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Background and aim

South Africa is one of a few countries in Africa that has introduced genetically modified (GM)
crops. First generation GM maize has been commercially grown in SA since 1997
(Department of Agriculture 2005). In 2008, South Africa was ranked eighth in terms of global
commercial GM production that included cotton, soybean, yellow and white maize (James
2009). Gene flow from GM crop to non-GM crop may have several consequences including:
the development of resistance in target insects for Bt crops; the contamination of landraces;
loss of trade in processed and bulk grain commodities; the contamination of the food chain
by experimental, industrial or pharmaceutical GM crop . Thus, similar to other GM producing
countries, SA has to deal with considerations to minimize or prevent comingling through the
use of isolation distances, where necessary, for GM field trials and coexistence (Huffman
2004; Moschini 2006). A further consideration is that specialist GM crops including
pharmaceutical production, nutritional enhancements, and bio-fuels are expected to become
a reality within the near future. Minimizing gene flow for different applications from contained
use through to environmental release is an important consideration. In the past, several
studies have recorded different distances of cross pollination for maize, using a variety of
field trial designs under different environmental conditions (Aylor et al. 2003; Bannert and
Stamp 2007; Burris 2001; Byrne and Fromhertz 2003; Della Porta et al. 2008; Garcia et al.
1998; Henry et al. 2003; Jemison and Vayda 2001; Luna et al. 2001; Ma et al. 2004,
Paterniani and Stort 1974; Stevens et al. 2004). However, these trials have usually been
small plots and not on the scale of commercial farming. Furthermore, very few of these
studies have made specific recommendations with regard to the ideal isolation distance
required in terms of different stringencies for minimizing cross pollination. For example,
different tolerances for comingling may apply to field trials under contained use compared to
the production of maize engineered for bio-fuels. There is also no published data regarding
the extent of cross pollination for maize in South Africa and regulators have to base
decisions on available data not necessarily applicable to South Africa. Thus the aim of this
study, conducted from 2005 to 2007, was to determine the extent of maize cross pollination
under South African conditions in the context of commercial farming practice, that could
inform the regulatory decision making process with regard to GM field trials.

Materials and methods

Field trials were planted with a central plot of yellow GM maize (0.0576 Ha) surrounded by
white non-GM maize (13.76 Ha), in two different geographic regions over two seasons with
temporal and time isolation to surrounding commercial maize planting. Cross pollination from
GM to non-GM maize was determined phenotypically, across 16 directional transects, every
2 m up to 100 m and thereafter every 10 m up to 300 m. Pollen was captured during
flowering in four wind directions and genotyped using PCR. Pollen counts during flowering
were compared to weather data as well as percentage cross pollination. The data was
transformed logarithmically and mean percentage cross pollination compared to high cross
pollination.
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Results and discussion

Although there was general congruency between wind data, pollen load and cross pollination, it
is evident that wind data and pollen load do not solely explain the directional extent of cross
pollination. We suggest that swirling winds and other biotic factors may have contributed to this
incongruence. The highest cross pollination ranging from 54% to 82% occurred at two meters
from the pollen donor and declined sharply up to between 20 to 25 m, a trend similar to other
studies (Henry et al. 2003; Jemison and Vayda 2001; Luna et al. 2001; Ma et al. 2004).
Interestingly, a low percentage plateau of cross pollination was observed up to the furthest
distance sampled. There was a high correlation of logarithmically transformed mean
percentage cross pollination of distance (R=0.97). Based on the logarithmic transformation of
cross pollination over distance, 50 m is sufficient to minimize cross pollination to between
<1.0% to 0.1%, 159 m for <0.1% to 0.01% and 501 m for <0.01% to 0.001%. However, an
important consideration when using mean cross pollination values is that the potential of cross
pollination to occur, may be under estimated. To test this hypothesis, we performed a
logarithmic transformation of high values of cross pollination over distance. It is interesting to
note that there was a high correlation for high values of cross pollination over distance
(R?=0.95). Based on these values, a theoretical isolation distance of 135 m is required to
ensure a minimum level of cross pollination between <1.0% to 0.1%, 503 m for <0.1% to
0.01% and 1.8 km for <0.01% to 0.001%. However, it is not practical to apply such stringent
isolation distances, especially when different minimum levels of comingling may be required.
We therefore suggest that a combination of temporal and distance isolation be combined,
taking into account the GM maize pollen sources within the radius of the most stringent
isolation distance required. We also investigated graphical shifts in percentage cross
pollination over distance, over the different locations at which trials were planted. We noted
that a shift in percentage cross pollination over distance was similar to the comparison of mean
compared to high values for cross pollination. Based on the incongruence between pollen load,
environment and cross pollination, as well as taking into consideration the comparison of mean
compared to high values of cross pollination, we suggest that pollen load, environment and
reproductive physiological characteristics are factors in determining cross pollination.

Based on these data, the following is recommended to achieve minimal cross pollination at
different threshold levels:

* Field trials: To minimize out-crossing to a non-detectable level (0.01%-0.001%) the
isolation distance should be at least 1.87 km. It may be difficult to achieve this in
practical terms and it is suggested that a combination of spatial and temporal isolation
be used taking the following into consideration:

o Apply a four week temporal isolation up to a minimum distance of 503 m to the
nearest maize planting

o Apply a two week temporal isolation up to a minimum distance of 1.87 km to the
nearest maize planting

* GM seed production: To prevent the development of illegal stacked events during seed
production the recommendations for field trials should be applied.

* Non-GM seed production for export purposes: In order to comply with export
requirements for non-GM seed, i.e. GM is not detectable, the recommendations for field
trials should be applied

* Non-GM production: Depending on the required threshold for non-GM production the
following measures can be applied:
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o 1% threshold: A minimum isolation distance of 135 m should be applied. It may be
difficult to achieve this in practical terms, instead it is suggested that a combination
of spatial and temporal isolation be used taking the following into consideration:
=  Apply a four week temporal isolation up to a minimum distance of 36 m to the

nearest maize planting
= Apply a two week temporal isolation up to a minimum distance of 135 m to the
nearest maize planting

o 0.1% threshold: A minimum isolation distance of 503 m should be applied. It may be
difficult to achieve this in practical terms, instead it is suggested that a combination
of spatial and temporal isolation be used taking the following into consideration:
=  Apply a four week temporal isolation up to a minimum distance of 135 m to the

nearest maize planting
=  Apply a two week temporal isolation up to a minimum distance of 503 m to the
nearest maize planting
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