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Welcome address

Werner Christie
Chair of he Norwegian Biotechnology Advisory Board

Dear friends and participants, as chairman of the 
Norwegian Biotechnology Advisory Board, I would 
like to welcome you to this conference on co-existence 
between GMOs and traditional plants in agriculture. 
At present there are many important issues on co-
existence that need to be discussed, and surely this 
topic will be high on the agenda in the EU and many 
other countries in years to come. 

GM plants have been grown for many years, espe-
cially in the US, Canada and some Latin American 
countries, but also in some parts of Europe. Although 
Norway is not a member of the EU, the situation in 
the EU is of course of great importance to us as we 
are so closely linked to the EU.

As you can see from the program, we have a 
number of very interesting speakers and we are 
trying to shed some light on the issue of co-existence 
from different prespectives. We are sorry that our 
speaker from the EU parliament, Friedrich-Wil-
helm Gräfe zu Baringdorf, had to cancel in the last 
minute, but we are very happy that Werner Müller 
from Vienna will describe GMO-free zones and the 
ongoing prossesses of developing a regulatory fram-
ework in the EU. 

The issue of co-existence is how to keep genetically 
modified crops separate from traditional and organic 
farming. This issue is biologically complex and at the 
same time very political. The fundamental issues of 
separation and distance, however, are not at all new, 
not even for me. I myself have been a farmer and 
seed producer for 13 years. The issue of handling 
genetic drift has a long tradition in plant breeding 
and several of the speakers will address that.

To me, another question also becomes important: 
What is the difference between a genetically modified 
plant and a plant that is based on conventional bree-
ding? Is it first of all a difference in the technology, 
or in the traits that the breeds carry? Probably a 
bit of both. I think the reason this issue has become 
so political is based on the fact that we so far only 

have limited know-
ledge of the consen-
quenses after the 
“new genes” have 
been introduced in 
nature and agri-
culture. We know 
that the introdu-
ced genes may have 
irreversible impact, 
irriversibly, and in 
the worst cases the 
consequences may 
be serious. 

It is important to know what the new genes and 
traits do, how they may contribute to sustainable 
and sound agriculture with reduced applications 
of pesticides, and possibly with less use of fertilizer 
that pollutes our enviroment. Let me remind you 
that one of the most widely used principles in GM 
farming today is growing GM plants that make their 
own insecticidal toxins from Bacillus thuringiensis 
genes. This is actually inspired by organic farming 
where bacterial spores containing the same Bt toxins 
are used extensively as pesticides. 

With this conference, the Norwegian Biotechno-
logy Advisory Board is trying to prepare the grounds 
for a debate on the issue of co-existence in Norway. I 
am grateful to my colleagues in the secretariat and 
fellow members of the board who have been able to 
put together a very interesting program.

Before we start I would like to introduce to you 
my co-chairman for this meeting, my colleague from 
the Norwegian Biotechnology Advisory Board, Aina 
Bartmann, who is also a former farmer. Previously, 
she was working with goats in the northern part of 
Norway and at present she is developing farmers 
markets selling specialized foods. Finally, let me 
introduce our first speaker, Dr. Suzanne Warwick 
from Agri-Food Canada. 
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Gene flow between canola varieties and to other wild species

Suzanne I. Warwick
Agriculture and Agri-Food Canada (AAFC), Ottawa, Ontario, Canada

Suzanne Warwick is a 
Principal Research Sci-
entist with Agriculture 
and Agri-Food Canada.  
She received her Ph.D. 
in Experimental Plant 
Taxonomy from the Uni-
versity of Cambridge, 
UK in 1977.  In her 
subsequent 27-yr career 
as a plant research sci-
entist with the Canadian 
Department of Agricul-
ture, her research has 
focused on crop biodi-
versity and weed evolu-
tion.  She has published 
numerous papers on the 
population biology and genetics of herbicide resistant weed bioty-
pes, invasive alien weed species, and the role of hybridization and 
introgression in weed and crop evolution.  Since the early 1990’s, 
she has specialized on the molecular phylogeny and diversity of 
the Crucifer plant family, which contains several economically 
important crops (canola, mustard, cole crops, etc).  Based on this 
expertise she has conducted extensive research on the environmen-
tal impact of commercially released transgenic canola crops in the 
agro-ecosystem, in particular gene flow. She frequently serves as a 
scientific advisor to the Canadian Food and Inspection Agency on 
this topic and as a Canadian researcher at national and internatio-
nal forums on this topic. Warwicks@agr.gc.ca  

Summary
Gene flow between canola (oilseed rape) varieties 
and to other wild species will be reviewed in this 
paper.  Both Brassica napus and B. rapa are grown 
as canola in Canada. However, since the  introduction 
in 1995 of herbicide-resistant (HR) B. napus lines, 
grower preference has resulted in a decline in B. 
rapa production from 50% in 1995 to ca. 5% in 2003.  
All subsequent reference to canola in this paper will 
refer to Brassica napus.  By 2003, HR canola cultivars 
accounted for approx. 80% of the 4.0 million ha of B. 
napus grown in Canada: 47% glyphosate-resistant, 
13% glufosinate-resistant, and 20% imidazolinone-
resistant [non-transgenic].  The large-scale use of 
HR B. napus canola has provided researchers an 
opportunity to test current models of intraspecific (i.e. 
between canola varieties) and interspecific (between 
canola and other species) pollen flow on a realistic 
field scale.  The HR trait is easy to monitor, provides 
accurate assessments, and is highly suited for large-
scale screening programs.  Recent Canadian studies 
utilizing the HR trait to evaluate pollen-mediated 
gene flow in Brassica napus on a commercial field 
scale, and the effect of gene flow on HR volunteers 
(feral canola) in subsequent years, are described.  
These studies have shown that both pollen and seed 
movement are important means of escape for the HR 
trait in canola.  Unintentional gene stacking of HR 
traits in B. napus canola volunteers resulting from 
intraspecific pollen flow is common.  Data from two 
recent studies indicate that the adventitious presence 
of off-types (contaminants) in certified seed lots 
often exceeds stipulated thresholds.  Recommended 
control measures for multiple HR volunteer canola 
in commercial fields are reviewed.  Interspecific 
hybridization, on the other hand, is a less likely 
consequence of gene flow.  Results from a 3-yr gene 
flow study between B. napus and four related weedy 
species (B. rapa, Raphanus raphanistrum, Eru-
castrum gallicum, and Sinapis arvensis) in Canada 
are summarized.  These results include data from 
experimental field trials and commercial HR B. napus 
canola fields.  Hybridization between HR B. napus 
and natural wild populations of B. rapa was confir-
med in two commercial HR B. napus canola fields in 
the eastern region of Canada (Québec), thus repre-
senting the first documented occurrence of transgene 
escape into a natural weed population.  These sites 
are currently being monitored, in order to confirm if 

introgression of the trait into the B. rapa genome has 
occurred.  Stewardship plans need to be in place to 
mitigate agronomic problems associated with HR B. 
napus canola, widespread implementation of which 
depends on greater awareness among growers (both 
adopters and non-adopters of the technology) of best 
management practices (Van Acker et al., 2003).

Introduction
During the period from 1995 to 2003, herbicide 
resistance (HR) has consistently been the dominant 
trait of global commercial transgenic crop production.  
In 2003, HR canola or oilseed rape (Brassica napus 
L.) ranked as the third most abundant transgenic 
crop, accounting for approximately 5% of the global 
transgenic crop area; A total of 2.7 million hectares 
of canola grown was transgenic (James, 2003).

Brassica napus (genome AACC, chromosome 
number 2n = 38) and B. rapa L. (genome AA, 
chromosome number 2n = 20) are both grown 
as canola in Canada. Commercial production of 
glyphosate- and glufosinate-resistant B. rapa 
cultivars was limited in western Canada in 1998; 
however, these cultivars are no longer registered. 
Since its introduction in 1995, HR B. napus canola 



The Norwegian Biotechnology Advisory Board: Co-existence

6

has been rapidly and widely adopted by Canadian 
growers for several reasons, including easier and 
better weed control, higher seed yields and higher 
financial net returns based primarily on the higher 
yield, reduced dockage (i.e., percentage of weeds seeds 
as a weight basis in harvested B. napus that reduces 
crop value), and lower herbicide costs (Devine and 
Buth, 2001).  HR B. napus canola has allowed growers 
to reduce annual herbicide usage by 6000 tonnes, 
reduce tillage previously required for weed control 
and incorporation of soil-applied herbicides, and 
consequently reduce fuel consumption by 3.2 million 
litres (Canola Council of Canada, 2001).  In 2003, of 
the 4.0 Mha of B. napus grown in Canada, 20% were 
non-HR, 47% were glyphosate resistant, 13%  were 
glufosinate resistant, and 20% were imidazolinone 
resistant.  Transgenic bromoxynil resistant lines were 
grown for two years (2001-2002) on a small scale (< 
1%), but were not grown in 2003.  The imidazolinone-
resistant cultivars are non-transgenic, derived by 
chemically induced genetic mutation.

Regulations that permit the production of HR 
B. napus vary greatly from country to country.  In 
Canada, all four HR types of B. napus are regulated 
identically as ‘plants with novel traits’ (PNTs).  The 
Canadian Food Inspection Agency (CFIA) defines 
PNTs as ‘plant varieties/genotypes that are not con-
sidered “substantially equivalent”, in terms of their 
specific use and safety both for environment and 
for human health, to plants of the same species in 
Canada, having regard to weediness potential, gene 
flow, plant pest potential, impact on non-target orga-
nisms, impact on biodiversity, anti-nutritional factors 
and nutritional composition’.  PNTs may be produced 
by conventional breeding, mutagenesis, or more com-
monly, by recombinant DNA techniques (Canadian 
Food Inspection Agency, 2002).  This procedure has 
scientific merit, because it is the impact of the trait 
that requires regulation rather than the process by 
which the trait is introduced into the crop. 

Potential environmental impact 
The introduction of HR crops can potentially have 

both direct and indirect effects on other species (War-
wick et al., 1999, 2004).  These effects would primarily 
be restricted to the agroecosystem where herbicides 
are regularly applied.  The HR trait (or transgene) 
may escape either via seed or pollen flow.  The HR 
trait may be confined to the crop, but the crop itself 
may become a weedy volunteer through seed escape.  
Gene flow can be problematic to control in a crop, 
such as canola, that forms volunteer (feral) popu-
lations.  The persistence of the HR trait in the seed 
bank and subsequent pollen flow from the volunteer 
populations can result in escape of the HR trait to 
adjacent non-HR canola fields or to other HR culti-

vars resulting in gene stacking, i.e., the combining 
of two or more independent genes in a single plant.  
Seed escape via farming operations (e.g., seeding 
and harvesting equipment, trucks, storage facilities) 
may contribute to seed admixtures.  Alternatively, 
the HR trait may escape to wild relatives via pollen 
flow and inter-specific hybridization, potentially 
increasing the weediness of the recipient species. 
Thus, the potential environmental impact of HR B. 
napus canola is of particular concern, as the crop is 
partially outcrossing, forms a persistent seed bank 
and volunteer weed populations in subsequent crops, 
and has several wild relatives present in cultivated 
areas in Canada (and Europe).  Even when the HR 
trait is confined to the crop species, non-related 
weed species may be affected indirectly as a result of 
herbicides used in the production of such HR crops, 
namely evolution of HR weed biotypes or shifts in 
weed communities to more tolerant species [this topic 
will not be covered in this paper, but is reviewed in 
Warwick et al., 1999, 2004].

Intraspecific pollen flow 
Canola is self-fertile, with pollen movement by both 
wind and insects.  Several Canadian studies have 
indicated inter-plant outcrossing rates averaging 
30% (e.g., Rakow and Woods, 1987; reviewed in Table 
1 and Beckie et al., 2003).  The degree of outcrossing 
between populations of canola is sharply reduced as 
the distance between the pollen source and the recipi-
ent population increases.  Although the vast majority 
of pollen produced by canola plants falls within a 
few meters, pollen flow from fields of canola by wind 
and insects can be substantial and extend over long 
distances.  Studies have found evidence of pollen 
flow in Canada up to 800 m (Beckie et al., 2003); in 
the United Kingdom at 400 m (Scheffler et al., 1995), 
2.5 km (Timmons et al., 1995) and 4 km (Thompson 
et al., 1999); and in Australia up to 3 km away from 
the pollen source (Rieger et al., 2002).  Pollen flow in 
canola is affected by many variables, including canola 
variety (male fertile versus sterile lines), the relative 
size of pollen donor and recipient populations, pre-
sence of a pollen trap or border row, environmental 
conditions (temperature, wind speed and direction, 
relative humidity, etc.), and presence of insect vectors 
(Ingram, 2000; Staniland et al., 2000).

To test pollen flow models on a realistic field 
scale, gene flow between adjacent commercial fields 
of glyphosate- and glufosinate-resistant canola was 
examined at 11 locations in Saskatchewan, Canada 
in 1999 (Beckie et al., 2001, 2003).  Seed was collected 
from 0 to 800 m along a transect perpendicular to the 
field border and screened for HR in the greenhouse.  
Resistance arising from pollen flow was confirmed 
with laboratory tests (protein test strips and/or 
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molecular polymerase chain reaction (PCR) analyses).  
In 1999, ex situ estimation of gene flow between the 
paired fields ranged from 1.4% at the common border 
to 0.4% at 400 m, with no gene flow detected at 600 or 
800 m.  In situ estimates of gene flow were assessed 
in three of the 11 paired fields by mapping double 
HR volunteers that survived sequential herbicide 
applications the following spring.  Gene flow as a 
result of pollen flow in 1999 was orders of magnitude 
higher (2.5-10%) and detectable to the limits of the 
study areas (800 m).  Large variation in gene flow 
levels and patterns were evident among the three 
sites.  Such variability will make modelling and the 
accurate prediction of gene flow in canola grown on 
a commercial scale very difficult.

Weedy canola crop volunteers
Volunteer canola is often a common weed in subsequ-
ent crops as a result of shattering and seed loss during 
harvesting operations.  In a study in Saskatchewan 
in 1999 and 2000, average B. napus yield losses of 
5.9% (3000 viable seeds / m2) were measured in 35 
growers’ fields (Gulden et al., 2003) and ranged from 
3.3 to 9.9% yield loss or 9- to 56-times the normal 
seeding rate of canola.  In western Canada, volunteer 
canola occurs in 11% of cropped fields and is ranked 
18th in relative abundance of all weeds (Beckie et al., 
2001; Légère et al., 2001).  Comparative weed survey 
data (1997, 2002) from the provinces of Manitoba and 
Alberta in western Canada (Leeson et al., 2002a, b) 
indicated an increase in both the frequency of occur-

rence and relative abundance of volunteer canola 
since the introduction of HR B. napus canola.  Volun-
teer canola densities in the following crop can be high 
prior to herbicide control, often exceeding 100 plants 
/ m2.  Volunteer canola can persist for a minimum of 
4-5 yr after production in Canada (Légère et al., 2001; 
Simard et al., 2002), compared with up to 10 yr in 
Europe (Lutman, 1993; Lutman and López-Granados, 
1998; Pessel et al., 2001).  Volunteers can serve as a 
potential pollen source for wild relatives and canola 
crops that follow in rotation or are located in nearby 
fields, and thereby extend the potential for gene flow 
spatially and temporally (Warwick et al., 1999, 2004; 
Beckie et al., 2003).

The potential weediness of HR volunteer canola 
is obviously affected by any associated fitness cost to 
herbicide resistance.  In contrast to triazine-resistant 
canola, which is less fit than susceptible plants 
(Beversdorf et al., 1988), no associated fitness cost 
has been observed in the four HR B. napus canola 
types grown commercially in Canada (Kumar et al., 
1998; Cuthbert et al., 2001; Simard et al., 2003).

Following the introduction of different HR B. 
napus canola types, the possibility of gene stacking 
increases over time.  Hall et al. (2000) reported that 
pollen flow between cultivars with different HR traits 
had resulted in canola volunteers with multiple 
resistance at a field site in western Canada.  In 
this instance, a field of glyphosate-resistant canola 
was grown adjacent to a field containing both 
glufosinate-resistant and imidazolinone-resistant 
canola.  Volunteers from the latter field were 
selected with glyphosate the following year.  The 
surviving volunteers flowered and produced seeds 
that contained individuals resistant to glyphosate 
and glufosinate, glyphosate and imazethapyr, and 
glyphosate, imazethapyr, and glufosinate.  Two triple-
resistant individuals were detected, with one of these 
plants located 550 m from the glyphosate-resistant 
pollen source.  The results of the above study and that 
of Beckie et al. (2003) suggest that gene stacking in 
B. napus canola volunteers in western Canada may 
be common.

Multiple HR volunteers have, to date, not caused 
problems to the average Canadian  grower, with 
the exception of those who elect not to grow HR B. 
napus canola (non-adopter) or organic growers.  The 
management of HR volunteers does require a specific 
stewardship plan, particularly when broadleaf crops 
with few in-crop herbicide options are grown in a 
rotation.  Herbicides with alternative modes of 
action, such as phenoxy herbicides (e.g., 2,4-D, 
MCPA) or photosystem II inhibitors applied alone 
or in a mixture, provide effective control of canola 
volunteers with single or stacked HR traits, such that 
yield of subsequent crops is not affected.  There is no 
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evidence for altered herbicide sensitivity of single- or 
multiple-resistant plants to herbicides of alternative 
modes of action due to the genetic transformation 
(i.e., pleiotrophic effects) (Senior et al., 2002; Beckie et 
al., 2004).  However, effective control of target weeds 
by a herbicide is defined in Canada as >80% efficacy 
and by that definition, HR B. napus canola volunteers 
are not eliminated.  Where initial volunteer density 
is high (the year following B. napus cultivation), a 
substantial number of individuals can survive to 
maturity resulting in replenishment of the seed 
bank.

Seed purity
The presence of off-types in certified seed lots of 
canola must be expected as a result of pollen and seed 
movement.  In Canada, a maximum of 0.25% off-types 
or adventitious presence is permitted in commercial 
certified canola seed (Canadian Seed Growers Asso-
ciation, 2002).  Prior to the introduction of the HR 
trait, there were no definitive genetic markers to 
precisely quantify levels of genetic purity in canola 
cultivar seed lots.  By definition, off-types in non-HR 
B. napus canola seed lots may include individual 
seeds that contain HR genes, singly or stacked;  in 
the case of HR B. napus canola cultivars, non-HR seed 
or another HR type would be considered an off-type.  
In order to reduce pollen flow, an isolation distance 
of 800 m is required for growers of certified seed of 
hybrid B. napus canola in Canada, whereas a 100-m 
isolation distance is currently stipulated for certified 
seed growers of pedigree-derived cultivars (Canadian 
Seed Growers Association, 2002).  However, these dis-
tances do not preclude gene flow (as discussed above) 
and it is not surprising that data from two recent 
studies in Canada have provided evidence that off-
type levels (in particular stacked HR) in certified seed 
frequently exceeds the stipulated threshold.  Downey 
and Beckie (2002) found that 35 of 70 certified B. 
napus seed lots tested from 14 herbicide-susceptible, 
open-pollinated cultivars produced in 2000 contained 
the gene conferring glyphosate resistance, and 41 
seed lots (59%) contained the glyphosate- or glufosi-
nate-resistance gene.  Only two cultivars were free 
of both genes.  Friesen et al. (2003) also found that 
14 of 27 commercial certified seed lots tested had 
contamination levels above 0.25%.

Unexpected contamination, even at 0.25%, can 
cause problems for growers that practice direct 
seeding and depend on glyphosate for non-selective 
broad-spectrum weed control.  The consequence of the 
presence of a 0.25% contamination level in certified 
seed in two adjacent glyphosate- and glufosinate-
resistant commercial fields was documented by 
Beckie et al. (2003).   In the subsequent spring, 
putative double HR volunteers that survived 

sequential herbicide applications were mapped 
in these two fields using GPS (global positioning 
system) and resistance in sampled plants was 
characterized.  Double HR adventitious seed was 
known to be present in the glyphosate-resistant 
seedlot at 0.30%.  The adventitious seed had a 
different gene (pat gene) for glufosinate resistance 
compared with the adjacent glufosinate-resistant 
field (bar gene).  It was therefore possible to separate 
double HR plants that grew as volunteers in these 
two fields in the subsequent year into two categories: 
those with the bar gene and therefore produced as a 
result of pollen flow between the two fields and those 
with the pat gene and therefore derived from the 
adventitious seed.  Results from this study indicated 
a rapid buildup of the double HR adventitious seed in 
the volunteer seed bank in the subsequent year.  They 
also showed that the HR adventitious plants in the 
glyphosate-resistant field served as a pollen source in 
gene flow events to the adjacent glufosinate field.

Gene flow or hybridization to related species
A major concern about the agricultural release of 
genetically-modified organisms (GMO’s) is the escape 
of transgenes in the environment through hybri-
dization with their wild relatives (Warwick et al., 
1999, 2004; Snow, 2002).  Canola has numerous wild 
relatives present in cultivated areas in Canada and 
worldwide (reviewed in Chèvre et al., 2004).  Several 
studies have indicated the possibility for genetic 
exchange between Brassica species and related 
weedy species found in Canada, including crossing 
of B. napus with B. rapa (Jørgensen and Andersen, 
1994; Bing et al., 1996; Landbo et al., 1996; Hansen 
et al., 2001; Halfhill et al., 2002, 2003; Wilkinson 
et al., 2000, 2003) and Raphanus raphanistrum L. 
(Darmency et al., 1998; Chèvre et al., 2000, 2004; 
Rieger et al., 2001) under field conditions.

Results from a 3-year Canadian gene flow study 
between B. napus and four related weedy species [B. 
rapa, Raphanus raphanistrum, Erucastrum gallicum 
(Willd.) O.E. Schulz, and Sinapis arvensis L. -Note: 
these four also occur in Norway] are summarized 
below (Warwick et al., 2003).  These results include 
data from experimental field trials and commercial 
HR B. napus canola fields.  Sinapis arvensis is a 
major weed in canola-growing areas in western North 
America, whereas the other three weed species have 
more limited distributions.  Gene flow was inferred by 
screening seed collected from the wild populations for 
the presence of the herbicide resistance trait found 
in adjacent HR B. napus canola fields.

Hybridization between B. rapa and B. napus was 
expected, and indeed, occurred at a frequency of 
ca. 7% in two field experiments where plants of B. 
rapa were grown at a density of one plant / m2 with 
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HR B. napus.  B. rapa x B. napus F1 hybrids were 
also detected in two B. rapa populations growing 
in or near commercial HR B. napus canola fields 
in the province of  Québec in eastern Canada. This 
represents the first case of transgene escape into a 
natural weed population (monitoring studies to con-
firm introgression of B. napus traits into the B. rapa 
genome are in progress).  An even higher frequency 
of hybridization (13.6%) was observed in one of the 
wild B. rapa populations and was likely due to grea-
ter isolation distance between B. rapa plants.  All F1 
hybrids were morphologically similar to B. rapa, but 
hybrid were confirmed by the presence of the herbi-
cide resistance trait, triploid ploidy level (AAC, 2n = 
29 chromosomes) and presence of B. napus- and B. 
rapa-specific AFLP molecular markers.  The hybrids 
had reduced pollen viability (ca. 55%) and segrega-
ted for both self-incompatible and self-compatible 
individuals (the latter being a B. napus trait).  In 
contrast, gene flow between R. raphanistrum and 
B. napus was rare.  A single R. raphanistrum x B. 
napus F1 hybrid was obtained in an HR B. napus 
field plot experiment where R. raphanistrum plants 
were grown at a density of one plant / m2 with HR B. 
napus, and no hybrids were detected in HR commer-
cial fields in Québec and Alberta (22,114 seedlings).  
Except for the presence of a B. napus trait “opening 
of the seed pod by valves” and distortion of the seed 
pods, the hybrid was morphologically similar to R. 
raphanistrum.  This hybrid had a genomic structure 
consistent with the fusion of an unreduced gamete of 
R. raphanistrum and a reduced gamete of B. napus 
(RrRrAC, 2n = 37), both B. napus- and R. rapha-
nistrum-specific AFLP markers, and <1% pollen 
viability.  No S. arvensis or E. gallicum xx B. napus 
hybrids were detected (42,828 and 21,841 seedlings, 
respectively) from commercial HR B. napus canola 
fields in Saskatchewan.  These findings suggest 
that the probability of gene flow from B. napus to R. 
raphanistrum, S. arvensis or E. gallicum is very low 
(<2-5 x 10-5).  Our results are in accordance with gene 
flow predictions based on previous studies.

The two natural populations of B. rapa, where 
B. rapa x B. napus F1 hybrids were found, will be 
monitored for persistence of the glyphosate-resistance 
trait and for evidence of introgression of the HR 
transgene into the B. rapa genome (Warwick et al., 
studies in progress).  Previous studies have shown 
that a HR transgene can be passed between the 
two species and be active in successive generations 
(Mikkelsen et al., 1996; Metz et al., 1997).  Such HR 
transgenic hybrids would have an obvious selective 
advantage in an agroecosystem where the herbicide 
is applied.  Similar to HR volunteer canola, these 
hybrids may require altered or additional control 
measures but can generally be controlled in 

subsequent crops with herbicides with different 
modes of action.  Also, we may assume no fitness cost 
(as discussed above) in the acquisition of herbicide 
resistance to glyphosate and glufosinate in an hybrid, 
and therefore persistence of these genes in the weedy 
populations in the absence of herbicide selection 
pressure.  Snow et al. (1999) showed that fitness costs 
associated with transgenic glufosinate resistance 
introgressed from B. napus into weedy B. rapa were 
negligible.  Danish studies of non-transgenic B. napus 
and B. rapa by Hauser et al. (1998a, b), indicated 
that fitness varies with the hybrid generation; F1 
hybrids  were intermediate to the two parents, and 
a slight fitness depression occurred in F2 and BC1 
hybrid generations, but some of the individuals were 
as fit as the parents.  Other hybridization studies 
involving these two species (Stewart et al., 2003) have 
suggested that the transfer and crop-specific genes, 
that would accompany the transfer of a transgene, 
and their retention in a weedy wild relative would 
likely result in a reduced fitness.     
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Norway has about 1 mill ha land that is currently 
under cultivation (Statistisk sentralbyrå 2004). 
Crops grown on this land are distributed as follows 
(%): Cereals 31.5, oilseed crops 0.7, root crops for 
fodder 1.9, potato 1.4, vegetables 0.6, gardens and 
other field crops 1.0, meadows and pastures 47.1, 
and permanent grasslands 15.8. The total acreage of 
field crops thus constitutes 37.1% of the land while 
grasslands occupy as much as 62.9% of the land. In 
the Northern part of Norway, grasslands constitute 
more than 95% of the cultivated land. A discussion of 
the potential for gene flow in important crop plants 
in Norway must be based on the scale of cultivation, 
the reproductive biology and the spatial distribution 
of these species.

Based on the acreage planted, the most important 
agricultural and horticultural species are: cereals 
(barley, wheat, oat, rye); forage grasses (timothy, 
meadow fescue, perennial ryegrass); forage legumes 
(red clover, white clover); oil-seed crops (spring oil-
seed rape, spring turnip rape); root crops (swede, 
turnips); potato; and vegetables (carrot, cabbage, 
brussels sprout, onion, peas). In addition there are 
small acreages of fruit and berry species (apple, pear, 
plum, cherry, strawberry, raspberry, red currant, 
black currant). These species are also common in 
most gardens together with a number of other 
horticultural species. The spatial distribution of the 
major crop plants is very uneven due to the highly 
heterogeneous soil and local climatic conditions 
within Norway. The cereal production is therefore 
concentrated in two regions; in the Southeast 
(Østlandet) and in the middle of Norway (Trondheim 
region), while the forage grasses and forage legumes 
are mainly grown in the Western part, in the North 
and at higher altitudes in the valleys in the Eastern 
part. Oil-seed crops are only planted in the Southeast 
of Norway. The other crops are usually grown very 
concentrated in certain regions, like the fruits and 
berries grown in the fjords of the West-Coast of 
Norway.

One of the most important factors determining the 
potential for gene flow is the reproductive biology of 
the species. Pollination is of two forms, wind-pollina-
tion or insect-pollination, and the breeding system 
of species is classified as outbreeding (open pollina-
tion) or inbreeding (self-fertilization). Some species, 
like wheat, barley and oat, are completely inbreed-
ers, while many forage grass species have genetic 

self-incompatibility systems that secure complete 
outbreeding. Other species, like many Brassica-spe-
cies, have a mixture of inbreeding and outbreeding. 
Typical wind-pollinated species, like grasses, usually 
release a large amount of pollen. Although pollen can 
be transported by wind over large distances, such 
pollen has a low probability of successful fertilization 
because of competition with local pollen (Rognli et 
al. 2000). Despite this, the potential for gene flow in 
wind-pollinated species can be difficult to predict. At 
relatively short distances (up to 300 m), it is highly 
dependent on the relative sizes of the donor and the 
recipient populations and variation in flowering 
time within varieties. Variation in flowering time 
is common in varieties of for example grasses since 
they are heterogeneous populations, and variable 
flowering time will enhance the possibility for gene 
flow. Pollination by insects is probably even more dif-
ficult to control than pollination by wind since insects 
can transport pollen over large distances. This is also 
reflected in the requirements for isolation by distance 
during multiplication of certified seeds of vegetable 
species of the Brassica family, e.g. swedes (600 m).

There are three types of gene flow that is of 
interest in relation to crop plants: i) between spe-
cies (interspecific hybrids), ii) between populations 
(varieties of the same species), and iii) between 
varieties and natural/feral populations of the same 
species. In relation to problems of gene flow between 
genetically modified plant (GMP) varieties and non-
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GMP varieties co-existing in the same area, it is of 
course gene flow between populations (varieties) of 
the same species that is most important to focus on 
in the short term. The two other events are dealing 
with the escape of transgenes via interspecific hybri-
dization or gene flow through pollen or seed into 
natural populations of the same species. These events 
may create more long-term problems, e.g. herbicide 
resistant weedy populations of closely related spe-
cies like in the Brassica-complex and feral/natural 
populations that could transfer the transgene back  
into non-GMP varieties.

Gene flow through pollen is commonly regarded as 
the most important route for the escape of transgenes. 
This type of gene flow only becomes a direct problem 
in crops where the seeds (grains) or fruits are the 
product used for food or feed, like in cereals, oil-seed 
crops, fruits and berries. The two major cereal species 
in Norway, barley and wheat, are practically 100 % 
self-pollinated but very low frequencies of outcros-
sing have been observed (see Nurminiemi and Rognli 
1994). Oat has a higher rate of outcrossing than 
barley and wheat, and rye is an outbreeding species. 
Certified seed of different varieties of barley, wheat 
and oat can be grown at 2-3 m distance, however, a 
larger distance would probably be needed in order 
to completely prevent contamination by pollen if 
GMP- and conventional varieties were grown in 
close proximity. 

In forage grasses, root crops, potatoes and vege-
tables, where the vegetative parts of the plants are 
the products used for food or feed, gene flow through 
pollen will not pose a direct problem. In these crops, 
gene flow via pollen might happen during the gene-
rations of seed multiplication, especially during the 
production of certified seeds. Professional farmers, 
mainly in the Southeastern part of Norway, are 
producing seed of most of the major crop species on 

contract but due to the small domestic market the 
acreage is rather small. This production is highly 
regulated by the competent authority and species-
specific requirements for isolation by distance are 
imposed. However, these distances are not sufficient 
to guarantee 100% pure seed, and multiplication of 
GMP-varieties might require the establishment of 
zones in order to prevent contamination by pollen. 
The topography of Norway, with a lot of isolated 
valleys and fjords, would make it easier to establish 
geographic isolation compared with many other coun-
tries. Even if it could be possible to control this for 
Norwegian varieties, seed lots of a number of foreign 
varieties that have been produced in other countries 
are being sold in Norway every year, and these seed 
lots could be contaminated. 

For all crops established through seeds, 
contamination from the seed banks or volunteers 
in the soil or accidental mixture through seed 
multiplication and handling, probably pose a higher 
risk than contamination from pollen. This is especially 
the case if GMP-varieties and conventional varieties 
are being grown in rotation in the same field, whether 
this happens during seed multiplication or during 
crop production. Seeds might also be spread by other 
means, e.g. birds, and although the frequency might 
be low, it could still be a significant route for gene 
flow.
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Discussion I
[Extract]

NN
I want to refer to Suzanne Warwicks last slide: I 
doubt that the effect of the herbicide resistance trait 
is restricted to the agro-ecosystem. A gene may have 
a strong effect in one ecosystem and only a minor 
effect in another. Would you say that the herbicide 
resistance trait may have an effect also in another 
ecosystem?

Suzanne Warwick
What we know so far is that there is no obvious fit-
ness effect of an herbicide resistance gene in the plant 
for an herbicide resistance gene. It will persist as it 
is of neutral selective value, unless there is strong 
selection pressure by the application of herbicide. 
This is in contrast to genes for disease resistance or 
insect resistance traits, which may also have a strong 
selective value outside the agro-ecosystem where wild 
relatives may be growing.

Anne Sissel Pundsnes
I wonder if one can produce plants with seeds that 
are infertile?

Suzanne Warwick
Yes, that concept was introduced 15 years ago, with 
much controversy. The new abbreviation for this 
is GURT, gene use restriction technology. Lots of 
research is going on that involves mitigation mea-
sures in order to reduce pollen flow. 

Inger Nordal
In Canada you have created a new herbicide 
resistant weed, the rape volunteer plants. This 
creates a potential for a new superweed, particu-
larly when it becomes double resistant against 
the commonly used herbicides glyphosate and 
glufosinate. Is this regarded as a problem in 
Canadian agriculture?

Suzanne Warwick
Volunteer canola has always been there, wherever 
the crop is grown, for instance in the UK and in 
France. So this is not a result of the introduction 
of herbicide resistant lines. The double resistant 
plants are not superweeds in the sense that they 
are out of control. With one exception, that is where 
farmers use glyphosate in areas of no till to control 
volunteer canola plants and would, therefore, have 
to use another herbicide. There is no increase in 
fitness and they (volunteer canola) can still be 
controlled by alternative herbicides. Normally, 
cereals follow canola in rotation, and cereal crops 
use different herbicides altogether. But volunteer 
canola plants do persist and require special control 
and special attention. It is very important to rotate 
herbicides and to be aware of the volunteers that 
exist in a farmer’s field. And I think the producers 
should have very good knowledge of this and be 
informed and made aware that a volunteer should 
be controlled. 



 Open meeting 29. April 2004

23

Marina Bleken
One thing is to look for gene flow from herbicide 
resistant transgenic plants; another aspect is to 
consider how much herbicide that has to be applied 
in that type of agriculture. Agriculture based on 
transgenic herbicide resistant plants is actually using 
much more herbicides than other practices. That’s 
just a comment.

Werner Christie
Yes, what is the overall effect of these new techniques 
on agriculture and breeding? I think that is an inter-
esting question that could be commented further.

Trond Skaftnesmo
You haven’t mentioned one major source of gene 
flow, and that is horizontal gene transfer. What 
is your opinion on that? And have you examined 
the possibility of horizontal gene transfer from 
canola?

Suzanne Warwick
I personally have not done that kind of research. 
There are researchers that have looked at hori-
zontal gene transfer, particularly the glyphosate 
resistance gene in canola to animals, in particular 
gene transfer to rumen bacteria in cattle. That work 
is done by a colleague of mine in Alberta and their 
results have certainly not shown that there is an 
effect on the growth of these animals. They have 
detected the presence of this gene in the feed, but 
no evidence of transfer of that gene to the bacteria 
in the rumen. I am not aware of any studies that 
have shown the transfer of various genes like the 
Bt gene to soil microorganisms. But, for sure, it 
is possible, for instance the transfer of antibiotic 
resistance genes.

Trond Skaftnesmo
There is a tendency in this discussion to talk about 
gene flow as just pollen flow in flowering plants. But 
there is research done also on horizontal gene flow 
that is very disturbing. Professor Terje Traavik from 
the University of Tromsø has shown that genes can 
survive as naked DNA in the soil and then be taken 
up by bacteria and viruses. This means that vector 
elements, like the cauliflower mosaic virus promoter 
35S, can be transferred, integrated and reorganize in 
the host genome. What is the vector that was used for 
making transgenic, herbicide-resistant canola?

Suzanne Warwick
I am not the biotechnologist here, and I do not 
develop these plants, so maybe someone from the 
industry can answer that? (Editor: The soil bacterium 
Agrobacterium tumefaciens was used to transform 
Roundup Ready canola line GT73. The vector used 
was plasmid PV-BNGT04, the inserted T-DNA con-
tains functional transgenes and the promoter 35S 
from Figwort Mosaic Virus (FMV)).

Trond Skaftnesmo
These (vector sequences that rearrange) are inherent 
problems with the GMOs and should be addressed.

Suzanne Warwick
Absolutely. I was asked to talk about pollen flow and 
seed escape in canola, but I am sure there will be 
other persons here that can answer some of these 
other aspects. However, there are also other concerns. 
I also work on how herbicide resistant weeds are 
selected when you change patterns of herbicide use. 
Because when you grow these herbicide resistant 
crops, you do change the way you do agriculture. 
You reduce the use of certain types of herbicides, but 



The Norwegian Biotechnology Advisory Board: Co-existence

24

you also increase the use of others. Hopefully, one is 
choosing herbicides that are more environmentally 
friendly than the herbicides that were previously 
used. And hopefully the amount of herbicide that is 
applied is also reduced. Generally that is also the 
case.

NN
There are several theoretical ways to stop gene flow 
and pollen flow. Do you see any benefits from such 
technology?

Suzanne Warwick
Many years ago, Monsanto introduced such a technol-
ogy. It was called the terminator technology. Many 
people were upset by the idea that you could make 
seed that was infertile, meaning that the farmer was 
not able to save the seed and resow their seeds. Now 
the technology has resurfaced under a new acronym, 
GURT (gene use restriction technology), and there 
are many methods developed by many researchers 
who try to contain pollen flow. It is not necessary to 
produce seeds that are viable. Think for instance of 
how F1 hybrid seeds are made, some of which are 
also sterile. The farmers are then forced to buy the 
seed again each year.

Werner Christie
This of course has two aspects, the first is that the 
farmers cannot use the seed again the next year, but 
at the same time it is easier to control the spread of 
the seeds.

Odd Arne Rognli
I would like to comment a bit on this. For the Bras-
sicas (kålslekten i  korsblomstfamilien) there is a 
discussion on how to place the transgenes into the 
chloroplast genome so that the genes do not follow 
the pollen. The problem with all these technologies 
however, is to convince those opposing the use of 
such technologies. As a scientist, you cannot say 
that something works 100 % all the time. This 
is the problem. In a certain environment, under 

certain conditions, the technology might break 
down. In most cases it will work just fine, but as 
a scientist you cannot rule out that a bad scenario 
might happen.

Werner Christie
We have had seminars before in the Norwegian Bio-
technology Advisory Board about the risk assessment 
of transgenic plants. When we talk about transgenic 
plants, it is important to keep in mind that we should 
consider the risk imposed by GM plants and compare 
it to the “background” risk related to traditional 
farming.

Inger Nordal
What is happening at the Agricultural University 
at the moment in this field? We know that you 
are actually producing transgenic plants at your 
university, for instance a begonia plant that flowers 
from Christmas to Easter. What will the first GM 
products be in Norway?

Odd Arne Rognli
The research we are doing using transgenic plants 
is not aimed at product development. However, at 
Planteforsk, The Norwegian Crop Research Institute, 
they are engineering Fusarium resistance into barley, 
a very interesting project aimed at reducing the 
mycotoxin levels due to fungal infections in seeds. 
The transgene conferring resistance is expressed in 
one cell layer in the seed where the fungus attacks. 
The promoter that controls the expression of this gene 
was isolated in our department. But as I said, we are 
only using GMOs for research purposes.

Hilde Helgesen
I have been listening with interest to the discussion 
here today and would like to say that farmers must 
have a right to produce seed for their own specific 
needs. We have to bear in mind that this is a funda-
mental right for a farmer. It should not be a matter of 
economic discussions. This is, however, a slightly dif-
ferent discussion involving ethical considerations. 
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Co-existence of genetically modified, conventional and organic crops
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Søren A. Mikkelsen is 
deputy director of the 
Danish Institute of Agri-
cultural Sciences. He is 
chariman of the Danish 
Working Group on the 
Co-existence of Gene-
tically Modified Crops 
with Conventional and 
Organic Crops. He has 
been working with vari-
ous aspects of agricul-
ture and environment. 
www.agrsci.dk

Co-existence
The topic in question is co-existence between diffe-
rent kinds of crops. More specifically, this is about the 
measures needed in order to ensure that genetically 
modified, conventional and organic crops may be 
grown under Danish conditions in accordance with 
specified threshold values for levels of adventitious 
presence of GM-material in non-GM crops.

The underlying philosophy of co-existence is that 
there should be a freedom of choice for producers and 
consumers alike regarding agricultural practice and 
type of product. This does not imply taking a pro- or 
contra- stand concerning GMOs. Rather, the basic 
scenario is that GM-crops may be grown in Denmark 
in accordance with the approved laws. That has also 
been the starting point for the co-existence project 
as we have analysed possible sources and routes of 
gene-spread from GMOs and proposed measures in 
order to ensure co-existence.

The project
The Danish work on co-existence has been in pro-
gress for nearly two years. The Minister of Food, 
Agriculture and Fisheries, Mariann Fischer Boel, 
appointed an expert working group in the summer of 
2002 consisting of representatives from the Danish 
Plant Directorate, Risø National Laboratory, National 
Environmental Research Institute, The Royal Veteri-
nary and Agricultural University, Food and Resource 
Economics Institute and The Danish Institute of 
Agricultural Sciences with myself as chairman.

The expert working group has primarily based 
its work on Danish experiences from certified seed 
production and on Danish and international reports 
and model calculations. The preliminary results of the 
working group were presented in January 2003 at a 
public hearing at Christiansborg and also at the EU 
Commission’s so called Round Table Conference on co-
existence in Bruxelles, April 2003. The report from the 
working group has been published in Danish in August 
2003 and may be found at DJF’s webpage (www.agrsci.
dk). The report has later been translated into English 
and was presented at the GMCC-03 conference, The 
1st European Conference on the Co-existence of Gene-
tically Modified Crops with Conventional and Organic 
Crops, held at Comwell Borupgaard, Snekkersten, DK, 
13.-14. November 2003.

The Danish work is the first of its kind in Europe 
and has therefore received a great deal of attention 

from the internatio-
nal community.

Parallel  with 
the expert working 
group the Ministry of Food, Agriculture and Fishe-
ries has established a contact group with a broad 
stakeholder representation from amongst others 
agriculture, the food industry, consumers, nature 
organisations and organic farming. The Ministry 
has developed a strategy for co-existence that deals 
with questions such as regulations and liability 
when ensuring co-existence. The Danish Minister 
of Food, Agriculture and Fisheries presented the 
Danish Parliament (Folketing) with a proposed Act 
on Co-existence in February 2004 (Editors note: the 
Danish Parliament adopted the”Act on the Growing 
etc. of Genetically Modified Crops”, Act No. 436, on 
the 9th of June 2004). 

Dispersal and management
Regardless of the crop that is grown, either conven-
tional, organic or GM-crops, gene dispersal to neigh-
bouring crops will exist to a certain degree.

The major sources of dispersal as identified by 
the working group:

• Seed
• Pollen
• Straw
• Seed within the crop rotation (seed banks)
• Seeding and harvesting equipment
• Transport equipment and storage facilities

The extent of dispersal depends on e.g.:
• Crop biology including choice of variety
• Extent of cultivation
• Field size, position and shape
• Weather and wind conditions
• Human handling
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• Presence of wild relatives
• Pollinating insects

Dispersal may be limited by several means depending 
on the crop. The most efficient means are:

• Control and safeguarding of seed
• Separation distances, buffer zones and size 

of the field
• Cropping intervals (rotation frequency bet-

ween crops of same species)
• Control of volunteers and possible wild relatives
• Cleaning of seeding, harvesting, transport 

equipment and storage facilities, along with 
safeguarding of straw use 

Conclusions
Loosely formulated the conclusions are that co-exis-
tence as a rule and with a limited production of GM-
crops, is possible within the defined threshold values 
as long as the suggested measures are adopted. The 
prerequisite, however, is showing a consideration 
during the production process that exceeds good 
farming practice, and compliance to specific measures 
designed to limit dispersal. For some crops that are 
cross-pollinating and/or with long seed survival in the 
soil there are some exceptions to this rule:

• For the crops maize, beets, potatoes, barley, 
wheat, triticale, rye, oats, lupines, broad beans 
and peas the evaluation of the working group is 
that co-existence within the defined threshold 
values is possible with a limited GM-production 
for feed and food, provided that the suggested 
measures are adopted

• In the case of a more extensive GM-production 
of the mentioned crops, further measures  may 
be necessary 

• To ensure a very low GM-content in organic 
production, below the present detection limit 
(~ 0.1 %) the working group has defined as the 
threshold value for organic production, further 
measures will be necessary 

• For the crops oilseed rape, grasses and clover, 
which are cross-pollinating and/or with long 
seed survival in the soil, the evaluation of the 
working group is that co-existence will demand 
more rigorous control measures as recommended 
in the report

• For the following crops and production systems the 
working group was presently unable to recommend 
control measures that would ensure co-existence at 
the defined or prerequisite threshold values:
o Seed production of hybrid oilseed rape. The pro-

duction area of hybrid oilseed rape was approxi-
mately 30 ha thus representing about 5% of the 
total oilseed rape seed production in 2002

o Organic grass seed production with extensive 
use of GM-grasses. Organic grass seed pro-
duction was estimated at 1600 ha in 2002 or 

nearly 3 % of the total grass seed production
o Organic white clover seed production. Pro-

duction area consisted of approx 600 ha in 
2002 or about 16 % of the total white clover 
seed production

o Conventional and organic clover/grass pastu-
res. The area of production in 2002 was nearly 
223.000 ha or 8 % of total agricultural area

The report includes a specific crop by crop listing of 
the proposed measures

Recommendations
The co-existence work has been a very extensive 
task for the working group during the last year. The 
topic is very complex, the specific knowledge on co-
existence is limited and the recommendations of the 
group are in many cases based on evaluations and 
assumptions with varying degrees of uncertainty.

Therefore the working group recommends that, 
based on the proposed measures, co-existence is 
introduced for a limited period and with a continuous 
evaluation and updating of the control measures. 
This should be done according to the results from a 
proposed monitoring, research and development pro-
gramme meant to re-evaluate and refine the control 
measures ensuring co-existence.

Finally it is recommended to introduce a course 
for farmers growing GM-crops – to obtain a ”GM-
driver’s licence”.

Science and politics
In the light of the ongoing debates on GMOs the 
co-existence work has naturally been watched quite 
closely by both the public and politicians. 

In the working group we have done our best to 
maintain a high scientific integrity and concentrate 
on the evaluation task. We have of course had various 
discussions about GMOs, but we have been true to 
the work and the science at hand throughout the 
assignment.

Our meetings with the contact group were of 
great use through our dialogue with the various 
stakeholders and their specific comments. But after 
the meetings we have always made an independent 
evaluation based on a strict scientific viewpoint. We 
have tried to the best of our abilities not to mix issues 
of science and politics.
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ment of GMOs, e.g. 
with regard to cell 
biology, genetics. 
Moreover, the cur-
rent 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.

References
Müller, W., Torgersen, H. and Gaugitsch, H. 1999. Risk assess-

ment of transgenic plants - a comparison with pesticide regulation. 

In: Ammann, K., Jacot, Y, Simonsen, V., and Kjellsson, G. (Eds.) 

Methods for Risk Assessment of Transgenic Plants III. Ecological 

risks and prospects of transgenic plants, where do we go from here? A 

dialogue between biotech industry and science.  175-178, Birkhäuser 

Verlag, Basel Boston Berlin.

Müller, W. 2001. Handbuch zu Monitoring und Resistenzmana-

gement für Bt-Mais.  UBA-Monographien M-144. Im Auftrag des 

Umweltbundesamtes Wien (UBA). 

Müller, W. 2001. Uncertainty - vorsorgeorientierte Risikoabschät-

zung von GVO - Vorarbeiten zur Implementierung des Konzepts 

“uncertainty” in die EU-Richtlinie 90/220/EWG. Wissenschaft & 

Umwelt Spezial , Forum Österreichischer Wissenschaftler für 

Umweltschutz - Wien, Gefördert durch das Bundesministerium f. 

Umwelt, Jugend und Familie .

Müller, W 2002. Risk Management strategies for LMOs taking 

into account Uncertainty. Proceedings of the  OECD-conference on 

LMOs, 27 - 30 Nov., Raleigh (in print)(NC) USA 2001

Müller, W 2003. Concepts of Coexistence. Forschungsberichte 

7/2003 Austrian Ministry of Health and Women.

A selection of recent articles and studies, and presentations can 

be downloaded from www.eco-risk.at

Why GMO-free zones?

Werner Müller
Global 2000

Based on the European Commission recommen-
dations 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 dis-
persal, seed viability in the soil and in accordance 
with the European Commission recommendation, as 
well as the small-scale structure of Austrian Agricul-
ture, 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 mana-
gement 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. Besides these recom-
mendations on the management of coexistence, the 
author points out that there are huge gaps of know-
ledge in the underlying basic science of risk assess-
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Discussion II
[Extract]

Knut Berdal
We learned today from Suzanne that there are four 
major herbicide tolerant canola lines in Canada, 
three of which are made by gene technology and 
one is formed by mutagenesis. In Canada these four 
plants are regulated by the same acts. In Europe, the 
regulation is very different, as there is no regulation 
that applies to lines made by mutagenesis. The sci-
entific basis for co-existence, is that the same for a 
GM crop as for a non-GM crop that has gone through 
mutagenesis?

Søren Mikkelsen 
The answer to this question is a simple one: The 
work we are doing on co-existence is related to 
GM crops. We haven’t broadened this discussion 
further.

Åsmund Bjørnstad
Concerning the very good question regarding GMOs 
versus mutations: The speaker (Mikkelsen) men-
tioned transgenic phytase wheat from his institute 
which has gotten a new gene from Aspergillus. I 
would like to mention that a Danish group in Risø 
(Søren Rasmussen) has developed functionally iden-
tical lines in rice and barley, not by transgenics, but 
by induced mutations.

Werner Christie
Which indicates that traits, more than techniques, 
may be important here!

Inger Nordal
In your conclusion you said that there probably will 
be only limited GM production in Denmark in the 
future. But if the GM crops become increasingly 
popular among the farmers, what do you do then?

Søren Mikkelsen 
In our report we are dealing with different scenarios: 
Zero, 10 % and 50 % GMO-scenarios for different 
crops. Another aspect, however, is the distribution of a 
given crop in a country or a region. We have about 50 
crops that are grown to a certain extent in Denmark. 
The four cereals take up approximately 50 % of the 
total area. So far there is no sign of a single variety 
of a cereal crop dominating the market.

Suzanne Warwick
I was interested in your farmer’s “driver’s license”. I 
think it is very good to inform people of the best far-
ming practices, another thing is to actually get people 
to follow it! Does your scheme take into consideration 
how inspectors should visit these farmers and ensure 
that they are following the procedures that you are 
going to be recommending?

Werner Christie
Just a short comment on that. In Norway we already 
have a “driver’s license” for using pesticides. So 
in order to buy pesticides you have to show your 
“pesticide driver’s license”. This type of safeguard is 
something that the farmers are used to.
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Søren Mikkelsen 
In a way, this is already in place. There are many 
inspectors from the plant directorate who visit 
farms in Denmark. They ask for fertilizer plans and 
your pesticide driver’s license and count animals in 
relation to regulations. Farmers do not like it, but 
they accept it!

NN
When you give the estimated costs of the precautio-
nary measures you have proposed in percentages, 
what percentage is that?

Søren Mikkelsen
That is the percentage of the total costs of production. 
There is at present a cost of about 5000 DKK pr. ha 
but if you have to go on with the proposed co-existence 
precautions the costs may be up to 20 % higher in 
“worst case”, cf. our calculations.

Hilde Helgesen
Thank you for an interesting talk. I thought it was 
interesting to learn more about the Danish process 
where all the stakeholders were involved in con-
sultations and discussions. I hope that the Biotech 
Advisory Board and other players and stakeholders 
will continue the discussion we have started here 
today.

Werner Christie
Thank you, we strongly endorse that comment and 
the Biotech Advisory Board will do its best to support 
those kinds of efforts also in the future.

Eline Hågvar
It is not only the issue of gene flow that matters. 
Predatory insects like ladybirds can get killed by 
the Bt toxins in the pollen from Bt transgenic crops. 
Did you consider the effects on insects in your co-
existence work?
 
Søren Mikkelsen
The role of bees in particular was a topic in our 
discussions. We have included entomologists in the 
discussions, especially for the “difficult” crops, like 
clover. Bumblebees are very important for the polli-
nation of clover. One of the prerequisites for our work, 
however, is that we were only dealing with GMOs 
that had been approved by ordinary procedures. 
In our group we have not discussed environmental 
and health related questions. Our work is based on 
plants which have passed the approval systems with 
a favorable risk assessment report.

Hilde Helgesen
We have to bear in mind, like Werner Müller told us 

today, that with the introduction of GM crops, zero 
thresholds are not achievable. This means that we 
will also have gene flow and we may get products 
with unexpected effects in the end. I think we have 
to acknowledge the right of farmers and consumers to 
be able to avoid GM crops and GM products. That is 
more important than being able to grow GM crops.

Søren Mikkelsen
In my mind, working with co-existence is to ensure 
that there is a right to choose, both for the farmers 
and the consumers between the different types of 
production.

NN
Maybe a bit on the side, but I would like to ask: Are 
there any clear benefits from using GM crops, either 
related to health, yield or the environment?

Søren Mikkelsen
Well, first of all, let me point out that this is a sepa-
rate question from the co-existence issue. However, I 
would like to mention that we are developing wheat 
lines containing phytase in Denmark, thus allowing 
a higher utilization rate of phosphorus in pig feed. We 
have several aquatic plans in Denmark for reducing 
nitrate and phosphorus leaching. This is a research 
project that could have profound and positive effects 
on the environment. 

NN
Isn’t the advantage of  phytase wheat that you can 
have a greater number of  pigs in a limited area? And 
the issue of A-vitamin rice: Isn’t it better to work for 
a better distribution of resources and promote a more 
balanced diet?

Søren Mikkelsen
The Danish pig producers deliver 24 million pigs per 
year at competitive market prices, internationally. 
At present, there is much debate in Denmark on 
how this activity influences society and especially 
environment. Some time ago, however, a pig was mar-
keted in Denmark that was fed on a specific non-GM 
diet. This product was stopped, however – I believe 
because the premium price was between 10-20 % and 
too few consumers wanted to buy it.

Wenche Frölich
Just a comment to the phytase story mentioned. 
The diet fed to pigs is of course important, but what 
might be of even greater importance are cereals in the 
human diet. Phytate present in whole grain cereals, 
amongst others wheat, is an inhibitor of minerals. 
It is therefore an issue to get rid of phytate through 
enzymatic breakdown with phytase. This enzyme 
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is naturally present in whole grain cereals, but in 
some cases the concentration is too low. An increased 
degradation of phytate would result in higher avai-
lability of important minerals like iron and zinc. So 
this type of wheat with increased phytase content 
could also be good for human consumption. It is also 
possible to break down the phytate by using yeast 
during the fermentation process when baking bread 
and making other cereal products. These kinds of 
projects are going on in Sweden for instance. There 
are also other positive effects of using GMOs. In Asia, 
scientists have been able to make GM rice that is 
not allergenic. Allergies towards rice are of course 
a big problem affecting many people in that part of 
the world.
 
Odd Arne Rognli
As far as I understood, your data did not provide 
estimates on the expenses of monitoring in the field. 
Is that right?

Søren Mikkelsen
You are right; our estimates do not include monito-
ring expenses.

Werner Müller
It also important to ask: Who benefits? On the farmer 
level there are some benefits. A farmer has to make 
some calculations. Do I use a certain pesticide twice? 
Maybe if the economy allows it he decides to spray 
twice, just to have a better safeguard. Some farmers 
perceive GM crops as an insurance against certain 
pests. It is a personally perceived insurance. For 
the consumer side we do not see any benefits at the 
moment. 

Hilde Helgesen
When dealing with coexistence it is of vital impor-
tance to establish a system that places the burden 
of proof on the producers of GM plants. We should 
follow the “polluter pays” principle. There should be 
no additional costs for farmers who do not wish to 
grow GM plants, nor for the consumers.

Sjur Erik Kvåle
In the EU there are guidance documents on coexis-
tence that can serve as a starting point for making 
national legislations. In Denmark you have now 
proposed a new act on coexistence.
Do you find any controversy regarding trade between 
member states, considering that you are adopting 
different acts?

Søren Mikkelsen
I am not sure whether I can answer that question. 
However, you are right that the EU has issued gui-
delines on coexistence from July 2003. I think they 
still leave much to the member states. EU accepts 
that local issues may be important.

Hilde Helgesen
Measures must exist to separate GM and non-GM 
products in the transportation chain from the farm 
to the storage facilities and supermarkets. That also 
costs money. Are such figures part of your studies?

Søren Mikkelsen
I have to warn you not to draw to many conclusions 
from our report. These studies are desk studies. Many 
assumptions were made before the calculations were 
carried out. Please do not overinterpret these data!
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The confidence of 
Norwegian consu-
mers in the quality 
of its nations’ agricultural production is high, and 
they tend to believe that all Norwegian food products 
are “as good as organic”. This makes it hard to com-
municate the difference, i.e. to make the consumers 
distinguish organic from conventional products. 
This makes it hard to communicate the difference; 
to make the consumer distinguish organic from con-
ventional products. A comparative study between 
two Norwegian and four European towns shows that 
Norwegian consumers buy less organic products than 
consumers in the other countries. Then again, access 
is a far more important obstacle for the Norwegian 
consumer (Methi et al, 2002). 

The confidence in Norwegian agricultural pro-
ducts is the result of farming practices and control 
measures, and due to the fact that we have not had 
any big food scandals like the ones experienced in 
other parts of Europe.

In 2003 the total agricultural area in Norway 
was about 1 million hectares (SSB, 2004). 38 179 
hectares are organically farmed, both licensed and 
conversion area (Debio, 2004). This is equivalent to 
3.7 % of our total agricultural area. The authorities 
have launched that 10 % of our arable land shall be 
approved as organic by the year 2010.

Topography in Norway promotes relatively small 
units of production and agricultural activities are 
normally not concentrated. In a few areas one can 
find intensively run farms, but the general impres-
sion is that Norwegian farms are run on a rather 
small scale. The Norwegian climate varies a lot from 
south to north but can be generally characterised as 
humid and temperate.

Co-existence of organic and GM farming in Norway

Liv Birkeland
The Norwegian Centre for Ecological Agriculture

Liv Birkeland, cand. 
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culture at The Norwegian 
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Agriculture. Member of 
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propagation materials 
for organic agriculture. 
Norsk senter for økolo-
gisk landbruk (NORSØK). 
The Norwegian Centre for 
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Tingvoll gard, N-6630 
Tingvoll, Norway
 (+ 47) 71 53 20 00

Co-existence of organic farming and other far-
ming systems is not an entirely new challenge. 
Farmers, the processing industry, retailers and 
public authorities have had to deal with the 
issue of co-existence in order to both define and 
distinguish organic production and products 
from conventional and GM agriculture.

The launching of genetically modified crops 
(GMC) unfolds new challenges for both con-
ventional and organic agriculture. This article 
handles topics such as environmental and 
health risks, market communication, agronomic 
practice, trade and processing problems from the 
viewpoint of organic agriculture in Norway.

Genetically modified organisms (GMOs) are surely 
an efficient answer to many questions, but to ques-
tions that have never been asked by the movement of 
organic agriculture. Nevertheless, the fact that GM 
crops are neither required nor wished for from the 
organic movement, gives no exemption from dealing 
with the issue. It rather calls for a very liable and 
thorough handling of the situation brought by the 
introduction of GMOs in agriculture

All organisms co-exist, genetically modified or not, 
conventionally or organically grown, with or without 
the brilliant qualities we would like them to have. 
The question is what the consequences might be and 
how to defend the eco-system, that also human beings 
are a part of, against harmful effects like instability, 
unfairness and health damage. 

Characteristics of the organic sector in 
Norway
International regulations and guidelines for organic 
agriculture are compatible with the organic practice 
we find in Norway. Thus, the question of co-existence 
in Norway will in general not differ very much from 
what we find in other Western nations. Some aspects 
of our country and agriculture that might be of spe-
cific relevance to the question are:

• consumer awareness and attitudes towards 
conventional and organic agriculture and 
their products

• extent and importance of organic agricul-
ture

• topography and climate
• distribution, the process industry and the 

agricultural co-operatives
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Agricultural activities are highly regulated 
through political decisions, regulations and due to 
the strong position of agricultural co-operatives.

Co-existence today – organic and 
conventional farming
Debio-regulations set standards for co-existence of 
organic and conventional farming. Organic and con-
ventional production might take place at the same 
farm or production unit. Specific requirements are 
set in order to distinguish the products and avoid 
influence from conventional practice on the organic 
products from field to fork. Buffer areas and release 
dates are methods applied to the latter.

Many find it controversial that a restricted use 
of manure/compost from conventional production 
is allowed in organic agriculture (Debio-regulation 
3.3.3). Regulation 3.3.4 prohibits the use of manure 
from the production of fur-bearing animals and bat-
tery chicks.

The main principle for parallel production is that 
it should be easy to distinguish the two productions 
from each other, during the entire production chain. 
E.g one is not permitted to use the same plant vari-
ety, and the varieties should be easy to distinguish 
from each other (Debio-regulation 3.1.3). Parallel 
production in animal husbandry requires separate 
rooms for the conventional and the organic herd and 
fodder (Debio-regulation 4.1.3).

Farmers and farmland are mutually dependent on 
each other and conventional and organic farming do 
have some mutual interests. Weed harrowing and the 
development of biological pest control are examples 
of areas with common interest and joint efforts.

Organic seed
Organic agriculture in Norway is presently depen-
dent on conventional seeds and imported plant 
material. 2004 is the first year where organic seed is 
compulsory, provided that such seed is available. The 
Norwegian production of seeds is very limited, and 
even more so when it comes to organic seeds.

Table 1. Estimated percentage of Norwegian pro-
duced organic seed to the total need for organic seed 
in Norway (2004).

Culture/ species Contribution percentage
Barley   25
Oats    55
Wheat   65
Rye      0
Red clover   28
Meadow fescue  26
Timothy   21

Organic farming is affected by genetic 
engineering
Products of genetically modified plants are being 
traded globally and many derivates of genetically 
modified micro-organisms are used in the food and 
feed industry. Possible entries for GMOs in organic 
agriculture are therefore many (FiBL, 2003):

• Contamination of seeds.
• Entry of GMO pollen, seeds, plant parts and 

plants.
• Residues in shared machines.
• Permitted conventional production aids with 

critical ingredients.
• Permitted conventional feed or contaminated 

feed.
• Permitted GMO pharmaceuticals.
• Intermixing or contamination at collection 

points, during global transport, at transfer points 
or during processing.

• Conventional ingredients, additives and proces-
sing aids contaminated with GMOs.

Defining and self-defining
Every farmer in Norway has to fulfil several stan-
dards to be entitled to agricultural grants from the 
government. In addition, organic agriculture has to 
meet official requirements based on the Debio-regu-
lations, in order to be approved as organic producers 
and achieve premium prices and grants specific for 
organic agriculture.

Organic agriculture is described through goals, 
regulations and international standards. The pro-
duction is based on certain principals, such as recy-
cling, the pre-cautionary principle, the importance 
of contact between agriculture and the rest of the 
society, animal welfare and a fair distribution of our 
common resources.

Conventional farmers do not to the same extent 
need to define their role as nature managers and food 
producers, and the values that these activities are 
based on. This might turn into a problem as many 
conventional farmers seek for arguments against 
GMC. With what credibility can conventional farmers 
argue against this, when they already have appro-
ved the principals behind the development of GMO, 
like the acceptance of unforeseen ecological risks in 
favour of increased production and improved profits? 
Conventional farmers have already approved this 
through the use of pesticides.

It is too optimistic to predict positive consequences 
for organic agriculture through the introduction of 
GMO in agriculture. Still, the result may be that more 
conventional farmers turn to organic agriculture in 
order to find help in re-defining themselves as far-
mers; as food producers and nature managers.
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With regards to the Norwegian consumers having 
problems in distinguishing organic products from 
other products, the introduction of GM-farming might 
enhance the consumers’ capability and willingness 
to choose organic products.

The weed problem
Due to our humid and cold climate, weeds are a well 
known problem in Norwegian organic farming. It is 
one of the main challenges and a major reason for 
organic vegetable production being at such a modest 
level.

Biodiversity is considered an important production 
factor in organic agriculture. The more bio diverse 
organic farms, with high weed diversity, might have 
a potential as reservoirs for transgenes inter-crossed 
from GMC nearby. As shown by Jørgensen (2003), 
oilseed rape is a culture with such a potential, with 
45 % introgression between oilseed rape and wild 
turnip (Brassica rapa L).

There is a need toexamine each culture and eva-
luate the risk of organic fields serving as sinks of 
transgenes from neighbouring GMC. In addition to 
environmental and biological consequences, issues 
related to legislation and economic costs have to be 
examined.

Additional costs
EC Regulation 178/2002 requires full traceability 
for the whole food and feed production chain. This 
applies for conventional, organic and GM-farming. 
The EC Regulation 2092/91 on organic farming sets 
standards to avoid mixing with crops from other 
agricultural systems.

GM-farmers and processors have to ensure that 
no contamination takes place. This means estab-
lishing a separate system for GMO production, as 
organic farmers and processors have done in the 
past. Furthermore, an inspection system has to be 
implemented. This might lead to reduced costs for 
organic farmers and processors (Müller 2003).

The “polluter pays” principle must apply when 
dealing with co-existence of GM and non-GM far-
ming. This should include compensation for any 
contamination and reduced agricultural area due to 
isolation distances.

Dependence, vulnerability and plant 
varieties
In many ways, farming in Norway is a high risk 
activity where performance ability is put to the test. 
We are highly dependent on plant varieties that are 
able to utilize the harsh conditions and perform well 
in marginal areas. Qualities such as good nutrient 
uptake at low temperatures and winter hardiness are 
important. In several productions Norway depends on 

breeding and seeds from other European countries. 
Our own breeding activities are difficult to finance 
due to the present low market potential for our vari-
eties. This is situation is particularly unfortunate for 
organic farming.

The white clover and red clover are good examples 
to illustrate our vulnerability. These plants play a 
vital role in organic agriculture, due to their symbio-
tic relationship with Rhizobium bacteria that has the 
ability to fixate nitrogen from the air. In areas with 
warmer climates, the efficiency of biological nitrogen 
fixation is higher and a number of plants and culture 
mixes may be used to provide this vital nutrient. 
In our climate the choices are more limited. Thus, 
the chance of success as an organic farmer depends 
very much on your success as a clover cultivator and 
meadow manager.

The Norwegian organic clover seed production in 
2003 consisted of the red clover varieties ‘Nordi’ and 
‘Betty’ and the white clover variety ‘Norstar’. These 
varieties are winter hardy and have efficient nutrient 
uptakes that make them relevant for organic agricul-
ture. Still the Norwegian seed production is not large 
enough to provide for all organic farms, so in 2004 we 
have to supplement with imported seed and varieties. 
Unfortunately, the trend is that traits that are appre-
ciated by Norwegian organic farmers have decreased 
international interest and market potential.

The freedom of choice
Providing a high degree of consumer choice seems 
to be the most important argument for impelling 
GMOs in the EU (The Commissions of the European 
Communities, 2003). This is a questionable argumen-
tation as the consumers’ desire for GM-products is 
hard to determine. 

The really important choice at stake is that of the 
farmer; whether he or she wants to be an organic, 
conventional or GM-farmer. The introduction of gene-
tically modified organisms in agriculture strongly 
influences and reduces this choice. It may lead to 
organic agriculture being preserved in limited areas 
thereby reducing any further expansion, or even 
making it impossible.

Less credibility for all agricultural 
production
Organic products are generally sold at a higher price 
than conventional products. Many consumers find it 
reasonable to pay a higher price for organic products, 
even when they are up to 20 % more expensive than 
comparable conventional products.

The Swedish company Arla used organic dairy pro-
ducts as an instrument to improve their credibility 
in the marked. By focusing on the quality of organic 
milk and thereby justifying the higher price, Arla 
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increased the consumer’s willingness to pay a fair 
price also for Arla’s conventionally produced milk.

This is a positive and future-oriented strategy that 
unfortunately is hard to find in Norwegian companies 
and also internationally. It is rather a dominating 
trend that food production has a low status and 
that food should be very cheap. The entry of GMOs 
in agriculture seems to speed up this development. 
Whereas organic agriculture contributes to increased 
status and credibility to all agricultural activities, 
GM-farming stimulates the opposite development.

Health and environmental risks
According to many scientists, the consumers’ lack of 
confidence in GM-products is not in proportion to the 
actual risk for human health and the environment. 
However, it is important to take this scepticism seri-
ously and not disregard the fear many people have 
for the potential harmful effects of GMOs. There 
might be a very low probability that a single GMO 
will have a harmful effect on human health or envi-
ronment, but the consequences could be disastrous if 
it turns out to be true. That is why the risk of using 
GMOs in agriculture should be taken seriously. The 
historical evaluation of environmental and health 
hazards connected with the use of pesticides might 
serve as an interesting parallel to the development 
and promoting of GM-crops

Development and resources
An important question for the organic movement is: 
Can we afford to downgrade other challenges directly 
connected to the development of organic agriculture 
in order to focus on challenges brought on by the 
GMO issue?

We face tremendous challenges in order to develop 
a more sustainable agriculture. The demand for food 
will be hard to meet in the future. The answers of the 
biotech industry to this problem are higher yielding 
varieties and less expensive growing methods through 
the use of GMOs. But the underlying problem is not our 
low-yielding varieties and growing methods. The focus 
on higher production only offers a simple and seductive 
answer to a very complex and profound question.

Loss of focus
So, instead of using resources to develop a breeding 
program for organic agriculture, the focus is on how 
to prevent GMO contamination of organic seeds. 
Instead of working on how the Debio-regulations 
and grants can be used to increase the number of 
organic growers, regulations for co-existence have 
to be made and resources used to implement the 
regulations and monitor farming practise. Instead of 
highlighting our excess consumption and the unfair 
distribution of global resources, we are tempted by 
the golden prospects of GMC. 

Conclusions
GMOs in agriculture…

• …represent unforeseen risks to health and envi-
ronment that are not consistent with organic 
agriculture.

•  …undermine the credibility and sustainability 
for agriculture in general and especially conven-
tional agriculture.

• …will require great recourses to avoid contami-
nation of surrounding agriculture and to provide 
full traceability from field to fork.

And finally: A ban on cultivation of GMOs in Norway 
is the above all the best means to safeguard the inte-
rests of both consumers and agriculture.
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Skretting is the world 
leader in the production 
and supply of feed 
for farmed fish. Total 
annual production of 
feed worldwide is more 
than one million tonnes suited to over 50 species. In Norway 
Skretting produces approx 300.000 tonnes salmon and trout feed 
per year. Skretting is a part of Nutreco, a global food and animal 
nutrition company.

I will try to give you a flavor of how we evaluate and 
discuss GMO issues in a multinational company like 
Nutreco. Nutreco is the largest privately owned agri-
culture company in Europe and is based in Holland. 
I am Managing Director in Skretting, a Norwegian 
company that is owned by Nutreco, and purchasing 
the raw materials for Nutreco and Skretting. We are 
producing around 200 000 tons of salmon a year and 
1 million tons of feed, mainly for fish farming.

For sure, aquaculture will be increasingly impor-
tant. It is clear that traditional fisheries are about 
to reach its limits, so we can not expect a further 
growth in fish consumption based on wild fisheries. 
The only way to substantially increase fish con-
sumption - which is considered quite healthy due to 
for instance omega-3 fatty acids - is to develop the 
aquaculture industry.

In fish farming, the feed constitutes around 50 % 
of the total production costs. So far, we have mainly 
been using fish meal and fish oil in feed for fish far-
ming, but due to limited resources and the vulnerable 
sustainability of the fisheries, we have to use more 
plant proteins and plant oils in the future. Although 
we have demonstrated that we can substitute up to 
50-60 % of the fish oil in the feed, for instance with 
rape seed oil, a shortage of fish oil in the feed industry 
is predicted by the year 2015. As I see it, we have 
two possibilities. Either we can harvest krill in the 
Antarctic, or we can ask the rape seed producers to 
develop a variety including the right fatty acid com-
position for the fish diets.

Issues regarding GMOs are already important for 
our industry. If the consumers accept raw materials 
based on GM plants with omega-3 fatty acids, the 
producers will be able to deliver varieties that are 
very suitable for our fish feed purposes. At the same 
time, we have to listen to the consumers. It was men-
tioned earlier today that the majority has a negative 
perception of GM material in food and feed. At the 
same time, surveys show that most people are not 
willing to pay the premium for GMO-free material.

It is important to bear in mind that some of  the 
problems that we are facing in the world’s food supply 
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today, and also in our industry, in part can be solved 
by GM technology. For instance, levels of pesticides 
in the raw materials that we use for feed products 
can be reduced. We are facing a lot of dilemmas and 
it is very important to have a holistic and realistic 
view in the GMO debate.

The feed industry has limited amounts of docu-
mented non-GMO raw materials availiable. Over 
the years we have seen a tremendous increase in the 
GMO production. In the beginning, the countries with 
GM production were USA, Canada and Argentina, 
but now also Brazil will start to grow GM varieties. 
In addition, China is going full speed into the GM era. 
So, basically, I see the world wide production going 
towards GM production. In our Norwegian company 
Skretting we are using material that is 100 % GMO-

free. In other European countries several companies 
in the agri-business are using up to 40-50 % of GM 
matirial. 

On the 18th of April this year, EU got new legis-
lation on GM products. In the EU one has to label 
material containing more than 0.9 % GM. Today, it is 
very difficult to get hold of  documented raw materi-
als containing less than 0.9 % GMO. In Norway, we 
have our own GM legislation that in some cases is 
less strict than in EU at the moment. But the signals 
from the Norwegian authorities is that we will have 
a similar legislation in the near future.

In our company, we will not take a definite stand on 
GM or non-GM for the whole chain from soil or sea to 
the plate. In the end it is all up to people like us, in this 
room, and the consumers to decide what we want.
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Growing GMO-free soya in Mosambique – a Norwegian pilot project

Kai Roger Hennum
Felleskjøpet (importer of ingredients for food and feed)

Felleskjøpet shall prefer:
• Suppliers that contribute to development and 

just distribution of welfare in the land of origin
• Suppliers that attend to the environment during 

production, transport and processing of the raw 
materials

• Raw materials that are produced, transported 
and processed in a way that comply with the 
basic human rights

• Raw materials that are produced in countries and 
by suppliants that not will give negative response 
or boycott from consumers of Norway

• Raw materials that not are produced with tech-
nology that are ethically disputable  

The agricultural cooperations of Norway also have 
decided a no-tolerance policy of GMO.

Initially, Felleskjøpet investigated the possibilities 
for import of raw materials from four developing 
countries. After having decided to start a pilot in 
Mozambique, soya production for Felleskjøpet was 
initiated in November 2003. The pilot project was 
supported by NORAD and it has been involving more 
then 5000 farmers. On average, their farm size is 20 
hectares (da) and each farmer grows around 5 hecta-
res (da) of soya for us. A written contract guarantees a 
good price for their harvest and should provide many 
opportunities for the farmers in the years to come.

The pilot project is now about to be finished. The 
farmers in Mozambique are harvesting within the 
next month, and we hope to receive our first shipment 
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In the following, I would like to describe a project 
that Felleskjøpet started on how to get GMO free raw 
materials for our animal feed production.

Norway has a considerable import of food. Almost 
nothing originates from the least developed countries, 
most of it comes from the EU. Currently, Felleskjøpet 
imports 250 000 tons of protein and up to 300 000 
tons of carbohydrates, depending on the annual 
production of grain in Norway.

As mentioned earlier in this meeting by several 
representatives from both the Farmers Union and 
the salmon industy, the current decision in Norway 
is that GMO products should be avoided. Today, Fel-
leskjøpet is importing all of its soya from Brazil, but 
there is a growing problem to assure that the soya 
material is GMO free. 

The Norwegian Government has provided a duty 
preference for the least developed countries of the 
world. Starting July 2002, grain meal and feed impor-
ted from the least developed countries were duty free. 
This legislation makes it interesting for Felleskjøpet 
to organize activities in those countries. We chose to 
make a start in Mozambique for the import of GMO 
free soya for our feed production.

From the pilot project in Mozambique our ambi-
tion is to import 50 000 tons of GMO free soya annu-
ally. For Mozambique, and countries alike, there is a 
potential to serve the markets for GMO free material 
because at present many of them do not have GMOs 
in their production systems. 

However, there are many problems that need to 
be overcome, for instance the presence of salmonella 
or aflatoxins in the products. Also, there is a severe 
problem with logistics, regularity and lack of gua-
rantees.

The board of  Felleskjøpet has decided on ethical 
guidelines for all trade with developing countries. 
These guidelines are as follows (citation), and are 
some of the requirements the study had to consider 
when discussing import of raw materials for the 
animal feed industry:

For animal feed production, Felleskjøpet shall 
not buy raw materials that are suited for human 
food from countries or regions that are struck by 
hunger. When trading with developing countries 
Felleskjøpet shall contribute to a positive economi-
cal development in the countries and not directly or 
indirectly contribute to weakening these countries 
food-supply-security.
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of soya to Norway later this summer. In this initial 
phase, the plan is to import 300 tons of soya, which 
is enough for us to test for the production of animal 
feed at Felleskjøpet. The rest of the harvest will be 
kept locally and serve as seeds for the next season.

Although we have had a few problems whith 
this pilot project, we think we can solve them 
within the next year. An identity perservation 
program will be introduced (better labeling and 
traceability) and hopefully we will be able to scale 

up the production by involving around 20 000 
farmers and import 10 000 tons of soya next year 
from Mozambique.

It is very hard to compete with the large-scale 
farmers of Brazil. Still, the small-scale soya producers 
in Mozambique have a sincere wish to explore this 
new opportunity of exporting contract grown soya 
and to provide GMO free materials for the world 
market. What we are doing at Felleskjøpet is to help 
them to get started. 
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the newspaper. All 
the plants of the 
26 plots had to be 
destroyed before 
flowering and the 
remaining seed 
material had to be discarded. All rape plants, the 
GMOs included, were successfully destroyed and we 
had learned a lesson.

For the import of seed samples for yield and 
quality testing, Graminor has now developed a 
procedure on how to prevent seed lots that are 
contaminated with GMOs. To start with, we try to 
avoid seed material that originates from the US and 
Canada. For all crops we require documentation that 
the breeding lines for yield and quality testing are 
not genetically modified. For turnip oil rape and oil 
rape we additionally require that seed material is 
tested for GMO and that no GMO seed is found. 

Following the incident with GMO contamination in canola grain 
samples: How do we monitor and control our imported seed material?

Magne Gullord
Graminor (seed supplier in Norway)

Graminor is the only plant breeding company in 
Norway. We are breeding wheat, barley, oats, forage 
grasses and legumes, potatoes, fruit and berries. 
Graminor is not involved in developing GM vari-
eties in any crops. However, through the years the 
company has supported research related to gene 
technology. Graminor is also representing foreign 
plant breeders in the beforementioned crops in 
addition to winter rye, triticale, turnip oil rape, oil 
rape and peas. Breeding material may in a few cases 
originate from Canada, the rest of the breeding 
material originates from Northern Europe.

  In 2000 we imported 200 grams of seeds of the 
rape variety Hyola 38 from Mildoa Oy in Finland 
for official testing in Norway. The seed samples 
were sown in two 10 m² plots at 13 locations in 
the southern part of Norway. Later, from our co-
operator in Sweden, we were informed that seed 
from the same seed lot contained 0,4 % genetically 
modified rape of the type Roundup Ready (GT 73). 
We were also informed that the seed originated 
from Canada. At that time we had no procedure for 
how to handle imported seed with respect to GMO 
contamination.  

Unfortunately, instead of informing the Ministry 
of Environment, we contacted a newspaper 
about our problem. The Ministry of Environment 
immediately took action after reading the notice in 
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breeder and head of the 
Norwegian Cereal Bree-
ding Program 1975-
1993, managing director 
of Norsk Kornforedling 
(Graminor 2002) since 
1993.
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Discussion III
[Extract]

NN
There is an interesting point about labeling regarding 
aquaculture and farmed salmon: Almost all salmon 
in the stores are farmed, how many consumers know 
that? It is not labeled.

Hans Abrahamsen
We do not try to hide that the salmon we sell is 
farmed. But you are right, everybody does not know 
everything about our products, the GMOs, pesticides 
etc. How we picture the future is getting more com-
plicated. For instance, producing feed today is very 
different from what we did ten years ago. However, I 
myself am willing to eat the feed we make. The Dioxin 
scandal in Belgium, for instance, triggered a lot of 
activity in our company. Although our company was 
far from the source, we established tracing systems 
so that everybody could get information about the 
source of the raw materials we were using.

Hilde Helgesen
Isn’t it a paradox for you as a producer that on one hand 
you say that you are make an effort to avoid GM-mate-
rial in your production chain, but then in the end you 
do not have to provide information on what the salmon 
was fed? So, in principle there is no incentive for you not 
to use any GM feed since you don’t have to label?

Hans Abrahamsen
I think that it is the supermarkets today that decide 
what kind of fish they should sell and whether the 
fish should be fed GM-free feed or not. We have full 
traceability in our company. If the supermarkets ask 
us to use GMO-free feed, we will do that. In Norway 
we now use GMO-free feed or feed that is below the 
2% threshold for labeling. So this is not a paradox for 
us, and we provide our customers what they want and 
we will be able to do that in the future also.

Åsmund Bjørnstad
You, Liv Birkeland, have been quite simplistic when 
dealing with GM plants. Why does organic farming 
want to use biodiversity when it comes to variety 
and species mixtures, nitrogen fixation and crop 
rotation? You want to use biological information and 
biodiversity as much as you can, but you stop at the 
chromosome level! Why do you do that? There is no 
logic; you should embrace GM plants because they 
are in line with the way you think. 

Liv Birkeland
It is not according to the principle of organic far-
ming to use genetic information (genes) and put it 
everywhere. The principle is to use the biological 
information in its own context. That is why I think 
your argument is not valid.

Åsmund Bjørnstad
I agree that it is an important issue to think about 
the context, but it is better to discuss the crop and 
the gene, and not the technique as such. Rather, you 
should concentrate your arguments around issues 
on who owns the genes, who controls the business, 
and so on.

Anders Næss
As an economist I would like to ask whether we are 
willing to pay the price of co-existence in Norway. It 
can be very expensive and we are not able to pre-
dict the externalities. First of all, for Norway it is a 
question of co-existence of organic and GM farming. 
Because Norway is a small scale agronomic producer 
what we know today as conventional farming would 
become GM-farming. I would like to focus differently 
and ask: Are we willing to pay the price of co-exis-
tence? What about the economic benefits of defining 
Norway as a GMO-free zone instead? 
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Closing remarks 

Aina Bartmann
Member of the Norwegian Biotechnology Advisory Board and Project Manager for ”Bondens marked”

On behalf of the organisers, I would like to thank 
the speakers for very valuble contributions to this 
seminar. You have all shared your experience and 
your knowledge with us, and hopefully we are better 
prepared now for discussing the challenges that lie 
ahead of us. 

In agriculture, Norway is currently a GMO free 
zone and we have barriers both by political means 
through our regulation, but also as a result of our 
geography, being located in a corner in the northern 
part of Europe. 

Still, as we have heard here today, we have to 
handle the challenges presented to us by co-existence 
because we import large amounts of foods, seeds and 
feed. Co-existence is not only an issue of biological 
importance and about commercial interests and 
economic compensations. It raises questions about 
our long term freedom to choose what to consume 
and how to produce. 

When it comes to the risks and benefits of GMOs, 
the opinions are diverse, but I hope we all agree 
that it is important to avoid that the introduction of 
new regulatory frameworks for co-existence is used 
solely as a political instrument to introduce GM crops 
further, especially in the developing countries.

There is no doubt that the regulation and handling 
of co-existence will be expensive and bureaucratic 
and will require substantial resources in both risk 
assessment and monitoring. From my point of view, 

it should be every 
nation’s free choice 
whether to replace 
a GMO moratorium 
with regulations on 
co-existence or to maintain a ban on GMOs.

The time has come to close this meeting. As we 
have said before, this seminar serves as a starting 
point of the public debate on the topic of co-existence 
in Norway. We as organizers, together with several of 
the organizations present here today, must commit 
ourselves to continue this very important debate. 

Once again I want to thank the speekers, and I 
want to thank Casper Linnestad in the secretariat 
of the Norwegian Biotechnology Advisory Board, 
who has done most of the preparations. Thank you 
all for participating at this meeting and for being 
so active.

Aina Bartmann, member 
of the Norwegian 
Biotechnology Advi-
sory Board, advisor at 
GenØk, Tromsø, Project 
Manager for ”Bondens 
marked” (Farmer’s 
Market). Bartmann was 
previously Secretary of 
Norsk Bonde- og små-
brukarlag. (Norwegian 
Farmers and Smallhol-
ders Union).
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09.30 - 10.00 Registration

10.00 - 10.10  Welcome
  Werner Christie, chair of he Norwegian Biotechnology Advisory Board

10.10 - 10.50  Gene flow between canola varieties and to other wild species
  Suzanne Warwick, Agriculture Canada, Ottawa 

10.50 - 11.20  Potential for gene flow in important crop plants for Norwegian agriculture
  Odd Arne Rognli, Agricultural University of Norway

11.20 - 11.45  Discussion

11.45 - 12.30  Lunch
 
12.30 - 13.15 The Danish approach to co-existence: Report from the Working Group on the  
  co-existence of genetically modified crops with conventional and organic crops
  Søren A. Mikkelsen, Danish Institute of Agricultural Sciences 

13.15 - 14.00 GMO-free zones, why and how
  Werner Müller, Global 2000

14.00 - 14.45 Coffee, fruit, discussion  

14.45 - 15.00 Co-existence - also with GMOs?
  Liv Birkeland, NORSØK (Organic farming center) 

15.00 - 15.15 Co-existence - Strategic thinking within a feed company
  Hans Abrahamsen, Skretting (fish feed producer) 

15.15 - 15.30 Growing GMO-free soya in Mosambique - a Norwegian pilot project
  Kai Roger Hennum, Felleskjøpet (importer of ingredients for food and feed) 

15.30 - 15.45  Following the incident with GMO contamination in canola grain samples: How  
  do we monitor and control our imported seed material?
  Magne Gullord, Graminor (seed supplier in Norway) 

15.45 - 16.15  Discussion 

16.15   Closing remarks 
  Aina Bartmann, member of the Norwegian Biotechnology Advisory Board, formerly a farmer, now developing  
  farmers markets in Norway.

 Chair persons: Werner Christie and Aina Bartmann

Co-existence (sameksistens)
Thursday 29. April 2004, 10.00 - 16.15 
Felix Conference Centre, Aker Brygge, Bryggetorget 3, Oslo



The Norwegian Biotechnology Advisory Board: Co-existence

50

List of participants

Abate, Berhanu; NLH, Department of Plant and 
Environmental Sciences

Abrahamsen, Hans; Skretting
Amlie, Thor; Bioteknologinemnda
Andersen, Elisabeth Kirkeng; Forskning.no
Andersen, Line; Forbrukerrådet
Anne Sissel Pundsnes
Asefa, Dereje Teklehaimanot
Assefa, Dereje; NLH, Department of Plant and 

Environmental Sciences
Bartmann, Aina; Bioteknologinemnda
Berdal, Knut G.; Veterinærinstituttet
Birkeland, Liv; NORSØK
Bjørnstad, Bell Batta
Bjørnstad, Åsmund; NLH
Bleken, Marina Azzaroli; NLH, IPM
Borge, Ole Johan; Bioteknologinemnda
Brynildsen, Lisbeth I. B.; Landbruksdepartementet
Christie Werner; Bioteknologinemnda
Ditlefsen, Anne; Norges forskningsråd 
Eidet, Heide
Eikeland, Astrid; Avd. for matpolitikk, 

Landbruksdep.
Ekeberg, Beate B.; Miljøverndepartementet
Evenrud, Erik; Biologisk-dynamisk Forening
Evjen, Grethe; Landbruksdepartementet
Feet, Endre
Ferstad, Jan; Bondebladet
Forsberg, Ellen-Marie
Foss, Grethe; Bioteknologinemnda
Frølich, Wenche; Bioteknologinemnda
Gedebo, Andargachew; NLH, Department of Plant 

and Environmental Sciences
Geraud, Esteve
Gilst, Daniel van; Landbruksrådgiver Norad
Gran, Hanne Marit; Mattilsynet
Gran, Jorunn; c/o Natur & miljø
Græsbøll, Sigrun
Gullord, Magne; Graminor
Hagen, Aslaug; Mattilsynets hovedkontor
Hameillon , Olivier; student NLH
Haugsten, Egil
Heide, Bjarte
Helgesen, Hilde; Norsk Landbrukssamvirke
Helland, Ellinor
Hennum, Kai Roger; Felleskjøpet
Hogstad, Solbjørg; Mattilsynets hovedkontor
Hokstad, Ove; Miljøverndepartementet
Holm, Aage; Oikos
Husby, Jan; Direktoratet for naturforvaltning
Høstmælingen, Erik

Hågvar, Eline; NLH
Isabelle,Tache
Ivars, Birthe; Miljøverndepartementet
Johnsen, Torgun; Mattilsynet
Jørgensen, Ragna Ribe
Kolbeinsen, Mia
Kristiansen, Leif-Arne
Kvåle, Sjur Erik; Landbruksdepartementet
Langeland, Åsmund
Lehuger, Simon; NLH
Liland, Kolbjørn; Forbrukerrådet
Linnestad, Casper; Bioteknologinemnda
Lorentzen, Michael
Magnus, Trine; Norsk senter for bygdeforskning, 
Mentzoni, Toril
Murad  Hani
Müller, Werner; Global 2000
Myrset, Espen Anders
Nordal, Inger; Bioteknologinemnda
Næss, Anders
Næss, Brita
Odlo, Bente; Landbruksdepartementet
Peraudeau, Mathieu; NLH
Pundsnes, Anne Sissel
Reistad, Ragnhild
Ribe, Harald; Landbruksdepartementet
Rogne, Sissel; Bioteknologinemnda
Rognli, Odd-Arne; Agricultural University of 

Norway
Rålm, Per Christian; Oikos
Skaftnesmo, Trond
Smith, Marianne; Avd. for matpolitikk, 

Landbruksdep.
Solberg, Svein; Biologisk-dynamisk Forening
Spilde, Ingrid
Sunde, Linda; Bondebladet
Svanemyr, Steinar; Landbruksdepartementet
Swærd, Kristin; Styret i DEBIO
Søren A. Mikkelsen; Danish Institute of 

Agricultural Sciences
Ulltveit-Moe, Marte Rostvåg; Bioteknologinemnda
Varland, Elisabeth
Veie-Rosvoll, Brit; Direktoratet for 

naturforvaltning
Wallem, Tore; Bioteknologinemnda
Warwick, Suzanne; Agriculture Canada
Wilhelms, Bente; Landbruksdepartementet
Waagø, Karen; Direktoratet for naturforvaltning
Østreng, Ole-Christian
Aamodt, Randi; Norges Forskningsråd
Aasen, Solveig; NLH



 Open meeting 29. April 2004

51

Previous meetings organized by The Norwegian Biotechnology 
Advisory Board

2004
- Fosterdiagnostikk 29. januar 2004, Trondheim

2003
- Biobanker. 18. desember 2003, Oslo
- Fosterdiagnostikk og verdier. 31. oktober, Oslo
- Bioterrorisme og biologiske våpen. 10. juni, Oslo
- Regulering av DNA-vaksiner og genterapi på dyr. 24. april, Oslo
- Biopatenter og EU’s patentdirektiv. Åpent møte 10. februar, Oslo
- Benefit or harm? Power and politics behind GM food. Åpent møte 5. februar, Oslo
- Assessing the risk from transgenic plants – The next step forward. Åpent møte 3.-4. februar, Høvik

2002
- Gentester i arbeidslivet. Åpent møte 9. september, Oslo
- Debattmøte om bioteknologiloven, 4. juni, Oslo
- Risiko og GMO. Åpent møte 13. mars, Oslo

2001
- Lekfolkskonferanse om stamceller, 23.-26. november, Oslo
- DNA i rettssalen. Åpent møte 24. september, Oslo
- Forsikring og DNA-tester. Åpent møte 18. april, Oslo

2000
- Oppfølgingskonferansen om genmodifisert mat. Åpent møte 15.-16. november, Oslo
- Biopatenter. Åpent møte 29. september, Oslo
- Kloning og humane stamceller. Åpent møte 15. juni, Oslo
- Post HUGO-æraen. Åpent møte 14. juni, Oslo

1999
- Genteknologi i et Nord–Sør-perspektiv. Åpne møte 13. oktober, Oslo
- Har vi alle rett til å få barn? Åpen høring 7. april, Bergen

1998
- Xenotransplantasjon – transplantasjon fra dyr til mennesker – vil vi ha det? Åpent møte 30. september, Oslo
- Fra kjøkkenbenk til fabrikk. Genteknologi og industri. Åpent møte 18. mars, Oslo

1997
- Genteknologi i et 10 - årsperspektiv. Hvor var vi? Hvor er vi? Hvor går vi? Åpent møte 27. august, Oslo
- Genteknologi og havbruk. Åpent møte 23. april, Tromsø

1996
- Genmodifisert mat: konsekvenser for produsent og forbruker. Åpent møte 30. august, Lillehammer
- Gentesting – når og hvorfor. Åpent møte 21. mars, Oslo

1995
- Vil genteknologien fremme et bærekraftig landbruk og havbruk. Åpent møte 15. september, Oslo

1994
- Bruk av fostervev. Åpent møte 8. mars, Oslo
- Genteknologi og mat. Åpent møte 19. oktober, Oslo
- Genteknologi og dyr. Åpent møte 10. mars, Oslo

1993
- Patent på liv. Åpent møte 3.november 1993, Oslo
- Prøverørsmetoden – assistert befruktning. Åpent møte 17. mars, Oslo

1992
- Genmodifiserte planter. Åpent møte 29. oktober, Oslo



Adresse: Boks 522 Sentrum, 0105 OSLO • Tlf: 24 15 60 20• Fax: 24 15 60 29 • e-post: bion@bion.no • www.bion.no

BIOTEKNOLOGINEMNDA


