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1. The Context

Maize Zea mays.)is one of the world’s most important crof&ince maize is a wind pollinated eut
crossing species (only ~ 5%fisgj), concern is increasing about the gene flow between genetically
modified (GM) and not&M maize and of distance required to segregate-@v from GM production

due to the introductiorof BT into commercial hybrids. Gene flow can occur either via pollen dispersal
and seed shed, although volunteers in maize can only survive until now in the south of Europe. Co
existence in maize depends on the development of recommendations to meet atitvesipresence

under the EU labelling threshold of 0.9% in the harvest product. Thus,-fumBed project (SIGMEA,

WP2 subgroup maize) is collating the many European studies of pollen and seed mediated gene flow in
maize for use in solving current probis of coexistence and for predicting research gaps.

An EUfunded project (SIGMEMP2 subgroup maize) has summariedopean studies of pollen
mediated gene flow in maizelated tocurrent problems otoexistence with transgenic maize. The
project aimedto collate ando validate information and go into greater depittman is usually available in
refereed publicationsSo far, the following publications from the SIGMEA project are availslgssean

et al., 2009)(Bitocchi et al., 2009; Bock et al., 2002; Bohanec et al., 2008a; Bohanec et al., 2008b;
Breckling & Reuter, 2007; Castellazzi et al., 2007; Castellazzi et al., 2008; Demont et al., 2008; Gomez
Barbero et al., 2008; Husken et al., 2007; Husken & {Pititsteter, 2007; Messean et al., 2006;
Messeguer et al., 2008Factors on which information is still lacking or uncertain in coexistence are
identified as flowering dynamics, vertical pollen take off, elevation profiles in maize, gene flow in silage
maize andyene flow at a landscape lev&urther research is also needed in quantifying the

contributions of field size, number and spatial distribution of maize fields to check the feasibility of
implementing isolation distances in a certain regi®hese last lathscapeoriented factors were the

topic of our project in WorPackage 2.

2. The project within SIGMEA, Work Package two

Field experiments with yellow, blue and white maize in Western Switzentabd Sarrag Eclepas have
been carried through in 2008ndworked out inlater years Karol Kovacovsky has organized the field
experiments with farmers;ollaborators from the Bern University (Prof. Klaus Ammann project leader
and supervisor, Dr. Yolande Jgdot. Christian Ochsenbein LHS and Dr. André Vogler, BT HXeter
Bratschi as a specialist in GIS, included partially edittiracts and collaboration scheme with LHS, Swiss
Institute of Agriculture in Zollikofen near Bern, Switzerland. Acquiring appropriate maize kernels,
organizing the collaboration wittafmers in order to meet appropriate seeding schedule and layout for
the experimental work enabled us to obtain useful field data for analysis of long distance gene flow
under complexopographic and vegetational field conditions coverisgyeral maize délds.The main
organizational and field work has been done by Karol Kovacovsky from the University of Bern and by Dr.
Christian Ochsenbein as the diploma work leader of Oliver Dorthe and Francois Repnficstd-ound

of data evaluation has been done {yorthe & Reymond, 200@) their excellent diploma paper.



After the SGMEA project got its approval from Brussels, we had to negotiate the grant for the Swiss
teams with the Swiss Federal Office for Education and Science. This negotiation took months. As the
Swiss Federal Office reduced the amount of financing, we haddirstiefine our work. The result of

this was that the experiments would have taken place only this year and in one location. As the prospect
is now better and the second financial contribution can be secured, we are looking forward to an
extended set of dia analysis also in the year 2006.

The Bern teanmwith Karol Kovacovskyorkedin close collaboration with the EZittam (Dr. André

Vogler)in Zurich under Prof. Peter Stamp. Pollen flow betwgellow and white maize has bestudied

by his team in collabration with us. The flow of pollen can be influenced by many factors. One of these
is the existence of physical barriers like buildings, hedges, forest patches hillalkstc. Our work
consistedof mapping all the potential obstacles to this gene flovaiperimeter of 500 meters around
each experimental field. For this we uke GISMAPPERO collect the data that will be analysed in

order to produce a digital map in a suitable scale 06@00 or 1 10000.We were advised in the use of
this systen by Dr. Dieter Bratschi, it was due to his knowledge and insight we were able to produce
detailed GIS based mapkhe GIS mapng system (GIBIAPPERas been finaced additionally by the
ministry of eavironment (BUWALnow BAFYof the Swiss Government

Unfortunately and tragically, Karol Kovacovsky, who was the central figure in organizing field work and
data collection, died unexpectedB007from an acute diseaseHe left a big gapehindwithin the Bern

team, but fortunatelythe original dataandorganizational details were safed in an organiaey which
made it now possible to reconstruct the project work and results.

The GISIAPPER hadsobeen successfully uséa order to analyze the region of the test fields and
surrounding conventional mze fields which are done by Prof. Peter Stamp and his team in ZAttiice
ETHZear Zurich.

Tasks within work -package of the SIGMEA project
Distribution of conventional and organic maize fields in Swiss hilly regions

The projectields inEclepensrerather smalland situated in a hilly situation, surrounded by patches of
forests and hedgedike in many other hilly regiorSwitzerland The research fields are also in a normal
size ofabout one to three hectares. This creates difficulties to ensuréma@hdistances between GMO
fields and, for example, fields from organic farmers or farmers cultivadimg) faces for niche

production, see the mafg. 3 in(Sanvido, 2008 However, when we started the SIGMEA projact,

valid documentation existedn field szes, field forms, their distances from each other, their differences
in altitudes, their cultivation type (organic or conventional) écSwitzerlandHowever, this

information is essential to develop strategies for separate production lines.



3. Geographical situation

3.1. Situation in Switzerland

Fig.1 Geographical Situation Eclepens field experiments SIGMEA

3.2. Topogra phic situation

In the region around Eclepens, in the Western part of Switzerland the main cultivars are ivpetaand
maize. A moderate climate of 850mm precipitation and an annual mean temperature of 9.3°C, with a
summer temperature of 14.6°C from April to October.

In a hilly topography,onah3d K 2F pTAnY 2 NKRYK §I 2R&A f2fdZeinaifciSithney = (K S
lower hights around 500m. Field | and Il slightly exposed to N with 10% and VI more exposed towards
bo9d ¢KS R2YAYlIyid gAYyR adaidsSy Aa oft2¢6Ay3a FNRY GKS



SARRAZ Aufnahme 3.07

Fig.2 Field experiments SIGMEA Epéns La Sarraz, Fields with yellow, white and white maize

3.3.  Agronomic situation

Also the soil shows normal characteristics: Clayish brown soil with medium humus content of 36%
humus and 25.6 % clay and 37.1 % silt, with a normal pH of 7.6.

Maize is cultiated according to normal Swiss rules. 9.8 grains gewith a distance of sowing rows of
75 cm were sown between April 27 to 29, 2006, foregoing a slight treatment of the soil.

Aplication of fertilizer follows normal Swiss treatmentb8fkg/ha for N, 8 kg/ha for P et 84 kg/ha for
K, which is then followed /30 kg/ha oilN at the 6leave stadeAt the same phase herbicide treatment
of 1l/ha of Calisto(mesotriong et 1l/ha ofDasul Gicosulfuron has been applied. Finally, the

Trichogramma brassiea, parasitoide oophagous hymoneoptex&re introduced againsOstrinia
nubilaliswith thea ¢ NA OK202E¢ a&dadsSvyo



3.4. The detailed geographical situation of the field trials

Fields k IV

SARRAZ Aufrahme 3.07

Fig.3 Field experiments SIGMEA, EclepensSaaraz, Field with yellow, white and blue maize, detailed scale

3.5.  The detailed topography of the two main research fields

The main research field (I and II) is situated at a slight slope (€8%0nclination) and in Northern
exposition.

Field lis thesouthern half of the whole field, and it is planted with yellow maize.
Field llis the northern half o the whole field and it is planted with white maize

All the other fields are the sources of yellow long distance maize.



As a surrounding sheath and amarker trait the blue maize is planteth fig. 4 the points and lines of
sampling are marked.

Since the research group of the ETHZ concentrated in their studies on short distance pollen flight and
gene flow studies, including topographic influences aretlssontamination, we were able to
concentrate, in collaboration with the Swiss College of Agriculture on long distance pollen mediated

gene flow with yellow maize as main study object, white maize as the receptor trait and blue maize for
short distance sda estimates.

Fig.4 Gene Flow Eclepens, general map of sampling fields, with more details of sampling rows



















































