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What happens when one nation cultivates a transgenic crop variety but neighboring nations do not? Using alfalfa as a case study, we argue that the potential for international transgene flow is substantial, and therefore,
the need for international cooperation in regulatory decisions concerning transgenic crops is imperative. Alfalfa (Medicago sativa, L.) is the major forage crop in North America. Recently, genetically modified (GM) alfalfa
received a moratorium on further cultivation in the US on the grounds that the approvals were based on inadequate environmental impact assessments. With their deep root system, symbiotic nitrogen fixation, prolific seed
production and prolonged dormancy, alfalfa plants are capable of establishing self-perpetuating (feral) populations in unmanaged environments. Given what is known about alfalfa pollen dispersal, such feral populations
could facilitate gene flow between GM and non-GM fields. The border between the US and Canada, particularly
in farming areas, is very narrow (< 10 m wide). We surveyed along the US-Canada border and found both alfalfa
fields and potentially feral alfalfa plants in the ditches along the border. Our survey results provide evidence
of the possibility of cross-border transgene flow, suggesting a need for international co-operative risk assessment initiatives between the US and Canada. Such situations could occur for other crops, in other international
border regions as well.
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Organisms that are deregulated in one country can be
adventitiously present at sites along the border regions
of a neighboring country. For example, in the US,
genetically-modified (GM) glyphosate-resistant (GR) alfalfa (Medicago sativa, L.) has been deregulated and was
available for cultivation. But it has not been approved
for commercial cultivation in Canada. If GM alfalfa were
grown in regions along the US-Canada border, transgene
movement could occur from the US into adjacent alfalfa
populations in Canada. We argue that there exist possibilities for international gene flow among the alfalfa populations that occur in the border regions between the US
and Canada.
Before going into the details of international gene
flow in alfalfa, let us detail the current situation of GM alfalfa in the US. The herbicide-resistant alfalfa was deregulated in 2005. It subsequently raised concerns among the
conventional and organic growers over the adventitious
presence of transgenes and associated market risks and
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environmental damages (WORC, 2005). On March 12,
2007, Charles Breyer, a federal district judge in the
United States District Court for the Northern District of
California issued a moratorium on further sales and cultivation of GR alfalfa, while existing plantings were allowed to remain in place (Fox, 2007). The court stated
that the Animal and Plant Health Inspection Service
(APHIS) violated the National Environmental Protection
Act (NEPA) by choosing not to prepare an Environmental
Impact Statement (EIS) before it deregulated GR alfalfa
in 2005 (USDC, 2007a).
Eﬀective March 12, 2007, USDA returned the GR alfalfa to regulated status in compliance with the court injunction. Further, the defendants’ request to reconsider
the preliminary injunction was denied by the court on
May 3, 2007, and the injunction was made permanent
pending the preparation of an EIS by APHIS (USDC,
2007b). However, alfalfa fields that were planted prior
to the injunction in 2007 continue to produce, following
the regulations imposed by the court as outlined in the
amended order issued on July 23, 2007 (USDC, 2007c).
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Figure 1. A photograph of the US-Canada border near Emerson, Manitoba, May, 2007. The ditch along the zero mile road is less
than 5 m wide.

On September 2, 2008, the US Ninth Circuit Court ruled
against the appeal to lift the injunction on GR alfalfa, and
ruled for the injunction to continue in eﬀect.
The ecology and biology of alfalfa is favorable for
long-distance gene flow. Alfalfa is a perennial, highly
outcrossing crop species, which is predominantly pollinated by insects such as honeybees (Apis mellifera), leaf
cutter bees (Megachile rotundata), alkali bees (Nomia
melander) and bumblebees (Bombus spp.) (Rincker et al.,
1988). Honeybee-mediated long-distance dispersal of
pollen from alfalfa seed and hay production fields has
been confirmed for distances up to 1000 m (St. Amand
et al., 2000). In a similar study, Teuber et al. (2004) found
outcrossing levels of 1.5% at 270 m and 0.2% at 1.5 km,
and were able to detect outcrossing as far as 4 km, although at a very low level. Under leaf cutter bee pollination, Fitzpatrick et al. (2003) observed outcrossing levels
of 1.4% at 152 m, and only 0.28% at 274 m, with no
outcrossing at 610 m. In the same study, a single outcrossing event was detected at 804 m, at a very low frequency. These studies demonstrate the long-distance dispersal potential for gene exchange among alfalfa fields.
Further, the introduction of pollinator insects for alfalfa
seed production in the border regions would increase the
opportunity for pollen-mediated gene flow.
Feral alfalfa populations occurring in unmanaged
habitats may further enhance the extent of long-distance
gene flow by acting as bridges for the bees (Putnam,
2006). Feral crop species are those from which individuals escape a managed area to survive, reproduce and
establish self-perpetuating populations in either natural
or semi-natural habitats (Bagavathiannan and Van Acker,
2008). With their deep root system, symbiotic nitrogen fixation, prolific seed production and prolonged
seed dormancy, alfalfa plants are capable of establishing self-perpetuating populations in unmanaged environments. Their perenniality, quick regrowth potential,
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drought- and winter-hardiness may further contribute to
their success in the natural areas and their ability to form
eﬀective feral sub-populations within agricultural landscapes (Bagavathiannan and Van Acker, 2009). Our current research in Western Canada suggests that alfalfa is
capable of establishing self-perpetuating feral populations (Bagavathiannan et al., 2009) and they may act as
the sources and sinks for the movement of GM traits
from fields of GM alfalfa to fields of non-GM alfalfa
(Bagavathiannan et al., 2008).
We hypothesize that there exists the possibility for the
GR trait to move from GM alfalfa fields in the US to nonGM alfalfa fields in Canada. This movement would most
likely happen in situations where alfalfa fields and/or the
feral alfalfa populations are located on both sides of the
border close enough to allow for eﬀective cross pollination. The width of the US-Canada border area within
many of the farmed regions is less than 10 m in many
cases (Fig. 1). Such a distance suggests that international
gene flow could occur readily from GM alfalfa in the US
to non-GM alfalfa in Canada.
The US and Canada share 2878 km of land border from the Atlantic to the Pacific Ocean (IBC,
2007). The border includes the US states of Maine,
New Hampshire, Vermont, New York, Pennsylvania,
Ohio, Michigan, Minnesota, North Dakota, Montana,
Idaho and Washington. Alfalfa is commonly cultivated in
most of these states, and the details on the current existence of GR alfalfa fields in counties adjacent to the
Canadian border are presented in Table 1. On the Canadian side, alfalfa has been widely cultivated in southern
parts of all of the land-border provinces including New
Brunswick, Quebec, Ontario, Manitoba, Saskatchewan,
Alberta and British Columbia (Fig. 2).
We carried out a short survey along the USCanada border in two rural municipalities (Rhineland and
Franklin) in southern Manitoba, Canada to see if there
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Table 1. Occurrence of GR alfalfa fields in counties adjacent to the Canadian border*.
State
Washington
Idaho
Montana

North
Dakota
Minnesota
Michigan
New York
Vermont
New Hampshire
Maine

Border counties with Canada
4 (Clallam, Island, San Juan, Whatcom)
1 (Boundary)
11 (Lincoln, Flathead, Glacier, Toole,
Liberty, Hill, Blaine, Phillips, Valley,
Daniels, Sheridan)
8 (Divide, Burke, Renville, Bottineau,
Rolette, Towner, Cavalier, Pembina)
7 (Kittson, Roseau, Lake of the woods,
Koochiching, St. Louis, Lake, Cook)
2 (Chippewa, St. Clair)
5 (Orleans, Jeﬀerson, St. Lawrence,
Franklin, Clinton)
4 (Grand Isle, Franklin, Orleans, Essex)
1 (Coos)
1 (Aroostock)

Counties where
GR alfalfa fields occur
2 (Island, Whatcom)
No
8 (Glacier, Toole, Liberty, Hill,
Blaine, Phillips, Valley, Daniels)
5 (Divide, Burke, Bottineau,
Cavalier, Pembina)
2 (Kittson, Roseau)
1 (St. Clair)
1 (St. Lawrence)
None
No
No

Source: APHIS (2008).
*Details on the exact locations of GR alfalfa fields are not made available to the public by USDA. Therefore the fields may or may
not be located closely adjacent to the international border. However, the information provided in the above table is the best available
at this time.

Figure 2. The states and provinces along the US-Canada border from the Atlantic Ocean to the Pacific Ocean. The star denotes the
area where the survey described in this paper was done (photo courtesy: International Boundary Commission).
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Soybean (glyphosate tolerance); maize (glufosinate tolerance, resistance to
European corn borer, resistance to European corn borer + glufosinate tolerance);
cotton (resistance to lepidopteran pests)

Soybean (glyphosate tolerance)
Soybean (glyphosate tolerance); maize (resistance to European corn borer, resistance to European corn borer + glufosinate tolerance)
Soybean (glyphosate tolerance)
Cotton (glyphosate tolerance, resistance to lepidopteran pests); carnation (flower
color)
Soybean (glyphosate tolerance); maize (resistance to European corn borer); oilseed
rape (glyphosate tolerance)
Maize (resistance to European corn borer)
Cotton (resistance to lepidopteran pests); soybean (glyphosate tolerance); tomato
(delayed ripening)
Oilseed rape Argentine type – Brassica napus (glyphosate tolerance, glufosinate
tolerance, glufosinate tolerance and fertility restored, oil content); maize (resistance
to European corn borer, glyphosate tolerance, resistance to European corn borer +
glyphosate tolerance, glufosinate tolerance, glufosinate tolerance and fertility restored, resistance to European corn borer + glufosinate tolerance, resistance to corn
root worm, resistance to corn root worm + glufosinate tolerance, resistance to corn
root worm + glyphosate tolerance, resistance to lepidopteran pests, enhanced lysine level); cotton (glufosinate tolerance, glyphosate tolerance, resistance to lepidopteran pests, oxynil tolerance, resistance to lepidopteran pests + oxynil tolerance,
sulfonylurea tolerance); soybean (glufosinate tolerance, glyphosate tolerance, tolerance to glyphosate + ALS inhibiting herbicides, high oleic acid content); alfalfa
(glyphosate tolerance)† ; flax (sulfonylurea tolerance); potato (resistance to Colorado
potato beetle, resistance to Colorado potato beetle + potato virus Y, resistance to
Colorado potato beetle + potato leafroll luteovirus); sugar beet (glufosinate tolerance, glyphosate tolerance); papaya (resistance to papaya ring spot virus); plum
(resistance to plum pox virus); tomato (delayed ripening, resistance to lepidopteran
pests); rice (glufosinate resistance); squash (resistance to cucumber mosaic virus +
watermelon mosaic virus 2 + zucchini yellow mosaic virus, resistance to watermelon
mosaic virus 2 + zucchini yellow mosaic virus); chicory (glufosinate tolerance and
fertility restored); tobacco (nicotine reduced)

Brazil

Paraguay
Uruguay

USA

Honduras
Mexico

Chile

Bolivia
Colombia

GM crop(s)/trait(s) approved for environmental release
Soybean (glyphosate tolerance); maize (glufosinate tolerance, glyphosate tolerance,
resistance to European corn borer, resistance to European corn borer + glufosinate tolerance, resistance to lepidopteran pests + glyphosate tolerance, resistance
to lepidopteran pests + stacked tolerance to glufosinate and glyphosate); cotton
(glyphosate tolerance, resistance to lepidopteran pests, resistance to lepidopteran
pests + glyphosate tolerance)

Country
Argentina

Table 2. Regions and crops in which international gene flow may be a potential concern*.

Canada: oilseed rape (all); maize (all); soybean (all except tolerance to glyphosate
+ ALS inhibiting herbicides); alfalfa (glyphosate tolerance)†† ; potato (all); sugar
beet (all); Mexico: cotton (resistance to lepidopteran pests); soybean (glyphosate
tolerance); tomato (delayed ripening)

Paraguay: yes; Argentina: yes; Brazil: yes; Peru: no; Chile: yes
Ecuador: none; Panama: none; Peru: none; Brazil: cotton (resistance to lepidopteran pests); Venezuela: none
Argentina: all except oilseed rape; Bolivia: soybean (glyphosate resistance); Peru:
none
El Salvador: no; Nicaragua: no; Guatemala: no
USA: all; Guatemala: none; Belize: none

Crop(s)/trait(s) approved in adjacent countries
Uruguay: soybean (glyphosate tolerance); maize (resistance to European corn
borer, resistance to European corn borer + glufosinate tolerance); Paraguay: soybean (glyphosate tolerance); Brazil: soybean (glyphosate tolerance); maize (glufosinate tolerance, resistance to European corn borer, resistance to European corn
borer + glufosinate tolerance); cotton (resistance to lepidopteran pests); Bolivia:
soybean (glyphosate tolerance); Chile: soybean (glyphosate tolerance); maize (resistance to European corn borer)
Uruguay: soybean (glyphosate tolerance); maize (all except glufosinate tolerance); Argentina: all; Paraguay: soybean (glyphosate tolerance); Bolivia: soybean
(glyphosate tolerance); Peru: none; Colombia: cotton (resistance to lepidopteran
pests); Venezuela: none; Surinam: none; French Guiana: none; Guyana: none
Bolivia: yes; Argentina: yes; Brazil: yes
Argentina: all; Brazil: all
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India
China∗∗

Egypt
Iran

Burkina Faso
South Africa

Country
Canada‡

Cotton (resistance to lepidopteran pests)
Cotton (resistance to lepidopteran pests); poplar (resistance to lepidopteran
pests); papaya (resistance to ring spot virus); tomato (delayed ripening, resistance to cucumber mosaic virus); sweet pepper (resistant to cucumber mosaic
virus); petunia (color altered petunia)

GM crop(s)/trait(s) approved for environmental release
Oilseed rape Argentine type (glyphosate tolerance, glufosinate tolerance,
glufosinate tolerance and fertility restored, imidazolinone tolerance, oxynil
tolerance, oil content); oilseed rape Polish type – B. rapa (glufosinate tolerance, glyphosate tolerance); maize (sethoxydim tolerance, glyphosate tolerance, resistance to European corn borer, resistance to European corn borer +
glyphosate tolerance, glufosinate tolerance, imidazolinone tolerance, glufosinate tolerance + fertility restored, resistance to European corn borer + glufosinate tolerance, resistance to corn root worm, resistance to corn root worm +
glufosinate tolerance, resistance to corn root worm + glyphosate tolerance, resistance to lepidopteran pests, modified amylase for ethanol production, enhanced
lysine level); alfalfa (glyphosate tolerance)†† ; soybean (glufosinate tolerance,
glyphosate tolerance, high oleic acid content); potato (resistance to Colorado
potato beetle, resistance to Colorado potato beetle + potato virus Y, resistance
to Colorado potato beetle + potato leafroll luteovirus); sugar beet (glufosinate
tolerance, glyphosate tolerance); flax (sulfonylurea tolerance); lentil (imidazolinone tolerance); sunflower (imidazolinone tolerance); wheat (imidazolinone
tolerance)
Cotton (resistance to lepidopteran pests)
Maize (glyphosate tolerance, resistance to European corn borer, resistance to
European corn borer + glufosinate tolerance, resistance to lepidopteran pests +
glyphosate resistance); soybean (glyphosate tolerance); cotton (glyphosate tolerance, resistance to lepidopteran pests, resistance to lepidopteran pests +
glyphosate tolerance)
Maize (resistance to European corn borer)
Rice (stem borer resistance)

Table 2. Continued.

Sudan: no; Libya: no; Israel: no; Palestine (Gaza strip): no
Pakistan: no; Afghanistan: no; Turkmenistan: no; Armenia: no; Iraq: no;
Turkey: no; Azerbaijan: no; Nakhichevanskaya (autonomous): no
Pakistan: no; China: yes; Nepal: no; Bhutan: no; Bangladesh: no; Myanmar: no
Mongolia: none; Russia: none; North Korea: none; Vietnam: none; Laos: none;
Myanmar: none; India: cotton (resistance to lepidopteran pests); Bhutan: none;
Nepal: none; Pakistan: none; Afghanistan: none; Tajikistan: none; Kyrgyzstan:
none; Kazakhstan: none

Mali: no; Niger: no; Ivory Coast: no; Ghana: no; Togo: no; Benin: no
Namibia: none; Botswana: none; Mozambique: none; Zimbabwe: none;
Swaziland: none; Lesotho: none

Crop(s)/trait(s) approved in adjacent countries
USA: oilseed rape Argentine type (all except imidazolinone tolerance, oxynil tolerance); oilseed rape Polish type (none); maize (all except sethoxydim tolerance, imidazolinone tolerance, modified amylase for ethanol production); alfalfa (glyphosate
tolerance)† ; soybean (all); potato (all); sugar beet (all); flax (sulfonylurea tolerance)
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Ukraine: no; Belarus: no; Russia: no
Ukraine: none; Moldova: none; Serbia: none
Ukraine: no
Surrounded only by EU states
Surrounded only by EU states
Surrounded only by a EU state
Switzerland: no
Maize (resistance to European corn borer)
Maize (resistance to European corn borer), soybean (glyphosate tolerance)
Maize (resistance to European corn borer)
Maize (resistance to European corn borer)
Maize (resistance to European corn borer)
Maize (resistance to European corn borer)
Maize (resistance to European corn borer)

*There may be further diﬀerences in the event(s) of a particular trait approved among the adjacent countries.
Sources: Agbios (2008); GMO-Compass (2008); ISAAA (2008).
∗∗
Source: Chen and Qu (2008).
†
Deregulated in 2005 but later returned to regulated status after a court moratorium; †† authorized for environmental release but approvals were not yet sanctioned for
commercial planting; ‡ all the GE crops approved for environmental release still have to go through a variety registration process before they can be authorized for
commercial planting in Canada; T– approvals in the European Union is sanctioned by the EU directorate on behalf of its member states. Adventitious presence may be a
concern in adjacent non-EU states where the GE crop/trait in question is not authorized.

Crop(s)/trait(s) approved in adjacent countries
GM crop(s)/trait(s) approved for environmental release

Country
European UnionT–
Poland
Romania
Slovakia
Czech Republic
Spain
Portugal
Germany

Table 2. Continued.
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were alfalfa fields and potentially feral alfalfa plants (alfalfa plants outside of cultivated fields) in cross-border
locations that might facilitate international gene flow. We
drove along border roads (a distance of about 50 km). We
found alfalfa fields and potentially feral alfalfa plants in
the ditches along the border (Fig. 3). In one of the municipalities (Rhineland), within a survey distance of 12 km,
we found two alfalfa fields on the Canadian side of the
border and two potentially feral alfalfa populations (population sizes of 10 and 15) in the ditch along side the
border immediately adjacent to the alfalfa fields. We also
found one potentially feral alfalfa population (6 plants)
located on the US side only 800 m from an alfalfa field.
In the other municipality (Franklin), we found a large
potentially feral alfalfa population (18 plants) and three
smaller populations (3–5 plants each) in a survey distance
of 16 km, but we did not find any nearby cultivated alfalfa
fields.
Our survey results provide evidence of the possibility of international alfalfa transgene flow from the US
to Canada. However if transgenic alfalfa seed or alfalfa
plants are found in Canada, the liabilities to such contamination are not clear. Who should bear the responsibility in the event of a transgene contamination? Canadian
farmers or the Canadian government? Should US farmers move their fields away from the border? The ability of Canada to limit the risk of cross-border transgene
flow via metapopulation dynamics requires knowledge of
the location of transgenic crops. Currently, the GPS locations of cultivated GR alfalfa fields in the US are not
publicly available in any database. Further, it is not clear
whether such information would be revealed to the Canadian farmers through the call centers set up by USDA.
The situation in the US has implications for Canada,
when there is risk of transgene movement across the border. This perhaps points to a need for international cooperative risk assessment initiatives between the US and
Canada, particularly for GM crop species which have a
high ferality potential, are outcrossing (and insect pollinated), and are very commonly grown on either side of a
shared land border.
We speculate that similar situations of international
gene flow might occur for other GM crops, in other border regions as well. In Europe, the commercial approval
of GM crops is governed by the European Union (EU)
on behalf of its member states, and the issue of international gene flow among the EU member states may be
considered insignificant. However, transgene flow across
an international border could be a potential concern in
other regions of the world, including non-EU member
states, Asia, Middle East, South Africa and South as
well as North America (Tab. 2). Thus, it is necessary
to consider the implementation of additional regulatory
measures for growing GM crops in border regions where
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Figure 3. Potentially feral alfalfa plants in a ditch along the US-Canada border near Altona, Manitoba, May 2007.

international gene flow is a possibility. International cooperation and information sharing among the countries
in question could resolve how to deal with this possibility. Furthermore, the possibility of international gene
flow should be considered as an essential component in
the decision-making processes for the field release of any
GM crop.
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