.2 CONCLUSIONS: REGIONAL LEVEL

There will be a need to organize coexistence at the regional level. Currently, there are no tools
except legally binding GMO or GMO-free regions to solve coexistence conflicts properly.

In principle, the designation of protection areas is not new and does not constitute a problem
arising from GMO cultivation. What is new is the dimension caused by the problem of
coexistence of organic, conventional non-GM, and GM-production. The Upper Austrian
Apiculture Act, for example, implements via decree a protection zone of 4 km around a
recognized mating station, in order that only a certain bee variety be used in the respective
area. Any implementation of GMO-free cultivation areas to secure coexistence in the small-
structured Austrian landscape has to meet, from the point of view of natural science, two
minimum requirements:

e implementation of a compact area, and
e securing of this compact, consolidated area over several years.
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5 OUTCROSSING TO WILD PLANTS THE CASE OF OIL SEED
RAPE

5.1 DISPERSAL DYNAMICS OF SYNTHETIC TRANSGENES

When we look at the phenomenon of “outcrossing” of crops to wild plants and/or wild plants to
crops, questions of population dynamics arise along with the question of pollen reach. As
opposed to crops, whose “population dynamics” is anthropogenically controlled via cultivation
(cultivation frequency and density), wild plants are to a great extent beyond the influence of
anthropogenic management. Gene flow between locally separated populations is determined
by pollen and diaspore flow (HU und ENNOS 1999). Estimates of the dynamics of gene flow
(pollen and diaspore flow) vary greatly, from low dynamics in wild barley to high dynamics in
oak, and depends strongly on the reproductive type (ENNOS 1994). Exact statements as to
dispersal distances of outcrossing synthetic transgenes can hardly be made. Superficial
classifications via a selective disadvantage or selective advantage of a gene do not allow
conclusions as to the actual dynamics of the spreading of synthetic transgenes.

A central misunderstanding in the interpretation of Darwin’s theory of evolution relates to the
concept of “survival ,survival of the fittest.“ This metaphor Darwin used does not put aggressive
confrontations into the foreground, nor does it mainly refer to the competitive strength in the
struggle for survival (i.e. different mortality of different genotypes). Rather, it is of importance
what contribution an individual (with certain alleles) contributes to the gene stock of the
following generation. Selection thus consists in the differing reproductive success. It is a
statistical process in which individuals with more favorable characteristics generate on average
more numerous offspring than individuals with less favorable characteristics.

Reproductive success, however, depends strongly on a variety of factors and is not to be
compared to competitive strength in a direct confrontation (CZIHAK et al. 1996, p. 883).
WILLIAMSON (1993) believes that there is no significant correlation between the weed
characteristics® listed by BAKER and the properties of the weeds listed as the 10 most
important weeds in a questioning of weed experts. Considering that it is eventually not a plant’s
characteristics, but the mode of interaction between the environment and the plant’s
characteristics that accounts for dispersal tendencies in neophytes, the use of BAKER'’s
characteristics for the purpose of a predictive risk assessment of genetically modified plants is
not adequate (WILLIAMSON 1993). The change of a plant’s site alone, without a change in
characteristics, can turn a plant into a weed (WILLIAMSON 1993). TILMAN’s experiments
(1997) also point to the significance of intentional or unintentional dispersal of plants.
Obviously, the diversity of plant populations frequently correlates more with chance than with
competition. In an experiment of sowing 54 grass species native in the United States, more
than 50 % were able to establish themselves on the experimental plots even though they had
not occurred in that location before. This is why the concept of a “gene by environment”
assessment is gaining ground in analogy with "step by step” assessment (several contributions
to the discussion at the conference “Living Modified Organisms and the Environment - An
International Conference”, OECD 2001). However, not even this approach can obscure the fact
how difficult it is to assess the “ecological damage potential” of a synthetic transgene. In many
cases, the insertion of synthetic transgenes produces unexpected, unintended effects
(pleitropic effects). In all Bt-maize varieties, for example, the lignin content is significantly raised
(between 33 and 97 %) vis-a-vis that of their isogenic lines. This is why degradation rates of Bt
maize were protracted as compared to the isogenic lines (STOTZKY 2001). It is also difficult to
define properties of fitness per se. The problem of defining characteristics was investigated
within the scope of the comprehensive SCOPE 37 Programme on the “Ecology of Biological
Invasions”, carried out by several institutions on several continents, on the basis of the following
key questions of invasion biology:

6 As early as in 1965, BAKER (quoted in WILLIAMSON 1996) put together a list of plant
characteristics frequently found in weeds. According to BAKER, weeds are ,super generalists.*
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¢ What factor determines whether a species will become an invader or not?

e What site properties determine whether an ecological system will be prone to or
resistant to invasions?

Answering these questions is indispensable for a predictive risk assessment of GMOs. Again,
however, it shows how difficult it is to make reliable statements regarding the development of
ecosystems. Reliable characteristics of plants and ecosystems with general validity, which
would allow a predictive risk assessment, have not yet been encountered (WILLIAMSON 1996,
KOWARIK 1996, SUKOPP und SUKOPP 1995, CRONK und FULLER 1995, NOBLE 1989,
MOONEY und DRAKE 1989, REJMANEK 1989).

KOWARIK summarises the state of matters as follows:

Textbox 5: Result of the SCOPE 37 Project

“Despite several approaches within the SCOPE 37 Project on the
‘Ecology of Biological Invasions," in which several continents
cooperated, we have not found a satisfactory solution to develop sound
prognoses on the success of a species - and thus also on its risk
potential - on the basis of species-specific characteristics. At best, there
is an increased probability of success in certain ecotypes for certain
groups of species, e.g. in sites of disturbance for species with typical
weed characteristics (in the sense of BAKER 1965), while with regard to
other ecotypes, success prognoses are hardly possible. Considering that
the decision as to success or failure of a species may be possible not
until decades or centuries after their first introduction, it is not possible to
either predict or rule out the future success or failure of a species.”
(translated quote from KOWARIK 1996, p. 121).

5.2 PROBABILITY OF ESTABLISHMENT OF SYNTHETIC TRANSGENES IN NEW GENE POOLS

Along with general considerations on the basis of invasion biology, ADAM and KOHLER (1996)
calculated the probability of establishment of synthetic transgenes in the gene pool of a natural
population, using different simulation models. According to the authors, the influence on the
establishment of new (natural) genes (originated by way of mutation) in a gene pool is subject
to the following factors:

e mutation

e selection

¢ reproductive type (self-fertilising or cross-fertilising)

e adventitious genetic drift

e migration (i.e. the exchange of genes between different populations)

e competition

e coevolution (evolutionary respoonse to the interaction with the environment).

For the calculation of the probability of establishment of synthetic transgenes in natural gene
pools, the following simplifications were made:

e Only the synthetic transgene was taken into account, not the genetic changes
occurring at hybridization.

e The synthetic gene is dominant vis-a-vis a recessive allele in the wild population.
Considering that in nature, there is no allele equivalent to a synthetic transgene, we
should speak in this respect not of “heterozygous or homozygous” alleles but rather of
“nemizygous” alleles (ADAM und KOHLER 1996).

On the basis of various different model calculations, ADAM und KOHLER (1996) demonstrate
that
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¢ synthetic transgenes that result in a selective advantage are almost always able to
become established in the recipient population;

e a synthetic transgene with an average selective disadvantage of 20 % is able to
establish itself in the wild population after 25 generations to the extent of 70 to 90 %,
given migration rates between 10 and 20 %;

e small populations and genetic drift equally favor the establishment in the wild
population of genes disadvantaged in terms of selection.

Other calculations with different selection coefficients and hybridization rates have arrived at
similar results. Only with a synthetic transgene, which causes a selective disadvantage, and
with low hybridization rates (ca. 1 %), the establishment of the synthetic gene in the wild
population is lower (below 5 %) (ADAM und KOHLER 1996).

Along with these model calculations, research on genetic diversity as well as the neutrality or
mutation-random-drift theory (founded by KIMURA 1987) support the assertion that synthetic
transgenes will spread in the population: According to KIMURA (KIMURA 1987), the share of
selection in evolution is small. Most mutations are neutral and have no selective advantage.
Neutral mutations spread in a population via random-genetic-drift and result in the great intra-
specific genetic variability in situ. Strong selection would lead to low genetic variability within
species. According to LI (1997), more recent data of molecular biology support the ,inadequacy
of Neo-Darwinism* (LI 1997, p.432). He, too, assigns a relatively minor role to selection.
Experiments with GMOs also support the simulation model calculations cited above (KLINGER
und ELLSTRAND 1994, ARRIOLA und ELLSTRAND 1997b, SNOW et al. 1999). We thus have
to assume that synthetic transgenes persist in natural populations (possibly over thousands of
years).

5.3 PRECAUTION, UNCERTAINTY AND PERSISTENCE

Genetic contamination is to be evaluated as giving rise to concern both from an ecological
perspective and from the perspective of an agriculture free of GMO-contamination, given that it
constitutes a reservoir with a continuous contamination potential for areas farmed in
accordance with the guidelines of organic farming as well as conventional non-GM agricultural
areas.

The ecological hazard consists in the long persistence of synthetic transgenes in the feral plant
populations. We have to assume that synthetic transgenes are transferred from crops to wild
relatives, and will manifest themselves over a long period of time in the wild plant populations
as long as compatible hybridization partners exist in the specific cultivation areas. In case of
damage, synthetic transgenes cannot be removed - they can be expected to persist for several
thousands of years in the wild plant populations. In this case, safety and ecological soundness
can no longer be guaranteed. Experience from the field of eco-toxicology of chemicals has
shown that particularly persistent substances, regardless of a first assessment of their risks,
have a very high ecological damage potential. As the history of the risk assessment of
pesticides demonstrates (EEA 2001), a risk assessment will always have imperfections (on
account of the limits of the human ability of perception and recognition). This becomes all the
more serious the longer chemicals persist in the environment. KLOPFFER formulated the idea
of avoiding persistence of chemicals as follows: (KLOPFFER 1994):

Textbox 6: KLOPFFER (1994) on the problem of persistent substances

"Moreover, even if an ideal testing system were possible, it would
necessarily always reflect the current status of knowledge; persistent
chemicals, however, remain in the environment for a very long period of
time and cannot be removed, in particular in case of molecular,
ubiquitous dispersal. If a damaging effect is recognized at a later point in
time, the exposal cannot be stopped! The argument is thus: Persistence
stands for principally never fully recognizable eco-toxicity. Persistent
substances should thus in principle never be released into the
environment, i.e. withdrawn from human control. Special precaution is
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needed if along with persistence, the criteria of accumulation potential
and mobility are met.” (translated quote from KLOPFFER 1994)

As opposed to possibilities of fighting weeds in agriculture, the possibilities of risk management
of wild plants in natural ecosystems are limited and mostly of short-term effectiveness (seed
stock in the soil). In view of longer persistence of synthetic transgenes in natural populations
and the fact that management measures are hardly possible, the significance of the criterium of
persistence for an assessment of the risks of GMOs becomes evident (i.e. a total ban on GM-
plants in those regions in which they are able to hybridize successfully with wild relatives). The
point is not an unconditional rejection or support of technological developments, but rather, as
correctly stated by SCHERINGER (1999, 149f) , the important question
as to how far learning from experience (the trial-and-error principle) is an
adequate strategy to assess environmental interventions. And “fo what
degree of seriousness of an experience the effect of learning and the use

trial-and-error
principle) is an

adequate strategy to
assess environmental

interventions.

for the purpose of which we accepted to make the experience, can still

be justified?”

In the sense of the criterium of persistence, the outcrossing potential per
se - regardless of the properties of the foreign gene - would have to be

defined as an undesired event.
5.4 DIFFERENCE OF GENES AND SYNTHETIC TRANSGENES

In the discussion on uncertainties, precaution and persistence associated with transgene
escape into wild populations the question arises, if there is a difference between genes inserted
by conventional breeding methods and synthetic transgenes inserted by gene technology.
Many scientist assume that there is no difference between this two type of genes and therefore
risk of gene escape has to be compared with risks of gene escape from conventional bred
crops. Table 5 gives a short overview on differences between genes and synthetic transgenes..

Table 5: Differences between genes and synthetic transgenes

Conventional genes Synthetic transgenes

Range of gene

Crosses between plants of the

Most GM-crops are obtained by

exchange same varieties within species, transferring genes from bacteria, viruses
closely related genera. Even into plants (e.g herbicide tolerant, insect
hybridization and wide crosses | resistant traits)
cannot move genetic material
much beyond these limits (i.e.
within the same family)
genetic Genetic elements from the Genetic elements from different
elements plant organisms: promotor from a virus,

expression sequence from a bacteria,

Recombination
of genetic
elements

No

Yes

base exchanges

No (mutation breeding yes)

Yes (bases exchange and truncation of
originally expression sequence)

do have introns

yes

no

Difference on
chromosome
level

The inserted gene has a
corresponding allele
(homozygot or heterozygot)

The inserted gene has no corresponding
allele (hemizygot)

It should be noted that the role of introns is unclear. Some scientist assume that introns may act
as hidden genetic regulators (e.g. FLAM 1994, MONK 1995, SHCHERBAK 2003, HARE und

PALUMBI 2003).

Some scientists argue that crops genes derived by mutations or derived by genetic engineering
are equal from the point of uncertainty and persistence. From an evolutionary perspective the
creation of genes by enhanced induced mutation is "just" speeding up evolution 100-10,000
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times faster than it would occur naturally. The creation of synthetic transgenes in plants with
combinations of virus promoters, bacterial expression sequences etc. are not known to occur
as a consequence of evolutionary forces. Persistence of synthetic transgenes must be
considered a more serious hazard to biodiversity than persistence of crop genes derived by
induced mutations, simply because possible impacts of exotic genes may be highly uncertain.

5.5 CONCLUSION TRANSGENE ESCAPE

Synthetic transgenes differ from conventional or natural genes in many aspects. Synthetic
transgenes (as well as conventional genes) will stay for a long period in wild populations. The
certainty about harmful effects from Synthetic transgenes is considerable low, and quite much
lower than for conventional or natural genes. In the case of error in risk assessment removal of
synthetic transgenes from various ecosystems is not possible. Therefore the cultivation of GM-
crops which have the potential to exchange their synthetic transgenes to feral populations
should not be approved.
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6 CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSIONS

Based on the European Commission recommendations on coexistence, there is a need to
regulate coexistence crop specific and step by step, from management at farm level to
management at the neighbourhood level and measures with region-wide dimension.

Based on analyses of cross-pollination, seed dispersal, seed viability in the soil and in
accordance with the European Commission recommendation, cumulative effects, as well as the
small scale structure of Austrian Agriculture, there will be a need to regulate the cultivation of
GM maize and GM oilseed rape at a regional level. In some regions the agricultural structure
may allow management of maize at the neighbourhood level. It was not subject of this update
of the study to identify such regions for maize on the basis of a digital cadastral map for Austria.

While voluntary regions will not provide a proper conflict solution potential, legally binding
regions (GM regions or GM-free regions) will be necessary.

From a management perspective, only minimum isolation distances would serve as a
practically feasible decision tool. The “choice of different varieties with different flowering times”
will not serve as a management tool, because the weather is not subject to human decision-
making. Yet, weather conditions have a great influence of the success on varieties of different
flowering times. If the success of a tool is based on conditions beyond management, it will not
serve as an appropriate management tool.

Hedges and barrier crops will significantly reduce the rate of cross-pollination. But currently it is
unclear how hedges could be part of a calculation model to help reduce minimum isolation
distances. From a management perspective, taking hedges into account would require a
calculation on a field by field basis - an enterprise that appears to be rather labour-intensive.

6.2 RECOMMENDATIONS

The problem of coexistence cannot be solved solely at the farm or neighbourhood levels. Rules
have to be established to regulate coexistence and to define who is responsible for applying
anti-contamination measures or obeying minimum isolation distances.

Because it is not known whether it is possible to process GMOs “side by side” with non-GMOs,
production chains will have to be totally separated from the beginning. The author thus
recommends a regulation on “GMO cultivation and processing” which fully addresses all issues
of coexistence from farm to table. The adopted EC Regulation on Traceability and Labelling
strongly supports the idea of such regulations in order to guarantee a complete tracing of
GMOs from farm to table. EC Regulation 178/2002 requires full traceability from farm to fork for
the whole (conventional, organic as well as GMO) food and feed production chain. The
proposed regulation on “GMO cultivation and processing” should be based on the experience of
EC Regulation 2092/91 for organic farming. Organic systems have shown how to avoid
admixtures of crops from other cultivation types. Like organic farmers and processors, GMO
farmers and processors have to ensure that no contamination is taking place. This means that
GMO farmers and processors have to build up their own system of GMO production, as organic
farmers and processors have done in the past. This means separate harvesting, transport,
storage, processing, etc. An inspection system according to organic farming has to be
implemented. This should lead to a decrease of costs for organic farmers and processors which
are currently paid for applying anti-contamination measures.

The regulation on “GMO cultivation and processing” should consider following tasks to regulate
cultivation:
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Table 6: Tasks for a regulation on “GMO cultivation and processing”

Approval for The European Commission recommends that “As a general principle, during
GMO the phase of introduction of a new production type in a region, operators
cultivation (farmers) who introduce the new production type should bear the

responsibility of implementing the farm management measures necessary to
limit gene flow” (EC-COMMISSION 2003, 2.1.7). While currently GMO
farmers are introducing a new technology and in order to avoid conflicts by
unregulated cultivation the author recommends that all GMO farmers shall be
subject to approval regarding cultivation. An approval of GMO cultivation will
also help to meet the requirements of EC-Directive 2001/18/EG, which
requires “Member States shall also establish registers for recording the
location of GMOs grown under part C, inter alia so that the possible effects of
such GMOs on the environment may be monitored” (EC 2001, Article 31(3)b).

Besides the obligation for GMO farmers to ask for approval, it should be
described how this approval is to be granted.

Regions of Based on protection goals (see 3.1), crop-specific consolidated regions for

special special interests (GM-free seed production or GM seed production, organic

interest farming regions, sensitive ecological areas, Natura 2000 regions) should be
declared from the beginning and integrated into the cultivation register.

Minimum Minimum isolation distances have to determined for each specific crop, or for

isolation groups of crops.

distances

Digital Based on a digital cadastral map and a cultivation register, a DIGITAL

cultivation CULTIVATION PARCEL MAP has to be established. Therein, the cultivation
parcel map (crop rotation) by all farmers is stored crop and year specifically. Each

agricultural parcel should be assigned the following data on an annual bases:
e  Cultivation type (organic, conventional GMO)
e Planned crop to be cultivated

e  Other types of protection goals such as region for seed production,
nature conservation area, etc.

e Regional information such as private GMO cultivation and processing
region, or organic region

Information The way how all farmers or alternative sources (Austrian subsidies
management programme) are to provide the relevant information needed for the DIGITAL

CULTIVATION PARCEL MAP in time should be described.

Proposed approval system:

The farmer who intends to grow a GM crop asks the regulators for formal approval and
provides following information.
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GM crop and specific trait — in order to settle possible conflicts between and
organic/conventional GMO-free farmers

specific trait order to settle possible future conflicts between GM farmers with the same
crop species but with different GM traits (e.g pharmaceutical trait vs herbicide tolerant
trait).

The field with cadastral number

A plan for anti-contamination measures at farm or neighbourhood level for the specific field
in order to avoid contamination through cross-pollination and seed dispersal (e.g. oilseed
rape)

A plan for segregation measures from drilling, harvesting and transport in order to avoid
technical contamination

A contract with an inspection body responsible for surveillance
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Based on the information provided, the regulator has to decide if the minimum isolation
distances apply, or if there is a possibility to reduce minimum isolation distances to a certain
degree. As long no qualified data on the efficiency of anti-contamination measures at farm
level, such as on hedges, exists, the minimum isolation distances should apply in all cases.

The authority in charge of the approval uses the minimum isolation distances determined in the
Regulation on “GMO cultivation and processing”. The regulator checks in the DIGITAL
CULTIVATION PARCEL MAP if there are conventional or organic farmers who intend to
cultivate the same crop species as proposed by the adjoining GM farmer. Based on the
DIGITAL CULTIVATION PARCEL MAP and on minimum isolation distances for the specific
crop, the regulators could easily identify areas of conflicts.

If the proposed GM field e.g. GM maize filed lies outside the minimum isolation distances to the
nearest organic or conventional maize field and no other regional aspects forbid GM-cultivation,
the cultivation of the GM crop should be granted. If a conventional or organic farmer has a
maize field within minimum isolation distance, the approval should not be granted. In this case,
the regulator should provide information regarding alternative GM crops to be used in the same
cultivation period.

6.3 FINAL REMARK

The proposed recommendations are meant to stimulate the discussion on coexistence with
concrete rather than undetermined measures for a management of coexistence of different
farming systems. While coexistence is based on, but not limited to natural science, these
recommendations are based on natural science and on management experience, with a digital
cadastral map as a decision tool. The DIGITAL CULTIVATION PARCEL MAP is proposed as a
core instrument to identify areas of conflicts. The tool allows solving conflicts in a well-
structured way, provided minimum isolation distances are determined. The decision tree is
based on European Commission recommendations: “As a general principle, during the phase
of introduction of a new production type in a region, operators (farmers) who introduce the new
production type should bear the responsibility of implementing the farm management measures
necessary to limit gene flow” (EC-COMMISSION 2003, 2.1.7). Currently, GMO farmers are
those who are introducing a new technology. At a later stage, this rule will mean freezing
organic farming where any further expansion would be difficult. Besides that, this rule could
also be applied if conflicts between GM famers with different traits arise in the future.

In any case, every recommendation on coexistence will have to be adjusted after a certain time
period, to address changed economic and scientific circumstances.

Finally, it must be noted that, besides this recommendation on coexistence, it is still too early in
the author’s view to approve GMOs for cultivation as well as for food and feed use. The above
recommendations are based on huge gaps in the underlying basic science of risk assessment
of GMOs (e.g. cell biology, genetics) and the current weakness of risk assessment (cf. chapter
1.2). Moreover, GMO crops which have the potential for outcrossing should not be approved
because there would be no (or at least very limited) options for mitigation measures in the case
of error (cf. EEA 2001), which cannot be ruled out with risk assessment methods.
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MAP 1
District of WELS LAND

Protection area needed for organic crops in the district of Wels Land
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MAP 2

Small Scale Structure of Austrian Agricultural Fields

Organic field
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