Références se rapportant à la dispersion biologique des transgènes de maïs
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Salamov AB, 1940. ? On spatial segregation of maize. Selekcija i Semenovodstvo 1940(3): 25–27 (in Russian: German translation in Sanvido, 2006)
· (In Van De Wiel, 2006. NJAS 54 //Salamov (1940), who is regularly cited in coexistence discussions, found a record value of 0.79% at 600 m in an agriculturally more representative set up of 10 ha white hybrid maize next to a 2 ha yellow source. However, consultation of the original publication in Russian (translation by D. Finaev) learned that Salamov‘s results were incompletely represented by Jones and Brooks (1950). The white hybrid maize used as receptor turned out to contain an admixture with yellow grains and yellow grains were used as marker to determine the amount of hybridization. For this reason Salamov himself did not regard his values as fully representative of the amount of hybridization at longer distances.//) 

· (In Bannert, Thesis 2006 // Existing studies about the long distance dispersal of maize are heterogeneous and difficult to compare, possibly due to the fact that the genetic material, the size of the donor and receptor field, the topography and the climatic situation are diverse. In older studies generally much higher cross-pollination rates were reported. A up to 0.79% at distances beyond up to 800 m in the northern Kaukasus (Russia) has been found, but authors concluded in this much-cited study that the reason for this was a contamination of white grain with yellow grain maize leading to variation independent of distance.//) 

· (In Brooks et al, 2004: Cross-pollination levels of 3.3% at 10 meters from the pollen source, 0.5% at 200 m, 0.8% at 600 m and 0.2% at 800 m; // Levels of outcrossing in the immediate vicinity are lower than those reported by Jones and Brooks (1950) due to the placement of the Salamov's traps on the windward side.//) 

· (In Sanvido et al, 2008 // In order to maintain the purity of maize varieties in seed production, cross-fertilization rates have been investigated in several early studies performed around the 1950s' (Salamov 1940; Bateman 1947; Jones and Brooks 1950, 1952), …. The results of these studies, and the general experiences gained in seed production, were used to define recommendations for isolation distances in maize seed production, which subsequently entered various national legislations. // The studies by Bateman (1947) and by Salamov (1940) were excluded due to experimental limitations. While the study performed by Bateman (1947) was considered unsuitable due to its experimental setup using single maize plants as pollen receptors, the cross-fertilization results reported by Salamov (1940) were partially affected by seed impurities in the white kernel variety resulting in yellow kernel-producing plants growing within the white maize receptor field. Although Salamov (1940) reports a reduction of the cross-fertilization rate within the first 50 m, the number of yellow kernels (so-called xenia grains) in cobs of the white kernel variety located further away did not continuously decrease with distance (e.g., 0.02% at 400 m but 0.79% at 600 m). The author states that ''finding xenia grains away from the yellow maize could not be taken as a marker for the effective flight of the pollen from the yellow grain maize plot, because xenia was found even in the (purest) white maize (seed), as is visible from the field testing data'' (Salamov 1940).//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Lonnquist JH, Jugenheimer RW 1943. * Factors affecting the success of pollination in corn. J. Am. Soc. Agron. 35:923-933.

· (In Bannert, 2006 // tassels exposed to heat and drought resulted in poorly pollinated ears.// ). 

· (In Angevin et al, 2008 // Major factors are: the distance between emitting and recipient fields, their shapes (Bateman, 1947a; Klein et al., 2006), synchronisation of flowering (Bateman, 1947b; Du Plessis and Dijkhuis, 1967; Hall et al, 1981; Boyat et al, 1984; Bassetti and Westgate, 1994), and climatic conditions (Lonnquist and Jugenheimer, 1943; Bateman, 1947b).// Because adventitious presence is mainly due to intra-specific cross-pollination in crop and seed production fields, it is necessary to take into account the factors influencing this phenomenon to forecast the level of GM material in conventional production and to assess the feasibility of coexistence. Major factors are: the distance between emitting and recipient fields, their shapes (Bateman, 1947a; Klein et al, 2006), synchronisation of flowering (Bateman, 1947b; Du Plessis and Dijkhuis, 1967; Hall et al, 1981; Boyat et al, 1984; Bassetti and Westgate, 1994), and climatic conditions (Lonnquist and Jugenheimer, 1943; Bateman, 1947b).// The main factor causing pollen death is dehydration due to high air temperature (Lonnquist and Jugenheimer, 1943; Du Plessis and Dijkhuis, 1967; Herrero and Johnson, 1980,1981; Schoper et al., 1986; Bolanos and Edmeades, 1993) and/or low relative humidity (Lonnquist and Jugenheimer, 1943; Hsu and Peterson, 1991; Aylor, 2004; Fonseca and Westgate, 2005).//) 
· (In Messéan et al, 2006 // The distance between emitting and receiving fields, their shapes (Lavigne et al, 1996; Klein et al, 2005), synchronisation of flowering (Du Plessis and Dijkhuis, 1967; Hall et al, 1981, Boyat et al., 1984, Bassetti and Westgate, 1994), and climatic conditions (Lonnquist and Jugenheimer, 1943) are major factors explaining cross-pollination rates. However, up to now, it is difficult to quantify the small amount of pollen disseminated to far away points through convective fluxes and its role in long-distance pollination (Emberlin, ibid.; Brunet et al, 2003; Aylor et al., 2003).//) 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Bateman AJ, 1947. *Contamination in seed crops — I. Insect pollination. J. Genet. 48: 257–275.

· (In Eastham and Sweet, 2002 //Maize is primarily wind pollinated although there is evidence to suggest that bees and other insects collect pollen from maize.//)
· (In Angevin et al, 2008 // As regards pollen flow, maize is an open pollinating crop (Purseglove, 1972) and wind-pollinated (Bateman, 1947b; Treu and Emberlin, 2000). Male and female flowers are separated on the plant, and most of the varieties currently grown display protandry, e.g., male flowering begins before female flowering favouring allogamy (Bateman, 1947a; Struik and Makonnen, 1992; Emberlin et al., 1999).// Because adventitious presence is mainly due to intra-specific cross-pollination in crop and seed production fields, it is necessary to take into account the factors influencing this phenomenon to forecast the level of GM material in conventional production and to assess the feasibility of coexistence. Major factors are: the distance between emitting and recipient fields, their shapes (Bateman, 1947a; Klein et al., 2006), synchronisation of flowering (Bateman, 1947b; Du Plessis and Dijkhuis, 1967; Hall et al., 1981; Boyat et al., 1984; Bassetti and Westgate, 1994), and climatic conditions (Lonnquist and Jugenheimer, 1943; Bateman, 1947b).//) 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Bateman AJ, 1947. * Contamination of seed crops — II. Wind pollination. Heredity 1: 235-246.

· (In Ma et al, 2004: - only 1% of the pollen grains at source was found at 27 m) 

· (In Messean, 2008 // Le pollen de maïs est relativement lourd et la dispersion décroît rapidement avec la distance // La taille relative des champs émetteurs et donneurs, la distance, la synchronisation des floraisons et les caractéristiques du vent sont les facteurs principaux expliquant les niveaux de pollinisation croisée entre champs de maïs//) 

· (In Bannert, 2006 //The initial cross-pollination rate in the fi rst adjacent rows (distance 0.75 - 1 m) varies between different experiments from highest rates of about 35 % in old studies (Bateman, 1947) to values of about 22 % in recent studies with modern hybrids (Byrne and Fromherz, 2003; Ma et al., 2004) to lowest initial cross-pollination rates of 2 % (Ma et al., 2004).// ) 
· (In Eastham and Sweet, 2002 // found in an experiment that used 3 m2 of source plants to pollinate isolated plants, that the level of cross-pollination dropped from 40 % at 2.5 m to approximately 1 % at 20 m, with some difference in the pollination levels in the two directions assessed.) 
· (In Angevin et al, 2008 // As regards pollen flow, maize is an open pollinating crop (Purseglove, 1972) and wind-pollinated (Bateman, 1947b; Treu and Emberlin, 2000). Male and female flowers are separated on the plant, and most of the varieties currently grown display protandry, e.g., male flowering begins before female flowering favouring allogamy (Bateman, 1947a; Struik and Makonnen, 1992; Emberlin et al., 1999).// Adventitious presence ofGMseeds in non-GM harvests may occur due to pollen flow, impurities in seed lots, and volunteers (Colbach et al., 2001b). Most of the released pollen travels no further than several metres from the emitting plant, and although the quantity of dispersed pollen diminishes with distance (Bateman, 1947a,b; Raynor et al., 1972), some long-distance dispersal is possible (Jones and Brooks, 1950; Byrne and Fromherz, 2003; Bannert and Stamp, 2007). Pollen transfer between GM and non-GM maize fields could therefore result in cross-pollination and then in GM adventitious presence in non-GM harvest as already observed between two fields grown with conventional varieties (Bateman, 1947b).// As regards pollen flow, maize is an open pollinating crop (Purseglove, 1972) and wind-pollinated (Bateman, 1947b; Treu and Emberlin, 2000). Male and female flowers are separated on the plant, and most of the varieties currently grown display protandry, e.g., male flowering begins before female flowering favouring allogamy (Bateman, 1947a; Struik and Makonnen, 1992; Emberlin et al., 1999).// Most of the released pollen travels no further than several metres from the emitting plant, and although the quantity of dispersed pollen diminishes with distance (Bateman, 1947a,b; Raynor et al., 1972), some long-distance dispersal is possible (Jones and Brooks, 1950; Byrne and Fromherz, 2003; Bannert and Stamp, 2007). Pollen transfer between GM and non-GM maize fields could therefore result in cross-pollination and then in GM adventitious presence in non-GM harvest as already observed between two fields grown with conventional varieties (Bateman, 1947b).// Because adventitious presence is mainly due to intra-specific cross-pollination in crop and seed production fields, it is necessary to take into account the factors influencing this phenomenon to forecast the level of GM material in conventional production and to assess the feasibility of coexistence. Major factors are: the distance between emitting and recipient fields, their shapes (Bateman, 1947a; Klein et al., 2006), synchronisation of flowering (Bateman, 1947b; Du Plessis and Dijkhuis, 1967; Hall et al., 1981; Boyat et al., 1984; Bassetti and Westgate, 1994), and climatic conditions (Lonnquist and Jugenheimer, 1943; Bateman, 1947b).// The model was specifically designed as a tool for decision support in coexistence studies at these scales. As a consequence, the model had to (i) use readily available input data; (ii) explicitly include the effect of agricultural practices; (iii) be adapted to a diversity of agro-climatic contexts, and (iv) require minimal computation time. These standards were met in the pollen dispersal module by choosing an intermediate approach between empirical and physical models (Lavigne et al, 2004). The former approach consists in fitting simple mathematical functions to experimental data but their parameters have no biological or physical meaning and they are therefore difficult to extrapolate to other agro-climatic contexts (Bateman, 1947b; Gliddon, 1999; Funk et al, 2006).// We needed a quantitative shape for the MAPOD flowering dynamics because cross-pollination rates highly depend on the quantitative dynamics of pollen and silk emission (Bateman, 1947b). We mostly based our flowering dynamics on empirical data (consistent with recent studies performed in contrasted environments, Uribelarrea et al., 2002; Lizaso et al., 2003; Jarosz et al., 2003).//) 
· (In Sanvido et al, 2008 // In order to maintain the purity of maize varieties in seed production, cross-fertilization rates have been investigated in several early studies performed around the 1950s' (Salamov 1940; Bateman 1947; Jones and Brooks 1950, 1952), as well as in some more recent studies (Das 1983; Narayanaswamy et al. 1997; Burris 2001).//The studies by Bateman (1947) and by Salamov (1940) were excluded due to experimental limitations. While the study performed by Bateman (1947) was considered unsuitable due to its experimental setup using single maize plants as pollen receptors, the cross-fertilization results reported by Salamov (1940) were partially affected by seed impurities in the white kernel variety resulting in yellow kernel-producing plants growing within the white maize receptor field.
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Jones Md, Newell LC, 1948. * Longevity of pollen and stigmas of grasses: Buffalograss, Buchloe dactyloedes Engelm., and corn, Zea mays L. J. Am. Soc. Agron. 40(3): 195-204

· (In Bannert, 2006 //Jones and Newell (1948) found production rates between 9,000 to 50,000 pollen grains per kernel set, depending on the genotype. This range is typical of wind-pollinated species. There is large variation in the estimates of pollen numbers per tassels; reports estimates ranging from 14 to 50 million in older varieties to 2 to 5 million in modern hybrids. Because of selection for reduced male dominance, the size of an average dent hybrid tassel has declined over the last three decades; this was due to selection for closer spacing that demanded smaller tassel size and reduced pollen production.) 

· From Non-GM-Farmers.com (28 march 2004) [NOTE: According to MAAF (2000), the best body of data for estimating cross-pollination in maize is the Jones and Brooks study.] The 3-year means (and range) of cross pollination at different separation distances from the study are given below: 

	25 m 
	14.2 % 
	(7 - 19.8 %) 

	75 m 
	5.8 % 
	(3.6 - 8.6 %) 

	125 m 
	2.3 % 
	(0.8 - 3.7 %) 

	200 m 
	1.19 % 
	(0.4 - 2.5 %) 

	300 m 
	0.48 % 
	(0.15 - 0.99 %) 

	400 m 
	0.23 % 
	(0.15 - 0.32 %) 

	50 0m 
	0.20 % 
	(0.12 - 0.32 %) 


(Source: The National Pollen Research Unit, University College, Worcester, WR2 6 AJ) [NOTE: Based on the finding from this study the current boundaries set for GMO maize risk contamination of non-GMO crops.] 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Kiesselbach TA, 1949. £ The structure and reproduction of corn. Research Bull. P161. Agric. Exp. Stn. Univ. Nebraska, Lincoln, NE.

· (In Ma et al, 2004 - Under natural conditions, the majority of pollen grains from a plant are normally assumed to fall within the row space. It is also suspected that a small amount of pollen can be transported over longer distances given favorable wind speeds and appropriate humidity.)

· (In Bannert, 2006 //In a study of settling velocities of various pollen types, Di-Giovanni et al. (1995) reported that maize settled nearly ten times faster than other pollen types. Under natural conditions, most of the pollen grains usually fall on the soil surface between the rows. However, it is assumed that a small amount of pollen can be transported over longer distances given favourable wind speeds and appropriate humidity (Kiesselbach, 1949; Garcia et al., 1998).// )
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Jones MD, Brooks JS, 1950. Effectiveness of distance and border rows in preventing outcrossing in corn. Oklahoma Agricultural Experimental Station, Technical Bulletin No. T-38.

· (In Bannert, Thesis 2006 //Studies of cross-pollination in maize generally showed a rapid decrease over short distances up to 30 m, often accompanied by high variation, and a long tail with low cross-pollinations occurring over several hundred meters.// Existing studies about the long distance dispersal of maize are heterogeneous and difficult to compare, possibly due to the fact that the genetic material, the size of the donor and receptor field, the topography and the climatic situation are diverse. In older studies generally much higher cross-pollination rates were reported. A cross-pollination of 5.8% in 75 m and 0.2% in 500 m in Oklahoma (USA) for two open-pollinated varieties has been found.//) 

·  (In Brookes et al, 2004: Brookes et al measured the percentage of outcrossing between large blocks of emitter and receptor crops over a three year period. The average level of cross-pollination in rows immediately adjacent to the crop were found to be 25.4% falling to 1.6% at 200 meters and 0.2% at 500 meters) 

· (In Eastham and Sweet, 2002 // According to Jones and Brooks (1950) one year (1948) during their three years of experiments in the US showed particularly low pollen dispersal due to rainy weather and low wind velocity during much of the pollination season.// Measured the percentage of outcrossing between large blocks of emmiter and receptor crops over a period of three years at a maximum distance of 500 m. The mean hybridization directly adjacent to the crop measured 25.4 %, falling to 1.6 % at 200 m and 0.2 % at 500 m. A similar study by Salamov (1940) reported mean hybridisation figures of 3.3 % at 10 m from the pollen source, 0.5 % at 200 m, 0.8 % at 600 m and 0.2 % at 800 m.//) 

· (In Angevin et al, 2008.// Most of the released pollen travels no further than several metres from the emitting plant, and although the quantity of dispersed pollen diminishes with distance (Bateman, 1947ab; Raynor et al, 1972), some long-distance dispersal is possible (Jones and Brooks, 1950; Byrne and Fromherz, 2003; Bannert and Stamp, 2007). 

· (In Sanvido et al, 2008 // In order to maintain the purity of maize varieties in seed production, cross-fertilization rates have been investigated in several early studies performed around the 1950s' (Salamov 1940; Bateman 1947; Jones and Brooks 1950, 1952), as well as in some more recent studies (Das 1983; Narayanaswamy et al. 1997; Burris 2001). //This difference between open-pollinated and modern hybrid varieties allows to explain the results obtained by Jones and Brooks (1950), who to our opinion do not provide the necessary information for defining recommendations on isolation distances between GM and non-GM maize.// The synchrony between male and female flowering is thus higher in modern hybrid varieties, reducing the time period in which female silks are still receptive after male pollen shed is terminated. This reduces the probability of crossfertilization by pollen from neighbouring fields. This difference between open-pollinated and modern hybrid varieties allows to explain the results obtained by Jones and Brooks (1950), who to our opinion do not provide the necessary information for defining recommendations on isolation distances between GM and non-GM maize.//) 

· (From Baltazar and Schoper, 2002. // Wind direction, turbulence and velocity are directly linked to pollen movement (Jones and Brooks, 1950; Di-Giovanni and Kevan, 1991; Di-Giovanni et al, 1995).) 

· (In Eastham and Sweet, 2002. // Experiments which monitor the movement of pollen (Paterniani and Stort, 1974; Sears and Stanley-Horn, 2000) or record levels of crossing (Messean, 1999) have shown that pollination can be highly directionally-orientated with a much higher incidence downwind of the emitting crop. According to Jones and Brooks (1950) one year (1948) during their three years of experiments in the US showed particularly low pollen dispersal due to rainy weather and low wind velocity during much of the pollination season.// Measured the percentage of outcrossing between large blocks of emmiter and receptor crops over a period of three years at a maximum distance of 500 m. The mean hybridization directly adjacent to the crop measured 25.4 %, falling to 1.6 % at 200 m and 0.2 % at 500 m. A similar study by Salamov (1940) reported mean hybridisation figures of 3.3 % at 10 m from the pollen source, 0.5 % at 200 m, 0.8 % at 600 m and 0.2 % at 800 m.//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Kiesselbach TA, 1950. ** Progressive development and seasonal variations of the corn crop. Nebraska Agric. Exp. Stn. Bull. 166.

· (In Bannert, Thesis 2006 // Under natural conditions, most of the pollen grains usually fall on the soil surface between the rows. However, it is assumed that a small amount of pollen can be transported over longer distances given favourable wind speeds and appropriate humidity.// reported silk delay in response to drought.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Haskell G, Dow P, 1951. Studies with Sweet Corn 5: Seed-Settings with Distances from Pollen Source. Emp. J. Exper. Agric. 19: 45-50.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Jones MD, Brooks JS, 1952. ££ Effect of tree barriers on outcrossing in corn. Oklahoma Agricultural Experimental Station, Technical Bulletin No. T-45.

· The average level of cross-pollination in rows immediately adjacent to the crop was found to be 25.4% falling to 1.6% at 200 metres and 0.2% at 500 metres. The reduction was even greater when an intervening crop was used (it provides competing pollen) and when open ground or low growing barrier crops exist to isolate maize crops, it appears that the first few rows intercept a high proportion of the pollen, so that cross-pollination levels are highest in these rows and then decrease exponentially with distance.

· (In Brookes et al, 2004. // measured the percentage of outcrossing between large blocks of emitter and receptor crops over a three year period. The average level of cross-pollination in rows immediately adjacent to the crop were found to be 25.4% falling to 1.6% at 200 metres and 0.2% at 500 metres; // experimented with barriers to cross-pollination and found a single row of trees and under bush reduced out-crossing by 50% immediately behind the barrier. The reduction was even greater when an intervening crop was used (itprovides competing pollen) and when open ground or low growing barrier crops exist to isolate maize crops, it appears that the first few rows intercept a high proportion of the pollen, so that cross-pollination levels are highest in these rows and then decrease exponentially with distance;// ) 

· (In Brookes et al, 2006 : Disruption of pollen dispersal and viability // Jones and Brooks (1952) experimented with barriers to cross-pollination and found a single row of trees and under bush reduced out-crossing by 50% immediately behind the barrier. The reduction was even greater when an intervening crop was used (it provides competing pollen) and when open ground or low growing barrier crops exist to isolate maize crops, it appears that the first few rows intercept a high proportion of the pollen, so that cross-pollination levels are highest in these rows and then decrease exponentially with distance) 

· (In Eastham and Sweet, 2002. //experimented with barriers to cross-pollination, and found that a single row of trees and underbush reduced outcrossing by 50 % immediately behind the barrier. However it appeared that the reduction was considerably less than if the space had been filled with intervening crop, presumably because the trees did not provide any competing pollen. When open ground or low growing barrier crops exist to isolate maize crops, it appears that the first few maize rows intercept a high proportion of the cross-pollination and then it decreases exponentially with distance.//) 

· (In Sanvido et al, 2008 // In order to maintain the purity of maize varieties in seed production, cross-fertilization rates have been investigated in several early studies performed around the 1950s' (Salamov 1940; Bateman 1947; Jones and Brooks, 1950, 1952), as well as in some more recent studies (Das 1983; Narayanaswamy et al. 1997; Burris 2001). // A comparison between studies conducted with modern hybrid varieties (Table 1) and a study conducted with open-pollinated varieties (Jones and Brooks, 1950) clearly showed that cross-fertilization rates among open-pollinated varieties were distinctively higher than those reported for hybrid varieties (Fig. 1). Unfortunately, the results reported by Jones and Brooks (1950) are often used to estimate isolation distances in the context of coexistence of GM and non-GM maize (Ingram 2000; Feil and Schmid 2002; Wolt et al. 2004).//)  

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

DuPlessis DP, Dijkhuis FJ, 1967. * The inheritance of lag time between pollen shedding and silking on the yield of maize. S. Afr. J. Agric. Sci. 10:667-674

· (In Bannert 2006 // reported an 82% decline in grain yield as the anthesis silking interval increased from 0 to 28 days under drought stress.// ) 

· (In Messéan et al, 2006 // The distance between emitting and receiving fields, their shapes (Lavigne et al, 1996; Klein et al, 2005), synchronisation of flowering (Du Plessis and Dijkhuis, 1967; Hall et al., 1981, Boyat et al., 1984, Bassetti and Westgate, 1994), and climatic conditions (Lonnquist and Jugenheimer, 1943) are major factors explaining cross-pollination rates.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Wilkes HG, 1967. $ Teosinte: the closest relative of maize. Bussey Inst. Harvard Univ. 159 p.

· (From Baltazar and Schoper, 2002. // Gene flow between hybrid maize and its closest relative, teosinte (Zea mays ssp. mexicana) is only possible in Mexico and Central America. In the Central Plateau and Valley of Mexico, maize (Zea mays ssp. mays) can grow sympatrically with teosinte (Zea mays ssp. mexicana) providing the opportunity for hybridization (Wilkes, 1967; Sanchez et al., 1998; Blancas, 2001). The genetic exchange between maize and teosinte is dependent on (1) the spatial isolation of the two species, (2) the seasonal isolation of the two species and (3) the fitness of the hybrids combined with the types of selection operating in the teosinte populations. Wilkes, 1967 and Sanchez et al., 1998, made a thorough review of teosinte distribution and characterization in Mexico. They describe dates of planting across the Mexican Republic, probability of outcrossing with maize due to synchronization and other parameters important for gene flow of maize with teosinte. Typically, the growing season for teosinte in Mexico is June through November. Seeds germinate with the beginning of the summer rains and growth parallels, but is later than the local cultivated maize. Flowering then occurs in September-October and the seeds mature in November. As a result, teosinte and maize can be thought of as seasonally isolated at most of the sites where they occur together, however, the isolation is not complete (Wilkes, 1967). As a result, the earliest flowering teosinte plants tend to overlap the end of the flowering period for maize.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Goss JA, 1968. * Development, physiology and biochemistry of corn and wheat pollen. Bot. Rev. 34:333-358

· (In Bannert, Thesis 2006 // However, depending on the environmental factors, mainly temperature (Goss, 1968; Schoper et al., 1987; Jemison and Vayda, 2001), humidity (Goss, 1968; Barnabas, 1984; Garcia et al., 1998; Traore et al., 2000; Jemison et Vayda, 2001) and atmospheric water potential (Luna et al., 2001), pollen can remain viable for up to 24 h after shedding. Cool temperatures and high humidity favour pollen longevity.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Purseglove JW, 1972. ££ Tropical crops, Monocotyledons. London: Longman Group

· (In Angevin et al, 2008 // As regards pollen flow, maize is an open pollinating crop (Purseglove, 1972) and wind-pollinated (Bateman, 1947b; Treu and Emberlin, 2000). // Close values were reported for duration of pollen emission in other contexts: 4 days (Bassetti and Westgate, 1994), and 7 days (Hsu and Peterson, 1991), with 2/3 of all pollen emitted in the first 2 or 3 days (Purseglove, 1972; Westgate et al., 2003).//) 

· (In Messéan et al, 2006 // Maize is an open pollinating crop (only about 5% self-pollination; Purseglove, 1972) and predominantly wind-pollinated.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Raynor GS, Ogden EC, Hays JV, 1972. * Dispersion and deposition of corn pollen from experimental sources. Agron. J., 64, 420-427.

· The atmospheric dispersion and subsequent deposition of corn (Zea mays L.) pollen emitted from plants in two 18-m diameter plots were studied in 39 tests at Brookhaven National Laboratory to compare the spread of this large pollen to that of smaller pollens studied previously. Concentrations were measured by wind-impaction samplers mounted at four heights (0.5 to 4.6 m) and at five distances from the source on 20-degree radii. Deposition was measured by greased microscope slides on the ground. 

Data were analyzed in terms of current meteorological dispersion theory. Normalized centerline concentrations, crosswind integrated concentrations,plume widths and heights, and mass flux are presented as functions of distance and compared to similar data from ragweed (Ambrosia) and timothy (Phleum pratense) sources of comparable size. Normalized centerline and crosswind integrated deposition and velocity of deposition are also presented as functions of distance and are compared to ragweed and timothy pollen data. The study shows that corn pollen is not transported as far by the wind as smaller pollens, does not disperse as widely in either the horizontal or the vertical direction and settles to earth more quickly, much of it within the source itself. The dispersion of corn pollen is influenced by its large size and rapid settling rate. At 60 m from the source in the downwind direction, concentrations average about 1% of those at 1 m. Width of the pollen plume at 60 m is less than that of smaller pollens under similar conditions. The rate of settling opposes the rate of upward dispersion so that the height of the pollen plume does not increase continuously with downwind distance. At 60 m from the source concentrations integrated in the crosswind direction average from 3 to 6% of those at 1 m. The total amount of pollen remaining airborne at 60 m is 5% of that at 1 m. Total deposition within the source plot is greater than that outside. Deposition per unit area at 60 m downwind is only 0.2% of that near the source. Crosswind integrated deposition at 60 m varies from 0.5 to 0.8% of that at 1 m. The velocity of deposition at 32 m from the source averages about 33 cm/sec.

· In Bannert, Thesis 2006 // Studies of cross-pollination in maize generally showed a rapid decrease over short distances up to 30 m, often accompanied by high variation, and a long tail with low cross-pollinations occurring over several hundred meters.//Jones and Newell (1948) and Raynor et al, 1972 found production rates between 9,000 to 50,000 pollen grains per kernel set, depending on the genotype. This range is typical of wind-pollinated species (Burris, 2001). // Wind is the main agent in pollination of maize. Maize pollen grains are one of the heaviest and largest (about 90 - 100 ?m in diameter) among the wind-dispersed pollen grains, thus limiting the distance maize pollen can travel. Pollen that has travelled over long distances will certainly be in disadvantage compared to freshly shed pollen of a field.//) 

·  (In Sears, 2006 // Characteristics of potential exposure to a toxic effect include the quantity and extent of pattern of pollen dispersed from maize fields//) 

· (In Ma et al, 2004: - Only 0.2% maize pollen deposition per unit area at 60 m from the original source.) 

· (In Lipsius et al, 2006 // maize pollen is predominately deposited inside the source field, with deposition decreasing rapidly with distance from the source field// A number of field trials with maize have been performed to study some of the effects of the factors influencing pollen fluxes. Such studies can give direct estimates of pollen dispersal, but cannot be generalized to other geometries, crops and atmospheric conditions, and are therefore of limited use as predictive tools. Computer simulations circumvent these shortcomings because they allow a dramatically increased number of contexts studied.//) 

· (In Angevin et al, 2008 // Most of the released pollen travels no further than several metres from the emitting plant, and although the quantity of dispersed pollen diminishes with distance (Bateman, 1947a,b; Raynor et al, 1972), some long-distance dispersal is possible (Jones and Brooks, 1950; Byrne and Fromherz, 2003; Bannert and Stamp, 2007).//) 

· (In Sanvido et al, 2008 //… biological and physical parameters influencing cross-fertilization in maize have been largely reviewed by others (Raynor et al, 1972; Aylor 2004; Devos et al. 2005),//. Although studies investigating the flowering dynamics and mechanisms of maize pollen dispersal (Raynor et al, 1972; Di Giovanni et al. 1995; Aylor et al. 2003; Klein et al. 2003; Lizaso et al. 2003; Aylor 2004; Fonseca et al. 2004; Yamamura 2004; Fonseca and Westgate 2005) are important in understanding these components, pollen dispersal rates are not equivalent to crossfertilization rates. These studies were therefore not considered for the here presented analysis.//) 

· (In Messéan et al, 2006 // Pollen is spread from plant to plant through physical contact between neighbouring plants and by wind. Most of the pollen released remains within a few metres of the emitting plant, and the quantity of pollen dispersed diminishes with distance (Raynor et al, 1972) //) 

· (From Baltazar and Schoper, 2002. // Controlling gene flow at the parent and commercial seed production levels is critical to provide farmers with the levels of purity required by international trade agencies and is a useful reference for researchers (Bateman, 1947; Raynor et al, 1972; Jemison and Vayda, 2001). In the USA, state seed certifying agencies are responsible for official standards for certified seed. The standards, which vary somewhat by state, generally set minimum distances for isolation. These distances are modified by 1) additional border rows, 2) size of the field and production block, 3) adequate natural barriers (in some states), and 4) differential flowering dates (in some states). 

· When either zero or one-border rows are used, minimum distances from 125-200 mts are typically required between the female parent of the hybrid being produced and any other corn of the same seed color, maturity, or endosperm type. If the corn has different kernel color or endosperm type, an isolation distance of 200 mts. is required. Embedded in these recommendations is the recognition that some adventitious presence is inevitable in large-scale plantings. As a result, the OECD established purity levels for parent seed at 99.0-99.5% and for hybrid maize seed at 98-99%. These widely accepted international standards for certification of varietal purity could also be useful when trying to establish thresholds for purity of non-transgenic maize.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Paterniani E, Stort AC, 1974. * Effective maize pollen dispersal in the field. Euphytica. 23:129-134. http://www.springerlink.com/content/j46770764q814u54/fulltext.pdf?page=1  

· The study was set up to gain information on the effective dispersal of maize pollen and the degree of randomness in mating. The results show that plants near the source tend to receive a greater quantity of pollen than those further away. It was further observed that the effective pollen dispersal was not uniform in all directions. In addition, the distance measured in number of plants is more important in assessing the efficiency of pollen dispersal than the distance in meters. The findings indicate that maize is indeed a panmitic population, in which a great number of parents or the male gametes are considerably mixed

· (In Bannert 2006 //reported a flowering time of a tropical maize field of about 10 to 15 days.). 

· (In Brookes et al, 2004 // Maize pollen is released in very large quantities, between 4.5 and 25 million pollen grains per plant over a typical 5-8 day period). 

· (In Eastham and Sweet, 2002 // Experiments which monitor the movement of pollen (Paterniani and Stort, 1974; Sears and Stanley-Horn, 2000) or record levels of crossing (Messean, 1999) have shown that pollination can be highly directionally-orientated with a much higher incidence downwind of the emitting crop.//) 

· Authors argue that corn produces between 4.5 and 25.106 grains of pollen. 95 to 99% of the pollen released by the source are within 30 to 50m. Parental lines of hybrids produce less pollen (0.5 to 3 million per plant) than the hybrid one (9.6 to 11.3 million))

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Raynor GS, Ogden EC, Hayes JV, 1974. *Enhancement of particulate concentrations downwind of vegetative barriers. Agricultural Meteorology, 13, 181-188

Jurgenheimer R (1976). // In Corn improvement, seed production and uses, Wiley Interscience,

· cited in Henry et al, 2003 

· (In Brookes et al, 2004. // found levels of cross-pollination of 4.5% at 3 metres//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Wilkes HG, 1977. * Hybridization of maize and teosinte in Mexico and Guatemala and the improvement of maize. Econ. Bot. 31: 254- 293.

· The recognition and subsequent detection of the importance of teosinte introgression in the racial diversity and heterotic gene architecture of maize has been one of the outstanding achievements of Paul C. Mangelsdorf‘s investigations into the origin of maize. This paper documents three areas in Mexico and Guatemala where maize and teosinte hybridize and where there is a system by which native cultivators exploit the heterotic nature of maize to increase their harvest. There is little reason to doubt that the hybridization and subsequent introgression of teosinte genes into maize observed at these sites is changed from that which has occurred over the past three thousand years resulting in the tremendous diversity and pronounced hybrid vigor in maize. 

· Paper presented at the Botanical Museum of Harvard University interdisciplinary symposium: ―The Origin of Zea mays and its Relatives, October 5, 6, 1973

· (In Baltazar et al, 2004//Natural gene exchange between maize and teosinte has led to the genetic diversity that is found in Mexican farmer's fields today; farmers have diversified the original germplasm into about 60 maize landraces in Mexico.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Herrero MP, Johnson RR, 1980. * High temperature stress and pollen viability of maize. Crop Sci. 20, 796-800.

· High temperatures during maize (Zea mays L.) pollinatiou are known to result in poor kernel set, but little is known of the direct effects of temperature on pollen germination. The purpose of this research was to determine how in vitru pollen germination of different maize genotypes is affected by high temperature stress during anthesis. Tassels from field-grown plants were excised at beginning anthesis, placed in water and transferred to growth chambers maintained at daytime temperatures of 27, 32, and 38°C. Nighttime temperatures were maintained 6 C cooler. In vitro germination was measured after 24 and 48 hours in the growth chamber as well as on pollen collected directly in the field. Genotypes differed in their response to temperature. In some genotypes pollen germination steadily decreased as temperature increased. Others either germinated equally well at 27 and 32°C or germinated better at 32 than at 27°C. All genotypes had a lower germination at 38°C than at 32 or 27°C, and several genotypes exhibited no germination after 48 hours at 38°C. After 24 hours in the 38°C chamber, six inbreds widely used in the 1970's germinated significantly better as a group than inbreds widely used in the 1950's and 1930's. Growth environment affected the absolute in vitro germination percentage, but in general genotypes retained similar relative responses to increasing temperature. Results from this study suggest that prolonged exposure to temperatures above 32°C can reduce pollen period)  

· (In Eastham and Sweet, 2002. // Experiments which monitor the movement of pollen (Paterniani and Stort, 1974; Sears and Stanley-Horn, 2000) or record levels of crossing (Messean, 1999) have shown that pollination can be highly directionally-orientated with a much higher incidence downwind of the emitting crop.//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Hall AJ, Lemcoff JH, Trapani N, 1981. * Water stress before and during flowering in maize and its effects on yield, its components, and their determinants. Maydica, XXVI, 19-38.
· Plants of a maize double-hybrid, Abatt 2 INTA, grown to maturity in sand nutrient solution culture under field weather conditions, and exposed to one or two cycles of drought at three developmental stages: immediately prior to tasseling, before pollen-shedding, and during silking. Drought reduced plant photosynthetic area and total dry matter and grain yields, and altered developmental patterns. Photosynthesis of the upper leaves was reduced during exposure to stress but later recovered to control levels. Kernel number proved to be the component of yield most affected by drought. Four causes of changes in kernel number were identified, their relative importance changing with the timing and duration of stress: failure of the basal ear and, in the apical ear, reduction in the number of spikelets, lack of pollen, and reduction in kernel set. Water stress had little influence on post anthesis dry matter partitioning except in plants droughted at silking.

· (In Messéan et al, 2006  // The distance between emitting and receiving fields, their shapes (Lavigne et al, 1996; Klein et al, 2005), synchronisation of flowering (Du Plessis and Dijkhuis, 1967; Hall et al, 1981, Boyat et al, 1984, Bassetti and Westgate, 1994), and climatic conditions (Lonnquist and Jugenheimer, 1943) are major factors explaining cross-pollination rates. However, up to now, it is difficult to quantify the small amount of pollen disseminated to far away points through convective fluxes and its role in long-distance pollination (Emberlin, ibid., Brunet et al, 2003; Aylor et al, 2003).//)

· From Baltazar and Schoper, 2002. // Under drought conditions silking can be significantly delayed compared to pollen shedding thus preventing synchronization and pollination (Hall et al, 1981; Hall et al, 1982).//)
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Herrero MP, Johnson RR, 1981. * Drought stress and its effects on maize reproductive systems. Crop Sci. 21, 105-110.

· Moisture stress during pollination of maize (Zea mays L.) can greatly reduce kernel set, yet little quantitative information is available on the effects of plant water status on male and female floral development. The purpose of this study was to establish different drought stress regimes during pollination and to measure synchronization of male and female floral development, pollen viability, and diurnal silk elongation rates. Single cross hybrids were field-grown in large pots and exposed to different soil moisture treatments at the time of tassel emergence. Compared to well-watered control plants, mild (no visible wilting) and severe (visible wilting) drought treatments increased the interval from initial silking to initial pollen shed by an average of 3 and 4 days, respectively. Increasing moisture deficits caused no change in in vitro pollen germination even though the severest drought treatment caused visible symptoms of midday wilting and of lower leaf senescence. Diurnal silk elongation measurements indicated that on clear days the majority of silk elongation occurs at night when ear leaf water potentials are highest. At similar morning leaf water potentials, stressed plants maintained a lower silk elongation rate than well#x2014; watered plants. Positive silk elongation ceased at ear leaf water potentials of about #x2014; 9 bars in droughted plants and at #x2014; 14 bars in well—watered plants, suggesting that factors other than water potential may also regulate rate of silk growth. It is concluded that drought beginning at anthesis has a greater effect on female than male floral development.

· (In Angevin et al, 2008 // Drought at flowering is also known to increase protandry (Du Plessis and Dijkhuis, 1967; Hall et al, 1981; Herrero and Johnson, 1981). The latter authors have shown that, when their control hybrid had a protandry of 0.6 day, a moderate stress (?11 to ?16 bar) led to 3.8 days of delay and a severe one (?16 to ?18 bar) to 4.5 days of delay.// The main factor causing pollen death is dehydration due to high air temperature (Lonnquist and Jugenheimer, 1943; Du Plessis and Dijkhuis, 1967; Herrero and Johnson, 1980, 1981; Schoper et al, 1986; Bolanos and Edmeades, 1993) and/or low relative humidity (Lonnquist and Jugenheimer, 1943; Hsu and Peterson, 1991; Aylor, 2004; Fonseca and Westgate, 2005). Using 15 North American genotypes, Herrero and Johnson (1980) have shown that for some genotypes germination decreased when temperature increased. At the most, 6% of the emitted pollenremained viable when exposed to a temperature of 38°C for 48 h. Rainfall or irrigation inhibits pollen emission because the anther dehiscence is limited by the mechanical layer. Moreover, pollen grains burst if they land on wet silks (Gay, 1983). Drought stress has no impact on pollen emission and viability (Herrero and Johnson, 1981; Schoper et al, 1986) but does affect silks. Some authors (Herrero and Johnson, 1981; Schoper et al, 1986; Bassetti and Westgate, 1993) have shown a decrease of silk receptivity under water stress.//) 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Hall AJ, Vilella F, Trapani N, Chimenti C, 1982. * The effect of water stress and genotype on the dynamics of pollen shedding and silking in maize. Field Crop Research, 5:349-363.

· (From Baltazar and Schoper, 2002. // Under drought conditions silking can be significantly delayed compared to pollen shedding thus preventing synchronization and pollination (Hall et al, 1981; Hall et al, 1982).//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Nowakowski J, Morse R, 1982. * The behaviour of honey bees in sweet corn fields in New York state. American Bee Journal: 13-16.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Das KGS, 1983, * Vicinity distance studies of hybrid seed production in maize (Zea mays L.) at Bangalore. Mysore J. Agric Sci 20:340- 

· (In Sanvido et al, 2008 // In order to maintain the purity of maize varieties in seed production, cross-fertilization rates have been investigated in several early studies performed around the 1950s' (Salamov, 1940; Bateman, 1947; Jones and Brooks, 1950, 1952), as well as in some more recent studies (Das, 1983; Narayanaswamy et al, 1997; Burris, 2001). The results of these studies, and the general experiences gained in seed production, were used to define recommendations for isolation distances in maize seed production, which subsequently entered various national legislations. Experimental data obtained from studies growing maize for hybrid seed production (Das, 1983; Narayanaswamy et al, 1997; Burris, 2001) was not taken into account, because common agricultural production of maize differs largely from hybrid seed production.//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Barnabas B, 1984. * Effect of water loss on germination ability of maize (Zea mays L.) pollen. Ann. Bot. 55:201-204. 

· The correlation between water content and viability of maize pollen grains was studied on the basis of the germination ability of pollen from a single cross hybrid. There was found to be close correlation between viability of the grains and their tolerance to desiccation. Most of the pollen grains in the hybrid examined survived a reduction by almost 50 per cent of the original water content without loss of normal function. With water loss greater than this, less vigorous pollen grains died or lost their ability to form pollen tubes. Consequently, when pollination was carried out using pollen with a water content reduced by more than 50 per cent, only the most tolerant pollen grains survived to take part in the competition which precedes fertilization. Dry pollen grains required a longer period to establish adhesion to the stigma surface and to initiate pollen tubes than pollen grains with higher water content, but otherwise their behaviour was normal. If more than 80 per cent of the original water content was lost, disturbances occurred in the physiology of the grains surviving the treatment. This was exhibited as death or a reduction in rate of pollen tube growth. Drying of pollen by an amount which does not irreversibly damage the more tolerant grains could possibly be used as a means of pollen selection. 

· (In Bannert, Thesis 2006 // However, depending on the environmental factors, mainly temperature (Goss, 1968; Schoper et al, 1987; Jemison and Vayda, 2001), humidity (Goss, 1968; Barnabas, 1984; Garcia et al, 1998; Traore et al, 2000; Jemison and Vayda, 2001) and atmospheric water potential (Luna et al, 2001), pollen can remain viable for up to 24 h after shedding. Cool temperatures and high humidity favour pollen longevity.//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Miller PD, 1985. ££ Maize pollen: Collection and enzymology. Chapter 45.pp.279-282. In: Sheridan W.F. (ed.). 1985. Maize for biological research. A special publication of the plant molecular biology association, USA. 

·  (In Bannert, 2006 //Jones and Newell (1948) and Raynor et al. (1972) found production rates between 9,000 to 50,000 pollen grains per kernel set, depending on the genotype. This range is typical of wind-pollinated species (Burris, 2001). There is large variation in the estimates of pollen numbers per tassels; Burris (2001) reports estimates ranging from 14 to 50 million in older varieties (Miller, 1985) to 2 to 5 million in modern hybrids. Because of selection for reduced male dominance, the size of an average dent hybrid tassel has declined over the last three decades; this was due to selection for closer spacing that demanded smaller tassel size and reduced pollen production (Duvick and Cassman, 1999).// ) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Sadras VO, Hall AJ, Schlichter TM, 1985. * Kernel set of the uppermost ear in maize: I. Quantification of some aspects of floral biology. Maydica 30:37-47 

· (In Bannert, 2006 // determined that the period during which silks are exposed to pollen may condition final kernel set.// grain set declines when pollen shed density falls below 100 grains cm-2 d-1.//). 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Medgyesy PT, PÃ¡y A. MÃ¡rton LS, 1986. * Transmission of paternal chloroplasts in Nicotiana. Mol. Genet. Genom. 204, 195-198. 

· Transmission of paternal chloroplasts was observed in Nicotiana, considered to inherit organelles in a strictly maternal way. Plants carrying streptomycin resistant plastids were used as pollen donors. Cell lines with paternal plastids in the offspring were selected as green (resistant) sectors on calli induced from the seedlings on streptomycin-containing media. The presence of paternal plastids in the regenerated plants was confirmed by restriction analysis. In the Nicotiana plumbaginifolia x N. plumbaginifolia Np(SR1)3 and the N. plumbaginifolia Np(gos)29 x N. tabacum SR1 crosses 2.5% and 0.07% of the offspring were found to contain paternal (tabacum) plastids, respectively. These plants, however, carried maternal mitochondria exclusively. This sexual cybridization method offers a simple way to transfer chloroplasts solely, a goal not accessible by protoplast fusion.

· (In Heinemann, 2007 // However, chloroplasts are not strictly maternally inherited in all plant species (Dong and Wagner, 1994, Testolin and Cipriani, 1997). Even in species with a strong maternal bias, some escapes through the male line are possible, just as has been shown true for mitochondria. 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Schoper JB, Lambert RJ, Vasilas BL, 1986. * Maize pollen viability and ear receptivity under water and high temperature stress. Crop Sci. 26, 1029-1033. 

· Pollen viability and ear receptivity may be important determinants of maize (Zea mays L.) seed set under drought and high temperature conditions. Little quantitative information is available concerning the influence of water and heat stress on pollen viability, as determined with seed-set-limiting pollen amounts, or ear receptivity. The purpose of this investigation was to determine the effect of a water deficit on ear receptivity, of heat and water stress on pollen viability using a seed-set-limiting amount of pollen in pollination, and the genotypic variability for these effects. During a 2-y period, field-grown potted maize plants, grown in a soil mix containing a Typic Argiudoll, were well-watered or water-stressed during flowering. Tassels included heat-stressed, water-stressed, and well-watered. A second experiment, conducted on a Typic Haplaquoll, involved mixing heat-stressed and nonstressed pollen with field-produced R-nj pollen and using kernel ratios to determine viability. The heat-sensitive, commercial, and prolific hybrids decreased in kernel number by 31, 15 and 9 % respectively when the female plants were water stressed. Kernel number did not decrease when pollen from a water-stressed plant was used. Heat stressing the tassel resulted in kernel number decreases of 87, 53, and 72 % for the heat-sensitive, commercial, and prolific hybrids, respectively. Pollen viability and amount shed limited seed set when the heat-sensitive and prolific hybrids' tassels were heat stressed. Pollen viability limited seed set when the commercial hybrid's tassel was heat stressed. The pollen mixing experiment also indicated a large effect of heat stress on pollen viability. Thus, water and heat stress had large effects on ear receptivity and pollen viability, respectively, but pollen viability was unaffected by a water deficit. 

· In Angevin et al, 2008.// The main factor causing pollen death is dehydration due to high air temperature (Lonnquist and Jugenheimer, 1943; Du Plessis and Dijkhuis, 1967; Herrero and Johnson, 1980, 1981; Schoper et al, 1986; Bolanos and Edmeades, 1993) and/or low relative humidity (Lonnquist and Jugenheimer, 1943; Hsu and Peterson, 1991; Aylor, 2004; Fonseca and Westgate, 2005). Using 15 North American genotypes, Herrero and Johnson (1980) have shown that for some genotypes germination decreased when temperature increased. At the most, 6% of the emitted pollenremained viable when exposed to a temperature of 38°C for 48 h. Rainfall or irrigation inhibits pollen emission because the anther dehiscence is limited by the mechanical layer. Moreover, pollen grains burst if they land on wet silks (Gay, 1983). Drought stress has no impact on pollen emission and viability (Herrero and Johnson, 1981; Schoper et al, 1986) but does affect silks. Some authors (Herrero and Johnson, 1981; Schoper et al, 1986; Bassetti and Westgate, 1993) have shown a decrease of silk receptivity under water stress).//) 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Westgate ME, Boyer JS, 1986. * Reproduction at low silk and pollen water potentials in maize. Crop Sci. 26:951-956. 

· Losses in grain yield are particularly severe when low water potentials (low W) occur at anthesis in maize (Zea mays L.). The losses can result from delays in floral development and from a failure in grain development when flowering appears normal. The causes of the latter problem are unknown, but could involve either the male or the female flower. Therefore, we made reciprocal crosses at various stigma (silk) and pollen W to determine which flower part failed at low W. The plants grew in soil in a controlled environment where silk W was between –0.3 and –0.5 MPa and pollen W between –1.5 and –12.5 MPa during the day. Water was withheld for a few days at anthesis after which water was resupplied and grain production was evaluated. At high pollen and silk W plants produced about 550 grains ear–1. At low pollen W (to –12.5 MPa), plants also produced grain at a similar high rate. However, at low silk W (–1.2 MPa), grain did not develop. The failure of the grain to grow could not be attributed to insufficient water on the silk surfaces because pollen germinated and the pollen tube grew within the silks. The egg sac invariably was fertilized but the embryo, endosperm, and seedcoat did not develop beyond 2 or 3 days. Therefore, the failure to produce grain at low W was attributed to factors in the female flower that allowed fertilization to occur but prevented embryo development. Because both embryonic and maternal tissues were involved, the effect suggests a general starvation for substrate, which could have been caused either by a lack of photosynthate or by a blockage of translocation. Earlier work from our laboratory showed that photosynthesis was inhibited at these W, and that carbohydrate reserves were low at this time. However, reserves accumulated at later stages of grain fill and could support grain growth when low W occurred. Therefore, a lack of photosynthate rather than a blockage of translocation may have caused the failure in grain development when low W were present at anthesis. 

· (In Bannert, 2006 //Washout by rain is disadvantageous for maize pollen dispersal. Fresh pollen grains have an internal osmotic potential of about –1.2 Mpa.// Pollen survival alone is not sufficient for effective gene dispersal since the hydration of the silk and ovules can have a large impact on seed set.// ). 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Kerhoas C, Gay G, Dumas, C 1987. * A multidisciplinary approach to the study of the plasma membrane of Zea mays pollen L. during controlled dehydration. Planta 171:1–10 

· A multidisciplinary approach (freeze-fracture, nuclear magnetic resonance, differential scanning calorimetry, isoelectric focusing and fluorochromatic reaction test) has been used to follow the behaviour of Zea mays pollen during dehydration - and to estimate its quality. At anthesis, the water content of maize pollen is 57–58% and the vegetative plasma membrane is continous and well structured with a very low density of intramembraneous particles on the extraplasmic fracture face. Maize pollen grains can withstand the drying process until a water content of 28% is reached, at which point 60–80% of the individuals show a negative reaction in the fluorochromatic test. At this water content, there is no more crystallizable water and thus metabolism decreases, leading to oxidative damage and the formation of gelphase microdomains in the plasma membrane. Consequently, the plasma-membrane permeability is modified. At 15–13% water content, all pollen grains show a negative fluorochromatic reaction, and gel-phase microdomains are more numerous but membranes still have a bilayer structure. Relaxation-time experiments indicate the occurrence of water replacement at the membrane level. Thus, sugar may stabilize the membrane structure at water contents as low as 3%. During the dehydration process, pollen walls act as elastic structures and remain closely applied to the protoplast. The combination of wall deformation and water replacement would permit pollen survival until oxidative damage occurs in the dehydrated grain. 

· (In Bannert, 2006 // pollen is shed in partly dehydrated state at anthesis when the water content of maize pollen is 57 to 58%. Maize pollen can withstand drying until a water content of 28% is reached, at which point 60 to 80% of the individuals show a negative reaction in a fluorochromatic viability test. At this water content, there is no more crystallisable water and metabolism decreases, leading to oxidative damage. It is interesting to note that each grain in the pollen population develops independently according to its tolerance to drying.//) 

· (From Baltazar and Schoper, 2002. // Maize pollen viability is directly influenced by water content. At the time of dehiscence, maize pollen contains a high percentage of water, approximately 60% (Kerhoas et al, 1987//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Schoper JB, Lambert RJ, Vasilas BL 1987. * Pollen viability, pollen shedding, and combining ability for tassel heat tolerance in maize. Crop Sci. 27:27-31 

· (In Bannert, Thesis 2006 // Aylor (2004) determined the survival of maize pollen for various periods of exposure to atmospheric conditions outdoors on different days by in vitro germination tests. Initial germination percentages were on average about 35 %. The germination percentage of freshly collected pollen exposed to direct sunlight tended to increase initially, remained relatively high for 60 to 120 min, and then decreased more or less rapidly over the next 60 to 120 min. Luna et al. (2001) measured the longevity of pollen exposed outdoors in Mexico in the wintertime using a complete fertilization criterion. They found a relative loss in pollen viability of 80% in 1 h and a 100% loss in viability in 2 h, and suggested that pollen death was mainly due to dehydration, controlled primarily by the vapour pressure deficit of the air. However, depending on the environmental factors, mainly temperature (Goss, 1968; Schoper et al, 1987; Jemison and Vayda, 2001), humidity (Goss, 1968; Barnabas, 1984; Garcia et al, 1998; Traore et al, 2000; Jemison et Vayda, 2001) and atmospheric water potential (Luna et al, 2001), pollen can remain viable for up to 24 h after shedding. Cool temperatures and high humidity favour pollen longevity.//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Doebley J, 1990. Molecular Evidence for Gene Flow among Zea species - Genes Transformed into Maize through Genetic-Engineering Could Be Transferred to Its Wild Relatives, the Teosintes. Bioscience 40: 443-448. (not on line) URL: http://www.jstor.org/pss/1311391 

· (From Baltazar and Schoper, 2002. // The presence of hybrids under natural conditions in Central Plateau and Valley of Mexico is an unequivocal indication of the cross compatibility between at least Zea mays ssp. mexicana and Zea mays ssp. mays (Doebley, 1990; Kato, 1997; Blancas, 2001).//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Duvick DN, 1992. * Genetic contributions to advances in yield of U.S. maize. Maydica 37: 69-79 

· (In Bannert, 2006 //found production rates between 9,000 to 50,000 pollen grains per kernel set, depending on the genotype. This range is typical of wind-pollinated species. There is large variation in the estimates of pollen numbers per tassels; reports estimates ranging from 14 to 50 million in older varieties to 2 to 5 million in modern hybrids. Because of selection for reduced male dominance, the size of an average dent hybrid tassel has declined over the last three decades; this was due to selection for closer spacing that demanded smaller tassel size and reduced pollen production.//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Kapteijns AJAM, 1992. * Risk assessment of genetically modified crops. Potential of four arable crops to hybribize with the wild flora. Euphytica 66: 145-149. 

· The proposed introduction of genetically modified organisms into the environment has caused public and scientific concern. In response to this concern governments have set up biosafety regulations. In this paper a step-by-step scheme is described by which the safety of genetically modified organisms can be assessed. The first step is to determine the level of safety concern for the unmodified organism. Important aspects of the safety concern of the unmodified organism are the potential to hybridize with the wild flora and the ability of the crop to run wild. These aspects have been investigated by a desk study for four agricultural crops (potato, beet, oilseed rape and maize). Maize and potato are genetically isolated from the wild flora. Beet and oilseed rape on the contrary can potentially hybridize with wild relatives in the Netherlands. The risk assessment of the latter two species should focus entirely on the effects of the introduced genetic material. 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Kohl A, 1993. ** Das Pollensammelverhalten der Honigbiene (Apis mellifera L.) im Naturschutzgebiet Taubergießen (Oberrhein, Südwestdeutschland). Zeitschrift für Ökologie und Naturschutz. 2:163-169 

·  (In Bannert 2006 //reported that honeybees collected pollen in maize fields, even when there were enough possibilities to collect pollen from other plants.//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Bassetti P, Westgate ME, 1993. * Water deficit affects receptivity of maize silks. Crop Sci. 33:279-282 

· Drought during anthesis decreases seed set in maize (Zea mays L.) even if pollination occurs. To test whether low silk water potential ({Psi} w) decreases silk receptivity, we examined silk development, pollen-silk interaction, and kernel set in two hybrids grown in a greenhouse and exposed to a brief water deficit after silks emerged from the husks. Low silk {Psi} w directly affected silk development. Silk elongation was inhibited as silk {Psi} w decreased, and no growth occurred at silk {Psi} w below –0.8 MPa. Silk senescence (collapse of basal silk tissue) was delayed, compared with controls, when silk elongation was arrested by low {Psi} w within 3 days after the first silks appeared (DAFS). Similar water deficit 5 DAFS, however, hastened silk senescence. The change in silk development had a direct effect on kernel set. Low silk {Psi} w decreased set 20 to 40% 3 DAFS, and decreased set almost completely 5 DAFS. Pollen tubes were observed in >90% of silks pollinated at {Psi} w between –1.0 and –1.3 MPa, although there were fewer tubes per silk. Tube growth was slow at low silk {Psi} w, but tubes failed to reach the ovary only after silks had senesced. These results indicate that low {Psi} w imposed <4 DAFS limited kernel set primarily by causing developmental failure within the ovary, not loss of silk function. Low {Psi} w imposed >5 DAFS limited kernel set by hastening silk senescence. Thus, water deficits at anthesis can cause loss of silk receptivity in maize, but only when low silk {Psi} w occurs >5 d after silks emerge from the husks. 

·  (In Bannert, 2006 // Water stress delays the senescence of recently exposed silks but accelerates senescence in silks that already exposed for several days to the atmosphere.// Silks follow a well-defined sequence of emergence, elongation and senescence with a clearly defined window of time for fertilization. Consequently, the ability of pollen grains to fertilize is also depending on a receptive state of the female silks and eggs) 

· (In Angevin et al, 2008.//Some authors (Herrero and Johnson, 1981; Schoper et al, 1986; Bassetti and Westgate, 1993 have shown a decrease of silk receptivity under water stress. According to Bassetti and Westgate, 1993, when there is drought stress as of the first 3-4 days following silk emergence, receptivity decreases by 40%, but silk longevity increases one day, to 8 instead of 7 days. In return, if the drought stress occurs 5 days (or more) after silk emergence, the growth of pollen tube within the silk slows down and the tube cannot reach the ovule before the constriction of silk basis (senescence).//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Bassetti P, Westgate ME, 1993b. * Senescence and receptivity of maize silks. Crop Sci. 33:275-278. 

· Ears of maize (Zea mays L.) fail to produce kernals if pollination is delayed more than a few days after silks emerge. Reproductive failure in aging flowers could be due to loss of silk receptivity to pollen. To test this possibility, we examined the capacity of silks to support pollen germination, tube growth, and the passage of the tube to the ovary as flowers aged. Plants were grown in the greenhouse and silks were pollinated by hand up to 14 d after emergence from the husks. Flowers in the mid-base region of the ear failed to set kernels when pollinated 7 or more days after their silks emerged. This corresponded to the day the base of the silks began to collapse (senesce). The remaining flowers on the ear failed to set kernels in acropetal succession, coincident with the occurrence of silk senescence. During the first 24 to 36 h of senescence, pollen germination and tube growth proceeded normally. However, once the basal tissue collapsed, tube growth was restricted and fertilization did not occur. These results indicate that kernel set on an ear was closely related to the number of flowers having silks that are not senesced at pollination. Silks of aging flowers lost receptivity initially because the base of the silk collapsed, and pollen tubes were blocked from reaching the ovary. Silk senescence is the primary cause for reproductive failure in maize if pollination does not occur soon after silks emerge from the husk. 

· (In Bannert, 2006 // Senescence of silks started 7 to 8 d after emergence from the husk, as shown by the collapse of the basal region of the silk. Pollen tubes are unable to grow through this senescing area, thus preventing fertilization and contributing significantly to ear barrenness, especially in open pollinated varieties where pollen supply is less limiting.// losses in grains could be expected when silks are exposed for >6 days because of silk senescence. When ASI exceeded 7 days in individual plants, grain set was limited by both pollen availability and silk exposure at the ear tip and a typical pattern emerged where grain set is restricted to the midbase of the ear and tips show barreness. So under stress with increased anthesis silking interval, there is a small period of increased susceptibility to cross-pollinations.// ) 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Crawley MJ, Hails RS, Rees M, Kohn D, Buxton J, 1993. * Ecology of transgenic oilseed rape in natural habitats. Nature, 363: 620-623. 

· Concerns about genetically engineered crop plants centre on three conjectural risks: that transgenic crop plants will become weeds of agriculture or invasive of natural habitats; that their engineered genes will be transferred by pollen to wild relatives whose hybrid offspring will then become more weedy or more invasive; or that the engineered plants will be a direct hazard to humans, domestic animals or beneficial wild organisms (toxic or allergenic, for example). Here we describe an experimental protocol for assessing the invasiveness of plants. The object is to determine whether genetic engineering for herbicide tolerance affects the likelihood of oilseed rape becoming invasive of natural habitats. By estimating the demographic parameters of transgenic and conventional oilseed rape growing in a variety of habitats and under a range of climatic conditions, we obtain a direct comparison of the ecological performance of three different genetic lines (control, kanamycin-tolerant transgenics and herbicide-tolerant transgenic lines). Despite substantial variation in seed survival, lines were less invasive and less persistent than their conventional counter arts. 

· (In Sanvido et al, 2006 // Invasiveness of GM crops into natural habitats // The influence of transgenic traits on persistence and ferality // Invasiveness of transgenic crop varieties into semi-natural habitats Not many experimental studies have been performed comparing the invasiveness of transgenic crop varieties to non-transgenic varieties. In an early study, population dynamics of GMHT OSR with a resistance to glufosinate and conventional OSR were estimated over a 3-year period in twelve natural habitats and under a range of climatic conditions (Crawley et al, 1993).//) 

· (In Chapman and Burke, 2006 // Indirect effects - GM crops and invasiveness: The question of whether or not a GM crop is more invasive than its non-GM counterpart has been investigated in a comparison of the population dynamics of several (GM and non-GM) lines of oilseed rape (Brassica napus), maize (Zea mays), sugar beet (Beta vulgaris spp. vulgaris) and potato (Solanum tuberosum) (Crawley et al, 1993, 2001). In short, the authors did not find any instances in which the transgenic crop persisted longer than its non-GM counterpart and, in all but one case (a non-GM potato variety), both the GM and non-GM lines went extinct within 3 years (Crawley et al, 2001).// IV. The effects of transgenes - case studies - Two study systems in particular have provided us with an opportunity to investigate the likelihood of transgene escape and persistence. The first is Helianthus annuus (sunflower), and the second is Brassica napus (oilseed rape or canola). Early work in these taxa focused primarily on whether and how frequently the crop x wild hybridization occurs. ** Oil Seed Rape/Canola ** In the case of oilseed rape, herbicide-resistant GM lines were commercially released in 1996, and a number of pest-resistant (i.e. Bt-expressing) lines have also been produced. ** In terms of the fitness of transgenic plants, Crawley et al (1993) found that herbicide-resistant oilseed rape lines varied in fitness across sites/years under natural conditions, but in no cases were the transgenic lines more invasive than their nontransgenic counterparts. Conversely, transgenic Bt oilseed rape produced significantly more seed under herbivore pressure than did nontransgenic oilseed rape (Stewart et al, 1997).//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Bassetti P, Westgate ME, 1994. * Floral asynchrony and kernel set in maize quantified by image analysis. Agron. J. 86:699-703. 

· A delay in the onset of silk emergence relative to pollen shed often decreases kernel set in maize (Zea mays L.). Lack of pollen, failure of silks to emerge, and loss of silk receptivity all are probable causes for kernel loss. To date, it has not been possible to distinguish between these possibilities, due to the lack of quantitative information on the intensity of pollen shed and progress of silk emergence under field conditions. Using a computer-aided image analysis system, we measured the daily progress of silk emergence and the intensity of pollen shed in the field. Kernel set also was measured on plants whose silk emergence varied from 8 d before to 13 d after anthesis (DAA). About 200 silks emerged on the first day silks appeared and >90% of the florets had silks exposed within 3 d. Pollen shed followed a normal distribution with time, peaked 3 DAA, and ended 13 DAA. On ears with silks exposed to pollen for only one d, nearly all florets set kernels when pollen was shed at intensities greater than 100 grains cm–2 d–lmm; however, percent set in apical floret positions decreased when the onset of silk emergence was delayed >3 DAA, despite pollen shed at a rate sufficient to ensure high kernel set. 
These results indicate that asynchrony between silk emergence and pollen shed decreases kernel set because silks emerge after pollen amount becomes limiting. In the current experiment, the intensity of pollen shed limited kernel set only beyond 7 DAA. Also, silks emerged prior to anthesis remained receptive to pollen for at least 5 d. This finding suggests that selection for silk emergence prior to pollen shed (protogyny) may improve kernel set in maize under conditions known to delay silk emergence. 
· (In Messéan et al, 2006  // The distance between emitting and receiving fields, their shapes (Lavigne et al, 1996; Klein et al, 2005), synchronisation of flowering (Du Plessis and Dijkhuis, 1967; Hall et al, 1981, Boyat et al, 1984, Bassetti and Westgate, 1994), and climatic conditions (Lonnquist and Jugenheimer, 1943) are major factors explaining cross-pollination rates. However, up to now, it is difficult to quantify the small amount of pollen disseminated to far away points through convective fluxes and its role in long-distance pollination (Emberlin, ibid., Brunet et al, 2003; Aylor et al, 2003).//) 

· (In Messean 2008. // La taille relative des champs émetteurs et donneurs, la distance, la synchronisation des floraisons et les caractéristiques du vent sont les facteurs principaux expliquant les niveaux de pollinisation croisée entre champs de maïs//) 

· (In Bannert 2006  // In a stand of a modern hybrid, pollen shedding has been shown to occur over a period of 16 days with 90% occurring over a period of around 10 days when pollen shed density exceeds 100 grains cm-2 d-1, an important pollen density for successful fertilization. At the peak of pollen production, more than 500 pollen grains cm-2 d-1 are shed.// reported that grain set in a maize crop declines because of pollen supply when the anthesis silking interval was < -5 or > 5 days.// 

· (In Angevin et al, 2008.// … , selection over the last decades has led to introducing protogynous traits because yield is negatively correlated with protandry (Du Plessis and Dijkhuis, 1967; Hall et al, 1981; Boyat et al, 1984; Bassetti and Westgate, 1994). This is confirmed by data obtained from French registration trials carried out by GEVES1 for 23 varieties in 2 locations (northern and southern France) over six years (1997-2002), with a plant density of 56,000 plants per ha and without drought stress (results not shown). The onsets of male and female flowerings were quasi-simultaneous, i.e., the average protandry index was close to 0. Modelled protandry (Table 2) is a compromise between the results from literature and these data.// Flowering dynamics, defined as the temporal dynamics of pollen and silk emissions, is modelled at the field scale, assuming that the field is grown with a single hybrid variety and does not present explicit heterogeneity of phenology. The computed field scale flowering dynamics result from a combination of intra plant flowering dynamics and the distribution of dates of flowering onset. In the intra-plant case, we used a male flowering period of 5 days with 2/3 of all pollen emitted during the two first days. Female flowering has the same duration, with about 2/3 of all silks emerging from the ear within 2 days. These values correspond to French production conditions (Gu´erin, personal communication). Close values were reported for duration of pollen emission in other contexts: 4 days (Bassetti and Westgate, 1994), and 7 days (Hsu and Peterson, 1991), with 2/3 of all pollen emitted in the first 2 or 3 days (Purseglove, 1972; Westgate et al, 2003).//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Bellon MR, Brush SB, 1994. * Keepers of maize in Chiapas, Mexico. Econ Bot 48: 196-209 

· This study concerns the knowledge and selection of biological diversity of maize (Zea mays) within its center of domestication in Mesoamerica. Maize farmers in central Chiapas of Southern México keep local varieties (landraces) belonging to six races and four race mixtures. Fifteen local varieties are recognized. In spite of widespread adoption of a modern, high yielding variety, maize farmers continue to select local varieties for specific soils and because of agronomic and use criteria. Farmers maintain maize varieties primarily through seed selection. Spatial and temporal separations do not seem sufficient to maintain varieties. The management of improved varieties can lead from a uniform population to a heterogeneous one as hybridization with local maize populations occurs. 

·  (In Bellon and Berthaud, 2004.// Therefore, the impacts of transgenic varieties on diversity may not differ from those observed with the incorporation of non-transgenic improved varieties into traditional systems, which, in most cases, has not led to a dramatic displacement of landraces (Bellon and Brush, 1994; Louette et al, 1997; Bellon et al, 2003a; Perales et al, 2003b)//) 

· From Baltazar and Schoper, 2002. // Gene flow between improved hybrids and open pollinated varieties to local landraces occurs largely in Mexico and Central America and less intensively in other parts of the world, e.g. South America. A widely held misconception about maize landraces is that what we find in the remote areas of Mexico today is essentially the same as the maize found in the same location 100 years ago. It is not (CIMMYT, 2002). Research has indicated that the present diversity in maize is the result of relatively controlled introductions of genetic material and not of geographic isolation (Bellon and Brush, 1994; Louette et al, 1997; Louette and Smale, 1998). As a result, landraces themselves are not static but are constantly evolving, while maintaining the traits desired by the farmers.// There are a number of ways gene flow may occur under farmer-field conditions. Current evidence suggests that many small-scale subsistence-oriented farmers have planted improved varieties alongside their local variety (Bellon and Brush, 1994). By design and by accident, these farmers have promoted hybridization between the varieties. The breeding process, through which materials that result from commercial and governmental breeding programs are crossed with local landraces, is termed "creolization" or rustication. In general, creolized varieties (variedades acriolladas or criollos) are appreciated because they combine desirable traits of improved varieties with those of landraces. The criollos are perceived as requiring less intensive management and are therefore more useful to the input constrained, resource poor farmers. (see a second scenario in Bellon and Brush 1994 and Louette et al, 1997) and a third one in Aguirre-Gomez et al, 2000).// A second scenario whereby gene flow may occur is when neighbors of individual farmers plant their maize varieties within outcrossing distance of an individual's field (Bellon and Brush, 1994; Louette et al, 1997). It is common in Central and Southern Mexico to find mostly subsistence farmers. They own no more than one hectare and in one hectare they plant at least four different landraces or improved landraces of maize that derive from local landraces or from neighbor's seed lots. Similarly, surrounding farmers plant not one, but a combination of local landraces that meet the farmer's needs. Farmers will use both distance and temporal isolation as it is available, but this is not always possible. Due to the inability to completely control pollination in all fields, farmers will have promoted gene flow and the creation of new open pollinated varieties.//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Raybould AF, Gray AJ, 1994. ££ Genetically modified crops and their wild relatives - a UK perspective. Research report 1, Published in DETR Blue Series

· (The potential for gene flow from GM crops to wild relatives in the UK has been reviewed previously. The crops grown most commonly in the UK fall into three groups. The first group contains crops such as maize and potato where the likelihood of gene flow to wild relatives is effectively zero because there are no sexually compatible wild relatives in the UK. The second group of crops, such as oilseed rape and some cereals, do have wild relatives, but their compatibility is poor and, in most cases, hybrids with the crops can only be isolated under laboratory or controlled field conditions. There are however examples of spontaneous hybridisation in the field between oilseed rape and a number of its wild relatives. Of these only wild turnip (Brassica rapa) is likely to be a recipient of transgenes by introgression into natural populations. The third group of crops has relatives with which they are more-or-less fully compatible. Among this group is sugar beet (Beta vulgaris ssp. vulgaris) which has been the subject of many GM field trials. Sugar beet can hybridise readily with wild sea beet (Beta vulgaris ssp. maritima). Where gene flow to wild beet is considered undesirable then the removal of bolters (flower spikes) before flowering manages the risk)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Brush SB, 1995. * In situ conservation of land races in centers of crop diversity. Crop Science. 35(2): 346-354

· The importance of crop germplasm found in landraces is well established, and a comprehensive international program exists to conserve this resource ex situ in gene banks and botanical gardens. Landraces are still cultivated in regions of crop domestication and diversity. In situ maintenance has been neglected by genetic resource conservation programs in part because of misconceptions about farming systems that produce landraces. This paper presents three cases of on-going maintenance of landraces by farmers who have also adopted high-input technology, including high yielding crop cultivars. These cases are potatoes (Solanum spp.) in the Andes of Peru, maize (Zea mays L.) in southern Mexico, and wheat (Triticum spp.) in western Turkey. These cases suggest that on-farm conservation of landraces can be decoupled from traditional farming practices. Factors that promote in situ conservation are the fragmentation of land holdings, marginal agricultural conditions associated with hill lands and heterogeneous soils, economic isolation, and cultural values and preference for diversity. Landraces are likely to persist in patches and islands of farming systems in regions of crop domestication these patches provide potential sites for conservation programs. In situ conservation may be a valuable complement to ex situ methods because it can preserve the biological and social processes of crop evolution. Research is needed on the biogeography and conservation biology of remaining landrace populations in order to plan in situ conservation. (Paper originally presented at the Symposium on Global Implications of Germplasm Conservation and Utilization at the 85th Annual Meetings of the American Society of Agronomy, Cincinnati, OH, 8 Nov. 1993.) 
· (From Baltazar and Schoper, 2002 // This introduction of new germplasm can be viewed more as a source of morphological and agronomic diversity than a cause of genetic erosion (Brush, 1995; Louette et al, 1997; Louette and Smale, 1998). Creolized varieties are commonly grown throughout Mexico. Hybridization between local and improved maize is also highly valued throughout Central America (Almekinders et al, 1994). //) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Di Giovanni, Kevan FPG, Nasr ME 1995. * The variability in settling velocities of some pollen and spores. Grana. 34: 39-44

· (In Bannert, 2006 //In a study of settling velocities of various pollen types, Di-Giovanni et al. (1995) reported that maize settled nearly ten times faster than other pollen types. Under natural conditions, most of the pollen grains usually fall on the soil surface between the rows. However, it is assumed that a small amount of pollen can be transported over longer distances given favourable wind speeds and appropriate humidity.) 

· (In Sanvido et al, 2008 // Although studies investigating the flowering dynamics and mechanisms of maize pollen dispersal (Raynor et al. 1972; Di Giovanni et al, 1995; Aylor et al. 2003; Klein et al. 2003; Lizaso et al. 2003; Aylor 2004; Fonseca et al. 2004; Yamamura 2004; Fonseca and Westgate 2005) are important in understanding these components, pollen dispersal rates are not equivalent to crossfertilization rates. These studies were therefore not considered for the here presented analysis.// Given that probably not all questions may be resolved using an experimental set up, approaches for modelling maize pollen dispersal and cross-fertilization between fields on a landscape level (Di Giovanni et al. 1995; Angevin et al. 2001; Aylor et al. 2003; Klein et al. 2003; Lizaso et al. 2003; Aylor 2004; Fonseca et al. 2004; Yamamura 2004; Fonseca and Westgate 2005) may help to gain additional information and assist decision-makers.//) 

· (From Baltazar and Schoper, 2002 // Wind direction, turbulence and velocity are directly linked to pollen movement (Jones and Brooks, 1950; Di-Giovanni and Kevan, 1991; Di-Giovanni et al, 1995).// Likewise, other factors such as pollen density, air density and viscosity, pollen sedimentation velocity, and pollen radius seem to influence pollen transport and deposition (Di-Giovanni et al, 1995)//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Poehlman JM, Sleper DA, 1995. ££ Breeding field crops. Iowa State University Press, Ames. XV, 494 pp.

· (In Bannert, 2006 //The tassels usually emerge before pollen shedding begins. Thus, maize is a naturally cross-pollinating crop; about 95% of the ovules on a shoot are usually cross-pollinated and 5% self-pollinated in a normal field stand.// A single tassel from a normal plant may produce up to 25 million pollen grains or an average of 25,000 pollen grains for each female flower on an ear of 750 to 1000 kernels.// ). 

· (In Sears, 2006// Characteristics of potential exposure to a toxic effect include the quantity and extent of pattern of pollen dispersed from maize fields//). 

· (In Sanvido et al, 2008 // Open-pollinated maize varieties (i.e., varieties that were produced through open pollination of parental plant populations) were commonly used before the widespread introduction of modern maize hybrid varieties (Poehlman and Sleper 1995).// In open-pollinated varieties the variability of individual traits was higher because seeds of these varieties were produced through open pollination of a heterogeneous parental plant population (Poehlman and Sleper 1995).) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Buitlink J, Walters-Verlucci C, Hoekstra FA, Leprince O, 1996. * Calorimetric properties of dehydrating pollen : analysis of a dessication-tolerant and intolerant species, Plant Physiol, 111, 235-242.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Lafitte HR, Edmeades GO, Johnson EC, 1997. * Temperature responses of tropical maize cultivars selected for broad adaption. Field Crops Res. 49: 215-229.

· (In Bannert 2006  // When cultivars, which were adapted to the cool highlands of Mexico, were grown in hot lowland tropical environments, the anthesis-silking interval (ASI) increased from 2 to 7 days; conversely, when a lowland tropical population was transferred to the highlands, its ASI increased from 0.3 to 5 days.// ) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Charrier A, Sanou J, Gouesnard B, 1998. Agro-ecological impact of disseminating transgenic crop plants in tropical regions. Original Title: Incidence agro-ecologique de la diffusion de plantes cultivees transgeniques dans les regions tropicales. Cahiers Agricultures 7 (6): 556-560. http://www.john-libbey-eurotext.fr/en/revues/agro_biotech/agr/ 

· A case study is presented on tropical maize in Burkina Faso, West Africa, which provides an opportunity to evaluate extra-varietal gene transfer into a savanna agro-ecosystem under traditional agricultural practices. Enzymatic polymorphism analysis of 100 maize landraces collected in 80 villages in Burkina Faso in 1988-94 was undertaken to study introgression between the recently introduced elite (non-transgenic) variety SR22 and local landraces. The type of fields (crop field or domestic garden) and the ecological zones where maize landraces are cultivated were the main genetic structuring factors concerning these materials. The presence of two alleles specific to SR22 highlighted the existence of gene flow between landraces and the elite variety. This paper discusses the consequences of such gene flow on farmers' management of maize landraces in terms of the potential release of transgenic maize varieties in the near future in Africa. 16 ref. 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Garcia MC, Figueroa MJ, Gomez LR, Townsend R, Schoper J, 1998. * Pollen control during transgenic hybrid maize development in Mexico. Crop Sci. 38:1597-1602

· Pollen containment may be necessary to prevent the dissemination of novel genes from transgenic crops into sexually compatible land races or wild relatives in locations where these are grown or occur naturally in the same vicinity. Routine maize (Zea mays L.) breeding activities employ controlled pollinations and are sometimes done in areas where land races or wild relatives are known to occur. The ability of researchers to control pollen movement and to thereby control the potential flw of novel genes from transgenic maize to land races or wild relatives was investigated. Using white- and yellow-seeded inbreds, pollen control was measured in two mating designs. The ability to control pollen was assessed by observing seed color in pollinations on adjacent plantings intended to trap uncontrolled pollen. In one experiment, the yellow-seeded maize contained a transgene. In this experiment contaminant seeds observed in the white maize were analyzed for the presence of recombinant DNA and the gene expression product. The results from these experiments indicated that routine plant breeding activities can be conducted with completely effective pollen containment if the transgenic line detasseled is detasseled and serves as the female for pollination with a nontransgenic male inbred. However, precautions in addition to those used in these experiments are necessary to provide complete control of pollen dissemination if a transgenic male is used to make crosses and approximate to 0.1% outcrossing to adjacent rows is deemed unacceptable.

· (In Bannert, Thesis 2006 // Under natural conditions, most of the pollen grains usually fall on the soil surface between the rows. However, it is assumed that a small amount of pollen can be transported over longer distances given favourable wind speeds and appropriate humidity.// Aylor (2004) determined the survival of maize pollen for various periods of exposure to atmospheric conditions outdoors on different days by in vitro germination tests. Initial germination percentages were on average about 35 %. The germination percentage of freshly collected pollen exposed to direct sunlight tended to increase initially, remained relatively high for 60 to 120 min, and then decreased more or less rapidly over the next 60 to 120 min. Luna et al. (2001) measured the longevity of pollen exposed outdoors in Mexico in the wintertime using a complete fertilization criterion. They found a relative loss in pollen viability of 80% in 1 h and a 100% loss in viability in 2 h, and suggested that pollen death was mainly due to dehydration, controlled primarily by the vapour pressure deficit of the air. However, depending on the environmental factors, mainly temperature (Goss, 1968; Schoper et al, 1987; Jemison and Vayda, 2001), humidity (Goss, 1968; Barnabas, 1984; Garcia et al, 1998; Traore et al, 2000; Jemison et Vayda, 2001) and atmospheric water potential (Luna et al, 2001), pollen can remain viable for up to 24 h after shedding. Cool temperatures and high humidity favour pollen longevity.//) 

· (In Ma et al, 2004 - Under natural conditions, the majority of pollen grains from a plant are normally assumed to fall within the row space. It is also suspected that a small amount of pollen can be transported over longer distances given favorable wind speeds and appropriate humidity. 

They found complete pollen control at a distance of >184 m and they observed that most of the pollen settled on the soil surface within the source field itself. 

· (In Bannert, 2006 //In a study of settling velocities of various pollen types, Di-Giovanni et al. (1995) reported that maize settled nearly ten times faster than other pollen types. Under natural conditions, most of the pollen grains usually fall on the soil surface between the rows. However, it is assumed that a small amount of pollen can be transported over longer distances given favourable wind speeds and appropriate humidity (Kiesselbach, 1949; Garcia et al, 1998).// ) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

ISBGMO, 1998. ¤ 5th International Symposium on the Biosafety of Genetically Modified Organisms. Proceedings (edited in 2000) http://www.isbr.info/symposia/docs/ebookmitt380.pdf 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Santos A, Almeida JM, Santos I, Salema R 1998. * Biochemical and Ultrastructural Changes in Pollen of Zea mays L. Grown Under Enhanced UV-B Radiation. Ann. Bot. 82: 641-645.

· (In Bannert 2006 //In-vitro tests showed that UV-B treatment interferes with flowering (delay), pollen ultrastructure and anther maturation, but there was no effect on pollen germination, regardless of treatment during plant development and/or pollen germination)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Champolivier J, Gasquez J, Messean A, Richard-Molard M, 1999. ¤ Management of transgenic crops within the cropping system. Gene flow and agriculture: relevance for transgenic crops. Proceedings of a symposium held at Keele, UK on 12-14 April 1999. Conference Title: Gene flow and agriculture: relevance for transgenic crops. Proceedings of a symposium held at Keele, UK on 12-14 April 1999. p.233-240. BCPC Symposium Proceedings No.72 Publisher: British Crop Protection Council Farnham, UK

· With the development of genetically modified organisms (GMO) in agriculture, new concerns about crop management have been addressed. Apart from the evaluation carried out with the regulation process before marketing, observations under current agricultural practices are required in order to build suitable agronomic management and design a monitoring system. A multi-year and multi-crop monitoring study has been carrying out in France since 1995 in three 1 km diameter regions. The effects of growing glufosinate- and glyphosate-resistant maize, rape and sugarbeet; maize resistant to bromoxynil; and maize carrying the Bacillus thuringiensis endotoxin gene, in neighbouring strips on eachother and on weedy relatives. His results suggest that crops acquiring multiple resistances rather than interspecific crosses with wild relatives should be the major concern for farmers. Double herbicide resistance was acquired from pollen spread from neighbouring fields. 15 ref 

· (In Eastham et Sweet, 2002 : Champolivier et al (1999) detected double resistant rape volunteers in a series of experiments in France, where three herbicide resistant rape varieties were sown in adjacent fields at three sites. Post-harvest detection of double resistant plants was carried out using two different methods: by applying the herbicides on volunteers in the field, and by seed sampling followed by direct herbicide application on resulting seedlings. 

· (Gene flow declines rapidly with distance away from the pollen source. This is illustrated by work performed by Champolivier et al. They investigated three sites in France in which herbicide-tolerant oilseed rape varieties were grown in adjacent fields; doubly tolerant genotypes (the detection of double tolerant plants indicates that gene flow from one herbicide tolerant line of oilseed rape to another neighbouring line has occurred) were detected in plants grown from seed collected at various distances from the edge of the crop and in volunteers emerging after harvest. The results indicated average hybridisation rates of about 2% at one metre, 0.2% at 20m, and less than 0.01% at 65m (most oilseed rape is self-compatible and between 40 - 80% of pollination events are self-pollinations) . The best mathematical description of such a decline varies from species to species but is very characteristic with a rapid fall from near-neighbour pollinations within a metre or two, according to some exponential power function, and a very long tail with gene flow occurring at extremely rare frequencies, sometimes over considerable distances.) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Daniell H, 1999. $ The next generation of genetically engineered crops for herbicide and insect resistance: containment of gene pollution and resistance. AgBiotechNet vol. 1 (ABN 024): 8 pp. 

· Plant genetic engineering and biotechnology is now moving from the initial euphoria to the phase of course correction. Several environmental problems related to plant genetic engineering prevent realization of its full potential. One such common concern is the escape of foreign genes through pollen dispersal from transgenic crop plants engineered for herbicide resistance to their weedy relatives creating "superweeds" or causing gene pollution among other crops. Such dispersal of pollen from transgenic plants to surrounding non-transgenic plants has been well documented. The high rate of such gene flow from crops to wild relatives (as high as 38% in sunflower and 50% strawberries) is certainly a serious environmental concern. Clearly, maternal inheritance of foreign genes is highly desirable in such instances where there is potential for out-cross. Yet another concern in the use of commercial nuclear transgenic crops expressing the Bacillus thuringiensis (Bt) toxins is the sub-optimal production of toxins, resulting in an increased risk of pests developing Bt resistance. Additionally, reliance on a single (or similar) Bt proteins(s) for insect control increases the likelihood of Bt resistance development. Plant-specific recommendations to reduce Bt resistance development include increasing Bt expression levels (high dose strategy), expressing multiple toxins (gene pyramiding), or expressing the protein only in tissues highly sensitive to damage (tissue specific expression). Such hyper-expression of a novel Bt protein in chloroplasts has resulted in 100% mortality of insects that are up to 40,000-fold resistant to other Bt proteins. An added advantage in chloroplast genetic engineering is that the foreign gene will not be expressed in pollen; this is especially important in the light of recent reports that pollen from Bt maize is highly toxic to monarch butterflies (Danaus plexippus). Recent developments in these areas are discussed in this review. 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Emberlin J, Adams-Groom B, Tidmarsh J, 1999. £ The dispersal of maize (Zea mays) pollen. A report commissioned by the Soil Association: National Pollen Research Unit, University College Worcester, UK. http://www.soilassociation.org/web/sa/saweb.nsf/848d689047cb466780256a6b00298980/80256ad8005545498025672800383801!OpenDocument   

· The report reviews evidence from published sources and also from communications from named authorities about maize pollen dispersal. Background material is given on the characteristics of maize pollen including morphology and duration of viability, together with quantities produced and the salient features of pollination. 

This information is used with data from empirical studies, dispersion theory models and particle deposition theory to give estimates of deposition rates and concentrations of pollen remaining airborne downwind from a source. However it is not possible to provide accurate assessments for practical use as most empirical work has been done within a narrow range of weather conditions and many studies suffer from the constraints of monitoring only close to the source and of errors in sampling. For example, evidence from previous work can be used as a basis for generalised estimates of percentages of pollen concentrations remaining airborne downwind in low to moderate wind speeds compared with concentrations at 1m from the source. These are approximately 2% at 60m, 1.1% at 200m and between 0.75 % and 0.5 % at 500m. The implications of these figures for potential cross pollination are considered but it is emphasised. that they should be used as rough guidelines only. In addition it should be noted that dispersal gradients would be altered by factors such as climatic conditions and local topography. Transport on the airflow over longer distances is likely to occur under a range of weather situations including uplift and horizontal movement in convection cells, and uplift and transport in frontal storms. As the maize pollen grains remain viable for about 24 hours in normal weather conditions pollination could occur at sites remote from the source ( e.g. theoretically still 180 km). 

Dispersal away from the vicinity of the crop also takes place by carriage on bees. Evidence is cited that maize pollen is collected by bees in notable amounts. In this way the pollen is transported several miles from the crop plot in suitable weather conditions. In any assessment of pollen flow from maize plots consideration should be given to the limitations of evidence from empirical studies and from results based on theoretical models. Acknowledgement must be given to the potential movement of maize pollen by bees and the possibilities of long range transport under certain weather conditions. 

·  (In Easthman and Sweet, 2002: Le pollen de maïs a une durée de vie variable de 24 heures à plussieurs jours en conditons naturelles. Mais cette viabilité peut être fortement réduite à quelques heures en climat chaud et sec ou rallongée à 9 jours en conditions froides et humides (Emberlin, 1999)) 

· (In Brookes et al, 2004: Maize pollen is released in very large quantities, between 4.5 and 25 million pollen grains per plant (Paterniani and Stort, 1974) over a typical 5-8 day period. It remains viable under natural conditions for about 24 hours, although this can fall to only a few hours in hot, dry weather or, extend to up to 9 days in cooler, humid conditions (Emberlin, 1999)) 

·  (Corn pollen can survive 24 hours or untill 9 days in cold conditions. In drought and heat weather the survival is reduced to a few hours.)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Messéan A, 1999. ££ Impact du development des plantes transgeniques dans les systemes de culture: rapport final. Dossier ACTA No. 96/15- B: 

· In Brookes et al, 2004. // measured 1% cross-pollination at a separation distance of 25-40 metres.//) 

· (In Eastham and Sweet, 2002. // Experiments which monitor the movement of pollen (Paterniani and Stort, 1974; Sears and Stanley-Horn, 2000) or record levels of crossing (Messean, 1999) have shown that pollination can be highly directionally-orientated with a much higher incidence downwind of the emitting crop. According to Jones and Brooks (1950) one year (1948) during their three years of experiments in the US showed particularly low pollen dispersal due to rainy weather and low wind velocity during much of the pollination season.// reported a figure of 1 % cross-pollination at a separation distance of 25–40 m and concluded that wind direction had an impact on the levels of gene flow recorded.) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Pleasants JM, Hellmich RL, Lewis, LC 1999. ¤ Pollen deposition on milkweed leaves under natural conditions; (presentation at the Monarch Butterfly Research Symposium, Chicago, 1999).

·  (In Brookes et al, 2004. // Most maize pollen falls within 5 metres of the field edge.//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Altieri MA, 2000. ¤ International Workshop on the Ecological Impacts of Transgenic Crops (March 2-4, 2000). http://www.agroeco.org/fatalharvest/articles/ecological_impacts_of_gmo.pdf   

· EXECUTIVE SUMMARY 

Transgenic crops are increasingly becoming a dominant feature of the agricultural landscapes of the USA and other countries such as China, Argentina, Mexico and Canada. Worldwide, the areas planted to transgenic crops jumped more than twenty-fold in the past four seasons, from 3 million hectares in 1996 to nearly 40 million hectares in 1999. In the USA, Argentina and Canada, over half of the average for major crops such as soybean, corn and canola are planted in transgenic varieties. Herbicide resistant crops (HRC) and insect resistant crops (Bt crops) accounted respectively for 54 and 31 percent of the total global area of all crops in 1997. The rapid deployment and widespread commercialization of such crops in large monocultures raises questions regarding the potential of genetically modified crops (GMCs) to cause unacceptable impacts on the environment. Besides the widely acknowledged drawbacks of GMCs: a) the spread of transgenes to related weeds or conspecifics via crop-weed hybridization and, b)the rapid evolution of resistance of insect pests such as Lepidoptera to Bt, the workshop was concerned about the overall ecological implications of other more subtle effects that research is now starting to unravel: * accumulation of the insecticidal Bt toxin, which remains active in the soil after the crop is ploughed under and binds tightly to clays and humic acids; * disruption of natural control of insect pests through intertrophic-level effects of the Bt toxin on predators; * unanticipated effects on non-target herbivorous insects (i.e. monarch butterflies) through deposition of transgenic pollen on foliage of surrounding wild vegetation; * vector-mediated horizontal gene transfer and recombination to create new pathogenic organisms, and * reduction of the fitness of non-target organisms through the acquisition of transgenic traits via hybridization. By examining specific studies that describe such effects, the group was able to assess the scale, magnitude and ecological significance of such findings. 

The workshop was attended by a group of 21 scientists working on the ecological aspects of transgenic crops in research organizations located in the US, Europe, and Latin America. Discussions focused on known documented impacts and their overall implications. This is a summary of the main conclusions and recommendations that emerged from the meeting. 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Ashton BA, Ireland DS and Westgate ME, 2000. * or ** Applicability of the industrial source complex (ISC) air dispersion model for use on corn pollen transport. Preprint, Ames, IA, 11 pp (2000). 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Dorey E, 2000. * Taco dispute underscores need for standardized tests. Nature Biotechnology 18: 1136–1137. 

· (In Chapman and Burke, 2006: A second example concerns the presence of the transgene from Starlink corn (only approved for release as animal feed) in taco shells and a number of other related products destined for human consumption (Dorey, 2000; Fox, 2001). While this sort of contamination is clearly a cause for concern, it remains unclear whether it resulted from hybridization between GM and non-GM crops in the field, or whether batches of non-GM seed were contaminated by GM seed before planting or after harvest. 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Emberlin J, Treu R, 2000. $ GM pollen risk matrix - A scientifically based framework to assess the likelihood of GM contamination. Soil Association. 

http://www.soilassociation.org/web/sa/saweb.nsf/librarytitles/22DD6.HTMl/$file/GM%20pollen%20risk%20matrix.pdf 

· This paper presents the National Pollen Research Unit's recommended separation distances between GM and non-GM crops for ensuring no more than "very low" levels of GM contamination, if GM plants are being grown in the area. It is based on their review of the scientific evidence of pollen dispersal, "Pollen dispersal in the crops Maize (Zea mays), Oil seed rape (Brassica napus ssp oleifera), Potatoes (Solanum tuberosum), Sugar beet (Beta vulgaris ssp. vulgaris) and Wheat (Triticum aestivum) - evidence from publications", by Treu and Emberlin (2000). 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Giddings G, 2000. ¤ Modelling the establishment and spread of trangene in plant populations. 5th ISGMO 1998 Proceedings edited in 2000 - page 33. 
http://www.isbr.info/symposia/docs/ebookmitt380.pdf 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Hütter E, Bigler F, Fried PM, 2000. ** Verwendung transgener schädlingsresistenter Nutzpflanzen in der Schweiz. Schriftenreihe Umwelt Nr. 317. Bundesamt für Umwelt, Wald und Landschaft, Bern, p.161 

· (In Bannert, 2006 // Under conditions in central Europe contamination by volunteers in the field is unlikely as maize kernels do not survive low winter temperatures north of the Alps in contrast to tropical regions, where seed companies usually continue breeding in winter time//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

Ingram J, 2000. £ Report on the separation distances required to ensure cross-pollination is below specified limits in non-seed crops of sugar beet, maize and oilseed rape. MAFF Project No. RG0123. 

· (In NIAB Report, 2006 // the introgression via pollination for a field would be kept below 1 % for sweet corn at a distance of 200 m between neighbouring fields (assuming field sizes of > 2 ha). For silage maize a distance of 130 m is estimated as sufficient, assuming that the maize grain form a maximum of 50 % of the total silage. To reduce the introgression via pollination percentage to 0.5 %, distances of 300 m for sweet corn and 200 m for silage maize, respectively, were recommended.//) 

· In ? - (Separation distances have been determined as part of the process of producing conventional seed stocks of required purity and were recently reviewed here. Seed production experience from around the world has led to internationally-accepted separation distances for various levels of seed purity. In the UK these are governed by a range of legislation (e.g. for oilseed rape The Oil and Fibre Plant Seeds Regulation 1993) as amended)). They are based on practical experience and extensive seed testing over many years and, as would be expected, the separation distances required vary from crop to crop. Thus, to produce Pre-basic and Basic standard seed (with not less than 99.9% varietal purity), oilseed rape varieties must be separated by at least 400m. To produce Certified seed, the distance in this species is 200m (99.7% purity), and at 50m a level of 99.5% purity is achieved. By contrast, for wheat, barley and oats, a compulsory separation distance of only 2m is required, although a distance of 50m between different varieties is recommended. For maize, the highest standard of varietal purity requires 200m isolation.) 

· (International seed certification standards provide an empirical guide to the physical separation of GM and non-GM crops needed to minimise gene flow. Because they are based on practical field experience they take due account of year to year variations in prevailing weather conditions and the activities of bees and other pollinating insects. Evidence shows that such separation distances really work in a variety of field situations. For example, of 647 oilseed rape checks in the last five years only two have failed to meet the varietal purity standard of 99.7% and these failures were thought to be for reasons other than cross-pollination). 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Ingram J, 2000. * Separation distances required to ensure cross pollination is below specified limits in non-seed crops of sugar beet, maize and oilseed rape. Plant Varieties and Seeds. 13, 181 - 199. 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

ISBGMO, 2000. ¤ 6th International Symposium on the Biosafety of Genetically Modified Organisms. Proceedings http://www.isbr.info/symposia/docs/6th_international_symposium.pdf 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Martinez-Soriano JPR, Leal-Klevezas, D. S, 2000. * Transgenic maize in Mexico: no need for concern. Science (Washington) vol. 287 (5457): 1399 

· First paragraph: According to pre-Hispanic traditions, gods gave native Mexicans the first maize seeds and from then on, and for thousands of years, maize has been a vital element to the Latin American cultures. Biologically, maize is an orphan plant and has only one relative, the annual teosinte (1). Morphologically the two are similar, but they differ strikingly in the pistillate inflorescence (what becomes the cob). For our discussion, the most notable difference is that the maize cob is solid, whereas the teosinte cob is brittle and comes apart at maturity. Molecular analysis has shown that maize was domesticated in the Balsas River drainage (Mexico) 6000 years ago (2). Primitive cobs found in caves and other archaeological sites share the same characteristics: they are of small size and are, invariably, solid. This is of major importance--viable seeds can only be released by mechanical means (basically by humans). Maize does not disperse itself and therefore does not exist as a free species in nature... 

Arguments are provided against riks to maize varieties and in wild relative teosinte, derived from the introduction of transgenic maize varieties to Mexico. It is suggested that any transgene transferred inadvertantly to native maize can be removed form the progeny by selecting against the incorporated trait. Also, maize transgenes cannot be established in natural populations of teosinte, because any gene transfer from maize to teosinte would also risk the transmission of the inability of maize to naturally release its seeds. 2 ref.
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Sears MK, Stanley-Horn D, 2000. ¤ Impact of Bt corn pollen on monarch butterfly populations. In: Fairbairn, C., Scoles, G. and McHughen, A. (Eds.) Proceedings of the 6th International Symposium on The Biosafety of Genetically Modified Organisms. University Entension Press, Canada. 

· (In Brookes et al, 2004. // Most maize pollen falls within 5 meters of the field edge.// study of seven different Bt maize fields 84% to 92% of pollen fell within 5 meters and between 96% to 99% of pollen remained within a 25-50 meter radius of the maize fields. All pollen was deposited within 100 meters.)

	Cumulative % of pollen deposition of various distances from 7 Bt maize fields in Ontario 

	 Distance (meters) from source 
	0
	1
	5
	10
	25
	50
	100

	 Cumulative percentage pollen deposition (%)
	43
	74
	89
	95
	98
	99
	100


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Traore SB, Carlson RE, Pilcher CD, Rice M, 2000. * Bt and non-Bt maize growth and development as affected by temperature and drought. Agron. J. 92: 1027-1035

· (In Bannert 2006  // However, depending on the environmental factors, mainly temperature (Goss, 1968; Schoper et al, 1987; Jemison and Vayda, 2001), humidity (Goss, 1968; Barnabas, 1984; Garcia et al, 1998; Traore et al, 2000; Jemison et Vayda, 2001) and atmospheric water potential (Luna et al, 2001), pollen can remain viable for up to 24 h after shedding. Cool temperatures and high humidity favour pollen longevity.//).

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Treu R, Emberlin J, 2000. £ Pollen dispersal in the crops maize (Zea mays), oil seed rape (Brassica napus spp. oleifera), potatoes (Solanum tuberosum), sugar beet (Beta vulgaris ssp. vulgaris) and wheat (Triticum eastivum). Evidence from Publications. Report for the soil association, National pollen research unit, University College Worcester, UK.

· (In Sweet J., 2003 // The cross-pollination rate from one field to another was shown to depend on the sizes of both fields. As pollen disperses from larger source areas it develops a leptokurtic distribution curve with larger measurable amounts at greater distances. Evidence indicates that most airborne pollen from small to moderate sized fields contributes to the local component in this way. // Air currents and wind are important for the dispersal of pollen for a wide range of species. Pollen can be lifted high in the atmosphere and distributed over long distances. Dispersal patterns are a product of the nature of the pollen (shape, size, density, nature of surface) and the air currents occurring over the crop at pollen dehiscence. (McCartney and Lacey, 1990). Pollen released on the airflow can settle by gravity, can be removed by precipitation, be absorbed into water droplets, or can impact onto surfaces including vegetation, buildings, soil and water bodies. The relative importance of these sinks and the impacts they might have will vary with factors such as the terminal velocities of the pollen grains, climate, local vegetation and topography (Treu and Emberlin, 2000). // Woods and hedges can serve as barriers to air flow, having dual effects of depleting some pollen from the air flow by impaction and filtering and also creating a sheltered zone in the lee. Dense stands of shrubs, herb covers and tree-sized vegetation with full foliage act as catchments for airborne particulates, including pollen. // Biological factors influencing successful pollination begin with the ability of the donor plant to produce viable pollen, and the length of time the pollen grain retains its potential for pollination. If the competitive ability of the pollen grain is poor its capacity to compete with fresher pollen produced in the vicinity of the receptor plant will be poor. Pollen viability can vary greatly between species but is also dependent on environmental variables such as temperature and humidity. // )

· (In Messeguer and Melé, 2006 // The rate of cross-pollination between fields depends on pollen viability, synchronization of flowering, and relative concentrations of pollen in donor and receptor plots (reviews). //)

· (In Easthman and Sweet, 2002 : Le pollen de betterave peut survivre jusqu'à 50 jours au froid sec (Scott, 1970), mais en conditions humides il ne survit que la journée (Treu and Emberlin, 2000).)

· (In Brookes et al, 2004 : Levels of outcrossing in the immediate vicinity are lower than Jones and Brooks (1950) due to the placement of the Salamov's traps on the windward side (Treu and Emberlin, 2000))

· (In Bannert 2006 //reported that pollen anthesis continues for five to eight days, but under favourable conditions the vast majority of pollen shedding may occur within a two day period.// )

· (In NIAB Report 2006.// outcrossing frequencies of up 0.2 % can occur at a distance of 800 m.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Vanryckeghem A, 2000. /// Maïsveredeling: bevruchting van inteeltlijnen en heritabiliteit van agronomische belangrijke kenmerken. Masters thesis, Ghent University.

· (Forage maize grown at a density of 100000 plants / ha produce 1 to 2 g. pollen per plant whereas selfed lines produce approximately 0.7 grams ones. Therefore in plots of seed producing maize fewer pollen compete with exogenous pollen, the probabilities of FeCr is increased.
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

ACRE 2001. £ Cross-Pollination in Relation to Farm Scale Evaluations of Genetically Modified Maize in Wales: Advice for the National Assembly for Wales

·  (From the text: ACRE is confident that the separation distances used for the GM maize in the farm scale evaluations are robust. They are based on the best available information and will ensure that GM presence does not exceed 1% in grain or silage from neighbouring maize fields. In almost all field situations it will be much less than 1%. To achieve 0.1% or less adventitious GM presence (99.9% purity) in neighbouring maize crops or products a separation distance of 420 metres is required for sweetcorn and seed crops, and 290m is sufficient for maize silage.

	Separation distances (metres) from GM maize* (organic and non-organic)

	 Neighbouring Crop
	Adventitious GM presence in the grain or silage (upper limit)

	
	1 %
	0.5 %
	0.1 %

	 Maize grown for grain (Sweetcorn, seed crops) 
	130 m
	200 m
	420 m

	 Maize grown for silage (forage maize) 
	80 m
	130 m
	290 m


These figures are based on experimental evidence and practical plant breeding experience in many locations over many years. They represent conditions that favour cross-pollination and are a reliable upper limit. However, it is not possible to guarantee that the expected levels will never be exceeded by unusual combinations of topography and/or weather. 

ACRE notes that the closest organic holding to a GM maize farm scale evaluation in Wales is approximately 650m away. At this distance any cross-pollination is highly likely to be significantly less than 0.1%. This figure would only be approached or exceeded in circumstances of exceptional wind and/or topography. ACRE knows of no information that suggests such exceptional conditions apply in this case. On the contrary, there is evidence that varied farmland topography like that expected at the Welsh sites can help to reduce cross-pollination levels ACRE advises that the definition of 'harm' under section 107(6) of the Environmental Protection Act 1990, as applied to the deliberate release of GMOs, is a complex issue. The Committee is considering this in detail and guidance is likely to be available towards the end of 2001.

· (In NIAB Report 2006.// separation distances of 80, 130 and 290 m will ensure an upper limit of 1 %, 0.5 % and 0.1 % of admixture as a result of introgression via pollination in feed maize in the Farm Scale Evaluations in the U.K. These recommendations are based on the maize used being hemizygote for the inserted gene and that the maize grains constitute a maximum 50 % of the silage. However, these calculations do not take into account the possible GM maize content in the sown seed.//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Angevin F, Klein E K, Choimet C, Meynard J M, de Rouw A, Sohbi Y, 2001. // Modélisation des effets des systèmes de culture et du climat sur les pollinisations croisées chez le maïs. In: Pertinence économique et faisabilité d'une filière sans utilisation d'OGM. INRA- FNSEA Eds, 21-36. http://www.fnsea.fr/dossiers/ogm/OGM020211e.pdf
· (In Lipsius et al, 2006. // Various modeling approaches have been used to predict pollen dispersal. In spatially explicit models, dispersal is often modeled through individual dispersal kernel functions (IDF). For pollen, these kernels are probability functions that describe the probability that a pollen grain is deposited at a given distance from its source (Lavigne et al, 1998). Dispersal kernels of single plants supposedly do not depend on the shapes, sizes and locations of the whole source and recipient plots. The composition of the pollen cloud at a given site in a non-GMO field is determined by the pollen dispersal curves for all the plants in the neighborhood, whether close or farther away. Empirical models try to predict cross-pollination rates with different IDF. It has been found that fatter-tailed functions predicting more long distance dispersal, and therefore higher cross-pollination rates than the exponential function, were more consistent with the data. It has been also predicted adventitious presence due to cross-pollination with Klein‘s equation (2003). The main parameters of these empirical IDFs are main direction and mean speed of the wind during the entire course of flowering.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Burris JS, 2001. ¤ Adventitious pollen intrusion into hybrid maize seed production fields. In 56th Annual Corn and Sorghum Research Conference, in Washington DC.

·  (In Bannert, Thesis 2006 // The tassels usually emerge before pollen shedding begins (Burris, 2001). Thus, maize is a naturally cross-pollinating crop; about 95% of the ovules on a shoot are usually cross-pollinated and 5% self-pollinated in a normal field stand (Poehlman and Sleper, 1995).// Jones and Newell (1948) and Raynor et al. (1972) found production rates between 9,000 to 50,000 pollen grains per kernel set, depending on the genotype. This range is typical of wind-pollinated species (Burris, 2001). There is large variation in the estimates of pollen numbers per tassels; Burris (2001) reports estimates ranging from 14 to 50 million in older varieties (Miller, 1985) to 2 to 5 million in modern hybrids. Because of selection for reduced male dominance, the size of an average dent hybrid tassel has declined over the last three decades; this was due to selection for closer spacing that demanded smaller tassel size and reduced pollen production (Duvick and Cassman, 1999).// The typical tassel may shed pollen for 2 to 14 days depending on the genotype and environmental factors with the major shed occurring for five to eight days beginning on approximately the third day after the tassel is expanded. During the shedding period the pollen is released for approximately four to five hours commencing approximately one hour after sunrise. The period may be delayed by one to two hours if the weather is cool and cloudy. // The silks are receptive at emergence and can remain receptive for more than 10 days. Once fertilized the silk stops elongation and desiccates rapidly. If not fertilized, the silk will continue to elongate until it is fertilized or cellular elongation is complete.//)

· ( In Brookes et al, 2004 // Burris found cross-pollination of 1.11% at 200 metres.//)

· (In Heinemann, 2007 // But also asymmetries in gene flow potential are created by asymmetries in the size of source and sink populations. The extrapolation of pollen dispersal or cross-fertilization measurements taken from small-scale trials to general GM crop release should be done with caution, as "such a design does not reflect the real agricultural situation and is not suited to quantify the cross-fertilization levels of recipient fields of commercial size" (p. 74 Devos et al, 2005). For example, successful cross-pollination can depend on the amount of competing pollen generated by the recipient crop. Larger fields will have larger pollen clouds overhead, acting as a competitor to pollen spreading from neighboring fields. The larger the field, the more impact this pollen cloud will have at minimizing cross-fertilization (Devos et al, 2005). The further into the center of a field, the more dominant and protective a maize crop's pollen cloud becomes (Burris, 2003). In contrast, a small sink may be disproportionately vulnerable to the pollen from a large field (Newstrom et al, 2003).)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Cervantes Martinez JE, Louette D, Molina Galan JD, Cervantes Santana T, Azpíroz Rivero HS, 2001. * Pollen dispersal and gene flow among adjacent maize populations. Agricultura Técnica en México México

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Crawley MJ, Brown SL, Hails RS, Kohn DD, Rees M, 2001. * Biotechnology- transgenic crops in natural habitats. Nature 409: 682-683.

· (From the text : Although improved crop yields can be engineered by genetically modifying plants, there is ecological concern over whether these plants are likely to persist in the wild in the event of dispersal from their cultivated habitat. In a 10-year experiment, conventional and transgenic lines of Brassica napus, potatoes, maize and sugarbeet were grown in 12 habitats (4 each in Cornwall, Sutherland and Berkshire, UK) during 1990, 1991 and 1992. The sites were monitored each year to follow the fate of sown individuals, to measure recruitment onto unsown areas nearby, and to determine whether there was any resurgence following natural disturbance in later years. It was found that there were no significant differences in average recruitment between conventional and GM plants for any of the four crops tested. None of the crops showed any increase in abundance at any of the sites nor did GM lines persist significantly longer than their conventional counterparts. All populations of maize, rape and sugarbeet were extinct at all sites within 4 years of sowing. Potato survived at one site, 10 years after planting, but survivors were all conventional. These experiments involved GM traits (resistance to herbicides or insects) that were not expected to increase plant fitness in natural habitats

Figure 1 The performance of conventional (blue) and transgenic (red) crops in natural habitats. Survival is the fraction of seeds sown (or tubers planted in the case of potato) that produce mature plants at the end of the first growing season. Error bars, 1 s.e. Data are averaged over habitats and replicates within habitat. In no case did populations of either conventional or transgenic plants increase, and transgenic plants never persisted significantly longer than conventional plants. All populations of maize, rape and sugar beet were extinct at all sites within 4 years of sowing. Potato still survives at one site, 10 years after planting, but the survivors are all conventional.
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· (In Sanvido et al, 2006 // Invasiveness of GM crops into natural habitats: The "exotic species model" vs. the "crop model" Basically, two principal models have been influential in considering the potential risk of invasiveness of GM crops: (1) the exotic species model and (2) the crop model. The more recent crop model assumes that GM crops will behave in much the same way as conventional crop plants except for the GM trait that may influence fitness (Crawley et al. 2001). If GM crops exhibit traits that are not expected to increase their fitness in semi-natural habitats, they probably behave like the non-GM crop with respect to invasiveness. In purely ecological terms, it is impossible to detect a particular risk in the release of transgenic plants that could be assumed to be absent in the case of conventionally bred plants (Sukopp and Sukopp 1993). The authors further state that "if we accept the necessity of a risk assessment in the case of the deliberate release of transgenic plants, we should also assess the potentially harmful ecological effects of growing conventionally bred plants" (Sukopp and Sukopp 1993).// Invasiveness of GM crops into natural habitats // The influence of transgenic traits on persistence and ferality // Invasiveness of transgenic crop varieties into semi-natural habitats // Not many experimental studies have been performed comparing the invasiveness of transgenic crop varieties to non-transgenic varieties. In an early study, population dynamics of GMHT OSR with a resistance to glufosinate and conventional OSR were estimated over a 3-year period in twelve natural habitats and under a range of climatic conditions (Crawley et al. 1993). There was no evidence that genetic engineering for herbicide tolerance increased the invasive potential of OSR in undisturbed natural habitats. Furthermore, there was no evidence that transgenic OSR was more invasive or more persistent in disturbed habitats compared to their conventional counterparts. In general, the transgenic lines performed even less well than the non-transgenic lines. A more recent study compared four different crops (both conventional and GM) grown in twelve different habitats and monitored their performance over a period of ten years (Crawley et al. 2001). In no case the GM crops (OSR and maize expressing tolerance to glufosinate, sugar beet tolerant to glyphosate, and two types of GM potato expressing either the Bttoxin or a pea lectin) were found to be more invasive or more persistent than their conventional counterparts.//)

· (In Hails, 2006 // Direct estimates of fitness Studies in the early 1990s estimated the relative invasiveness of transgenic crops by releasing them alongside their wildtype counterparts in natural habitats across the UK (Crawley et al. 1993; Crawley 2001). These experiments did include insect resistant transgenic potatoes, and there was no evidence that these varieties were more invasive during the first three years or the subsequent 10 years (Crawley 2001). These data were also used to illustrate that the variance in population growth rate across years was much greater than between sites within a year, and this was used to argue that experiments of this nature should be conducted over several years (Kareiva 1996). Given the resources this would require, there is a practical, as well as a scientific impetus to develop more generic approaches to risk assessment.//)

· (In Chapman and Burke, 2006 // Indirect effects - GM crops and invasiveness: The question of whether or not a GM crop is more invasive than its non-GM counterpart has been investigated in a comparison of the population dynamics of several (GM and non-GM) lines of oilseed rape (Brassica napus), maize (Zea mays), sugar beet (Beta vulgaris spp. Vulgaris) and potato (Solanum tuberosum) (Crawley et al, 1993, 2001). In short, the authors did not find any instances in which the transgenic crop persisted longer than its non-GM counterpart and, in all but one case (a non-GM potato variety), both the GM and non-GM lines went extinct within 3 years (Crawley et al ., 2001).//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Du M, Kawashima S, Matsuo K, Yonemura S, Inoue S, 2001. ¤ Simulation of the effect of a cornfield on wind and on pollen deposition. MODSIM 2001: The Modeling and Simulation Society of Australia and New Zealand Inc.: Int. Congress on Modelling and Simulation pp899-903.
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EPA, 2001. Biopesticides Registration Action Document - Bacillus thuringiensis Plant-Incorporated Protectants. http://www.epa.gov/pesticides/biopesticides/pips/bt_brad.htm 

·  «The Agency has determined that there is no significant risk of gene capture and expression of any B.t. endotoxin by wild or weedy relatives of corn. Ce rapport insiste en indiquant que ―B.t. plant-incorporated protectants that have been registered to date have been expressed in agronomic plant species that, for the most part, do not have a reasonable possibility of passing their traits to wild native plants. Feral species related to these crops, as found within the United States, cannot be pollinated by these crops (corn, potato and cotton) due to differences in chromosome number, phenology (i.e., periodicity or timing of events within an organism‘s life cycle as related to climate, e.g., flowering time) and habitat.

· The FIFRA EPA Scientific Advisory Panel meeting held on October 18-20, 2000 further discussed the matter of gene flow and offered some issues for consideration in this matter. The panel agreed that the potential for gene transfer between corn (maize) and any receptive plants within the U.S., its possessions and territories was of limited probability and nearly risk free. This report cited theses publications: Jemison and Vayda, 2000 indicated that cross-pollination of commercial maize cultivars at 100 ft downwind from the source of genetically modified maize was 1 % and this proportion declined exponentially to 0.1 % at 130 ft and further declined to 0.03 % at 160 ft. At 1000 ft, the farthest distance measured, no cross-pollination was detected. En conclusion, le rapport note que ―The potential for pollen-directed gene flow from maize to Eastern Gama Grass is extremely remote. This is evidenced by the difficulty with which Tripsacum dactyloides x Zea mays hybrids are produced in structured breeding programs. Additionally, the genus does not represent any species considered as serious or pernicious weeds in the United States or its territories. Any introgression of genes into this species as a result of cross fertilization with genetically-modified maize is not expected to result in a species that is weedy or difficult to control. In many instances where hybridization has been directed between these two species, the resultant genome is lacking in most or all of the maize chromosomal complement in subsequent generations. Many of the Zea species loosely referred to as ―teosintes will produce viable offspring when crossed with Zea mays ssp. mays. None of these plants are known to harbor weedy characteristics and none of the native teosinte species, subspecies or races are considered to be aggressive weeds in their native or introduced habitats. In fact, many are on the brink of extinction where they are indigenous and will be lost without human intervention (i.e., conservation measures). Further, none of the landraces or cultivated lines of Zea mays are considered to have weedy potential and are generally considered to be incapable of survival in the wild as a result of breeding practices (i.e., selection) during domestication of the crop.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Evans MMS, Kermicle JL, 2001. * Teosinte crossing barrier1, a locus governing hybridization of teosinte with maize. Theor.Appl. Genet. 103: 259-265.

·  (In Baltazar et al, 2004//Similarly, Kermicle and collaborators discovered that incompatibility between teosinte and maize is under control of Tcb1 (Teosinte Crossing Barrier 1) located on the short arm of chromosome 4 (Evans and Kermicle, 2001). Nonetheless, it has not determined whether such incompatibility systems function reciprocally in situ. //)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Jemison JM, Vayda ME, 2001. * oo ** Cross pollination from genetically engineered corn: wind transport and seed source. AgBioForum 4 (2), 87-92. http://www.agbioforum.org/v4n2/v4n2a02-jemison.pdf 

· Pollen transport from genetically engineered corn was evaluated by testing corn offspring from nearby cornfields. Harvested corn, sown in greenhouse flats, was sprayed with glyphosate at second leaf stage. Corn resistant to glyphosate likely cross-pollinated with GE corn or came from contaminated seed. Overall cross-pollination was less than two percent.

· (In Bannert, Thesis, 2006 // Aylor (2004) determined the survival of maize pollen for various periods of exposure to atmospheric conditions outdoors on different days by in vitro germination tests. Initial germination percentages were on average about 35 %. The germination percentage of freshly collected pollen exposed to direct sunlight tended to increase initially, remained relatively high for 60 to 120 min, and then decreased more or less rapidly over the next 60 to 120 min. Luna et al. (2001) measured the longevity of pollen exposed outdoors in Mexico in the wintertime using a complete fertilization criterion. They found a relative loss in pollen viability of 80% in 1 h and a 100% loss in viability in 2 h, and suggested that pollen death was mainly due to dehydration, controlled primarily by the vapour pressure deficit of the air. However, depending on the environmental factors, mainly temperature (Goss, 1968; Schoper et al, 1987; Jemison and Vayda, 2001), humidity (Goss, 1968; Barnabas, 1984; Garcia et al, 1998; Traore et al, 2000; Jemison et Vayda, 2001) and atmospheric water potential (Luna et al, 2001), pollen can remain viable for up to 24 h after shedding. Cool temperatures and high humidity favour pollen longevity.// Using an herbicide resistant maize field orientated upwind of predominant wind directions to the recipient field. In 1999 there was no cross-pollination at a distance of 350 m, but in year 2000 cross-pollination of 0.7 to 1.4% took place at a distance of 100 m in a field with asynchronous pollen production.//)

· From GMOSafety Coexistence information system

· Culture type Maize 

· Year 1999/2000 

· Country USA 

· Execution University of Maine 

· Experiment 

· Type of experiment: Field trial, measurement of GMO yields 

· Configuration of experiment: 

· 1999: Genetically modified herbicide-resistant maize (RoundupReady) in the middle of a field of 3454 square metresi; two conventional receptor fields, each with 12 parcels of 23.5 square metres, one east of GM field at a distance of 30 metres and one south-west at a distance of 350 metres. 

· 2000: as 1999, but with the second conventional field 100 metres south of GM field 

· Main wind direction: southwest 

· Execution of experiment: 

· Documentation of weather conditions and flowering periods 

· Sampling of 50 ears per parcel; testing for incrossing by use of treatment with glyphosate and PCR -analysis with the surviving plants. 

· Results 

· 1999: 

· 30 m east 1.04 % 

· 350 m southwest 0.0 % - 2000:

· 2000 
· 30 m east 1.65 % 

· 100 m south 0.65 % 

· 110 m south 1.38 % 

· Outcrossing is wind-dependent; high rates in Experiment 2000 presumably attributable to seed contamination 
· Recommendation for organic cultivation: do not harvest 3-4 metre border of field; ensure high seed purity values
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Luna VS, Figueroa MJ, Baltazar MB, Gome LR, Townsend R. Schoper JB 2001. * Maize Pollen Longevity and Distance Isolation Requirements for Effective Pollen Control. Crop Sci 41, 1551-1557.

· Pollen is an important vector of gene flow in maize (Zea mays Experiments were conducted to investigate the duration of pollen viability and the effectiveness of isolation distance for controlling gene flow. Pollen longevity was tested by collecting pollen at dehiscence and exposing it in a thin layer in the open air and sunshine for prescribed time periods before assessing pollen viability by measuring seed set after pollination and scoring visual appearance. Isolation distance was evaluated by growing 12.8-m2 plot of maize at various distances from a 4000-m2 pollen source. The pollinator contained either a genetic leaf or seed marker that allowed pollen flow to be measured. Pollen maintained viability for 1 to 2 h after dehiscence depending on atmospheric water potential. The theoretical, maximum distance viable pollen could move was 32 km, assuming pollen was transported linearly at the maximum average afternoon windspeeds for our location, viability was maintained for 2 h, and pollen settling rate was ignored. Cross pollinations occurred at a maximum distance of 200 m from the source planting, and only a limited number of cross pollinations occurred at the shortest distance (100 m). No cross pollinations occurred at 300 m from the source planting. The results are consistent with conclusions that maize pollen is desiccation intolerant and has a high settling rate. The results indicate isolation distance can be a useful tool for controlling gene flow via pollination in research scale plantings.

· (From the publication // Cross pollination frequency (number by plot) at various distances (metres) between pollen from the planting of material containing a genetic marker and silks of the plantings of the white seeded hybrid P3428ý. Purple plants and purple seeds indicate cross pollinationsin the leaf and seed marker experiments, respectively.
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	Seed
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	Leaf marker

experiments
	Seed

marker

experiments
	Leaf marker

experiments
	Seed
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experiments

	
	Purple 

plants

1997
	Purple 

plants

1998
	Purple sedds
	Purple 

plants

1997
	Purple 

plants

1998
	Purple sedds
	Purple 

plants

1997
	Purple 

plants

1998
	Purple sedds
	Purple 

plants

1997
	Purple 

plants

1998
	Purple 

sedds

	100
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0

	150
	-
	-
	0
	-
	-
	1
	-
	-
	0
	-
	-
	0

	200
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	300
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	400
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


·  (In the context of maize in Mexico an isolation perimeter of 185 to 200 m.is recommended)
· (In Heinemann, 2007 // detasseling involves removing the pollenproducing tassel from maize plants. It is usually done by hand due to variation in plant height, but can also be mechanised. Detasseling is an effective way to breed maize varieties without allowing gene escape, but would be difficult to maintain in commercial agriculture (Luna et al, 2001). // Luna et al. studied isolation distance by growing maize plots at different distances from a pollen source. The maximum cross-pollination distance recorded was 200m, with no dispersal recorded at 300m (Luna et al, 2001).). //) ((In Baltazar et al, 2004//Studies of isolation distance between maize plants in Tapachula, Nayarit showed that very limited cross-pollination occurred at 100 m and no pollination occurred at distances beyond 200 m //))

· (In Bannert 2006  // Studies have shown the sensitivity of pollen to dehydration.// the longevity of pollen exposed outdoors in Mexico in the wintertime using a complete fertilization criterion. They found a relative loss in pollen viability of 80% in 1 h and a 100% loss in viability in 2 h, and suggested that pollen death was mainly due to dehydration, controlled primarily by the vapour pressure deficit of the air.// However, depending on the environmental factors, mainly temperature, humidity and atmospheric water potential, pollen can remain viable for up to 24 h after shedding. Cool temperatures and high humidity favour pollen longevity. )

· (In Bannert, Thesis 2006 // * Aylor (2004) determined the survival of maize pollen for various periods of exposure to atmospheric conditions outdoors on different days by in vitro germination tests. Initial germination percentages were on average about 35 %. The germination percentage of freshly collected pollen exposed to direct sunlight tended to increase initially, remained relatively high for 60 to 120 min, and then decreased more or less rapidly over the next 60 to 120 min. Luna et al. (2001) measured the longevity of pollen exposed outdoors in Mexico in the wintertime using a complete fertilization criterion. They found a relative loss in pollen viability of 80% in 1 h and a 100% loss in viability in 2 h, and suggested that pollen death was mainly due to dehydration, controlled primarily by the vapour pressure deficit of the air. However, depending on the environmental factors, mainly temperature (Goss, 1968; Schoper et al, 1987; Jemison and Vayda, 2001), humidity (Goss, 1968; Barnabas, 1984; Garcia et al, 1998; Traore et al, 2000; Jemison et Vayda, 2001) and atmospheric water potential (Luna et al, 2001), pollen can remain viable for up to 24 h after shedding. Cool temperatures and high humidity favour pollen longevity.//

 Studies of cross-pollination in maize generally showed a rapid decrease over short distances up to 30 m, often accompanied by high variation, and a long tail with low cross-pollinations occurring over several hundred meters.// As Henry et al, (2003) Luna et al also found in Mexico more cross-pollination at 200 m from the source than at the shortest distance of 100 m.//)

Studies have shown the sensitivity of pollen to dehydration.// the longevity of pollen exposed outdoors in Mexico in the wintertime using a complete fertilization criterion. They found a relative loss in pollen viability of 80% in 1 h and a 100% loss in viability in 2 h, and suggested that pollen death was mainly due to dehydration, controlled primarily by the vapour pressure deficit of the air.// However, depending on the environmental factors, mainly temperature (Goss, 1968; Schoper et al, 1987; Jemison and Vayda, 2001), humidity (Goss, 1968; Barnabas, 1984; Garcia et al, 1998; Traore et al, 2000; Jemison et Vayda, 2001) and atmospheric water potential (Luna et al, 2001), pollen can remain viable for up to 24 h after shedding. Cool temperatures and high humidity favour pollen longevity.//)

·  (In Ma et al, 2004 - cross-fertilization in maize could occur at a maximum distance of 200 m from the source. // Biological factors such as pollen density, pollen radius, and sedimentation velocity are also important factors in determining the distance of the pollen drift. Maize pollen generally remains viable only for 1 to 2 h after dehiscence. However, depending on the environmental factors, mainly temperature, humidity and atmospheric water potential, it may remain viable for up to 24 h after shed. Cool temperatures and high humidity favor pollen longevity.// An isolation distance of 185 to 200 m is recommended between two maize fields for seed production.)

· (In Baltazar et al, 2004//Studies of isolation distance between maize plants in Tapachula, Nayarit showed that very limited cross-pollination occurred at 100 m and no pollination occurred at distances beyond 200 m //)

· (In Lipsius et al, 2006. // maize pollen is predominately deposited inside the source field, with deposition decreasing rapidly with distance from the source field//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Pleasants JM, Hellmich RL, Dively GP, Sears MK, Stanley-Horn DE, Mattila HR, Foster JE, Clark P, and Jones GD, 2001. * Corn pollen deposition on milkweeds in and near cornfields. Proceedings of the National Academy of Sciences of the United States of America, 98: 11919-11924. http://www.agbios.com/docroot/articles/pnas-01-261F.pdf Comment in: Proc Natl Acad Sci U S A. 2001 Oct 23; 98(22): 12328-30.

· The density of corn pollen on leaves of milkweed plants inside and outside of cornfields was measured in several studies from different localities. The purpose was to obtain a representative picture of naturally occurring pollen densities to provide a perspective for laboratory and field studies of monarch larvae feeding on milkweed leaves with Bt corn pollen. Pollen density was highest (average 170.6 grains per cm2) inside the cornfield and was progressively lower from the field edge outward, falling to 14.2 grains per cm2 at 2 m. Inside the cornfield, and for each distance from the field edge, a frequency distribution is presented showing the proportion of leaf samples with different pollen densities. Inside cornfields, 95% of leaf samples had pollen densities below 600 grains per cm2 and the highest pollen density observed was 1400 grains per cm2, which occurred in a study with a rainless anthesis period. All other studies had rainfall events during the anthesis period. A single rain event can remove 54-86% of the pollen on leaves. Leaves on the upper portion of milkweed plants, where young monarch larvae tend to feed, had only 30-50% of the pollen density levels of middle leaves.

· (In Sanvido et al, 2006 // Another severe points of criticism concerned the amount of pollen used in the feeding experiments. Losey et al. (1999) made no attempt to quantify the pollen dose on the leaves or to determine whether these levels used in the laboratory assay reflected realistic levels, which the larvae would be exposed in the field. In fact, subsequent studies revealed that larvae were exposed to less quantities of maize pollen on the host plant than had been thought before. Pollen density on the upper leaves, where the monarch egg masses are laid, was only 30-35% of that on middle leaves, and pollen densities were significantly higher around the leaf midrib, an area avoided by younger larvae (Pleasants et al. 2001). //)

·  (In Sears, 2006// Corn pollen can be deposited on the foliage of the milkweed plants, especially those in and around corn fields, at a dose considered toxic to monarch larvae (Hellmich et al. 2001, Pleasants et al. 2001). The critical issues are whether or not significant proportions of milkweed stands have toxic levels of Bt pollen and whether or not monarch larvae are present when pollen is shed on these plants.// Give the densities of pollen found on milkweed leaves within and surrounding fields of maize during pollen shed//).

·  (In Brookes et al, 2004: Most maize pollen falls within 5 metres of the field edge (Sears and Stanley-Horn, 2000, Pleasants et al, 1999).

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Quist D, Chapela IH, 2001. * Transgenic DNA introgressed into traditional maize landraces in Oaxaca, Mexico. Nature 414: 541–543. 

Comment in: 
Nature. 2002 Apr 11; 416(6881): 601-2; discussion 600, 602. 


Nature. 2002 Apr 11; 416(6881): 602.


Nature. 2002 Jun 27; 417(6892): 897; author reply 897-8. 


Nature. 2002 Oct 24; 419(6909): 772-6. 


Nature. 2005 Aug 11; 436(7052): 760.

· Concerns have been raised about the potential effects of transgenic introductions on the genetic diversity of crop landraces and wild relatives in areas of crop origin and diversification, as this diversity is considered essential for global food security. Direct effects on non-target species, and the possibility of unintentionally transferring traits of ecological relevance onto landraces and wild relatives have also been sources of concern. The degree of genetic connectivity between industrial crops and their progenitors in landraces and wild relatives is a principal determinant of the evolutionary history of crops and agroecosystems throughout the world. Recent introductions of transgenic DNA constructs into agricultural fields provide unique markers to measure such connectivity. For these reasons, the detection of transgenic DNA in crop landraces is of critical importance. Here we report the presence of introgressed transgenic DNA constructs in native maize landraces grown in remote mountains in Oaxaca, Mexico, part of the Mesoamerican centre of origin and diversification of this crop.

· (Quist and Chapela made two claims on contamination of native Mexican (landrace) corn with GM corn. The first claim, that contamination has taken place, has been backed up by Mexican government studies confirming the result. The second claim, that the transgene is unstable and has been inserting itself into different parts of the genome, is more contentious.)

· (In Chapman and Burke 2006 : The report by Quist and Chapela (2001) that transgenic constructs had been found in a native maize landrace in Oaxaca, Mexico, where transgenic maize had not been previously grown, was used by Greenpeace and Friends of the Earth as evidence that GM crops are not safe (Hodgson, 2002). Following criticisms of the techniques used for the detection of the transgene (e.g. Metz and Futterer, 2002), this paper was ultimately retracted. A recent analysis of over 150 000 maize kernels from the same region failed to find evidence of the presence of the transgene (Ortiz-Garcia et al, 2005). //)

· (In Alvarez-Morales and Jofre-Garfias, 2006// The first report of the presence of transgenes in maize landraces in the Sierra Juárez of Oaxaca, Mexico (Quist and Chapela, 2001), and the confirmation and acknowledgement by the Mexican government (Alvarez-Morales, 2002), led a group of researchers to conduct a follow-up study on the possible fate of the transgenes after three years of their initial detection. This group did not detect any transgenes in the sampled material which led them to conclude that transgenes were either absent or extremely rare in the sampled fields (Ortiz-García, et al, 2005a, 2005b).//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Alvarez-Morales A, 2002. ¤ Transgenes in maize landraces in Oaxaca: Official report on the extent and implications. The 7th International Symposium on the Biosafety of Genetically Modified Organisms, Beijing, China, October 10-16, Proceedings p 78. http://www.isbr.info/symposia/docs/isbgmo.pdf
· In November 2001 a report was published indicating that transgenes had beenfound in landraces of corn grown in the sierra of Oaxaca, Mexico (Quist, D. and Chapela,I.H., 2001 Nature 414:541-543). This report initiated a long debate on three main subjects: 1) The technical qualification of the report; 2) The validity of the results presented and 3) The possible consequences and implications that such an event could have. As a consequence of such report the Mexican Government initiated a preliminary sampling and analysis through the National Institute of Ecology which indicated the presence of transgenes in corn in two states. Based on these findings, the Secretary of Agriculture, requested an investigation into the subject. An ―ad hoccommittee was formed which included experts from different areas of expertise. The first step was to devise an approach to obtain representative samples from the State of Oaxaca and the neighboring State of Puebla. Once the sampling strategy had been planned it had to be implemented ensuring the ―chain of custodyand that all relevant information was obtained for each sample at each location. The samples where then processed and distributed to the institutions that were going to carry out the testing. Tests performed on the samples included PCR for general transgenic traits such as the 35S promoter, NOS terminator or cry genes; protein analysis using ―strip testsand ELISAs forspecific proteins such as PAT, CP4, Cry1A and Cry9C; sequence and Southern blot analysis to confirm the findings and identity of some of the genes found. Up to this moment, the results presented by the Mexican Government have shown that transgenes such as cry1A can be found extensively in land races throughout theState of Oaxaca. The presence of cry9C has not been detected in any of the samples tested. As for any apparent consequences to the landraces themselves, this so far has not been the case. The small growers have not reported any phenotypic changes in their crops that could suggest that a major modification could take place. The changes observed are those expected when the farmers use a hybrid to ―enhance or improve their landraces, a practice that is very common among small growers in this area. 
· (In Alvarez-Morales and Jofre-Garfias, 2006// The first report of the presence of transgenes in maize landraces in the Sierra Juárez of Oaxaca, Mexico (Quist and Chapela, 2001), and the confirmation and acknowledgement by the Mexican government (Alvarez-Morales, 2002), led a group of researchers to conduct a follow-up study on the possible fate of the transgenes after three years of their initial detection. This group did not detect any transgenes in the sampled material which led them to conclude that transgenes were either absent or extremely rare in the sampled fields (Ortiz-García, et al, 2005a, 2005b).//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Angevin F, Colbach N, Meynard J.-M, Roturier C, 2002. ¤ Utilisation des modèles GeneSys-colza et Mapod-maïs pour raisonner des stratégies de ségrégation de filières et évaluer la faisabilité de certains seuils de pureté dans différents systèmes de culture et de production. Séminaire de restitution des résultats de l'AIP "OGM et Environnement" 1998-2001 - Paris, 30 avril 2002 - Edition INRA. http://cemadoc.cemagref.fr/exl-doc/colloque/ART-00001857.pdf 

· La perspective de la culture de variétés transgéniques pose, pour de multiples raisons, le problème de la ségrégation de filières de production basées sur la même espèce dans les paysages agricoles : demande d‘une filière "sans OGM" ; coexistence avec les cultures biologiques, de productions alimentaires et non alimentaires… Les cahiers des charges appliqués actuellement dans les filières ségréguées ne sont pas suffisants pour assurer le respect de seuils très stricts. Pour le maïs et le colza, l‘utilisation des modèles MAPOD et GENESYS de dissémination de (trans)gènes dans un paysage a permis d‘évaluer, à l‘échelle de la parcelle, la faisabilité technique de certains seuils de pureté dans divers systèmes de production et de proposer les techniques culturales ou caractéristiques variétales les plus efficaces pour en assurer le respect. Ces modèles ayant, par ailleurs, un bonne qualité prédictive pour classer les systèmes de culture en fonction des risques de dissémination qui y sont associés, ce sont des stratégies plus globales de gestion des cultures au sein d‘un bassin de collecte qui ont aussi été étudiées.

· (//Ces auteurs proposent un tableau pour faire cohabiter maïs PGM et non PGM en utilisant la modèle MAPOD et en se basant sur isolement géographique ou/et par décalage de la floraison.

	Seuil de pureté requis (maïs non-OGM de consommation). Stratégies d'isolement proposées 

	 5 % 
	 Possible en parcelle adjacente d'un champ OGM de même précocité à condition de pratiquer un détourage de 15 m de la parcelle non-OGM 

	 1% (seuil d'étiquetage obligatoire) 
	 - En parcelles adjacentes : au moins 4 jours de décalage de floraison (variétés de précocité différente) entre variétés OGM et non-OGM - Si variétés de même précocité, 100 m de distance entre bordures de parcelles 

	 0.1 % (seuil de quantification) 
	 - En parcelles adjacentes : au moins 6 jours de décalage de floraison (variétés de précocité différente) - Si variétés de même précocité, 400 m de distance entre bordures de parcelles 

	 0.01 % (seuil de détection) 
	 - Floraison totalement décalée (variétés OGM et non-OGM de précocités très différentes) 


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Aylor DE, 2002. * Settling speed of corn (Zea mays) pollen. Journal of Aerosol Science. 33:1599-1605.

· The settling speed of corn pollen is fundamental for determining the distance that corn pollen can be transported in the atmosphere and for determining its probability of being deposited on plants and the ground. The settling speed, vS, and the corresponding volume-equivalent diameter, De, of corn pollen grains were measured at various times after pollen was released from the anther. The geometric size of pollen grains decreased with increasing time after release from the anther due to loss of water during drying. The density of corn pollen ranged from 1.25 g cm-3 when freshly collected to 1.45 g cm-3 when dry. Values of vS ranged from 21 cm s-1 for pollen grains with De of 76–80 μm to 32 cm s-1 for pollen grains with De of 103–106 μm. Over a wide range of pollen sizes (76–106 μm), which included pollen collected from two hybrid varieties and one inbred line, vS was described well (P<0.000001) by theoretical values based on the size, shape, and density of the pollen and using an aerodynamic drag coefficient given by cd=24Re-1(1+0.158Re2/3).

· (In Bannert, Thesis 2006 // Several physical changes take place during drying. For example, the shape of maize pollen changes from a prolate spheroid to a crinkled, prismatic solid, its specific gravity increases by about 16%, and its settling speed decreases by about 34%.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Baltazar BM, Schoper JB, 2002. ¤ Crop to crop gene flow: dispersals of transgenes in maize. Proceedings of the 7th symposium on biosafety of GMOs. http://www.isbr.info/symposia/docs/isbgmo.pdf 

· Gene flow in maize (Zea mays L. ssp. mays), among genotypes with varying levels of hybridization and stages of evolution, including the wild relative teosinte (Zea mays ssp. mexicana (Schader) Iltis), is not new. Considerable research exists that evaluates the impact of improved, conventional maize cultivars on traditional landraces and teosinte in Mexico. Considerable research also exists concerning the ability of plant breeders and seedsmen to prevent the undesired transfer of genes from unimproved varieties or wild relatives to elite germplasm via stringent pollen control techniques. Recently, the results of these investigations have received renewed interest due to the possibility that transgenes may somehow affect the landraces and wild relatives. The purpose of this presentation is to provide a review of the literature on gene flow and pollen control in maize. Included will be a discussion of our research on maize pollen biology, flowering dynamics, and evaluation of several practical techniques for controlling pollen and therefore gene flow on a research scale. Results to date are consistent with observations that maize pollen is desiccation intolerant and loses water and viability due to desiccation rapidly after dehiscence as is found in Gramineae generally. Teosinte pollen generally desiccated more rapidly than maize pollen although the duration of shedding was typically longer due to the existence of multiple staminate inflorescences per plant. Stigma or 'silk' elongation in landraces and improved maize varieties was rapid and growth continued for approximately 10 days after initial emergence. Crossing occurred among improved cultivars and among improved cultivars and landraces equally in either direction. However, crossing of maize with teosinte typically involved teosinte plants fertilizing maize plants. The evaluation of two research scale methods of pollen control indicated successful pollen control could be obtained. Prior literature regarding maize pollen and silk biology and the use of spatial isolation to control maize hybridization was consistent with our results. Our research demonstrates and documents that effective tools for managing research scale pollen flow exist and that these results are consistent with the floral biology of the crop. The only way to determine impact of transgenic gene flow is to be able to conduct further research. The extent to which precautions need to be applied to the pollen flow depends ultimately on the implications of the flow of novel genes. If the consequences of novel gene flow are biologically significant, more precaution will need to be exercised than if experiments demonstrate no significant biological impact of the novel genes beyond that of traditional breeding activities.

· (In Brookes et al, 2004 // identified no out-crossing beyond 200 metres in very dry and calm conditions.//)

· (In Henry et al, // no out-crossing beyond 200 metres in very dry and calm conditions. //)
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Berthaud Y, Gaël Pressoir, Fabiola Ramirez-Corona, Mauricio R. Bellon, 2002. ¤ Farmers management of maize landrace diversity. A case study in Oaxaca and beyond. The 7th International Symposium on the Biosafety of Genetically Modified Organisms Beijing, China October 10-16. Proceedings http://www.isbr.info/symposia/docs/isbgmo.pdf 

· To assess the impact of farmer management on maize landrace diversity in the Central Valleys of Oaxaca, Mexico, where landraces comprise most of the maize grown, we interviewed farmers in six villages and collected and evaluated samples of seed. Among other things, we found that : the level of deleterious and lethal mutations is high in the landraces; frequent seed and pollen exchanges, i.e., extensive migration and gene flow among landraces, result in a low differentiation between landraces; these same landraces show a strong differentiation for traits under selection by farmers (mainly ear traits).

We also report on prior studies in Cuzalapa village, southwest Mexico and in Burkina Faso, which also examine the impact of migration and gene flow in open genetic systems. Because of high levels of recombination, most genes introduced from exotic varieties will behave independently and their diffusion is favored by seed and pollen exchanges. At the same time, these exchanges are components of the mechanisms that maintain and enhance the genetic diversity and viability of these landraces. Strategies that would restrict them will erode gene flow and result in genetic erosion.
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Blancas L, Arias D;Ellstrand NC, 2002. ¤ Patterns of genetic diversity in sympatric and allopatric populations of maize and its wild relative teosiinte in Mexico: evidence for hybridization. In "Scientific methods workshop: ecological and agronomic consequences of gene flow from transgenic crops to wild relatives" pp. 31-38 Ohio State University, Columbus, Ohio.

· Genetic diversity in maize and its wild relative teosinte (Zea mays ssp. mexicana) in Mexico is important for the sustainability and improvement of the third most important crop in the world. This study examines the genetic diversity of sympatric and allopatric populations of maize and teosinte and evidence for hybridization in Mexico using isozyme electrophoresis. We take a population level approach to the analysis of genetic diversity in standing Mexican populations. Our data provides evidence that hybridization contributes to the genetic similarity between sympatric pairs of maize and teosinte populations compared with allopatric populations of either subspecies. Introgressed populations of teosinte show an increase in diversity relative to isolated populations. To date, introgression from teosinte does not appear to play an important role in the genetic diversity of sympatric maize. Patterns of differentiation among sympatric and allopatric populations of maize and teosinte indicate that introgression occurs more often than previously thought. Additionally, recent introgression between maize and teosinte has resulted in morphological hybrids that often have genetically transgressed allele frequencies compared to adjacent maize and teosinte populations.
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Bock AK, Lheureux K, Libeau-Dulos M, Nilsagård H, Rodriguez-Cerezo E, 2002. £ Scenarios for coexistence of genetically modified, conventional and organic crops in European agriculture. Technical Report Series of the Joint Research Centre of the European Commission, EUR 20394 EN. 133 p. ftp://ftp.jrc.es/pub/EURdoc/eur20394en.pdf
· Co-existence means that farmers should be able to freely adopt the agricultural production system they prefer. Production systems can be differentiated into conventional systems including GM crops, conventional systems using non-GM crops and organic farming systems using exclusively non-GM crops.

Of course, different types of agricultural production are not naturally separated. The cultivation and use of GMOs is strictly regulated in the European Union. However, the adventitious presence of GM crops in organic or in conventional crops cannot be excluded during cultivation, harvest, transport, storage and processing. If GM crops increase their share in EU agriculture, the question arises as to whether adventitious presence of GM crops in organic or in conventional crops at farm and at regional level could significantly increase if current farming practices are maintained. In the Communication on "Life Sciences and Biotechnology - A strategy for Europe", the Commission has committed itself to take "initiatives to develop, in partnership with Member States, farmers and other private operators, research and pilot projects to clarify the need and possible options, for agronomic and other measures, to ensure the viability of conventional and organic farming and their sustainable co-existence with GM crops". This study which was commissioned by the Agriculture Directorate-General and co-ordinated by the Commission's Joint Research Centre, is a first step towards addressing these issues and trying to assess the consequences of the introduction and possible increase of GM crops, and to identify appropriate measures at the farm level to minimise the adventitious presence of GMOs below the thresholds laid down in Commission legislation (for labelling of GM food). The study also aims at developing possible monitoring systems needed for verification, and at estimating the costs of relevant changes in farming practices, monitoring systems and of potential insurance systems to cover possible financial losses due to adventitious presence of GM crops in non-GM crops.)

· (From GMOSafety: Coexistence information system

· Culture type Maize 

· Year 2002 > 

· Land European Union

· Execution Joint Research Center (JRC) der Europäischen Union 

· Experiment Study 

·  Type of experiment: Establishment of model, simulation 

· Simulation of GMO yields ¤ Basis: enterprises in various regions of France and Italy, with conventional and organic cultivation 

· Variation: Varying flowering periods; size of isolation distances; portion of GM fields (10 % / 50 %) 

· further parameters: contamination of seed and tools, mixture by storage and transport 

· Results 

· 10 per cent portion of GM fields: maintenance of a threshold value of 1 per cent GMO in the harvest is only critical for conventional businesses with on-site cultivation of GM maize; however, this remains critical even at distances of 200 metres (due to seed and tool contamination).

· 50 per cent portion of GM fields: for organic enterprises, accomplishment of 1 per cent remains possible without additional measures, due to high seed purity and the use of dedicated machinery; for conventional enterprises, almost impossible to accomplish even when applying broad measures. 

Main factors of influence: seed contamination and GM maize presence in the environment. 

· Documentation Bock A-K., Lheureux K., Libeau-Dulos M., Nilsagard H., Rodriguez-Cerezo E. (2002) Scenarios fpr co-existence of genetically modified, conventional and organic crops in European agriculture, ipts

· (In Messean, 2008  // MAPOD a été utilisé dans différentes études de coexistence (Bock et al, 2002 ; Messéan et al, 2006 ; Lécroart et al, 2007). Il a permis d'étudier la faisabilité de la coexistence à l'échelle du champ et du silo de collecte dans différentes régions européennes (Poitou-Charentes, Alsace, Aquitaine, Aragon), sous différents scénarios d'adoption des OGM et en testant l'efficacité de différentes mesures de coexistence (distances d'isolement, décalages de floraison, zones non-OGM implantées autour des champs OGM). MAPOD permet ainsi de tenir compte des conditions locales (forme des champs, climat réel, pratiques agricoles) et de discuter à l'échelle locale de la coexistence. Ces travaux permettent aussi de tirer des enseignements plus généraux. La table 1 (voir Messean, cette publication) donne ainsi une vision synthétique de l'efficacité des différentes mesures de coexistence. //).
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Brunet Y, Foudhil H, Caltagirone J-P, 2002. ¤ Modélisation physique de la dispersion atmosphérique à l'échelle d'un paysage hétérogène. Séminaire de restitution des résultats de l'AIP "OGM et Environnement" 1998-2001 - Paris, 30 avril 2002 - Edition INRA. http://cemadoc.cemagref.fr/exl-doc/colloque/ART-00001871.pdf 

· Un modèle mécaniste reposant sur les équations de la dynamique des fluides a été développé afin de pouvoir simuler la dispersion atmosphérique de particules telles que le pollen à l'échelle de paysages hétérogènes, caractérisés par un assemblage de différentes parcelles, de bandes de sol nu, de rideaux d'arbres ou de bosquets, etc. Un code numérique existant a été pour cela adapté aux conditions atmosphériques et enrichies de manière à prendre en compte explicitement un couvert végétal ainsi que l'ensemble des processus accompagnant la dispersion (émission, transport, dépôt). Le modèle a ensuite été validé avec succès sur de nombreuses données expérimentales acquises en conditions naturelles et en soufflerie, représentant une large gamme de situations : transitions de rugosité, sauts de concentration, écoulement en couvert homogène, écoulement en couvert discontinu, dispersion de particules dans diverses configurations. Une étude de sensibilité à plusieurs paramètres a été menée, permettant de quantifier par exemple l'influence de la rugosité de la surface sur la dispersion de pollen. Des cas plus complexes ont pu être ensuite abordés, visant à analyser le rôle de bandes de sol nu entre une parcelle émettrice et une parcelle réceptrice. Le travail se poursuit avec des validations supplémentaires rendues possibles par la réalisation de campagnes récentes, et la prise en compte d'assemblages complexes de différentes surfaces et d'éléments d'hétérogénéité tels que haies ou bosquets.
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Butler D, 2002. * Alleged flaws in gene-transfer paper spark row over genetically modified maize. Nature. 2002 Feb 28, 415(6875): 948-9.
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Committee on Environmental Effects of Transgenic Plants, N. R. C. (2002). // Environmental effects of transgenic plants: the scope and adequacy of regulation (Washington, D.C., National Academies Press). Committee on the Biological Confinement of Genetically Engineered Organisms, N. R. C. (2004). Biological Confinement of Genetically Engineered Organisms (Washington, D.C., National Academies Press).

· (In Heinemann, 2007 // However, chloroplasts are not strictly maternally inherited in all plant species. Even in species with a strong maternal bias, some escapes through the male line are possible , just as has been shown true for mitochondria.)
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Dattée Y, Frédérique A, 2002. ¤ Séminaire de restitution de l'AIP « OGM et environnement ». Séminaire de restitution des résultats de l‘AIP "OGM et Environnement" 1998-2001 - Paris, 30 avril 2002 – INRA. http://cemadoc.cemagref.fr/exl-php/colloques/29-2002seminaire-restitution-aip-ogm-environnement.htm 

· La transgénèse chez les plantes a été étudiée en premier lieu au plan moléculaire ; la sécurité de l'expérimentation consistait alors à éviter tout ADN superflu dans les constructions introduites dans le génome et ce, dans la mesure où les techniques de transformations applicables à l'espèce végétale le rendaient possible. Dans ce domaine, des progrès ont été faits, d'autres restent à venir et il devient possible, au moins chez certaines espèces, de produire des événements de transformation de plus en plus ciblés et totalement descriptibles, même si le site d'insertion demeure aléatoire. L'impact de la dissémination des plantes génétiquement modifiées est devenu plus tardivement un réel sujet d'étude. En effet, les premières expérimentations étaient en situation de quasi-confinement. Des études ont cependant été conduites. Dès 1986, des programmes de l'Union Européenne avaient mis l'accent sur les questions d'impact, y compris d'impact environnemental. En 1991, le comité scientifique permanent de la Sélection Végétale a ouvert un appel d'offre intitulé "Dissémination des plantes génétiquement modifiées" ; l'expérimentation en vraie grandeur a été lancée à partir de 1996, dans les plates-formes inter-instituts. C'est dans ce contexte qu'en 1998, l'INRA a ouvert une AIP (action incitative programmée) intitulée "OGM et Environnement". Développée sur trois ans, de 1998 à 2001, cette AIP a bénéficié de 3 MF et du recrutement de deux ingénieurs. Cet investissement, important, a permis présenter un ensemble de résultats originaux issus de travaux pluridisciplinaires. Bioclimatologie, Génétique, Agronomie, Biométrie sont largement représentées avec une bonne synergie, les sciences économiques et sociales sollicitées ont moins répondu à ce stade. Au cours des trois années du programme, des résultats concrets ont été acquis ou approfondis, notamment sur la dispersion du pollen, rendant la modélisation plus proche de la réalité du terrain. De tels résultats sont de nature à donner des éléments pour construire les dispositifs de biovigilance mais aussi à permettre l'établissement de règles de coexistence des cultures telles que celles demandées par Commission Européenne. Le relais des recherches présentées dans ce document a été pris par les appels d'offres "Impact des OGM" du Ministère de la Recherche et du CNRS et plus récemment par celui proposé par l'ANR. L'originalité des résultats, la mise au point de modèles opérationnels pour la gestion de l'introduction de variétés OGM dans des systèmes de culture ont été des atouts qui ont permis leur utilisation au cours d'expertises pour les pouvoirs publics et notamment pour la Commission européenne (Scenarios for co-existence of genetically modified, conventional and organic crops in European Agriculture, 2002). Plus récemment, les synergies mises en place entre équipes françaises lors de l'AIP, l'expérience acquise sur la modélisation des flux de gènes ont été valorisées dans un programme de recherche financé dans le cadre du sixième PCRD : SIGMEA (Sustainable Introduction of GM crops into European Agriculture, 20042007) dont la coordination scientifique est assurée par l'INRA. Certaines des équipes travaillant sur le flux de gènes participent aussi au projet intégré Coextra coordonné par l'INRA.
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Eastham K, Sweet J, 2002. £ Genetically modified organisms (GMOs): The significance of gene flow through pollen transfer - A review and interpretation of published literature and recent/current research from the ESF ‗Assessing the Impact of GM Plants‘ (AIGM) programme for the European Science Foundation and the European Environment Agency. European Commission, Environmental issue report No 28 - Project manager: David Gee - European Environment Agency, Environmental Issue Report 28, 75 pp.

· The authors observed that the percentage of outcrosses occurring in successive rows at different distances of isolation indicates that the first five rows adjacent to the source of contamination function as a barrier to the dispersal of contaminating pollen. Additional border rows serve only to dilute the contaminating pollen (Jones and Brooks, 1950). Overall the percentage of cross breeding with other maize crops in the vicinity will depend on factors such as separation distance, local barriers to pollen movement and local climate and topography. If introgression between GM and non-GM varieties were to occur, the probability of a volunteer weed problem occurring is low because its reproductive capacity is limited due to characteristics such as its inability to shed seed naturally. It seems unlikely that any shed maize seed would remain viable for prolonged periods under European conditions due to lack of dormancy and the inability of seed to survive low temperatures. De plus on ne connait pas d‘espèce apparentée au maïs en Europe. 
Maize pollen has been shown, by the action of wind, to cross with other cultivars of maize at up to 800 m away. It is estimated that small quantities of pollen are likely to travel much further under suitable atmospheric conditions. 
· (From the executive summary:

Maize can be described as a medium to high-risk crop for gene flow from crop to crop. Evidence suggests that GM maize plants would cross-pollinate non-GM maize plants up to and beyond their recommended isolation distance of 200 m. There are no known wild relatives in Europe with which maize can hybridise. 

	Crop Frequency of gene flow from outcrossing 
	 Crop to crop 
	 To wild relatives 

	 Oilseed rape 
	 High 
	 High 

	 Sugar beet 
	 Medium to high 
	 Medium to high 

	 Maize 
	 Medium to high 
	 No known Wild Relatives 

	 Potatoes 
	 Low 
	 Low 

	 Wheat 
	 Low 
	 Low 

	 Barley 
	 Low 
	 Low 

	 Fruits -strawberry, apples, grapevines and plums 
	 Medium to high 
	 Medium to high 

	 Raspberries, blackberries, blackcurrant 
	 Medium to high 
	 Medium to high 
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Feil B, Stamp P, 2002. ££ The pollen-mediate flow of transgenes in maize can already be controlled by cytoplasmic male sterility. AgBiotechNet 4: 1-4.

· Opponents of gene technology are concerned about the potential hazards of releasing pollen from genetically modified (GM) maize. Under suitable atmospheric conditions, GM maize pollen can travel long distances in a viable state and fertilize non-GM plants far away from the pollen source. Furthermore, pollen-mediated gene transfer from GM maize to the wild relative teosinte and to landraces cannot be ruled out. Agronomic measures such as spatial isolation and border rows cannot reliably prevent the dispersal of transgenes. We, therefore, propose growing 80:20% mixtures of cytoplasmic male-sterile (cms) GM hybrids and male-fertile non-GM hybrids, whereby the latter component acts as pollen donor for the entire stand. Since the cms GM plants release no pollen or, at least, no viable pollen, the transgenes cannot escape from the GM maize field. There are at least five advantages over most other strategies for transgene containment cited in the literature. Firstly, there is experimental evidence that cms hybrids yield better than their male-fertile counterparts. Secondly, pollination of the cms hybrids by genetically distinct pollen donor hybrids (= non-isogenic pollination) can bring about additional grain yield benefits through xenia. Thirdly, blends of male-sterile Bt maize and male-fertile non-GM maize may help delay the development of Bt toxin-resistant insect populations. Fourthly, it is not mandatory to genetically engineer maize for cms, because 40 sources of cms, which can be divided into three major groups, are available. Fifthly, our method can be implemented immediately, because inexpensive seed of cms versions of current high-yielding hybrids can be produced in large quantities using existing standard methods. The proposed system represents a simple and efficient novel solution for policy makers who must establish the legal requirements that regulate the parallel production of GM and non-GM maize. In principle, our method is applicable to all crops that produce a sufficient surplus of pollen.
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Feil B, Schmid JE, 2002. ££ Dispersal of maize, wheat and rye pollen. Institute of Plant Sciences. Swiss Federal Institute of Technology

· (In NIAB Report 2006.// conclude that separation distances of 200 m and 300 m between GM maize and non-GM maize should be sufficient to keep the admixture below 1 % and 0.5 %, respectively.//)
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Gives I, 2002. £ Director General Iwanaga Gives CIMMYT‘s Position on Issue of Transgenes in Mexican Landraces and Implications for Diversity Worldwide. International Maize and Wheat Improvement Center - Centro Internacional de Mejoramiento de Maíz y Trigo
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Halsey ME, Gaitan-Gaitan FG, Remundand KM, Berberich SA, 2002. ¤ Pollen mediated gene flow in maize as influenced by time and distance. Conference on Plant Molecular Pharming (CPMP), Québec, Mars 2003.

http://download.clib.psu.ac.th/datawebclib/e_resource/e_database/agronomy/2002/Browse/pdf/C03-berberich170444-Poster.pdf 

· Development of genetically modified maize has increased the need to understand pollen-mediated gene flow. The maize industry must now meet quality standards for food labeling, identity preservation, and grain channeling and is required to maintain segregation of non-food varieties, such as those producing pharmaceuticals and industrial enzymes. To assist in development of improved isolation practices, two years of large-scale trials were conducted to assess the effect of physical (distance) and temporal (planting time) separation on gene flow. Phenotypic and/or genetic markers were used to detect gene flow between a pollen source plot and receptor plots at distances ranging from 100 feet to >0.5 mile. Gene flow decreased exponentially with distance when the source and receptor plots were planted at the same time, reaching <0.003% at about 0.5 miles. When planting of the source and receptor plots was separated by two weeks, gene flow was below the limit of detection (<0.001%) at ~1000 feet. Additional trials are in progress to further evaluate the parameters affecting gene flow in maize and to develop scientifically based practices for gene confinement in field production.
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Hodgson J, 2002. * Doubts linger over Mexican corn analysis. Nature Biotechnology 20: 3-4.

· (In Chapman and Burke, 2006. The report by Quist and Chapela (2001) that transgenic constructs had been found in a native maize landrace in Oaxaca, Mexico, where transgenic maize had not been previously grown, was used by Greenpeace and Friends of the Earth as evidence that GM crops are not safe (Hodgson, 2002). Following criticisms of the techniques used for the detection of the transgene (e.g. Metz and Futterer, 2002), this paper was ultimately retracted. By this time, however, public concern over the possibility of transgene escape had already been heightened. A recent analysis of over 150 000 maize kernels from the same region failed to find evidence of the presence of the transgene (Ortiz-Garcia et al ., 2005).//)
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ISBGMO, 2002. ¤ 7th International Symposium on the Biosafety of Genetically Modified Organisms. Proceedings http://www.isbr.info/symposia/docs/isbgmo.pdf 
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Kaplinsky N, Braun D, Lisch D, Hay A, Hake S, and Freeling M, 2002. * Maize transgene results in Mexico are artefacts. Nature 416: 601. 602 

Comment in: 
Nature. 2002 Jun 27; 417(6892): 897; author reply 897-8. 


Nature. 2002 Jun 27; 417(6892): 897; author reply 897-8. 

Comment in: 
Nature. 2001 Nov 29; 414(6863): 541-3.

· Quist and Chapela's conclusion that the transgenes they claim to have detected in native maize in Oaxaca, Mexico, are predominantly reassorted and inserted into a "diversity of genomic contexts" seems to be based on an artefact arising from the inverse polymerase chain reaction (i-PCR) they used to amplify sequences flanking 35S transgenes from cauliflower mosaic virus (CaMV).

· (Quist and Chapela made two claims on contamination of native Mexican (landrace) corn with GM corn. The first claim, that contamination has taken place, has been backed up by Mexican government studies confirming the result. The second claim, that the transgene is unstable and has been inserting itself into different parts of the genome, is more contentious. The paper contains criticisms of the claim, and the controversial nature of the finding led to Nature later retracting the original article.) In a paper (Quist and Chapela, 2002) reply to critics, acknowledging some of the criticisms of their methods, but still stand by both their findings.)
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Klein E, Lavigne C, Foueillassar X, Larédo C, Gouyon P-H, 2002. ¤ Effet d'une discontinuité du couvert végétal sur la dispersion du pollen de maïs. Séminaire de restitution des résultats de l'AIP "OGM et Environnement" 1998-2001 - Paris, 30 avril 2002 - Edition INRA. http://cemadoc.cemagref.fr/exl-doc/colloque/ART-00001872.pdf
· Des expérimentations réalisées en 1998 par l‘AGPM ont permis de mesurer la dispersion efficace du pollen de maïs en conditions climatiques réelles en utilisant une parcelle de plantes contenant un marqueur dominant (ici une coloration en bleu du grain) située au sein d‘un champ de plantes ne contenant pas le marqueur. Ces expérimentations, accompagnées d‘une modélisation mécaniste de la fonction de dispersion du pollen, avaient permis d‘ajuster des modèles de dispersion sur les données observées (Klein, 2000 ; Klein et al, 2003). Il est alors possible de réaliser des prédictions de taux de pollinisations croisées entre deux parcelles de maïs sur la base de ces résultats (Angevin et al, 2001). Cependant, tout ce travail a été réalisé en milieu continu (c‘est-à-dire pour un champ entièrement couvert de maïs) et il est très probable qu‘une discontinuité du couvert végétal implique une modification de la fonction de dispersion pour cette espèce. La dispersion est en effet anémophile et la structure des écoulements d‘air est fondamentalement différente à l‘intérieur d‘une parcelle de maïs et en dehors de celle-ci. Des expérimentations ont donc été réalisées en 1999 et 2000 pour mesurer la dispersion du pollen de maïs en présence d‘une discontinuité du couvert végétal et pour vérifier dans quelle mesure celle-ci est effectivement différente de la dispersion en milieu continu. Nous présentons, dans une première partie, les résultats des expérimentations de 2000, conduites dans deux champs de maïs avec deux types de discontinuités du couvert végétal (tournesol ou trèfle). Dans une seconde partie, nous présentons quelques prédictions réalisées pour ces expérimentations en utilisant les modèles ajustés sur des données de dispersion en milieu continu ainsi que des données météorologiques acquises indépendamment.

· (From the text // Utilisent le marqueur grain bleu pour mesurer le taux d‘hybridation croisée entre deux parcelles de maïs présentant une discontinuité trèfle ou tournesol de 50m autour de la parcelle donneuse. Bien que les prédictions soient en dessous des observations, les modifications progressives du dispositif simulé conduisent à conclure que 10 m de discontinuité (en particulier emplie de tournesol) équivalent à 2,4 m de plantes mâles stériles. En effet, avec une distance de 12 m de plantes mâles-stériles (au lieu de 50 m de tournesol ou trèfle) entre la parcelle de maïs bleu et la parcelle de maïs jaune, le modèle prédit des taux de pollution sous le vent de 0.19 % et 0.54 % dans les 80 x 120 m et 5 x 120 m face à la parcelle, valeurs proches de celles observées. (voir tableau ci-dessous)

	Tableau 1. Proportions de grains bleus observées et prédites pour deux zones similaires dans les deux champs

	Proportion de grains bleus
	1er champ (trèfle)
	2ème champ (tournesol)
	Prédiction (vent de SW/W)
	Prédiction (vents de SW/W puis d‘E/NE)

	Dans les 80 x 120 m face à la parcelle bleue
	0,17 %
	0,19%
	0,10%
	0,05%

	Dans les 5 x 120 m face à la parcelle bleue
	0,77%
	0,53%
	0,19%
	0,10%


La durée de dispersion du pollen de maïs a été mesurée sur deux champs dans la région de Montargis. Cette durée varie suivant les champs entre 8 et 12 jours//)
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Loubet B, Jarosz N, Durand B, Foueillassar X, Huber L, 2002. ¤ Mesure de la dynamique de libération, de la dispersion et du dépôt de pollen de maïs en aval d'une parcelle de maïs par des méthodes micrométéorologiques. Séminaire de restitution des résultats de l‘AIP "OGM et Environnement" 1998-2001 - Paris, 30 avril 2002 – INRA. http://cemadoc.cemagref.fr/exl-doc/colloque/ART-00001870.pdf 

· Le transport atmosphérique du pollen est un mécanisme important de la dispersion de gènes dans l‘environnement, en particulier pour des plantes comme le maïs. Les mécanismes physiques sous-jacents à la libération, la dispersion par le vent et le dépôt du pollen de maïs ont été peu étudiés par le passé. Dans cette étude, nous présentons les résultats d‘une expérimentation menée par l‘INRA (UMR-EGC) et l‘AGPM en juillet 2000 à proximité de Montargis, au sud de Paris. Les concentrations dans l‘air, les flux horizontaux ainsi que les dépôts de pollen ont été mesurés à plusieurs distances (x) en aval d‘une parcelle expérimentale de maïs de 20 m x 20 m, située au milieu d‘une parcelle de sol nu de 120 m de coté. En parallèle, les conditions micrométéorologiques (vent, température, humidité, rayonnement,…), ainsi que la production de pollen par les plantes ont été mesurées, afin d‘interpréter les flux et concentrations et d‘avoir les données nécessaires pour valider le modèle SMOP-2D.

La concentration en pollen dans l‘air mesurée avec des « rotorods » variait entre 1 et 210 grains m-3. En utilisant une méthode de bilan de masse, qui combine la concentration en pollen et la vitesse du vent, nous avons estimé le flux horizontal de pollen entre 0 et 5 m de hauteur. Ce flux variait entre 10 et 480 grains m-2 s-1 à x = 3 m et 3 et 210 grains m-2 s-1 à x = 10 m. Le flux total de pollen émis par la parcelle a été estimé à partir du flux à 3 m comme étant compris entre 2..107 et 8..108 grains jours-1, ce qui est à peu près d‘un ordre de grandeur plus petit que la production de pollen par les plantes. Le dépôt de pollen estimé comme la différence entre les flux horizontaux entre x = 3 m et x = 10 m (défaut de bilan) variait de 10 à 270 grains m-1 s-1. Le dépôt estimé à partir de pièges placés sur le sol est très comparable aux estimations par défaut de bilan. Nos estimations indiquent que la quantité de pollen déposée entre x = 1 m et x = 32 m varie entre 28% et 90% de la quantité émise. Le jeu de données recueilli servira, avec d‘autres jeux de données similaires obtenues en 2001, à la validation du modèle SMOP-2D).

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Mann CC, 2002. * Mexican maize. Transgene data deemed unconvincing. Science. 2002 Apr 12; 296(5566): 236-7.
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Mann R, 2002. * Has GM corn invaded Mexico? Science (News), 295, 5560, 1617-1619.

· On 21 February, Mexican newspapers reported that two teams of government researchers had confirmed the finding, published in Nature last November that transgenic corn was growing in Mexico, the heartland of maize diversity. Yet at the same time, a scathing editorial in the February issue of Transgenic Research charged that the researchers had presented 'no credible evidence ... to justify any of [their] conclusions.' Meanwhile, Nature was weighing the publication of no fewer than four biting critiques of the article.

Quist and Chapela made two claims on contamination of native Mexican (landrace) corn with GM corn. The first claim, that contamination has taken place, has been backed up by Mexican government studies confirming the result. The second claim, that the transgene is unstable and has been inserting itself into different parts of the genome, is more contentious.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Martínez-Soriano JP, Bailey AM, Lara-Reyna J, Leal-Klevezas DS, 2002. * Transgenes in Mexican maize. Nat Biotechnol. 2002 Jan; 20(1):19.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Metz M, Fütterer J, 2002. * Suspect evidence of transgenic contamination. Nature 416: 600-601. 

Comment in: 
Nature. 2002 Jun 27; 417(6892): 897; author reply 897-8. 


Nature. 2002 Jun 27; 417(6892): 897; author reply 897-8

· (Full text // Quist and Chapela1 claim that transgenic DNA constructs have been introgressed into a traditional maize variety in Mexico, and furthermore suggest that these constructs have been reassorted and introduced into different genomic backgrounds. However, we show here that their evidence for such introgression is based on the artefactual results of a flawed assay; in addition, the authors misinterpret a key reference2 to explain their results, concluding that reassortment of integrated transgenic DNA occurs during transformation or recombination. 

The discovery of transgenes fragmenting and promiscuously scattering throughout genomes would be unprecedented and is not supported by Quist and Chapela‘s data1 — the incorrectly cited work2 merely claims that multiple transgenes or transgene fragments can integrate into genetically linked regions of the genome during transformation, and not that they can move around the genome by recombination after integration (W. Pawlowski, personal communication). 

The discovery of cauliflower mosaic virus promoter sequences, an element of transgenic constructs, in the authors‘ sample is more consistent with F1 hybridization than introgression. In introgression, a small, polymorphic genomic region is bred into a given variety through repeated backcrossing, so all progeny (or kernels) from an individual in which a (trans)gene has been introgressed will possess that gene. Quist and Chapela report, however, that on the basis of ―low amplificationby the polymerase chain reaction (PCR), the transgene is evident only in a small percentage of kernels in each cob, citing a press release that reported a 3–10% abundance of transgenes in similar samples to support their claim.

The authors interpret their inverse PCR (i-PCR) results as evidence of a high frequency of transgene insertion into a range of genomic contexts, inferring from this that introgression events are relatively common and well maintained. However, their i-PCR products all seem to be artefacts of the methodology used. We examined the sequences of the reported i-PCR products (Fig. 1) and found that none contains a reasonable number of the features that would be expected in a legitimate product of amplified genomic DNA flanking the anchor sequence. An i-PCR product derived from the circularization of a single piece of DNA should contain the sequence of the inward and outward primers on the anchor; a footprint of the restriction enzyme in both the anchor and the flanking genomic DNA (reconstituting a restriction site); and the intervening anchor 35S DNA between the primer site and the restriction site. The frequency at which the enzyme used cuts maize DNA indicates that products should average 2,000–4,000 bases. 

It would also be expected that some, probably all, of the i-PCR products would contain further transgene sequences adjacent to the 35S promoter. We found that no product contained any transgene sequences. As proof that ―introgressed DNA [has] retained its integrity, two sequences are designated by Chapela and Quist as adh1 sequences, ―similar to synthetic constructs … in transgenic maize … such as Novartis Bt11. These sequences show no similarity to the adh1 intron sequences used in some synthetic constructs, and probably represent retrotransposon DNA. 

Several mechanisms may have led to the production of i-PCR artefacts. The sequences of the authors‘ primer pairs partially match several genomic sequences, which in turn show high sequence similarity to the amplified fragments (Fig. 1). Spurious products could have been generated depending on the (undisclosed) conditions of the i-PCR; for example, the 38 ends of the primers used to amplify sequence AF434756 can directly base-pair with the genomic sequence that was amplified (Fig. 1). There was no negative control to address the possibility of i-PCR amplification from maize samples containing no transgenic DNA; furthermore, the restriction enzyme EcoRV generates blunt ends on digested DNA, providing no mechanism for preferential ligation of the anchor to digested DNA, rather than to random pieces of sheared DNA. 

To consider any of the i-PCR products as legitimate flanking regions requires verification that the anchor is truly adjacent in the genome to the retrieved sequence. Confirmation entails a very simple experiment: PCR using a new outward primer on the anchor and a primer that is specific to the putative adjacent genomic DNA will amplify the same DNA as the i-PCR reaction, as long as the original was legitimate. 

An empirical inference from Quist and Chapela‘s results is that transgenic corn may be being grown illegally in Mexico, a situation that has already occurred with soybean in Brazil3 and cotton in India4. However, the approach used by the authors provides no mechanism for quantifying possible F1 hybridization between traditional and transgenic varieties. The possibility that the 35S signal they detect by PCR in their five samples is due to contamination cannot be ruled out. No indication is given of the number of repetitions in which each sample produced a positive or negative result, and results from the historical negative control sample are omitted as data not shown, with two lanes of data being excised from the gel in the authors‘ Fig. 1. 

Transgenic corn may or may not be hybridizing to traditional maize cultivars in Mexico. Whether these events will result in introgression of traits, and whether such introgression could have a negative effect on crop diversity, is pure speculation — so far, there is no evidence of transgenes fragmenting and scattering throughout genomes. 

1. Quist, D. and Chapela, I. H. Nature 414, 541–543 (2001). 

2. Pawlowski, W. and Somers, D. A. Proc. Natl Acad. Sci. USA 95, 12106–12110 (1998). 

3. Neto, R. B. Nature 402, 344 (1999). 

4. Jayaraman, K. S. Nature 413, 555 (2001). Competing financial interests: declared (see online version). Published online 4 April 2002; DOI 10.1038/nature738   
Editorial note from Nature

In our 29 November issue, we published the paper ―Transgenic DNA introgressed into traditional maize landraces in Oaxaca, Mexico by David Quist and Ignacio Chapela. Subsequently, we received several criticisms of the paper, to which we obtained responses from the authors and consulted referees over the exchanges. In the meantime, the authors agreed to obtain further data, on a timetable agreed with us, that might prove beyond reasonable doubt that transgenes have indeed become integrated into the maize genome. The authors have now obtained some additional data, but there is disagreement between them and a referee as to whether these results significantly bolster their argument. In light of these discussions and the diverse advice received, Nature has concluded that the evidence available is not sufficient to justify the publication of the original paper. As the authors nevertheless wish to stand by the available evidence for their conclusions, we feel it best simply to make these circumstances clear, to publish the criticisms, the authors‘ response and new data, and to allow our readers to judge the science for themselves. Editor, Nature 

· (Quist and Chapela made two claims on contamination of native Mexican (landrace) corn with GM corn. The first claim, that contamination has taken place, has been backed up by Mexican government studies confirming the result. The second claim, that the transgene is unstable and has been inserting itself into different parts of the genome, is more contentious. The paper contains criticisms of the claim, and the controversial nature of the finding led to Nature later retracting the original article.) In a paper (Quist and Chapela, 2002) reply to critics, acknowledging some of the criticisms of their methods but still stand by both their findings.) 

· (In Chapman and Burke, 2006. The report by Quist and Chapela (2001) that transgenic constructs had been found in a native maize landrace in Oaxaca, Mexico, where transgenic maize had not been previously grown, was used by Greenpeace and Friends of the Earth as evidence that GM crops are not safe (Hodgson, 2002). Following criticisms of the techniques used for the detection of the transgene (e.g. Metz and Futterer, 2002), this paper was ultimately retracted. By this time, however, public concern over the possibility of transgene escape had already been heightened. A recent analysis of over 150 000 maize kernels from the same region failed to find evidence of the presence of the transgene (Ortiz-Garcia et al ., 2005)..//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Meynard J-M, Le Bail M, 2002. £ Isolement des collectes et maîtrise des disséminations au champ. In  Programme de Recherche INRA-FNSEA : Pertinence économique et faisabilité d‘une filière « sans utilisation d‘OGM ». 
http://www.fnsea.fr/sites/webfnsea/dossiers/soc/ogm/OGM020211e.pdf  

· (From the text // Quelques figures de modélisation indiquant l‘influence du vent et de la date de semis sur la FeCr - Une parcelle de 250 m x 250 m. avec parcelle PGM au centre, floraison synchrone et vent de 2m/s 

[image: image2.emf][image: image3.emf]
                                                               Sens du vent

Influence du délai de floraison entre la variété non OGM et la variété OGM 

            Synchrone                    2 jours (25°J)                 4 jours (50°J)                    6 jours (75°J)             8 jours (100°J) 

[image: image4.emf]
Ces simulations montrent l‘importance du vent et du décalage de floraison sur le taux de FeCr. 

Elles montrent aussi que : 

· un seuil maximal de contamination de 5 % est possible en parcelles adjacentes et sans décalage de floraison, à condition soit que la parcelle non-OGM soit au moins deux fois plus grande que la parcelle non-OGM voisine, soit que les 15 mètres de la parcelle non-OGM les plus proches de la parcelle OGM soient récoltés à part. 

· ne pas dépasser le seuil de 1 % suppose déjà que des précautions spécifiques soient prises : pour des parcelles de maïs consommation de même taille, une distance de 100 mètres (bordure à bordure) doit séparer un champ non-OGM des parcelles OGM les plus proches. Pour que ce même seuil soit respecté sur des parcelles contiguës, la floraison doit être décalée de 50°j (soit environ 4 jours pour les températures moyennes de juillet dans le Bassin Parisien), la variété OGM étant plus précoce. 

· le seuil de 0.1 % ne peut être respecté sur des parcelles contiguës que si la floraison est décalée de 75° j, la variété OGM étant toujours la plus précoce. Si la floraison des deux parcelles est concomitante, la distance minimale entre les bords des deux parcelles doit être d‘au moins 400 mètres. Cette dernière solution est très contraignante en région de production de maïs, mais sans doute plus aisée à mettre en oeuvre que le décalage de floraison : en effet, dans une région donnée, la majorité des agriculteurs sème à des dates voisines des variétés de précocité similaire. La date de semis choisie, qui varie d'une année à l'autre, est fonction des conditions climatiques du printemps ; le groupe de précocité variétale choisi permet, pour les dates de semis les plus fréquentes, de récolter le maïs à l'automne avant que la réhumectation du sol ne rende trop difficile la circulation des engins. Ainsi, dans le Sud-Ouest, où les variétés tardives dominent, il sera impossible, si ces variétés sont OGM, de prémunir des champs non-OGM en choisissant des variétés fleurissant 75°.j plus tard car celles-ci n'existent pas. Dans le Bassin Parisien, où les variétés précoces dominent, il est envisageable de semer des variétés non-OGM tardives, mais la récolte de ces dernières sera aléatoire car elles arriveront à maturité très tard à l'automne 5. 

· le seuil de 0.01 % (traces) poserait encore plus de problèmes : en parcelles contiguës, un décalage de floraison de 100° j est nécessaire, ce qui n'est possible qu'avec des variétés qui ne cohabitent pas habituellement dans les champs. Si, pour rester réaliste, on retient un décalage de floraison de 75°.j, une distance d'isolement de 200 mètres est nécessaire. 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Novotny E, Perdang J, 2002. $ Report on a model for pollen transport by wind. Report for the chardon LLhearing. 

http://www.sgr.org.uk/GenEng/pollen_transport.pdf 

· Modeling of the impact of the shape and the sizes of plots sources and sinks and the wind on the rate of FeCr. FeCr rate (measured in% of grains) in the long side of a rectangular 5 Ha. sink parcel was 10.7% compared to 3.4% on the small side of the rectangle.
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Sánchez-González JJ, 2002. ¤ Concerns about the effect of transgene introgression in maize landraces and teosinte. ¤ 7th International Symposium on the Biosafety of Genetically Modified Organisms - Proceedings p74. 

· Mesoamerica is a region where plant domestication occurred about 10,000 years ago. Most scientists currently agree that maize was domesticated in Mexico and descended from an annual species of teosinte (Zea mays ssp. parviglumis). Costs and benefits of transgenic crops for Mexican agriculture have been the subject in several forums for the past ten years. Today, an intense debate continues, and this issue has been raised questions about the extent of the knowledge available about the long-term effects of this technology on biodiversity in centers of origin of cultivated plants, already threatened by habitat alteration. This paper presents data related to the importance of Zea species in Mexico and information about ongoing research that may help to conduct a scientific risk assessment for transgenic maize technology adoption. Great advances have been made in knowledge of the natural distribution of teosinte in Mexico, more gene-flow studies between maize and teosinte have been completed and more knowledge about genetic diversity, genetic incompatibility systems, and about insects that affect teosinte and maize are available. The most important concerns that have influenced the debate about the eventual release of transgenic maize in Mexico have been questions about the potential of transgenic maize to modify genetic diversity of landraces and their quality as food. Another set of concerns is related to the risks associated to transgene escape and its dispersal into teosinte species and potentially enhancing their ability to survive or compete with another species. As a result of several national and international conferences, consensus exists indicating that current knowledge in Mexico is insufficient for assessing risks and benefits of transgenic maize. It is critical to develop a system for risk assessment within the context of current practices and threats to understand the impact, if any, from modern varieties (conventional and transgenic) on genetic diversity of landraces and teosinte. 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Uribelarrea M, Carcova J, Otegui ME, Westgate ME, 2002. * Pollen production, pollination dynamics, and kernel set in maize. Crop Sci. 42, 1910-1918. http://crop.scijournals.org/cgi/reprint/42/6/1910
· Maize (Zea mays L.) pollen production has been found not to limit kernel set, but there is scarce information on pollen production of modern hybrids and the effect that breeding for reduced tassel size has had on this trait. Our objectives were to study genotypic differences in pollen production and flowering dynamics, and to estimate pollen availability per exposed silk. Four F1 hybrids were grown at different plant densities (between 2.5 and 12.5 plants m-2) in two distinct environments (cool Midwest USA and temperate Argentine Pampa). Pollen availability was also modified by delayed plantings and detasseling treatments. We measured the dates of anthesis and silking of individual plants, the anthesis-silking interval (ASI), the number of exposed silks per apical ear, the number of pollen grains per square meter (PGM), and kernel number per ear. The numbers of pollen grains produced per tassel (PGT) and per exposed silk were estimated. Increased plant density promoted an increase in ASI, matched by an enhanced interplant variability in this parameter, and a reduction in PGT. The latter was reduced from 10.3 x 106 or 11 x 106 at 2.5 plants m-2 to about 3 x 106 at 12.5 plants m-2 (USA), and from 9.7 x 106 or 11.3 x 106 at 3 plants m-2 to 4 x 106 or 3.6 x 106 at 9 plants m-2 (Argentina). We estimated two thresholds beyond which kernel set could be affected: (i) 227 pollen grains cm-2 d-1 at the end of pollen shedding and (ii) two pollen grains per exposed silk. Some cropping conditions were closer to the second threshold than others.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Alcalde E, 2003. ¤ Introduction to the co-existence of GM and non-GM maize. Proceedings GMCC-03 – GM Crops and Co-existence, 13th to 14th November 2003

· Co-existence refers to the ability of farmers to provide consumers with a choice between conventional, organic and GM products that comply with European labelling and adventitious presence standards. Co-existence is not about environmental or health risks because only GM crops that have been authorised as safe for the environment and for human and animal health can be cultivated in the EU.

The EU legislative framework establishes a labelling threshold of 0.9%. This means that crops grown from non-genetically modified seed should have a GMO content not exceeding 0.9%. The 0.9% threshold, which has been adopted by the Council and the European Parliament and provided for by Regulation on genetically modified food and feed and by Regulation on traceability and labelling of GMOs, was an administrative compromise reached without reference to plant biology. The proposals for co-existence guidelines of GM crops must be assessed on a case-by-case basis. Different crops need different measures that correspond to their propensity for crosspollination and other crop-specific characteristics. More importantly, co-existence measures must be specific to regional characteristics and farming practices.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Angevin F, C Roturier, JM Meynard, EK Klein, 2003. ¤ Co-existence of GM, non-GM and organic maize crops in European agricultural landscapes: using MAPOD model to design necessary adjustments of farming practices. GMCC03-1st European Conference on the Co-existence of Genetically Modified Crops with Conventional and Organic Crops.

· MAPOD maize was conceived to quantify, on a spatial scale, cross pollination under real agronomic and climatic conditions. Numerous simulations were carried out to compare the effects of different cropping practices and certain varietal characteristics on gene flow as well as to determine the most efficient practices to ensure co-existence between GM, non-GM and organic maize crops.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Arritt R, Westgate M, Clark C, Fonseca A, Riese J, 2003. Development of an adventitious pollen risk assessment model. In Boelt B, ed, 1st European Conference on the Coexistence of Genetically Modified Crops with Conventional and Organic Crops, Research Centre Flakkebjerg, pp 203−205.

· Controversy over use of genetically modified (GM) crops has led to requirements for evaluating and controlling the potential for inadvertent out crossing in open pollinated crops such as maize. In response we are developing an Adventitious Pollen Risk Assessment (APRA) model that couples physical and biological processes affecting maize pollination. The model is based on field and laboratory measurements of maize pollen transport and viability. The core of the APRA model is a Lagrangian model of pollen dispersion. The Lagrangian method is adopted because of its generality and flexibility: the method accommodates flow fields of arbitrary complexity; and each element of the material being transported can be identified by its source or other properties of interest. The Lagrangian approach thus allows one to trace the environmental conditions to which the pollen has been exposed in its travel from tassel to silk, so that the physical effects of wind and turbulence on pollen dispersion can be considered together with the biological aspects of pollen release and viability. Predictions of pollen dispersal by the Lagrangian model compare well both to observations and to results from a standard Gaussian plume model.

APRA includes evaluation of the biophysical factors that affect pollen viability. Preliminary results indicate that pollen viability can be quantified by an "aging function" that accounts for temperature, humidity, and time. As expected the reduction of viability is greatest for high temperature and low humidity. Decline of viability with time is nearly linear when elapsed time is multiplied by a factor that depends on temperature and vapor pressure deficit. A second biological component of the APRA model is specification of the diurnal trend of pollen shed, and especially the relation of pollen shed to ambient meteorology. We present results from a field experiment in the 2003 growing season that measured diurnal pollen shed and its relation to local temperature, humidity and wind.

· (In Lipsius et al, 2006. // Various modeling approaches have been used to predict pollen dispersal. In spatially explicit models, dispersal is often modeled through individual dispersal kernel functions (IDF). For pollen, these kernels are probability functions that describe the probability that a pollen grain is deposited at a given distance from its source (Lavigne et al, 1998). Dispersal kernels of single plants supposedly do not depend on the shapes, sizes and locations of the whole source and recipient plots. The composition of the pollen cloud at a given site in a non-GMO field is determined by the pollen dispersal curves for all the plants in the neighborhood, whether close or farther away. Empirical models try to predict cross-pollination rates with different IDF. It has been found that fatter-tailed functions predicting more longdistance dispersal, and therefore higher cross-pollination rates than the exponential function, were more consistent with the data. It has been also predicted adventitious presence due to cross-pollination with Klein‘s equation (2003). The main parameters of these empirical IDFs are main direction and mean speed of the wind during the entire course of flowering.// Apart from IDF approaches, several quasimechanistic or semi-empirical models have been developed (Arritt et al, 2003; Aylor et al, 2003; Jarosz et al, 2004; Loos et al, 2003). These models treat pollen grains as particles that move along simple diffusiveconvective paths, either in normally-distributed Gaussian plumes (Ashton et al, 2001; Loos et al, 2003), or by a particle Lagrange (PL) or Lagrangian stochastic approach, in which independent particles follow statistically random paths (Arritt et al, 2003). The Gaussian approach was found to estimate both the quantity and direction of maize pollen movement with good accuracy, but underestimates cross-pollination near the source field (Loos et al, 2003). Jarosz et al. (2004) developed a quasi-mechanistic model. Most likely due to incorrect parameterization of turbulence, it also failed to correctly estimate pollen deposition immediately adjacent to the source. Arritt et al. (2003) showed that the PL model captured the sharp near-field deposition gradient evident in the observations, while under-predicting deposition at greater distances from the field. The PL approach has also been used in related dispersion applications, such as dispersion of particles (VDI, 2000), spores (Aylor and Flesch, 2001), and seeds (Nathan et al, 2003).)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Aylor Donald E et al, 2003 (?). ££ Quantifying aerial dispersal of pollen in relation to outcrossing in maize. 26th Conference on Agricultural and Forest Meteorology - Session 8, Turbulence and dispersion in canopies (parallel with session 7) - American Meteorological Society. http://ams.confex.com/ams/pdfpapers/78425.pdf 

·  The extensive adoption of genetically modified crops has led to a need to better understand the dispersal of pollen in the atmosphere because of the potential for unwanted movement of genetic traits via pollen flow in the environment. The aerial dispersal of maize pollen above a corn crop was studied by comparing field measurements of pollen concentrations with results from a Lagrangian stochastic (LS) model of pollen movement in the corn canopy and adjacent atmospheric surface layer. In August 2003, maize pollen was sampled up to 60 m above ground level (AGL) over a 26-ha cornfield using radio-controlled remote-piloted vehicles (RPVs) outfitted with remotely operated pollen traps and at 9 m AGL near the center of the field using Rotorod samplers. Usually, two RPVs were flown simultaneously at heights of about 30 m and 60 m AGL, while a third RPV was flown upwind of the source to sample any in-coming pollen. During several periods of pollen release, measured maize pollen concentrations averaged about 3.3 and 1.8 grains/m3 at heights of 30 and 60 m above the crop. Overall, the LS model predicted well the observed concentrations (within the expected uncertainty). Most of the cases where the model over- or under-predicted concentrations aloft were associated with unstable atmospheric conditions, where the use of Monin-Obukhov similarity theory is questionable at heights of 60 m AGL. To account for this, we are developing a coupled canopy-surface-layer/convective-boundary-layer model. Plans for testing the model over a wider range of atmospheric conditions will be described.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Aylor DE, 2003. * Rate of dehydration of corn (Zea mays L.) pollen in the air. J. Exp. Bot. Vol. 54. No. 391:2307-2312. http://jxb.oxfordjournals.org/cgi/reprint/54/391/2307
· The water content of corn (Zea mays L.) pollen directly affects its dispersal in the atmosphere through its effect on settling speed and viability. Therefore, the rate of water loss from pollen after being shed from the anther is an important component of a model to predict effective pollen transport distances in the atmosphere. The rate of water loss from corn pollen in air was determined using two methods: (1) by direct weighing of samples containing 5x104 grains, and (2) by microscopic measurement of the change in size of individual grains. The conductance of the pollen wall to water loss was derived from the time rate of change of pollen mass or pollen grain size. The two methods gave average conductance values of 0.026 and 0.027 cm s–1, respectively. In other experiments, the water potential, , of corn pollen was determined at various values of relative water content (dry weight basis), , either by using a thermocouple psychrometer or by allowing samples of pollen to come to vapour equilibrium with various saturated salt solutions. Non-linear regression analysis of the data yielded (MPa)= –3.218–1.35 (r2=0.94; for –298–1 MPa). This result was incorporated into a model differential equation for the rate of water loss from pollen. The model agreed well (r2 0.98) with the observed time-course of the decrease of water content of pollen grains exposed to a range of temperature and humidity conditions.

· (From the text :

[image: image5.emf]
· (In Bannert, Thesis 2006 // Usually most pollen will be shed under low wind conditions with only low potential travelling distances.//)

· (In Bannert, 2006 //Pollen is produced in the anthers of the tassel at the top of the plant. When mature, the anthers suspend on filaments that emerge from the tassel, and pollen is released from an opening at the tip of the anther. Even a slight breeze or vibration (e.g., as caused by gently tapping the stem) will release the pollen into the air when it is mature. The low wind speed threshold for maize pollen release has implications for its dispersal. Usually most pollen will be shed under low wind conditions with only low potential travelling distances.// It is likely that washout by rain can severely limit maize pollen dispersal both by rapidly removing airborne pollen from the air and by preventing germination and fertilization.// The water content of maize pollen directly affects its dispersal in the atmosphere through its effect on settling speed and viability. Depending mainly on the vapour pressure deficit of the air, the water status of maize pollen can change from being fully hydrated to being nearly dehydrated within 1 to 4 h.// Silks follow a well-defined sequence of emergence, elongation and senescence (Bassetti and Westgate, 1993a) with a clearly defined window of time for fertilization. Consequently, the ability of pollen grains to fertilize is also depending on a receptive state of the female silks and eggs (Aylor et al, 2003) // Clearly, many of the airborne pollen grains are intercepted by other plant parts or the ground surface and do not reach the intended target.// When fresh pollen arrives, very little pollen will stick to the silks themselves, but the hairs on the silks are covered with pollen as they are sticky and retain deposited pollen against even the force of an air jet having speeds of 15-30 m s-1. Only very small points of a silk are receptive and for this reason a large amount of pollen is necessary to ensure contact to the right parts. Many pollen grains can be deposited on a given silk, but only one will fertilize the ovule to which it is attached; each silk has multiple deposition sites but only a small fertilization site.// Adverse environmental conditions, such as drought, can alter the timing of silk emergence in relation to pollen shed, resulting in poor fertilization giving pollen from a distant field a greater competitive advantage than is usually expected. The importance of synchronous flowering in avoiding outcrossing in seed production is summed up in an old maize breeders adage: “If you have a perfect nick, then spatial isolation is easy, however, if you have an imperfect nick, then you can never have enough spatial isolation”.//) 
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Aylor DE, NP Schultes, EJ Shields, 2003. * An aerobiological framework for assessing cross-pollination in maize. Agric. For. Meteorol. 119:111-129.

· Maize (Zea mays L.) is one of the world‘s most important crops. Until recent times, improvement in maize resulted from the manipulation and exchange of genetic information within the genus Zea. With the advent of genetic engineering, genetic information from other species is routinely incorporated into the maize genome. Since maize is a wind-pollinated outcrossing species, questions arise concerning the flow of genetic information between genetically modified (GM) and non-GM maize. Because of the rapidly accelerating introduction of GM corn into agricultural production, improved aerobiological models to predict how far and to what extent maize pollen can be transported in the atmosphere are needed today. Models should provide quantitative understanding of both short- and long-range pollen dispersal, thereby offering a means to evaluate deposition of viable maize pollen in seed production fields as well as on neighboring farms. Central to pollen dispersal is the rich interplay between physics and biology and between space and time. We present an aerobiological framework for assessing corn pollen movement in the atmosphere that could also be applied to other crops and to uncultivated species. An important aim of this paper is to spark interest in the scientific community to generate a more complete framework of corn pollen dispersal. As such this manuscript presents a multidisciplinary albeit incomplete perspective to an emerging applied problem.

· (In Lipsius et al, 2006 // Various modeling approaches have been used to predict pollen dispersal. In spatially explicit models, dispersal is often modeled through individual dispersal kernel functions (IDF). For pollen, these kernels are probability functions that describe the probability that a pollen grain is deposited at a given distance from its source (Lavigne et al, 1998). Dispersal kernels of single plants supposedly do not depend on the shapes, sizes and locations of the whole source and recipient plots. The composition of the pollen cloud at a given site in a non-GMO field is determined by the pollen dispersal curves for all the plants in the neighborhood, whether close or farther away. Empirical models try to predict cross-pollination rates with different IDF. It has been found that fatter-tailed functions predicting more longdistance dispersal, and therefore higher cross-pollination rates than the exponential function, were more consistent with the data. It has been also predicted adventitious presence due to cross-pollination with Klein‘s equation (2003). The main parameters of these empirical IDFs are main direction and mean speed of the wind during the entire course of flowering.// Apart from IDF approaches, several quasimechanistic or semi-empirical models have been developed (Arritt et al, 2003; Aylor et al, 2003; Jarosz et al, 2004; Loos et al, 2003). These models treat pollen grains as particles that move along simple diffusiveconvective paths, either in normally-distributed Gaussian plumes (Ashton et al, 2001; Loos et al, 2003), or by a particle Lagrange (PL) or Lagrangian stochastic approach, in which independent particles follow statistically random paths (Arritt et al, 2003). The Gaussian approach was found to estimate both the quantity and direction of maize pollen movement with good accuracy, but underestimates cross-pollination near the source field (Loos et al, 2003). Jarosz et al. (2004) developed a quasi-mechanistic model. Most likely due to incorrect parameterization of turbulence, it also failed to correctly estimate pollen deposition immediately adjacent to the source. Arritt et al. (2003) showed that the PL model captured the sharp near-field deposition gradient evident in the observations, while under-predicting deposition at greater distances from the field. The PL approach has also been used in related dispersion applications, such as dispersion of particles (VDI, 2000), spores (Aylor and Flesch, 2001), and seeds (Nathan et al, 2003). // The probability of cross-pollination requires that foreign pollen out-compete local pollen and self-fertilization of the recipient plant (Aylor et al, 2003). So competition between locally shed pollen and pollen delivered from elsewhere on the wind needs to be considered.(See Lipsius et al, 2006))

· (In Devos et al, 2008. // In addition to tolerance thresholds, various on-farm measures can be implemented to keep the adventitious GMO content in the harvests of neighbouring non-GMcrop fields below the tolerance threshold (EC, 2003a). Since cross-fertilisation levels rapidly decrease with increasing distance from the pollen source, spatially isolating GMcrop fields from non-GM ones is a robust strategy to reduce the extent of out-crossing. Compared with other wind-pollinated species, pollen grains of maize are relatively large and heavy. Due to these characteristics, maize pollen settles to the ground rapidly (Aylor et al, 2003) and has a short flight range (Jarosz et al, 2005). While most cross-fertilisations occur within 50m of the source (Sanvido et al, Transgenic Res. 17 (2008) 317-335), vertical wind movements or gusts during pollen shedding can lead to very low levels of cross-fertilisation over longer distances (Bannert and Stamp, 2007).)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Aylor DE, Boehm MT, Shields EJ, 2003. ¤ Quantifying aerial dispersal of pollen in relation to outcrossing in maize. 26th Conference on Agricultural and Forest Meteorology - Session 8, Turbulence and dispersion in canopies (parallel with session 7) - American Meteorological Society http://ams.confex.com/ams/pdfpapers/78425.pdf 

· The extensive adoption of genetically modified crops has led to a need to better understand the dispersal of pollen in the atmosphere because of the potential for unwanted movement of genetic traits via pollen flow in the environment. The aerial dispersal of maize pollen above a corn crop was studied by comparing field measurements of pollen concentrations with results from a Lagrangian stochastic (LS) model of pollen movement in the corn canopy and adjacent atmospheric surface layer. In August 2003, maize pollen was sampled up to 60 m above ground level (AGL) over a 26-ha cornfield using radio-controlled remote-piloted vehicles (RPVs) outfitted with remotely operated pollen traps and at 9 m AGL near the center of the field using Rotorod samplers. Usually, two RPVs were flown simultaneously at heights of about 30 m and 60 m AGL, while a third RPV was flown upwind of the source to sample any in-coming pollen. During several periods of pollen release, measured maize pollen concentrations averaged about 3.3 and 1.8 grains/m3 at heights of 30 and 60 m above the crop. Overall, the LS model predicted well the observed concentrations (within the expected uncertainty). Most of the cases where the model over- or under-predicted concentrations aloft were associated with unstable atmospheric conditions, where the use of Monin-Obukhov similarity theory is questionable at heights of 60 m AGL. To account for this, we are developing a coupled canopy-surface-layer/convective-boundary-layer model. Plans for testing the model over a wider range of atmospheric conditions will be described.

· (From the text // The average maize pollen concentrations, determined from 29 measured profiles, were 254, 83, 17, 3.3, and 1.8 grains m-3 at heights of 3, 5, 9, 30, and 60 m AGL, respectively.

Most of the cases in which the model over- or under-predicted concentrations aloft were associated with highly unstable atmospheric conditions, Using an in vitro method, we found maize pollen can survive in the atmosphere for more than 3 hr. A pollen dehydration model was derived that can predict pollen viability vs. exposure time (Aylor 2003a, Aylor 2004).

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Bénétrix F, Bloc D, 2003. ** Maïs OGM et non-OGM: possible coexistence. Perspectives agricoles 294:14-17.

· Il est possible de gérer deux productions de maïs OGM et non OGM avec un niveau de contraintes qui dépend des seuils de tolérance fixés.

· (In Brookes et al, 2004: This research was undertaken to contribute to the development of co-existence guidelines/recommendations. It took place in three locations across France, where GM (Bt) maize was simultaneously planted directly next to non-GM maize and the level of crosspollination measured over a distance of up to 240 metres.

All of the conditions for the research were designed to assess the worst-case scenario (varieties planted at the same time and with the same flowering time, no use of buffer crops or separation distances and the non GM crop planted downwind of the GM crop), so as to contribute towards the identification of robust co-existence measures. Essentially, the research focused on evaluating the impact of the direction and strength of the wind on the distance of pollen movement and level of introgression. Its key findings were: At the sample level (ie, testing undertaken from samples taken from the in-field crops): * 98% of pollen travelled no further than 10 metres; * Where the prevailing wind at time of flowering was blowing from the GM crop towards a non GM crop, the level of GM adventitious presence found in the non GM crop was less than 1% beyond a distance of 10-12 metres; * Where the prevailing wind at time of flowering was blowing from the non GM crop towards a GM crop, the level of GM adventitious presence found in the non GM crop was less than 1% beyond a distance of 5-7 metres; * In strong wind conditions (blowing from the GM towards the non GM crop), the level of adventitious presence was over 1% up to a distance of 25 metres. At the field level (ie, testing undertaken from post-harvest crops at the field level (normal harvest practice)): * levels of GM adventitious presence in excess of the 0.9% EU labelling threshold were only found in border rows of the non GM maize closest to the GM emitter crop; * the implementation of good farming practice (including on-farm segregation of crops) and normal harvesting practices is usually sufficient to ensure that GM adventitious presence levels in non GM maize are below the 0.9% EU labelling threshold. This applies even under ‘worst case’ conditions (e.g., no separation distances, non GM crops being downwind of the GM crop, no use of buffer crops).]

· (In  Bannert, Thesis 2006 // Au-delà de 30 m de distance de la limite de la parcelle donneuse de pollen, la pollinisation croisée est dans la grande majorité des cas bien inférieure à 0,9%.. Un certain " bruit de fond " s'étendant sur des distances plus grandes ou certains " hot-spots " avec des taux de pollinisation extrèmement élevés sont la plupart du temps des manifestations de contamination des semences utilisées dans les semis. (Jemison and Vayda, 2001)// Bénétrix and Bloc (2003) found a clear effect of wind in a recipient field next to a source, with values below 1% in distances of 10-12 m downwind and 5-7 m upwind and 25 m downwind of a site with very strong winds.//)

· (In Gustafson et al, 2006  // Several of the first class of field studies have been published (Benetrix and Bloc, 2003; Henry et al, 2003; Ma et al, 2004; Halsey et al, 2005; Rosenbaum et al, 2005). Varying degrees of cross-pollination in maize occur depending on biological, agronomic, and environmental factors.//)

· (In Van De Wiel, 2006. NJAS 54 // Studies on combinations of fields in a normal agricultural setting in southern France by POECB (Programme Operationnel d‘Evaluation des Cultures issues des Biotechnologies), showed admixture dropping below 0.9% at a distance of 25 m. Part of the French studies used conventional grains in waxy maize recipient ears as hybridization marker instead of the Bt marker in the Spanish studies, but the results were re-calculated to make them comparable with a situation with a transgene in a heterozygous state.//)
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Brookes G, Barfoot P, 2003. ¤ Co-existence of GM and non GM crops: case study of maize grown in Spain. In Boelt, B (ed.), 2003. Proceedings of the 1st European Conference on the Co-existence of Genetically Modified Crops with Conventional and Organic Crops. Danish - Institute of Agricultural Science, Slagelse, Denmark.

· Out of the current area planted to maize in Spain (about 460,000 hectares), about 32,000 ha (7%) is to GM insect resistant (Bt) varieties, less than 1,000 hectares (0.2%) is organic and the vast majority is conventionally produced‘.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Brunet Y, Foueillassar X, Audran A, Garrigou D, Dayau S, Tardieu L, 2003. ¤ Evidence for long-range transport of viable maize pollen. GMCC-03 – GM Crops and Co-existence, 13th to 14th November 2003. Proceedings of the First European Conference on the Coexistence of Genetically Modified Crops with Conventional and Organic Crops, Boelt (ed.), pp 74-76.

· The possibility for long-range transport of viable maize pollen was studied by sampling the atmospheric boundary layer up to 1800 m from a light aircraft, on several days during the pollination period in 2002 and 2003. Viable pollen was found every day at all heights, with a vertical variation in concentration typical of what could be expected in such climatic conditions. These results have profound implications on the co-existence of genetically modified crops with conventional crops in cropping systems.
· (From the text // Figure 1. Vertical variation in pollen concentration C, normalised by the mean concentration found for each flight Cav, and averaged over all complete flights. Figure 2. Vertical variation in viability, averaged over all complete flights. 
[image: image6.emf]
                                             Fig. 1                                                                                               Fig. 2

The pollen concentration decreases up to z/h ≈0.2 (where z is the altitude and h the ABL height), then remains approximately constant throughout the mixed layer; above the top of the ABL it decreases again. Pollen viability (Figure 2) shows a smooth decrease from about 40-50% close to the ground to about 5-10% above the ABL. At the top of the ABL it is still significant (about 15%). 

Maize pollen grains were found at all heights, with average concentrations across the ABL ranging from 0.2 to 1.1 grains m-3. Such concentrations are of the same order as those found near the ground at distances as short as 40 m downwind from a source (e.g., Raynor et al, 1972).

These results have profound implications on the possibility of long-range gene dissemination, because they show that in such climatic conditions as those encountered during the pollination period viable pollen grains can be transported over considerable distances (dozens of km) before they settle (which is likely to occur during the evening and night time).
· (In Messéan et al, 2006 // The distance between emitting and receiving fields, their shapes (Lavigne et al, 1996; Klein et al, 2005), synchronisation of flowering (Du Plessis and Dijkhuis, 1967; Hall et al, 1981, Boyat et al, 1984, Bassetti and Westgate, 1994), and climatic conditions (Lonnquist and Jugenheimer, 1943) are major factors explaining cross-pollination rates. However, up to now, it is difficult to quantify the small amount of pollen disseminated to far away points through convective fluxes and its role in long-distance pollination (Emberlin, ibid., Brunet et al, 2003; Aylor et al, 2003).//)

· (From GMOSafety: Coexistence information system 

· Culture type Maize 

· Year 2002 - 2003 

· Country France 

· Execution : Institut National de la Recherche Agronomique (INRA) 

· Experiment 

· Type of experiment: Measurement of pollen in higher air levels 

· Execution of experiment: Flyover of maize fields with a small aircraft at heights between 150 and 1800 metres; collection of pollen in petri dishes on the main axis of the aircraft; measurement of air flow; calculation of the concentration of maize pollen in the air levels above the fields.

· Results 

· 0.2 to 1.1 maize pollen grains per cubic metre in the region of the atmospheric border layer 

· Through convection streams, pollen dispersal areas over dozens of kilometres are probable.//)
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Burris JS, 2003. ££ Adventitious pollen intrusion into hybrid maize seed production fields. Association of Official Seed Certifying Agencies.//) 

· Adventitious pollen intrusion into hybrid maize seed production fields. Association of Official Seed Certifying Agencies. (In Heinemann, 2007 // But also asymmetries in gene flow potential are created by asymmetries in the size of source and sink populations. The extrapolation of pollen dispersal or cross-fertilization measurements taken from small-scale trials to general GM crop release should be done with caution, as "such a design does not reflect the real agricultural situation and is not suited to quantify the cross-fertilization levels of recipient fields of commercial size" (p. 74 Devos et al, 2005). For example, successful cross-pollination can depend on the amount of competing pollen generated by the recipient crop. Larger fields will have larger pollen clouds overhead, acting as a competitor to pollen spreading from neighboring fields. The larger the field, the more impact this pollen cloud will have at minimizing cross-fertilization (Devos et al, 2005). The further into the center of a field, the more dominant and protective a maize crop's pollen cloud becomes (Burris, 2003). In contrast, a small sink may be disproportionately vulnerable to the pollen from a large field (Newstrom et al, 2003). 

· (In Heinemann, 2007 // But also asymmetries in gene flow potential are created by asymmetries in the size of source and sink populations. The extrapolation of pollen dispersal or cross-fertilization measurements taken from small-scale trials to general GM crop release should be done with caution, as "such a design does not reflect the real agricultural situation and is not suited to quantify the cross-fertilization levels of recipient fields of commercial size". For example, successful cross-pollination can depend on the amount of competing pollen generated by the recipient crop. Larger fields will have larger pollen clouds overhead, acting as a competitor to pollen spreading from neighboring fields. The larger the field, the more impact this pollen cloud will have at minimizing cross-fertilization. The further into the center of a field, the more dominant and protective a maize crop's pollen cloud becomes (Burris, 2003). In contrast, a small sink may be disproportionately vulnerable to the pollen from a large field.) // 

· (In Brookes et al, 2004 : Burris found cross-pollination of 1.11% at 200 metres) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Byrne PF, Fromherz S, 2003. * * Can GM and non-GM crops coexist? Setting a precedent in Boulder County, Colorado, USA. Food, Agriculture and Environment 1(2), 258-261 

· The coexistence of genetically modified (GM) and non-GM crops has emerged as one of the key issues in the ongoing debate over genetically engineered food. Some growers of organic and conventional crops fear economic losses if GM components are present in their fields or harvested products. We describe a public process in Boulder County, Colorado, USA, in which protocols were developed to encourage coexistence of GM and non-GM maize (Zea mays) on publicly-owned Open Space farmland. The protocols (1) approve GM maize hybrids on a case-by-case basis; (2) promote communication among neighbouring farmers; (3) provide for a 46-m buffer zone to keep cross-pollination between adjacent fields below 1%; (4) support measures to minimize the probability of insect resistance development; and (5) call for monitoring and dispute resolution mechanisms. These protocols, which will go into effect in the 2003 growing season, were developed with the intention of supporting organic, conventional, and GM crop farmers and encouraging shared responsibility for identity preservation of non-GM crops. 

· (In Bannert, 2006 //The initial cross-pollination rate in the fi rst adjacent rows (distance 0.75 – 1 m) varies between different experiments from highest rates of about 35 % in old studies (Bateman, 1947) to values of about 22 % in recent studies with modern hybrids (Byrne and Fromherz, 2003;Ma et al, 2004) to lowest initial cross-pollination rates of 2 % (Ma et al, 2004).// ) 

· (From GMOSafety // Coexistence information system 

· Culture type Maize 

· Year 2002 

· Country USA 

· Execution Colorado State University 

· Experiment Study

· Type of experiment: Field trial,  measurement of GMO  yields 

· Configuration of experiment: two field trials, one with blue maize as donor (pollen donor) and one with herbicide resistent GM maize (Roundup Ready) as donor, both fields immediately adjacent to conventional fields with yellow maize.

· Execution of experiment:

· Blue maize: Samples taken from ten ears in each cardinal direction and, in each case, at eight distances between 0.8 and 305 metres to the donor field. 

· RR maize: Samples taken from ten ears towards north and, in each case, at eight distances between 3 and 296 metres parallel to the donor field. 

· Results 

· Outcrossing blue maize: 

· 46 m 0.002-0.53% (average 0.23%) 

· 183 m 005% 

· Outcrossing RR maize 

· 37 m 0.51-1.01 % (average 0.75%) 

· 82 m 0.26% 

· Recommendation: 46 metres isolation distance, in order to remain under 1 per cent
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Choices 2003. $ International approaches to labelling genetically modified foods. The magazine of food, farm, and resource issues. http://www.choicesmagazine.org/2003-2/2003-2-01.htm.  

· (In Bannert, 2006 //In EU countries, the threshold for the positive labelling of food and feed products, containing or derived from GM-crops, is set at 0.9% at the moment (Regulation EC1829/2003 on GM-food and -feed; EurLex, 2003). In Switzerland labelling requirements are similar to those in the EU. In other countries labelling of unintended GM content of plant products is quite different depending on the attitude to GM- plants. For example in the USA and Argentina GM labelling is voluntary but not compulsory, in Canada exists a voluntary threshold of 5%, a level that is mandatory in Japan. The countries that introduced legislation for mandatory-labelling of GM-foods have done so to give their consumers a choice in selecting the foods they feel comfortable with.//) 
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EurLex 2003. £ Regulation (EC) No 1829/2003 of the European Parliament and of the Council of 22 September 2003 on genetically modified food and feed.

http://europa.eu.int/eur-lex/lex/LexUriServ/LexUriServ.do?uri=CELEX:32003R1829:EN:HTML  

· (In Bannert, 2006  //In EU countries, the threshold for the positive labelling of food and feed products, containing or derived from GM-crops, is set at 0.9% at the moment (Regulation EC1829/2003 on GM-food and -feed). In Switzerland labelling requirements are similar to those in the EU. In other countries labelling of unintended GM content of plant products is quite different depending on the attitude to GM- plants. For example in the USA and Argentina, GM labelling is voluntary but not compulsory, in Canada exists a voluntary threshold of 5%, a level that is mandatory in Japan. The countries that introduced legislation for mandatory-labelling of GM-foods have done so to give their consumers a choice in selecting the foods they feel comfortable with.//) 
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Feil B, Weingartner U., Stamp P, 2003. * Controlling the release of pollen from genetically modified maize and increasing its grain yield by growing mixtures of male-sterile and male-fertile plants. Euphytica 130:163-165.

· There is public concern about the consequences of pollen dispersal from genetically modified (GM) crops. The release of viable pollen from GM maize can be controlled by growing mixtures of cytoplasmic male-sterile plants and male-fertile non-transformed pollinator plants. Our experiments indicate that such associations can bring about grain yields as high, or even higher than those produced by pure male-fertile maize crops, especially when the male-sterile component is pollinated non-isogenically. The grain yield benefits from cytoplasmic male sterility and xenia as well as the fact that seed of male-sterile varieties can be produced cheaply and reliably in large quantities would facilitate the implementation of the proposed system in agricultural practice.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Foueillassar X, Fabie A, 2003. £ Waxy maize production, an experiment evaluating coexistence of GM and conventional maize. ARVALIS, Institut du Végétal, France.

· (Where the sources and sinks fields are located adjacent or close to each other, the removal of 4 to 8 rows of the sink plot is enough to  ensure PrFo less than 0.9 % in the whole field. Moreover by removing the first 5 m. from 0.6 to 12 ha sink field led to a FeCr less than 0.07% of transgrains in the whole field.)

· (In Cubero et al, 2006 // When the plots of corn are separated by 25m, the PrFo rate is 0.67% within the 5 m sink plots facing the source plot, and the PrFo rate is 0.11% in the whole field.//)
· (In Van De Wiel, 2006. NJAS 54// Studies on combinations of fields in a normal agricultural setting in southern France by POECB (Programme Operationnel d‘Evaluation des Cultures issues des Biotechnologies), showed admixture dropping below 0.9% at a distance of 25 m. Part of the French studies used conventional grains in waxy maize recipient ears as hybridization marker instead of the Bt marker in the Spanish studies, but the results were re-calculated to make them comparable with a situation with a transgene in a heterozygous state.//)

· (In Brookes et al, 2004. Disruption of pollen dispersal and viability // The level of cross-pollination between two maize crops (waxy and conventional dent maize) under conditions suitable for maximising the chances of cross-pollination occurring. Thus, the flowering times were the same in both crops (waxy and dent), there was minimal isolation distance between crops, a single source of competing pollen from the dent maize and a long border existed between the fields to increase the likelihood of crosspollination. The research was also undertaken in a variety of field sizes (0.7 ha to 13 ha) so that a reasonable spread of farming conditions were simulated. The data showed that the level of cross-pollination between the crops across entire adjacent fields was under 0.9%. The highest level of cross-pollination in border rows was 6.2% (where the isolation distance was zero, the wind direction was from the dent to the waxy maize and the area of dent maize was several times the waxy maize along a relative long border length). The lowest level of cross-pollination in a border row was 0.43% (where the dent maize flowered 2 days earlier than the waxy maize and the crop areas where similar).
· (In Sanvido et al, 2008 // the study by Fouillassar and Fabié (2003) could not be used for direct comparison, because cross-fertilization rates have been given for the entire field. // A number of other studies confirmed that distances ranging from 25 to 50 m were sufficient to keep cross-fertilization rates either below 0.9 or 1% (Messe´an 1999; Foueillassar and Fabie´ 2003; Meier-Bethke and Schiemann 2003; POECB 2004). Given that all these studies have been performed under conditions relevant for GM maize cultivation, their results are useful for validating the above performed analysis and the proposed isolation distances.//
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Gepts P, Papa R, 2003. * Possible effects of (trans)gene flow from crops on the genetic diversity from landraces and wild relatives. Environ Biosafety Res 2: 89-103

· Gene flow is a potential concern associated with the use of transgenic crops because it could affect genetic diversity of related landraces and wild relatives. This concern has taken on added importance with the looming introduction of transgenic crops in centers of crop domestication (Mexico, China) and those producing pharmaceutical compounds. For gene flow to take place among cultivars and their wild relatives, several steps have to be fulfilled, including the presence of cultivars or wild relatives within pollen or seed dispersal range, the ability to produce viable and fertile hybrids, at least partial overlap in flowering time, actual gene flow by pollen or seed, and the establishment of crop genes in the domesticated or wild recipient populations. In contrast with domestication genes, which often make crops less adapted to natural ecosystems, transgenes frequently represent gains of function, which might release wild relatives from constraints that limit their fitness. In most sexually reproducing organisms, the chromosomal region affected by selection of a single gene amounts to a small percentage of the total genome size. Because of gene flow, the level of genetic diversity present in the domesticated gene pool becomes a crucial factor affecting the genetic diversity of the wild gene pool. For some crops, such as cotton and maize, the introduction of transgenic technologies has led to a consolidation of the seed industry and a reduction in the diversity of the elite crop gene pool. Thus, diversity in improved varieties grown by farmers needs to be monitored. Several areas deserve further study, such as the actual magnitude of gene flow and its determinants in different agroecosystems, the long-term effects of gene flow on genetic diversity both across gene pools and within genomes, the expression of transgenes in new genetic backgrounds, and the effects of socio-economic factors on genetic diversity.
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Halsey M, FG Gaitan-Gaitan, KM Remund, SA Berberich, 2003. ¤ Pollen-mediated Gene Flow in Maize as Influenced by Time and Distance. Posters presented at the Conference on Plant Molecular Pharming (CPMP), Québec , Mars 2003. 
http://download.clib.psu.ac.th/datawebclib/e_resource/e_database/agronomy/2002/Browse/pdf/C03-berberich170444-Poster.pdf 

· Development of genetically modified maize has increased the need to understand pollen-mediated gene flow. The maize industry must now meet quality standards for food labeling, identity preservation, and grain channeling and is required to maintain segregation of non-food varieties, such as those producing pharmaceuticals and industrial enzymes. To assist in development of improved isolation practices, two years of large-scale trials were conducted to assess the effect of physical (distance) and temporal (planting time) separation on gene flow. Phenotypic and/or genetic markers were used to detect gene flow between a pollen source plot and receptor plots at distances ranging from 100 feet to >0.5 mile. Gene flow decreased exponentially with distance when the source and receptor plots were planted at the same time, reaching <0.003% at about 0.5 miles. When planting of the source and receptor plots was separated by two weeks, gene flow was below the limit of detection (<0.001%) at ~1000 feet. Additional trials are in progress to further evaluate the parameters affecting gene flow in maize and to develop scientifically based practices for gene confinement in field production.
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Henry C, Morgan D, Weekes R, Daniels R, Boffey C 2003. £ Farm scale evaluations of GM crops: monitoring gene flow from GM crops to non-GM equivalent crops in the vicinity. Part I: forage maize. UK Department for Environment Food and Rural Affairs. DEFRA report. EPG/1/5/138 - Central Science Laboratory Sand Hutton, Centre for Ecology and Hydrology Dorchester, p. 25

· 1. This study was commissioned to monitor gene flow from genetically modified (GM) crops to adjacent non-GM equivalent crops. It was undertaken on behalf of Defra to validate the assumptions made in the original risk assessments concerning gene flow from GM plants.

2. Gene flow was monitored at the farm-scale evaluation (FSE) sites of winter and spring oilseed rape and fodder maize, genetically modified to be herbicide tolerant (HT) and released under the authority of the Genetically Modified Organisms (Deliberate Release) Regulations. This report describes the sampling and analysis of the FSE fodder maize crops. 3. Maize is wind pollinated and demonstrates an outcrossing rate of around 95%. Factors such as wind speed and direction, surface turbulence as well as synchronisation of flowering and the density of the pollen clouds can all affect the distance that pollen travels and the extent of gene flow (cross-pollination). The current recommended separation distance for conventional crops from GM forage maize is 80m (SCIMAC). 4. Both field and laboratory based methodologies were developed to sample and analyse seed for the detection of gene transfer between the two crop types. The analysis of seeds collected at the FSE sites, using real-time PCR, has demonstrated the occurrence of gene flow events between GM and conventional crops. In addition, quantitative data on the extent of the gene flow has been obtained. 5. Overall results showed that there was a rapid decrease in the rate of cross-pollination within the first 20m from the donor crop and beyond this distance the rate of decrease was much slower. There was significant variation in levels of GM: non-GM cross-pollination between sites in each year (p < 0.01), although the variation between years across all sites was not significant (p > 0.05). 6. Results from individual fields could be correlated to both wind direction during the flowering period, synchrony of flowering between the two (GM and conventional) crops and to separation distance between the crops. 7. Evidence of gene flow was detected beyond both the 80 m and 200 m separation distances recommended for forage maize and sweetcorn respectively. The significance of this in relation to current EU regulations on GM adventitious presence is discussed.

· (From the publication //

[image: image7.emf]
                Comparison of modeled and experimental data

· (In Heinemann, 2007 // Optimistically, a 200m isolation distance is at the high end of suggested isolation distances for the maintenance of this threshold in maize. Henry et al. concluded that an isolation distance of 24.4m may be adequate for the 0.9% threshold (with 80m for a 0.3% threshold, and 200m for organic farming) (Henry et al, 2003)).

· (In Brookes et al, 2004 // This research explored gene flow from GM to non GM forage maize over the three year period of 2000-2002. Plots of GM herbicide tolerant maize were planted adjacent to non GM plots. Fifty five sites were included, from which cobs at 1,152 sample points were taken and tested (each sample consisted of 3-5 cobs, or in excess of 1,000 grains). The key findings of the research were:

 There is a rapid decrease in the rate of cross-pollination with increasing distance from the GM crop within the first 20 meters from the donor crop and beyond this distance the rate of decrease slows; 

 Evidence of very limited cross-pollination was found up to 200 meters away from a GM (donor) crop in two out three sites sampled. The highest level of foreign GM gene detection at this distance (at one site) was 0.42%. In addition, the presence of the foreign gene was detected at a level of 0.14% at one site in the nearest row of a non GM crop facing the GM donor crop at a distance of 650 meters; 

 At 50 meters into the non GM crop, the foreign GM gene was detected in 62% of samples taken. The reporting of GM detection levels per sample may give the impression that the incidence of adventitious presence is high relative to levels reported in the other research reviewed. This high level of adventitious presence largely reflects the reporting of adventitious presence levels on a per sample basis, with each sample comprising at least 1,000 grains, compared to the other research which reports adventitious presence levels in terms of % of grains. Although the way in which the data in Henry et al is reported does not allow direct comparisons on a % of grains basis to be shown, the key conclusions from the work are consistent with the findings of the research from Spain and France), of which 42% (of the total) had levels greater than 0.3%. Samples taken at a 150 meters separation distance showed evidence of cross-pollination in 43% of cases, with 27% (of the total) having a level of adventitious presence of greater than 0.1% and less than 0.3%, and 16% (of the total) with an adventitious presence level of greater than 0.3%;   Wooded areas and hedges around fields influence gene flow by creating turbulence or reducing wind speed as pollen reaches the barrier. This can lead to some pollen being deposited in the immediate vicinity of the barrier and hence raising the level of crosspollination in this area above the level that would otherwise have been expected if no barrier had been present. Thus landscape can affect cross-pollination levels and create ‘hotspots’ of cross-pollination at distances of 100-150 metres when, for example pockets of airborne pollen get blown up into the air by turbulence around a barrier and deposited at a greater distance away from the GM source; 

 Very low levels of cross-pollination occurred where there was set-aside land between a GM and non GM crop (ie, the adventitious presence level was only 0.1% at two metres into the non GM crop on the side nearest the GM donor crop). This may be the result of the first few rows of the non GM crops intercepting a higher proportion of the incoming (GM) pollen when it has travelled across open ground and not been subject to disturbance by barriers such as hedges; 

 Relating the adventitious presence levels found in the samples taken in each non GM crop to the levels that would be expected at the field level (ie, grossing up the sample findings to the non GM field level), the study estimated that an isolation distance of 24.4 metres would be required to meet the 0.9% labeling threshold, an isolation distance of 80 meters would be sufficient to deliver adventitious levels below 0.3% and 258 metres would be needed to keep levels below 0.1%. 

It is important to note that the analysis above refers to the ratio of cross-pollination at a fixed distance from an emitter crop, with samples taken for measuring adventitious presence levels from crop rows before harvest. As such, the adventitious presence levels identified do not take into account the dilution effect of normal harvesting practices (see above). Under normal harvesting practices, the upper thresholds for adventitious presence identified in the UK-based research are highly unlikely to be reached in harvested maize crops.//)

· (In Bannert, 2006 // Quite a number of other studies do not provide detailed data for comparisons but the results apparently fit within the variation range of cross-pollination rates shown in many studies of cross-pollination rates conducted 55 field experiments with a source field next to a receptor field. Using a regression equation they fitted the cross-pollination rates: 0.9% at 24.4 m and 0.3% at 80 m.)

· (In Messeguer et al, 2006. // Henry et al. (2003) realizaron en el RU una evaluación a nivel de finca del flujo de genes, del maíz MG resistente a herbicidas al maíz no-MG; se analizaron 55 campos en un periodo de 3 años. El análisis de las muestras de grano mediante la reacción en cadena de la polimerasa en tiempo real (PCR) demostró que se producía una rápida reducción de la tasa de polinización cruzada en los primeros 20 m del cultivo donante y, pasada esta distancia, la tasa de reducción era mucho más lenta. Cada año, se produjeron variaciones importantes en los niveles de polinización cruzada de OMG/no-OMG entre los sitios (P < 0.01), aunque la variación interanual entre los sitios no fue significativa (P > 0.05). Los resultados de los campos individuales pudieron relacionarse con la dirección del viento durante el periodo de floración, la coincidencia de la floración entre los dos cultivos (MG y convencional) y la distancia de separación entre los cultivos. Los autores concluyeron que era necesaria una distancia de aislamiento de 24.4 m para alcanzar el umbral del 0.9% que recomienda la Unión Europea en el RU para los alimentos y los piensos.//)

· (In NIAB Report 2006.// Results from the Farm Scale Evaluation show rapid declines with distance in levels of outcrossing in line with data from other studies.//)

· (In Van De Wiel, 2006. NJAS 54// The FSE looked at a total of 55 combinations of GM (transgenic herbicide tolerance) and non-GM fields of 3.3 ha each over two different years. There was little variation between years, but considerable variation between sites, mainly depending on wind conditions, but also on flowering synchronization and field form (i.e., length of the border between GM and non-GM field). Non-linear regression analyses gave the following indications for isolation distances. In the UK experiments an admixture of less than 0.9% was attained at 24.4 m, less than 0.3% at 80 m and less than 0.1% at 257.7 m.//)

· (In GMOSafety, 2003. //Results Wind direction and flowering period influence rate of outcrossing . Results are the mean of all fields - 25 m under 0.9% - 80 m under 0.3% - 200 m still over 0.1% (single measurement) - 257.7 m under 0.1% (calculation))
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Jarosz N, Loubet B, Durand B, McCartney HA, Foueillassar X, Huber L, 2003. * Field measurements of airborne concentration and deposition rate of maize pollen (Zea mays L.) downwind of an experimental field plot. Agric. For. Meteorol. 119:37-51. http://pastel.paristech.org/781/01/These_NJ.pdf 

· Introduction: Over the last few years there has been an increasing interest in pollen dispersal, particularly in relation to gene flow from transgenic crops (Lavigne et al, 1998; Klein, 2000) and the maintenance of seed quality. Maize (Zea mays) is primarily wind pollinated and is one of the most cultivated cereal crop in many parts of the world. Transgenic maize cultivars are widely grown in North America. However, at present there are concerns about possible gene transfer from transgenic maize crops to non-transgenic crops.

There have been surprisingly few studies reporting pollen dispersal from maize crops. The studies of Raynor et al. (1970, 1972a,b) are probably the most comprehensive. They measured atmospheric concentrations and deposition rates of maize pollen at different distances downwind of two circular experimental plots of 18.3 m diameter. They noted that concentration and deposition of maize pollen were several times smaller than those for timothy (Phleum pratense), a grass, and ragweed (Ambrosia artemisiifolia), an anemophilous weed. Maize pollen grains are roughly spherical with diameters around 90 μm (Di-Giovanni et al, 1995) and are much larger than either timothy (about 40 μm) or ragweed (18 - 20 μm) pollen. Raynor et al. (1970, 1972a,b) clearly showed a quantitative effect of the grain size on dispersion and deposition of pollen. The other outcome of their studies was to determine the isolation distance required for production of purebred seed. They found that concentration and deposition of maize pollen declined rapidly with distance from the plot. However, the meteorological conditions during their experiments were not reported in sufficient detail to enable validating a dispersion model for maize pollen. Without the use of such model, it would be hard to draw generalised conclusions about distance of maize pollen dispersal in a range of climatic conditions. In this study, we present the results of an experiment where vertical and horizontal profiles of airborne maize pollen concentrations and deposition rates were measured downwind of a 20 m × 20 m maize plot. We also present estimates of horizontal fluxes of maize pollen at two distances downwind from the source and discuss their validity.

Concluding remarks: The results of this study concur broadly with the few published studies for maize pollen dispersal. It is clear that both pollen concentration and deposition rates decrease rapidly with distance from the edge of the source. Although large number of maize pollen grains are produced by a maize crop these experiments suggest that only a relatively small proportion may escape from the maize crop. Our estimates of the flux of pollen escaping from the plot, combined with deposition measurements, suggest most of the pollen released was deposited within about 30 m of the plot. Indeed, roughly 95% of pollen emitted is deposited at 10 m from the source and 99% at 30 m.

The work presented here was done under relatively low wind speeds, thus further experiments may be needed to determine whether pollen dispersal would be enhanced under windier conditions. The pollen deposition within the source (both ground and foliage), although not being the focus of interest here, should be studied in more detailed, as it represents the largest deposition fraction, and therefore the largest uncertainty on the quantity emitted. It would also give valuable information on the deposition processes to silks. These results, however, will provide useful data for testing and validating pollen dispersal models, which would be useful for studying the role of long distance dispersal in the analysis of gene flow in maize.
· (In Bannert, 2006 //Similarly, Jarosz et al. (2003) reported maize pollen shed for five to eight days, with the major portion of the daily release usually occurring during midmorning to midday.// )

· (In Lipsius et al, 2006 // maize pollen is predominately deposited inside the source field, with deposition decreasing rapidly with distance from the source field// Various modeling approaches have been used to predict pollen dispersal. In spatially explicit models, dispersal is often modeled through individual dispersal kernel functions (IDF). For pollen, these kernels are probability functions that describe the probability that a pollen grain is deposited at a given distance from its source (Lavigne et al, 1998). Dispersal kernels of single plants supposedly do not depend on the shapes, sizes and locations of the whole source and recipient plots. The composition of the pollen cloud at a given site in a non-GMO field is determined by the pollen dispersal curves for all the plants in the neighborhood, whether close or farther away. Empirical models try to predict cross-pollination rates with different IDF. It has been found that fatter-tailed functions predicting more longdistance dispersal, and therefore higher cross-pollination rates than the exponential function, were more consistent with the data. It has been also predicted adventitious presence due to cross-pollination with Klein's equation (2003). The main parameters of these empirical IDFs are main direction and mean speed of the wind during the entire course of flowering.//)
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Jarosz N, 2003. /// Etude de la dispersion atmosphérique du pollen de maïs : contribution à la maîtrise des risques de pollinisation croisée. Doctorat de l'Institut National Agronomique Paris-Grignon Soutenue le 19 décembre 2003.

· Le maïs est l‘une des plantes les plus utilisées dans le monde. Le maïs cultivé aujourd.hui résulte de cinq siècles d.amélioration par l‘homme. Les techniques d‘hybridation ainsi que l‘utilisation des biotechnologies ont abouti à une grande diversité de variétés de maïs, face auxquelles les croisements intervariétaux nécessitent d‘être maîtrisés. En particulier, la coexistence entre maïs transgénique et non transgénique est actuellement au cour du débat scientifique. Pour répondre à cette question, l'approche actuelle est de mesurer directement la fécondation croisée. Cependant, elle ne permet pas de fournir un outil prédictif car elle ne fait pas le lien avec les conditions de l.environnement physique, et plus particulièrement les conditions météorologiques. L‘objet de ce travail est de mieux comprendre les processus de dispersion atmosphérique du pollen de maïs à l.aide d'une approche mécaniste à l.échelle de la parcelle. Dans un premier temps, un modèle mécaniste initialement développé pour étudier la dispersion atmosphérique de l.ammoniac a été adapté à la dispersion du pollen de maïs. Ensuite, pour valider le modèle, des mesures dispersion de pollen ont été effectuées.

Trois expérimentations au champ ont été menées à Montargis en 2000, Grignon en 2001 et enfin Sore en 2002. Les concentrations et dépôts de pollen ont été mesurés jusqu‘à des distances de 400 m en aval de couverts de maïs de tailles différentes. Dans le même temps, les conditions micrométéorologiques ainsi que la structure du couvert ont été mesurées. L‘analyse de la dynamique de libération du pollen a permis de confirmer l‘existence d‘un cycle diurne de l‘émission mais aussi de montrer la corrélation des émissions matinales avec le dessèchement de l‘air ambiant. Une très forte instabilité thermique de l‘atmosphère est particulièrement favorable à la dispersion du pollen. En revanche, une pluie ou une irrigation du champ peut quasiment interrompre la libération de pollen. SMOP-2D (Stochastic Mechanistic mOdel for Pollen dispersion and deposition in 2 Dimensions) est un modèle Lagrangien Stochastique qui simule la dispersion par le vent du pollen en calculant les trajectoires individuelles des grains depuis leur émission jusqu.au dépôt. Ce modèle simule correctement la forme des profils de concentration mais sous-estime le dépôt proche de la source. Il semble que la paramétrisation de la turbulence dans la zone de transition entre le couvert de maïs et la zone en aval de celui-ci pourrait expliquer ces divergences et apparaît à ce jour le point faible du modèle. Un paramètre important du modèle est la distribution de la vitesse de sédimentation du pollen. Elle a été caractérisée pour différentes variétés de maïs et teneurs en eau du grain. Cette étude a mis en évidence que la déshydratation du grain de pollen s.accompagne de la diminution de sa vitesse de sédimentation. En revanche, aucune différence significative n‘a été mise en évidence entre les variétés testées. Enfin, cet ensemble de mesures constitue un jeu de données important pour valider des modèles de dispersion de particules biotiques. Pour le futur, ce travail ouvre la voie à une analyse comparée de modèles physiques de dispersion atmosphérique du pollen développés en physique de l.environnement et de modèles statistiques de fécondation croisée issus de l.écologie théorique des populations.
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Klein E, Lavigne C, Foueillassar X, Gouyon P-H, Larédo C, 2003. Corn pollen dispersal: quasi-mechanistic models and field experiments. Ecol. Monogr. 73: 131–150.

· To make quantitative predictions about the pollen dispersal of a plant species under different environmental conditions, it is necessary to determine its individual pollen dispersal function, i.e., the two-dimensional density function describing the probability that a pollen grain emitted in (0, 0) fertilizes an ovule in (x, y). This function will depend on biological and climate parameters. We present models for the individual dispersal function of corn. These models are based on Brownian motion with drift and integrate biological (difference of height between male and female flowers) and aerodynamic (settling velocity, wind speed, air turbulence) parameters. The models presented differ in the importance of vegetation in stopping the paths of pollen grains. The models were fitted to data from two large field experiments of corn using the color of kernels as a phenotypic marker for pollen dispersal. The resulting estimations for the parameters of the models and comparisons between models indicate that (1) these models can provide good predictions of the observed data, (2) vegetation is not the major obstacle that stops pollen paths, and (3) there is a benefit in considering the difference in height between male and female flowers. Furthermore, values of the parameters estimated from dispersal data appear consistent with meteorological and biological data acquired independently.

(Extrait du texte // The models were fitted to data from two large field experiments of corn using the color of kernels as a phenotypic marker for pollen dispersal. The resulting estimations for the parameters of the models and comparisons between models indicate that (1) these models can provide good predictions of the observed data, (2) vegetation is not the major obstacle that stops pollen paths, and (3) there is a benefit in considering the difference in height between male and female flowers. Furthermore, values of the parameters estimated from dispersal data appear consistent with meteorological and biological data acquired independently.)

· (In Messean, 2008 // Afin de prédire le comportement dans des contextes agro-climatiques variés et sous des scénarios réalistes, la modélisation est nécessaire. Plusieurs modèles de dispersion de pollen de maïs à l'échelle du champ ont été proposés pour le maïs (par exemple Richter et Seppelt, 2004 ; Klein et al, 2003 ; Yamamura, 2004). Seul le modèle MAPOD prend en compte à la fois le paysage de manière explicite ainsi que les pratiques agricoles (Angevin et al, 2008)//)

· (In Lipsius et al, 2006. // Various modeling approaches have been used to predict pollen dispersal. In spatially explicit models, dispersal is often modeled through individual dispersal kernel functions (IDF). For pollen, these kernels are probability functions that describe the probability that a pollen grain is deposited at a given distance from its source (Lavigne et al, 1998). Dispersal kernels of single plants supposedly do not depend on the shapes, sizes and locations of the whole source and recipient plots. The composition of the pollen cloud at a given site in a non-GMO field is determined by the pollen dispersal curves for all the plants in the neighborhood, whether close or farther away. Empirical models try to predict cross-pollination rates with different IDF. It has been found that fatter-tailed functions predicting more longdistance dispersal, and therefore higher cross-pollination rates than the exponential function, were more consistent with the data. It has been also predicted adventitious presence due to cross-pollination with Klein's equation (2003). The main parameters of these empirical IDFs are main direction and mean speed of the wind during the entire course of flowering.//)
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Laredo C, Klein E, 2003. * A non-linear deconvolution problem coming from corn pollen dispersal estimation. (This paper has appeared in Ecological Monographs (Klein et al, 2003. Ecol. Monogr. 73: 131–150.).

·  (From the text // There is an interest in studying pollen dispersal in many biological fields: population genetics and ecology (to study gene flows and structure of populations), pollination biology (to study the reproductive systems and hybridization), agronomy (for the genetic purity of crops and seeds), paloecology (reconstruction of past vegetation patterns). Recently, studies concerning pollen dispersals have been strengthened by the development of Genetically Modified organisms (G.M.O.) and debates related to their large scale cultivation; an important question is for instance the escape of transgenes by pollen.

We first present a global framework to study corn pollen dispersal together with some general questions concerning wind dispersed models (Section 1). We detail in Section 2 the construction and the various assumptions we need in order to build mechanistic models of pollen dispersal. Section 3 is devoted to the presentation of the experiments, statistical modeling and analysis of the data. Indeed, the statistical model is a non linear deconvolution problem, and thus it is difficult to use classical approaches to solve it. This difficulty is overcome here by building parametric models that we have named ”Quasi-mechanistic models” involving various approaches. We estimate the parameters on two field experiments. We discuss in Section 4 the results, and some perspectives for future studies

[image: image8.emf]
Figure: The pollen dispersal in the first experiment (Montargis). In (a) the observed dispersal : each gray rectangle represents a sampled ear and its shade of gray represents the proportion of blue grains of the total number of grains on this ear. Axes are measured in term of distance from one corner of the field. Predictions of the proportion of marked pollen at each point of the field are given using (b) the G.H.D. model;(c) the NIG model; (d) the GTM model.//)
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Loos C, Seppelt R, Meier-Bethke S, Schiemann J, Richter O, 2003. * Spatially explicit modelling of transgenic maize pollen dispersal and cross-pollination. Journal of Theoretical Biology, 225: 241-255.

· Modelling of pollen dispersal and cross-pollination is of great importance for the ongoing discussion on thresholds for the adventitious presence of genetically modified material in food and feed. Two different modelling approaches for pollen dispersal are used to simulate the cross-pollination rate of pollen emerged from an adjacent transgenic crop field. The models are applied to cross-pollination data from field experiments with transgenic maize (Zea mays). The data were generated by an experimental setup specifically designed to suit the demands of mathematical modelling. First a Gaussian plume model is used for the simulation of pollen transport in and from plant canopies. This is a semiempirical approach combining the atmospheric diffusion equation and Lagrangian methodology. The second model is derived from the localised near field (LNF) theory and based on the physical processes in the canopy. Both modelling approaches prove to be appropriate for the simulation of the cross-pollination rates at distances of about 7.5m and more from the transgene source. The simulation of the cross-pollination rate is less precise at the edge of the source plot especially with the LNF theory. However, the simulation results lie within the range of variability of the observations. Concluding can be pointed out that both models might be adapted to other pollen dispersal experiments of different crops and plot sizes.

· From GMOBiosafety : Coexistence information system

· Culture type Maize > Year 2000 - 2002 

· Country Germany 

· Execution Biologische Bundesanstalt für Landwirtschaft und Forstwirtschaft, Institut für Pflanzenvirologie, Mikrobiologie und biologische Sicherheit 

· Experiment 

· Type of experiment: Field trial, measurement of GMO yields 

· Configuration of experiment: Core parcels (one hectare) with herbicide-tolerant GM maize, surrounded by 5.5 hectares conventional maize as catch crop; further conventional parcels in main direction of wind. (red: outcrossing above 1%) 

· Execution of experiment 

· 2000/2001: At six distances to the GM maize parcel (3 / 4.5 / 7.5 / 12.5 / 25.5 / 49.5 metres), sampling of 60 ears apiece with 300 to 400 kernels; outcrossing demonstrated using sprout test and PCR . 

· 2002: Analysis of thermals above neighbouring cultures (winter barley, maize/clover). 

· Results Outcrossing in wind direction twice as high as in direction against the wind up to 7.5 m above 1% 
· 12.5 m on average below 1% 
· 25.5 m single measurement above 1% 
· 49.5 m all measurements below 1% 
Computer simulation of pollen flow created 

Documentation Loos C., Seppelt R., Meier-Bethke S., Schiemann J., Richter O. (2003). Spatially explicit modelling of transgenic maize pollen dispersal and cross-pollination. J Theor Biol. 2003 Nov 21; 225(2): 241-55. SiFo project: Out-crossing from transgenic maize and quantifying outcrossing rates Sience live: The flight of the pollen cloud
· (In Lipsius et al, 2006. // Various modeling approaches have been used to predict pollen dispersal. In spatially explicit models, dispersal is often modeled through individual dispersal kernel functions (IDF). For pollen, these kernels are probability functions that describe the probability that a pollen grain is deposited at a given distance from its source (Lavigne et al, 1998). Author Address: Department of Environmental System Analysis, Institute of Geoecology, Technical University of Braunschweig, Langer Kamp 19c, 38106 Braunschweig, Germany.
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Loubet B, Foueillassar X et al, 2003. £ Etude mécaniste du transport et du dépôt de pollen de maïs dans un paysage hétérogène. INRA Thiverval-Grignon - Rapport de fin de projet Convention INSU N° 01 CV 081.

· (In Brookes et al, 2004 // Loubet and Foueillassar (2003) showed that the fertilisation capacity (% of pollen grains able to fertilise) decreases with distance from the source: 4%-12 % at 100 metres and 2%-7 % at 250 metres. This work also identified that the lightest pollen grains are the least viable, yet travel the longest distances and pollen placed in a air flow (humidity 70 %) dies within 2 hours at a temperature of 20 °C or within 1 hour at a temperature of 30°C.//)
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Lu BR, 2003. * Transgene containment by molecular means -- is it possible and cost effective? Environmental Biosafety Research 2(1), 3-8

· With the rapid advancement of transgenic biotechnology, large numbers of transgenic crops have been produced and released for commercial cultivation (James, 2001), raising considerable biosafety concerns all over the world. One of the major issues is the potential ecological risk resulting from transgenes escaping into and persist- ing in the environment. The extensive on-going debate on this issue (Arriola, 1997; Wolfenbarger and Phifer, 2000; Crawley et al, 2001; Prakash, 2001; Dale et al, 2002) poses challenging questions regarding the research directions that need to be taken to ensure that biotechnology outputs are responsibly deployed worldwide. Unless these biosafety issues are satisfactorily addressed, large-scale commercial release of the transgenic crops developed and further advancement of transgenic bio- technology are likely to be hampered. For an in-depth review of crop-to-wild gene flow, see Jenczewski et al. (2002) in this number of EBR. Here the more specific issue of the effectiveness of preventing gene flow from occurring will be discussed.
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Maiskomitee, 2003. $ Fachinfo Morphologie. http://www.maiskomitee.de/fb_fachinfo/02_01_02_04.htm.

· (In Bannert, 2006 // Maize is a monoecious plant and develops unisexual male and female flowers in separated parts of the plant. The male florescence (tassel) arises from the shoot apical meristem, while the female inflorescences (ears) originate from the axillary bud apices. In every axillary bud of a leaf a female inflorescence is initiated, but only one, or in some cases two, will develop into a fertile ear. // Protandry usually occurs and the male inflorescence (tassel) appears around two to four days before silk emergence, favouring cross-pollination. Although modern breeding has tended to reduce protandry (floral asynchrony) the tassel may begin to shed pollen before silks emerge. The degree of male and female floral synchrony is genotype-specific and sensitive to plant population, soil fertility and environmental stress. // Frequent rainy weather during flowering time can result in badly fertilized ears.// )
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Meier-Bethke S, Schiemann J, 2003. ¤ Effect of varying distances and intervening maize fields on outcrossing rates of transgenic maize. Proceedings GMCC-03 – GM Crops and Co-existence, 13th to 14th November 2003.

· Introduction: Within the current discussion of large scale, commercial cultivation of transgenic crops in Europe referring to the co-existence of GM and non-GM cultivation systems, the probability and extent of outcrossing of transgenic traits is one of the main topics. One of several measurements to reduce the extent of outcrossing in commercial cultivation of crops is the employment of mechanical barriers. We examined the effect of distance and mechanical barriers on outcrossing rates of transgenic maize (T25).

· (In Brookes et al, 2004 // Outcrossing rates tend to be higher at field edges than within a maize field of comparable size. Therefore, the use of mechanical barriers (like hedges, a line of trees) is only effective if established around a recipient field//)
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Messean A, Angevin F, Colbach N, Meynard JM, 2003. ¤ Introduction to gene flow modelling and co-existence. GMCC03-1st European Conference on the Co-existence of Genetically Modified Crops with Conventional and Organic Crops. http://www.agrsci.dk/gmcc-03/abs_5.htm 

· As already addressed in the sessions dealing with crops, gene flow is a common phenomenon for crop species and its implications for Genetically Modified Plants have raised new concerns. Undesirable effects related to gene flow may result in ecological or agronomic considerations (persistence of feral plants, creation of new weeds; impacts on biodiversity) as well as in commercial considerations (adventitious presence of GMOs in conventional crop production affecting its competitiveness in the marketplace). Consequently, the co-existence between different types of crops has become a major issue and has to be addressed per se whatever are the actual ecological, agronomic and safety impacts.

Adventitious presence of GM highly depends on crop biology, farming practices and regional environments Adventitious presence of GM seeds in non-GM production could have several causes: 

* Crop-to-crop pollination between neighboured fields; 

* Presence of volunteers in conventional fields resulting from former GM crop cultivation in the field; 

* Pollination from feral GM plants occurring in field borders and resulting from seed dispersal during transportation (or harvest combination); 

* GM impurities in seed lots (cross-pollination during seed production or admixture in the post-harvest process). 

Why models are necessary? On-farm gene flow occurs both in time and in space, through pollen flow as well as through seed dispersal. Several factors are involved: crop biology, landscape fragmentation, environmental conditions, crop management and post-harvesting practices. For helping in the elaboration of co-existence rules, for assessing their feasibility and their consequences as well as for setting up monitoring and control schemes, one should be able to forecast the fate of GM plants at the landscape level in the wide range of agro-ecosystems. Specific field experiments are necessary for understanding the basic phenomena involved but are difficult to extrapolate for such a perspective even if several studies have been carried out in order to broaden the scope of the evaluation: the inter-institute platforms in France or the Farm Scale Evaluation programme in the UK. 

For addressing such a challenge, modelling is a key element. Models reproduce the functioning of agro-systems and take into account the relevant factors and processes as well as their interactions. They thus allow simulating the behaviour of various agro-systems in non-observed situations and on a long term basis. 

Several modelling strategies There exists a wide range of modelling approaches: mechanistic or statistical, simple or complex, conceptual or analytical, knowledge oriented or decision-making oriented. The choice of a modelling approach depends on the specific objective we focus on. Within the co-existence framework, models can help in: 

* structuring gene flow knowledge and thus identifying those research gaps that should be addressed through specific field experiments (e.g. long distance issue); 

* implementing optimal design of experiments for testing specific hypothesis; 

* ranking farming systems according to adventitious presence in non-GM production; 

* forecasting the behaviour of transgenes in cultivated and non-cultivated lands; 

* testing a priori the efficiency of mitigation measures or regulation schemes on adventitious presence of GMO in a wide range of agro-ecosystems; 

* identifying relevant biological indicators for an early detection of undesirable adverse effects and implementing optimal sampling for monitoring schemes; 

Models implement direct and interactive links between scientific knowledge and decision-making. 

Issues related to modelling The oral and poster sessions on modelling present some of the models under development and address issues related to modelling:

* Modelling feral oilseed rape dynamics (Begg et al.; Garnier et al.); 

* Modelling pollen dispersal (Damgaard C. and Kjellsson G.; Walklate P. and Sweet J.B.); 

* Using models for assessing impacts of cropping systems and agricultural practices (Colbach et al.; Angevin et al.) as well as effects of new biological characteristics (Fargue A. et al.); 

* Design of long distance gene flow studies according to modelling results (Devaux C. et al.) 

Results from these papers as well as from ongoing studies and modelling approaches have raised several issues that should be further addressed in the discussion: 

* What does model validation mean? Models are never "true" but can always be used for designing new studies or for decision making. In fact, the model fitting process should determine the exact range of applications and domains models can be used for. 

* Should we use specific co-existence models? Although co-existence and environmental safety are separate issues, gene flow is a common scientific knowledge and gene flow models could be designed for both purposes; 

* Should we design crop-specific or more generic models? 

* What are the factors that should be taken into account for forecasting adventitious presence? Crop biology, relative sizes of fields, agricultural practices are major factors but other factors related to landscape fragmentation should be considered as well; 

* At what spatial scale models should be designed? Available models for gene flow and ecological impacts focus mainly on the field level or on a small region (group of fields). However, decisions on co-existence can be made at the farm, the local and the regional levels. Up-scaling of models at different biogeographical levels should thus be made possible and easy to handle.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Messeguer J, Melé E, 2003. * Gene flow assessment in transgenic plants. Review of Plant Biotechnology and Applied Genetics, 73, 201-212.

· In most of the important crops in the world, gene flow between cultivars and between wild and weedy relatives has always taken place. Factors influencing this gene flow, such as the mating system, mode of pollination, mode of seed dispersal and the particular characteristics of the habitat where the crops grow, are difficult to evaluate and in consequence, the quantification of gene flow is not easy. Transgene flow from engineered crops to other cultivars or to their wild and weedy relatives is one of the major concerns in relation to the ecological risks associated with the commercial release of transgenic plants. With transgenic crops it is important to quantify this gene flow and to try to establish strategies to control or minimise it, taking into account the possible ecological effect of the newly introduced genes, whether advantageous or disadvantageous. The use of transgenic plants has proven to be an effective tool to quantify the gene flow to other cultivars of the same species or to wild and weedy relatives in all crops analysed. Here we review the major studies in this area, and conclude that the potential risk of gene flow has to be assessed case by case and caution is necessary when making general conclusions.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Messeguer J, Ballester J, Peñas G, Olivar J, Alcade E, Melé E, 2003. ¤ Evaluation of gene flow in a commercial field of maize. In Boelt, B., ed, 1st European Conference on the Co-existence of Genetically Modified Crops with Conventional and Organic Crops, Research Centre Flakkebjerg, pp 220.

· Collaboration between IRTA Institute, Syngenta Seeds and the Catalan Government was established with the aim to evaluate the pollen mediated gene flow in a commercial field of maize, to provide data to assess on the agronomic practices facilitating the co-existence between GMs and non-GMs maize crops.

A nucleus of transgenic maize (Compa cultivar) of 50 x 50 m was planted in the middle of a field and surrounded by a non-transgenic cultivar Brasco. The total surface of the experimental field was about 7.5 Ha. Panicle samples placed at 1, 2, 5 and 10 m distance from transgenic nucleus were collected by hand taking into account its geographic orientation. The rest of the field was divided in squares of 30 x 30 m by using UMT coordinates with the GPS System, and panicle samples were collected in all the compass card directions. Each sample (3 panicles) was grounded and analysed with the RT-PCR technique to detect Zein and Bt-176 genes. Dominant wind direction during flowering time was recorded in a Meteorological station placed near the field. This field trial is still in progress but it is expected that experimental data obtained will contribute to the establishment of practical regulations to assure the proper co-existence of maize crops.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Nathan R, Perry G, Cronin JT, Strand AE, Cain ML, 2003. * Methods for estimating long-distance dispersal. Oikos, Volume 103, Number 2, November 2003, pp. 261-273(13).

· Long-distance dispersal (LDD) includes events in which propagules arrive, but do not necessarily establish, at a site far removed from their origin. Although important in a variety of ecological contexts, the system-specific nature of LDD makes ―far removed difficult to quantify, partly, but not exclusively, because of inherent uncertainty typically involved with the highly stochastic LDD processes. We critically review the main methods employed in studies of dispersal, in order to facilitate the evaluation of their pertinence to specific aspects of LDD research. Using a novel classification framework, we identify six main methodological groups: biogeographical; Eulerian and Lagrangian movement/redistributional; short-term and long-term genetic analyses; and modeling. We briefly discuss the strengths and weaknesses of the most promising methods available for estimation of LDD, illustrating them with examples from current studies.

The rarity of LDD events will continue to make collecting, analyzing, and interpreting the necessary data difficult, and a simple and comprehensive definition of LDD will remain elusive. However, considerable advances have been made in some methodological areas, such as miniaturization of tracking devices, elaboration of stable isotope and genetic analyses, and refinement of mechanistic models. Combinations of methods are increasingly used to provide improved insight on LDD from multiple angles. However, human activities substantially increase the variety of long-distance transport avenues, making the estimation of LDD even more challenging.

· (In Lipsius et al, 2006. // Apart from IDF approaches, several quasimechanistic or semi-empirical models have been developed (Arritt et al, 2003; Aylor et al, 2003; Jarosz et al, 2004; Loos et al, 2003). These models treat pollen grains as particles that move along simple diffusiveconvective paths, either in normally-distributed Gaussian plumes (Ashton et al, 2001; Loos et al, 2003), or by a particle Lagrange (PL) or Lagrangian stochastic approach, in which independent particles follow statistically random paths (Arritt et al, 2003). The Gaussian approach was found to estimate both the quantity and direction of maize pollen movement with good accuracy, but underestimates cross-pollination near the source field (Loos et al, 2003). Jarosz et al. (2004) developed a quasi-mechanistic model. Most likely due to incorrect parameterization of turbulence, it also failed to correctly estimate pollen deposition immediately adjacent to the source. Arritt et al. (2003) showed that the PL model captured the sharp near-field deposition gradient evident in the observations, while under-predicting deposition at greater distances from the field. The PL approach has also been used in related dispersion applications, such as dispersion of particles (VDI, 2000), spores (Aylor and Flesch, 2001), and seeds (Nathan et al, 2003).)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Stewart CN, Halfhill MD, and Warwick SI, 2003. * Transgene introgression from genetically modified crops to their wild relatives. Nature Reviews Genetics, 4: 806-817.

· Transgenes engineered into annual crops could be unintentionally introduced into the genomes of their free-living wild relatives. The fear is that these transgenes might persist in the environment and have negative ecological consequences. Are some crops or transgenic traits of more concern than others? Are there natural genetic barriers to minimize gene escape? Can the genetic transformation process be exploited to produce new barriers to gene flow? Questions abound, but luckily so do answers. 109 ref.

· (Résumé de l'article par Houdebine dans Cahiers de l'Agriculture 2003// L'introgression des transgènes dans les plantes sauvages // Une des craintes des biotechnologistes et de l'opinion publique est que les OGM transmettent leurs gènes d'une manière incontrôlée et irréversible aux plantes sauvages de la même famille. Cette crainte est théoriquement fondée, mais elle repose sur des faits relativement minces. Un article récent se livre à une analyse de cette question et envisage le futur [voir article]. Les plantes cultivées peuvent transmettre leurs gènes et leurs transgènes à leurs homologues sauvages de manière très inégale et l'évaluation de ce phénomène doit être faite au cas par cas. Certaines plantes cultivées ont été tellement sélectionnées qu'elles n'existent que si on les sème. Certaines ne peuvent plus se croiser avec leurs homologues sauvages. L'ancêtre du maïs, le téosinte qui existe à l'état sauvage au Mexique se croise un peu avec le maïs en lui donnant quelques gènes. À l'inverse, le téosinte ne reçoit pas de gène du maïs. Si cela était le cas, ce serait connu depuis longtemps puisque le téosinte devrait être totalement dégénéré par la culture du maïs au Mexique. Certaines autres plantes peuvent se répandre dans l'environnement et se croiser avec leurs homologues sauvages.

Cela a conduit à classer les plantes en quatre catégories. 

La classe 1 comprend des plantes à très faible risque : soja, millet, arachide et pomme de terre. 

La classe 2 regroupe les plantes à faible risque : maïs et riz.

La classe 3 comprend les plantes à risque modéré : alfalfa, betterave à sucre, blé, canola et tournesol. 

La classe 4 est celle dans laquelle se trouvent les plantes à haut risque : sorgho. 

L'auteur de l'article note que les faits expérimentaux dans ce domaine sont loin d'être ténus et récents. Des études complémentaires sont nécessaires et peuvent maintenant être réalisées beaucoup plus facilement grâce à l'utilisation de marqueurs génétiques, et notamment de transgènes. Dans le futur, il paraît probable que l'utilisation de gènes regroupés sous le nom de GURT (gene use restriction technology) qui ont pour effet de permettre une reproduction contrôlée des plantes, sera fréquente chez les plantes génétiquement modifiées à risque. Des études permettent maintenant d'identifier les marqueurs génétiques qui distinguent les plantes sauvages de leurs homologues domestiqués. Cela permettra non seulement de suivre le devenir des plantes mais aussi de définir des régions des génomes qui ne s'échangent pas ou peu entre les plantes domestiquées et leurs homologues sauvages. Il doit exister des gènes de domestication qui n'ont pas encore été identifiés. Les transgènes pourraient être introduits dans ces régions et ainsi ne plus risquer de passer spontanément dans le génome des plantes homologues les risques d'introgression des transgènes dans les plantes sauvages, non seulement en fonction des espèces concernées mais aussi des gènes mis en oeuvre. Il est en effet clair qu'un gène de résistance à un herbicide confère un avantage sélectif dans des régions où l'herbicide est utilisé. À l'inverse, il est très probable que le transfert du gène de résistance à un ravageur du tournesol à son homologue sauvage ne pose pas de véritable risque d'introgression. Le gène de résistance est effectivement transmis avec une fréquence significative, mais les études réalisées à ce jour indiquent que la plante sauvage qui a acquis le transgène ne bénéficie d'aucun avantage sélectif particulier).

· (In Sanvido et al, 2006 // It is generally agreed that the hazards related to gene flow from GM crops are linked to the introgression of transgenes into populations of wild relatives. There is little scientific support for the assertion that transgene dispersal is a hazard in itself. // Transgene dispersal is often simply seen as pollen flow from the GM crop to its relative. The process of introgression, however, is not this simple and actually occurs in many steps involving several hybrid generations (Stewart et al. 2003). Gene flow can roughly be separated into two processes: hybridization and introgression. For hybridization to occur the transgenic crops and wild plants must grow within pollen dispersal distance, be sexually compatible, flower at the same time and viable pollen must be delivered to the stigma. Successful fertilisation of the embryo must then be followed by zygote and seed formation. Introgression requires the hybrid seed to germinate and the first filial generation (F1) plant to establish and flower in order to further hybridise with members of the recipient population (Ellstrand et al. 1999, Stewart et al. 2003). F1 hybrids must thereforepersist for at least one generation and be sufficiently fertile to produce backcross hybrids. Finally, backcross generations must progress to the point at which the transgene is incorporated into the genome of the wild relative. // The relative fitness of hybrids is depending both on the genotype and on the environmental conditions the hybrids are encountering. Transgenes that produce insect resistance (IR) will vary in their fitness potential - the common conclusion is that the transgenes will only confer a selective advantage if the fitness of wild populations is influenced by pests. ////

· (In  Sanvido et al, 2006 // Transgenic hybrids outcompeting wild types in natural habitats : To date no long-term introgression of transgenes into wild populations leading to the extinction of any wild plant taxa has been observed.// Conclusions on gene flow to wild relatives : Much empirical information about crop-wild relative hybridization is now available (de Nijs et al., 2004) indicating that such hybridization occurs when sexually compatible wild relatives are present in close proximity to the crop, albeit at low (and variable) rates (Stewart et al. 2003).// Hybridization between conventional (non-GM) crops and their wild relatives has occasionally caused problems in ecological and evolutionary time (see chapter 8.3). There is no evidence as yet that GM crops pose any greater risk than do non-GM crops, but our knowledge of the fitness consequences of transgenes in wild populations is incomplete (Hails and Morley 2005). It is difficult to judge a priori whether a transgenic phenotype will have a special fitness advantage relative to a non-transgenic counterpart - and if an advantage exists, whether this will result in increased weediness. The data published so far indicate that serious ecological consequences have not been observed (Stewart et al. 2003).//)

· (In Chapman and Burke, 2006 // Indirect effects - GM crops and invasiveness : While gene flow between crop plants and their wild relatives has been taking place since the dawn of agriculture, the advent of genetic modification has introduced an entirely new variable that must be considered. Recent reviews on crop x wild gene flow have concentrated on: (1) the extent of hybridization between crops and wild species (Ellstrand et al, 1999; Dale et al, 2002; Stewart et al, 2003; Pilson and Prendeville, 2004), and/or (2) whether or not a transgene can be prevented from escaping (Gressel, 1999; Daniell, 2002; Stewart et al, 2003).// V. Can we prevent transgene escape? // In view of the prevalence of crop x wild hybridization, it seems likely that transgenes will be transmitted, at least occasionally, to wild populations (e.g. Colwell et al, 1985; Goodman and Newell, 1985; Raybould and Gray, 1994; Ellstrand et al, 1999; Stewart et al, 2003; Pilson and Prendeville, 2004). Given the potential for many such transgenes to increase the fitness of wild plants, attention has turned to the development of gene containment strategies.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Sweet J, 2003. ¤ Pollen dispersal and cross pollination. GMCC-03 - GM Crops and Co-existence - 1st European Conference on the Co-existence of Genetically Modified Crops with Conventional and Organic Crops (Invited paper) 2003

·  This paper considers the significance of pollen-mediated gene flow in the major crop types that have been genetically modified and have been commercialised or are close to commercial release in the European Union, specifically in relation to issues of co-existence. Each crop type has its own distinctive characteristics of pollen production, dispersal and potential outcrossing, giving varying levels of gene flow. Measures to restrict gene flow need to take full account of both the general dispersal characteristics of the pollen from each species and the biological factors which govern cross compatibility, pollination competition and seed set.

· (From the text // « Maize can be described as a medium to high-risk crop for gene flow from crop to crop. Evidence suggests that GM maize plants would cross-pollinate non-GM maize plants up to and beyond their recommended isolation distance of 200 m. Thus specific measures such as removal of outside rows at harvest may be necessary to achieve crop thresholds. There are no known wild relatives in Europe with which maize can hybridise..
	Frequency of pollen mediated gene flow in different crop types.

	 Crop
	Frequency of Gene Flow from Outcrossing

	
	Crop to Crop
	To Wild Relatives

	 Oilseed rape 
	High
	High

	 Sugar beet 
	High (seed). Low (crop)
	High (seed), Medium (crop)

	 Maize 
	Medium to high
	No known Wild Relatives

	 Potatoes 
	Low
	Low

	 Wheat, Barley, Oats 
	Low
	Medium (Oats). Low (W and B)

	 Rye and Rice 
	Medium
	Low (rye) High (Rice)

	 Grain/forage Legumes 
	Low
	Low

	 Grasses 
	Medium to High
	High to medium

	 Vegetables 
	High (seed). Low (crop)
	High (seed) Medium (crop)

	 Fruits – Strawberry, Apples, Grapevines and Plums 
	Medium to high
	Medium to high

	 Raspberries, Blackberries, Blackcurrant 
	Medium to high
	Medium to high


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Tolstrup K, Andersen S, Boelt B, Buus M, Gylling M, Bach Hom P, Kjellson G, Pedersen S, Østergård H, Mikkelsen S, 2003. £ Report from the Danish working group on the co-existence of genetically modified crops with conventional and organic crops. Ministry of Food, Agriculture and Fisheries - Danish Institute of Agricultural Sciences (DIAS) report n°94, 275 p.

· The tasks of the Working Group

The Working Group was established in July 2002 under the ―Mandate for the work with the co-existence strategy with the remit of: 

· Undertaking a scientific evaluation of the possible sources of dispersal from genetically modified crop production to conventional and organic production. 

· Evaluating the extent of dispersal and the need for control measures.

· Identifying and evaluating possible control measures for ensuring co-existence of genetically modified production with conventional and organic production systems

From the report //

In Danmark, it is currently not relevant to grow insect resistant maize containing the Bt gene (see below) in Denmark, as the specific target pests are not present. Herbicide tolerant maize varieties might be expected to gain a certain distribution because cheaper and easier weed control can be achieved by using these varieties. In Spanish regions with high insect pressure such as Catalonia the genetically modified maize is, however, 13 % of the maize area. Maize is shatter proof and rarely sheds seeds. Under Danish conditions of forage harvesting there is only a small risk that maize cobs or maize grain are left in the field. Bees can collect pollen but do not seek out the female flowers as those do not produce nectar. Maize cannot establish permanent populations outside cultivated fields but may appear sporadically as individual plants.

	Maize seed production regulations for basic seed and certified seed: isolation distances, cropping intervals and varietal purity (maximum presence of another variety).

	MAIZE
	Basic seeds
	Certified seed (C1)

	
	Separation distance
	Presence
	Cropping Interval
	Separation distance
	Presence
	Cropping Interval

	 Inbred lines and simple hybrids 
	 200 m 
	 < 0.1 % 
	 2 years 
	 200 m 
	 < 0.2 % 
	 2 years 

	 Open pollinated 
	 200 m 
	 < 0.5 % 
	 2 years 
	 200 m 
	 < 1 % 
	 2 years 


	Table. Maize. Co-existence between genetically modified (GM), conventional and organic crops in Denmark. Summary of measures for the control of adventitious GM presence and estimated maximum presence levels.

	Scenario
	
	
	Cropping interval1)
	Used seed
	Separation distance2)
	Buffer zone3)
	Other measures
	Estimated GM presence

	0
	Conventional
	Seed multiplicat.
	-
	-
	*
	-
	
	0-0.5 %

	
	
	Production
	-
	V V
	-
	-
	
	0-0.5 %

	
	Organic
	Seed multiplicat.
	-
	-
	*
	-
	
	~0.1 %

	
	
	Production
	-
	V V V
	-
	-
	Seed from areas without GM crops
	~0.1 %

	+GM10%
	Conventional
	Seed multiplicat.
	-
	-
	*
	-
	
	0-0.5 %

	
	
	Production
	-
	V V
	200 m
	-
	Cleaning of jointly used machinery
	0-0.7 %

	
	Organic
	Seed Multiplicat.
	-
	-
	*
	-
	
	~0.1 %

	
	
	Production
	-
	V V V
	300 m
	-
	Cleaning of jointly used machinery
	~0.1 %

	+GM (50 %)
	Conventional
	Seed multiplicat.
	-
	-
	*
	-
	
	0-0.5 %

	
	
	Production
	-
	V V
	200 m
	-
	Cleaning of jointly used machinery
	0-0.7 %

	
	Organic
	Seed multiplicat.
	-
	-
	*
	-
	
	~0.1 %

	
	
	Production
	-
	V V V
	300 m
	-
	Cleaning of jointly used machinery
	~0.1 %

	* There is no seed production in Denmark


- Not relevant. 

Good farming practice. 

Crop production: minimum requirement of certified seed. Seed production: higher class, i.e. pre-basic or basic seed. 

 - GM free seed (presence <0.1 %).

· Scenario 0 No GM 


Plants of this crop are grown in Denmark. Seed can, however, be imported from other countries with a threshold of adventitious presence of 0.5 % for conventional seed for production. For organic seed, a corresponding level of less than 0.1 % is assumed. 

· Scenario + GM 



GM plants of this crop are grown in Denmark. Both the 10 % and 50 % scenarios of GM cropping are included. 

It is assumed that, within a given season, there is no simultaneous cropping of the same GM and non-GM crop on the same farm. 

1) Cropping interval 


Years with other crops following a GM crop, or a crop with a significant GM presence, and until a conventional ―GM freeor organic crop production of this crop can be take place in the same field again. Control of volunteers in the intervening period is assumed. Under the present regulations of certification, this means the period between growing the same species in the field. 

2) Separation distance 


The distance between a GM and the nearest non-GM crop that can crosspollinate. 

3) Buffer zone 


Field margins at the verge of non-GM field towards GM field. The margins are harvested separately.

 The estimated GM presence covers the production as far as the first stage of distribution. 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Valceschini E, 2003. ¤ GMO and GMO free products in Europe: problems of organization in the agricultural sector. GMCC-03 – GM Crops and Co-existence, 13th to 14th November 2003 - 1st European Conference on the Co-existence of Genetically Modified Crops with Conventional and Organic Crops (Invited paper). http://www.agrsci.dk/gmcc-03/abs_8.htm 

· The separation between GMOs and GMOs free product is highly demanding from an organizational point of view. This paper analyses the characteristics of that organization and identifies the conditions of its effectiveness, its cost factors and its limits.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Weekes R, Henry C, Morgan D, Boffey C, Daniels R, 2003. * Crop-to-crop gene flow in maize: a challenge to co-existence in England. Proceedings GMCC-03 – GM Crops and Co-existence, 13th to 14th November 2003.

· Gene flow was monitored at the farm-scale evaluation (FSE) sites of fodder maize, genetically modified to be herbicide tolerant (GMHT) and released under the authority of the Genetically Modified Organisms (Deliberate Release) Regulations. Maize samples were collected from the conventional crop halves of a total of 55 FSE sites in England, (during 2000 to 2003) at a range of distances from the GM crop. Cross hybridization between GM and non-GM crops was detected and quantified using molecular methods. Additional data on wind direction and landscape were also collected for each trial site. Overall the results showed that rates of cross-pollination decreased with distance. Evidence of cross-pollination was found up to 650 m away from the GM crop. There was significant variation in levels of crosspollination between sites in each year (p < 0.01), although the variation between years across all sites was not significant (p > 0.05). The importance of isolation distances in contributing to reducing adventitious pollen intrusion will be discussed with respect to sustainable coexistence of GM, conventional and organic crops.

Introduction
No GM crops are currently grown for commercial purposes in England. A decision on whether or not to lift the current moratorium on GM crops may be made during late 2003. The decision process is being supported by a series of public debates (King et al, 2003) along with the publication of results from the FSE study and reviews of the costs and benefits of GM crops (Strategy Unit of the Cabinet Office, 2003). The UK government has stressed its commitment to ensuring the co-existence of GM, organic and conventional farming should GM become commercialized (Defra, 2002).

Agriculture accounts for about 70% of land use in England and Wales and in 2001 1.1% of this land was used for growing maize (Environment Agency, 2003). Most of the maize is fodder and is grown and harvested for silage, although some sweetcorn is also grown. No maize is currently grown for seed production in the UK. The recommended separation distances between GM and non-GM crops given in the Supply Chain Initiative on Modified Agricultural Crops (SCIMAC) guidelines for growing GMHT crops are 200 m for sweetcorn and 80 m for forage maize (this distance was increased from 50 m in 2001). The current threshold value (for adventitious GM presence) for food and feed agreed by the EU Council is 0.9%.

The FSE study was initiated in 1999 to assess the effects of the agricultural management of field-scale releases of GMHT crops on farmland wildlife abundance and diversity compared with conventional (non-GM) crops. In conjunction with these trials, a study of gene flow from GM to conventional crops was also commissioned, using the FSE sites of GMHT winter and spring oilseed rape and GMHT fodder maize. This paper reports the results of the fodder maize trials.

Methods
The FSE sites were well distributed across England, covering 15 counties from Dorset to North Yorkshire and from Shropshire to Lincolnshire. Sites consisted of a split field design; half planted with Liberty Link™, line T25 (containing the pat gene, conferring tolerance to the herbicide glufosinate ammonium) and the other half with an equivalent conventional maize variety. Samples were taken from 55 sites and at each site samples were collected from 3 transects in the conventional crop, perpendicular to the GM: non-GM divide and evenly spaced across the field. Along each transect, cob samples were collected at the following distances: 2 m, 5, 10, 20 (or 25 m), 50 and 150 m away from the junction with the GM crop. At each site additional information on landscape features and wind direction during the flowering period was also collected. Maize grains from each sample were tested for GM content using real-time (TaqMan) polymerase chain reaction (PCR). The GM content was quantified by comparing the amount of pat gene to an endogenous control gene found in all maize cells to produce a GM: non-GM ratio. T25 maize seed kindly provided by Bayer CropScience was used as positive reference material.

Results and discussion
Results from individual fields in this study showed that the extent of gene flow is very variable between fields. High levels of gene flow could be linked to the prevailing wind direction (GM to conventional) during the overlapping flowering period, whereas low levels of gene flow were linked to large isolation distances and also to a lack of synchrony in the flowering times of the two crops.

Overall the level of gene flow decreased with distance. There was a rapid decline in the first 20 m from the GM crop and thereafter the rate of decrease was greatly reduced. A regression equation was used to describe the trend in the results and from this it was predicted that an isolation distance of 24.4 m would be required to meet the 0.9% threshold and that an isolation distance of 80 m would be sufficient to ensure that GM contamination was below 0.3%. The results also indicate that the 200m-separation distance (recommended by SCIMAC for sweetcorn and organic crops) would be sufficient although elimination of the ‘edge effect’ by removal of the first few GM-facing rows prior to harvest should be considered.

It is evident from this work that successful co-existence will be dependent not only on the threshold levels and isolation distances set down in the guidelines but also on factors such as regional cropping practices, environmental and landscape conditions and flowering synchrony. This study is unique both in the number and range of the trial sites and in the molecular approach to quantification of gene flow. It has not, however, addressed the problem of how multiple fields planted with GM crops would interact in a particular landscape. It is essential that our knowledge in this area be improved to support any future co-existence strategy in England.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Westgate ME, Lizaso J, Batchelor W, 2003. * Quantitative Relationships between Pollen Shed Density and Grain Yield in Maize. Crop Science 43: 934-942.
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Wolt JD, Peterson RKD, Bystrak P, Meade T, 2003. * A screening level approach for nontarget risk assessment: transgenic Bt corn pollen and the monarch butterfly (Lepidoptera: Danaidae). Environ. Entomol. 32: 237-246

· (In Bannert, 2006 //reported that pollen anthesis continues for five to eight days, but under favourable conditions the vast majority of pollen shedding may occur within a two day period.//)
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

APROSE, 2004. ££ Evaluation of cross pollination between commercial GM (Mon 810) maize and neighbouring conventional maize fields. Analytical survey of 14 commercial Bt fields in 2003 by Monsanto, Nickersons and Pioneer Hi-Bred International, presented to the Spanish Bio-Vigilance Commission, unpublished;

· (In Brookes et al, 2004 // This unpublished study was commissioned by Monsanto, Nickersons South and Pioneer Hi-Bred, and presented to the Spanish Biovigilence Committee in February 2004. Grain samples were taken at 14 commercial field sites in the Spanish provinces of Huesca, Lleida, Zaragossa and Navarra, to examine cross-pollination between GM (Bt) maize and conventional (neighbouring) maize. The samples were analysed for presence of the Bt gene (coming from both the Mon 810 and CG176 sources) using the real time PCR test16(The reader should note that in this study and the Bénétrix and Bloc study (section 3.2.3), the tests for GM adventitious presence in the non GM maize relate to % adventitious presence per grain sample. This contrasts with the Melé et al study (section 3.2.1) which reported levels of adventitious presence in terms of % DNA). Details of the results are shown in Table 2. The research explored cross-pollination levels between fields of differing sizes and when GM and conventional crops had different planting times. Keyfindings were:

There was a clear decrease in cross-pollination levels with distance from the GM crop field; 

Crops with the same planting date: an average of 16.93% of grains in samples showed some level of cross-pollination in the nearest (adjacent) row of conventional maize (average separation distance of 0.95 metres), the corresponding proportion of cobs in samples showing some level of cross-pollination were 2.73% at the fourth row (3 metres average separation), 1.18% at row eight (6 metres average separation) and 1.02% at row sixteen (12 metres average separation);

Crops with up to 10 days difference (an average of 7 days difference) between the planting date: an average of 7% of grains tested in the nearest (adjacent) row of conventional maize (average separation distance of 5 metres) registered some level of GM adventitious presence. The proportion of grains sampled in other rows further away from a GM source registering some level of GM adventitious presence were 0.97% at the fourth row (average of 7.25 metres separation), 0.63% at row eight (average of 10.25 metres separation) and 0.6% row sixteen (an average of 16.25 metres separation);

Crops with over 10 days difference (an average of 22 days difference) between the planting date: an average of 3.56% of grains sampled in the nearest (adjacent) row of conventional maize (separation distance of 1.7 metres) registered some level of GM adventitious presence. The proportion of grains sampled in other rows registering GM adventitous levels were 0.84% at the fourth row (an average of 3.95 metres separation), 0.56% at row eight (an average of 6.95 metres separation) and 0.26% at row sixteen (an average of 12.95 metres separation). 

Overall, the research confirmed that cross-pollination levels decline with distance from the pollen source and that differences in planting times between emitter (GM) crop and recipient (non GM) crop can also have a limited impact on cross-pollination levels. As a result of this research, and the IRTA research (see 3.2.1 above), the GM Bt technologyproviding companies agreed a number of recommendations for GM crop stewardship (see section 3.3). In relation to measures for minimising the scope for adventitious presence of GM maize being found in nearby non GM maize crops through cross-pollination, the GM crop stewardship recommendations included if a neighbouring non GM maize field is closer than 25 metres (to the GM maize) and smaller than 1 hectare, four buffer rows of non GM maize should be planted between the two crops in the border of the GM field adjacent to the neighbours non GM maize crop. This crop should be harvested and labelled as GM.

	
	Same planting date
	Up to 10 days difference in planting dates (average 7 days)
	More than 10 days planting difference (average 22 days)

	Average area of GM (Bt) crop (hectares)
	1.28
	1.5
	6.1

	Average distance to 1st non GM row (metres)
	0.95
	5
	1.7

	Average % of grains samples with GM adv presence in 1st NGM row (separation distance: see above)
	16.93
	7
	3.56

	Average % of grains sampled with GM adv presence in 4th NGM row (separation distance = distance to 1st row +2.25 metres)
	2.73
	0.97
	0.84

	Average % of grains sampled with GM adv presence in 8th NGM row (separation distance = distance to 1st row + 5.25 metres)
	1.18
	0.63
	0.56

	Average % of grains sampled with GM adv presence in 16th NGM row (separation distance = distance to first row + 11.25 metres)
	1.02
	0.6
	0.26

	Table 2: Results from the APROSE GM and conventional maize cross-pollination study2003
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Aylor DE, 2004. * Survival of maize (Zea mays) pollen exposed in the atmosphere. Agric. For. Meteorol. 123:125-133.

· The ability of maize pollen to remain viable during exposure in the atmosphere can potentially have an overriding effect on outcrossing distances in maize. The survival of maize pollen was determined for various lengths of exposure to atmospheric conditions outdoors. Maize pollen was freshly collected from dehiscing anthers of maize plants and immediately exposed to direct sunlight and to the air. Pollen viability was assessed using in vitro germination tests. The length of exposure time required for pollen germination to be reduced by 50% ranged from 60 to 240 min, depending on environmental conditions. Pollen viability was found to be relatively insensitive to solar radiation and was affected most by loss of moisture, which depended on the energy input from the sun and on the vapor pressure deficit of the ambient air. Maize pollen germination was described well for a wide range of environmental conditions by the integral over time of the vapor pressure deficit of the air. These findings were combined with previously determined values for the water vapor conductance of pollen walls and with a relationship for pollen germination as a function of pollen relative water content to arrive at an equation for predicting the dynamics of pollen survival as a function of exposure to the environment. This model successfully predicted germination percentage over at least a two-decade range for maize pollen freshly collected from anthers.

· (In Bannert, 2006 //Maize pollen was found to be much more resistant to UV-C than the relatively resistant conidia of Venturia inaequalis and the urediniospores of Uromyces appendiculatis.// Water is lost from a pollen grain at a rate that depends mainly on the conductivity of the pollen wall and to the drying power of the atmosphere, which depends on the energy input from the sun and the vapour pressure deficit of the ambient air.// the survival of maize pollen for various periods of exposure to atmospheric conditions outdoors on different days by in vitro germination tests. Initial germination percentages were on average about 35 %. The germination percentage of freshly collected pollen exposed to direct sunlight tended to increase initially, remained relatively high for 60 to 120 min, and then decreased more or less rapidly over the next 60 to 120 min.// )

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Badosa E, Moreno C, Montesinos E, 2004. * Lack of detection of ampicillin resistance gene transfer from Bt176 corn to culturable bacteria under field conditions. FEMS Microbiology Ecology 48(2), 169-178.

· Population levels of total and ampicillin-resistant culturable bacteria and the putative horizontal bla gene acquirement from Bt-corn were studied in commercial fields of transgenic corn in Spain during the years 2000-2003. Commercial fields consisting of conventional corn (Dracma) and Bt176 transgenic corn (Compa CB) were located in three climatic regions. The effect of corn type, plant material, field location, stage of sampling and year of study were studied on total and ampicillin resistant bacterial population levels, on median effective dose and on the slope of the dose-response curve to ampicillin. None of the parameters measured were significantly different (P<0.01) between transgenic and non-transgenic cornfields under the diverse conditions studied. However, in population levels of ampicillin resistant bacteria, the minimum difference between sample means to be significant with a likelihood of 80% was 8.9%. Specific detection of putative bacteria harbouring bla TEM-1 ampicillin resistance genes acquired from Bt176 corn was performed with a method based on the extraction of DNA from the culturable bacterial fraction and with PCR. Primers for PCR were targeted to the bla gene and the corresponding flanking regions present in the pUC18 cloning vector or the Bt176 construct. The culturable bacterial fraction of 144 field samples (up to 864 analyses, including ampicillin enrichments) was analysed by PCR. The estimated total number of bacteria analysed was 108. The level of detection of a transfer event according to the sensitivity of the methods used was 10-6. Four samples of transgenic and five of non-transgenic corn gave positive signals. However, the amplification products did not correspond to the ones expected from Bt176 or pUC18. The limitations of the sampling design and of the methods used are discussed.
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Baltazar BM, Sanchez Gonzalez J de J, Schoper JB de J, Sanchez Gonzalez J, 2004. ¤ Maize and teosinte biodiversity studies in Mexico. The 8th International Symposium on the Biosafety of Genetically Modified Organisms, Montpellier, France, 26-30 September, 2004 p.87-91

· This paper outlines a range of gene flow and biodiversity experiments currently underway in Mexico, designed to better understand gene flow, genetic diversity and cross compatibility systems among maize landraces and teosinte (Zea spp.) to increase the knowledge required as part of any estimation of the potential impact of transgenic maize into its centre of origin. Brief descriptions and preliminary results of these experiments ((1) measurement of outcrossing rates and estimation of the basis for gene flow among commercial hybrid maize, Mexican maize landraces and teosinte; (2) collection and preservation of genetic diversity of teosinte and maize populations; (3) pollen and silk biology, flowering synchrony and direct estimations of gene flow among Zea species; (4) population genetics in teosinte and Mexican maize landraces or "ciollos"; and (5) genetic cross incompatibility systems in maize and teosinte) are provided. 14 ref.

· (From the text // At higher humidity, the pollen survived longer, ie. 2 hours. In dry year, all viability was lost after 1 hour. These losses were consistent with visual deformity of the pollen and suggested that the vast bulk of the maize pollen died due to desiccation.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Bellon MR, Berthaud J, 2004. * Transgenic maize and the evolution of landrace diversity in Mexico. The importance of farmers' behavior. Plant Physiol. 134:883-888.

 http://www.pubmedcentral.nih.gov/picrender.fcgi?artid=523889andblobtype=pdf 

· The discovery of transgenic products in maize (Zea mays) landraces planted by small-scale Mexican farmers (Quist and Chapela, 2001, 2002; Christou, 2002; Editorial Note, 2002) raised questions about how the commercial introduction of transgenic maize varieties might affect the traditional agricultural systems of small-scale farmers. A key concern is whether their introduction will have a deleterious effect on the diversity of maize landraces that these farmers maintain. Mexican agriculture, including maize production, has a bimodal structure (Bailey and Roberts, 1983; Nadal, 2000). On the one hand, a large number of small-scale farmers in rain-fed areas grow maize mainly for domestic consumption, though they may occasionally sell some surplus. On the other hand, a relatively small number of commercially oriented farmers practice large-scale maize production, mainly in irrigated areas, and their objectives and technological needs resemble those of their counter-parts in the industrialized world. These large-scale farmers are the logical market for commercial transgenic maize varieties. Although small-scale farmers, who rarely purchase commercial seed, are an unlikely market for transgenic varieties, the introduction of transgenic maize varieties may nevertheless have important consequences for them. In this paper, we identify some of those consequences and explore their implications. Specifically, we examine how transgenes may diffuse in traditional agricultural systems, describe the mechanisms that encourage their diffusion, and discuss the implications for the loss of maize diversity and for biosafety risk assessment. Finally, we indicate how the issues surrounding the diffusion of transgenic varieties in Mexico's traditional systems may prove relevant in other countries and crop species. An important concern in assessing the risk of growing a genetically modified crop in its center of domestication (i.e. where its wild relatives are present) is gene flow between the transgenic crop and its wild relatives. Even though data on this subject are limited, the potential impact of such gene flow has been under discussion for some time (Serratos et al, 1997; Blancas et al, 2002; Gepts and Papa, 2003). In this paper, we will focus on the less-explored issue of maize-to-maize gene flow, which plays an important role in the evolution of maize populations in Mexico (Louette et al, 1997; Perales et al, 2003a, 2003b) and other countries, such as Burkina Faso (Sanou et al, 1997).

· (In Alvarez-Morales and Jofre-Garfias, 2006// Certainly the challenge to follow the possible fate of transgenes in landraces in Oaxaca is complicated even more by the fact that maize landraces are subject to complex traditional management practices by the farmers, that include saving seed from the previous harvest, mixing this seed with that from other farmers, and even other localities, exchanging seed with neighbors, and experimenting with new varieties (Bellon and Berthaud, 2004, Pressoir and Berthaud, 2004a). Nevertheless, despite this vast exchange of materials, ears are selected by the farmer and his wife based on phenotypic traits such as color, number of grains in the ear, ear size, etc. Therefore it may be expected that a transgene would be more likely to be maintained within the population if its phenotypic expression is linked to a phenotypic trait that the farmer and his wife actively select for, and if its phenotype is perceived as beneficial (Bellon and Berthaud, 2004, Pressoir and Berthaud, 2004b).//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Bénétrix F, 2004. $ Programme opérationnel d‘évaluation des cultures issues des biotechnologies: bilan des programmes 2002/2003. Arvalis, Institut du végétal.

· The ongoing discussion on the co-existence between genetically modified (GM) and non-GM crops becomes more important in the European Union (EU). With the recent inscription of 17 GM maize varieties in the common EU catalogue of varieties of agricultural plant species, the acreage of transgenic maize for market purposes is expected to increase in some European countries. In the EU, specific tolerance thresholds have been established for the adventitious and technically unavoidable presence of GM material in non-GM produce, and member states are elaborating legal frames to cope with co-existence. As maize is a cross-pollinated crop relying on wind for the dispersal of its pollen, technical management measures will be imposed to reduce cross-fertilization between transgenic and non-transgenic maize. Various biological, physical and analytical parameters have been identified to play a role in the study of cross-fertilization in maize. This variability may hamper the comparison between research results and may complicate the definition of appropriate isolation distances and/or pollen barriers in order to limit out-crossing. The present review addresses these parameters and proposes containment measures in order to not exceed the legal labeling thresholds in maize

· (In Bannert, Thesis 2006 // Au-delà de 30 m de distance de la limite de la parcelle donneuse de pollen, la pollinisation croisée est dans la grande majorité des cas bien inférieure à 0,9%.. Un certain "bruit de fond" s'étendant sur des distances plus grandes ou certains "hot-spots" avec des taux de pollinisation extrèmement élevés sont la plupart du temps des manifestations de contamination des semences utilisées dans les semis. (Jemison and Vayda, 2001) // In France, Bénétrix (2004) found in a source field surrounded by a recipient field at the initial 10 m distance cross-pollinations of 1-2%, in distances greater than 10 m values were below 0.9%. //)

· (In Brookes et al, 2004 //This research was undertaken to contribute to the development of co-existence guidelines/recommendations. It took place in three locations across France, where GM (Bt) maize was simultaneously planted directly next to non-GM maize and the level of crosspollination measured over a distance of up to 240 metres.

All of the conditions for the research were designed to assess the worst-case scenario (varieties planted at the same time and with the same flowering time, no use of buffer crops or separation distances and the non GM crop planted downwind of the GM crop), so as to contribute towards the identification of robust co-existence measures. Essentially, the research focused on evaluating the impact of the direction and strength of the wind on the distance of pollen movement and level of introgression. Its key findings were: 

At the sample level (ie, testing undertaken from samples taken from the in-field crops): 

· 98% of pollen travelled no further than 10 metres; 

· Where the prevailing wind at time of flowering was blowing from the GM crop towards a non GM crop, the level of GM adventitious presence found in the non GM crop was less than 1% beyond a distance of 10-12 metres; 

· Where the prevailing wind at time of flowering was blowing from the non GM crop towards a GM crop, the level of GM adventitious presence found in the non GM crop was less than 1% beyond a distance of 5-7 metres; 

· In strong wind conditions (blowing from the GM towards the non GM crop), the level of adventitious presence was over 1% up to a distance of 25 metres. 

At the field level (ie, testing undertaken from post-harvest crops at the field level (normal harvest practice)):

· levels of GM adventitious presence in excess of the 0.9% EU labelling threshold were only found in border rows of the non GM maize closest to the GM emitter crop; 

· the implementation of good farming practice (including on-farm segregation of crops) and normal harvesting practices is usually sufficient to ensure that GM adventitious presence levels in non GM maize are below the 0.9% EU labelling threshold. This applies even under 'worst case' conditions (eg, no separation distances, non GM crops being downwind of the GM crop, no use of buffer crops). //
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Brookes G, Barfoot P, Melé E, Messeguer J, Bénétrix FD, Foueillassar X, Fabié A, Poeydomenge C, 2004. $ Genetically Modified Maize: Pollen Movement and Crop Coexistence. Dorchester, UK: PG Economics Ltd.

http://www.pgeconomics.co.uk/pdf/Maizepollennov2004final.pdf 

· Introduction

Genetically modified (GM) maize was planted on a total of 15.5 million hectares in 2003 (11% of the global maize area). In the EU, GM maize is the only GM crop currently grown commercially. In Spain, the main location where the crop has been planted since 1998, it accounted for about 7% of the total maize area in 2003 (31,000 hectares). Estimates for 2004 plantings are 60,000 hectares.

Against this background, one of the main subjects of current debate about the use of GM crops such as maize relates to the economic and market implications of GM and non GM crops being grown in close proximity (ie, co-existing). Within this co-existence debate, it is often claimed that GM and conventional (including organic) crops cannot co-exist without causing significant economic harm/losses to conventional and organic growers. This paper examines these issues, with specific reference to maize and the extent to which adventitious presence of GM maize may be detected in non GM maize crops through maize pollen movement and gene flow. 

The paper, after this introduction is structured as follows: 

Section 2: What is co-existence and the role of pollen movement and gene flow; 

Section 3: Adventitious presence arising from cross-pollination in maize: a review of literature and experience;

Section 4: Conclusions.

· (Table from the text // 

	Maize pollen dispersal, viability and cross-pollination in conventional maize crops: summary of research findings

	Issue
	Most common findings

	Pollen dispersal
	98% of pollen is deposited within 25 metres of the emitter field, almost 100% within 100 metres

	Cross pollination
	99% of the cross-pollination that occurs outside the emitter field takes place within 18-20 metres of the emitter field borders

	Influence of weather
	Weather can influence pollen dispersal and cross-pollination: some studies show slightly higher levels of pollen dispersal and outcrossing at the 20-25 metre distance (eg, receptor crop downwind of emitter crop)

	Influence of barriers
	Physical barriers (eg, trees, hedges) can affect pollen dispersal and crosspollination. Impact varies according to location of barrier to receptor crop. Barriers located immediately before a receptor crop tend to reduce cross pollination levels. If the barrier comprises rows of maize between emitter (eg, a GM crop) and receptor (eg, non GM) maize crops, this acts as a buffer, reducing levels of cross-pollination. One buffer row is roughly equal to 10 metres of separation.


	Summary of findings: GM and non GM maize co-existence research

	Study
	Circumstance
	Relevant distance (metres) to meet 0.9% labeling threshold
	Likelihood of adventi tious presence levels being above 0.9%

	IRTA
	Non GM field over 1 ha in size (adventitious presence measured at field level according to normal harvesting practice)
	No separation distance required
	No

	IRTA
	Non GM field under 1 ha in size (adventitious presence measured at field level according to normal harvesting practice)
	6 metres
	Unlikely

	APROSE
	Crops with similar (up to 10 days difference) planting dates (GM and non GM), no buffer crops (adventitious presence measured on sample basis before harvest from the crop)
	6.25 metres
	Unlikely

	APROSE
	Crops with the same planting date (GM and non GM), no buffer crops, adventitious presence measured on sample basis before harvest from the crop
	25 metres
	Unlikely

	Benetrix and Bloc
	Non GM crop downwind of GM crop, no buffer crop (adventitious presence measured on sample basis before harvest from the crop)
	10-12 metres
	Unlikely

	Benetrix and Bloc
	Non GM crop downwind of GM crop, very strong wind conditions, no buffer crop, (adventitious presence measured on sample basis before harvest from the crop)
	25 metres
	Unlikely

	Benetrix and Bloc
	Application of good farming practices and normal harvesting practices (adventitious presence measured at field level according to normal harvesting practice), no buffer crops
	No separation required
	No

	Henry et al
	Adventitious presence measured on sample basis (before harvest from the crop), including border rows of non GM
	24.4 metres
	No


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Brookes G, Barfoot P, 2004. * Co-existence of GM and non GM crops: case study of maize grown in Spain International Pest Control January/February 2004 Volume 46 No.1-

 http://www.pgeconomics.co.uk/pdf/Coexistence_spain.pdf 

· Executive summary

Given that GM (Bt) maize is in its sixth year of cultivation in Spain, this offers a unique (in the EU context) case study of whether approved GM, conventional and organic crops can co-exist. This paper examines the issue. 

Current co-existence Out of the current area planted to maize in Spain (about 460,000 hectares), about 32,000 ha (7%) is to GM insect resistant (Bt) varieties, less than 1,000 hectares (0.2%) is organic and the vast majority is ‗conventionally produced‘.

The evidence to date shows that these three types of maize production have co-existed without economic and commercial problems. This includes in regions such as Catalunya where GM (Bt) is concentrated2. Where non GM maize has been required in some markets, supplies have been relatively easily obtained, based on market-driven adherence to on/post farm segregation and by the purchase of maize from regions where there has been limited adoption of Bt maize (because the target pest of the Bt technology, the corn borer is not a significant problem for farmers in these regions). Isolated instances (two) of GMO adventitious presence in organic maize crops were reported in 2001. 

Future co-existence For the future, the likelihood of co-existence problems arising remains fairly limited, even if there is a significant expansion in both the areas planted to GM crops and to organic maize because:  

· GM (Bt) maize is unlikely to dominate maize plantings in Spain, being concentrated in regions where there are significant (corn borer) pest problems. In other words there will continue to be regions of Spain where GM (Bt) maize will not be widely planted; 
· The organic maize area is likely to continue to be a very small part of the total maize crop (even if there was a tenfold increase in plantings), with a very limited economic contribution relative to the rest of the Spanish maize crop;  
· some changes to farming practices on some farms may be required. This will however, only apply where GMO maize crops are located near non GM or organic crops for which the non GM status of the crop is important (eg, where buyers do not wish to label products as being GM or derived from GM according EU labelling regulations). These changes are likely to focus on the use of separation distances and buffer crops (of non GM maize) between the GM maize crop and the vulnerable non GM/organic crop. 
Lastly, the organic sector can also take action to facilitate co-existence by:  

· applying a more consistent, practical, proportionate and cost effective policy towards GMOs (ie, adopt the same policy as it applies to other unwanted material). This would allow it to better exploit market opportunities and to minimise the risks of publicity about inconsistent organic definitions and derogations for the use of non organic ingredients and inputs damaging consumer confidence in all organic produce; OR  
· apply the same testing principles and thresholds currently applied to GMOs to other unwanted materials (eg, apply a test-based regime for pesticide residues); AND  
· accepting that if it wishes to retain a policy towards GMOs that advocates farming practices that go beyond those recommended for GMO crop stewardship (eg, buffer crops and separation distances that are more stringent than those considered to be reasonable to meet the EU labelling and traceability regulations), then the onus for implementation of such measures (and associated cost) should fall on the organic sector in the same way as current organic farmers incur costs associated with adhering to organic principles and are rewarded through the receipt of organic price premia. 
1 The authors acknowledge funding for the research came from the ANTAMA Foundation in Spain (Foundation for the Application of New Technology in Agriculture) 

2 Bt maize accounts for about 15% of total maize plantings in this region
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Brunet Y, Foueillassar X, Audran A, Garrigou D, Dayau S, 2004. * Evidence for long-range transport of viable maize pollen. 16th Biometeorology and Aerobiology, (16BIOAERO) 

http://ams.confex.com/ams/AFAPURBBIO/techprogram/programexpanded_223.htm 

· Most experiments on the dispersal of maize pollen have been performed using ground-based systems with pollen traps located at various distances downwind from a source. Such measurements can only provide information on short-range dispersal in the surface boundary layer (i.e. within horizontal distances not exceeding a few hundred metres). In order to investigate whether longer-range transport may also occur, we study here the presence and viability of pollen throughout the atmospheric boundary layer (ABL). For this purpose a series of ten flights was performed with a light aircraft over a 4000 ha set of maize fields in South-West France, on several days with convective activity during the pollination period (July 2002 and 2003). Several flight legs were made at various altitudes between 150 m and 1800 m, i.e. within and above the ABL. A sampling device was built to collect pollen grains by impaction on Petri dishes located inside a plastic tube set up under the wing and facing forward. Pollen counts were made under a microscope after the flight was completed. Radio-soundings were collected in order to characterize the structure of the ABL. Pollen grains were found at all heights, with concentrations ranging from 0.2 (at the top) to 1.1 grains m-3 (at the bottom). The vertical variation in concentration was typical of the structure of the ABL on a convective day. The viability showed a smooth decrease with height but remained significant throughout the boundary layer. These results have profound implications on the possibility of long-range gene dissemination, because they show that in such climatic conditions viable pollen grains may travel over kilometres before they settle.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Fabié A. 2004. ¤ Research on coexistence in the field – French experiments for maize. COPA-COGECA colloquy on the co-existence and thresholds of adventitious presence on GMOs in conventional seeds. http://www.copa-cogeca.be/pdf/8bis.pdf 

· (In Bannert, 2006 // Quite a number of other studies do not provide detailed data for comparisons but the results apparently fit within the variation range of cross-pollination rates shown in many studies. Data from 27 field experiments in France corroborated the decrease in cross-pollinations below 0.9% at distances greater than 25 m from the source field.// )

· (In Cubero et al, 2006 // A distanec separation of 25 m is sufficient to limit the PrFo below 0.9%.
· From GMOSafety : Coexistence information system

· Culture type Maize ¤ Year 2002 ¤

· Country France 

· Execution Maiz'Europ 

· Experiment  

· Type of experiment: Field trial, measurement of rates of outcrossing 

· Configuration of experiment: 

· Wax maize (as receptor plant) and dent maize (as donor plant) 

· optimal conditions for outcrossing: identical flowering period, minimal isolation distance (0-25 m), indentical pollen capacity 

· varying field sizes between 0.7 and 13 hectares 

· Execution of experiment: Enumeration of the wax maize kernels fertilized by pollen from dent maize. 

· Results    The outcrossing on the 12 various trial areas varied between 0.0% and 0.72%.
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GMOSafety, 2004. $ Spanish study of maize and outcrossing: Large fields remain below the threshold.

http://www.gmo-safety.eu/en/archive/2004/279.docu.html  

· A Spanish study on the coexistence of genetically modified and conventional maize has studied the outcrossing rates of Bt maize in adjacent fields. The principal finding was that to comply with the 0.9 percent threshold stipulated by the EU (above this limit maize must be labelled as genetically modified) the size of the adjacent conventional field is particularly significant. Conclusions with regard to field sizes and separation distances in the coexistence of conventional and GM maize: 

· The area outlined in red measures approximately one hectare and lies to the north east – in the prevailing wind direction – of the GM maize field. The average gene flow for a field of this size is 0.83 percent. This would make the field large enough to remain below the 0.9 percent threshold.

· By contrast, in the area outlined in green, which measures only approximately 0.25 hectares and also lies to the north east directly adjacent to the GM field, the average gene flow is 1.77 percent and thus significantly above the threshold. The maize would have to be labelled. 

· However, if a field of the same size and position has a separation distance of six metres from the GM field – outlined in blue – the average gene flow would once again fall below the threshold, at 0.77 percent.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Haygood R, Ives AR, Andow DA, 2004. * Population genetics of transgene containment. Ecol. Lett. 7, 213.

· Several strategies have been proposed for creating transgenic cultivars from which transgene escape to wild relatives would seem unlikely; for example, to impede escape through pollen, a transgene could be inserted into chloroplast DNA (cpDNA), which in many crops is rarely transmitted through pollen. None of these strategies would be failsafe; for example, the rate of cpDNA transmission through pollen may be low but non-zero in many crops. Here, we study how the probability distribution of escape time depends on the rates of pollen and seed flow from the crop to wild populations, the number and sizes of the wild populations, the selection coefficient for the transgene, and a leakage parameter characteristic of the strategy, for example, the rate of cpDNA transmission through pollen. We find that even with a leakage parameter as small as 103, the probability of escape within as few as 10 generations could be appreciable.

· (In Chapman and Burke, 2006. // II. How do transgenes escape? - Hybridization, gene flow, and introgression: 3. Selection, gene flow, and introgression: The parameter with which we should be most concerned in the context of transgene escape is the selective advantage of the transgene, as opposed to the overall rate of hybridization (see also Hails and Morley, 2005). Indeed, even if the initial hybridization event is rare, moderately advantageous alleles will readily spread from the crop into compatible wild populations. Similarly, even if early generation hybrids suffer from decreased fitness, recombination can easily separate the transgene from the parental alleles that are responsible for the fitness reduction and, once an allele has been transferred from one taxon into another, the problem becomes one of intraspecific as opposed to interspecific gene flow. In further support of the view that it is the effects of the allele, and not the rate of hybridization, that we should be most concerned about, a recent theoretical assessment revealed that even very low rates of transmission (on the order of 0.1%) are sufficient for the escape and establishment of a moderately advantageous (s = 0.10) transgene (Haygood et al, 2004).// V. Can we prevent transgene escape? // Keeping the transgene in the crop ** Several approaches have been proposed to prevent transgenes from 'escaping' into wild populations and/or non-GM crops. Some of these strategies, such as the production of apomictic or cleistogamous crops (Daniell, 2002), are still in their infancy. Others, such as those detailed below, are somewhat more well developed, but all have their shortcomings.// ** Another logical strategy would be to target the transgene to the chloroplast or mitochondrial genomes. Indeed, in species with strict maternal inheritance, this sort of strategy would prevent transgene escape via pollen flow. In fact, this strategy has been successfully implemented in both tobacco (Nicotiana tabacum) (Daniell et al, 1998) and tomato (Lycopersicon esculentum) (Ruf et al, 2001). Unfortunately, although maternal inheritance is widely assumed to be the rule in most angiosperms, rare paternal leakage has been detected in a number of cases (reviewed in Smith, 1989) including, ironically, tobacco (Avni and Edelman, 1991). In fact, one would have to survey > 3000 progeny in order to be 95% certain that the rate of paternal leakage is no higher than 0.10% (Milligan, 1992) and, as noted in section II, even very low levels of leakage may be sufficient for the escape and spread of a moderately advantageous transgene (Haygood et al, 2004). Another drawback of this approach is that it would do nothing to stop transgene escape via seed. Thus, if any seeds were to escape or be left behind following the harvest, the transgene could easily be incorporated into a wild population via chloroplast (or mitochondrial) capture. // Untill now the describe strategies for transgene containment has certain disadvantages and, to a varying degree, may not completely eliminate the possibility of gene flow. Because even a low level of gene flow can be sufficient to allow the spread of a moderately advantageous allele (e.g. Burke and Rieseberg, 2003; Haygood et al, 2004), a strategy that reduces the rate of gene escape to a low but nonzero level may not be enough to prevent the establishment and spread of transgenes.//)

· (In Heinemann, 2007 // However, chloroplasts are not strictly maternally inherited in all plant species (Dong and Wagner, 1994, Testolin and Cipriani, 1997). Even in species with a strong maternal bias, some escapes through the male line are possible (Committee on the Biological Confinement of Genetically Engineered Organisms, 2004, Haygood et al, 2004, Medgyesy et al, 1986), just as has been shown true for mitochondria (Yu and Russell, 1994).
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ISBGMO, 2004. ¤ 8th International Symposium on the Biosafety of Genetically Modified Organisms. Proceedings

http://www.isbr.info/symposia/docs/proceedings_montpellier2004.pdf 
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Jarosz N et al, 2004. * Modelling airborne concentration and deposition rate of maize pollen. Atmos. Environ. 38, 5555-5566. http://hal.archives-ouvertes.fr/docs/00/27/72/00/PDF/Jarosz_al2004.pdf
· The introduction of genetically modified (GM) crops has reinforced the need to quantify gene flow from crop to crop. This requires predictive tools which take into account meteorological conditions, canopy structure as well as pollen aerodynamic characteristics. A Lagrangian Stochastic (LS) model, called SMOP-2D (Stochastic Mechanistic model for Pollen dispersion and deposition in 2 Dimensions), is presented. It simulates wind dispersion of pollen by calculating individual pollen trajectories from their emission to their deposition. SMOP-2D was validated using two field experiments where airborne concentration and deposition rate of pollen were measured within and downwind from different sized maize (Zea mays) plots together with micrometeorological measurements. SMOP-2D correctly simulated the shapes of the concentration profiles but generally underestimated the deposition rates in the first 10m downwind from the source. Potential explanations of this discrepancy are discussed. Incorrect parameterisation of turbulence in the transition from the crop to the surroundings is probably the most likely reason. This demonstrates that LS models for particle transfer need to be coupled with air-flow models under complex terrain conditions.

· (In Lipsius et al, 2006. // Apart from IDF approaches, several quasimechanistic or semi-empirical models have been developed (Arritt et al, 2003; Aylor et al, 2003; Jarosz et al, 2004; Loos et al, 2003). These models treat pollen grains as particles that move along simple diffusiveconvective paths, either in normally-distributed Gaussian plumes (Ashton et al, 2001; Loos et al, 2003), or by a particle Lagrange (PL) or Lagrangian stochastic approach, in which independent particles follow statistically random paths (Arritt et al, 2003). The Gaussian approach was found to estimate both the quantity and direction of maize pollen movement with good accuracy, but underestimates cross-pollination near the source field (Loos et al, 2003). Jarosz et al. (2004) developed a quasi-mechanistic model. Most likely due to incorrect parameterization of turbulence, it also failed to correctly estimate pollen deposition immediately adjacent to the source. Arritt et al. (2003) showed that the PL model captured the sharp near-field deposition gradient evident in the observations, while under-predicting deposition at greater distances from the field. The PL approach has also been used in related dispersion applications, such as dispersion of particles (VDI, 2000), spores (Aylor and Flesch, 2001), and seeds (Nathan et al, 2003).)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Johnston J, Blancas L, Borem A, 2004. // Gene flow and its consequences: a case study of Bt maize in Kenya. Environmental risk assessment of genetically modified organisms. Volume 1: A case study of Bt maize in Kenya p.187-207

· A framework of questions that relate to assessing the risks associated with gene flow is presented, with reference to the proposed introduction of Bt maize into Kenya. Aspects of gene flow risks associated with this particular study are discussed, these include the likelihood of intra- and inter-specific gene flow, the likelihood of specific transgenes increasing in frequency following gene flow, and the potential effects of Bt transgene spread and persistence in Kenya. 18 ref.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Kawashima S, Matsuo K, Du M, Takahashi Y, Inoue S, Yonemura S, 2004. * An algorithm for estimating potential deposition of corn pollen for environmental assessment. Environmental Biosafety Research 3(4), 197-207.

· The safety and impact on the environment of transgenic crops are important issues, and studies have shown that pollen from transgenic Bt (Bacillus thuringiensis) corn (Zea mays L.) may kill nontarget insects. To develop an algorithm for assessing the environmental effect of transgenic crops, we arranged a field experiment in Tsukuba, Japan. Pollen dispersal and deposition were measured inside and outside a cornfield throughout the flowering period. Weather conditions such as wind speed and direction were measured at the same time. Pollen dispersal peaked 1 week after the start of flowering and continued for 12 days thereafter. The variation in daily pollen dispersal was similar at all observation points. Both pollen dispersal and deposition decreased exponentially with distance from the cornfield on all days. We estimated potential pollen deposition with a quasi-mechanistic model that incorporates the effects of wind direction, wind speed, and flowering intensity. The daily potential deposition was summed over the flowering period, and then the relationship between distance from the cornfield and the integrated potential deposition was estimated. It was possible to show the effective area of the environmental risk zone posed by genetically modified pollen by combining the distance/deposition relationship with the dose/response relationship derived from a laboratory assay. The algorithm described here can be applied to various wind-pollinated plants to estimate both potential and integrated pollen deposition.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Lang A, Ludy C, Vojtech E, 2004. * Dispersion and deposition of Bt maize pollen in field margins. Zeitschrift fur Pflanzenkrankheiten und Pflanzenschutz vol. 111 (5) p.417-428

· The purpose of the study was to gain information on the temporal occurrence, spatial range and dispersion of maize pollen, and potentially Bt maize pollen densities in field margins in Bavaria, South Germany. This information is an important part of the risk assessment of Bt maize as it characterizes the potential environmental exposure of non-target organisms to Bt pollen. The majority (91%) of maize fields shed pollen in July, but the beginning of anthesis could be recorded as early as June 27 and as late as August 8. The Bt176 event 'Navares' shed pollen about one week earlier than the average anthesis date of other maize cultivars. Pollen numbers deposited in field margins were highly variable, and decreased with increasing distance to field edge. The main factors determining pollen densities were relative humidity, growth stage of the maize, and distance to field edge. These factors were responsible for 48% of the variance of pollen amounts. The more pollen were deposited in maize field margin, the more pollen was found on leaves of wild carrots located at maize field edge. Cry1Ab amounts in the pollen of the events Bt176 and Mon810 were roughly in the range reported so far. The results provide helpful and effective information in the evaluation of the exposure of butterflies to Bt maize pollen. 30 ref

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Ma BL, Subedi KD, Reid LM, 2004. * Extent of cross-fertilization in maize by pollen from neighbouring transgenic hybrids. Crop Science, 44:1273-1282. http://crop.scijournals.org/cgi/reprint/44/4/1273
· There is an increasing concern about the preservation of genetic identity of conventional maize (Zea mays L.) and of distance required to segregate non-genetically modified (non-GM) from GM grain production since the introduction of Bacillus thuringiensis (Bt) and other transgenic events into commercial hybrids. Field experiments were conducted at three sites in Ottawa, Canada, for 3 yr to determine (i) the extent of cross-fertilization of a maize genotype by foreign pollen of neighboring hybrids and (ii) the practical distance required to isolate conventional maize hybrids from neighboring GM maize fields. At each site, yellow-kernel Bt maize was planted in the center (27 by 27 m) of a field surrounded in all directions by the distance equivalent to 24 or 48 rows (37 m) of white-kernel maize, and a 200-m non-maize crop was maintained in all directions. Phenology and weather conditions were closely monitored during the tasseling and silking period. At maturity, a thorough examination on the cross-fertilization was conducted in the white maize population. Our results showed that the rate of cross-fertilization in maize was dependent upon the distance from the pollen source, wind direction and synchronization of silking and pollen shedding of the two genotypes involved. Up to 82% out-cross was measured in the first row adjacent to the Bt maize. The level of out-cross was <1% beyond the 37th border row (28 m) downwind and the 13th row (10 m) upwind in all site-years. An exponential decline model was fitted well (P < 0.01) to the cross-fertilization data as a function of distance from the yellow maize pollen source with R2 up to 0.64. Our data suggested that it is possible to produce non-GM maize grains by removing the outside rows of non-GM maize plants (about 30 m) neighboring the GM maize field in concern if the acceptance level is set at 1% out-cross. The generally recommended 200-m distance between two genotypes (inbreds, populations, hybrids, and wild relatives) appears to be appropriate for Bt or other GM maize, as well.

Conclusions: From a practical point of view, and considering differences in planting dates from neighboring maize fields, and/or different maturity of two hybrids involved, our data suggest that it is possible to produce non-GM maize by removing the outside rows of plants (about 30 m) adjacent to the GM maize field if the acceptance level is set at 1% cross-fertilization. Although the chances of cross-fertilization of white maize by pollen from neighboring yellow maize at the distance of 28 m was minimal, this study did not examine the situation in which the Bt and non-Bt maize were separated by a non-maize space. In the study reported here, the white maize rows from 1 to 37 might have also served as a physical barrier for the pollen of yellow maize in addition to compete for viable pollen from the yellow maize. A situation with a non-maize barrier pollen flow could be an area of further study on this topic.

· From GMOBiosafety

Maize 2000 – 2002 Canada Eastern Cereal and Oilseed Research Center (ECORC), Ottawa, Kanada

· Type of experiment: Field trial, measurement of GMO yields

· Configuration of experiment: three trial areas of 27 x 27 metres Bt maize, surrounded by 36 metres of conventional white maize.

· Execution of experiment: measurements in the years 2000, 2001, 2002; in each cardinal direction, sampling conducted in each case upon 47 to 57 ears in distances between 0 and 36 metres

[image: image9.emf]
· Results

· Outcrossing against the wind (windward): 10 m - below 1% 

· Outcrossing with the wind (leeward): 28 m - below 1% 

· Cross-pollination was strongly dependent on weather conditions 

Recommendation: 30 metres catch crops, in order to remain under 1 per cent

· (In  Bannert, Thesis 2006 // * Studies of cross-pollination in maize generally showed a rapid decrease over short distances up to 30 m, often accompanied by high variation, and a long tail with low cross-pollinations occurring over several hundred meters.//

* In the first adjacent row cross-pollination was usually as high as the results found by Bannert, that is to say: around 3-6 %. There is variation in the rates of cross-pollination in the row adjacent to the donor between 1 - 22% in the downwind direction.// Most of the pollen that pollinates an ear of maize comes from plants in the immediate vicinity, although the wind may carry pollen over large distances. In the fields there is often non-uniform plant growth (different plant size) and development (start of phenological stages of flowering) resulting in longer periods until flowering is completed and a probably asynchronous pollination within the population. //The initial cross-pollination rate in the first adjacent rows (distance 0.75 - 1 m) varies between different experiments from highest rates of about 35 % in old studies (Bateman, 1947) to values of about 22 % in recent studies with modern hybrids (Byrne and Fromherz, 2003;Ma et al, 2004) to lowest initial cross-pollination rates of 2 % (Ma et al, 2004).// ).

· (In Gustafson et al, 2006// Several of the first class of field studies have been published (Benetrix and Bloc, 2003; Henry et al, 2003; Ma et al, 2004; Halsey et al, 2005; Rosenbaum et al, 2005). Varying degrees of cross-pollination in maize occur depending on biological, agronomic, and environmental factors.//)
· (In Lipsius et al, 2006. // A number of field trials with maize have been performed to study some of the effects of the factors influencing pollen fluxes. Such studies can give direct estimates of pollen dispersal, but cannot be generalized to other geometries, crops and atmospheric conditions, and are therefore of limited use as predictive tools. Computer simulations circumvent these shortcomings because they allow a dramatically increased number of contexts studied.//) (In Messeguer et al, 2006. //Ma et al. (2004) realizaron experimentos de campo en tres sitios en Ottawa (Canadá), durante un periodo de 3 años, utilizando maíz Bt de grano amarillo y maíz de grano blanco para detectar la fecundación cruzada. En este estudio, se concluyó que era posible producir granos de maíz no-MG eliminando las filas exteriores de plantas de maíz no-MG (unos 30 m) que rodeaban el campo de maíz MG colindante, si se establecía el umbral de aceptación igual o inferior al 1%, pero que resultaba apropiada la distancia generalmente recomendada de 200-m entre dos genotipos para el maíz Bt y otros maíces MG.//

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Marquard El, Hooftman DAP, Oostermeijer JGB, van Tienderen PH, den Nijs JCM, 2004. ¤ Matrix projection models as a tool for assessment of ecological consequences of crop-wild gene flow. The 8th International Symposium on the Biosafety of Genetically Modified Organisms, Montpellier, France, 26-30 September, 2004 p.279 ; http://www.isbr.info/symposia/docs/proceedings_montpellier2004.pdf
· Matrix projection models (MPM) are used intensively in Conservation Biology, but as yet applications in GM-risk assessment are limited. However, we do see many opportunities for MPM‘s in estimation and prediction of ecological consequences of crop to wild relative gene flow on a population scale. MPM‘s can predict potential rates of invasiveness of introgressants (hybrids) using demographic analysis based on full life-cycles. Furthermore, using a MPM as toolbox, the fate of (trans)genes, once introgressed into wild relatives, can easily be modeled. Two factors determine the long-term consequences of gene flow between crop and wild relative on a population scale: hybrid fitness and the frequency of outcrossing events. Here, we integrate both factors in a two-step MPM, simulating the process of introgression of crop genes into a recipient population over multiple generations. In the first step, a conventional MPM is used for calculating the population growth factor (population fitness) of crop, wild relative, and of their hybrids. In a second step, the interaction between parental lines and hybrid classes as well as further generations of introgressants are included, using combinations of growth factors and outcrossing rates as entries. We illustrate our framework with experimental data (see Hooftman et al.) of the non-transgenic annual crop Lactuca sativa (lettuce), its wild relative L. serriola (Prickly lettuce) and hybrids between both. Based on this MPM we suggest that populations of wild relatives might be rapidly displaced by introgressants, given a relative high fitness of the latter and a low (< 1%) but constant outcrossing rate.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Matsuo K, Amano K, Shibaike H, Yoshimura Y, Kawashima S, Uesugi S, Misawa T, Miura Y, Ban Y, Oka M., 2004. ¤ Pollen dispersal and outcrossing in Zea mays populations: A simple identification of hybrids detected by xenia using conventional corn in simulation of transgene dispersion of GM corn. Poster at 8th international symposium on the biosafety of genetically modified organisms, September 26 - 30, 2004, in Montpellier Proceedings page 291. http://www.isbr.info/symposia/docs/proceedings_montpellier2004.pdf
· One concern over cultivating genetically modified (GM) corn is that transgenes may be transferred into conventional corn near the GM cornfields.To minimize the likelihood of such undesirable outcrossing, it is important that we improve our knowledge about the characteristics of pollen and gene flow of Zea mays populations by monitoring for several years. The outcrossing rate estimated using conventional corn is available for gene flow studies in Japan because concerns of Japanese consumers about the transgene dispersal into the agro-ecosystem have been eliminated.

We selected two commercial sweet corn varieties with different grain colors, ―honey bantam (pollen donor; yellow grain) and ―silver honey bantam (pollen recipient; white grain). Honey bantam was planted to windward of silver honey bantam. We harvested recipient corn in rows at different distances from the pollen donor and used the xenia to determine the percentage of outcrossing, as shown by the percentage of yellow grains on the ears of the white recipient.The research was conducted on a small scale in a field of 0.14ha in Tsukuba from 2001, with a maximum distance of 50m between recipient and donor plants. Another study in Tsumagoi was initiated in a larger field (4.5ha) in 2002, with a maximum distance of 400m from donor plants to determine the outcrossing rate over a minimum isolation distance of 200m. The outcrossing rate and distribution of hybrid plants in fields differed by year. However, in both fields, the plants that grew within 1m of the donor exhibited the highest mean outcrossing rate (22.6 to 56.8% for three years in Tsukuba, and 32.0 to 43.2% for two years in Tsumagoi). No remarkable difference between the two fields in mean outcrossing rate of plants adjoining donor plants was observed. These values decreased sharply with the distance from donor plants. In a small-scale research field in Tsukuba, mean outcrossing rates for 2001 to 2003 decreased to 0.1% at 50m. In a larger research field in Tsumagoi, the mean outcrossing rates for 2002 and 2003 decreased to 1.2% at 50m, 0.23% at 100m, 0.06% at 200m, and 0.04% at 400m. These results are useful as fundamental data to establish the end points in the risk assessment and the separation distance from GM crops in risk management in Japan where most farmers cultivate crops in small and variously sized fields.

· (In  Bannert, Thesis 2006 // In Tsukuba and Tsumagoi (Japan) rates of outcrossing of sweet corn varieties varied by years and locations between 0.1 to 1.2% at 50 m, and 0.04% at 400 m.// In comparison to other studies on long distance pollen dispersal of maize with very varying rates, the results here are close to the lowest rates as found by Matsuo et al. (2004) with 0.23% in 100 m and 0.06% in 200 m distance and by Byrne and Fromherz (2003) with 0.05% in 183 m distance.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Melé E et al, 2004. ££ First results of co-existence study: European Biotechnology Science and Industry News No 4, vol 3

· No abstract available
· (In Brookes et al, 2004 // This study commissioned by the regional government of Catalunya (Spain), was conducted by IRTA in collaboration with Syngenta Seeds, at Lleida, Catalunya. A 50 x 50 metre plot of GM insect resistant (Bt) maize (of the variety Compa CB (Bt 176) from Syngenta Seeds) was planted in the middle of a field and surrounded by plantings of the non GM maize variety 'Brasco'. The total area of the trial was 7.5 hectares. It was located in a flat region where the normal growing conditions are dry and accompanied by high temperatures. Data collected from the local weather station found that there were two prevailing winds during flowering time; from the west in the morning and then from the south after midday.

Samples from the non GM maize fields (three cobs per sample) were taken at the end of September. Six samples were taken at distances of 1, 2, 5 and 10 metres from each side of the central GM crop square. The rest of the non GM field was divided into squares of 30 x 30 metres and from each one of these squares a further sample was taken. In total, 255 samples were taken and analysed with the RT-PCR technique (for Zein and Bt-176 genes) to establish the level of GM adventitious presence (measured as the ratio of transgenic DNA to the total DNA). 

The research found that: 

· The level of GM adventitious presence from gene flow found in the non GM maize crop decreased rapidly with distance from the GM emitter crop; 

· the level of detected GM adventitious presence in the non GM crop located downwind of the GM emitter crop was less than 0.9% at a distance of 10 metres (from the GM emitter crop). The level of detected GM adventitious presence in the non GM crop located upwind of the GM emitter crop was less than 0.9% at a distance of 2 metres (from the GM emitter crop). 

These results were then used to estimate the likely levels of GM adventitious presence in non GM maize fields of different sizes and distances downwind from a GM emitter crop. The level of GM adventitious presence likely to be found in non GM maize crops (1 hectare in size) planted adjacent to a GM plot is an average of 0.83% (measured for the total harvest in the 1 hectare plot15 (15 When crops like maize are harvested, production from each row in a field typically becomes mixed inside the combine and hence if a few border rows in the field had higher levels of adventitious presence than other rows in the field, the average level across the field will be lower than the levels found in the border rows. This therefore highlights an important point of difference between levels of adventitious presence recorded at the sample level (e.g., taken in different rows in a field prior to harvest) in some research trials and levels of adventitious presence found under normal crop production conditions, where tests would be typically undertaken at the field level, in the post harvest crop)). The level of GM adventitious presence likely to be found in non GM maize crops (0.25 hectares) planted adjacent to a GM plot is an average of 1.77% (for the total harvest of the 0.25 hectare plot). This would fall to 0.77% when a 6-metre separation distance is maintained between the GM and non GM crops. 

The key conclusions that can be drawn from the research are:

· When non GM maize is planted in fields of over 1 hectare in size near to GM maize crop, normal harvesting practices (where adventitious presence levels of GM material in non GM maize are tested at the field level, post-harvest) should be sufficient to ensure that levels of GM adventitious presence in non GM crops are below the 0.9% EU labelling threshold; 

· When non GM maize is planted in fields smaller than 1 hectare in size near to GM maize crop, the operation of a 6 metre separation distance between the crops (GM and non GM) and implementation of normal harvesting practices (where adventitious presence levels of GM material in non GM maize are tested at the field level, postharvest) should be sufficient to ensure that levels of GM adventitious presence in non GM crops are below the 0.9% EU labelling threshold.)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Melé E, 2004. ¤ Spanish study shows that coexistence is possible. Agricultural Biotechnology International Conference: 12– 15 September, Cologne, Germany.

 http://www.abic2004.org/download/ABIC2004_newsletter_no3.pdf
· Coexistence of GM crops is possible if certain conditions are applied. This is according to a new study into the coexistence of GM and conventional crops carried out by the Spanish Institute for Agriculture and Food Research and Technology (IRTA)

The report entitled ―Buenas Prácticas Agrícola (Good Agricultural Practices) recommends separating cropsby 25 meters or four rows for fields smaller than one hectare. It also recommends planting 4 row barriers of non-GM maize if the surface of the neighbouring crop is less than 1 hectare. If the neighbouring field is larger than one hectare, no labeling will be required, as the total percentage of GM content will be lower than 0.9%. The findings are based on the results of field trials undertaken in 2003. Compa Bt maize was sown in a 50x50 meter square in a 7.5-hectare field. The rest of the field was planted with Brasco‘ conventional maize. The two varieties are completely compatible and were chosen to guarantee the maximum level of cross-fertilisation between both crops. Both have the same life cycle and both flower at the same time. After the time of pollination and fertilization, once the crops entered the ripening process, 205 samples of maize were taken at a 1, 2, 5 and 10 meters from all of the sides of the square that had been sown with Bt maize; other samples were also taken from the rest of the field. Individual kernels were crushed and analysed for the presence or absence of the Bt gene. 

· Main Results 

· With northeast prevailing winds, the average presence of the Bt gene in analysed samples from maize grown at a distance of 10 meters from the GM maize, was less than 0.9% 

· In headwinds, the average presence of the Bt gene was less than 0.9% in samples taken at a distance of 2 meters from the GM maize crop 

· The average cross-pollination throughout the field was less than 0.2%. There was no apparent relationship to wind direction or speed at further distances from the GM crop 

· About the field trials In July 2003, a research team from the IRTA institute in Cambrils (Barcelona), together with IRTAgen and the Department of Agriculture, Cattle and Fishing of the Government of Cataluña, carried out a field trial to evaluate cross-fertilization, and therefore flow of genes, between genetically modified Bt maize crops and conventional maize crops. The producer company Syngenta also collaborated in the study by providing seeds and management of the maize crop. 

· Future field trials This particular field trial has demonstrated the effect of winds during the flowering period. IRTA plans to carry out further field trials to confirm these data and to study other variables (e.g the size of the GM crop, the behaviour of variety, the coincidence of the flowering period, and other influences such as machinery, storage or the presence of fertile seeds in the field for future cycles).

·  (In Brookes et al, 2004. // Même commentaire que pour l‘article precedent//)

· (In Bannert, 2006 // Beyond the initial 30 m, cross-pollination values are in most cases in a similar way below 0.9% (Henry et al, 2003; Bénétrix, 2004; Bénétrix and Bloc, 2003; Melé, 2004; Weber et al. 2005a; Weber et al. 2005b).// Quite a number of other studies do not provide detailed data for comparisons but the results apparently fit within the variation range of cross-pollination rates shown in many studies. In field designs in Spain with a source field surrounded by recipients fields values were below 0.9% at 10 m downwind and 2 m upwind)

· (In Van De Wiel, 2006. NJAS 54//The Spanish experiments, using Bt maize, indicated a distance at which 0.9% admixture was reached: in the order of 10–12 m. Apart from differences in ex-perimental set up, this may be related to differences in climatic conditions: the colder and more humid conditions in the UK (FSE results) (and also in the Netherlands) favour a longer pollen viability and also influence the pattern of asynchrony in flowering between male and female inflorescences as described above.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Mellon M, Rissler J, 2004. $ Gone to seed: Transgenic contaminants in the traditional seed supply. Union of Concerned Scientists. p. 70 – 24 feb 04. 

http://www.ucsusa.org/assets/documents/food_and_environment/seedreport_fullreport.pdf 

· Executive Summary:

Nothing is more fundamental to agriculture and our food supply than seeds. Whether eaten directly or processed through animals, seeds are the ultimate source of human nutrition. The variety, abundance, and safety of foods are all dependent on the availability and quality of seeds. The prowess of genetic engineers notwithstanding, seeds cannot be made from scratch. They must be harvested, saved, and shepherded from generation to generation by knowledgeable, engaged individuals. The value to the food supply of the seeds entrusted to our generation cannot be overstated. In this report, the Union of Concerned Scientists (UCS) examines a new phenomenon that may threaten the quality of the seed supply: the contamination of traditional seeds by DNA sequences derived from genetically engineered crop varieties. These varieties are produced by molecular techniques—variously known as genetic engineering, genetic modifi cation, or transgenic techniques—that allow scientists to move novel traits into plants from distantly related organisms such as animals and bacteria. The number of transgenes that might potentially contaminate the seed supply is large. Although most commercial transgenic varieties of corn, cotton, soybeans, and canola contain only two traits (herbicide and insect resistance), hundreds of other novel genes have been engineered into crops that have been fi eld tested but have not been, and may never be, commercialized. Most of the transgenes used by genetic engineers are new to foods and some are not intended for use in foods at all. For these and other reasons, concerns have arisen about the possibility that transgenes introduced into crop varieties through genetic engineering might unintentionally contaminate the seed supply for traditional, or non-genetically engineered, varieties of crops. The research covered in this report addresses that possibility with a small pilot study of seeds of traditional varieties of three major food crops: corn, soybeans, and canola. The study found that the seeds of traditional varieties bought from the same retailers used by U.S. farmers are pervasively contaminated with low levels of DNA sequences originating in genetically engineered varieties of those crops. This conclusion is based on tests conducted by two respected commercial laboratories using duplicate samples of seeds of six traditional varieties each of corn, soybeans, and canola. One laboratory detected transgenically derived DNA in 50 percent of the corn, 50 percent of the soybean, and 100 percent of the traditional canola varieties tested. The other laboratory detected transgenically derived DNA in 83 percent of the traditional varieties of each of the three crops. The most conservative expression of the combined results is that transgenically derived DNA was detected in 50 percent of the corn, 50 percent of the soybean, and 83 percent of the canola varieties tested. Other than suggesting that the levels are low, the pilot study is too limited to support quantitative estimates of overall contamination levels in seeds of traditional crop varieties. The data available lead us to expect levels of contaminated seed roughly in the range of 0.05 to 1 percent, but larger studies are needed to determine contamination levels with any degree of precision. In the interim, we are concerned that the significance of low-level contamination might be too quickly dismissed. Contamination levels in the 0.05 to 1 percent range would represent huge absolute amounts of seed. To illustrate, we calculated the tonnage of transgenically contaminated corn seeds that would have been planted in fields of traditional corn varieties if the seed supply were contaminated at a one percent rate. Our calculations, based on U.S. Department of Agriculture (USDA) data on corn acres planted with traditional varieties in 2002, suggest a total of 6,250 tons of transgenically derived seeds—an amount that would fi ll 240 large tractor-trailer trucks.

Most of the specific DNA sequences for which the laboratories tested are found in popular transgenic crop varieties currently allowed on the U.S. market. Although the study sheds little light on how the seed contamination occurred, there is no reason to believe that the transgenes detected in this study are the only ones moving into the traditional seed supply. Instead, it seems likely that the contamination is a symptom of generally porous seed production and distribution systems. Until we know otherwise, it seems minimally prudent to assume that novel genes originating in less popular transgenic varieties, as well as the hundreds of engineered varieties that have been fi eld tested in the United States, could potentially contaminate the seed supply of food and feed crops. 

Implications: The recognition that the seed supply is open to contamination by low levels of a wide variety of genetically engineered sequences has broad implications. In general terms, seed contamination is important for two reasons. First, seeds reproduce and carry genes into future generations. Every season of seed production offers new opportunities for the introduction of new genes. In the case of genetic engineering, transgenic sequences that enter the seed supply for traditional crop varieties will be perpetuated and will accumulate over time in plants where they are not expected and could be diffi cult to control. Second, seeds are the wellspring of our food system, the base on which we improve crops and the source to which we return when crops fail. Seeds will be our only recourse if the prevailing belief in the safety of genetic engineering proves wrong. Heedlessly allowing the contamination of traditional plant varieties with genetically engineered sequences amounts to a huge wager on our ability to understand a complicated technology that manipulates life at the most elemental level. Unless some part of our seed supply is preserved free of genetically engineered sequences, our ability to change course if genetic engineering goes awry will be severely hampered. Seed contamination by transgenically derived sequences also has implications in a number of other regulatory and policy contexts. Pharm crops, trade, and organic food production are discussed briefl y in this summary, but our report also addresses implications for food safety, the environment, intellectual property, the food system, and the agriculture of developing countries. Pharmaceutical and industrial crops receive special attention in this report because the transgenic products they make—drugs, vaccines and industrial chemicals—would raise immediate alarms if they contaminated the food supply, and seed contamination is the back door to the food supply. The realization that seeds for food crops are vulnerable to contamination with pharm and industrial transgenes and that, in fact, some seeds may already have been contaminated is alarming. The report urges prompt action to protect seed production from these sources of contamination. On the trade front, U.S. grain and oilseed exporters face enormous challenges in a global marketplace bristling with regulatory regimes that apply to genetically engineered crops. U.S. companies need to assure export customers that grain and oilseed shipments do not contain unapproved transgenes and transgenic crop varieties. While gene fl ow and physical commingling during production and transport probably account for most of the unapproved transgenes and transgenic seed varieties present in exported grain and oilseed, traditional crop varieties carrying transgenically derived sequences may also contribute to the problem. Contamination of the seeds of traditional plant varieties also makes it diffi cult to supply commodity products free of genetically engineered sequences to those customers who want them. Transgenic contamination of traditional seed varieties poses a special threat to the future of organic agriculture, an increasingly important sector of U.S. agriculture. To meet both consumer demand and federal standards that forbid the use of genetically engineered crops and inputs, organic growers strive to produce crops that are free of transgenically derived DNA. If, through no fault of their own, they are unable to supply such products, they potentially face eroding markets. The ease with which the traditional seed supply can be contaminated with transgenically derived DNA unfairly frustrates organics farmers seeking to deliver high-quality products. 

Recommendations: UCS hopes that, as a result of this report, the seed and food industries, the scientific community, and the federal government will begin to acknowledge and confront the issues raised by the contamination of the traditional seed supply with sequences originating in genetically engineered crops. While not entirely reversible, this contamination can be substantially reduced. With sufficient attention and will, it is possible to look forward to sources of seeds that are free of genetically engineered sequences. The fi rst step, however, is acknowledging and understanding the problem. More specifi cally, UCS recommends the following actions: 
· The USDA should sponsor a full-scale investigation of the extent, causes, and impacts of contamination of the traditional seed supply by transgenically derived DNA sequences. 
· The USDA, the Food and Drug Administration, the Environmental Protection Agency, and appropriate coordinating elements of the federal government should amend the regulations for transgenic pharm and industrial crops to ensure that the seed supply for food and feed crops is not contaminated at any level with drugs, vaccines, plastics, or related substances. 
· The USDA should establish a reservoir of seeds for non-engineered varieties of major food and feed crops free of transgenically derived sequences. 
· The USDA and land-grant (agricultural) universities should reinvigorate the public plant breeding establishment to help ensure a supply of pure seed of traditional crop varieties. 
· The Association of Offi cial Seed Certifying Agencies should establish a national standard for breeder and foundation seed of traditional crop varieties: no detectable level of contamination by transgenes and associated sequences originating in genetically engineered crops. 
· The USDA, the organic agriculture community, land-grant universities, and plant breeders should develop new policies and programs to provide organic agriculture with pure seeds of traditional crop varieties. 
· The USDA, the organic and biotechnology industries, and national growers‘ associations, among others, should sponsor a series of meetings to begin addressing how those sectors of U.S. agriculture that have adopted transgenic crops and those threatened by contamination with transgenically derived DNA sequences from those crops can coexist. 
· Private seed companies in the United States should periodically test their seed stocks, especially breeder and foundation seed and parental inbred lines, for the presence of transgenically derived DNA sequences. They should then make public the extent to which the seeds of the traditional varieties they market are free of transgenically derived contaminants. 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Nelkin D, Marden E, 2004. * The StarLink controversy: the competing frames of risk disputes. International Journal of Biotechnology 2004 - Vol. 6, No.1 20-42.

· The controversy over the containment of StarLink corn, a genetically modified product, is in many ways similar to risk disputes that have surrounded new technologies in the past. More than technical debates about the extent of risk, they are shaped by conflicting socio-political perspectives about the nature of risks, the ability of regulators to predict and control the effects of new technologies, and the appropriate ways to contain them so as to protect the public interest. In the biotechnology context of global markets, transnational corporations, and free trade regimes, these issues are amplified, and they have assumed new dimensions. This paper examines the containment issues revealed by the StarLink episode in the context of past disputes over new technologies; for these offer insights into the social and political dynamics ofcontroversies today.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Oliver MJ, Luo H, Kausch A, Collins H, 2004. ¤ Seed-based strategies for transgene containment. The 8th International Symposium on the Biosafety of Genetically Modified Organisms, Montpellier, France, 26-30 September, 2004 p.154-161. http://www.isbr.info/symposia/docs/proceedings_montpellier2004.pdf
· This paper focuses on genetic strategies for transgene containment that targets gene flow primarily through the seed. These strategies offer the potential of completely eliminating transgene flow from transgenic crops into the environment, particularly those strategies that affect seed viability such as GenSafe, SL/R and prevention of flowering, because in addition to negating gene transfer via the dispersal or persistence of seeds they also eliminate gene transfer via pollen. 6 ref.

Technical Abstract: In order to feed the burgeoning world population, estimated to reach 9 billion by the year 2050 (U.S. census Bureau), agriculture must respond by tripling its net production of food and fiber from present day levels. Such a large increase in production must also occur without expanding the current acreage used for production (FAO, 1996) as all truly cultivatable land is now in use and any expansion would necessitate the destruction of our forests and wilderness areas. In the 20th century the world was faced with a similar need to triple agricultural output, a need that gave birth to the Green Revolution a very successful program of conventional breeding and the brain child of Dr. Norman Borlaug. The Green revolution is not over and has still much to contribute in the 21st century, but, as pointed out by Dr. Borlaug, 'for genetic improvement of food crops to continue at a pace sufficient to meet the needs of the 8.3 billion people projected to be on this planet at the end of the quarter century, both conventional technology and biotechnology are needed' (Borlaug, 2000). Biotechnology not only opens up the possibility of expanding available germplasm by the introduction of novel genes but also promises to accelerate the process of generating useful varieties that can expand yield expectations and lower production costs. Biotechnology also offers the promise of developing production systems that reduce the impact of farming practices on the surrounding environment by reducing herbicide and pesticide use and perhaps in the future reducing the reliance on artificial fertilizer for crop productivity. However, it is the very nature of these technologies that have led to concerns about the possibilities that the transgenes that confer herbicide and pest resistance may escape into related crop plants (where the trait may be undesirable) or non-crop sexually compatible species (giving them a selective advantage). The main fear is that at some point a 'superweed' may arise that would act in a fashion similar to the invasive noxious weeds that have arisen from accidental introduction into susceptible ecosystems. There are also concerns that the GM crop itself could become persistent or weedy in non-agricultural natural habitats from seed dispersal. This is not a fear simply associated with the introduction of GM crops; this same fear also resides when conventional breeding introduces new resistance traits. With the increased interest and concerns for the biosafety of crop modification, efforts to prevent gene flow from modified crops have taken center stage in the biotech industry. In flowering plants, gene flow can occur through movement of pollen grains and seeds, with seeds ultimately producing plants that again contribute pollen to the process of gene flow. In this report we will focus on genetic strategies for transgene containment that targets gene flow primarily through the seed. Although the strategies discussed here are seed based, they have the added advantage of operating to prevent gene flow via pollen dispersal and thus may, perhaps, be better described as complete containment strategies.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Ortega Molina J, 2004. ¤ Results of the studies into the coexistence of genetically modified and conventional maize. COPA-COGECA A colloquy on ther co-existence and thresholds of adventitious presence on GMOs in conventional seeds.

· (From the text // 

	Distance from the source (m) 
	 1 
	 3 
	 6 
	 8 
	 13 
	 16 
	 41 
	 90 
	 141 
	 190 
	 242 
	 291 
	340

	 CrFe transgenomes (%)
	 6.86 
	 5.28 
	 3.22 
	 1.43 
	 0.68 
	 0.55 
	 0.45 
	 0.20 
	 0.07 
	 0.07 
	 0.04 
	 0.02 
	 0.05 

	 Area adjacent to the source (Ha) 
	 0.3 
	
	 0.5 
	
	 1.1 
	
	 2.6 
	
	 5.0 
	
	 8.0 
	
	 23.3 

	 CrFe in the total area 
	 4.57 
	
	 2.73 
	
	 1.64 
	
	 0.94 
	
	0.54
	 
	 0.36 
	
	 0.26 

	 CrFe with suppression of the first 4 lines 
	 2.67 
	
	 1.79 
	
	 1.11 
	
	 0.68 
	
	0.42
	 
	 0.28 
	
	 0.20 

	 FeCr with suppression of the first 8 lines
	 1.84 
	
	 1.20 
	
	 0.78 
	
	 0.55 
	
	0.35
	 
	 0.24 
	
	 0.17 


· (In  Cubero et al, 2006. // En Espagne, une parcelle de 1.900 m2 de maïs GM entourée par une parcelle puits nonGM de 2,1 Ha non-maïs génétiquement modifié. Dans la parcelle puits à 9m de la parcelle source la pollinisation croisée de non-GM s'élevait à 0,58%; à 11m elle est de 0,38%; à 13m elle est de 0,3% et à 17m elle est de 0,24%.//).

· (In  Bannert, Thesis 2006 // In the first adjacent row cross-pollination was usually as high as the results found by Bannert, that is to say : around 3-6 %. //)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Papy F, 2004. ** Les essais au champ de plantes transgéniques : un bilan - Compte rendu de séminaire. Natures Sciences Sociétés 12, 339-342 (2004) 

http://www.edpsciences.org/articles/nss/pdf/2004/03/nss4313.pdf?access=ok  

Cette note a été écrite à l‘issue d‘un séminaire organisé par l‘Association de coordination technique agricole (ACTA) le 4 décembre 2003, sous le titre : « Impact du développement des plantes transgéniques dans les systèmes de culture ». 

· Au milieu des années 1980, le gouvernement français mettait en place une commission d‘étude de la dissémination des produits issus du génie génétique – la Commission du génie biomoléculaire (CGB) – et, en 1992, faisait voter une loi fixant le cadre dans lequel les organismes génétiquement modifiés (OGM) doivent être expérimentés et mis en vente sur le marché (Messéan, 1996). À cette époque, la mise sur le marché de variétés transgéniques de betterave, colza et maïs était imminente. Il était donc urgent d‘analyser les effets de l‘introduction des plantes transgéniques dans les écosystèmes. Antoine Messéan (1994), qui représentait les agronomes dans la CGB, soulignait qu‘il ne fallait pas pénaliser l‘effort du génie génétique par un développement mal maîtrisé des produits qui en étaient issus. Les réflexions et les initiatives se sont précipitées en 1994 : colloque du CNRS, séminaire de la CGB, projet des instituts et centres techniques agricoles (ICTA) de réaliser des plates-formes d‘essais en plein champ pour évaluer les impacts de l‘introduction des plantes transgéniques dans les systèmes de culture. En février 1995, le congrès de Nice sur les biotechnologies a réuni, à l‘instigation du ministère de l‘Agriculture, plusieurs homologues européens de la CGB.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Serratos-Hernández JA, Islas-Gutiérrez F, Buendía-Rodríguez E, Berthaud J, 2004. * Gene flow scenarios with transgenic maize in Mexico. Environ. Biosafety Res. 3, 149-157.

· Maize diversity is widespread in Mexico and it has been stewarded by campesinos in small communities until the present. With the arrival of transgenic maize, the objective of this study is to analyze possible scenarios that could result if genetically modified maize were not regulated and openly available in Mexico. By applying a simple logistic model based on the conditions of maize production in Mexico, the dispersion of transgenic maize in different situations within fields of farmers is described. In traditional open systems of freely exchanged seed within communities it is concluded that the most likely outcome of GM maize release is the incorporation of transgenes in the genome of Mexican germplasm and possibly in that of teosinte.

· (In Heinemann, 2007 // In modern industrial agriculture a stand of maize could contain a million plants, and under these conditions gene flow from transgenic maize to local landraces is expected to be very high. Under these conditions, the rate of incorporation of foreign alleles after hybridization is likely to be orders of magnitude higher than typical mutation rates (p. 154-155 Serratos-Hernández et al, 2004).)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Stevens WE, Berberich SA, Sheckell PA, Wiltse CC, Halsey ME, Horak MJ, Dunn DJ, 2004. * Optimizing pollen confinement in maize grown for regulated products. Crop Sci. 44:2146-2153

· Genetically modified maize (Zea mays L.) produced for regulated products such as pharmaceutical or industrial proteins will require methods to confine transgenic pollen. In one production system, non transgenic maize would be used to pollinate detasseled transgenic inbred plants. Resulting hybrid kernels would be used for protein extraction or seed increase. The effect of different female inbred detasseling efficiency levels on gene flow was tested at three locations in southeastern Missouri in 2000 and 2001. Pollen sources were yellow inbred isolines representing transgenic females planted in alternating rows with white inbred maize representing nontransgenic males. During detasseling, female plants were intentionally missed at rates of 0, 730, 1460, and 7300 tassels ha–1. Each detasseling treatment was matched with a maize isoline and traceable marker. White hybrid trap plots were planted on three dates at 200 and 300 m from pollen sources. Dates that maximized silking synchronization with yellow isoline tasseling were selected for sampling. Gene flow was detected by counting yellow kernels in white maize plots. When no tassels were removed from an isoline, the highest recorded gene flow was 0.03% at the 200 m and 0.02% at the 300 m isolation distances. At greater detasseling levels, gene flow decreased. Gene flow was 0.0013% or less when 730 tassels ha–1 remained. When complete detasseling was intended, one positive kernel with a tracer gene was detected at 200 m, and none was detected at 300 m. For effective control of regulated transgenes in pollen by detasseling, complete and timely tassel removal will be necessary.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Yamamura K, 2004. * Dispersal distance of corn pollen under fluctuating diffusion coefficient. Popul. Ecol. 46, 87-101.

· I develop a mechanistic model for pollen dispersal by a generalization of the Brownian motion model. This model provides an explanation as to why the distribution of the dispersal distance is leptokurtic in most organisms. The pollen is assumed to move in a period between .TAU. and .TAU.+.DELTA..TAU. to the circumference of a circle of radius .DELTA.r.TAU. that has a center at the current position. The angle of movement is chosen at random. Unlike the conventional Brownian motion model, the step length, .DELTA.r.TAU., fluctuates in a stochastic manner, obeying a generalized gamma distribution. The convection flow, i.e., the directional movement of pollen, is also considered. I show that this model is identical to the diffusion model where the dispersal duration weighted by the diffusion coefficient obeys a gamma distribution. Hence, the model is called the gamma model. The solution is given in an explicit form. The model is fitted to six data sets obtained from the literature by maximizing the quasi-likelihood. Another model (the inverse gamma model), which is not a mechanistic model but a phenomenological model, is also fitted to the data to evaluate the validity of the gamma model.

· (In Messean, 2008  // Afin de prédire le comportement dans des contextes agro-climatiques variés et sous des scénarios réalistes, la modélisation est nécessaire. Plusieurs modèles de dispersion de pollen de maïs à l'échelle du champ ont été proposés pour le maïs (par exemple Richter et Seppelt, 2004 ; Klein et al, 2003 ; Yamamura, 2004). Seul le modèle MAPOD prend en compte à la fois le paysage de manière explicite ainsi que les pratiques agricoles (Angevin et al, 2008) //)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Angevin F, Gauffreteau A, 2005. ¤ Modélisation de la dispersion du pollen : application à la gestion des cultures de maïs à l'échelle du parcellaire et de la région agricole : validation du modèle MAPOD® maïs. Actes du séminaire de restitution des appels d'offres CTPS. 8 juin 2005.

· Cited in Messean et al, 2006

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Arritt RW et al, 2005. ¤ Numerical simulations and field studies of maize pollen dispersion. 16th Conference on Biometeorology and Aerobiology, American Meteorological Society, Vancouver, British Columbia.

· Controversy over use of genetically modified (GM) crops has led to requirements for evaluating and controlling the potential for inadvertent outcrossing in open pollinated crops such as maize. In response we are developing an Adventitious Pollen Risk Assessment (APRA) model that couples physical and biological processes affecting maize pollination based on field and laboratory measurements of maize pollen transport and viability. The core of the APRA model is a Lagrangian model of pollen dispersion. The Lagrangian method allows each element of the material being transported to be identified by its source, time of release, or other properties of interest. This permits straightforward establishment of source-receptor relationsprovide and the ability to trace the environmental conditions to which the pollen has been exposed in its travel from tassel to silk. Thus the physical effects of wind and turbulence on pollen dispersion can be considered together with the biological aspects of pollen release and viability. APRA includes evaluation of the biophysical factors that affect pollen viability.

Predictions of pollen dispersal by the Lagrangian model compare well both to observations and to results from a standard Gaussian plume model. Preliminary results indicate that pollen viability can be quantified by an "aging function" that accounts for temperature, humidity, and time. Decline of viability with time is nearly linear when elapsed time is multiplied by a factor that depends on temperature and vapor pressure deficit. A second biological component of the APRA model is specification of the diurnal trend of pollen shed, and especially the relation of pollen shed to ambient meteorology. We present results from a field experiment to measure diurnal pollen shed and its relation to local temperature, humidity and wind, and show the influence on deposition that results from correlation of pollen shed with fluctuating meteorological conditions.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Arritt RW, Clark CA, Westgate ME, Takle ES, Goggi AS, 2005. ¤ Use of coupled atmospheric and dispersion models to evaluate strategies for pollen confinement. Second International Conference on Co-existence between GM and non-GM based agricultural supply chains: 14-15 November 2005, Montpellier (France), (GMCC05Coexistence2ndIntConfGMCC05.pdf: http://www.gmcc05.com/pdf/GMCC05.pdf). Proceedings pp 226-227.

· A methodology for evaluating strategies to reduce fugitive pollen from genetically modifi ed (GM) crops has been developed by coupling a hydrodynamic model of wind and turbulence around porous obstacles with a Lagrangian-stochastic model for particle motion and deposition. The coupled models are used as a preliminary screening tool to assess strategies that merit further testing in fi eld studies. The conceptual framework and example results are shown, and a comparison with field observations is discussed.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Aylor DE, 2005. * Quantifying maize pollen movement in a maize canopy.Agric. For. Meteorol. 131:247-256.

· An accurate assessment of the amount of pollen released in a cornfield that reaches the female flowers (silks) is important for determining both the amount and purity of seeds produced. A method for making this assessment is presented. In this method, the movement of maize pollen in and above a crop canopy is evaluated using a combination of measurements and modeling. In particular, concentrations, C (grains m-3), and downward vertical fluxes, FV (grains m-2 s-1) of pollen were measured at several heights inside and above a flowering maize canopy, and a Lagrangian stochastic (LS) simulation model was used to calculate concentrations and fluxes of pollen at these locations. Model estimates for the average release rate of pollen grains per area of crop, Q (grains m-2 s-1) were deduced by comparing measured and modeled values of C. Using these determinations of Q, the model predicted well (r2 = 0.73) the measured pollen fluxes in the canopy. On average, about 20% of the pollen released by the tassels reached the height of the silks in the canopy. Fluxes of pollen at silk height were highly variable, however. This variability was mainly due to the faster wind speeds and higher levels of turbulence in the upper canopy, which led to greater amounts of rebound and re-entrainment of pollen grains from leaves. The results of this study underscore the importance of rebound and re-entrainment processes in the amount of maize pollen reaching the silks.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Baltazar BM, de Jeusus Sanchez-Gonzalez J, Schoper JB, 2005. * Pollination between maize and teosinte: an important determinant of gene flow in Mexico. Theor. Appl. Genet. 110, 519-526.

· Gene flow between maize [Zea mays (L.)] and its wild relatives does occur, but at very low frequencies. Experiments were undertaken in Tapachula, Nayarit, Mexico to investigate gene flow between a hybrid maize, landraces of maize and teosinte (Z. mays ssp. mexicana, races Chalco and Central Plateau). Hybridization, flowering synchrony, pollen size and longevity, silk elongation rates, silk and trichome lengths and tassel diameter and morphology were measured. Hybrid and open-pollinated maize ears produced a mean of 8 and 11 seeds per ear, respectively, when hand-pollinated with teosinte pollen, which is approximately 1-2% of the ovules normally produced on a hybrid maize ear. Teosinte ears produced a mean of 0.2-0.3 seeds per ear when pollinated with maize pollen, which is more than one-fold fewer seeds than produced on a maize ear pollinated with teosinte pollen. The pollination rate on a per plant basis was similar in the context of a maize plant with 400-500 seeds and a teosinte plant with 30-40 inflorescences and 9-12 fruitcases per inflorescence. A number of other factors also influenced gene-flow direction: (1) between 90% and 95% of the fruitcases produced on teosinte that was fertilized by maize pollen were sterile; (2) teosinte collections were made in an area where incompatibility systems that limit fertilization are present; (3) silk longevity was much shorter for teosinte than for maize (approx. 4 days vs. approx. 11 days); (4) teosinte produced more pollen on a per plant basis than the landraces and commercial hybrid maize; (5) teosinte frequently produced lateral branches with silks close to a terminal tassel producing pollen. Collectively these factors tend to favor crossing in the direction of teosinte to maize. Our results support the hypothesis that gene flow and the subsequent introgression of maize genes into teosinte populations most probably results from crosses where teosinte first pollinates maize. The resultant hybrids then backcross with teosinte to introgress the maize genes into the teosinte genome. This approach would slow introgression and may help explain why teosinte continues to co-exist as a separate entity even though it normally grows in the vicinity of much larger populations of maize.

· (In Heinemann, 2007 // Maize, for example, appears to be more receptive to wild teosinte pollen than vice versa.)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Bannert M, Stramp P, 2005. ¤ Cross fertilization in maize – results of a Swiss study. Conference : Coexistence of GM and non-GM crops. Scientific data, practical applications and perspectives for the next decade. Agroscope FAL Reckenholz - Reckenholzstrasse 191, CH-8046 Zurich, Switzerland - June 9 and 10, 2005. http://orgprints.org/7995/01/7995_abstracts.pdf 

· In 2003 and 2004 a study on cross pollination of maize was performed in three regions of Switzerland (Kanton Zurich, Uri and Zug) by a research group of ETH Zurich. Around 30.000 ears of 22 field trials with sizes of 0.5 to 3 ha were checked for cross pollination. The cross pollination study was done without using transgenic plants, but using maize varieties with different kernel colours. A white kernel hybrid maize of the company DSP Delley seeds and plants AG was used to check the cross pollination of yellow kernel maize fields, because yellow kernel colour is dominant to white kernel colour. If pollen of yellow kernel maize fertilizes on white kernel maize, there will be a yellow kernel on the white kernel ear for each successful pollination. By just counting the yellow kernels on white kernel plants, it is possible to calculate the cross pollination rate quickly. Because this method is simple and rapid, it was possible to take high sample numbers.

In 13 field experiments, the cross pollination between fields with long distances of 52 m to 4440 m in the Urner Reusstal (Switzerland, Kanton Uri), a region with a low density of maize fields but high density of grassland, was investigated. This region, surrounded by up to 3000 m high mountains and the Vierwaldstättersee lake, is representive for agricultural areas close to mountains with prevailing grassland use and a few fodder maize fields. Because of the high mountainous surrounding and the long distance to next maize fields we assume, that pollen that disperses around the valley was only coming from the fields of this valley. In all fields the total cross pollination rate was below 0,017%. In 6 more field trials, cross pollination on short distance, in the case of two fields growing next together, was investigated. The field trials were performed in Lindau/Tagelswangen (Kanton Zurich), a region typical for hilly land of Switzerland with a mixture of housing areas, woods and agriculture like maize, wheat, rapeseed and grassland. If maize is growing next to another maize field within the first 20 m adjacent to the pollen donor field, the cross pollination rate declines quickly below the EU threshold of 0,9%. On short distances of 1-10 m, there is a big variability in cross pollination. For example, on one ear there are 179 cross pollination events and on the adjacent ear 44. The different developmental stage of single plants as well as differences in wind patterns within a maize field could be a reason for this big variance. Cross pollination will only occur if fertilizable female flowers have emerged and they have not been fertilized yet. Pollen must not disperse too early or too late. Good timing of flowering is important. With an experiment it was examined if a field with just beginning flowering can cross pollinate in maize field, just finishing main flower period. Of 185 checked white kernel ears close to the pollen donor (distance 1 m), only 41% showed cross pollination kernels. Usually in this distance, with good flower synchrony, nearly 100% of the ears show cross pollination kernels. It was evident that particularly late developed plants (small plants and ears) show high cross pollination rates. 5.5% of the sampled ears were classified late because of their small size. 64% of these ears had high cross pollination rates of up to 80% and contributed by 47% to the cross pollinations of the whole field. 74% of the sampled ears were classified normally developed and only 8.5% of these ears had cross pollination kernels, with usually only a few cross pollination kernels per ear. The female flower of late developed plants was around two weeks later and so flowering synchrony to the next later flowering field was good. But the quota of the late developed plants was only 5.5% and therefore the cross pollination rate of the whole field was 0,46%. The study was funded by BUWAL (Federal agency for environment, forest and countryside), Swisssem (Swiss Seed production association) and Fenaco (Association of Swiss Agriculture)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Bannert et al, 2005. ¤ Cross fertilization in maize under the Swiss agricultural conditions. GMCC05 Proceedings pp. 229-230. http://www.gmcc05.com/pdf/GMCC05.pdf 

· In 2003 and 2004, we performed a study on cross pollination of maize in different regions representative for Swiss agriculture. We applied a straight forward method to study cross pollination, based on the use of yellow-kernelled maize (simulating transgenic maize) close to white-kernelled maize fi elds (simulating conventional maize). Due to this simple but meaningful experimental setup, a large number of samples could be collected across different climatic and topographic scenarios. From our fi rst results, we can tentatively say that distances of 50 m between conventional and GMO fields should lead to outcross rates below the threshold of 0.9%.

· (From the text // 

	Rate of out-crossing, in dependence of the distance between the yellowand the white-kernelled maize field.

	 Field No. 
	 Distance [m] 
	 Size of the field [ha] 
	 Rate of out-crossing 
[% of yellow on total no. of kernels] 
	 

	 1 
	 52 
	 0.70 
	 0.009 
	 

	 2 
	 85 
	 0.46 
	 0.015 
	 

	 3 
	 105 
	 0.45 
	 0.006 
	 

	 4 
	 125 
	 0.50 
	 0.020 
	 

	 5 
	 149 
	 1.00 
	 0.016 
	 

	 6 
	 150 
	 0.45 
	 0.014 
	 

	 7 
	 200 
	 0.80 
	 0.017 
	 

	 8 
	 287 
	 0.50 
	 0.005 
	 

	 9 
	 371 
	 0.25 
	 0.008 
	 

	 10 
	 402 
	 1.00 
	 0.005 
	 

	 11 
	 458 
	 1.44 
	 0.000 
	 

	 12 
	 4125 
	 0.50 
	 0.011 
	 

	 13 
	 4440 
	 0.50 
	 0.001 
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Baskar R, Yang W, Barrell P, Moore JM, Johnston AJ, Jefferson, R, Grossniklaus U, 2005. ¤ Potential Applications of Apomixis in Plant Breeding and Transgene Containment. Conference on Coexistence of GM and non-GM crops : Scientific data, practical applications and perspectives for the next decade. June 9 and 10, 2005. Zurich. (http://www.coexistence.ethz.ch/PDF/Summary%20Coexistence%20Zurich%20June%202005.pdf).

· Apomixis refers to the asexual reproduction through seeds and bears great potential for agricultural applications, due to the clonal nature of the offspring produced. We will review the genetic basis of apomixis and highlight potential applications for plant breeding, seed production, and transgene containment (Spillane et al. 2004). For many years, apomixis and sexuality have been viewed as two distinct reproductive pathways. Based on a developmental point-of-view, however, apomixis and sexual reproduction seem closely interrelated (Grossniklaus, 2001; Koltunow and Grossniklaus, 2003). Thus, a better understanding of the genetic and molecular basis of sexual reproduction will also provide new tools towards the engineering of apomixis. We use Arabidopsis thaliana and Zea mays as model systems to identify genes that play a role in key steps of sexual reproduction that may also function during apomixis. We concentrate on three developmental processes that are highly relevant to apomixis: (1) megasporogenesis, (2) double fertilization, and (3) functional endosperm formation. Making use of the enhancer detection system developed by Sundaresan et al. (1995) we identified promoters that are useful to mis-regulate gene expression during plant reproduction. Enhancer detection allows the identification of genes based on their patterns of expression as well as the isolation of insertional mutants disrupting specific developmental events. Enhancer detection is a powerful tool to identify genes expressed in single, poorly accessible cells such as the cells of the embryo sac (Vielle-Calzada et al. 1998; Grossniklaus et al, 2003). By screening through a few thousand enhancer detector lines we identified several genes expressed in specific cell types. These include the nucellar region where aposporic initials form in apomictic species, the megaspore mother cell, as well as the egg and central cell where parthenogenetic or autonomous development of embryo and endosperm are initiated, respectively. We are isolating cell type-specific promoters for use in targeted mis-expression experiments that may lead to the engineering of some components of apomixis in a sexual model species. In both sexually and apomicitically reproducing plants successful seed development depends on the formation of functional endosperm, an issue that has been largely ignored in the past. Apomicitc plants evolved specific adaptations to ensure functional endosperm formation that often rely on developmental changes in the female gametophyte. One aspect of endosperm formation in apomicts is mirrored by the phenotype of medea (Grossniklaus et al, 1998) and other fis mutants: autonomous endosperm development in the absence of fertilization. However, autonomous endosperm formation is rare among apomicts, especially the grasses, such that alternative reproductive modes have to be considered. The importance of functional endosperm formation will be highlighted and a mutant screen in maize, aimed at the isolation of mutants displaying certain elements of apomixis, will be presented.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Benetrix F, 2005. ¤ Managing the co-existence of conventional and genetically modified maize from field to silo - a French initiative. GMCC05 Proceedings pp. 161-163. http://www.gmcc05.com/pdf/GMCC05.pdf
· A three-year study into the co-existence of transgenic Bt maize and non Bt maize was conducted in France between 2002 and 2004, under controlled field conditions from seed to storage. The Operational Program for GM Crops Evaluation (POECB) studied the traceability of crops and analysed the different conditions governing co-existence, contributing to the development of co-existence guidelines. The programme was led by a scientific committee working in partnership with maize growers. The committee comprised project managers and scientific experts from various fields. The programme involved two other committees: a management committee responsible for financial and political decisions, and a communication working group. The research took place in seven locations, with 80 ha dedicated to the programme and a total of 10 ha of Bt maize (each plot measuring between 0.5 and 2 ha). The same plot configuration was used each time, with conventional maize surrounding the GM crop. All the research conditions were designed to assess the worst-case scenario: hybrids all flowering at the same time and non-GM crops planted downwind of the GM plot, in order to identify effective coexistence measures.

· (From the text // 
	Cross-pollination levels (% modified DNA) at different distance from the Bt corn plot with and without a 10m strip. 

	Field depth
	Total field area
	After eliminating 10 m border strip

	40 m
	1.00 %
	0.75 %

	50 m
	0.81 %
	0.50 %

	75 m
	0.59 %
	0.39 %

	100 m
	0.52 %
	0.29 %

	150 m
	0.25 %
	0.14 %

	200 m
	0.25 %
	0.17 %

	300 m
	0.19 %
	0.13 %


In this programme, we also worked with storage operators to set up several possible scenarios for organising production processes, and to better identify critical control factors. The scenarios included dedicated and non-dedicated dryer silos and compared farmers’ rotation plans with rotation plans optimised to minimise AP

The cost of successful segregation varied considerably depending on whether or not dedicated structures and equipment were used. The trial programme indicates that precise measures can therefore be adapted to suit local circumstances applying to different sectors of the industry, regions and harvest parameters (geographical location, number of dryers, etc.).//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Benetrix F, Bloc D, Foueillassar X, 2005. ¤ Conventional and genetically modified corn co-existence management from field to silo - The French initiative. Conference: Coexistence of GM and non-GM crops Scientific data, practical applications and perspectives for the next decade. Agroscope FAL Reckenholz - Reckenholzstrasse 191, CH-8046 Zurich, Switzerland - June 9 and 10, 2005 (Poster). http://orgprints.org/7995/01/7995_abstracts.pdf 
· A 3-year experiment on co-existence of transgenic Bt corn and non Bt corn has been conducted in France under controlled field conditions from seed to storage. It studied the traceability of crops, and leads to the analysis of the different conditions governing coexistence. At each stage of corn chain, procedures were implemented to insure traceability of corn grain production, with all operations and key points listed, and by using an adapted documentary system, as well as suitable controls. Through this program we managed to identify all parameters to be considered to insure crops segregation, to control key points to minimize adventitious mixture, and to build specific procedures for harvest, transport, drying and storage. We now have reliable data which confirm that co-existence is indeed practicable. The implementation of good farming practice and normal harvesting practices is usually sufficient to ensure that GM adventitious presence levels in non GM corn are below the 0.9% EU labelling threshold. The program was conducted by a scientific committee made of experts from research and industrial organizations.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Bénétrix F, Foueillassar X, Cédric Poeydomenge, 2005. ** Coexistence OGM, non OGM : des outils opérationnels pour gérer les productions. Perspectives agricoles n°317 paru le 1 novembre 2005 article page 79, 8-11

· Conduit sur trois campagnes de 2002 à 2004, le POECB1 a fourni à la filière française de maïs des outils opérationnels de gestion de la coexistence des productions OGM et non OGM. Ils sont recensés dans un guide de bonnes pratiques, élaboré par la filière, qui propose des mesures simples, depuis le champ jusqu‘au silo, garantissant la spécificité des productions dans le respect des exigences réglementaires.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Binimelis R, 2005. ¤ A multidisciplinary discussion on the co-existence draft regulations in Spain: case study in Lleida (Catalonia region). Second International Conference on Co-existence between GM and non-GM based agricultural supply chains: 14-15 November 2005, Montpellier (France), Proceedings pp 130-134. http://www.gmcc05.com/pdf/GMCC05.pdf. 

· The Spanish and the regional Catalonia‘s Governments are currently developing legislation in order to regulate the co-existence between organic and conventional agriculture and genetically modifi ed (GM) varieties. Essentially, the issue is still one of controversy and far from being closed yet.

In this study, the issue of co-existence is analysed in the following ways: first, the current state of GM and organic agriculture in Spain is reviewed, with special emphasis to the challenges of co-existence and GM contamination of organic crops. Second, a comprehensive review of the co-existence debate as developed in Spain and Catalonia over the last years is provided. On the one hand, legal, economic and technical aspects which have emerged are analysed. On the other, the major stakeholders and participants are described, as well as their main discourses and the issues related to the public debate on co-existence. Finally, as genetically modified organisms (GMOs) have been growing at a commercial scale in Spain since 1998, this experience can be used in order to assess strengths and pitfalls of the proposed legislations on coexistence in Spain, particularly in the Catalan province of Lleida.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Bitocchi E, Giardini A., Nanni L., Strajeru S., Maggioni L., Valoti P., Papa R., 2005. ¤ In situ conservation of maize landraces in Europe. Proceedings of the XLIX Italian Society of Agricultural Genetics Annual Congress, Potenza, Italy - 12/15 September, 2005, http://www.siga.unina.it/SIGA_2005/SIGA2005/C_17.pdf 

· Maize landraces are still cultivated in different parts of Europe, probably due to their specific adaptations to traditional farming systems and their association with the production of traditional foods (e.g. polenta in Italy). In contrast to both conventional and genetically modified (GM) maize, this dynamic conservation of landraces implies that seeds are produced on the farms year after year. Within the EC Sixth Framework Programme, the ongoing SIGMEA (Sustainable Introduction of Genetically Modified Crops into European Agriculture) project (http://sigmea.dyndns.org/) is designed to identify the distribution of the cultivation of maize landraces in Europe and to determine the impact of past gene introgression from hybrid varieties into landraces, in order to define the potential impact of the introduction of GM organisms into European agriculture. Here, we present two study cases, of which one concerns in situ conservation of maize landraces in the Maramures Region of Romania, while the second is comparing recent (2000) and older (1950) accessions of maize landraces collected from the Marche Region in Italy. Following a survey in 2002 by the Suceava genebank team in the Maramures area, 49 landraces of maize were identified and collected from 15 villages. Improved maize cultivars have been introduced into the area, which belong to the dentiformis variety, although old types are regarded as having better gastronomic qualities and are preferred for their nutrition. The analysis of genetic diversity of maize landraces from Marche, Italy, was conducted using two samples of maize landraces, one collected in 1950 by the Istituto per la Cerealicoltura di Bergamo (47 accessions, 90 genotypes) and the other in 2000 by DiSA-Università Politecnica delle Marche (20 accessions, 77 genotypes). The study also includes one sample of traditional landraces characteristic of North Italy (7 accessions, 14 genotypes) and a sample of modern hybrid varieties of 6 flint and 2 dent corns. All of the materials were analysed using 6 AFLP primer combinations and 6 SSR loci. A subset (73) of accessions were also compared in a field trial and evaluated for phenotypic traits. The molecular analysis indicates that the two samples of maize landraces from Marche collected the time period that spans about 50 years are highly inter-related, and they are clearly different from both the flint and dent corn hybrid varieties. On the other hand, the phenotypic evaluation shows that the recent collections of landraces are intermediate between the old collections and the modern hybrid varieties.

Overall, our results indicate that gene flow between landraces and hybrid varieties has not affected the genetic structure of maize landraces from Marche, even if the results of the phenotypic traits suggest the occurrence of moderate introgression from hybrid varieties as well as the occurrence of farmer selection for useful agronomic variants.

· (In Messean, 2008 // Des variétés populations sont utilisées pour des usages spécifiques (comme la production de polenta en Italie) ou pour l'agriculture biologique. Des résultats préliminaires (Bitocchi et al, 2005) suggèrent que le taux d'introgression depuis des hybrides cultivés a été relativement faible jusqu'à présent et n'a pas affecté la structure génétique des populations. // )

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Brookes G, 2005. ¤ Co-existence of GM, conventional and organic crops: commercial experience. Second International Conference on Co-existence between GM and non-GM based agricultural supply chains : 14-15 November 2005, Montpellier (France), Proceedings pp 231-233. http://www.gmcc05.com/pdf/GMCC05.pdf. 

· This paper provides an overview of co-existence experience of GM, conventional and organic crops in commercially grown crops. It presents the crop stewardship guidelines required of farmers in countries (notably North America) where GM crops are widely grown and summarises the experiences. It shows that co-existence is not only possible but is allowing farmers to grow crops using different production systems without causing economic problems.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Camp KH, Stamp P, Feil B, Weingartner U, 2005. ¤ Preventing outcrossing now by cultivation of male sterile cms-maize. Conference : Coexistence of GM and non-GM crops Scientific data, practical applications and perspectives for the next decade - Agroscope FAL Reckenholz - Reckenholzstrasse 191, CH-8046 Zurich, Switzerland - June 9 and 10, 2005 http://orgprints.org/7995/01/7995_abstracts.pdf 

· Concerns exist about the potential hazards of releasing pollen from genetically modified (GM) maize. Under suitable atmospheric conditions, GM maize pollen can travel some distance in a viable state and fertilize non-GM plants away from the pollen source. Agronomic measures such as spatial isolation and border rows cannot reliably prevent the dispersal of transgenes. We, therefore, propose growing 80:20% mixtures of cytoplasmic male-sterile (cms) GM hybrids and male-fertile non-GM hybrids, whereby the latter component acts as pollen donor for the entire stand. Since the cms GM plants release no pollen or, at least, no viable pollen, the transgenes cannot escape from the GM maize field. There are at least five advantages over most other strategies for transgene containment cited in the literature. First, there is experimental evidence that cms hybrids yield better than their male-fertile counterparts. Second, pollination of the cms hybrids by genetically distinct pollen donor hybrids (= non-isogenic pollination) can bring about additional grain yield benefits through xenia. Third, blends of male-sterile Bt maize and male-fertile non-GM maize may help delay the development of Bt toxinresistant insect populations. Fourth, it is not mandatory to genetically engineer maize for cms, because several sources of cms, which can be divided into three major groups, are available. Fifth, our method can be implemented immediately, because inexpensive seed of cms versions of current high-yielding hybrids can be produced in large quantities using existing standard methods. This system represents a simple and efficient novel solution for policy makers, who must establish the legal requirements that regulate the parallel production of GM and non-GM maize. In principle, our method is applicable to all crops which produce a sufficient surplus of pollen.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Cleveland DA, Soleri D, Aragón Cuevas F, Crossa J, Gepts P, 2005. * Detecting (trans)gene flow to landraces in centers of crop origin: lessons from the case of maize in Mexico. Environ. Biosafety Res. 4:197-208.

· There is much discussion of the probability of transgene flow from transgenic crop varieties to landraces and wild relatives in centers of origin or diversity, and its genetic, ecological, and social consequences. Without costly research on the variables determining gene flow, research on transgene frequencies in landrace (or wild relative) populations can be valuable for understanding transgene flow and its effects. Minimal research requirements include (1) understanding how farmer practices and seed systems affect landrace populations, (2) sampling to optimize Ne/n (effective /census population size), (3) minimizing variance at all levels sampled, and (4) using Ne to calculate binomial probabilities for transgene frequencies. A key case is maize in Mexico. Two peer-reviewed papers, based on landrace samples from the Sierra Juárez region of Oaxaca, Mexico, reached seemingly conflicting conclusions: transgenes are present (Quist and Chapela, 2001, Nature 414: 541-543; 2002, Nature 416: 602) or "detectable transgenes" are absent (Ortiz-García et al, 2005, Proc. Natl. Acad. Sci. USA 102: 12338-12343 and 18242). We analyzed these papers using information on Oaxacan maize seed systems and estimates of Ne. We conclude that if Quist and Chapela's results showing presence are accepted, Ortiz-García et al.'s conclusions of no evidence of transgenes at detectable levels or for their introgression into maize landraces in the Sierra de Juárez of Oaxaca are not scientifically justified. This is because their samples are not representative, and their statistical analysis is inconclusive due to using n instead of Ne. Using estimates of Ne based on Ortiz-García et al.'s n, we estimate that transgenes could be present in maize landraces in the Sierra Juárez region at frequencies of ~1-4%, and are more likely to be present in the 90% of Oaxacan landrace area that is not mountainous. Thus, we have no scientific evidence of maize transgene presence or absence in recent years in Mexico, Oaxaca State, or the Sierra Juárez region.

· (In Alvarez-Morales and Jofre-Garfias, 2006// The first report of the presence of transgenes in maize landraces in the Sierra Juárez of Oaxaca, Mexico (Quist and Chapela, 2001), and the confirmation and acknowledgement by the Mexican government (Alvarez-Morales, 2002), led a group of researchers to conduct a follow-up study on the possible fate of the transgenes after three years of their initial detection. This group did not detect any transgenes in the sampled material which led them to conclude that transgenes were either absent or extremely rare in the sampled fields (Ortiz-García et al, 2005a, 2005b). This conclusion was challenged, primarily on the basis of the sampling procedure and the statistical treatment of the data (Cleveland, et al, 2005), and the challenge was responded defending the conclusions and the statistical treatment used (Ortiz-García, et al, 2005c).//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Coléno FC, Le Bail M, Raveneau A, 2005. ¤ Segregation of GM and non-GM production at the primary production level. GMCC05 Second International Conference on Co-existence between GM and non-GM based agricultural supply chains: 14-15 November 2005, Montpellier (France) Proceedings pp 169-172. GMCC05 http://www.gmcc05.com/pdf/GMCC05.pdf. 

· The objective of this study is to propose management scenarios for segregating GM and non- GM crops for country elevators for high production volume. To do so we made a case study segregating two types of corn (starch and meal) in country elevators in the Alsace region. This revealed the diffi culties in segregating these two forms of production. We then turned to GM and non-GM crop segregation and propose 4 segregation scenarios. One is based on chronological segregation of collection; two are based on geographical segregation decided either before or after sowing, taking into account farmers‘ preferences. The last one proposes collaboration between country elevators in a given region in order to share collection silos and to allocate one silo to each type of crop.

· (From the text // Scenarios for segregating GM and non-GM crops :

The scenarios we present are based on grouping product type deliveries on a geographical or chronological basis, leaving farmers free to choose their type of corn production. These scenarios may or may not use horizontal coordination between country elevators.

· Product discrimination over time: delivery dates are imposed on farmers according to their product (certain weeks reserved for GM or non-GM crops for example).

· A collection silo allocation, made by taking into account the area sown

· A collection silo allocation made before sowing

· A geographical or chronological allocation, with compensation between operators

The scenarios we present here are a first step in on-going work. They should be discussed with cooperative managers in order to evaluate their feasibility. They can however be used as a basis for management scenarios for coexistence on a territory scale, combining them with a model of gene flow within a territory (Angevin, et al, 2003) and with models of farmers’ choices according to distances to collection silos, their loyalty to their country elevator, and the profit expected from GM or non-GM production.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Devos Y, Reheul D, Schrijver AD, 2005. * The co-existence between transgenic and non-transgenic maize in the European Union: a focus on pollen flow and cross-fertilization. Environ. Biosafety Res. 4, 71-87.

· The ongoing discussion on the co-existence between genetically modified (GM) and non-GM crops becomes more important in the European Union (EU). With the recent inscription of 17 GM maize varieties in the common EU catalogue of varieties of agricultural plant species, the acreage of transgenic maize for market purposes is expected to increase in some European countries. In the EU, specific tolerance thresholds have been established for the adventitious and technically unavoidable presence of GM material in non-GM produce, and member states are elaborating legal frames to cope with co-existence. As maize is a cross-pollinated crop relying on wind for the dispersal of its pollen, technical management measures will be imposed to reduce cross-fertilization between transgenic and non-transgenic maize. Various biological, physical and analytical parameters have been identified to play a role in the study of cross-fertilization in maize. This variability may hamper the comparison between research results and may complicate the definition of appropriate isolation distances and/or pollen barriers in order to limit out-crossing. The present review addresses these parameters and proposes containment measures in order to not exceed the legal labeling thresholds in maize.

· (In Heinemann, 2007 // Pollen spread generally has a leptokurtic distribution (Figure 3), with most pollen spreading close to the plant, and only a small amount moving over longer distances. For example, most maize pollen falls within about 30m of the pollen source. But also asymmetries in gene flow potential are created by asymmetries in the size of source and sink populations. The extrapolation of pollen dispersal or cross-fertilization measurements taken from small-scale trials to general GM crop release should be done with caution, as ―such a design does not reflect the real agricultural situation and is not suited to quantify the cross-fertilization levels of recipient fields of commercial size (p. 74 Devos et al, 2005). For example, successful cross-pollination can depend on the amount of competing pollen generated by the recipient crop. Larger fields will have larger pollen clouds overhead, acting as a competitor to pollen spreading from neighboring fields. The larger the field, the more impact this pollen cloud will have at minimizing cross-fertilization. The further into the center of a field, the more dominant and protective a maize crop‘s pollen cloud becomes. In contrast, a small sink may be disproportionately vulnerable to the pollen from a large field. // Cross-fertilization in maize, for example, has traditionally been estimated by xenia, the effect of pollen on endosperm and embryo development.// Crop rotation could be used to minimize contact with non-GM crops if neighboring farmers are able to closely coordinate. This may not be possible in places where monocropping is widespread. This approach may also be unsuitable for crops in some environments. For example, maize may be damaged by frost if planted early, and delaying sowing may compromise crop yield.// Pollen-mediated flow of transgenes between maize can be maintained at or below a 0.9% threshold by using isolation distances of up to 200m (reviewed by Devos et al, 2005).)

· (In Lipsius et al, 2006. // several experiments have shown that the dispersal kernel (i.e. distribution of pollen dispersal with distance) is more leptokurtic than Gaussian, since the tail of the distribution is longer than that of normal distribution.// A number of field trials with maize have been performed to study some of the effects of the factors influe,cing pollen fluxes. Such studies can give direct estimates of pollen dispersal, but cannot be generalized to other geometries, crops and atmospheric conditions, and are therefore of limited use as predictive tools (Devos et al, 2005). Computer simulations circumvent these shortcomings because they allow a dramatically increased number of contexts studied.//).

· (In Messeguer and Melé: 2006. //It has been demonstrated that when a neighboring non-GE field is at least 1 ha in size, an isolation distance of 20 - 25 m is sufficient to ensure purity levels in harvest material below the 0.9% threshold. It has also been demonstrated that a buffer zone (some maize rows) is more effective than an empty gap. In general, field trials were designed by planting a nucleus of maize (GE or a cultivar with a special phenotypic trait) and then studying the occurrence of cross-fertilization in an adjacent field. In most trials, both genotypes had been sown at the same time to increase synchronicity of flowering, in order to detect cross-fertilization in the worst situation that could be found in an area in which GE and non-GE maize coexist. However, could these results be applied to real situations of coexistence?//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Devos YD, Reheul D, De Schrijver A, 2005. ¤ Comparison of research results on cross-fertilization in maize. Second International Conference on Co-existence between GM and non-GM based agricultural supply chains : 14-15 November 2005, Montpellier (France) Proceedings pp 247-248, http://www.gmcc05.com/pdf/GMCC05.pdf. 

· Various parameters with varying levels of relative importance have been identified to play a role in the study of cross-fertilization in maize. The present review paper‘s summary (Devos et al, in press) addresses the parameters that should be considered when comparing research results and/or when proposing specific co-existence measures limiting cross-fertilization in maize.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Dolezel et al, 2005. ¤ Regionality as a key parameter for co-existence of genetically modified maize with conventional and organic maize. GMCC05-Second International Conference on Co-existence between GM and non-GM based agricultural supply chains : 14-15 November 2005, Montpellier (France), Proceedings pp 203-206. http://www.gmcc05.com/pdf/GMCC05.pdf. 

· According to the recommendation on co-existence of the European Commission, workable co-existence measures should take into consideration the specificity of production systems, agricultural structures and topographic and climatic conditions of a member state. For genetically modified (GM) maize the use of isolation distances as a co-existence measure has been suggested. Although the extent of these distances is still controversial, their spatial impacts within a certain agricultural context are unknown. We evaluated these spatial effects of isolation distances between GM maize and non-GM maize on the loss of cultivation area in three different agricultural regions in Austria by the use of a GIS-based simulation model. In conclusion the simulations show that the structure of the landscape, the extent of the isolation distance and the proportions of GM maize and of organically grown maize are the most important factors for co-existence on a regional scale.
· (From the text //
· [image: image38.emf][image: image39.emf]
	Area loss (%) 

	 Protection zone 
	 Styria 
	 Burgenland 
	 Lower Austria 

	 300 m 
	 10.3 
	 64.6 
	 17.3 

	 800 m 
	 26.6 
	 100.0 
	 37.4 

	Loss of maize cultivation area due to protection zones (buffer zones) around « contamination sensitive » maize fields in three different agricultural areas in Austria. 


If 10% of the area within the test areas considered in this project were seeded to GM maize the loss of the non-GM maize cultivation area due to isolation distances will be higher in agricultural regions with small field sizes, a high proportion of maize cultivation and small-scale structured landscapes than in agricultural regions with fewer maize fields, monotonous landscapes and larger field sizes. When considering 50% GM maize co-existence will be impossible in these small-scale structured regions. Already isolation distances of 50-100 m will block a considerable extent of agricultural area which cannot be used for the cultivation of non-GM maize. In contrast, in other regions non-GM maize production and thus co-existence of GM and non-GM maize will still be feasible, even at isolation distances of 200m. If protection zones around organic maize fields are used (300 m), the majority of the remaining maize area will have to remain free from GM or GM contaminated maize cultivation in regions where the proportion of ―contamination sensitivemaize is high which consequently can lead to a GMO-free area when the extent of the protection zones is increased to 800 m. In conclusion the simulations show that the structure of the landscape, the extent of the isolation distance and the proportion of maize grown organically or grown for seed production are the most important determinants for co-existence of GM and non-GM maize in an agricultural region.//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Dupont S, Brunet Y, Jarosz N, 2005. ¤ Validation of a model for pollen dispersal over heterogeneous landscapes. GMCC05 Proceedings pp. 199-202. Second International Conference on Co-existence between GM and non-GM based agricultural supply chains: 14-15 November 2005, Montpellier (France), http://www.gmcc05.com/pdf/GMCC05.pdf.

· A numerical model has been developed within an Eulerian framework to allow a better understanding of the interactions between landscape heterogeneities and pollen dispersal. This model is validated against two field experiments where airborne concentration and deposition rate of pollen were measured downwind of maize plots. The model simulates correctly concentration profiles but underestimates the maximum of the deposition rate just behind the source plot. This model discrepancy seems to be due to an underestimation of the average maize pollen settling velocity which may be increased by the turbulence in the plot wake, as compared to its value in an undisturbed flow.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Flannery ML, Meade, C.V. and Mullins, E, 2005. * Employing a composite gene flow index to numerically quantify a 

· Guidelines to ensure the efficient coexistence of genetically modified (GM) and conventional crops are currently being considered across the European Union. The purpose of this strategy is to describe the measures a farmer must adopt to minimize the admixture of GM and non-GM crops. Minimizing pollen/seed-mediated gene flow between GM and non-GM crops is central to successful coexistence. However no system is currently available to permit the numeric quantification of a crop's propensity for pollen/seed-mediated gene flow. The provision of such a system could permit a background level of gene flow, specific for a particular conventional crop, to be calculated. Here we present a gene flow index model implemented using the principal arable crops in Ireland as a model dataset. The objective of this research was to establish a baseline gene flow data set for Ireland's primary conventional crops through the provision of a simple numerical index. This Gene Flow Index (GFI) incorporates four strands of crop-mediated gene flow (crop pollen-to-crop, crop pollen-to-wild, crop seed-to-volunteer and crop seed-to-feral) into a format that permits the calculation of a crop's gene flow potential. Responsive to regional parameters, we have applied the model to sugar beet, oilseed rape, potato, ryegrass, maize, wheat and barley. We propose that the attained indices will highlight those crops that require additional measures in order to minimize gene flow in accordance with anticipated coexistence guidelines.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Fonseca AE, Westgate ME, 2005. * Relationship between desiccation and viability of maize pollen. Field Crops Research 94, 2-3, 15 November 2005, 114-125.

· Controlling pollination is necessary to ensure maximum kernel set and high levels of genetic purity in maize. Current approaches for measuring maize pollen production are fairly simple and accurate, but they do not evaluate pollen viability. A simple and reliable technique to assess loss of pollen viability during its transport in air is required to simulate the pollination process and the risk of out-crossing associated with pollen dispersal. Anecdotal evidence indicates that pollen shed from anthers remains viable longer at low temperature and high relative humidity (RH). But a direct temporal relationship between loss of pollen viability and these environmental conditions is lacking. We tested whether vapor pressure deficit (VPD) could be used to simulate the rate of pollen desiccation and subsequent loss of viability. Fresh pollen was harvested from greenhouse and field-grown plants and exposed to a range of VPD generated using a factorial combination of temperatures and RH. After exposure from 0 to 2 h to known VPD, viability of the treated pollen was tested in vitro. These tests indicated that pollen grains are released from anthers at about 55–60% moisture content, and that subsequent desiccation is a function of air temperature, RH and time. These factors were incorporated into a single relationship that described the rate of pollen desiccation for several genotypes. Pollen viability decreased linearly (r2 ranged from 0.77 to 0.93) with pollen moisture content (PMC) to zero at PMC ˜ 30%. Together, these relationships provide a simple approach to assess loss of maize pollen viability under field conditions.

· (In Heinemann, 2007 // below 30% moisture content, maize pollen will not germinate (Fonseca and Westgate, 2005). In most studies, pollen longevity overall has ranged from hours to days (Fonseca and Westgate, 2005).)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Foueillassar X, Audran A, Tardieu L, Loubet B, Brunet Y, 2005. ¤ Variation of viability and fecundation capacity of maize pollen with transport distance. GMCC05, Second International Conference on Co-existence between GM and non-GM based agricultural supply chains : 14-15 November 2005, Montpellier (France), Proceedings pp 255-259. http://www.gmcc05.com/pdf/GMCC05.pdf. 

· Two experimental fields were set up in 2002 and 2003 with detasseled maize plants located at different distances from a pollen source (50, 100, 250 m), a 500 ha maize field in 2002 and a 25 ha field in 2003. The number of pollen grains falls down with distance and the viability decreases drastically. In good climatic conditions, pollen viability is only 17% at a 250 m distance from a source with 70% viability. The fertilization capacity is between 2 and 3 times as small as the viability rate. Experimentations were conducted in two types of artificial conditions: in the first type the plants at flowering are placed in conditions representative of two summer days, and in the second type the pollen is exposed to an air flow at different temperatures and humidity rates. At 30°C, the viability is equal to zero after 50 minutes in correlation with pollen dessication. The pollen does not loose its capacity during transport because its duration is very short, from 2 to 3 minutes, depending on wind velocity. The lightest pollen, which is the least viable, may be transported the farthest.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Foueillassar X, Fabié A, 2005. ¤ Conventional waxy production, an experience to evaluate co-existence of GM and conventional maize. Conference : Coexistence of GM and non-GM crops Scientific data, practical applications and perspectives for the next decade - Agroscope FAL Reckenholz - Reckenholzstrasse 191, CH-8046 Zurich, Switzerland - June 9 and 10, 2005 (Poster). http://orgprints.org/7995/01/7995_abstracts.pdf 

· Waxy maize has been produced for a long time in the South of France (40 000 ha). Purity results in waxy maize can give good information in the context of coexistence between genetically modified and conventional maize.

Cross pollination study between different consumption maize fields is based upon differentiation of waxy from other type of maize. Waxy character is genetically recessive. Cross pollinated grains by conventional pollen are easily recognizable by a simple coloured test practised directly on the ear. Field situations have been selected to be the most contaminated in order to study the worse real conditions. Main selection criteria were the following: flowering concordance, minimal isolation distance, single contamination source (conventional maize), a long border between the two fields. To take into account a maximum of parameters influencing maize pollen dispersal, real cultivated situations have been chosen (2001, 15 locations and 2002, 12 locations). The first exposed rows (border) were the most contaminated. Therefore, the removal of these rows would bring a purity increase of only 0.07%. On 2002 situations, cross pollination between conventional and waxy maize fluctuated from 0.05% to 0.72%. The 2001 results were similar with cross pollination rates from 0.24% to 1.17% (waxy seed purity not included). The waxy maize chain is a good example of coexistence. Cross pollination analysis results can be transposed to evaluate cross pollination level between GM and conventional maize.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Foueillassar X, Audran A, Tardieu L, Loubet B, Brunet Y, 2005. ¤ Variation of viability and fecundation capacity of maize pollen with transport distance. GMCC05 Second International Conference on Co-existence between GM and non-GM based agricultural supply chains: 14-15 November 2005, Montpellier (France), Proceedings pp 255-259. http://www.gmcc05.com/pdf/GMCC05.pdf 

· (// Comment and some part of the publication.

Under controlled conditions at a temperature of 30°C and a relative humidity of 50%, pollen loses its viability in 50 min. The authors also indicated that the dry pollen goes down more slowly than pollen wet.

[image: image10.emf]
Pollen viability and fecundation capacity as a function of distance downwind from the maize field.

[image: image11.emf]
Top graph: Pollen viability of two maize varieties (DK and NAUDI).

Bottom graph: temperature and relative humidity experienced by the plants.

[image: image12.emf]
Pollen viability as a function of time for varying temperature at constant humidity

The number of pollen grains falls down with distance and the viability decreases drastically. In good climatic conditions, pollen viability is only 17% at a 250 m distance from a source with 70% viability. The fertilization capacity is between 2 and 3 times as small as the viability rate. Experimentations were conducted in two types of artificial conditions: in the first type the plants at flowering are placed in conditions representative of two summer days, and in the second type the pollen is exposed to an air flow at different temperatures and humidity rates. At 30°C, the viability is equal to zero after 50 minutes in correlation with pollen desiccation. The pollen does not lose its capacity during transport because its duration is very short, from 2 to 3 minutes, depending on wind velocity. The lightest pollen, which is the least viable, may be transported the farthest.)
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Frei M, 2005. ¤ A Gametohpytic cross-sterility Gene in maize and its use as pollen barrier against GMO contamination. Conference : Coexistence of GM and non-GM crops Scientific data, practical applications and perspectives for the next decade - Agroscope FAL Reckenholz - Reckenholzstrasse 191, CH-8046 Zurich, Switzerland - June 9 and 10, 2005 http://orgprints.org/7995/01/7995_abstracts.pdf  

· The use of genetically modified maize hybrids increases from year to year. At the same time there are corn growers requiring GMO free production possibilities. 

This coexistence poses a problem when fields of GMO and GMO free hybrids are in vicinity (~less than 300m), as maize pollen can travel a long distance, and as maize is primarily and out-crossing species. Several gametophytic incompatibility genes have been described. They cause the silks to be receptive only for pollen of matching types. 

The objective of our project is to introgress the GA1-s Gene (Schwarz D. 1950. Proc. Natl. Acad. Sci. USA 36:719-724) into parental lines, to make hybrids with incompatibility against foreign pollen. Such hybrids will be save from GMO cross contamination. 

The GA System: almost all temperate corns contain the inactive ga-allele at the gametophyte factor locus GA. (Nelson EO. 1960. MNL 34:114-116) Some exotic strains like popcorns or Central American flints have the Ga-allele at the GA locus, and they show cross incompatibility. Ga silks inhibit growth of ga pollen, and GA plants are more or less sterile when pollinated with ga pollen. (House, L.R. and O.E. Nelson, Jr. 1958 J. Hered. 49:18-21) The Ga1-s gene is one of the gametophytic factors. It is located on chromosome 4S-32. It shows stronger expression, than other GA genes. 

Converting parental inbred lines to GA1-s: Introgressing the GA1-s allele into inbreds follows the normal backcross procedure, except that the male has to be the GA1-s strain. (The reciprocal cross will not set seed). The conversion has to be done on both parental lines of a hybrid, in order to achieve near complete cross incompatibility. 

After 2 backcross generations a Selfing generation will be necessary to obtain seeds homozygous for Ga1-s. 

A second self-pollination follows, this time with red kernel marker pollen, blended in the Selfing pollen. All ears resulting from these selves that show traces of red kernels don‘t have the GA1-allele homozygous, and are discarded. Only ears with 100% non pigmented kernels are saved. 

The homozygous ears go to the next backcross generation. After 2 more backcrosses and 2 subsequent selfings, the second one again with added red-marker pollen, the line should be isogenic to the original inbred and ready for hybrid seed production. Remarks of caution: 

· GA conversions are labour intensive because the trait is not visible on the phenotype; a progeny test with red-marker pollen is necessary. 
· For the pollen shield to be reliable it has to be assumed that GMO-corn breeders will not use GA1 in their breeding sources. This risk is low, as GA-stocks have little breeding value. 
· It will be the responsibility of the breeder of cross incompatible hybrids to monitor the shielding ability of his hybrids. This is an easy test: All it needs is planting a row of such a hybrid, detassel it before flowering, and observe if there is seed set. 
· In the conversion process quantitative selection for shielding ability is necessary, as trait expression is background dependant, and there could be modifier genes influencing the trait.
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Hails RS, Morley K, 2005. * Genes invading new populations: a risk assessment perspective. Trends in Ecology and Evolution, 20: 245-252.

· One of the concerns raised over the introduction of genetically modified crops is that transgenes will invade populations of wild relatives, causing ecologically significant changes in fitness. In recent years, this has given rise to several studies estimating hybridization rates and the fitness of crop–wild relative hybrids. These studies have established that transgenes are likely to move to F1 hybrids, albeit at low frequency. Hybridization, however, is not synonymous with introgression, and questions remain as to whether particular transgenes will cause ecologically significant changes in recipient plant populations. Research effort should now focus on estimating any changes in the fitness of a population as a consequence of having a transgene, understanding genotype × environment interactions, and deducing the extent to which pathogens and herbivores (transgene targets) regulate wild relative populations. This will involve a combination of manipulative experiments and empirically motivated mathematical models.

· (In Chapman and Burke, 2006 // II. How do transgenes escape? - Hybridization, gene flow, and introgression: 3. Selection, gene flow, and introgression : The parameter with which we should be most concerned in the context of transgene escape is the selective advantage of the transgene, as opposed to the overall rate of hybridization (see also Hails and Morley, 2005). Indeed, even if the initial hybridization event is rare, moderately advantageous alleles will readily spread from the crop into compatible wild populations. Similarly, even if early generation hybrids suffer from decreased fitness, recombination can easily separate the transgene from the parental alleles that are responsible for the fitness reduction and, once an allele has been transferred from one taxon into another, the problem becomes one of intraspecific as opposed to interspecific gene flow. In further support of the view that it is the effects of the allele, and not the rate of hybridization, that we should be most concerned about, a recent theoretical assessment revealed that even very low rates of transmission (on the order of 0.1%) are sufficient for the escape and establishment of a moderately advantageous (s = 0.10) transgene (Haygood et al, 2004).// VI. Conclusions and future directions ** In recent years, it has become increasingly clear that hybridization between crop plants and their wild relatives is the rule, as opposed to being an exception. Moreover, population genetic theory has shown us that the likelihood of establishment and rate of spread of an allele are governed primarily by the strength of selection, as opposed to the migration rate. Thus, even if crop x wild hybridization is a rare occurrence, a moderately advantageous transgene would be expected to spread quickly following its escape. Although increased individual fitness does not necessarily translate into increased invasiveness, fitness remains the best predictor of allelic spread. Thus, the fitness effects of a gene in the wild are a far more important consideration than the overall rate of gene flow (see also Hails and Morley, 2005).//)

· ** (In Sanvido et al, 2006 // It is generally agreed that the hazards related to gene flow from GM crops are linked to the introgression of transgenes into populations of wild relatives. There is little scientific support for the assertion that transgene dispersal is a hazard in itself. //The relative fitness of hybrids is depending both on the genotype and on the environmental conditions the hybrids are encountering. Transgenes that produce insect resistance (IR) will vary in their fitness potential - the common conclusion is that the transgenes will only confer a selective advantage if the fitness of wild populations is influenced by pests. In the absence of herbivores, fitness costs occur, which consequently are negatively influencing the competitiveness of the transgenic hybrids. // In most studies investigating the performance of transgenic hybrids between agricultural weeds and GM crops in semi-wild conditions, the hybrids were produced by artificial hybridization, i.e. they were crossed by hand pollination (Annex 1). Since many of these studies additionally manipulated the environmental conditions, it is difficult to judge how hybrids would behave under natural conditions.//)

· ** (In Sanvido et al, 2006 // Transgenic hybrids outcompeting wild types in natural habitats : To date no long-term introgression of transgenes into wild populations leading to the extinction of any wild plant taxa has been observed.// Conclusions on gene flow to wild relatives : Hybridization between conventional (non-GM) crops and their wild relatives has occasionally caused problems in ecological and evolutionary time (see chapter 8.3). There is no evidence as yet that GM crops pose any greater risk than do non-GM crops, but our knowledge of the fitness consequences of transgenes in wild populations is incomplete (Hails and Morley 2005). It is difficult to judge a priori whether a transgenic phenotype will have a special fitness advantage relative to a non-transgenic counterpart - and if an advantage exists, whether this will result in increased weediness. The data published so far indicate that serious ecological consequences have not been observed (Stewart et al. 2003).//)
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Halsey ME, Remund KM, Davis CA, M Qualls, Eppard PJ, Berberich SA, 2005. * Isolation of Maize from Pollen-Mediated Gene Flow by Time and Distance. Crop Sci. 45: 2172-2185. http://crop.scijournals.org/cgi/reprint/45/6/2172 

· Development of improved genetic traits in maize (Zea mays L.) requires robust measures to prevent pollen-mediated gene flow (PMGF) and assure isolation of new traits, whether these traits are the result of conventional breeding or of modern genetic techniques. Studies were conducted in California and Washington to evaluate the relationship of distance and temporal separation for isolation from PMGF. Kernel color was used to detect outcrossing from source plots of 0.4 to 1.2 ha in size to receptor plots planted at distances up to 750 m and planting intervals of up to 3 wk from the pollen source. Outcrossing from source to receptor plots was observable to 0.0002% (1 kernel in 500000 kernels). Increasing temporal separation reduced the distance required to achieve genetic isolation. Outcrossing was <0.01% at 500 m when source and receptors flowered at the same time, whereas this level of confinement was achieved at 62 m or less when 2 wk of temporal separation was used. No outcrossing was detected at 750 m and 2 wk of temporal separation. This is the first practical evaluation of time and distance acting together to achieve genetic purity in maize.

· (From the text // 

	Flowering delay (weeks)
	Distance sink–source (meters)
	Cross-fertilization rate (%)

	-2


	24
	0.0080

	
	60
	0.0058

	
	125
	0.0029

	
	254
	0.0040

	
	500
	0

	
	743
	0

	-1


	24
	0.0768

	
	60
	0.0363

	
	125
	0.0127

	
	254
	0.0100

	
	500
	0.0004

	
	743
	0.0004

	0


	24
	0.3022

	
	60
	0.0961

	
	125
	0.0282

	
	254
	0.0137

	
	500
	0.0050

	
	743
	0.0020

	+1


	24
	0.6947

	
	60
	0.1868

	
	125
	0.0496

	
	254
	0.0065

	
	500
	0.0043

	
	743
	0

	+2


	24
	0.0036

	
	60
	0.0002

	
	125
	0.0005

	
	254
	0

	
	500
	0

	
	743
	0


   //)
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Hoyle M, Cresswell JE, 2005. ¤ Effect of wind direction on field-to-field cross-pollination of wind-pollinated GM crops. GMCC05 - Second International Conference on Co-existence between GM and non-GM based agricultural supply chains: 14-15 November 2005, Montpellier (France), Proceedings pp 273. http://www.gmcc05.com/pdf/GMCC05.pdf. 

· Using an original mathematical model and (a) records of wind direction and speed from 27 weather stations across Europe and (b) the relative intensity of pollen release from a source GM field and pollen receptivity in a sink non-GM field over the flowering period, we estimate the relative cross-pollination levels according to the relative orientation of neighbouring GM and non-GM fields. We consider the important commercial wind-pollinated crops: oilseed rape, maize, sugar beet and rice, all of which pose a medium to high risk to confi nement except for rice. The high cost and effort of field trials prohibits testing transgene confinement in all landscapes, and so theoretical models can provide valuable predictions. Cross-pollination rates and the concentration of airborne pollen are known to vary with compass direction from the source fi eld. Here, we use observations of the frequency of wind directions to predict the relative level of cross-pollination. We find that the relative cross-pollination level can vary greatly according to the relative orientation of neighbouring GM and non-GM fi elds. At a given site and orientation from a GM field, we predict how the relative crosspollination rate varies from year to year. Here, we propose methods to predict the likely range in levels of cross-pollination based on the limited data from field studies that is typically available. In addition, we suggest how the relative cross-pollination rate may be modelled as a function of the time lag between peak flowering in adjacent fields. This could be used to reduce the expected cross-pollination rate to an acceptable level.
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Huber L, Loubet B, Jarosz N, Durand B, Audran A, Foueillassar X, 2005. ¤ Experimental study of maize pollen emission under field conditions. GMCC05 - Second International Conference on Co-existence between GM and non-GM based agricultural supply chains : 14-15 November 2005, Montpellier (France), Proceedings pp 275-277. http://www.gmcc05.com/pdf/GMCC05.pdf. 

· Experiments measuring maize pollen emission at field scale were carried out in 2004 and 2005 under various conditions of cultivar, sowing date, site and environment. The experimental results could help in the formulation of a semi-empirical model which simulates the source term of models of pollen dispersal at field or landscape scale.
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Jarosz N et al, 2005. * Variations in maize pollen emission and deposition in relation to microclimate. Environ. Sci. Technol. 39:4377-4384.

· The coexistence of genetically modified (GM) crops with conventional crops has become a subject of debate and inquiry. Maize (Zea mays L.) is one of the most cultivated crop plants in the world and there is a need to assess the risks of cross-pollination. Concentration and deposition rate downwind from different-sized maize crops were measured during three flowering seasons, together with micrometeorological conditions in the surrounding environment. Pollen release started once the air vapor pressure deficit (VPD) increases above 0.2 to 0.5 kPa. Moreover, the dynamics of release was correlated with the dynamics of VPD surrounding the tassels. Horizontal deposition appeared to follow a power law over short distance downwind from the source, and the dispersal distance increased with the source canopy height and the roughness length of the downwind canopy. This work also provides a data set containing both pollen measurements and contrasting weather conditions to validate dispersal models and further investigate maize pollen dispersal processes.

· (In Bannert, 2006 //In experiments in France, pollen release started once the air vapour pressure deficit increased above 0.2 to 0.5 kPa. The dynamic of release was correlated with the dynamic of air vapour pressure deficit surrounding the tassels. The concentration at night did not fall to zero, suggesting that pollen may have been resuspended // )

· (In Lipsius et al, 2006. // A number of field trials with maize have been performed to study some of the effects of the factors influencing pollen fluxes. Such studies can give direct estimates of pollen dispersal, but cannot be generalized to other geometries, crops and atmospheric conditions, and are therefore of limited use as predictive tools (Devos et al, 2005). Computer simulations circumvent these shortcomings because they allow a dramatically increased number of contexts studied.//)
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Kaiser J, 2005. * Calming fears, no foreign genes found in Mexico's maize. Science. 2005 Aug 12;309(5737):1000.
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Lauria G, Adduci G, Lener M, Pazzi F, Selva E, 2005. ¤ GMCC05 - Second International Conference on Co-existence between GM and non-GM based agricultural supply chains: 14-15 November 2005, Montpellier (France), Proceedings pp 281-283. http://www.gmcc05.com/pdf/GMCC05.pdf.

· The Italian law on co-existence foresees the respect of the isolation distances between GM and non GM cultivations of the same species. Considering the reduced size of most Italian farms, application of the law seems unfeasible. We have simulated isolation zones around a squared GM maize cultivated field. The following results emerged from our analysis: the area of ―isolation zone, 25 m wide, should be equivalent to 50% of a 3 hectares field. For a typical Italian farm, an isolation distance of 200 m is not applicable; observing isolation distance of 200 m, less than 4.6% of total Italian farms have the minimum area necessary to cultivate almost 1 hectare of GM maize. Considering these results, it‘s practically impossible for the majority of Italian farmers to cultivate GM maize. Moreover, the isolation distances hypothesized would not be enough to avoid transgenic contamination.

· (From the text // To cultivate 1 hectare of GM maize, observing isolation distance of 25 m, 100 m and 200 m, it is necessary to have fields of, respectively, 2.25 hectares, 9 hectares and 25 hectares. In addition, considering the distribution of the farms per CA, respectively, less than 35.7%, about 9.58% and less than 4.6% of total Italian farms have the minimum area necessary to cultivate almost 1 hectare of GM maize.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Ma BL, 2005. $ Frequency of Pollen Drift in Genetically Engineered Corn - Cross fertilization and concerns over cross contamination. Information Systems For Biotechnology - News Report, Feb 2005.

· Using yellow kernel corn as a marker of cross-fertilization in white corn is a useful tool to estimate pollen dispersal. The experimental results showed that the majority of corn pollen grains settle close to the source. There was an exponential decrease in pollen dispersal as the distanc from pollen source increased. From a practical point of view, and considering differences in planting dates from neighboring cornfields and/or different maturity of two hybrids involved, our data suggest it is possible to produce non-GE corn grains by removing the outside rows of corn plants (about 30 m) adjacent to the GE corn field in concern, if the acceptance level is set at <1% crossfertilization. Although the chances of cross-fertilization of white corn by pollen from neighboring yellow corn at the distance of 28 m was minimal, this study did not examine the situation in which Bt and non-Bt corn were separated by a non-corn space.

· (From the text // 

[image: image13.emf]//)
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Marris E, 2005. * Four years on, no transgenes found in Mexican maize. Nature. 2005 Aug 11; 436(7052): 760. Comment on: Nature. 2001 Nov 29; 414(6863): 541-3. * Four years on, no transgenes found in Mexican maize.

· Summary: Corn found to be free of GM contamination.

Context: Four years ago, the discovery of transgenes from genetically modified (GM) crops in traditional maize varieties in Oaxaca, Mexico, triggered an almighty row. A new survey suggests that measures taken since then to purge the crops of transgenes have been effective.

· (Commentaires de J Semal dans Cahiers d'études et de recherches francophones / Agricultures, 14, 5 // Au Mexique, c'est la contamination des ressources génétiques locales des maïs (et de leur ancêtre le teosinte), par des gènes de maïs transgénique importés des États-Unis, qui retient l'attention [Fox, 2005] et nourrit la controverse [Marris, 2005]. Après une première publication relatant ces contaminations sous la plume de scientifiques mexicains, le fait fut contesté par les partisans des OGM. Cependant, ils furent confirmés en novembre 2004 dans un rapport de la Commission pour la coopération environnementale, établie en commun par le Canada, le Mexique et les États-Unis dans le cadre de l'accord de libre-échange nord-américain (Alena). Dans ce rapport, un groupe d'experts internationaux (y compris nord-américains) recommandait la poursuite d'un moratoire de fait en matière de cultures de maïs transgéniques au Mexique, ainsi que la mouture des maïs transgéniques destinés à l'alimentation du bétail dès leur entrée dans le pays, afin d'empêcher leur mise en culture. Parmi les autres recommandations, on relève la nécessité d'assurer un meilleur suivi des flux de gènes. Le gouvernement des États-Unis a réagi vivement à ce rapport, qualifié de non scientifique, de fondamentalement défectueux et de contraire aux règles du libre commerce international. D'après un expert britannique de la Commission, cette réaction vise surtout à ne pas créer de précédent mexicain qui desservirait les intérêts des États-Unis d'Amérique dans le procès qui les oppose à l'Europe dans le cadre de l'Organisation mondiale du commerce (OMC). Et cela alors que les autorités des États-Unis elles-mêmes renforcent leurs réglementations internes devant la menace de transfert de transgènes à des plantes adventices sauvages.

Le 15 février 2005, après des années de discussion, le Sénat mexicain adoptait une législation sur les cultures OGM qui est très en deçà des recommandations de la Commission pour la coopération environnementale [Orellana, 2005]. Les autorisations pour la plantation et le commerce des cultures OGM seront accordées au cas par cas par une instance interministérielle (Ciciogem), sur avis d'une commission scientifique (Conseil consultatif de biosécurité). Diverses mesures sont prévues pour l'étiquetage des OGM, l'établissement de registres ad hoc et les aspects financiers (Fonds de développement, amendes, etc.). )
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Matthews D et al, 2005. ¤ Predictive models for field separation, based on outcrossing data on oilseed rape and maize from the UK Farm Scale Evaluation programme. GMCC05 - Second International Conference on Co-existence between GM and non-GM based agricultural supply chains: 14-15 November 2005, Montpellier (France), Proceedings pp 193-197. http://www.gmcc05.com/pdf/GMCC05.pdf
· Data on crop to crop pollination of oilseed rape and forage maize collected during the Farm Scale Evaluation programme was statistically analysed. Four empirical models, one for each of winter and spring oilseed rape and grain and fodder maize, were derived. These models input orthogonal length of the fi eld containing the conventional crop and the target level of admixture to be obtained and output a fi gure for separation distance that will allow this level of admixture to be achieved with 98% confi dence based on mixing of the harvested crop within that fi eld.

Data from FSE was considered suitable as the sole source of data for this study as it was derived from a range of trial sites in 3 seasons with different orientations, and spatial features of a size and shape that could collectively represent an average of realistic situations. These UK models compare favourably with data and models from other countries and the results of this study will be used to derive recommendations for separation distances for coexistence of GM and conventional oilseed rape and maize crops in the UK.

· (From the text // 
	Comparison of separation distances recommended by Ingram with those derived from the models present here (in square brackets).

	% OGM fortuit 
	 0.40% 
	 0.20% 
	 0.04% 

	 Maïs grain 
	 200 [64] 
	 300 [84] 
	 n/a [130] 

	 Maïs fourrage 
	 130 [35] 
	 200 [43] 
	 420 [100] 
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Meglic V, Sustar-Vozlic J, Cergan Z, Zagorc B, 2005. ¤ GMCC05 - Second International Conference on Co-existence between GM and non-GM based agricultural supply chains: 14-15 November 2005, Montpellier (France), Proceedings pp 287-288. http://www.gmcc05.com/pdf/GMCC05.pdf.

· Farmers should have the possibility to choose between conventional, organic and GM crop production while respecting all the regulations. In our study we tried to illustrate problems facing introduction of GM plants to Slovenia, using the potential economic loss, which could occur due to presence of GM admixture in the non GM crop, taking into account that farmers are not able to market the product, and to describe perspectives for co-existence. Looking at the cropping structure in Slovenia and assessing the availability of GM cultivars, we could foresee interest of farmers for growing GM corn, potatoes and possibly oil seed rape and sugar beets. Due to expected extension of GM plant production in to the Slovenian crop production, there is a need to construct the scientific and technological basis for GM production, and to organize Slovenian farming in a way, that will enable the co-existence between conventional, organic and GM production.
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Melé E, Peñas G, Serra J, Salvia J, Ballester J, Bas M, Palaudelmàs M., Messeguer J, 2005. ¤ Quantification of pollen gene flow in large maize fields by using a kernel colour trait. GMCC05 - Second International Conference on Co-existence between GM and non-GM based agricultural supply chains : 14-15 November 2005, Montpellier (France), Proceedings pp 289-291. http://www.gmcc05.com/pdf/GMCC05.pdf. 

· A field trial was conducted aimed at determining the gene flow in large fi elds and the infl uence of the size of the fi eld in crossfertilization A nucleus of 4 ha with four different Bt commercial hybrids of maize (yellow kernels) was surrounded by conventional maize (white kernels) to fi ll a total area of 27 ha. Cross-pollination was detected by counting the yellow kernels in the white cobs. In zones adjacent to transgenic nucleus, the white maize rows behave as buffer zone and at 10-15 m distance the mean of the samples had a rate of cross-pollination lower than 0.9%. However, when a path of 10 m broad separated transgenic nucleus from the white maize, the rate of cross-pollination was much higher. These results suggest that a separation distance without anything that disturbs pollen flow, has a very few effect in preventing cross-pollination. Analyses by SSR markers to determine the influence of the size of the fi eld in crosspollination are still in progress.
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Messean A, Angevin F, Gomez-Barbero M, Rodriguez-Cerezo E, 2005. ¤ An overview of past and on-going co-existence studies. GMCC05 - Second International Conference on Co-existence between GM and non-GM based agricultural supply chains: 14-15 November 2005, Montpellier (France), Proceedings pp 31-35. http://www.gmcc05.com/pdf/GMCC05.pdf. 

· Results from co-existence studies have raised several issues that research should further address:

· There exists a wide range of farming systems within Europe that could not be fully addressed through specific studies; • 

· The landscape fragmentation has a great influence on gene flow and ecological impacts and its effect should be taken into account in modelling; 

· Induced costs due to indirect effects of coexistence rules are difficult to estimate and are highly dependent on the local regional variability of landscapes and on agricultural farming systems; 

· Available models for gene flow mainly focus on the field level or on a small region (group of fields). However, co-existence measures and monitoring schemes should not only involve the field level with crop management practices and the ―cropping systemwithin the farming systems strategy but also the regional level. Thus, up-scaling of models at different biogeographical levels should be made possible, keeping user friendliness in mind.
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Messeguer J, et al, 2005. ¤ Pollen mediated gene flow in maize in real situations of co-existence. Proceedings Second International Conference on Co-existence between GM and non-GM based agricultural supply chains: 14-15 November 2005, Montpellier (France), Proceedings pp 255-259. Edited by Antoine Messéan; Published by Agropolis Productions. http://www.gmcc05.com/pdf/GMCC05.pdf. 

· The rate of cross-fertilization was evaluated in several non-GM maize fields in two different regions of Spain where Bt and conventional maize are commonly cultivated. A map was designed using land registry and aerial photographs from the Spanish GIS and the different crops identified, as well as sowing and flowering dates from Bt and conventional maize fields. These data was used to choose the nontransgenic fields for sampling and analysis by the RT-PCR technique. In 11 of the 12 analysed fields the rate of cross-fertilization was higher at the borders and decreased towards the centre of the field. The results obtained are dependent on the specific situation of the field, the presence of natural or physical barriers to prevent pollen movement, the prevalent wind direction and the coincidence of flowering with the surrounding Bt fields. In the particular situations studied, where the size of cultivated fields were small and without any containment strategy, we found some with an adventitious content higher than the 0.9% threshold due to pollen gene flow. However, the results obtained in the other fields in this study suggest that co-existence between GM and conventional fields can be achieved by establishing simple rules that take into account the flowering coincidence or buffer zones, rather than establishing security distances, because the efficiency of these varies dramatically, depending on what is being cultivated in between the fields.
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Messeguer J, 2005. ¤ Cross-fertilization in maize- experiences with the cultivation of Bt-maize in Spain. Conference: Coexistence of GM and non-GM crops: Scientific data, practical applications and perspectives for the next decade - June 9 and 10, 2005.

· On 1998 two Bt maize varieties were approved for commercialization, but only one of them, (Compa CB (Bt 176) from Syngenta Seeds) has been sold effectively. During 1998-2002 Bt maize adoption in Spain stagnated at about 25 000 ha because Syngenta‘s voluntary arrangement. In 2003 and 2004 the adoption of Bt maize had increased to 32000 and 58000 ha respectively, due to the fact that new varieties developed by several companies were approved. Bt maize has been grown for feed production and only in those areas such as the valley of river Ebre where corn borers produce significant losses. Several studies published recently have pointed out that till now, there has not been detected any significant problems related with the coexistence with conventional or organic crops. Nevertheless, according to the EU Legislation, an official regulation on coexistence based on reliable data, has to be established in all countries from EU, and so, several field studies have been performed recently in Spain, mainly focused to the evaluation of pollen-mediated gene flow in our particular conditions.

A field study was conducted by our Institute at Lleida (Catalunya). A 50 x 50 plot of Bt maize was planted in the middle of a field and surrounded by a the conventional variety. The total area of the trial was 7.5 ha. Speed and wind directions were recorded during the flowering period. By analyzing by RT-PCR technique the 250 samples collected, it was found that the level of GM adventitious presence decreased rapidly with distance from the GM emitter crop. Wind direction strongly influences the rate of GM adventitious presence. Thus, in the direction of the prevalent wind, the rate of GM in the non- GM crop was already less than 0.9% at a distance of 10 m whereas in that located upwind direction, the rate of GM was less than 0.9% at a distance of 2 m from the GM emitter crop. These results agree with those obtained in other field trials conducted during the same year. Nevertheless, the size of Bt maize plot used in this field trial was too small to properly predict what will happens with larger fields such as those commonly planted in the south of Spain. So, another field trial was conducted on 2004. In this case, four Bt maize varieties (with yellow colored grain) were planted in such a way that each one of them occupied different area. Bt varieties were surrounded by a non- transgenic one (white grain). Total area of transgenic varieties was of 4 ha whereas the total area of the field was of 27 ha. In this trial a visual identification of yellow grains placed in the cobs of the white variety will allow us to evaluate the gene flow very accurately along the whole field. By analyzing these grains it will be possible to identify from what variety GM pollen comes from and to estimate the influence of the size of the field in cross pollination. This research is still in progress. Another question that has to be taken into account, is what can happens when, GM, conventional and organic fields coexists in the same area; this is in a real situation of coexistence such as we have in Spain. In this sense a research program has been recently started in the frame of SIGMEA project. Data obtained in this research will be used to validate the gene flow simulation models and will contribute to design and implement an operational, practical and dynamic generic gene flow modeling platform a the landscape level.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Mullins E, Meade C, Flannery ML, 2005. ¤ Quantifying a crop‘s potential for gene flow: an Irish perspective. GMCC05 - Second International Conference on Co-existence between GM and non-GM based agricultural supply chains: 14-15 November 2005, Montpellier (France), Proceedings pp 293-294. http://www.gmcc05.com/pdf/GMCC05.pdf.  

· A gene flow index (GFI) has been established to quantify a baseline gene fl ow data set for Ireland‘s primary crops. The GFI incorporates four strands of crop-mediated gene flow into a format that permits the calculation of a crop‘s potential for gene flow. We propose that the attained indices will highlight those crops that require additional measures in order to minimise gene flow in accordance with anticipated co-existence guidelines.

· (From the text // 

[image: image14.emf]
Graphical representation of combined pollen and seed-mediated gene fl ow for wheat, barley, oilseed rape (OSR), maize, sugar beet, potato and ryegrass. GFI values attained from strands CSF, CSV, CPC and CPW (see text)
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Munsch M et al, 2005. ¤ Cytoplasmic male sterility (cms) in Maize (Zea mays L.). GMCC05 - Second International Conference on Co-existence between GM and non-GM based agricultural supply chains: 14-15 November 2005, Montpellier (France), Proceedings pp 295-297. http://www.gmcc05.com/pdf/GMCC05.pdf.

· The Plus-Hybrid system, the growth of a transgenic cytoplasmic male sterile (CMS) hybrid and a second unrelated hybrid as pollen donor, has been proposed as a method for transgenic pollen flow containment in maize. Moreover, Plus-Hybrids increase the grain yield, attributable to the combination of the CMS and the Xenia effects, improving the acceptance of this containment strategy. At present, we aim at defining optimal hybrid combinations leading to a higher expression of the Plus-Hybrid effect, and to set the optimum ratio of transgenic CMS mother hybrid and pollen donor hybrid. Furthermore, the stability of the cytoplasmic male sterility will be investigated.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Munsch M, Weider C, Aulinger Leipner I, Stamp P, 2005. ¤ Cytoplasmic male sterility (cms) in Maize (Zea mays L.). Conference: Coexistence of GM and non-GM crops. Scientific data, practical applications and perspectives for the next decade. Agroscope FAL Reckenholz - Reckenholzstrasse 191, CH-8046. Zurich, Switzerland - June 9 and 10, 2005 (Poster) http://orgprints.org/7995/01/7995_abstracts.pdf. 

· Cytoplasmic male sterility (cms) has been identified in maize at the beginning of the 20th century. Cms plants are characterized by their inability to produce viable pollen, while the female fertility is unaffected. Cms is a maternally inherited trait.

Today, the interest in maize cms relived with two new potential applications: 1) The Plus-Hybrid system, which represents a promising approach for increasing maize grain yield by up to 20% by the combination of the cms- and the Xenia- effects. 2) The Plus-Hybrid-System as a method of transgenic pollen flow containment. The cultivation of GM crops is continuously growing (10% every year since 1998), even though many countries still maintain their reserve about this biotechnological application. Actually, one of the main arguments brought by the non-GM crops partisans is the release of transgenic pollen in the environment. A way to prevent this type of contamination would be through the integration of the transgene in cytoplasmic male sterile hybrids which produce no pollen. As pollen donors, conventional male-fertile plants in a ratio of 80:20 would be used. This strategy has the potential to enable coexistence between GM and non-GM crops.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

No author, 2005. ** Coexistence of traditional, organic and genetically modified crops. [Original Title: Coesistenza tra colture tradizionali, biologiche e geneticamente modificate.]. Rivista di Scienza dell'Alimentazione vol. 34 (4) p.217-226.

· Twenty-one Italian Academies and Scientific Societies have produced a Consensus Document which summarizes the results of the international scientific literature and of the experimental trials carried out on the topic of whether it is possible to cultivate genetically modified (GM) plants near the traditional and organic crops, with the use of normal agricultural practices, and concluded that it is. According to the studies in the main European countries, 25-40 m distances between fields of GM maize, traditionally and organically cultivated, are sufficient to maintain a level of mixture lower than the 0.9% established by the EU legislation.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Orellana C, 2005. * Mexico passes GM law. Nat Biotechnol 2005 ; 23 : 405.

· (Commentaires de Semal J dans Cahiers d'études et de recherches francophones / Agricultures, 14, 5 // Au Mexique, c'est la contamination des ressources génétiques locales des maïs (et de leur ancêtre le teosinte), par des gènes de maïs transgénique importés des États-Unis, qui retient l'attention [Fox, 2005] et nourrit la controverse [Marris, 2005]. Après une première publication relatant ces contaminations sous la plume de scientifiques mexicains, le fait fut contesté par les partisans des OGM. Cependant, ils furent confirmés en novembre 2004 dans un rapport de la Commission pour la coopération environnementale, établie en commun par le Canada, le Mexique et les États-Unis dans le cadre de l'accord de libre-échange nord-américain (Alena). Dans ce rapport, un groupe d'experts internationaux (y compris nord-américains) recommandait la poursuite d'un moratoire de fait en matière de cultures de maïs transgéniques au Mexique, ainsi que la mouture des maïs transgéniques destinés à l'alimentation du bétail dès leur entrée dans le pays, afin d'empêcher leur mise en culture. Parmi les autres recommandations, on relève la nécessité d'assurer un meilleur suivi des flux de gènes. Le gouvernement des États-Unis a réagi vivement à ce rapport, qualifié de non scientifique, de fondamentalement défectueux et de contraire aux règles du libre commerce international. D'après un expert britannique de la Commission, cette réaction vise surtout à ne pas créer de précédent mexicain qui desservirait les intérêts des États-Unis d'Amérique dans le procès qui les oppose à l'Europe dans le cadre de l'Organisation mondiale du commerce (OMC). Et cela alors que les autorités des États-Unis elles-mêmes renforcent leurs réglementations internes devant la menace de transfert de transgènes à des plantes adventices sauvages.

Le 15 février 2005, après des années de discussion, le Sénat mexicain adoptait une législation sur les cultures OGM qui est très en deçà des recommandations de la Commission pour la coopération environnementale [Orellana 2005]. Les autorisations pour la plantation et le commerce des cultures OGM seront accordées au cas par cas par une instance interministérielle (Ciciogem), sur avis d'une commission scientifique (Conseil consultatif de biosécurité). Diverses mesures sont prévues pour l'étiquetage des OGM, l'établissement de registres ad hoc et les aspects financiers (Fonds de développement, amendes, etc.). )

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Ortiz-García S, Ezcurra E, Schoel B, Acevedo F, Soberón J, Snow AA, 2005. * Correction". Proc. Natl. Acad. USA 102:18242. PNAS 2000; 97; 8198-8199.

· (In Alvarez-Morales and Jofre-Garfias, 2006 // The first report of the presence of transgenes in maize landraces in the Sierra Juárez of Oaxaca, Mexico (Quist and Chapela, 2001), and the confirmation and acknowledgement by the Mexican government (Alvarez-Morales, 2002), led a group of researchers to conduct a follow-up study on the possible fate of the transgenes after three years of their initial detection. This group did not detect any transgenes in the sampled material which led them to conclude that transgenes were either absent or extremely rare in the sampled fields (Ortiz-García, et al, 2005a, 2005b). This conclusion was challenged, primarily on the basis of the sampling procedure and the statistical treatment of the data (Cleveland, et al, 2005), and the challenge was responded defending the conclusions and the statistical treatment used (Ortiz-García, et al, 2005c).//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Rompelberg J, 2005. ¤ Dutch Farm Coexistence Measures. Conference: Coexistence of GM and non-GM crops Scientific data, practical applications and perspectives for the next decade. Agroscope FAL Reckenholz - Reckenholzstrasse 191, CH-8046 Zurich, Switzerland - June 9 and 10, 2005 
http://orgprints.org/7995/01/7995_abstracts.pdf. 

· Beginning November 2004 dr.ir. C. Veerman, minister of Agriculture, Nature and Food Quality and mr. P. van Geel, deputy minister for Housing, Spatial Planning and the Environment received a report containing an agreement on measures for coexistence of genetically modified, organic and conventional crops in the Netherlands. The report - produced by a committee of farmer and chain organizations involved in Dutch agriculture- stipulates measures, which minimize mixing products from the different production types and possible economic damage at the farm level and includes recommendations for government action. The committee was instituted at the invitation of the minister, who stated he intends to follow the recommendations.

For maize the respective distances are 250 meters to « GM-free » production chains and 25 meter to other non-gm production chains.
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Sanvido O et al, 2005. ¤ An evaluation of measures to ensure agricultural coexistence of GM and non-GM crops in Switzerland. GMCC05 - Second International Conference on Co-existence between GM and non-GM based agricultural supply chains: 14-15 November 2005, Montpellier (France), Proceedings pp 179-182. http://www.gmcc05.com/pdf/GMCC05.pdf. 

· The aim of the present study was to analyze if coexistence of both genetically modified (GM) and non-GM crops was technically feasible in Swiss agricultural production. Using maize, oilseed rape and wheat as examples, technical and organizational measures were identified, which will ensure that adventitious GM-contents in food and feed do not exceed the threshold of 0.9% specified by EU and Swiss legislation. In order to determine the required isolation distances between fields of GM and non-GM maize and oilseed rape, an analysis of available out-crossing data was performed. Two different approaches were used to assess the feasibility of spatial co-existence of GM and non-GM based farming in Switzerland. The here presented evaluations of scientifi c information and legal frameworks indicate that the coexistence of GM and non-GM based agriculture is possible in Switzerland within the current legal threshold of 0.9%. However, technical and organizational measures as well as the exchange of information and agreements among farmers are necessary. The approach developed in this study may be of assistance for evaluations in other countries or for evaluations based on lower threshold definitions.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Sanvido O, Widmer F, Winzeler M, Streit B, Szerencsits E, Bigler F, 2005. ¤ A concept for coexistence of GM and non-GM crops in Switzerland. Conference on Coexistence of GM and non-GM crops: Scientific data, practical applications and perspectives for the next decade. June 9 and 10, 2005. Zurich. 

http://www.coexistence.ethz.ch/PDF/Summary%20Coexistence%20Zurich%20June%202005.pdf. 

· In 2004, genetically modified (GM) crops have been grown commercially on 81 million hectares which is about 2% of the total acreage of agricultural crops cultivated worldwide. The four most important GM plants were soybean, cotton, maize and oilseed rape, accounting together for almost 100% of the total GM crop acreage. More than half of GM crops were grown in the USA, but Argentina, Canada, Brazil and China are other important GM crop growing countries. It is generally assumed that the acreage with GM crops will further increase in the future, and it is expected that countries like China,

India, Brazil and South Africa will contribute substantially to this increase in the next years. As an example, herbicide tolerant soybean and insect resistant cotton have recently been approved for commercial cultivation in Brazil. Herbicide tolerance, insect resistance and virus resistance are still the only three traits introduced into GM plants which are commercially grown. Spain is the only western European country so far, where insect resistant GM maize, containing the toxin of Bacillus thuringiensis (Bt), was commercially grown in 2004 on approximately 60‘000 hectares. A number of Bt maize varieties were approved in 2004 for commercial cultivation in the European Union (EU) and it is to be expected that other European countries will grow such GM varieties in the near future. Major motivations and expectations of adopting GM crops by farmers are: a) increased economic values of GM crops by reducing potential losses due to insect pests, viruses, diseases and weeds, b) lower pesticide costs (e.g. insecticides in cotton), c) simplicity of pest and weed control methods, d) more flexibility of weed control by post-emergence applications and e) lower farmers‘ health risk by reducing insecticide use.

One constraint in adopting GM crops in Europe is the obligation of the EU member states to establish national regulations and strategies that should enable coexistence of all agricultural production systems, be it with or without GM crops. The European Commission explicitly states that neither of these production systems should be excluded, and farmers should have free choice of production systems. The consumer‘s freedom of choice between food produced with different agricultural methods should be facilitated to the greatest possible extent. The consequence of this is a strict separation of non-GM and GM crops and their products on-farm, during processing of the harvest and during retail. The European Commission considers that measures for coexistence should be developed and implemented by the Member States. As national regulations and strategies for coexistence have been established in a few Member States only and as there is no practical experience gained so far, coexistence measures are highly debated both in politics and in the public. Costs for GM crops may accrue to farmers if stringent coexistence measures will be established by governments. This is especially the case if economic damage to non-GM crop farmers has to be fully refunded by individual GM crop farmers. Additional costs may result for GM crop farmers due to increased labour, i.e. for more elaborate documentation, agreements with neighbours, segregation of harvests at transport and storage on the farm. In addition, separate processing of goods by food industry and the management of additional food chains by retailers may contribute to higher costs, which may result in increased food prices for consumers. National liability regulations may have further impacts on the decision of GM crop farmers to undertake the risk, and consequently, this will strongly influence adoption of GM crops in Europe. Coexistence measures will be largely influenced by intrinsic properties of the cultivated plants with regard to their mechanisms of out-crossing on non-GM crops (e.g. self- or cross-pollination, pollen transport by wind or insects), their potential to build volunteers, to overwinter under specific climates and the possibilities of applying new techniques for genetic containment of gene flow. A list of crop plants is provided showing an overview of relevant properties from which efforts for coexistence measures at the farm level can be deduced. In order to determine the required isolation distances between fields of GM and non-GM crops, an analysis of available gene flow data was performed using twelve recent studies in maize and eleven studies in oilseed rape. This analysis indicated that 25 metres for silage maize and of 50 metres for grain maize is sufficient to keep adventitious GMlevels below 0.5% at the border of non-GM crop fields (without taking into account the additional dilution that takes place during harvest of the whole field). Taking into account the proposed isolation distances, the area required to allow for spatial isolation of 10% GM crop cultivation was calculated for every Swiss commune. These calculations showed that the available arable-land areas are sufficient for an isolation of 10 % GM-maize and 10% GM-oilseed rape in the majority of Swiss communes. The second approach was based on an assessment of aerial pic-tures covering a 164-square-kilometre area in eastern canton Zurich. Geographic informa-tion systems (GIS) were used to calculate the shortest distance between two maize fields at a resolution of 50 metres. The results of the GIS analysis showed that the density of maize cultivation and the distances between the maize fields varied considerably within a very small area in relation to the landscape structure. In the area investigated, half of the fields were more than 90 metres apart. The analysis suggested that establishment of iso-lated GM crop fields with the proposed distance of 50 metres should be possible for the majority of maize fields in this area.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Stamp P et al, 2005. ¤ Is cytoplasmic male sterile maize really sterile? Conference : Coexistence of GM and non-GM crops - Scientific data, practical applications and perspectives for the next decade. Switzerland - Agroscope FAL Reckenholz - Reckenholzstrasse 191, CH-8046 Zurich - June 9 and 10, 2005. 

http://orgprints.org/7995/01/7995_abstracts.pdf 

· The growth of mixtures of transgenic CMS (cytoplasmic male sterile) and conventional maize hybrids as pollen donors was proposed as a method for transgenic pollen flow containment. This system, which is based on state-of-the-art technology, has the great potential to contribute to a sane coexistence between GM and non-GM crops, given that the cytoplasmic male sterility is a stable trait. By stability we understand the lack or low rate of a reversion to fertility of the CMS plants, triggered either by environmental factors or by the presence of restorer of fertility genes in the genetic pool.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Transgen, 2005. $ Kennzeichnung und Zulassung in der Schweiz: Deklaration nun wie in der EU. 

http://www.transgen.de/recht/kennzeichnung/281.doku.html 

· (In Bannert, 2006 // In EU countries, the threshold for the positive labelling of food and feed products, containing or derived from GM-crops, is set at 0.9% at the moment (Regulation EC1829/2003 on GM-food and -feed; EurLex, 2003). In Switzerland labelling requirements are similar to those in the EU (Transgen, 2005b). In other countries labelling of unintended GM content of plant products is quite different depending on the attitude to GM- plants. For example in the USA and Argentina GM labelling is voluntary but not compulsory, in Canada exists a voluntary threshold of 5%, a level that is mandatory in Japan (Choices, 2003). The countries that introduced legislation for mandatory-labelling of GM-foods have done so to give their consumers a choice in selecting the foods they feel comfortable with (Ahmed, 2002).//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Transgen, 2005. $ BT-Mais: Pollen im Honig. http://www.transgen.de/einkauf/lebensmittel/208.doku.html 

· (In Bannert, 2006 //In Germany (Transgen, 2005d) field experiments were conducted on pollen collection by honeybees. When the bee populations were established before the onset of maize flowering, bees did not collect pollen of maize despite direct proximity. They had already looked for more attractive flowers. In conclusion, honeybees usually do not contribute to fertilization and cross-pollination in maize (Transgen, 2005c).// )

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Transgen, 2005. $ Begleitforschung Bayern: GV-Maispollen im Honig kaum nachweisbar. 

http://www.transgen.de/erprobungsanbau/begleitforschung/554.doku.html 

· (In Bannert, 2006 //Honeybees collect pollen for feeding and breeding their larvae. They collect them around a distance of 2 km of their beehive. The female flowers of maize are not attractive to honeybees because they produce no nectar. Male and female flowers are spatially separated. During maize pollen collection at the top of the plants the bees usually do not come in contact with the female silks at the middle height of the stalks.// In Germany (Transgen, 2005d) field experiments were conducted on pollen collection by honeybees. When the bee populations were established before the onset of maize flowering, bees did not collect pollen of maize despite direct proximity. They had already looked for more attractive flowers. In conclusion, honeybees usually do not contribute to fertilization and cross-pollination in maize (Transgen, 2005c).// )

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Vogler A, Bannert M, Aulinger Leipner I, Stamp P, 2005. ¤ Transgenic pollen flow in maize – a Swiss study. Conference: Coexistence of GM and non-GM crops - Scientific data, practical applications and perspectives for the next decade - Agroscope FAL Reckenholz - Reckenholzstrasse 191, CH-8046 Zurich, 

Switzerland - June 9 and 10, 2005 (Poster) http://orgprints.org/7995/01/7995_abstracts.pdf 

· The advent of the cultivation of GM-crops in the EU and also in Switzerland is, at least in a long-term, foreseeable. Intense discussions are taking place in Switzerland regarding the risk of cultivating GM-crops under its specific topographic and meteorological characteristics. A parameter with direct consequences on the feasibility of coexistence between GM and non-GM crops is the pollen flow distance and the rate of outcrossing.

In previous years, we focused our research on long distance pollen dispersal in maize (Zea mays L.). We performed vast field trials in typical Swiss landscapes where maize cultivation is widespread. The results of our studies were in accordance with the results presented by other researchers in the EU, indicating that the required isolation distance between GM and non-GM maize should be of 10 to 28 m in order to keep the contamina-tions below the 0.9 % threshold.

In future field trials, we want to perform studies focusing on the less studied short distance pollen dispersal. In these studies, we want to pay special attention to factors affecting the rate of outcrossing, such as the influence of meteorology (thermal lift, wind speeds and directions, etc.), competition effects, flowering synchronization and topographical factors on pollen flow. With these data, we aim at predicting the risk of outcrossing and at defining guidelines for the coexistence between GM and non-GM maize fields in Swiss agriculture. For the simulation of the transgenic pollen dispersal, we will continue applying the well proven method of using a white (recessive) maize hybrid (DSP 17007) and a yellow (dominant) maize hybrid simulating the transgenic hybrid. The advantages of this method are no need of transgenic maize, the simple, cheap and quick realization, and the ease of handling a large number of samples.
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Weber WE, Bringezu T, 2005. ¤ Coexistence and maize – experiences and results from the German Erprobungsanbau― 2004. Conference : Coexistence of GM and non-GM crops - Scientific data, practical applications and perspectives for the next decade - Agroscope FAL Reckenholz - Reckenholzstrasse 191, CH-8046 Zurich, Switzerland - June 9 and 10, 2005. http://orgprints.org/7995/01/7995_abstracts.pdf 
· Conclusions

· 1. In 2004 it was not possible to avoid overlapping flowering periods by choosing different sowing dates or varieties differing in the development. This year also showed that the direction and strength of the wind during flowering cannot be predicted in advance. 

· 2. At a distance of 0-10 m from the field with Bt-maize the farmer has to expect that the GMO content in the conventional maize may be above the EU threshold value of 0.9 %. Such charges must be signed as long as the GMO content is not estimated. 

· 3. If the distance was at least 20 m, no sample above the threshold value was found under the conditions in 2004. Since the trade takes large charges, it is expected that the GMO content of a charge is below the values found at the distance 20-30 m.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Weber WE, Bringezu T, Broer I, Holz F, Eder J, 2005. ** Koexistenz von gentechnisch verändertem und konventionellem Mais: Ergebnisse des Erprobungsanbaus Körnermais 2004. Mais 2:62-65

· (In Bannert, 2006 // Beyond the initial 30 m, cross-pollination values are in most cases in a similar way below 0.9% (Henry et al, 2003; Bénétrix, 2004; Bénétrix and Bloc, 2003; Melé, 2004; Weber et al. 2005a; Weber et al. 2005b).// Quite a number of other studies do not provide detailed data for comparisons but the results apparently fit within the variation range of cross-pollination rates shown in many studies. In their experiments the authors did not take sample points at specified distances but took a mixed sample directly from the harvest machine. These mixed samples are representative of a certain distance area where dilution effects can be expected. This may be a realistic approach with respect to analytical control of coexistence in agricultural practice but the data from mixed samples do not reveal distinct distribution patterns as do approaches with sample points; therefore they were not considered for further deliberations, although the data seem to fit in the same range of cross-pollination.//)

· (In Cubero et al, 2006 // Quand source et puits sont séparés par une distance de 25 à 30 m. le taux de PrFo dans la parcelle puits est de 0,24%.)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Weber WE Bringezu T, 2005. ¤ Test of coexistence under German field conditions - results from the ―Erprobungsanbau 2004 with Bt-maize. GMCC05-Second International Conference on Co-existence between GM and non-GM based agricultural supply chains: 14-15 November 2005, Montpellier (France), Proceedings pp : 327-330 http://www.gmcc05.com/pdf/GMCC05.pdf. 

· In the 2004 pre-commercial plantings (Erprobungsanbau), genetically modified (GM) and conventional varieties of maize were cultivated under commercial conditions in seven German federal states. The study focussed on the question of whether and to what extent cultivation of GM maize on fields of 0.3 to 23.0 ha leads to the presence of GM DNA in the harvest of neighbouring conventional maize fields. This paper presents results for silage and grain maize, as well as crushed husks and cobs. The highest levels of GM DNA (average 1.1% for silage maize and 1.0% for grain maize) were found in the 0 to 10 m conventional maize strips immediately bordering the GM maize fields. With increasing distance, values quickly decreased. The results show that, as of 20 m from the GM fields, all values were below the labelling threshold established by Regulation (EC) No. 1829/2003. No differences were found between silage and grain maize, although for silage maize the complete plant including the GM-free plant parts are harvested.

· (From the text // 

	% of GM DNA in the harvest of conventional maize fields bordering GM maize fields

	Crop
	Site (coded)
	Bt-maize (ha)
	Distance

	
	
	
	0-10 m
	20-30 m
	50-60 m

	Silage maize
	1,01
	3,0
	0,19
	0,06%
	0,00%

	
	1.02
	1.9
	3.74%
	0.23%
	0.04%

	
	1.04
	1.3
	0.64%
	0.15%
	0.11%

	
	1.05
	0.4
	0.02%
	0.01%
	0.00%

	
	1.06
	0.4
	0.14%
	0.08%
	-

	
	1.07
	0.3
	0.26%
	0.08%
	0.03%

	
	1.09
	7.0
	0.63%
	0.07%
	0.03%

	
	1.10
	1.0
	0.23%
	0.02%
	0.02%

	
	2.01
	9.0
	0.82%
	0.19%
	0.15%

	
	2.02
	23.0
	0.65%
	0.64%
	0.16%

	
	3.01
	1.0
	0.20%
	0.13%
	0.01%

	
	4.01
	2.3
	3.30%
	0.59%
	0.21%

	
	4.02
	4.0
	0.72%
	0.48%
	0.29%

	
	6.01
	4.9
	2.12%
	0.32%
	0.11%

	
	6.02
	6.5
	2.77%
	0.32%
	0.10%

	
	6.04
	3.0
	0.60%
	0.29%
	0.19%

	
	7.01
	1.1
	0.94%
	0.30%
	0.29%

	
	8.01
	15.7
	2.66%
	0.27%
	0.25%

	Grain maize
	1,03
	1,8
	1.86%
	0.69%
	0.36%

	
	1.08
	2.9
	1.61%
	0.26%
	0.18%

	
	6.03
	18.3
	0.63%
	0.32%
	0.07%

	
	7.02
	8.5
	1.23%
	0.32%
	0.11%

	
	7.05
	8.5
	1.00%
	0.58%
	-

	
	7.06
	5.0
	0.21%
	0.09%
	0.02%

	
	7.07
	5.0
	0.80%
	0.28%
	0.05%

	
	7.08
	5.0
	0.52%
	0.08%
	0.05%

	Crushed husks and cobs
	7.04
	6.2
	2.81%
	0.36%
	0.07%
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Weber WE, Bringezu T, 2005. ¤ Coexistence and maize – experiences and results from the German Erprobungsanbau― 2004. Conference: Coexistence of GM and non-GM crops. Scientific data, practical applications and perspectives for the next decade. Zurich, Switzerland - June 9 and 10, 2005. http://www.coexistence.ethz.ch/PDF/Summary%20Coexistence%20Zurich%20June%202005.pdf. 

· (In Van De Wiel, 2006. NJAS 54 //More recently, these figures were corroborated by studies from InnoPlanta at 30 sites in seven states in Germany (Weber and Bringezu, 2005). At distances of over 20 m from Bt sources GM admixture was generally below 0.9%. Also the most recent scientific publication of three years of field experiments in Canada (Ma et al, 2004) gave an outcrossing rate below 1% at 28 m downwind (10 m upwind).//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Weider C, Aulinger Leipner I, Stamp P, 2005. ¤ Stability of the sterility trait in maize CMS hybrids. GMCC05 : Second International Conference on Co-existence between GM and non-GM based agricultural supply chains : 14-15 November 2005, Montpellier (France), Proceedings pp : 331-332. http://www.gmcc05.com/pdf/GMCC05.pdf. 

· The growth of mixtures of transgenic CMS (cytoplasmic male sterile) and conventional maize hybrids as pollen donors has been proposed as a method for transgenic pollen fl ow containment. This system has the potential to contribute to coexistence between GM and non-GM crops, given that the cytoplasmic male sterility does not permit any reversion to male fertility of the CMS plants, due either to environmental factors (temperature, photoperiod, water availability) or to the presence of fertility restorer genes in the genetic pool. The environmental factors which may lead to partial or complete restoration of male fertility in CMS hybrids are being investigated, and a protocol for the molecular identification of the major fertility restorer genes will be developed.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Alvarez-Morales A, Jofre-Garfias AE, 2006. ¤ A Proposal for a Continuous Large Scale Monitoring Program, Based on Farmer‘s Experience, to Detect the Possible Presence of Cry Transgenes in Maize Landraces in Oaxaca, Mexico. Ninth International Symposium on Biosafety of Genetically Modified Organisms Biosafety Research and Environmental Risk Assessment. Jeju Island, Korea, September 24-29, 2006. 

http://www.isbr.info/isbgmo/docs/9th_isbgmo_program.pdf 

· We proposed the implementation of a programme in Oaxaca, Mexico, for the detection of the possible presence of cry transgenes in maize landraces in Oaxaca, Mexico. The programme involved the continuous monitoring of farms, use of questionnaires for farmers, and keeping of records of possible changes in maize crop that may be attributed to the possible presence of cry genes. A change in conditions that could be attributable to the presence of transgenes could then be followed by the more expensive molecular analysis. The system was evaluated in each of the 7 districts of rural development (DDRs) in Oaxaca during 2003. Fifty small farms were visited in each DDR where maize landraces were being grown. The results suggested the absence of transgenes in all DDRs.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Aylor DE et al, 2006. * Quantifying aerial concentrations of maize pollen in the atmospheric surface layer using remote-piloted airplanes and lagrangian stochastic modeling. Journal of applied meteorology and climatology - 2006, vol. 45, no7, pp. 1003-1015.

· The extensive adoption of genetically modified crops has led to a need to understand better the dispersal of pollen in the atmosphere because of the potential for unwanted movement of genetic traits via pollen flow in the environment. The aerial dispersal of maize pollen was studied by comparing the results of a Lagrangian stochastic (LS) model with pollen concentration measurements made over cornfields using a combination of tower-based rotorod samplers and airborne radio-controlled remote-piloted vehicles (RPVs) outfitted with remotely operated pollen samplers. The comparison between model and measurements was conducted in two steps. In the first step, the LS model was used in combination with the rotorod samplers to estimate the pollen release rate Q for each sampling period. In the second step, a modeled value for the concentration Cmodel, corresponding to each RPV measured value Cmeasure, was calculated by simulating the RPV flight path through the LS model pollen plume corresponding to the atmospheric conditions, field geometry, wind direction, and source strength. The geometric mean and geometric standard deviation of the ratio Cmodel/Cmeasure over all of the sampling periods, except those determined to be upwind of the field, were 1.42 and 4.53, respectively, and the lognormal distribution corresponding to these values was found to fit closely the PDF of Cmodel/Cmeasure. Model output was sensitive to the turbulence parameters, with a factor-of-100 difference in the average value of Cmodel over the range of values encountered during the experiment. In comparison with this large potential variability, it is concluded that the average factor of 1.4 between Cmodel and Cmeasure found here indicates that the LS model is capable of accurately predicting, on average, concentrations over a range of atmospheric conditions.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Bannert M, 2006. ££ and /// Simulation of transgenic pollen dispersal by use of different grain colour maize. A dissertation submitted to the Swiss Federal Institute of Technology Zurich for the degree of Doctor of Sciences.

· Cross-pollination of maize was studied by plant breeders in former years in order to guarantee seed purity. Today, the cultivation of transgenic maize varieties has world-wide increased rapidly. As a result, cross-pollination research has made a comeback in the context of managing the coexistence of conventional and transgenic maize. This situation is different to the plant breeding situation, where female plants get detasseled and are highly receptive both to the pollen from the male parent but also to adventitious pollen from neighbouring fields. Maize is a wind-pollinated crop that produces large amounts of pollen and favours cross-pollination by protandry of flowers. Therefore maize has a biological potential to cross-pollinate by pollen dispersal into neighbouring fields.

Studies about cross-pollination in maize have been published in recent years in many countries of the world. However, so far no experiments have been carried out under the Swiss alpine conditions, which differ in constellations of potentially important influence factors like weather conditions and topography. Twenty-two field experiments were conducted in 2003 and 2004, mainly in two different regions that are typical of Switzerland: In an alpine region of canton Uri and in the Swiss midlands of canton Zurich. Cross-pollination was not directly measured by use of transgenic maize varieties. Instead of this an alternative approach was used by simulating transgenic cross-pollination with maize varieties of different grain colours. In this visual marker system, yellow grain maize is assumed to be transgenic and white grain maize as conventional. Because of the xenia effect the dominant yellow grain colour can be transfered by pollen to white grain maize and such cross-pollinations are visible as yellow grains on the white grain maize ears. The experimental white grain hybrid, DSP17007, was tested in pilot experiments and identified as being comparable to modern hybrids. The method of measuring cross-pollination by counting the number of yellow grains on white grain ears was time and cost effective and enabled high sample rates. This made it possible to investigate complex cross-pollination patterns in high detail in order to optimize sampling procedures as well as to analyse cross-pollination events at very low levels of incidences.

Cross-pollination in long distance was investigated at distances of 50 to 4500 m in the alpine region of canton Uri. Thirteen fields of white grain maize were arranged in different wind orientations to the yellow grain pollen donor. The rate of cross-pollination of total fields was always below 0.02 %. Cross-pollination patterns were in most cases like randomly dispersed, with mainly single cross-pollination events and an average cross-pollination frequency of 1.8% of the sampled ears. In four fields, located in distances of 50 to 370 m in the main wind direction to the yellow grain pollen donor field, a low but marked cross-pollination occurred at the field border indicating pollen dispersal by horizontal winds. The potential distance of pollen dispersal was calculated according to the measured wind conditions in relation to settling height and speed. Thereby it was confirmed that most of the shed pollen will not reach distances beyond 50 m. A pollen take-off experiment corroborated that only a very small portion of pollen will move vertically above the field, due to special events like thermals or gusts. These results help to explain the low rates of long distance pollen dispersal. A few « hot-spot » areas with higher cross-pollination rates existed. But whenever the surrounding plants were checked in detail, pure yellow grain contamination plants were found. Therefore « hot-spot » may be more often an effect of seed contamination rather than of extreme or special atmospheric events. This should be carefully taken in account for any cross-pollination experiment. Cross-pollination experiments in short distance were focused in the Swiss midlands of the canton Zurich on the situation that maize fields are adjacent to each other. Such situations may arise when a farmer cultivates different maize types on the same field or when neighbouring farmers plant their maize crops without another separation crop between them. Moreover, such a situation is of scientific interest as an extreme situation. With different field experiment settings different constellations of influence factors were checked in order to investigate the variability of the cross-pollination rate and to define « worst-case » situations of maximum cross-pollination. In a wind exposed location there was a clear effect of the main wind direction; in most of the other cases the wind effect was probably minimized by the variable topography of the Swiss midlands, which are characterized by a small scale mix of hills, scattered woods and settlements. An important effect of the size ratios of pollen-donor and pollen-receptor fields was hypothesized. The investigated size ratios varied from about 4 : 1 to 1 : 8. However there was no visible impact on the cross-pollination gradients. Probably because of the high settling speed of the pollen only a small portion of pollen will be dispersed beyond distances of 10 m and therefore different field size ratios will not modify the cross-pollination rate significantly. A strong effect was shown by flower asynchrony. When the pollen-donor field sheds pollen five days later than the emergence of silks in the receptor field the cross-pollination rate was lower than 0.9%, even in the neighbouring row at a distance of 1 m, which is in accordance of observed wilted (already fertilized) silks around five days after emergence. It was proven that asynchronous flowering can strongly be modified by the synchrony or homogeneity of flowering within a receptor field. One pollen donor field flowered seven days later than the mid silk emergence of the receptor field. Therefore, little or no cross-pollination should have occurred. A surprisingly high cross-pollination rate was due to a high number of yellow grains on small weak ears that were late in flowering when the availability of white grain pollen was probably already quite low in relation to the inflow from the yellow grain donor. In all field experiments variation in cross-pollination was high at close distance to the pollen donor but the rates decreased rapidly with distance and beyond 15 m they were more or less below 0.9 % in all experiments. The results of this Swiss study supported and complemented the results of international studies. In general cross-pollination rates were lower, which might be a feature of special Swiss conditions for climate, topography and landscape patterns or the special flower biology of the used maize varieties. All values for cross-pollination were calculated for the heterozygous case of transgenic varieties at present. Therefore the cross-pollination values were halved as yellow varieties were homozygous for the transferred yellow grain colour marker.

· (From the thesis // 

	Cross-pollination data for all fields in 2003 and 2004 with respect to distance from the closest yellow grain donor field. Field: field name; Distance: distance to next pollen donor (yellow grain maize); Wind: field orientation of receptor field (white grain maize) to main wind directions (+ in direction, - parallel, - - against); Flower: flower synchronization in days as timespan between mid-pollen shedding of donor to mid-silking of receptor (e.g. -5 means a mid pollen shedding of donor 5 days earlier than mid silking of receptor; = means synchronous); CPf = total cross-pollination rate of whole field (calculated to heterozygous pollen traits).

	Field 
	Year
	Distance
	Wind
	Flower
	CPf%

	 W7 
	2004
	52 m
	+
	- 7
	0.009

	 W12 
	2004
	85 m
	+
	=
	0.015

	 W2 
	2003
	105 m
	-
	- 4
	0.003

	 W3 
	2003
	125 m
	-
	- 1
	0.01000

	 W10 
	2004
	149 m
	+
	- 1
	0.016

	 W5 
	2003
	150 m
	+
	- 2
	0.007

	W1 
	2003
	200 m
	-
	- 1
	0.009

	 W9 
	2004
	287 m
	- -
	- 4
	0.005

	 W11 
	2004
	371 m
	+
	- 5
	0.008

	 W8 
	2004
	402 m
	-
	- 1
	0.005

	 W13 
	2004
	458 m
	+
	- 7
	0.0002

	 W6 
	2003
	4125 m
	+
	- 1
	0.006

	 W14 
	2004
	4440 m
	+
	- 2
	0.0005


[image: image15.emf]
Figure: Maximum cross-pollination rate found by several studies Dotted line: old study of 1947; Dashed line: the maximum cross-pollination rates of new studies; Bold line: maximum range of most new studies. Data sources: Spain 1 (Molina, 2004); Spain 2 (Brookes et al, 2004); Spain 3 (Brookes et al, 2004); Spain 4 (Brookes et al, 2004); UK (Bateman, 1947); USA (Jones and Brookes, 1950); CA (Ma et al, 2004): dw = downwind, uw = upwind, max = maximum, min = minimum; USSR (Salamov, 1940); GER (Wilhelm, personal communication); Spain 5 (Molina, 2004). 
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Variation in cross-pollination across all experiments (Swiss experiments 2003 / 2004); the bold line follows the maximum cross-pollination rates (“worst-case”)
· (In Point N°59, Septembre 2006 (http://www.internutrition.ch/in-news/point/sep06_f.html) // Pour sa thèse de doctorat à l'institut des sciences végétales de l'EPF Zurich (groupe du prof. Peter Stamp), Michael Bannert a étudié la dispersion du pollen chez le maïs dans un climat alpin comme on le trouve en Suisse. Pour cela, il s'est servi d'une astuce génétique qui permet de simuler la transmission de pollen de maïs transgénique sur des champs de maïs avoisinants, sans employer des variétés génétiquement modifiées. Il a utilisé une variété de maïs à grains blancs comme récepteur de pollen. Si ce maïs blanc est fécondé par du pollen de maïs classique, on retrouve alors des grains jaunes - on peut donc en déduire, selon leur nombre, le degré de pollinisation venant de champs avoisinants. 

Des essais en plein champ, effectués dans une région vallonnée du canton de Zurich, ont démontré que le pollen du champ de maïs jaune, directement avoisinant, était clairement présent dans le premier mètre du champ de maïs blanc. La présence de maïs jaune diminuait fortement plus on pénétrait dans le champ de maïs blanc; à partir d'une distance de 15m, la présence ne dépassait pratiquement nulle part 0,9%. Sur de courtes distances, on a clairement remarqué les effets de la direction du vent et du moment de la floraison: si ce dernier varie de plus de quelques jours entre les champs, le taux de pollinisation étrangère diminue considérablement. 

Des essais ont été effectués dans la vallée uranaise de la Reuss, une vallée profonde avec des conditions de vent constantes, pour fournir des résultats sur la pollinisation à longue distance. Pour cela, on a analysé 13 champs d'essai qui se situaient à une distance de 55m à 4,4km du prochain champ de maïs jaune. La taille des champs ainsi que leur distance correspondait aux champs de maïs que l'on retrouve dans la région. Au bord du champ d'essai le plus proche, qui, de plus, se situait dans la trajectoire principale du vent, des pollinisations étrangères de 1,2% ont été observées à certains points de mesure; en revanche, leur part était inférieure à 0,01% en considérant le champ entier. Grâce à des méthodes de détection ultrasensibles, il a été possible de prouver que certains grains de pollen arrivent à féconder des fleurs de maïs sur une distance de plusieurs centaines de mètres - mais le taux maximum de pollinisation étrangère observé dans un champ n'a jamais dépassé 0,016%, ce qui est largement en dessous du seuil de tolérance de 0,9%.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Brunet Y, 2006. ¤ On maize pollen transport in the atmospheric boundary layer. 27th Conference on Agricultural and Forest Meteorology, 17th Symposium on Boundary Layers and Turbulence, 17th Conference on Biometeorology and Aerobiology, San Diego, CA, USA, 22-25 May 2006.

· A literature survey shows that recent experiments on pollen deposition and observations made on outcrossing rates at the landscape scale provide contradictory results. On the one hand most experiments on pollen dispersal, performed using ground-based systems with pollen traps located at various distances downwind from a source, have shown a rapid decrease in pollen deposition with distance. On the other hand significant outcrossing rates have been observed in several occasions at distances beyond the apparent range of pollen dispersal. This apparent contradiction can be solved by realising that measurements currently performed on pollen deposition can only provide information on short-range dispersal within the surface boundary layer, thereby excluding larger-scale mechanisms associated with convective acticity. In order to better characterise pollen dispersal, the presence and viability of pollen in the convective boundary layer (CBL) has been investigated. For this purpose a series of flights were performed from 2002 to 2005 with a light aircraft over a flat region consisting in a mozaic of maize fields and maritime pine stands in South-West France. Air samples were collected during the pollination period of maize, at several altitudes within and above the CBL (up to 1800 m). The sampling device allowed pollen grains to be collected by impaction on Petri dishes, and further counted and analysed for viability. Pollen grains were consistently found at all heights, with a vertical variation in concentration typical of the structure of a CBL, i.e. with little variation within the mixed layer. Simulations performed with a simple CBL model provide results compatible with measured concentrations and source strengths. Pollen viability smoothly decreases with height but remains significant throughout the boundary layer. Separate chamber measurements show that the temperature and humidity conditions encountered by pollen in the CBL are much more favourable for its survival than close to the ground. To complete the picture, outcrossings have been observed on isolated maize plots set up for the purpose of estimating the level of genetic ―pollutiondue to these large-scale transport mechanisms. These findings provide a rational explanation for the existence of regional background concentrations in viable pollen that may account for the fact that observations of outcrossings form a source field often show fat-tailed distributions.

· (In Messean 2008.// Une partie du pollen de maïs est emportée par les mouvements convectifs en altitude (Brunet, 2006) et la redéposition peut se faire à très longue distance et donner lieu à une pollinisation efficace (pollen encore viable).//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Brunet Y, 2006. ¤ Dispersion du pollen de maïs à longue distance : sources, transport, dépôt. Séminaire ANR-OGM - Organismes génétiquement modifiés : aspects socio-économiques, alimentaires et environnementaux - 14 et 15 décembre 2006 à Paris - Ministère délégué à l‘Enseignement Supérieur et à la Recherche - Amphithéâtre Gay-Lussac, 1 rue Descartes ; Proceedings - pp. 63-65.

http://www.inra.fr/les_partenariats/programmes_anr/programme_ogm/appel_a_projets_2006/seminaire_anr_ogm 

· Suite à des observations révélant la présence de pollen de maïs viable dans toute la couche limite atmosphérique (les 1-2 premiers km de l'atmosphère), ce projet s'intéresse à la problématique de la dispersion à (très) longue distance. Sur la base d'expérimentations en laboratoire, de mesures in situ, d'observations spatiales et de modélisation, il aborde l'ensemble des processus impliqués : localisation des sources, déterminisme de l'émission, viabilité dans l'atmosphère, transport à l'échelle régionale, dépôt et fécondation éventuelle. Les résultats obtenus permettent de caractériser la dispersion à longue distance, d'en comprendre les mécanismes et de quantifier ses conséquences en terme de dissémination génétique.

· (// L‘auteur détermine la teneur de la couche atmosphérique en pollen de maïs dans le sud de la Gironde et le nord des Landes.

La teneur moyenne est de 1 grain/m3. La viabilité de ce pollen décroit avec l‘altitude et l‘âge du pollen, mais les conditions thermohydriques rencontrées en altitude allongent sa durée de vie de plusieurs heures par rapport à ce qu'elle est au sol dans les conditions typiques de juillet. Les FeCr dans les parcelles puits situées à plusieurs Km des sources varie entre 0,05% (maïs non castré) et 0,25% (maïs castré). La majorité des grains tombe à une distance inférieure à 2 m et leur viabilité diminue quand la distance à la source, ou la hauteur de capture, augmente. Le pollen viable, plus lourd, chute ainsi plus rapidement que le pollen non viable. Les mesures ont également montré qu‘il fallait une vitesse minimale de 2 m s-1 pour obtenir ce tri du pollen.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Brunet Y, 2006. ¤ Upscaling transfer processes from plant scale to regional scale: application to pollen dispersal. Workshop "Up-scaling effects of genetically modified organisms to the landscape level", Brema, Germany, 30 31 January 2006.
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Chapman MA, Burke JM, 2006. * Letting the gene out of the bottle: the population genetics of genetically modified crops. New Phytologist 170, 429–443

· Genetically modified (GM) plants are rapidly becoming a common feature of modern agriculture. This transition to engineered crops has been driven by a variety of potential benefits, both economic and ecological. The increase in the use of GM crops has, however, been accompanied by growing concerns regarding their potential impact on the environment. Here, we focus on the escape of transgenes from cultivation via crop × wild hybridization. We begin by reviewing the literature on natural hybridization, with particular reference to gene flow between crop plants and their wild relatives. We further show that natural selection, and not the overall rate of gene flow, is the most important factor governing the spread of favorable alleles. Hence, much of this review focuses on the likely effects of transgenes once they escape. Finally, we consider strategies for transgene containment.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Coleno F, 2006. ¤ Stratégies de collecte pour la séparation des filières OGM et non OGM. 14 et 15 décembre 2006 - Ministère délégué à l‘Enseignement Supérieur et à la Recherche. Amphithéâtre Gay-Lussac, 1 rue Descartes, Paris - Proceedings - pp. 21-22

http://www.inra.fr/les_partenariats/programmes_anr/programme_ogm/appel_a_projets_2006/seminaire_anr_ogm 

· Nous proposons plusieurs stratégies d‘organisation de la collecte pour le maïs Bt reposant sur une séparation spatiale ou temporelle des productions OGM et non OGM. Pour évaluer ces stratégies nous avons construit deux modèles de simulation : l‘un des flux physiques dans les Entreprises de Collecte Stockage et l‘autre des choix de culture de l‘agriculteur.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Cotter J, 2006. ££ GE insect resistant (Bt) maize in Europe: an unnecessary threat to wildlife and GE-free choice. Technical Note: 03/2006 - Greenpeace Research Laboratory -TN-03-2006. 

http://www.greenpeace.to/publications/Bt_maize_technical_note.pdf 

· Maize has been genetically engineered (GE) in a number of ways to produce different types of GE maize, including pharm GE maize types, which produce pharmaceuticals in the plant. However, commercial GE maize consists of only two major types, herbicide tolerant (e.g. Monsanto‘s Roundup Ready) and insect resistant (e.g. Monsanto‘s MON810 and Syngenta‘s Bt11). These GE maize types have already been grown on a commercial basis in countries such as USA, Canada and Argentina. Contamination of non-GE maize has already occurred in these countries and there are concerns that insect resistant maize could be affecting wildlife. Now, there is a threat that insect resistant (Bt) maize (MON810) could be grown in Europe. This briefing describes the environmental threat of GE Bt maize to European wildlife and the inevitability that contamination of non-GE crops will occur on European farms. It concludes that, as in the Americas, GE Bt maize has potential to adversely affect Europe‘s wildlife and GE maize cannot be contained and co-existence will be impossible. Hence, Bt maize should never be grown in Europe.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Cruz de Carvalho P, Alfarroba F, 2006. £ Coexistence between genetically modified, conventional and organis crops - Status report for 2006. Ministry Of Agriculture, Rural Development And Fisheries - Directorate General For Crop Protection Portugal (Pursuant to No. 2 of Article 8 of Decree-Law No. 160/2005, of September 21).

· (From the text // a) 18 samples of maize kernels were collected. These came from fields adjacent to other fields planted with transgenic maize. Laboratory results indicated that the adventitious presence of GMO in all of the sampled fields was below of the legal labelling threshold (0.9%). Ten of the samples turned out negative to the presence of GMO, and eight samples presented GMO values equal to or below 0.5%.

The laboratory results obtained in 2006 confirm the effectiveness of the measures settled in the national legislation, in order to minimize the accidental presence of GMO in conventional plantings.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Cubero JI, Quima Messeguer D, Gonzalo Niubó DPU, 2006. ** Coexistence is possible. [Original : La coexistencia es posible.]. Agricultura, Revista Agropecuaria (No.884(Suplemento)) p.2-11 Publisher: Editorial Agricola Espanola S.A., Madrid, Spain.

http://www.antama.net/descargas/informes/informe.pdf 

· A discussion is presented of the potential for the coexistence of transgenic, organic and conventional maize crops in Spain and Europe as a whole. Product purity and accidental presence are considered. Basic concepts relating to coexistence of transgenic and nontransgenic crops are listed. Notes from a debate on this topic are also given.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

DEFRA, 2006. £ Consultation on proposals for managing the coexistence of GM, conventional and organic crops. http://www.defra.gov.uk/environment/gm/crops/pdf/gmcoexist-condoc.pdf
· EXECUTIVE SUMMARY 

1. Under European Union (EU) legislation, a GM crop can only be approved for commercial use if a specific risk assessment confirms that it is safe for human health and the environment. No commercial GM cultivation is expected in the UK for several years, but if authorised GM crops are grown here in due course this may result in non-GM crops having a small GM presence (e.g. through cross-pollination or the dispersal of GM seed). To facilitate choice between conventional, organic and GM crops, ‘coexistence’ measures will be needed to minimise unwanted mixing of GM and non-GM material. From a regulatory standpoint, the key benchmark for distinguishing GM and non-GM produce is the 0.9% threshold for adventitious GM presence adopted by the EU (products with a presence above this level must be labelled and sold as ‘GM’). In this paper Defra is seeking comments on a proposed coexistence regime for England that would aim to minimise any unwanted GM presence in non-GM crops so that it is below 0.9%. 

2. A full explanation of the technical background and rationale for Defra’s proposals is given in the consultation paper. In summary, the main elements are: 

· the proposals relate to managing coexistence between farms and between ordinary crops (not certified seed production); and they focus on the specific coexistence measures needed for crops of maize, beet, potato and oilseed rape 

· farmers growing GM maize or oilseed rape crops would be required to: 

· observe a separation distance in relation to any crops of the same species grown by neighbouring producers, where these crops are intended for sale as non-GM or organic; and 

· notify their intention to sow a GM crop to neighbouring producers, if neighbouring land falls within the relevant separation distance 

· these key measures would be specified in a statutory instrument made under section 2(2) of the European Communities Act 1972 

· other desirable but less significant measures would be set out in a voluntary (non-statutory) code of practice. This code would be agreed between Defra and the industry, with Defra consulting all stakeholders on its proposed content. 

· these non-statutory measures would cover the control of ‘volunteers’ (including weed beet and potato groundkeepers), the control of beet ‘bolters’, and the cleaning of combine harvesters used on GM oilseed rape crops before they are used on non-GM farms 

3. Defra proposes to monitor the effectiveness of the coexistence regime (both statutory and non-statutory elements) and review it in consultation with stakeholders after an introductory period of about 2-3 years. Compliance with the statutory measures would be checked and enforced via Defra on-farm inspections. 

4. A draft ‘Regulatory Impact Assessment’ is included with the paper for stakeholder comment. This compares options for achieving the policy objective and analyses the potential costs and benefits, including the burden on farmers. 

5. In addition to the proposed coexistence regime, the consultation paper also covers the following related issues: 

· whether a threshold for GM presence below 0.9% or stricter process-based standard should apply specifically for coexistence between GM and organic crops; in particular, it looks at the likely practical constraints of operating against a 0.1% (limit of detection) threshold, and the alternative of a threshold/standard somewhere between 0.1% and 0.9%.

· possible options for redressing any financial losses that non-GM farmers might face, if their crops have a GM presence above the EU 0.9% threshold through no fault of their own; this discusses the possibility of leaving claims for redress to be resolved under existing law, having an industry-led (voluntary) redress mechanism, or establishing a statutory redress scheme.

· the pros and cons of establishing a detailed public register giving the precise location of all commercial GM crops 

· possible guidance to farmers who may be interested in establishing a voluntary ‘GM-free’ zone

6. Where relevant, Defra has indicated its current thinking on the desirability or otherwise of the ideas being considered. But in each case, Defra wants to hear from stakeholders before reaching final decisions. Defra will consult stakeholders further when it produces draft regulations to give effect to its proposed statutory measures. 

7. The deadline for responses to this consultation paper is 20 October 2006. 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Della Porta G, Ederle D, Bucchini L, Prandi M, Pozzi C, Verderio A, 2006. ££ Gene flow between neighboring fields in the Po Valley. Publication of the Centro di Documentazione Agrobiotecnologie (CEDAB). http://www.cedab.it/cgi-bin/documenti/gene%20flow%20broch%20english.pdf
· In the study of coexistence, Italy's most significant crop is maize, because of its widespread pollen flow and its 1.4 million hectares planted in 2005, more than 10% of the country's farmland.

Less relevant are oilseed rape, less than 3,000 hectares, and soy, which covers 150,000 hectares but is a self-pollinating species. The aim of this study is to review and enhance the current knowledge in terms of coexistence for maize farming and to contribute to general scientific findings on gene flow. Specifially, the following were analyzed: 1) Gene flow in maize in the Po Valley; 2) The efficacy of certain agronomic tools limiting gene-flow, including free land/open spaces, the use of buffer zones to prevent pollen flow, and the use of varieties with different flowering times

· (In Cubero et al, 2006 // In Northern Italy (Po), gene flow of maize has dropped below the critical threshold of 0.9% over a distance of 17.5 meters from the pollen source, and below 0.5% at a distance of 30 meters.//).
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Devos Y, Reheul D, Thas O, De Clercq EM, Cordemans K, 2006. * or ** Spatial impact of isolation distances between parcels of GM and non-GM maize. Commun Agric Appl Biol Sci. 2006; 71(1): 25-8.

Dupont S, Brunet Y, Jarosz N, 2006. * Eulerian modelling of pollen dispersal over heterogeneous vegetation canopies. Agricultural and Forest Meteorology vol. 141 (2/4) 82-104.

· With the introduction of genetically modified (GM) crops, predictive tools modelling wind velocity and pollen concentration fields as well as pollen deposition rate over heterogeneous canopies are required to assess the cross-pollination rates between GM and conventional crops. Over the last decade several numerical flow models have been developed to simulate dynamic mean and turbulent fields within and above the vegetation layer. In this paper, an Eulerian advection-diffusion conservation equation for pollen particles has been incorporated into one of these flow models, Aquilon. The relative velocity between air parcels and particles is simply represented through the addition of a particle settling velocity, i.e. the particle fall velocity in still fluid. The dynamic part of this model has been previously validated in two-dimensional heterogeneous cases (roughness change, forest edge flow) and tested in a more complex three-dimensional heterogeneous case (urban forested park). In order to test the ability of this Eulerian approach to simulate accurately airborne pollen concentration and pollen deposition rate within and above heterogeneous vegetation canopies, the model is validated against two field experiments where the airborne concentration and the deposition rate of maize pollen (Zea mays) were measured downwind from plots. We also compare the outputs of Aquilon with those of a Lagrangian model previously tested against the same dataset. Generally speaking the model performs well, with a similar accuracy to the Lagrangian model. However, both models underestimate the measured maximum in ground pollen deposition just downwind from the maize plot. It is shown that this discrepancy may be due to an underestimation of the pollen settling velocity in this region. As the Stokes number, defined as the ratio between the maize pollen response time and the characteristic time of the turbulent structures at dissipation-range scale, is about 1 in the wake region behind the plot, it is likely that turbulence leads to an increase in the apparent settling velocity there.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Ganz C, Struzyna-Schulze C, Eder J, Holz F, Schmidt K, Broer I, 2006. * Influence of different crops as spacers between GM and non-GM maize on coexistence on field scale level. Ninth International Symposium on Biosafety of Genetically Modified Organisms Biosafety Research and Environmental Risk Assessment. Jeju Island, Korea, September 24-29, 2006 pp217. 

http://www.isbr.info/isbgmo/docs/9th_isbgmo_program.pdf 

· The objective of the study was to test the influence of different crops as spacers between genetically modified (GM) and non-GM maize on coexistence under real-life agronomic conditions. GM hybrid maize with the event MON810 (Bt maize) was drilled in a field enclosed by a 20 or 50 m belt of different crops such as potatoes, grass, summer barley, peas or even a street. Out crossing was measured in a 60m wide area of near isogenic conventional maize surrounding Bt-maize and spacer. The study was performed at 11 sites in Germany in the federal states Mecklenburg-Vorpommern, Saxony-Anhalt and Bavaria. Field sizes of Bt maize varied between 1 and 5 ha. The flowering period of Bt and conventional maize was synchronous. During harvest, cobs were taken from the conventional maize in single tiers at distances of 50m, 55m and 75m from the Bt fields. Wind effects were taken into account by sampling in all four compass directions at most sites. Quantitative PCR was used to detect the event specific MON810 DNA sequence in sampled materials. The analysis was conducted by a certified independent diagnostic testing company. In contrast to Erprobungsanbau 2004 (Weber, et al, 2006), where due to mixed wind conditions similar levels of out crossing could be observed over all directions, in 2005 there was a pronounced preference for west winds. Hence, the samples collected at the eastern parts of the fields contained higher amounts of GM DNA compared to 2004 while extremely low levels of GM DNA were detected in all other directions. Nevertheless, no samples collected beyond the 20 or 50m spacer and 25m conventional maize had levels of GM above the threshold of 0.9 %. In conclusion, the data indicate that even under extreme wind conditions (such as in 2005), coexistence of GM and conventional maize is possible.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Goggi AS, Caragea P, Lopez-Sanchez H, Westgate M, Arritt R, Clark C, 2006. * Statistical analysis of outcrossing between adjacent maize grain production fields. Field Crops Research vol. 99 (2/3) p.147-157.

· The presence of transgenes in conventional maize, Zea mays L., crops is a serious concern when the genetic purity affects the value of the harvested product (i.e., specialty markets, organic products, crops with value-added traits, and hybrid seed production). Gene flow from a central transgenic source plot into a conventional grain production field was quantified using a combination of three marker genes: the y1 seed colour gene, the Bt-Cry1Ab gene derived from the soil bacterium Bacillus thuringiensis (Bt) and the Roundup Ready(R) (RR) gene. Two fields of approximately 36 ha were planted with a nontransgenic, white-seeded corn hybrid in Ankeny, IA, in 2003 and 2004. In the centre of each field, a 1 ha plot of yellow-seeded, Bt/RR hybrid corn was planted as an adventitious pollen source. Detailed measurements of flowering dynamics confirmed the white- and yellow-seeded hybrids flowered synchronously both years. Grain samples were collected at 1, 10, 35, 100, 150, 200, and 250 m from the transgenic pollen source along eight transects (north [N], northeast [NE], east [E], southeast [SE], south [S], southwest [SW], west [W], and northwest [NW]) and were analysed for number of Bt-/RR-/y1- kernels. The statistical model describes the proportion of outcrossed kernels to decrease exponentially with distance from the yellow pollen source and linearly with the wind speed and direction during silking of the white hybrid. On average, outcrossing at 35 m was 0.4% in both years. At 100 m and beyond, the average level of outcrossing decreased to 0.05% or less. A few Bt-/RR-/y1- kernels, however, were detected in the white corn field even at 250 m from the source plot. A single empirical model captured the field-scale patterns of outcrossing from the source plot for both years. These results indicate gene flow from a transgenic pollen source follows a fairly predictable pattern. The results also suggest that extent of outcrossing can be reduced by surrounding the transgenic pollen source with nontransgenic corn producing a high density of local pollen.
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Gustafson DI, Brants IO, Horak MJ, Remund KM, Rosenbaum EW, Soteres JK, 2006. ¤ Empirical Modeling of Genetically-Modified Maize Grain Production Practices to Achieve European Union Labeling Thresholds. Ninth International Symposium on Biosafety of Genetically Modified Organisms Biosafety Research and Environmental Risk Assessment. Jeju Island, Korea, September 24-29, 2006 (voir Gustafson et al, Crop Sci. 46: 2133-2140 (2006))
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Gustafson DI, Brants IO, Horak MJ , Remund KM, Rosenbaum EW, Soteres JK, 2006. * Empirical Modeling of Genetically-Modified Maize Grain Production Practices to Achieve European Union Labeling Thresholds. Crop Sci. 46:2133-2140 (2006).

· An empirical approach is given for specifying co-existence requirements for genetically-modified (GM) maize production, in order to ensure compliance with the 0.9% labeling threshold for food and feed in the European Union. Field data were considered in which pollen-mediated gene flow (PMGF) was measured within maize receptor fields at a series of distances from source fields having a marker. An empirical model is presented that fits the observed decrease of gene flow with distance. The model was parameterized to provide both reasonable worst case and expected case predictions of gene flow for various combinations of isolation distance, use of non-GM border rows in the GM field and/or separately harvested border rows in the receptor field. Based on the data assessed, the model is used to show that the effect of scale is minimal for source fields of surface area 4 ha and greater. Combinations of isolation distance and border rows of 20 m or more are predicted to result in gene flow of less than 0.9%, as a blended average for receptor fields 1 ha or larger. Lesser requirements are necessary when the source field is much smaller than the receptor.

	Predicted gene flow to an immediately adjacent, large (16 ha) receptor field as a function of the size of the source field (with no adventitious presence of a genetically modified trait in seed of the receptor field in the receptor and half the source pollen bearing the trait).

	Source size (Ha)
	Predicted gene flow (%)

	
	reasonable worst case gene flow predictions
	expected case gene flow predictions

	16
	0.50
	0.07

	9
	0.50
	0.07

	4
	0.23
	0.03

	1
	0.17
	0.02


Ireland DS, Wilson JDO, Westgate ME, Burris JS, Lauer MJ, 2006. * Managing reproductive isolation in hybrid seed corn production. Crop Science 46(4), 1445-1455.

· Production of hybrid corn (Zea mays L) depends on cross-pollination between male and female inbred parents. As such, reproductive isolation of seed fields is required to ensure genetic purity of the hybrid progeny. Customer demand for improved genetic purity prompted the seed industry to examine the level of genetic purity resulting from current isolation practices. A 3-yr study was conducted to monitor purity of hybrid seed produced in 315 fields from 24 seed companies in North America. Each field was near a commercial corn field shedding pollen synchronously with the seed parent: a worse case scenario. Seed samples were collected at five locations along a 200-m transect established perpendicular to the nearest potential adventitious pollen source, and 100 seed from each location were subjected to isozyme analysis to determine percent out-crossing. Isolation distance, seed field size, field block size, number of border rows, adventitious field size, male:female row ratio, male population, and male pollen class were analyzed as continuous predictors and as variable class predictors of out-crossing at the field margins and field midpoints. Year had a significant (p less than or equal to 0.05) impact on observed out-crossing. Isolation distance, border rows, and male pollen class were significant predictors of out-crossing at the field margin but not at the field midpoint. A significant interaction between isolation distance and border rows was observed at both the field margin and midpoint. There also was an interaction between male:female ratio and male pollen class on out-crossing at the field margin. These results indicate that current practices used to isolate hybrid seed fields often achieve the goal of producing greater than or equal to 99% genetically pure seed, but much higher levels of out-crossing can and do occur. Because out-crossing generally was greater and more variable at the field margins than at the field midpoint, adjustments to field management that focus on minimizing out-crossing at the field margins should lead to consistently high levels of genetic purity from hybrid seed fields.
· (From the text // 
[image: image17.emf]
Mean out-crossing levels observed at each field sampling location in 1998, 1999, and 2000. Samples were collected at 1.8 m (6 ft), 9.4 m (31 ft), 20.6 m (68 ft), 35.8 m (118 ft), and 200 m (660 ft) from the field edge nearest to the adventitious pollen source. Data are the mean for 60 field transects in 1998, 93 transects in 1999, and 162 transects in 2000. The Y-axis error bars represent the 90% CI. Plotted distances are offset each year for clarity.

	Effect of Isolation Distance, Male Parent Class, and Border Rows on out-crossing at field midpoints and field margins in 357 field transects. Field margin values are pooled for samples collected at 1.8 m (6 ft), 9.4 m (31 ft), 20.6 m (68 ft), and 35.8 m (118 ft) from the field edge. Midpoint samples were collected 200 m (660 ft) from the field edge. Transect data were pooled for analysis according to predictor variable classes as described in the Data Analysis section of Methods. Mean values and their 90% confidence intervals were calculated for the indicated number of fields in each predictor variable class.

	
	Number of fields
	Outcross %

	
	
	Margin
	Middle

	 Isolation distance (m)
	<100
	176
	1,79
	0,97

	
	100
	112
	1.15
	1.16

	
	>100
	27
	1.05
	0.64

	 Border rows
	N<12
	129
	1.35
	0.75

	
	12 <N <18
	152
	1.46
	1.09

	
	N>18
	34
	1.10
	0.89
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Jarosz N, Loubet B, Durand B, Foueillassar X, Huber L, 2006. * Variations in Maize Pollen Emission and Deposition in Relation to Microclimate. Environ. Sci. Technol. 2005, 39, 4377-4384. 

· The coexistence of genetically modified (GM) crops with conventional crops has become a subject of debate and inquiry. Maize (Zea mays L.) is one of the most cultivated crop plants in the world and there is a need to assess the risks of cross-pollination. Concentration and deposition rate downwind from different-sized maize crops were measured during three flowering seasons, together with micrometeorological conditions in the surrounding environment. Pollen release started once the air vapor pressure deficit (VPD) increases above 0.2 to 0.5 kPa. Moreover, the dynamics of release was correlated with the dynamics of VPD surrounding the tassels. Horizontal deposition appeared to follow a power law over short distance downwind from the source, and the dispersal distance increased with the source canopy height and the roughness length of the downwind canopy. This work also provides a data set containing both pollen measurements and contrasting weather conditions to validate dispersal models and further investigate maize pollen dispersal processes. 

[image: image18.emf]
Mean pollen concentration measured downwind from the source, at z ) 1 m height, in Sore. Each measurement corresponds to a separate day. Dotted lines denote runs where the pivot irrigation was in front of the measurement line. //Results varied with days of observation.) 
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Kermicle JL, 2006. * A selfish gene governing pollen-pistil compatibility confers reproductive isolation between maize relatives. Genetics. 2006 Jan; 172(1): 499-506. Epub 2005 Sep 12. 

· Some populations of maize's closest relatives, the annual teosintes of Mexico, are unreceptive to maize pollen. When present in the pistil (silk and ovary) a number of maize genes discriminate against or exclude pollen not carrying the same allele. An analogous gene Tcb1-s was found in some teosinte populations but not in sympatric or parapatric maize. It was polymorphic among populations of teosinte growing wild, but regularly present in populations growing in intimate association with maize as a weed. Introduction of Tcb1-s into maize substantially to fully restored compatibility with Tcb1-s carrying teosintes. Although Tcb1-s pollen can fertilize tcb1 tcb1 maize, it is at a competitive disadvantage relative to tcb1 pollen. Hence, the influence of Tcb1-s on crossability is bidirectional. In the absence of maize, Tcb1-s can increase in teosinte populations without improving their fitness. In the presence of maize, Tcb1-s appears to have been co-opted to provide reproductive isolation for adaptation to a cultivated habitat.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Klein EK, Lavigne C, Gouyon PH, 2006. * Mixing of propagules from discrete sources at long distance: comparing a dispersal tail to an exponential. BMC Ecol. 2006 Feb 20;6:3. http://www.biomedcentral.com/1472-6785/6/3 or http://www.biomedcentral.com/content/pdf/1472-6785-6-3.pdf 

· BACKGROUND: Rare long distance dispersal events impact the demography and the genetic structure of populations. When dispersal is modelled via a dispersal kernel, one possible characterisation of long-distance dispersal is given by the shape of the tail of the kernel, i.e. its type of decay. This characteristic is known to directly act on the speed and pattern of colonization, and on the spatial structure of genetic diversity during colonization. In particular, colonization waves behave differently depending on whether the kernel decreases faster or slower than an exponential (i.e. is thin-tailed vs. fat-tailed). To interpret and extend published results on the impact of long-distance dispersal on the genetic structure of populations, we examine a classification of dispersal kernels based on the shape of their tails and formally demonstrate qualitative differences among them that can influence the predicted diversity of a propagule pool sampled far from two distinct sources. RESULTS: We show that a fat-tailed kernel leads asymptotically to a diverse propagule pool containing a balanced mixing of the propagules from the two sources, whereas a thin-tailed kernel results in all propagules originating from the closest source. We further show that these results hold for biologically relevant distances under certain circumstances, and in particular if the number of propagules is large enough, as would be the case for pollen or seeds. CONCLUSION: To understand the impact of long-distance dispersal on the structure and dynamics of a metapopulation, it might be less important to precisely estimate an average dispersal distance than to determine if the tail of the dispersal kernel is fatter or thinner than that of an exponential function. Depending solely on this characteristic, a metapopulation will behave similarly to an island model with a diverse immigrant pool or to a stepping-stone model with migrants from closest populations. Our results further help to understand why thin-tailed dispersal kernels lead to colonization wave of constant speed, whereas fat-tailed dispersal kernels lead to a wave of increasing speed. Our results also suggest that the diversity of the pollen cloud of a mother plant should increase with increasing isolation for fat-tailed kernels, whereas it should decrease for thin-tailed kernels.
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Lavigne C, 2006. ¤ Modélisation de la dispersion de transgènes à différentes échelles : synthèse des travaux réalisés en France ces dernières années. Séminaire ANR-OGM - Organismes génétiquement modifiés : aspects socio-économiques, alimentaires et environnementaux ; Proceedings - pp. 57-61 - 14 et 15 décembre 2006 à Paris - Ministère délégué à l‘Enseignement Supérieur et à la Recherche - Amphithéâtre Gay-Lussac, 1 rue Descartes

http://www.inra.fr/les_partenariats/programmes_anr/programme_ogm/appel_a_projets_2006/seminaire_anr_ogm 

· La mise au point de modèles de flux de gènes à l‘échelle d‘un paysage agricole, incluant les systèmes de cultures, a été au coeur des recherches menées par plusieurs équipes françaises ces dernières années dans le cadre de plusieurs appels d‘offres financés par l‘INRA, le ministère de la Recherche et le CNRS. Ces équipes figurent toutes dans les trois projets présentés ci-dessus. Nous tenterons de résumer ici les principaux résultats obtenus en matière de modélisation de dispersion de gènes et de présenter les perspectives ouvertes par les deux nouveaux projets soutenus dans le cadre de l‘appel d‘offre ANR-OGM de 2006.

La perspective de la culture de variétés transgéniques pose, pour de multiples raisons, le problème de la ségrégation de filières de production basées sur la même espèce dans les paysages agricoles : demande d‘une filière « sans OGM » ; coexistence avec les cultures biologiques, de productions alimentaires et non alimentaires. Dans ce contexte, il est important de pouvoir estimer a priori le taux d‘impuretés OGM dans les récoltes de parcelles non OGM, en fonction de leur organisation spatiale et du climat, mais aussi de comprendre et prédire l'effet de modifications de pratiques agricoles sur ce taux.

Nous ne présenterons que les travaux obtenus par les équipes françaises concernant les flux de gènes intra-spécifiques. Les deux espèces cultivées principalement concernées par ces études sont le colza et le maïs qui diffèrent à la fois par leur mode de pollinisation (pollinisation mixte entomophile et anémophile pour le colza vs anémophile pour le maïs) et par la capacité de leurs graines à survivre aux hivers froids (dispersion spatio-temporelle pour le colza vs purement spatiale pour le maïs en France). Quelques études ont également été menées sur la betterave et seront présentées par ailleurs.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Lee D, Natesan E, 2006. * Evaluating genetic containment strategies for transgenic plants. Trends in Biotechnology vol. 24 (3) p.109-114.

· One of the primary concerns about genetically engineered crop plants is that they will hybridize with wild relatives, permitting the transgene to escape into the environment. The likelihood that a transgene will spread in the environment depends on its potential fitness impact. The fitness conferred by various transgenes to crop and/or wild-type hybrids has been evaluated in several species. Different strategies have been developed for reducing the probability and impact of gene flow, including physical separation from wild relatives and genetic engineering. Mathematical models and empirical experimental evidence suggest that genetic approaches have the potential to effectively prevent transgenes from incorporating into wild relatives and becoming established in wild populations that are not reproductively isolated from genetically engineered crops.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Leprince-Benetrix F, Poeydomenge C, 2006. ** Etude et analyse : coexistence des filières maïs OGM/non OGM : quels surcoûts ? Perspectives agricoles n°327 paru le 1 octobre 2006 article page 14, 5 pages.

· La réglementation et la pression consumériste exigent des garanties sur l‘origine OGM ou non des produits alimentaires à base de maïs. A chaque maillon de la filière, la séparation des filières OGM et conventionnelle s‘impose. Les surcoûts générés par cette organisation ont été évalués par ARVALIS - Institut du végétal et l‘AGPM au travers du programme POECB1. 
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Lipsius Kal, Ralf W, Richter O, Schmalstieg KJ, Schiemann J, 2006. * Meteorological input data requirements to predict cross-pollination of GMO Maize with Lagrangian approaches. Environmental Biosafety Research 5 (3): 151-168.

· Modeling pollen dispersal to predict cross-pollination is of great importance for the ongoing discussion of adventitious presence of genetically modified material in food and feed. Two different modeling approaches for pollen dispersal were used to simulate two years of data for the rate of cross-pollination of non-GM maize (Zea mays (L.)) fields by pollen from a central 1 ha transgenic field. The models combine the processes of wind pollen dispersal (transport) and pollen competition. Both models used for the simulation of pollen dispersal were Lagrangian approaches: a stochastic particle Lagrange model and a Lagrangian transfer function model. Both modeling approaches proved to be appropriate for the simulation of the cross-pollination rates. However, model performance differed significantly between years. We considered different complexity in meteorological input data. Predictions compare well with experimental results for all simplification steps, except that systematic deviations occurred when only main wind direction was used. Concluding, it can be pointed out that both models might be adapted to other pollen dispersal experiments of different crops and plot sizes, when wind direction statistics are available. However, calibration of certain model parameters is necessary.

[image: image19.emf]
Cross-pollination rates for particle Lagrange model with data from 2000. Meteorological data is time series. Log-transformed transect in four wind directions; 

[image: image20.emf]
Cross-pollination rates for particle Lagrange model with data from 2001. Meteorological data is time series. log-transformed transect in four wind directions; 

[image: image21.emf]
Contour maps of predicted cross-pollination rates for 2000 using different qualities of meteorological input data. A: PL time series; B: TF model time series; C: wind direction and velocity in classes; D: mean wind direction and velocity. The central GM donor plot is shown in white. 
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Mangana EE, 2006. ££ Ministry of Agriculture proposes tight rules.

 http://www.coextra.eu/country_reports/news1066_en.html 06/09/2006 

· The draft of the Ministry of Agriculture (MAPA) on co-existence of GMO and GMO-free cultivations details even stricter rules than recommended in a report requested from scientific experts in the Bio-Surveillance Commission. The latest draft by MAPA obliges a minimum isolation distance of 220 metres for maize, exceeding the proposal in the report mentioned above.

Supported by scientific evidence, the report of the Bio-Surveillance Commission indicates that a distance of 20 to 25 metres (or four to six rows of conventional maize) is enough for the adventitious presence of GMO to fall below the labelling threshold of 0.9 percent. In July 2005, MAPA presented the first version of a draft on co-existence of GM maize. This draft remained essentially the same in the second version, except that the isolation distance was extended from 50 to 220 metres.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

McHughen A, 2006. * The limited value of measuring gene flow via errant pollen from GM plants. Environmental Biosafety Research vol. 5 (1) p.1-2.

· This paper highlights the insufficiency of pollen flow studies in the assessment of the relative hazards posed by genetically modified (GM) crops. Reasons for such insufficiency are discussed: (1) measures of pollen flow do not identify actual hazards (if any) posed as a consequence of the inevitable gene escape; and (2) without some comparative data, it is not clear whether pollen-based gene flow is a greater or lesser means of gene escape than other common routes (such as seed spillage or volunteerism).
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Messéan A, 2006. ¤ Impact du développement des plantes transgéniques dans les systèmes de culture - Synthèse des travaux réalisés en France ces dernières années. Séminaire ANR-OGM - Organismes génétiquement modifiés : aspects socio-économiques, alimentaires et environnementaux- 14 et 15 décembre 2006 à Paris - Ministère délégué à l‘Enseignement Supérieur et à la Recherche - Amphithéâtre Gay-Lussac, 1 rue Descartes ; Proceedings - pp. 77-82.

http://www.inra.fr/les_partenariats/programmes_anr/programme_ogm/appel_a_projets_2006/seminaire_anr_ogm 

· Les premières demandes de mise sur le marché en Europe, au milieu des années 90, ont mis en lumière la nécessité de mieux apprécier l‘effet des systèmes de culture et des pratiques agricoles sur l‘impact des OGM sur l‘environnement. Comme toute autre innovation, l‘introduction d‘OGM en agriculture engendre des modifications plus ou moins importantes dans le fonctionnement et la dynamique d‘évolution des agroécosystèmes, de par les interactions écologiques ou en raison des modifications induites dans les différentes composantes de l‘itinéraire technique (i.e., travail du sol, désherbage). Or, ces effets indirects et/ou retardés sont en général mal pris en considération dans le cadre de l‘évaluation réglementaire. Si ces questions ne sont pas nécessairement spécifiques aux OGM, ces derniers font l‘objet d‘exigences particulières en terme de prédiction des effets systémiques et ils constituent, par ailleurs, un excellent modèle d‘étude. C‘est ainsi que la nécessaire prise en compte de l‘effet des pratiques agricoles a donné lieu en 1995, d‘une part à la mise en place de dispositifs d‘observation des effets cumulatifs d‘OGM cultivés dans des conditions proches de la pratique actuelle (observatoires inter-instituts 1995-2004) et d‘autre part au développement de modèles mathématiques permettant de prédire le comportement des OGM sur le long terme en prenant en compte les pratiques agricoles (projet GeneSys). Malgré des résultats originaux et leur contribution aux décisions publiques (e.g., moratoire colza), les dispositifs expérimentaux mis en place jusqu‘à présent ont montré leurs limites, et la question des observatoires de longue durée reste aujourd‘hui largement à traiter. En revanche, l‘intérêt et la faisabilité de développer des modèles d‘évaluation de l‘effet des pratiques agricoles pour l‘aide à la décision publique ou privée ont été démontrés. Malgré l‘insuffisance des données expérimentales à grande échelle, ces modèles ont directement contribué à l‘aide à la décision publique européenne et à la mise en place d‘une communauté de recherche à l‘échelle européenne au travers du projet européen SIGMEA ([23]).

· (// Dans le cas du maïs, le modèle MAPOD permet de définir les modalités d'agencement des parcelles dans le temps et dans l‘espace pour limiter les croisements entre cultures génétiquement modifiées et conventionnelles ou biologiques. Ainsi, des stratégies d'isolement des champs de maïs qui devraient être mises en oeuvre pour respecter différents seuils de pureté des récoltes ou des productions de semences ont été identifiées et des tables d‘aide à la décision élaborées ([3], [16]). En fonction du contexte régional, des systèmes de culture, des pratiques agricoles et des scénarios d‘introduction des OGM, il est ainsi possible de d‘évaluer si la coexistence est possible, de déterminer les éventuelles mesures que les agriculteurs devraient adopter (distances d‘isolement, décalages de floraison, bordures non transgéniques) et d‘estimer les coûts additionnels.//)
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Messéan A, Angevin F, 2006. $ Coexistence entre cultures OGM et non OGM en Europe. Edition INRA : http://www.inra.fr/la_science_et_vous/dossiers_scientifiques/ogm/questions_de_recherche/exemples_et_resultats_de_recherches/coexistence_entre_cultures_ogm_et_non_ogm_en_europe 

· Comment des systèmes de culture OGM et non OGM pourraient-ils coexister au sein de régions agricoles européennes ? La réponse dépend principalement du seuil admis pour la présence accidentelle d'OGM dans les récoltes non transgéniques, de l'espèce cultivée, de la structure des parcellaires, du climat et des pratiques agricoles. Au seuil réglementaire européen de 0,9%, la coexistence peut nécessiter la mise en place de mesures adaptées aux contextes agricoles et ne s'avère possible qu‘à condition que le niveau d'impuretés OGM dans les lots de semences non OGM ne dépasse pas 0,5 %. Produire de tels lots de semences en coexistence est faisable techniquement mais, selon les cultures, nécessite des changements contraignants par rapport aux pratiques de production actuelles. Par exemple, la coexistence en production de maïs semence implique, selon les zones, la mise en place de distances d'isolement plus grandes. Des tables de décision aident à raisonner et optimiser les mesures à adopter en fonction du paysage, du vent dominant et des pratiques agricoles.

· (// Il faut gérer la filière post récolte pour éviter la PrFo de transgènes dans les lots de graines. Ainsi, l'utilisation partagée des outils de récolte entre champs OGM et non OGM ; d'après la bibliographie et les avis d'experts, elle intervient pour 0 (récolteuses dédiées) à 0,4 % (récolteuses partagées et absence de pratiques de nettoyage).

Des recommandations ont été établies grâce à l‘utilisation d‘un modèle mathématique qui a permis de tester l‘efficacité de mesures de coexistence dans un grand nombre de contextes climatiques. Par exemple, dans le cas où la parcelle non OGM est contre le vent de l‘OGM - et donc protégée des flux de pollen - les pratiques actuelles permettent de respecter le seuil de 0,9% dans la récolte à condition que les semences ne comportent pas plus de 0,4 % d‘impuretés OGM. En revanche, si une petite parcelle non OGM (< 5 ha) est sous le vent d‘une parcelle OGM de 15 ha (situation à risque), il faudra 50 m de distance d‘isolement pour respecter le seuil de 0,9 % si les floraisons sont concomitantes avec des semences pures, 100 m si elles contiennent entre 0,3 % et 0,5 % d‘impuretés OGM. Le seuil de 0,1 %, exigé dans certaines filières agro-alimentaires nécessiterait un isolement minimal de 300 m et des semences pures. L‘intégralité des résultats a permis l‘établissement de tables de décision, permettant de voir comment combiner les différentes méthodes en fonction des contraintes des parcellaires et de l'orientation du vent. Dans certaines conditions, les coûts induits par les mesures de coexistence à mettre en place sont susceptibles de décourager les agriculteurs d'implanter des cultures OGM. Pour les filières telles que l‘agriculture biologique qui revendiquent une absence totale d‘OGM dans leurs productions, la coexistence à l‘échelle locale est en revanche techniquement impossible dans la plupart des cas. La production de semences de maïs-hybride est plus sensible à la pollinisation croisée par les champs avoisinants que les cultures de production. Produire des semences non OGM, avec un seuil de 0,5 % pour la présence fortuite d'OGM, est difficile mais possible avec quelques mesures de précaution quant à l‘organisation des îlots de production, à condition que les semences de base soient pures. Atteindre un seuil de 0,3 % demande en revanche d'augmenter les distances d'isolement actuelles - jusqu'à 600 ou 800 m lorsque les îlots de production sont sous le vent de parcelles de production qui produisent relativement plus de pollen - ou d'appliquer d'autres mesures. Leur coût rend alors la production de semences OGM moins attractive. Quant au seuil de 0,1 %, il n'est pas atteignable techniquement dès lors que la production de graines OGM devient significative.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Messéan A, Angevin F, Gómez-Barbero M, Menrad K, Rodríguez-Cerezo E, 2006. £ New case studies on the coexistence of GM and non-GM crops in European agriculture. European Commission, Joint Research Center: Institute for Prospective Technological Studies, Technical Report Series EUR 22102.

 http://www.ogm.org/pdf/Etude%20JRC.pdf 

· (In Heinemann, 2007 // Messéan et al. conducted a landscape study measuring maize pollen flow using the MAPOD® model in two main farming scenarios (Messéan et al, 2006). In the first, farmers in an area (or ‗cluster‘) decided whether or not to grow GM maize as a group. In the second, farmers would grow their preference on fields within a cluster. Gene flow would therefore occur both inter- and intra-cluster. The study also looked at the effects of machinery use and cleaning.

Inter-cluster gene flow did not prevent achieving a 0.9% threshold. Isolation distances were sufficient to prevent adventitious presence over this target. The main variables beyond this would be seed purity and machinery cleaning, but high seed purity would maintain the threshold while allowing for typical lapses in machinery cleaning. The 0.1% threshold would only be achievable for inter-cluster arrangements with « almost pure seeds and no admixture due to machinery » (p. 34 Messéan et al, 2006).

· (In NIAB Report 2006 // In a report by the Joint Research Centre (JRC) using the MAPOD model (a development of the GENESYS model described above) a number of general conclusions were made. Reservations must, however, be made about these conclusions as they are computer models that are not fully confirmed via comparison with actual experiments. These conclusions were as follows :

In areas with intensive maize monoculture, the total expected GM presence of 2.25 % and 1.75 % in conventional production at 50 % GM maize in the region. Alternatively, a total expected admixture of 1.0 % and 0.95 % would be anticipated at 10 % GM maize. * In areas with non-intensive maize production, an adventitious GM presence of 0.8 % is calculated in the 50 % GM scenario and of 0.68 % in the 10 % GM scenario. For those areas an average distance between neighbouring fields of 500 m is assumed. * As regards organic farming, it is estimated that the GM presence through pollination from neighbouring GM maize and sweet corn fields can be reduced to ~0.1 % through a separation distance of 200-300 m, and if GM free seed is used.//)

· (In Messéan 2008  // La production de semences de maïs est particulièrement sensible à la pollinisation croisée// MAPOD a été utilisé dans différentes études de coexistence (Bock et al, 2002 ; Messéan et al, 2006 ; Lécroart et al, 2007). Il a permis d'étudier la faisabilité de la coexistence à l'échelle du champ et du silo de collecte dans différentes régions européennes (Poitou-Charentes, Alsace, Aquitaine, Aragon), sous différents scénarios d'adoption des OGM et en testant l'efficacité de différentes mesures de coexistence (distances d'isolement, décalages de floraison, zones non-OGM implantées autour des champs OGM). MAPOD permet ainsi de tenir compte des conditions locales (forme des champs, climat réel, pratiques agricoles) et de discuter à l'échelle locale de la coexistence. Ces travaux permettent aussi de tirer des enseignements plus généraux. La table 1 (voir Messéan, cette publication) donne ainsi une vision synthétique de l'efficacité des différentes mesures de coexistence. //)

· (Note from GMO Safety : Coexistence information system > 

· Culture type Maize 

· Year 2005 

· Country European Union 

· Execution Joint Research Center of the European Commission 

· Study Type: Model calculation, Simulation 

· A. Simulation of GM yield in one region 

· Basis: real field situation in a region of France (total surface area: 23,000 ha) 

· Variation: position and proportion of GM fields (10 % / 50 %) 

· B. GM yields in a field-by-field situation 

· Basis: 15-hectare GM field,gv-Feld, 3 - 15-hectare conventional field 

· Variation: relative position of fields to each other, isolation distanc, buffer crop

· Results 

· A. Simulation of GM yield in one region 

· Case 1: conventional and GM fields are not mixed but grouped separately: cleaning of jointly used equipment is sufficient to remain below 0.9 per cent. 

· Case 2: conventional and GM fields are mixed: in some cases, measures such as isolation distances are necessary to remain below 0.9 per cent. 0.1 per cent is technically impossible. 

· Fall 3: konventionelle und gv-Felder zur Saatgutproduktion sind vermischt: 0,3 Prozent ist durch Isolationsabstände zu erreichen. 0,1 Prozent ist technisch unmöglich. 

· Case 4: conventional fields for seed production and GM fields are mixed: isolation distances of 400 - 600 metres were necessary to remain below 0.5 per cent. 

Wind direction and size of field have significant influence. 

· B. GM yield in a field-by-field situation 

Tables were developed for decision-making by farmers, e.g.: 

· conventional field against the wind requires no measures 

· by simultaneous flowering, conventional field smaller than 5 hectares and in wind direction requires 50 metres or 20 metres isolation distance and 12 metres buffer zone 

Main influences are wind direction and time of flowering 

· Documentation Messéan A., Angevin F., Gómez-Barbero M., Menrad K., Rodríguez-Cerezo E. (2006) New case studies on the co-existence of GM and non-GM crops in European agriculture, ipts, Abstract EU study: Coexistence for maize, sugar beet and cotton. Coexistence possible at little extra cost.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Messeguer J, Melé E, 2006. ** Gene Flow from GE to Conventional Maize in Real Situations of Coexistence. ISB NEWS REPORT - December 2006. http://www.isb.vt.edu/news/2006/news06.dec.htm#dec0604.  

· (From the text // Although the reliability of this approach must be confirmed by accurate calculations using mathematical models, we can obtain some idea of the size of the security distance needed to maintain adventitious presence of GEO under the 0.9% threshold required by European Union regulations. The slope of the regression line of GEO content vs. GI is 0.0689, and on the basis of a field surrounded by four transgenic crops with total synchronicity of flowering, the expected value of the GEO content is 2.76% if the distance is within the first 10 m, 0.69% within the second, and 0.30% within the third. This means that a security distance between 10 and 20 m should be sufficient to maintain the GEO content below the 0.9% threshold under the worst circumstances. The studied areas must be considered ‘difficult zones’ for controlling pollen flow, because they are flat and windy, with small fields (2 ha average), and with a high percentage of transgenic content. //)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Messeguer J, Penas G, Ballester J, Bas M, Serra J, Salvia J, Palaudelmas M, Mele E, 2006. * Pollen-mediated gene flow in maize in real situations of coexistence. Plant Biotechnology Journal vol. 4 (6) p.633-645. http://www.cib.org.br/pdf/Plant_Biotech_Journal_2006_N_4_Coexistence_in_Spain.pdf 
· We present the first study on cross-fertilization between Bt and conventional maize in real situations of coexistence in two regions in which Bt and conventional maize were cultivated. A map was designed and the different crops were identified, as were the sowing and flowering dates, in Bt and conventional maize fields. These data were used to choose the non-transgenic fields for sampling and analysis by the real-time quantification system-polymerase chain reaction (RTQ-PCR) technique. In general, the rate of cross-fertilization was higher in the borders and, in most of the fields, decreased towards the centre of the field. Nine fields had values of genetically modified organism DNA to total DNA of much lower than 0.9%, whereas in three the rate was higher. Some differences were found when comparing our results with those of common field trials. In real conditions of coexistence and in cropping areas with smaller fields, the main factors that determined cross-pollination were the synchronicity of flowering and the distances between the donor and receptor fields. By establishing an index based on these two variables, the rate of the adventitious presence of genetically modified maize could be predicted, as well as the influence of other factors. By applying this index, and in the case of a fully synchronous flowering time, a security distance between transgenic and conventional fields of about 20 m should be sufficient to maintain the adventitious presence of genetically modified organisms as a result of pollen flow below the 0.9% threshold in the total yield of the field.

· (From CO-EXTRA

[ES] First study on co-existence of maize in real field situations 

The first study on cross-fertilization between Bt and conventional maize in real situations of co-existence in two regions of Spain has been published in the Plant Biotechnology Journal. The authors recommend the establishment of isolation distances of 20 metres and the planting of varieties with different flowering times. 

The research work, which was presented already at the European conference on co-existence in Vienna in spring, shows similar findings to previous field trials and simulations. The least surprising result was the rapid decrease of cross-fertilisation in the conventional field in the direction of its centre.

 The actual frequency of out-crossing was determined largely by two factors: the temporal distance between the flowering times of the GM and the conventional maize varieties, and the isolation distances between the fields of both agricultural systems. 

In contrast to the draft of the upcoming Spanish law on co-existence, which requires isolation distances of 220 metres, the study considers distances of 20 metres sufficient to ensure that the GM share in the harvest of the total conventional field remain below the labelling threshold of 0.9 percent. If the conventional and the GM maize varieties flower at different times, even smaller isolation distances may be used. Evaluating a real situation in which several GM and conventional fields interact with each other, this co-existence study was the first to be conducted under real conditions.)

· (From GMOSafety : Coexistence information system

· Culture type Maize 

· Year 2004 

· Country Spain 

· Execution Institut de Recerca i Tecnologia Agroalimentàrie (IRTA) 

· Experiment

· Type of experiment: Practical study outcrossing , measurement of GMO yields 
· Configuration of experiment: Sampling from twelve conventional fields in real coexistence situations with sizes ranging from 0.5 to 4.63 hectares 
· Execution of experiment: Documentation of position and flowering periods; At various positions in the conventional fields, GMO yields were measured. Measurements were then used to calculate the average GMO contingent of the total harvest. 
· Results 
· In nine of the twelve fields, the GMO contingent lay significantly under 0.9 per cent, in three fields above. Main factors of influence: flowering period and field distance
· Recommendation: 20 metres, even in the case of simultaneous flowering, is sufficient for a GMO contingent below 0.9 per cent in relation to the total field harvest.) 
· (From the test // 

	Campo Convencional % ADN MG / ADN total ± error estándar 

	 Lugar 
	 Campo 
	 Superficie (ha) 
	 Mon810 
	 Bt176 
	 Total 

	 Foixà 
	 A 
	 1.07 
	 0.00 
	 – 
	 0.00 

	 Foixà 
	 B 
	 0.58 
	 0.00 
	 – 
	 0.00 

	 Foixà 
	 C 
	 4.63 
	 0.00 
	 – 
	 0.00 

	 Foixà 
	 D 
	 1.89 
	 0.05 ± 0.03 
	 – 
	 0.05 ± 0.03 

	 Foixà 
	 E 
	 3.56 
	 0.11 ± 0.05 
	 – 
	 0.11 ± 0.05 

	 Foixà 
	 F 
	 1.10 
	 1.22 ± 0.16 
	 – 
	 1.22 ± 0.16 

	 Foixà 
	 G 
	 1.5 
	 1.89 ± 0.23 
	 – 
	 1.89 ± 0.23 

	 Térmens 
	 H 
	 0.5 
	 0.03 ± 0.02 
	 0.01 ± 0.01 
	 0.04 ± 0.03 

	 Térmens 
	 I 
	 3.08 
	 0.02 ± 0.01 
	 0.51 ± 0.13 
	 0.53 ± 0.14 

	 Térmens 
	 J 
	 0.97 
	 0.04 ± 0.01 
	 0.03 ± 0.01 
	 0.07 ± 0.02 

	 Térmens 
	 K 
	 1.89 
	 0.01 ± 0.01 
	 2.28 ± 1.01 
	 2.29 ± 1.02 

	 Térmens 
	 L 
	 2.55 
	 0.01 ± 0.01 
	 – 
	 0.01 ± 0.01 


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Mlynarova L, Nap JP, 2006. ** Transgenic Plants that Make Non-transgenic Pollen. ISB News Report August 2006: 

http://www.isb.vt.edu/news/2006/news06.aug.htm#aug0603 
· (From the text // The new approach can prevent the adventitious presence of transgenes in non-GE crops or related wild species by gene flow. It does not require external stimuli and is an intrinsically iterative process: transgene 'clean-up' has become an integral part of pollen biology. As such, it may coexist with chloroplast containment.5 Chloroplasts are generally (but not in all plants) maternally inherited and considerable progress in chloroplast transformation technology has been achieved. As the new approach presented here is based on established nuclear transformation technology, it may be more straightforward to achieve. Biological containment of transgenes, by whatever means, will help the deployment and management of coexistence practices to support consumer choice and can promote clean molecular farming for the production of high-value compounds in plants. When wisely adopted, it is likely to open up exciting new possibilities for the future use and safety of GE crops.//)
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

NIAB Report, 2006. £ Report on the separation distances required to ensure GM content of harvested material from neighbouring fields is below specified limits in non-seed crops of oilseed rape, maize and sugar beet. January 2006 update following a report by NIAB, commissioned by Defra in 2000. Research Strategy and Support Unit - NIAB, Cambridge, UK.

http://www.defra.gov.uk/science/project_data/DocumentLibrary/CB02039/CB02039_3775_FRP.doc
http://www2.defra.gov.uk/research/project_data/More.asp?I=CB02039andM=KWSandV=CB02039andSCOPE=0.  

· (From DEFRA 2006 // To produce recommended separation distances for oilseed rape and maize, NIAB have modelled data on actual levels of cross-pollination derived from the Farm Scale Evaluation (FSE) GM trials in the UK. Annex C summarises the distances NIAB recommend to minimise cross-pollination to levels between 0.1-0.6%. 

[image: image22.emf]
	Culture
	 % GM (DNA/Genome)
	 Separation distance for field depths (metres)

	
	
	 100
	 200
	 400
	 600

	Grain maize
	 0,1
	 105
	 72
	 56
	 48

	
	 0.2 
	 84 
	 55 
	 41 
	 33 

	
	 0.3 
	 72 
	 46 
	 34 
	 25 

	
	 0.4 
	 65 
	 40 
	 28 
	 20 

	
	 0.5 
	 60 
	 36 
	 24 
	 16 

	
	 0.6 
	 55 
	 32 
	 20 
	 12 

	
	 0.7 
	 50 
	 29 
	 17 
	 9 

	
	 0.8 
	 46 
	 27 
	 14 
	 7 

	
	 0.9 
	 44 
	 25 
	 12 
	 5 

	Silage maize
	 0,1
	 86
	 57
	 41
	 34

	
	 0.2 
	 65 
	 42 
	 29 
	 21 

	
	 0.3 
	 53 
	 34 
	 22 
	 14 

	
	 0.4 
	 45 
	 28 
	 17 
	 8 

	
	 0.5 
	 40 
	 23 
	 13 
	 4 

	
	 0.6 
	 35 
	 20 
	 9 
	 0 

	
	 0.7 
	 31 
	 16 
	 6 
	 0 

	
	 0.8 
	 28 
	 13 
	 3 
	 0 

	
	 0.9 
	 26 
	 10 
	 0 
	 0 
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Ortega Molina JI, 2006. ¤ The Spanish experience with co-existence after eight years of cultivation of GM maize. Co-existence of genetically modified, conventional and organic crops - freedom of choice" from 4-6 April 2006 in Vienna, Austria. 

http://ec.europa.eu/agriculture/events/vienna2006/index_en.htm  
· According to the studies undertaken, it was seen that the percentage of GMO presence dropped rapidly over the initial metres around the transgenic crop.

· Due to the proximity of a genetically modified crop, GMO presence in conventional maize crops depends on: 

· The size of the pollen source. 

· The size of the non-GMO plot. 

· The direction of the prevailing wind. 

· The distance to the pollen source. 

· The sowing date of both crops. 

· The existence of natural barrier or buffer zone 

· In the tests, when the plots are adjacent, to a distance greater than 15 meters the average content of GMO is below of 0.9 %. 

· In commercial crops, the transference of pollen is less than to the observed in the tests, due above all to the difference in flowering of the plots. 

· All these works are not sufficient to tranquilize to the public opinion that stay reticent to accept the coexistence with transgenic crops.

Trial in 2005 at Aranjuez :

[image: image23.emf][image: image24.emf]
                            Design



Results 

	Distance (metres)
	% GMO

	
	Small area GM (Madrid)
	Big area GM (Albacete)

	2
	16.4
	6

	4
	4.01
	4.4

	6
	1.18
	3.3

	9
	0.58
	1.43

	11
	0.375
	0.9

	13
	0.3
	0.67

	17
	0.24
	0.55

	22
	0.17
	0.57

	27
	0.09
	0.5

	40
	0
	0.45

	90
	0
	0.2

	140
	0
	0.07
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Parrott W, 2006. £ The nature of change: towards sensible regulation of transgenic crops based on lessons from plant breeding, biotechnology and genomics. NABC Report (No. 17) p. 209-220. http://nabc.cals.cornell.edu/pubs/nabc_17/parts/NABC17_Banquet_1.pdf 
· Plant genomes are variable and dynamic, constantly changing in response to breeding efforts and even to environmental conditions. They are buffered against the change that small additions or deletions of DNA can cause. They are also buffered against differences in genic content, which probably explains why polyploidy is prevalent in higher plants. Against this background, it is ludicrous to treat transgenes and their associated DNA changes as inherently dangerous. Ultimately, it is the trait imparted by the transgene that matters. This paper discusses the regulatory implications of these findings and underscores the need for a more sensible regulation of transgenic crops based actual risks posed by transgenes. 42 ref.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Pla M, Messeguer J, Melé E, 2006. ** Gene flow from GE to conventional maize using Real-time PCR. ISB News Report August 2006: 5-7.

http://www.isb.vt.edu/news/2006/news06.Aug.htm 

·  (From the text // The rate of cross-pollination rapidly declines as the distance from the donor field increases, following a leptokurtic distribution pattern (also see Messeguer et al, 2003; 2004a) similar to other plant species with heavy pollen grains. For crops such as rapeseed, a "patchy" pattern is attributed to insect pollination. These regressions allow calculating, for example, that at 20 m distance from the donor field, GE levels below 0.9% are expected for maize with 95% confidence. However, threshold levels for adventitious GE presence have been set for whole grain or seed lots. Therefore, with respect to thresholds, interest is generally not in the GE content at a given distance (or point) but in the GE content at harvest of a whole field. By studying two Spanish regions where GE and non GE maize fields coexist, Messeguer et al. (2006) have recently found that a 20 m isolation distance could be enough to maintain the GE content in a conventional field harvest below the 0.9% threshold. 
[image: image25.emf]
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Pla M, La Paz PL, Penas G, Garcia N, Palaudelmas M, Esteve T, Messeguer J, Mele E, 2006. * Assessment of real-time PCR based methods for quantification of pollen-mediated gene flow from GM to conventional maize in a field study. Transgen. Res. 15, 219-228. http://dx.doi.org/10.1007/s11248-005-4945-x 

· Maize is one of the main crops worldwide and an increasing number of genetically modified (GM) maize varieties are cultivated and commercialized in many countries in parallel to conventional crops. Given the labelling rules established e.g. in the European Union and the necessary coexistence between GM and non-GM crops, it is important to determine the extent of pollen dissemination from transgenic maize to other cultivars under field conditions. The most widely used methods for quantitative detection of GMO are based on real-time PCR, which implies the results are expressed in genome percentages (in contrast to seed or grain percentages). Our objective was to assess the accuracy of real-time PCR based assays to accurately quantify the contents of transgenic grains in non-GM fields in comparison with the real cross-fertilization rate as determined by phenotypical analysis. We performed this study in a region where both GM and conventional maize are normally cultivated and used the predominant transgenic maize Mon810 in combination with a conventional maize variety which displays the characteristic of white grains (therefore allowing cross-pollination quantification as percentage of yellow grains). Our results indicated an excellent correlation between real-time PCR results and number of cross-fertilized grains at Mon810 levels of 0.1-10%. In contrast, Mon810 percentage estimated by weight of grains produced less accurate results. Finally, we present and discuss the pattern of pollen-mediated gene flow from GM to conventional maize in an example case under field conditions. 36 ref.

· (From the text // 

[image: image26.emf]
Field trial diagram. Relative positions of fields A and B (white maize) respect to Bt maize nucleus and the areas where samples for real-time PCR and phenotypic analysis where taken. Both sampling areas were placed in the direction of the prevalent wind during the flowering period. Each intersection point of the real-time PCR (here RTPCR) sampled zones was also analyzed by phenotypic counts. The zone labeled as Phenotypic Sampled Zone was used to obtain an averaged measure of the variation of the adventitious pollination with the distance (n = 15 for 0, 2 and 5 m and n = 40 for 10, 20, 40 and 80 m of distance). 

[image: image27.emf]
Figure: Gene flow frequency as a function of distance between transgenic donor plants and non-GM maize recipient plants in fields (a) A; and (b) B. GMO percentages obtained by phenotypic methods are expressed as % of yellow grains in white cobs/2; while results of real-time PCR (here RTPCR) analyses are expressed in % of GMO DNA/Total DNA. Distances are represented in a logarithmic way according to ln +1 (since the first data point is 0) to better visualize the data in short distances. The distance is measured from the non transgenic border. An accurate estimation (n = 15 for 0 m, 2 m and 5 m and n = 40 for 10 m, 20 m, 40 m and 80 m of distance) of the adventitious pollination produced in the field is also represented.//) 

· (In Messeguer and Melé: 2006. // It has been demonstrated that when a neighboring non-GE field is at least 1 ha in size, an isolation distance of 20 - 25 m is sufficient to ensure purity levels in harvest material below the 0.9% threshold. It has also been demonstrated that a buffer zone (some maize rows) is more effective than an empty gap (Pla et al, 2006). In general, field trials were designed by planting a nucleus of maize (GE or a cultivar with a special phenotypic trait) and then studying the occurrence of cross-fertilization in an adjacent field. In most trials, both genotypes had been sown at the same time to increase synchronicity of flowering, in order to detect cross-fertilization in the worst situation that could be found in an area in which GE and non-GE maize coexist. However, could these results be applied to real situations of coexistence?//).

· (In Heinemann, 2007 // A Spanish study which used a combination of xenia and quantitative PCR to determine cross-fertilization frequencies found that a threshold of 0.9% adventitious contamination could be achieved by a separation distance of 20m and that a buffer of non-GM plants was more effective a barrier for pollen than distance alone (Pla et al, 2006).)
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Reitmeier D, Menrad K, 2006. ¤ Co-Existence Costs under German Regulation – Case Studies of Bt Maize and HT Oilseed Rape. 10th International Conference on "Agricultural Biotechnology: Facts, Analysis and Policies" organized by the International Consortium on Agricultural Biotechnology Research (ICABR) and the Catholic University of Leuven, CEIS - University of Rome "Tor Vergata", Rutgers University, Economic Growth Center, Yale University, Ravello (Italy) June 29 - July 2, 2006.

 http://www.economia.uniroma2.it/conferenze/icabr2006/abstract/  

· Co-existence relates to the economic consequences of adventitious presence of material from one crop in another and the principle that farmers should be able to cultivate freely the agricultural crops they choose, be it GM crops, conventional or organic crops (European Commission, 2003a, b). Labelling has been recommended as a tool to enable farmers' and consumers' choice between products and to avoid further market and trade disruptions. This requires Identity Preservation systems, which imply additional costs at all stages of the food and feed chain. Critical factors to determine these costs - among others - are the tolerance level for GM contamination influenced from factors such as agricultural production systems and structures which differ significantly between EU member countries even between a country and regions. This paper provides an overview of existing regulations and studies that deal with co-existence costs on farm production stage in Europe. 

· (From the text // 
	 State of art - Implementation of coexistence measures in EU Member States for GM maize and oilseed rape

	 Country
	Co-existence measures: Isolation distance (meter)

	
	 Maize
	 Oil Seed Rape

	
	 Conventional
	 Organic
	 Conventional
	 Organic

	 Germany 2)
	 20 
	 300 
	 n.a. 
	 n.a. 

	 The Netherlands 3) 
	 25 
	 250 
	 n.a. 
	 n.a. 

	 Denmark 1) 
	 200 
	 k.A. 
	 n.a. 
	 n.a. 

	 Portugal 1) 
	 200 
	 300 
	 n.a. 
	 n.a. 

	 Spain  2) 
	 50 plus 4 rows of conventional maize on GM-field 
	 50 plus 4 rows of conventional maize on GM-field 
	 n.a. 
	 n.a. 

	 The Czech Republic 2) 
	 100 or 50 plus 6 rows of conventional maize 
	 600 or 300 plus 6 rows of conventional maize 
	 n.a. 
	 n.a. 


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Rouch Rick, Stevens M. Brumbley, Kurt Widhalm - Mark Cantley - Robert Wager - Jussi Tammisola, Esa Uusipaikka, Florence Leprince, Xavier Foueillassar, John Davison, W. Eberhard Weber, Piero Morandini, Amedeo Alpi, Filippo Rossi, Vittorio Santaniello, Chiara Tonelli, Bruno Mezzetti, Roberto Tuberosa, Corrado Fogher, Roberto Defez, Wilson Rading Outa, Manuel Pedro Salema Fevereiro, Dmitry Dorokhov, Joaquima Messeguer, Enric Melé, José Ignacio Cubero, Garcia Olmedo, Isabel L. Calderon, José M Pardo, Teresa Esteve Nuez, Olivier Sanvido, Franz Bigler, Michael Winzeler, Michael Bannert,, Peter Stamp, Graham Brookes, Peter Barfoot, Richard Phipps, David James, T. Michael A. Wilson, Gordon Couger, D Kershen, CS Prakash. £ or ££ Coexistence of genetically modified and non-genetically modified maize: Making the point on scientific evidence and commercial experience. PG Economics Ltd., http://www.pgeconomics.co.uk (version française : http://www.ogm.org/pages/show.php?cat=04andidcomm=168).  

· Conclusions 
Evidence from both research and commercial practice shows that growers of GM, conventional and organic maize can coexist and maintain the integrity of their crops through the application of good agricultural growing, harvesting and storage practices. 

Where GM maize farmers are located near growers who sell their crops into markets with a requirement for certified non-GM maize, a separation distance of 20 - 25 metres (50 metres may sometimes be required to take into account particular spatial conditions or agricultural practices) or reduced separation distances if the GM crop is surrounded by buffer rows of non- GM maize plants provides for effective coexistence. In some regions, delayed planting or the use of varieties with different flowering time represents additional useful coexistence tools at the level of individual fields 

· (In Messeguer and Melé: 2006. // It has been demonstrated that when a neighboring non-GE field is at least 1 ha in size, an isolation distance of 20 - 25 m is sufficient to ensure purity levels in harvest material below the 0.9% threshold. It has also been demonstrated that a buffer zone (some maize rows) is more effective than an empty gap (Pla et al, 2006). In general, field trials were designed by planting a nucleus of maize (GE or a cultivar with a special phenotypic trait) and then studying the occurrence of cross-fertilization in an adjacent field. In most trials, both genotypes had been sown at the same time to increase synchronicity of flowering, in order to detect cross-fertilization in the worst situation that could be found in an area in which GE and non-GE maize coexist. However, could these results be applied to real situations of coexistence? //) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

van Asseldonk MAPM, Huirne RBM, 2006. £ Coexistence risk analysis. Ministry of Agriculture, Nature and Food Quality Bezuidenhoutseweg 73, 2500 EK, The Hague, The Netherlands. Institute for Risk Management in Agriculture, Wageningen University and Research
· (From GMOSafety : Coexistence information system //

· Culture type Maize 

· Year 2006 

· Country The Netherlands 

· Execution Institute for Risk Management in Agriculture (IRMA) 

· Study Type: Study, establishment of model 

Estimation of financial losses due to outcrossing of GM maize at conventional and organic agricultural concerns in the Netherlands. 

· Various scenarios with differing proportions of planting areas of GM maize and maize from conventional and organic cultivation. 

· Calculation of probability based on data on outcrossing from the English field study "Farm Scale Evaluations" as well as on spatial data from 1000 randomly chosen maize fields. 

· Results 

· Conventional cultivation (with a threshold of 0.9% GMO ): no financial losses 

· Organic cultivation (with a threshold of 0.1% GMO): no financial losses in the case of 2% of the total cultivation, minimal financial losses in the case of 10% of the total cultivation.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Van de Wiel CCM, Lotz LAP, 2006. * Outcrossing and coexistence of genetically modified with (genetically) unmodified crops: a case study of the situation in the Netherlands. Netherlands Journal of Agricultural Science - NJAS 54, 1, 17-35, 2006. http://library.wur.nl/ojs/index.php/njas/article/view/665/388 

· With the introduction of genetically modified (GM) crops the EU has demanded that individual member states enact measures to prevent inadvertent admixture – through outcrossing – of genetically modified organisms (GMOs) with products from conventional and organic farming. A literature review on outcrossing was prepared for the Coexistence Committee installed in the Netherlands in 2004. For sugar beet and potato, isolation distances do not appear to be of overriding importance, as true seeds are not part of the harvested product. The only route for admixture is through persistence of GM hybrid volunteers, and these should already be subject to strict control in good agricultural practice. Data on maize indicate that a distance larger than 25 m is needed to keep admixture below the EU labelling threshold of 0.9%, and larger than 250 m to remain below the 0.1% threshold as favoured by organic farming organizations. Oilseed rape is more complex because apart from pollen flow also persistence of volunteers in and outside arable fields, and hybridization with wild relatives play a role. At the present state of knowledge, isolation distances of 100–200 m and rotation intervals of 6–8 years might be warranted for the 0.9% threshold. It is as yet not clear whether a threshold of 0.1% is achievable in practice. The conclusions are compared with the measures recommended by the Dutch Coexistence Committee.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Vazzana C, 2006. ¤ Le distanze di isolamento: la ricerca scientifica. WORKSHOP NAZIONALE - LA COESISTENZA TRA OGM, COLTURE BIOLOGICHE, CONVENZIONALI E DI QUALITÀ IN AMBITO REGIONALE - Firenze - Palazzo degli Affari, piazza Adua n. 1 ; 6 - 7 Novembre 2006.

 www.arsia.toscana.it/eventiold/ogm06112006/Vazzana_slides.ppt 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Vidal L, 2006. £ Coexistence entre cultures OGM et non OGM en Europe.

http://www.inra.fr/layout/set/print/la_science_et_vous/dossiers_scientifiques/ogm/questions_de_recherche/exemples_et_resultats_de_recherches/coexistence_entre_cultures_ogm_et_non_ogm_en_europe 

· (// Extrait de la publication : Une coexistence est possible au seuil de 0,9% en production de maïs grain, avec des mesures appropriées.
Le cas du maïs, production majeure en Europe et seule espèce pour laquelle des cultures OGM soient autorisées et effectives, a été analysé en priorité. Les trois principales sources d'impuretés OGM dans les cultures de maïs non transgéniques sont : la présence d'OGM dans les lots de semences ; elle a un impact important, la pollinisation croisée depuis les champs de maïs transgéniques avoisinants ; elle dépend majoritairement de la position des champs OGM et non OGM par rapport au vent dominant, de leur forme et de leur taille relative. Pour la limiter, il faut prévoir des distances d'isolement entre champs OGM et non OGM ou semer une bordure "tampon" de variétés non OGM autour des champs OGM ; l'utilisation partagée des outils de récolte entre champs OGM et non OGM ; d'après la bibliographie et les avis d'experts, elle intervient pour 0 (récolteuses dédiées) à 0,4 % (récolteuses partagées et absence de pratiques de nettoyage). Des recommandations ont été établies grâce à l‘utilisation d‘un modèle mathématique qui a permis de tester l‘efficacité de mesures de coexistence dans un grand nombre de contextes climatiques. Par exemple, dans le cas où la parcelle non OGM est contre le vent de l‘OGM - et donc protégée des flux de pollen - les pratiques actuelles permettent de respecter le seuil de 0,9% dans la récolte à condition que les semences ne comportent pas plus de 0,4 % d‘impuretés OGM. En revanche, si une petite parcelle non OGM (< 5 ha) est sous le vent d‘une parcelle OGM de 15 ha (situation à risque), il faudra 50 m de distance d‘isolement pour respecter le seuil de 0,9 % si les floraisons sont concomitantes avec des semences pures, 100 m si elles contiennent entre 0,3 % et 0,5 % d‘impuretés OGM. Le seuil de 0,1 %, exigé dans certaines filières agro-alimentaires nécessiterait un isolement minimal de 300 m et des semences pures. L‘intégralité des résultats a permis l‘établissement de tables de décision, permettant de voir comment combiner les différentes méthodes en fonction des contraintes des parcellaires et de l'orientation du vent. Dans certaines conditions, les coûts induits par les mesures de coexistence à mettre en place sont susceptibles de décourager les agriculteurs d'implanter des cultures OGM. Pour les filières telles que l‘agriculture biologique qui revendiquent une absence totale d‘OGM dans leurs productions, la coexistence à l‘échelle locale est en revanche techniquement impossible dans la plupart des cas. Une nécessaire spécialisation des zones de production de semences d’hybrides de maïs

La production de semences de maïs-hybride est plus sensible à la pollinisation croisée par les champs avoisinants que les cultures de production. Produire des semences non OGM, avec un seuil de 0,5 % pour la présence fortuite d'OGM, est difficile mais possible avec quelques mesures de précaution quant à l‘organisation des îlots de production, à condition que les semences de base soient pures. Atteindre un seuil de 0,3 % demande en revanche d'augmenter les distances d'isolement actuelles - jusqu'à 600 ou 800 m lorsque les îlots de production sont sous le vent de parcelles de production qui produisent relativement plus de pollen - ou d'appliquer d'autres mesures. Leur coût rend alors la production de semences OGM moins attractive. Quant au seuil de 0,1 %, il n'est pas atteignable techniquement dès lors que la production de graines OGM devient significative.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Wang J, Yang X, Li Y, Elliott PF, 2006. * Pollination Competition Effects on Gene-Flow Estimation: Using Regular vs. Male-Sterile Bait Plants. Agron J 98:1060-1064 (2006).

 http://agron.scijournals.org/cgi/reprint/98/4/1060 

· Pollen-mediated gene flow from transgenic crops is a concern of the scientific community as well as the general public. Although a common practice, the use of male-sterile bait plants in field trials to demonstrate rates of gene transfer has been questioned due to the lack of pollination competition. However, little direct evidence has been published. Field experiments of male-sterile and male-fertile corn bait plants were conducted in 2001 and 2002, respectively, to evaluate the effects of pollination competition on gene-flow assessment. Male-sterile bait plants exhibited a significantly higher rate of outcrossing than male-fertile plants. The results obtained from this study suggest that actual gene flow from transgenic plants to their wild-type cultivars or relatives is likely to be lower than estimates reported in previous studies using male-sterile bait plants, and that male-fertile that is, normal, bait plants should be used in future studies attempting to estimate gene flow.

· (From the text //


 

Variation of fertilization ratio index with distance for male-sterile (a) and male-fertile (b) bait plants.

The mean fertilization ratio index of the male-sterile bait plants was much higher than that of the male-fertile bait plants. Averaged over the experiment plots, sampling lines, and all the sampling distances, the mean fertilization ratio index for the male-sterile bait plants was 0.89 in percent outcrossing per unit deposition flux of source pollen, whereas that for the mail-fertile bait plants was only about 0.05, a 17-fold difference. The variation of the fertilization ratio index with distance from the source was also significant, but only for the male-fertile bait plants.//)
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Zhang D, 2006. ¤ Analyse de semences de maïs contaminées par des traces d‘Organismes Génétiquement Modifiés (OGM) non identifiés. Séminaire ANR-OGM - Organismes génétiquement modifiés : aspects socio-économiques, alimentaires et environnementaux - 14 et 15 décembre 2006 à Paris - Ministère délégué à l‘Enseignement Supérieur et à la Recherche - Amphithéâtre Gay-Lussac, 1 rue Descartes ; Proceedings - pp. 39-40.

http://www.inra.fr/les_partenariats/programmes_anr/programme_ogm/appel_a_projets_2006/seminaire_anr_ogm ou http://www.inra.fr/content/download/8794/118194/version/1/file/brochure_post-seminaire.pdf. 

· La présence du promoteur 35S (P-35S) issu du virus de la mosaïque du chou-fleur, largement utilisé dans les constructions de plantes Génétiquement Modifiées (GM), est couramment recherchée afin de déterminer si les produits contiennent ou non des Organismes Génétiquement Modifiés (OGM). Lors de l‘analyse de certains lots de semences de maïs, un faible signal avec ce marqueur a été détecté sans pouvoir identifier les contaminants GM présents. L‘objectif de cette étude était donc d‘identifier les contaminants GM contenus dans 7 lots de semences et d‘évaluer l‘origine de la contamination des semences (par pollinisation ou par mélange).

· (// Montrent que des lots de semences de maïs contiennent des transgènes cry et pas seulement de Mon810 mais aussi d‘autres transgènes non permis en France.//)

Aden C, Schmidt G, Schroder W, 2007. ** WebGIS GMO monitoring. Journal fur Verbraucherschutz und Lebensmittelsicherheit vol. 2 (Suppl.1) p.62-64 Publisher: Birkhauser Verlag AG, Basel, Switzerland. http://www.gmls.eu/GMLS_Abstracts.pdf
· The surveillance of genetically modified organisms (GMO) dispersal is a new challenging task in environmental monitoring. Web-based geoinformation systems (WebGIS) are tools for the harmonisation of monitoring methods, network design and data handling in the framework of GMO-monitoring data. Furthermore, WebGIS can be used for serving report duties, for planning GMO-monitoring or as data base for statistical analyses and dispersal models. We developed a WebGIS GMO Monitoring and integrated site-specific data from appropriate environmental monitoring networks and surface maps allowing for the description of the environment of the monitoring sites in terms of, e.g., land use and climate or altitude above sea level. We used platform independent Open Source-software. The WebGIS considers standards released by the Open Geospatial Consortium (OGC) and the International Organisation for Standardisation (ISO) to ensure interoperability between web mapping services (WMS) located all over the world. Projects like INSPIRE (Infrastructure for Spatial Information in Europe) or PortalU use these standards as well. The WebGIS GMO Monitoring offers tools for visualisation, spatial and logical queries as well as interactive data processing tools.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Allnutt TR, McMillan J, Dwyer M, Langrell SRH, 2007. ¤ GMCC07 : Development of pre-harvest sampling plans for adventitious GM quantification in crops. Proceedings Third International Conference on "Coexistence between Genetic Modified (GM) and non-GM based Agricultural Supply Chains - Seville 20 and 21 Nov 2007. p. 308.

 http://www.coexistence-conference.org/documents/gmcc07_poster_lanscape_000.pdf 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Arritt RW, Astini J, Clark CA et al, 2007. ¤ GMCC: Biological windbreaks for pollen confinement. Proceedings 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007. Proceedings pp. 131- 134.

http://www.coexistence-conference.org/documents/gmcc07_oral_landscape2_000.pdf 

·  (From the text // Field results show that adding a vegetative border of a tall annual grass reduced windborne pollen transport downwind from the source plot. The windbreak reduced the maximum distance of pollen dispersal from 300 to 160 M.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

Arritt RW, Clark CA, Goggi AS, Lopez Sanchez H, Westgate ME, Riese JM, 2007. * Lagrangian numerical simulations of canopy air flow effects on maize pollen dispersal. Field Crops Research, 102, 151-162.

· A three-dimensional Lagrangian random flight model was constructed for numerical simulations of maize pollen dispersion. The model simulates the paths of tracer particles which are interpreted as individual pollen grains, with particle motion determined by the mean flow and a stochastic turbulent velocity. The Lagrangian approach was chosen because it can be extended to complex flow regimes. The capacity of the model to simulate measured patterns of pollen deposition was tested by comparing simulations to measurements for a small maize canopy isolated within a large field of soybeans near Ames, Iowa, USA in August 2003. For this application, measurements from a single point meteorological observation were used to generate a surface layer wind profile over the maize canopy and surrounding soybean field. The method used to construct the wind field included development of internal boundary layers as the airflow passed from one canopy surface to another. The dispersion model produced spatial patterns of particle deposition that included the sharp near-source deposition gradient consistent with observations. The model tended to over-predict particle deposition near the source field and under-predict deposition at greater distances. Inclusion of the effect of the roughness difference between the maize canopy and the surrounding soybean canopy on the flow field was found to be essential for simulation accuracy. Agreement with observations improved considerably by including an approximation for vertical motions induced by changes in surface cover. These results indicate that the Lagrangian random flight model provides a realistic simulation of pollen dispersal from an isolated maize canopy. A more complete hydrodynamic model should be explored to better represent the influence of surface inhomogeneities on winds and turbulence.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Bannert M, Stamp P, 2007. * Cross-pollination of maize at long distance. European Journal of Agronomy Volume 27, Issue 1, July 2007, Pages 44-51.

· In a 2-year-study in Switzerland the cross-pollination of maize was investigated by using the occurrence of yellow grains in 13 white grain maize fields as a marker of cross-pollination from neighbouring yellow grain fields. Distances of 50–4500 m between pollen-donor and pollen-receptor fields were investigated. In no case, the cross-pollination of the whole field was more than 0.02%. Four white grain maize fields, located in downwind distances of 50–371 m in the main wind direction, showed low but marked cross-pollination at the field border exposed to the nearest yellow grain maize field. In every field some cross-pollinations with a low rate, on an average of 1.8% of the sampled ears, could be found. These cross-pollinations were mainly single cross-pollinations on the ear. Horizontal wind speed measurements during flowering time in relation to the settling speed of maize pollen showed a potential horizontal pollen dispersal distance of up to 55 m. The few observed cross-pollinations over longer distances could be due to gusts or vertical movements of the wind (e.g., thermal or turbulence effects). In some fields spots of higher cross-pollinations were found. In the cases where the surrounding plants were checked a yellow grain maize seed contamination (0.004% of the seedstock) in the white seeds could be determined as the reason for these « hot-spot ».

· (In Messéan, 2008 :// Toutefois, la dispersion à longue distance intervient également (Bannert and Stamp, 2007)//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Bello A, Porcuna JL, Gonzálvez V, Fabeiro C, 2007. Organic farming integrity in maize cultivation in Spain ¤ GMCC07; 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007. Proccedings p. 373.

http://www.coexistence-conference.org/documents/gmcc07_poster_regulatory_approaches_000.pdf 

· In the last five years 9 organic maize contamination have been reported in Navarra, Aragon and Catalunya. This paper analysed existing information, research studies and also interviews and visits to organic farms with maize, concluding that organic maize integrity is still not granted in Spain.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Bock R, 2007. ** Towards plastid transformation in maize. ISB News Report Dec 2007.

http://www.isb.vt.edu/news/2007/artspdf/dec0702.pdf 

· Broad application of plastid genome engineering in agricultural biotechnology has been hampered by the lack of plastid transformation protocols for major crops. Unfortunately, cereals, the world's major food crops, are a particularly recalcitrant species; thus, in spite of enormous efforts, progress has been very limited and there are still no protocols available for the production of stable transplastomic plants in any cereal species.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Bohanec M et al, 2007. ¤ SMAC advisor: a decision-support tool on maize co-existence. GMCC07, Proceedings pp. 118-123. http://www.coexistence-conference.org/documents/gmcc07_oral_landscape2_000.pdf
·  (From the text // Conclusions : SMAC Advisor give recommendations using a knowledge base, which is composed of two parts. The central part is a shallow qualitative multi-attribute model, developed according to DEX methodology. It contains rules that aggregate inputs, provided by the user, into final recommendations, following a hierarchical structure of attributes. The essential part of this shallow model, which determine the achviable adventitious presence, is based on a “deep” MAPODE model, which simulates the biological behavior of maize plants.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Byrne et al, 2007. Byrne PF, Gaines TA, Meyer RF, Alexander R, 2007. ¤ Estimating Pollen-Mediated Gene Flow in Colorado Corn Fields with the Blue Kernel Trait. Proceedings of the Gene Flow - Symposium of the North Central Weed Science Society Annual Meeting. http://www.ncwss.org/ 

· Pollen-mediated gene flow (PMGF) from genetically engineered (GE) corn (Zea mays L.) has become a topic of intense interest. Organic growers and others seeking to avoid the presence of transgenic material in their corn harvests want to know how far to isolate their crops from GE hybrids. Although similar studies on corn gene flow have been conducted in other parts of the U.S., to our knowledge none had been carried out under conditions similar to Colorado's corn growing areas. Our objective was to determine the percent cross-pollination that occurred across a range of distances in multiple locations and years in Colorado‘s Front Range and eastern plains. We used the dominant blue kernel trait to track cross-pollination. Plots of blue corn were planted as central islands surrounded by large fields of yellow corn. Dates of pollen shed and silk emergence were recorded to verify a sufficient overlap in flowering time between pollen source and recipient plants. At harvest, samples of 10 ears each were collected in several directions from the blue corn plot at distances that generally ranged from 0.75 to 300 m. For each sample, the numbers of blue and yellow kernels were counted and the percentage of blue kernels was calculated as an indication of the frequency of cross-pollination. Data from a total of 13 locations over six years were used in the analysis. As expected, the amount of cross-pollination was high at the closest sampling sites (mean of 29.3% at 0.75 m). Cross-pollination decreased rapidly with distance, dropping to a mean of 0.20% at 46 m and 0.05% at 92 m. The farthest distance at which any blue kernels were observed was 320 m. The information collected in this study helped a Boulder County technical advisory committee determine an isolation distance of 46 m between GE corn crops and organic corn crops on county-owned Open Space lands. This study will also be relevant elsewhere in Colorado and similar environments where there are concerns about cross-pollination from GE corn.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

CAST, 2007. £ Implications of Gene Flow in the Scale-up and Commercial Use of Biotechnology-derived Crops: Economic and Policy Considerations. Council for Agricultural Science and Technology (CAST). 2007. Issue Paper 37. CAST, Ames, Iowa.

http://pdf.cast-science.org/websiteUploads/publicationPDFs/CAST%20Issue%20Paper%2037%20galley-final-2149.pdf 

· This Issue Paper identifies the nature of gene flow and discusses the relatively limited situations in which it is likely to cause economic problems in the production of commercial biotech crops. The paper explains how gene flow relates to adventitious presence, describes the biological traits being imparted into biotech crops, summarizes present risk assessment and regulatory mechanisms, and discusses potential economic effects and policy and research ramifications of gene flow of commercial biotech crops. Chair: David Gealy, USDA--Agricultural Research Service, Stuttgart, Arkansas. IP 37, December 2007, 24 pp., FREE. Available online (www.cast-science.org) AND in print (515-292-2125; fee for shipping/handling).

· From the text ; Corn part Pollen 

· Outcrossing crop with separate male (tassel) and female (ear) flowering structures 

· Tassels produce 14-50 million grains of pollen per plant (Miller 1985), usually over a 5- to 8-day period 

· Large pollen grains have limited ability to travel in air currents 

· Pollen seldom survives for more than one or two hours (Aylor 2004; Raynor, Ogden, and Hayes 1972) 

· Most Bt corn pollen settles close to source (Ma 2005) 

· Little cross-pollination occurs at distances >500 m (Halsey et al. 2005; Jarosz et al. 2003); trace amounts of outcrossed corn could occur >1 km (Aylor, Shultes, and Shields 2003) 

· No sexually compatible wild relatives in the U.S. or Canada 

· Modern varieties can hybridize with weedy and wild teosinte plants in Mexico, where biotech corn has not been approved for cultivation but is approved for import for food and feed 

· Genome consists of about 50% transposable elements of exogenous origin Seeds and Grain 

· Hybrid seed does not breed true or maintain yield advantage in following generations when seeds are saved, so farmers purchase new seed each year 

· No company can guarantee that a bag of seed has no biotech seed or vice versa 

· No corn seed company would guarantee its seed to be 100% single hybrid material 

· Determining and verifying acceptable thresholds for AP in corn seed is complex, especially for markets where nonbiotech corn seed and products are requested Volunteers 

· Volunteers from unharvested grain are common and can complicate weed control options (especially if the transgene carries herbicide-resistant traits) (Owen 2005), but do not usually persist for more than one growing season 

· Volunteers are capable of dispersing pollen to nearby nonbiotech corn fields 

· Management should be taken into account when necessary to confine gene flow from biotech varieties

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Clark CA, Astini J, Arritt RW, Westgate ME, Susana Goggi A, 2007. ¤ Application of a 3D windbreak model to compare field plot designs for limiting pollen dispersal. Proceedings of the Gene Flow - Symposium of the North Central Weed Science Society Annual Meeting

http://www.ncwss.org/ 

· Placing windbreaks or shelter around a field may help reduce the escape of transgenes into the environment. An optimal configuration of such designs is desirable, but the cost and labor involved in field studies imposes practical limitations on the number of candidate designs that can be tested. We propose that a combined shelter flow model and a Lagrangian dispersion model can be used as a screening tool to test the effect of border design, field geometry, wind climatology, and other factors on pollen transport. This allows field studies to focus more efficiently on designs that are likely to be successful. We tested a the model by simulating results from field projects in the 2005 and 2006 growing seasons in which a tall annual grass (sorghum sudangrass) was planted as a border around a small maize plot. Field measurements for both 2005 and 2006 showed that a sorghum sudangrass border reduced the maximum distance of pollen dispersal from 300 m to 160 m. Model results show a decrease in downwind transport of pollen but predicted patterns of pollen deposition are much smoother than observed. We propose that this limitation derives partly from incomplete knowledge of the diurnal timing of pollen shed and partly from limitations in sampling observed pollen deposition.
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Coléno FC, 2007. ¤ A model to evaluate the feasability of GM and non-GM co-existence in Europe at farm and collection firm level for maize. Proceeding of the 16th congress of the International Farm Management Association. Cork (Ireland) 15-20 july 2007. pp 329-337.

http://www.ifmaonline.org/pdf/congress/07Coleno.pdf. 

· GM and non-GM coexistence, as defined by the European commission, defines a product as non-GM if it contains less than 0.9% of GM material. To avoid the risk of mixing GM and non-GM, we made a model of supply chain management rules and strategies for crop collection planning for a small farming region. It simulates (i) the GM and non-GM proportions at the end of the supply chain and (ii) the transportation and processing costs. Three strategies were evaluated. One has no specific planning. Batches were taken as crops arrived at the silo. A second is on a spatial basis and allocates each silo to a single crop batch. A third is time based and allocates part of the collection time to one product. We show that the spatial strategy allows all the non GM production to be segregated, but at a high cost. On the contrary the time strategy leads to a lower cost but with lower segregation results.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Coléno FC, Angevin F, Adamczyk K, 2007. ¤ Modelling farmer's choice to evaluate GM and non-GM coexistence strategies at a territory level: case of maize production. GMCC - Proceedings Third International Conference on Coexistence between Genetically Modified (GM) and non-GM based Agricultural Supply Chain - Parallel Session II. Seville Nov 2007. http://www.coexistence-conference.org/documents/gmcc07_oral_economics1_000.pdf 

·  (In the text // During collection, crops from many fields are combined ti fill a silo. In rhe case of maize, to avoid risk of mixing GM and non-GM harvests, it is possible to decicate silos to a specific production or to define a time period for GM and non-GM delivery at silos. To evaluate these strategies, we propose an economic model of variety choice by farmer based on the gain at field level for the considered production, taking into account delivery cost and differences in prices and costs between GM and non-GM products. The model gives maize crop distributions, wether GM or non-GM, that were used as imput data for a spatially-explicit gene flow model (MAPOD). It was thus possible to calculate the level of GM adventitious presence in the non-GM silos, and therefore to evaluate the possibility to access non-GM and food market.//)
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Cougnon M et al, 2007. ¤ Searching for optimal field allocations of genetically modified maize. GMCC07 - Third International Conference on "Coexistence between Genetic Modified (GM) and non-GM based Agricultural Supply Chains - Seville 20 and 21 Nov 2007 GMCC07 Proceedings pp. 289-290. 

http://www.coexistence-conference.org/documents/gmcc07_poster_lanscape_000.pdf 

·  (In the text // A method is presented to allocate genetically modified maize to particular set of fields in order to minimize spatial co-existence problems.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Debeljak M et al, 2007. ¤ Modelling spatial distribution of outcrossing rates between neighboring maize fields. GMCC07- Proceedings Third International Conference on "Coexistence between Genetic Modified (GM) and non-GM based Agricultural Supply Chains - Seville 20 and 21 Nov 2007 GMCC07. 

http://www.coexistence-conference.org/documents/gmcc07_poster_lanscape_000.pdf. 

· The spatial distribution of autcrossing rates between a transgenic maize field and surrounding non-transgenic maize fiel was modeled in orderto determine the most important factors influencing the gene flow. … The resulting models show that the distance between donor and recipient plants plays a dominant role, followed by the wind direction (blowing from the donor to the recipient field) and the visual angle.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Delage S, Brunet Y, Dupont S, Tulet P, J Pinty -P, Lac C, Escobar J, 2007. ¤ Atmospheric dispersal of maize pollen over the Aquitaine region. GMCC07 - Proceedings Third International Conference on "Coexistence between Genetic Modified (GM) and non-GM based Agricultural Supply Chains - Seville 20 and 21 Nov 2007 GMCC07. Proceedings p. 306. http://www.coexistence-conference.org/documents/gmcc07_poster_lanscape_000.pdf 

· The on-going introduction of genetically modified maize is generating research on the possibilities for coexistence. Following recent experimental evidence for the presence of maize pollen in the atmosphere up to heights of about 1-2 km, a modelling tool has been developed to simulate longrange pollen dispersal and deposition. Here we present the model basis and preliminary results confirming the measurements performed from an instrumented aircraft.

· (From the text //  

Table according to Fig.2

	Distance de la source (km)
	Grains/m²

	9
	# 100

	19
	# 11

	29
	# 0,9

	39
	# 0.1

	49
	# 0.1

	59
	# 0.09

	69
	# 0.01

	79
	# 0.005


.//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Devos Y, Cougnon M, Thas O, De Clercq EM, Reheul D, 2007. ¤ Recommendations to facilitate the implementation of isolation perimeters. GMCC07 : Proceedings Third International Conference on "Coexistence between Genetic Modified (GM) and non-GM based Agricultural Supply Chains - Seville 20 and 21 Nov 2007 GMCC07-Proceedings pp. 287-288. 

http://www.coexistence-conference.org/documents/gmcc07_poster_lanscape_000.pdf   

· The feasability of implementaing isolation perimeters around genetically modified maize fields was tested for various scenarios in typical maize cultivatrion areas in Flanders (Belgium.

· (From the text / : Conclusions : Due to small size of maize fields and their scattered disribution throughout the crop area in Flanders, implementing wide isolation perimeters is diffcult, especially in area where maize is grown on a large part of the garicultural area. … Because the implementation of wide isolation parimeters remains feasible in areas with a low maize share, restricting the cultivation of GM maize to such area could be anvisaged regionally. To reflect regiona differences in crop share and field distribution, plural coexistence measures adaptable on a case-by-case basis should be proposed.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Devos Y, Reheul D, Thas O, De Clercq EM, Cougnon M, Cordemans K, 2007. * Implementing isolation perimeters around genetically modified maize fields. Agron. Sustain. Dev. 27 (2007) 155-165.

· Due to the growing cultivation area of genetically modified (GM) maize and the rising number of GM maize varieties commercially available to European farmers, the co-existence between GM and non-GM maize is becoming a burning issue in some European regions. Hence, Member States are imposing or discussing specific co-existence measures to keep the adventitious presence of GM material in non-GM produces below the established labelling threshold. As maize is a cross-pollinated crop that uses wind for the dispersal of its pollen, on-farm co-existence measures may rely on the spatial isolation of GM and non-GM maize fields. In this study, we developed an approach that combines geographic information system (GIS) datasets with Monte Carlo simulations to assess the feasibility of implementing isolation perimeters around GM maize fields, since its practical implementation is rarely addressed in the co-existence debate. More specifically, five scenarios differing in shares and spatial distributions of GM maize were tested for various isolation perimeters in two agricultural areas in Flanders (Belgium). The GIS analyses emphasised the small size of maize fields and their scattered distribution throughout the cropped area. The feasibility of implementing isolation perimeters was largely affected by the (GM) maize share, the spatial distribution of GM maize, and the width of isolation perimeters. The higher the (GM) maize share and the wider the isolation perimeter, the higher the proportions of farmers with non-GM maize fields occurring within the implemented isolation perimeter. Compared with randomly distributed GM maize fields, the clustering of GM maize fields on a larger scale and at the farm level increased the feasibility of implementing isolation perimeters. The approach developed proved to be a valuable tool to quantify the feasibility of implementing isolation perimeters under real agricultural conditions.
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Devos Y, Reheul D, Thas O, M. De Clercq E, Cougnon M, Cordemans K, 2007. * Implementing isolation perimeters around genetically modified maize fields. Agron. Sustain. Dev. 27 (2007) 155-165.

· Due to the growing cultivation area of genetically modified (GM) maize and the rising number of GM maize varieties commercially available to European farmers, the co-existence between GM and non-GM maize is becoming a burning issue in some European regions. Hence, Member States are imposing or discussing specific co-existence measures to keep the adventitious presence of GM material in non-GM produces below the established labelling threshold. As maize is a cross-pollinated crop that uses wind for the dispersal of its pollen, on-farm co-existence measures may rely on the spatial isolation of GM and non-GM maize fields. In this study, we developed an approach that combines geographic information system (GIS) datasets with Monte Carlo simulations to assess the feasibility of implementing isolation perimeters around GM maize fields, since its practical implementation is rarely addressed in the co-existence debate. More specifically, five scenarios differing in shares and spatial distributions of GM maize were tested for various isolation perimeters in two agricultural areas in Flanders (Belgium). The GIS analyses emphasised the small size of maize fields and their scattered distribution throughout the cropped area. The feasibility of implementing isolation perimeters was largely affected by the (GM) maize share, the spatial distribution of GM maize, and the width of isolation perimeters. The higher the (GM) maize share and the wider the isolation perimeter, the higher the proportions of farmers with non-GM maize fields occurring within the implemented isolation perimeter. Compared with randomly distributed GM maize fields, the clustering of GM maize fields on a larger scale and at the farm level increased the feasibility of implementing isolation perimeters. The approach developed proved to be a valuable tool to quantify the feasibility of implementing isolation perimeters under real agricultural conditions.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Ellstrand NC, Garner LC, Hegde S, Guadagnuolo R, Blancas L, 2007. * Spontaneous Hybridization between Maize and Teosinte. Journal of Heredity 2007 98(2):183-187; doi:10.1093/jhered/esm002. http://jhered.oxfordjournals.org/cgi/reprint/98/2/183 

· The closest wild relatives of maize, Zea mays ssp. mays are various Zea taxa known as "teosinte." Hybrids between maize and the teosinte taxon, Zea mays ssp. mexicana, often occur when the 2 are sympatric in Mexico. Measuring the spontaneous hybridization rate of the 2 taxa would shed light on the mechanisms contributing to the evolution and persistence of these hybrid swarms. We conducted a series of field experiments in Riverside, CA, to measure the natural hybridization rates between maize and 2 teosinte taxa, Z. m. ssp. mexicana and Zea mays ssp. parviglumis. We planted teosinte within and near maize plantations. Hybrids were identified by progeny testing for a maize-specific herbicide resistance allele and a teosinte-specific allozyme allele. Hybridity was confirmed by growing putative hybrid progeny to maturity to evaluate whether they had the characteristic morphology of maize x teosinte hybrids. We found that maize and Z. m. ssp. mexicana naturally hybridize at a low rate (<1%), whereas Z. m. ssp. parviglumis hybridizes with the crop at a high rate (>>50%).

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Foueillassar X, Weber J 2007. ¤ The maize pollen viability: a considerable factor in coexistence studies. GMCC07 - Proceedings 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007 

http://www.coexistence-conference.org/documents/gmcc07_poster_gene_flow_000.pdf 

· The evaluation of the risk of cross pollination betweens fields in particular between GM and conventional maize, must take account of viability of pollen. All maize coexistence studies show that the rate of outcrossing fecundation decreases drastically as the distance from the GMO source increases. These results are due to very low quantities of pollen in competition with the pollen with the pollen of the conventional field and its low viability. This study confirms that the pollen is selected at its emission, as a result of the non viable pollen falling more slowly and flying furthest. The viable pollen, being very wet, is heavier and falls relatively quickly. Therefore to considerboth pollen quality and quantity, a dispersal model must take account of the viability.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Foueillassar X et al, 2007. ¤ The specific case of the sweet corn for the coexistence measures. GMCC07 Proceedings pp. 257-258. Proceedings 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007 

http://www.coexistence-conference.org/documents/gmcc07_poster_gene_flow_000.pdf 

·  (From the text // Results : In the majority of cases, pollen production is higher in sweet corn than in commodity maize due to the structure of sweet corn which has multiple tillers and flowers.

In 2002 the rate of cross pollination was lower tha in 2001 (0,014% vs 0,084%) probably due to the lower wind speed. A sharp decrease in the level of crosspollination between the first outer six rows and the next six rows, showed the barrier function of the outer maize rows. Cross pollination subsequently decreased exponentially away from the source ans occurred randomly at low levels for distances from 200 to 300 meters.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Ganz C et al, 2007. ¤ Erprobungsanbau 2005: Different crops as spacers to minimize cross fertilization between GM and non-GM maize on field scale level. GMCC07 Proceedings pp. 267- 268.

· The impact of different crops used as spacers between GM and non-GM maize fields on the out crossing rate was measured at 11 sites in Germany situated in north, the center and the south regions that differ in climate and wind intensity. … No specific influence of the different spacer crops was detectable. Nevertheless, due to extreme wind conditions, most of the pollen was transferred to the eastern maize field in all three regions. After a 20-50 m belts of variable crops and 25 m maize the GM content was below the threshold of 0,9%. Hence, the proposed distance of 20 m to maintain the out crossing below the threshold level, might not been sufficient in extreme situations.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Gealy DR, Bradford K, Hall L, Hellmich RL, Raybould A, Wolt J, Zilberman D, 2007. ¤ Implications of gene flow in the scale-up and commercial use of biotechnology-derived crops: Economic and policy considerations. Proceedings 2007 North Central Weed Science Society Crop Gene Flow Symposium, December 12-13, 2007, St. Louis, MO.

· This paper reviews the concept of gene flow ¿ the successful transfer of genetic information between different individuals, populations, and generations (to progeny) and across spatial dimensions. The paper also discusses the relatively limited situations in which gene flow is likely to cause economic problems in the production of commercial biotech crops. Gene flow is presented in the context of an associated phenomenon, adventitious presence, in which unwanted substances unavoidably make their way into the production, channeling, and marketing system of grain and crop products. Because reproductive biology differs markedly among crop species, so does the potential for outcrossing and subsequent gene flow. Economically or environmentally significant gene flow into weedy relatives of these crops often is limited because of restricted geographical overlap of the crop and weed regions or because the weedy relatives are not exceptionally competitive or invasive. Numerous useful traits are being imparted into biotech (transgenic) and nonbiotech crops. Most of these traits are likely to have little impact on the dynamics of gene flow, especially outside of agricultural fields. Precommercialization procedures that take into account the specific trait being introduced will help to insure that impacts of gene flow remain low. Where trait characteristics warrant, a variety of production practices can be used to mitigate gene flow, and novel genetic/molecular containment technologies are being developed to accomplish similar goals. The economic consequences of gene flow from biotech crops may differ in crops produced for seed (to be planted) vs. crops produced for commodity uses (to be consumed or woven into textiles), or in traditional vs. niche marketplaces. Approaches to minimize potential negative impacts are discussed. Potential risks and benefits of maintaining or altering the existing safety and regulatory mechanisms are addressed in the context of public policy considerations. These considerations include the potential benefits of establishing thresholds for unapproved biotech substances in any commodity and for approved biotech substances in a commodity labeled as nonbiotech. Existing regulations are costly and can discourage development of beneficial products. Regulatory approaches that consider benefits and costs more holistically may facilitate improved development of these technologies. To date, there have been no major health or environmental setbacks due to gene flow from biotech crops; in fact, these crops have led to significant, documentable improvements and, in some instances, decreased environmental risks. Education addressing the realistic advantages and challenges of continued development and commercialization of biotech crops, as well as nonbiotech crops, will be a key to public understanding and discourse related to future policy toward biotech crops.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

GMOSafety, 2007. ££ Corxistence maïs. http://www.gmo-safety.eu/en/coexistence/db/29.docu.html
Culture type 
Maize

Year
2005

Country
Germany

Execution
Coordination: Agrar- und umweltwissenschaftliche Fakultät, Universität Rostock

Experiment
Type of experiment: Field trial, measurement of GMO  yields 


Configuration of experiment:


12 trial fields in three provinces. Field with Bt  maize in the centre, 



surrounded by differing catch crops and finally with isogenenetic maize

            
          




Normal experiment scheme (4 fields+ 3 fields without intermediary 



areas/isogenetic maize parallel to wind direction)


[image: image33.jpg]





Particular experiment: comparison of barrier effectiveness of maize and catch 



crops (5 fields)


Execution of experiment:



Investigation of the influences of the catch crops (barley, peas, potatoes, 



ryegrass, maize) by extracting 246 samples with a total of 2820 maize ears 



from all 12 fields, all at a fixed distance to the Bt maize parcel; at specific 



points also the extraction of the entire plant, in order to represent silage 



maize.



Documentation of flowering period and of weather.

Results
To date only published in one province (Bavaria): 

Catch crop maize, in main wind direction


55 m 
1.52%


75 m
0.3%

Recommendation
Bavaria: 150 metre isolation distance


Whole experiment: 25 metres conventional maize as buffer crop and 25 metres isolation 


distance.
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Goggi AS, Lopez-Sanchez H, Caragea P, Westgate M, Arritt R, Clark CA, 2007. * Gene flow in maize fields with different local pollen densities. Int J Biometeorol. Volume 51, Number 6 / août 2007, 493-503.

· The development of maize (Zea mays L.) varieties as factories of pharmaceutical and industrial compounds has renewed interest in controlling pollen dispersal. The objective of this study was to compare gene flow into maize fields of different local pollen densities under the same environmental conditions. Two fields of approximately 36 ha were planted with a nontransgenic, white hybrid, in Ankeny, Iowa, USA. In the center of both fields, a 1-ha plot of a yellow-seeded stacked RR/Bt transgenic hybrid was planted as a pollen source. Before flowering, the white receiver maize of one field was detasseled in a 4:1 ratio to reduce the local pollen density (RPD). The percentage of outcross in the field with RPD was 42.2%, 6.3%, and 1.3% at 1, 10, and 35 m from the central plot, respectively. The percentage of outcross in the white maize with normal pollen density (NPD) was 30.1%, 2.7%, and 0.4%, respectively, at these distances. At distances greater than 100 m, the outcross frequency decreased below 0.1 and 0.03% in the field with RPD and NPD, respectively. A statistical model was used to compare pollen dispersal based on observed outcross percentages. The likelihood ratio test confirmed that the models of outcrossing in the two fields were significantly different (P is practically 0). Results indicated that when local pollen is low, the incoming pollen has a competitive advantage and the level of outcross is significantly greater than when the local pollen is abundant.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Gómez-Barbero M, Rodríguez Cerezo E, 2007. ¤ Economic impact of GM maize cultivation: room for coexistence costs. Proceedings Third International Conference on Coexistence between Genetically Modified (GM) and non-GM based Agricultural Supply Chain - Parallel Session II - GMCC07. Seville Nov 2007. 

http://www.coexistence-conference.org/documents/gmcc07_poster_gene_flow_000.pdf 

 (From the text // Conclusion : We have provided ex-post for the first time an estimation of the economic advantage of a GM crop compared to its conventional counterpart in the EU. The economic balance of Bt maize reported here does not take into account the novel costs that GM farmers will incur in order to ensure coexistence at farm level. The agronomic measures to ensure coexistence at farm level have been reviewed by Messéan et al. (2006). The most robust strategy to ensure coexistence in maize production is the introduction of isolation distances between GM and non-GM fields. Sowing a non-GM maize buffer strip around GM fields is also effective. Lastly, using GM varieties with different flowering dates compared with non-GM varieties is highly effective but is too dependent on meteorological conditions and hampered by associated yield losses. 

The results presented here suggest that Bt maize farmers will be willing to implement these measures as long as their cost is below the gross margin bonus the obtain from cultivating Bt varieties. We have estimated this advantage as 81€/ha on average for the 2002-2004 period and for the three Spanish regions studied. 

However, this figure, varied between regions, ranging from €122 per hectare/year in Zaragoza to €65.34 in Lleida or just €7.91 in Albacete. This implies there could be more economic potential for implementing coexistence by GM farmers in some regions whereas in others the mandatory need for measures may result in coexistence costs over expected GM benefits. Also, the gross margin benefit of Bt maize adopters (due largely to yield increases) may vary since maize prices have recently experienced an unprecedented rise, therefore giving rise to the availability of more room for coexistence costs in the final balance.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Haegele JW, Peterson PA, 2007. * The flow of maize pollen in a designed field plot. Maydica vol. 52 (2) p.117-125.

· This study was undertaken to evaluate the extent of pollen dispersion in typical Iowa maize (Zea mays L.) field relative to receptive targets at prescribed distances over a summer growing season. In a two-year study in a designed plot that included a commercial maize field and maize genetics nursery, the dispersion of pollen (pollen flow) was followed to determine the extent of pollen spread in an Iowa maize field. Marked pollen (color-producing source-pollen) was recorded in target sources (field maize) at various distances from the pollen source that produced colored kernels on targeted maize. Most of the pollen-deposition (80-90%) is recorded in the near-by rows (3 meters) from the source. At 22.1 meters, one colored kernel is recorded among 200, 450, and 600 kernels for the east, south, and north directions, respectively. The dispersal of the pollen drops dramatically after the third row (3 meters). The east and the south blocks have more source-pollen recorded than the north block. From the data included in this report, it is concluded that if 0.01% outcrossing or less were desired, a distance of 767 meters (approx. 1/2 mile) or greater would be required. From this study and others it is evident that the extent of pollen flow is highly dependent on local weather conditions and the appropriate isolation distance will depend on several factors including wind speed and direction.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Horvath L, Hudecova Z, 2007. ¤ Control of coexistence between GM and non-GM agricultural crops in Slovakia. GMCC07 ; Third International Conference on "Coexistence between Genetic Modified (GM) and non-GM based Agricultural Supply Chains - Seville 20 and 21 Nov 2007. Proceedings p. 361. 

http://www.coexistence-conference.org/documents/gmcc07_poster_traceabillity_000.pdf 

· (// Le dispositif consiste en des parcelles de maïs sources de transgènes d‘environ 11 Ha séparées par 35 rangées de maïs et 200 m. de zone tampon règlementaire. On ne trouve aucune FeCr > à 0,1%. Ces observations vont être poursuivies. //)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Hoyle M, Cresswell JE, 2007. * The effect of wind direction on cross-pollination in wind-pollinated GM crops. Ecological Applications: Vol. 17, No. 4, pp. 1234–1243.

· In Europe, regulatory thresholds restrict adventitious GM (genetically modified) presence in conventional crops. Minimum distances for the spatial separation of fields are often recommended to reduce field-to-field cross-pollination to an acceptable level. Field trials are typically the basis for setting separation distances. However, using records of wind direction and speed from weather stations across Europe, we predict theoretically that field-to-field windborne cross-pollination in maize, oilseed rape, sugar beet, and rice varies greatly according to the relative orientation of the GM and non-GM fields. Furthermore, at a given site and orientation from a GM field, we predict that the cross-pollination rate varies substantially from year to year. Consequently, even replicated field trials may inaccurately estimate typical levels of cross-pollination and therefore distort our perception of the separation distances required to achieve sub-threshold adventitious GM presence. We propose methods to predict the likely range in levels of cross-pollination based on the limited data typically available from field trials. Additionally, we suggest suitable time lags between peak flowering in adjacent fields that could be introduced to reduce cross-pollination to a specified level.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Hüsken A, Schiemann J, 2007. ¤ Impact of silage maize on GMO quantification and coexistence. GMCC07: Third International Conference on "Coexistence between Genetic Modified (GM) and non-GM based Agricultural Supply Chains - Seville 20 and 21 Nov 2007. Proceedings p. 357. 

http://www.coexistence-conference.org/documents/gmcc07_poster_traceabillity_000.pdf 

· (From the text // The GM contamination was determined in harvested conventional maize crop, which were sampled according to ISTA rules. In harvested maize crops the GM maize was not detected at the level of detection limit method (0,1%).//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Hüsken A, et al, 2007. ¤ A major European synthesis of data on pollen and seed mediated gene flow in maize in the SIGMEA project. GMCC07 Proceedings pp53-56. 

http://www.coexistence-conference.org/documents/gmcc07_poster_traceabillity_000.pdf 

· (From the text // Datasets on maize showed that levels of cross-fertilisation rapidly dropped over the initial meters around the pollen source and decreases as the distance from the pollen source increases.On average, independent from all parameters affecting cross-pollination, the rate of out crossing dropped in most studies below 0.9 % within a distance of 15 m to 30 m from the source and then decreased to a low level, but did not reach zero. Hot spots (0.02 %) have been measured up to 4500 m from a known GM source. The level of cross pollination occurring over the whole field is most relevant for co-existence. Some studies (Spain and Switzerland) observed an overall level of cross-fertilisation between of 0.0 and 2.29 % respectively for the recipient fields planted in different distances adjacently to the pollen source. Altogether, the evaluated datasets indicate that a 20-50 m separation distance is enough to maintain the labelling threshold below the 0.9%. In certain cases, take into account particular spatial conditions and agricultural practices (e.g., small scale production systems, average field size smaller than one hectare and/or long and narrow fields), the separation distance may be extended. 

Like separation distances, pollen barriers effectively reduce out crossing between neighbouring maize fields. Barrier plants located in the adjacent area act on one side as a pollen trap and on the other side they produce additional pollen that dilutes the transgenic airborne pollen. In the Spanish study recent observations suggest that after a 10 to 20 m barrier of maize, the 0.9 % GM presence expressed in percentage of genomes almost never was exceeded in the harvested grains. In addition, when different fields are separated by gaps, the first rows of recipient fields are more cross-fertilised than in an adjacent field at the same distance. Other studies (Germany, Switzerland) confirmed the high interception of pollen by the first few maize rows when open ground or low growing barrier crops separate maize fields.The removal of the first 10-20 m of a non transgenic field facing a GM crop might therefore be more efficient for reducing the total level of cross-fertilisation in a recipient population than to recommend separation distances. 

Volunteers can occur in fields, the year following cultivation, when maize is grown in rotation with other crops. Although maize volunteers are a minor weed problem, these can cause harvesting problems. The probability of a volunteer maize crop appearing in subsequent (maize) crops and then contributing to gene flow via cross pollination from the volunteer to a maize crop is very low due to the inability of the maize plant to shed seed naturally, a limited dormancy period, the common use of mechanical pre-planting soil preparation practices and the inability of maize seed to survive low winter temperatures that often occur in many (continental) maize growing regions. In regions where winter temperatures do not usually fall to low enough levels to kill off volunteers (eg, Mediterranean countries like Spain), they are a common trait. The influence of volunteer’s presence on the field on the GMO adventitious presence depends on: number of volunteers that reach the flowering stage and the flowering coincidence with the subsequent crops. Densities of volunteers (higher than 2000/ha) should be taken into account because they could be important in the total content of GMO in the harvest. However, volunteer plants may be controlled by mechanical means or by the use of other herbicides registered for use on maize volunteers. 

Factors 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 and gene flow at a landscape level. Further 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 region.

· (In Messéan, 2008.// Les études de flux de gènes en Europe ont porté essentiellement sur la pollinisation croisée à courte et longue distance, en utilisant comme donneur des maïs OGM ou des maïs spécifiques portant un marqueur de couleur (blanc ou bleu). Dans le cadre du projet européen SIGMEA (projet FP6, 2004-2007), vingt jeux de données de flux de champ de maïs à champ de maïs ont été collectés et analysés. L'ensemble des données permet une comparaison entre échelles spatiales ou sous différents climats (voir figure 2). Ces études, dont une synthèse a été présentée lors de la troisième conférence internationale sur la coexistence (Hüsken et al, 2007; Messéan et Angevin, 2007), ont permis de tirer les enseignements suivants:
· Une forte décroissance de la dispersion de pollen avec la distance (ordre de grandeur de 1 pour 1000 à une distance de 100m de la bordure du champ donneur) ;

· Une très grande variabilité des taux en fonction des conditions environnementales et expérimentales ;

· Le maintien d'une pollinisation croisée à longue distance à des taux faibles mais non nuls ;

· Un effet sensible de la densité d'OGM dans le paysage agricole (résultats obtenus à partir des cultures commerciales en Espagne) ; 

· Un effet très marqué de la direction du vent//)
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INRA, 2007. £ Résultats du projet européen SIGMEA sur la coexistence entre cultures OGM et non-OGM. INRA - Fiche de Presse Info. 10/12/2007.

· Le projet européen SIGMEA « Sustainable Introduction of Genetically Modified Crops into European Agriculture », dont l‘INRA assure la coordination scientifique, a présenté ses principaux résultats sur la coexistence entre cultures OGM et non-OGM lors de la conférence GMCC07* qui s‘est tenue à Séville les 20 et 21 novembre. Lancé en 2004, pour éclairer les pouvoirs publics sur les impacts des OGM en agriculture, SIGMEA rassemblait 44 partenaires de 12 pays, parmi lesquels 5 laboratoires de l‘INRA, implantés dans les centres de Dijon, Jouy-en-Josas et Versailles-Grignon.

· (// Ces résultats ont été communiqués dans GMCC07 :

(http://www.coexistence-conference.org/documents/gmcc07_poster_traceabillity_000.pdf).//) 
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Kalaitzandonakes N, 2007. ¤ Maize supply chains: organisational changes and economic impact of coexistence. GMCC07: 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007. Proceedings p. 27. 

http://www.coexistence-conference.org/documents/gmcc07_poster_traceabillity_000.pdf 
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Koziolek C, Bartsch D, 2007. ¤ Benefit for co-existence of containment strategies through chloroplast transformation. Proceedings 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007 - GMCC07. 

http://www.coexistence-conference.org/documents/gmcc07_poster_gene_flow_000.pdf. 

·  (From the text // The targeted insertion of a GM sequence in the chloroplast genome by homologous recombination has three advantages: 1) insertional inactivation of unknown functional genes is avoided. 2) endogenic in situ promoters can be used. 3) even thought plastids harbor relatively small replicons, large insertions are tolerated. However it has to be verified that the transgene is not inserted unintentionally in the nuclear genome since the transformation could be unspecific.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Kraic J, Mihalcik P, Singer M, Plackova A, 2007. ¤ Coexistence of genetically modified and conventional maize: practical experience on-farm in Slovakia. GMCC07 : Proceedings 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007. 

http://www.coexistence-conference.org/documents/gmcc07_poster_gene_flow_000.pdf. 

· Relevant legislation in Slovakia requires farmers to comply with an isolation distance of 200 m. which can be replaced by borders rows of non-GM maize according to the principle that 1 border row replaces 2 m of isolation distance. GM-maize containing the Mon810 event, was drilled at 3 different locations over the Slovakia in the 2006 and during harvest, samples were collected from neighbouring the conventional maize. Real-Time PCR was used to detected potential levels of Mon810 in samples. Data obtained indicate that coexistence of GM and conventional maize planted under defined conditions is possible. An isolation distance of 200 m respectively 100 border rows of conventional maize represents 3-4 times the effective isolation distance actually needed.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Krishna J, 2007. ** Crop-to crop gene flow studies of fodder maize in the UK. ISB News Report October 2007.

· In the text : Gene flow from GE to non-GE maize was observed up to 200 m from the source. The frequency of GE to non-GE gene flow decreased rapidly with increasing distance from the GE source. Separation distances did not correlate strongly with field size. Even a 25-fold increase in area reduced the separation distance only by 8 m for a 0.1% GE DNA threshold. The results showed that a field 150 m in length would require a 3 m separation distance for the crop to be below the 0.9% GE threshold. To be below a 0.1% threshold, a 150 m field would require a separation distance of 79 m. The results therefore suggested that the separation distances recommended by earlier researchers are larger than necessary. The present study thus determined that for compliance with a 98% certainty, 81m is the longest required distance for a maize grain threshold of 0.1% GE in a small (50 m × 50 m) field. However, this model may vary when pollen flow occurs from several sources surrounding a non-GE recipient field. Thus the authors concluded that with effective modeling it is possible to meet current EU thresholds for bulk crops.
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La Paz JL, Esteve T, Pla M, 2007. * Comparison of real-time PCR detection chemistries and cycling modes using Mon810 event-specific assays as model. J Agric Food Chem. 2007 May 30;55(11):4312-8. Epub 2007 May 8.

· The most widely accepted methods for accurate quantitative detection of genetically modified organisms rely on real-time PCR. Various detection chemistries are available for real-time PCR. They include sequence-unspecific DNA labeling dyes such SYBR-Green I and the use of both universal (e.g., AmpliFluor) and sequence-specific double-labeled probes, the latter comprising hybridization (e.g., Molecular Beacon) and hydrolysis (e.g., TaqMan or MGB) probes. Also, new real-time PCR devices and reagents allowing fast cycling reactions exist. Five Mon810 real-time PCR assays were developed in which the event specificity was based on the detection of transgene and plant rearranged sequences found to 3' flank the insertion site. Every assay was specifically designed for one particular detection chemistry, that is, AmpliFluor, Molecular Beacon, MGB, TaqMan, and SYBR-Green I. When possible, the assays were adapted to fast cycling mode. All assays displayed satisfactory performance parameters, although Molecular Beacon, MGB, and TaqMan chemistries were the most suitable for quantification purposes in both conventional and fast cycling modes.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Langhof et al, 2007. ¤ Field studies on coexistence in maize: isolation distances, effectiveness of buffer crops, and outcrossing in grain maize in comparison to maize for silage. GMCC07 : Proceedings 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007 - http://www.coexistence-conference.org/documents/gmcc07_poster_gene_flow_000.pdf 

· Large-scale field experiments in co-existence of maize in Germany were carried out in 2005 and 2006 to investigate 1) the effectiveness of tall sunflower versus short clover-grass mixture as buffer crop as well as 2) isolation distances of 24, 51 and 78 m. Two experimental field designs and three different test systems (one GM and two non-GM test systems) were used. The sunflower crop did not effectively reduce outcrossing rates. Climatic conditions and outcrossing rates differed between years. In 2005 data suggest that 78 m might not be sufficient to keep the GM-content reliably below the labelling threshold of 0,9% if field orientation and size ratio is unfavourable.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Le Bail M, Gauffreteau A, Lecroart B et al, 2007. ¤ A participative method to analyse various scenarios of coexistence for maize and rapeseed. GMCC07: Proceedings Third International Conference on "Coexistence between Genetic Modified (GM) and non-GM based Agricultural Supply Chains - Seville 20 and 21 Nov 2007 GMCC07. Proceedings p. 306. 

http://www.coexistence-conference.org/documents/gmcc07_poster_lanscape_000.pdf 

· This study aims at drawing preliminary scenarios for the management of coexistence between GM and non GM maize, combining simulations of cross-pollination in Alsatian landscapes, surveys in farms and participative groups gathering stakeholders.
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Lecroart B, et al, 2007. ¤ Coexistence of GM and non GM maize: effect of regional structural variables on GM dissemination risk. GMCC07, 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007. GMCC07, Proceedings page 115-118. 

http://www.coexistence-conference.org/documents/gmcc07_poster_lanscape_000.pdf 

· We used MAPOD, a gene flow model for maize (Klein et al, 2003 ; Angevin et al, 2007) to simulate cross-pollination between genetically modified (GM) and non-GM maize in four different agricultural landscapes in Aragon and Alsace. Numerous simulations were carried out yo assess the effect of regional structural variables (field pattern, wind distribution and cropping system) on the GM adventitious presence in the non-GM harvest. We found tht the risk associated with GM adventitious presence, at both field and landscape level, and the ability to control these risks depend strongly on these structural variables.

· (In Messéan, 2008 // MAPOD a été utilisé dans différentes études de coexistence (Bock et al, 2002 ; Messéan et al, 2006 ; Lécroart et al, 2007). Il a permis d'étudier la faisabilité de la coexistence à l'échelle du champ et du silo de collecte dans différentes régions européennes (Poitou-Charentes, Alsace, Aquitaine, Aragon), sous différents scénarios d'adoption des OGM et en testant l'efficacité de différentes mesures de coexistence (distances d'isolement, décalages de floraison, zones non-OGM implantées autour des champs OGM). MAPOD permet ainsi de tenir compte des conditions locales (forme des champs, climat réel, pratiques agricoles) et de discuter à l'échelle locale de la coexistence. Ces travaux permettent aussi de tirer des enseignements plus généraux. La table 1 (voir Messéan, cette publication) donne ainsi une vision synthétique de l'efficacité des différentes mesures de coexistence. //)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Leprince F, Foueillassar X, 2007. ¤ Strip tests for detection and monitoring Bt maize. GMCC07: 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007. Proceedings p. 347. http://www.coexistence-conference.org/documents/gmcc07_poster_lanscape_000.pdf 

· … Methods for detecting and quantifying GM events included protein- and DNA-based assays. … A study of MON81 strip tests prduced by fiffrent commercial suppliers was carried out.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Leprince F, Piveteau V, Thibord JP, 2007. ** Introduire le maïs GM en France : la gestion de la coexistence est déjà fonctionnelle. Perspectives agricoles n°339 - paru le 1 novembre 2007 article page 73, 3 pages.

· Les producteurs gèrent depuis longtemps la production conjointe au champ de différents types de culture. La Commission Européenne a concentré cette notion de coexistence sur la problématique OGM. Le choix des Terres Noires des Pyrénées-Atlantiques pour conduire les études terrain indispensables se justifie par leur poids, dominant, dans la production française, l‘habitude régionale de segmentation des productions et l‘absence de réticence marquée des acteurs locaux face au maïs Bt.
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Loubet B, Foueillassar X, et al, 2007. * A method for measuring the settling velocity distribution of large biotic particles. Aerobiologia, Volume 23, Number 3, 159-169.

· A simple method for measuring the settling velocity (V s) distribution of pollen and spores 30–100 μm in diameter is detailed and evaluated. The method is called the ‗settling tower' and consists in taking sequential pictures of particles falling under gravity in calm air. The scene is illuminated by a cold light source, while a camera takes 15 pictures per second. Between 20,000 and 100,000 images are analysed to obtain the distribution of V s for a given set of particles. The method was validated using two standard particles with mean diameters of 68 and 108 μm, respectively, as well as Lycopodium spores, with a mean diameter of 35 μm. For each set of particles, the theoretical V s distribution was estimated from the particle diameter distribution and the volumetric mass using a non-Stokian law, as the Reynolds numbers of the particles were large. The mean V s was measured with the ‗settling tower' with less than 12% error, while the standard deviation of the V s distribution was estimated with less than 51% error. The maximum error on the mean V s was 12% for the Lycopodium spores and less than 2% for the two larger particles. The mean V s of Lycopodium spores was 4.2 cm s-1, and its standard deviation was 0.7 cm s-1. The reason for the small overestimation of V s for Lycopodium spores by the ‗settling tower' method is discussed. Preliminary measurements shows that, the ‗settling tower' could be of great practical interest for measuring the distribution of V s of maize pollen as well as other types of pollen or spores
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Lutz B, Albrecht C, Wiedemann S, 2007. ** Experiments to study the dispersal of transgenes through animals via plant dispersing agents after passage through the intestinal tract and via horizontal gene transfer. [Original Title: Experimentelle Untersuchungen zur Verbreitung von Transgenen durch Tiere uber pflanzliche Verbreitungseinheiten nach Magen-Darm-Passage und uber horizontalen Gentransfer.]. BfN - Skripten (Bundesamt fur Naturschutz) (No.225) 58 pp.

· A series of experiments were conducted in which wild pigs (Sus scrofa), fallow deer (Dama dama) and pheasants (Phasianus colchicus) were fed diets containing transgenic maize in order to determine the potential impact of transgenic plant cultivation on wild animals and the endozoochory of viable seeds, genes and gene products. It was shown that there were no differences in the average daily feed intake between control and transgenic diets in the three species. Depending on the species, the excreted maize seeds were rarely or unable to germinate. Polymerase chain reaction (PCR) showed highly abundant chloroplast DNA fragments in the digestive tract and tissue samples of deer and pheasants and in the digestive tract of wild pigs. Transgenic DNA was absent from any sample in all species. The Cry1Ab protein was not detected in deer and pheasants by ELISA and immunoblotting, while it was detected in low amounts in the stomach, colon and rectum contents of wild pigs by ELISA but not by immunoblotting.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Magnier A, Kalaitzandonakes N, 2007. ¤ The potential effects of coexistence on the European maize seed industry. GMCC07: 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007. Proceedings p.145. 

http://www.coexistence-conference.org/documents/gmcc07_poster_lanscape_000.pdf. 
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Marceau AB, et al, 2007. ¤ A simple biophysical model to simulate variations in pollen release from a maize crop during the day. GMCC07 : Proceedings 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007 – 

http://www.coexistence-conference.org/documents/gmcc07_poster_gene_flow_000.pdf. 

· Based on various experiments between 2000 and 2006 we developed a simple model of daily variations in maize pollen release. The purpose of the model is to provide a source term for physically-based 2-D or 3-D pollen dispersal model.
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Mazzoncini M et al, 2007. ¤ Coexistence scenarios between GM and GM-free corn in Tuscany region (Italy). GMCC07 : Third International Conference on "Coexistence between Genetic Modified (GM) and non-GM based Agricultural Supply Chains - Seville 20 and 21 Nov 2007. Proceedings pp. 295-296. 

http://www.coexistence-conference.org/documents/gmcc07_poster_lanscape_000.pdf. 

· This study inestigates coexistence scenarios coming from GM-corn cultivation in comparison with traditional corn, performed by MAPOD model for a representative area of Toscany, in order to define coexistence measures for a drafting of Regional Coexistence Plan.

· (From the text // Analysing the worst case simulation (simultaneous flowering) the results show that in the tested area 50,4% of non-GM area is below 0,01% threshold, 93,1% below 0 ,1% threshold and 98,9% below 0,9% threshold ; only 1,1% exceded this threshold. … .Simulating a two days delay (es flowering time lag) MAPOD estimates 62,6% of the non-GM area is blow 0,01% threshold, 95,7% below 0,1% threshold and 99,9% below 0,9%. Simulating a 6 days delay … 100% of the non-GM area is below 0,9% threshold.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Melé et al, 2007. ¤ Effect of volunteers on maize gene flow. GMCC07 : 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007 - Proceedings pp. 249-250. http://www.coexistence-conference.org/documents/gmcc07_poster_gene_flow_000.pdf. 

· The presence of GM volunteers in twelve non-GM fields was evaluated and the main factors affecting the rate of cross pollination was determined. Volunteers groth was very poor, scarcely reaching the flowerinf stage and without cob development, but there was definitelylocal cross pollination from volunteers to neighbouring non-GM plants. However, their influence on the final yield must be considered minor, in terms of the regulation coexistence, because the same farmer subsequently grows GMo and non-GM varieties in a given field.

· (From the text // In the study region, volunteer densities ranged from below 30 to above 700 plants/Ha (the later representing about 10% of the total number of plants in the field.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Messéan A, Angevin F, 2007. ¤ Coexistence measures for maize cultivation: lessons from gene flow and modelling studies. GMCC07: Third International Conference on Coexistence between Genetically Modified (GM) and non-GM based Agricultural Supply Chains. Seville, 20 and 21 November 2007. Book of Abstracts, 23-27. ¤ Coexistence measures for maize cultivation: lessons from gene flow and modelling studies. Third International Conference on Coexistence between Genetically Modified (GM) and non-GM based Agricultural Supply Chains.

· Adventitious presence of GM seeds in non-GM maize production is mainly related to cross pollination between GM fields and neighbouring non-GM fields, GM impurities that may occur in seed lots and admixture to machinery processes. A large amount of information about on-farm adventitious GM presence in maize production is now available and has been collated at the European level. Predictive gene flow models at the landscape level have been designed and can be used to assess the feasibility of coexistence under various contexts and to identify the coexistence measures that farmers should put into place. Operational decision-support systems, based on the predictive models, are being developed in order to help decision-makers, farmers, and supply chain operators to assess and implement practical coexistence measures.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Messeguer et al, 2007. ¤ Three years study of a real situation of coexistence in maize. GMCC07: Proceedings 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007, pp93-97. http://www.coexistence-conference.org/documents/gmcc07_poster_gene_flow_000.pdf. 

· A three year study was conducted on a 400 Ha plot near Foixa. Different cultivated crops were monitored and in the caze of maize, the sowing and flowering dates of the different varieties were recorded. Each year, several non-GM fields were sampled and analyzed by Quantitative Real Time PCR. A global index was created with data from 2004 and used to make simplified predictions of the adventitious presence of GM in conventional fields. Its performance was then verified with data from the flowering two years.
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Munsch et al, 2007. ¤ The Plus-Hybrid system in maize: biocontainment of transgenic pollen and grain yield increase. GMCC07: Proceedings 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007 – pp. 229-230. 

http://www.coexistence-conference.org/documents/gmcc07_poster_gene_flow_000.pdf. 

· The Plus-Hybrid system, the cultivation of a transgenic cytoplasmic male sterile (CMS) maize hybrid combined with a second unrelated hybrid as pollen donor, has been proposed as a method for biocontainment of transgenic pollen. We aim at defining optimal hybrid combinations leading to higher yields. A European Maize Ring Experiment showed that average grain yields of specific hybrids were indeed higher, and some very suitable plus-Hybrids were identified that could anable breeders to offer transgenic maize within this biocontainment system soon.
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No author, 2007. £ Résultats du projet européen SIGMEA sur la coexistence entre cultures OGM et non-OGM

http://www.inra.fr/presse/resultats_sigmea_coexistence_cultures_ogm_et_non_ogm 

· (// Cet article présente de façon globale les résultats du programme SIGMEA présentés à GMCC-07 : « International scientific conference on coexistence between GM and non-GM based agricultural supply chains ». La 3ème Conférence internationale sur la coexistence entre filières agricoles génétiquement modifiées (GM) et non-GM s‘est tenue à Séville (Espagne) du 20 au 21 novembre 2007. http://www.coexistence-conference.org/abstracts_GMCC07.htm.//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

No author, 2007. * Implications of gene flow in the scale-up and commercial use of biotechnology-derived crops: economic and policy considerations Issue Paper. Issue Paper - Council for Agricultural Science and Technology (No.37) 24 pp. 

· This Issue Paper identifies the nature of gene flow and how it relates to adventitious presence, describes the biological traits being imparted into biotech crops, summarizes present risk assessment and regulatory mechanisms, and discusses potential economic effects and policy and research ramifications of gene flow of commercial biotech crops.
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No author, 2007. ¤ Gene flow among transgenic plant and their wild relative: Implications for risk assessment. Proceedings of the Gene Flow Symposium of the North Central Weed Science Society Annual Meeting. December 12 and 13, 2007. www.ncwss.org 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Novillo C, Ojembarrena A, Tribo F, Alcalde E, Biosca D, Aragon M, Costa J, 2007. ¤ Nine years of Consumer-driven co-existence for GM maize in Spain. GMCC07: 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007. Proceedings pp 31- 34.

· (From the text // 

	Adventitious presence of Bt-genes in neighbouring fields of 14 commercial Bt-maize planting in Ebro Valley (2003) (% of MON810 or Bt176 measured by PCR)

	
	Maize rows closer to the Bt-field

	
	 1
	 2
	 3
	 4 
	 5
	 6 
	 7
	 8
	 9 
	 10
	 11 
	 12
	 13
	 14 
	 15
	 16

	Fields planted with more than2 weeks difference
	 0.6 
	 0.7 
	 0.7 
	 0.9 
	 0.9 
	 0.8 
	 0.7 
	 0.7 
	 0.6 
	 0.6 
	 0.5 
	 0.5 
	 0.4 
	 0.4 
	 0.3 
	 0.3 

	Fields planted within two weeks
	 14 
	 9.5 
	 5.5 
	 2.0 
	 1.7 
	 1.4 
	 1.2 
	 1.0 
	 1.0 
	 0.9 
	 0.9 
	 0.9 
	 0.8 
	 0.8 
	 0.7 
	 0.7 

	Average of fields
	 10 
	 6.8 
	 4.5 
	 1.7 
	 1.5 
	 1.3 
	 1.1 
	 0.9 
	 0.9 
	 0.8 
	 0.8 
	 0.8 
	 0.9 
	 0.9 
	 0.9 
	 0 .9 


//)
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Oehen B, Stolze M, Barbière A., Goffreteau A, Angevin F, 2007. ¤ Analysis of the trans-boundary coexistence: case study between France and Switzerland. GMCC07 : Third International Conference on "Coexistence between Genetic Modified (GM) and non-GM based Agricultural Supply Chains - Seville 20 and 21 Nov 2007 GMCC07 p. 309. http://www.coexistence-conference.org/documents/gmcc07_poster_lanscape_000.pdf  

· (From the text //In the simulation we estimated the cross pollination rate for fields in Switzerland, f GM maize cultivation happens in France. The maximum cross pollination moves between 0,001 and 4,59% for a south-west wind and between 0,017% and 2,75% for a noth-east wind situation. For the extreme situation with 100% GM maize cultivation, most of Swiss farmers in Rodersdorf have to take measure to avoid cross pollination, if they have to meet low thresholds for GM-material (0,01%-0,4%).

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Palaudelmàs M et al, 2007. ¤ Effect of sowing and flowering dates on maize gene flow. GMCC07 : 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007 - Proceedings pp. 235-236. 

http://www.coexistence-conference.org/documents/gmcc07_poster_gene_flow_000.pdf. 

· (From the text // 

	Flowering delay
	 % GM yellow Kernels
	 % GM QPCR

	 1 
	 16.82 
	 14.20 

	 2 
	 5.05 
	 4.83 

	 3 
	 4.88 
	 3.76 

	 4 
	 5.86 
	 3.43 

	 7 
	 1.48 
	 0.76 

	 10 
	 1.87 
	 0.24 

	 15 
	 1.79 
	 0.34 

	 20 
	 1.68 
	 0.05 


In conclusion, in temperate areas where the maize sowing period may extend from early March until early May without any decrease in production yield, a ten-day space between flowering dates seems enough to almost eliminate pollen mediated gene flow.//)
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Papazova N, Taverniers I, Pla M, Esteve T, La Paz JL, Groden K, Galparic MB, 2007. ¤ In field stability of transgene and endogene sequences in maize (Zea mays L.) varieties. GMCC07: Third International Conference on "Coexistence between Genetic Modified (GM) and non-GM based Agricultural Supply Chains - Seville 20 and 21 Nov 2007. Proceedings p. 349. 

http://www.coexistence-conference.org/documents/gmcc07_poster_traceabillity_000.pdf 

· The application of the real time PCR assays for GM quantification requires that the transgenic and endogene sequences remained unaltered at nucleotide level. We studied the nucleotide stability of MON810 sequences inserted in different varieties currently cultivated in Spain and the stability of maize reference endogene sequences. No nucleotide variation was detected in the Mon810 T-DNA sequences. Allele variation was found in the zein sequence.
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Pedersen S, Boelt B, Andersen SB, et al. 2007. ¤ Evaluation of the Danish coexistence model. GMCC07: 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007. http://www.coexistence-conference.org/gmcc07_oral_traceability2_000.pdf.pdf 

· (From the text // In maize recent publications show that pollen dispesal decreases more rapidly with increased distance from the pollen source than previously presumed, and the expert group concludes that coexistence is ensured by an iolation distance of 150 m compared to 200 m in 2003 report.//)
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Pelletier G, Budar F, 2007. * The molecular biology of cytoplasmically inherited male sterility and prospects for its engineering. Current Opinion in Biotechnology Volume 18, Issue 2, April 2007, Pages 121-125. 

· Nucleocytoplasmic male sterilities are binary genetic systems driven by mitochondrial, maternally inherited genes that induce male sterility and a female phenotype and which are overcome by nuclear restorers of fertility. They contribute to the reproductive biology and evolution of natural populations and are valuable tools for the commercial production of hybrid seeds in crops. For species with no natural form of cytoplasmic male sterility, such sterility can in some cases be introduced from different, but related, species through sexual crosses or somatic hybridisation. Somatic hybridisation is the only technique currently available for manipulating plant mitochondrial genomes. Recent successes in plastid transformation have opened up entirely new perspectives for the engineering of cytoplasmic male sterilities in transplastomic plants.
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Pensel N, 2007. ¤ Practices and schemes for maize co-existence: experience from Argentina. 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007.
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Petit L, Pagny G, Baraige F, Nignol AC, Zhang D, Fach P, 2007. * Characterization of genetically modified maize in weakly contaminated seed batches and identification of the origin of the adventitious contamination. Journal of AOAC International 90 (4): 1098-1106. 

· So far, relatively few genetically modified plants (GMPs) have been planted in the European Union (EU). However, in France, seed batches weakly contaminated by unidentified GM materials have recently been detected among commercial maize seeds (14 seed batches positive out of 447 analyzed). We have developed a 3-step approach to precisely identify the genetic modifications detected in such maize seed batches. First, to isolate GMPs derived from the contaminated seed batches, 10 000 maize seeds of each batch were planted and screened by polymerase chain reaction (PCR) on 100-plant batches, then on 10-plant subbatches, and finally, plant by plant. In a second step, specific identification of the individual GMPs was performed. Finally, to determine the origin of the contamination, each individual GMP was analyzed by simple sequence repeat (SSR) markers. The results showed that all batches were contaminated by few GM seeds, having a GM content < 0.1%. Finally, 12 individual GMPs have been isolated from 17 plant pools that were tested positive either for P35-S and/or T-Nos. MON810 and T25 transformation events approved for cultivation in the EU were detected in 7 individual GMPs. The other seed batches were contaminated by genetically modified organisms (GMOs) that are not approved in the EU, including GA21 or the stacking MON810/T25. Presumable identification of T14 was also achieved following sequencing of 1 individual GMP. The data also showed that most of the seed batches were contaminated by several transformation events. Finally, analysis of SSR markers indicated that the contaminations were essentially due to cross-pollination in the seed production process.
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Petzoldt M, Menrad K, Reitmeier D, 2007. ¤ Economics of co-existence measures of GM and conventional maize in Spain and Germany. GMCC07 : Third International Conference on "Coexistence between Genetic Modified (GM) and non-GM based Agricultural Supply Chains - Seville 20 and 21 Nov 2007. Proceedings p.313. 

http://www.coexistence-conference.org/documents/gmcc07_poster_socioeconomics_000.pdf 

· One of the most effective measures to enable co-existence between conventional and GM-based crop production in compliance with EU legislation of GM and non-GM fields of the same crop by implementaing buffer zones between the respective fields. In this paper the economics effects of buffer strips and discard widths for maize are analysed for the Spanish municipality Guerra de Gallego (both measures) and for two regions (one with a high and one with a low proportion of maize on agricultural crop land) of the German federal state Bavaria (only buffer strips).
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Piveteau V, Leprince F, Foueillassar X, 2007. ** Maïs OGM et non-OGM : bordures et distances de séparation, des éléments efficaces pour gérer la coexistence. Perspectives agricoles n°334 paru le 1 mai 2007 article page 74, 4 pages. 

· Le point sur la problématique des distances de séparation entre parcelles et la mise en place de bordures pour la gestion de la coexistence au champ au travers de résultats issus de sources techniques et scientifiques.
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Pla MJ, 2007. ¤ Pollen-mediated gene flow from GM to conventional maize in a field study: assessment of real-time PCR based methods. GMCC07: Third International Conference on "Coexistence between Genetic Modified (GM) and non-GM based Agricultural Supply Chains - Seville 20 and 21 Nov 2007. Proceedings p.343. http://www.coexistence-conference.org/documents/gmcc07_poster_traceabillity_000.pdf 

· In a region where both GM and conventional maize are normally cultivated we performed a coexistence study with a double objective. First, to assess the accuracy of real-ime PCR assays for genetically modified organisms (GMO) quantification in comparison with the real cross-fertilization rate as determined by a phenotypical analysis. Second, to study the pattern of gene flow under field ciecumstances. Our results indicated an excellent correlation between real-time PCR results and number of cross-fertilized grains at Mon810 levels of 0,1 to 10%. In contrast Mon810 percentage estimated by weight of grains produced less accurate results.

· (From the text // Cross-pollination rates rapidly declined with the distance from the source following a leptokurtic curve with a long tail, reaching levels below 0,9% farther than 20 m. The GMO content 10 m inside a non GM crop was lower than in the border of field separate by a 10 m wide road.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Poeydomenge C, Leprince F, 2007. ¤ Coexistence: a 50 years story for the French maize chain. GMCC07: 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007. Proceedings p.327. 

http://www.coexistence-conference.org/documents/gmcc07_poster_socioeconomics_000.pdf. 
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Pons J, Pausas JG, 2007. * A corn dispersal estimated by radio-tracking. Oecologia 153:4, 903. 

· Bird-dispersed seeds are difficult to track, especially in the case of long-distance dispersal events. To estimate the oak dispersal distance and the seed shadow generated by the European jay (Garrulus glandarius), we inserted radio-transmitters in 239 acorns, placed them in bird-feeders and then located them by radio-tracking. Using this methodology we located the exact caching site of 94 Quercus ilex and 54 Q. suber acorns and determined the caching habitat characteristics (vegetation type, distance, spatial distribution). The results show that: (1) there is no differences in the dispersal distance distribution between the different acorn species or sizes, (2) dispersal distances range from approximately 3 m up to approximately 550 m (mean = 68.6 m; median = 49.2 m), (3) recently abandoned fields and forest tracks were the sites preferred by jays to cache acorns, whereas fields and shrublands were avoided and (4) seed shadows showed acorn aggregation zones (i.e. clusters of caches) close to the feeder as well as isolated caches at longer distances. The results also suggest that radio-transmitters are a cheap and reliable way to determine seed shadows and quantify both seed dispersal and post-dispersal seed predation for medium to large seeds.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Ruf S, Karcher D, Bock R, 2007. * Determining the transgene containment level provided by chloroplast transformation. PNAS | April 24, 2007 | vol. 104 | no. 17 | 6998-7002. 

· Plastids (chloroplasts) are maternally inherited in most crops. Maternal inheritance excludes plastid genes and transgenes from pollen transmission. Therefore, plastid transformation is considered a superb tool for ensuring transgene containment and improving the biosafety of transgenic plants. Here, we have assessed the strictness of maternal inheritance and the extent to which plastid transformation technology confers an increase in transgene confinement. We describe an experimental system facilitating stringent selection for occasional paternal plastid transmission. In a large screen, we detected low-level paternal inheritance of transgenic plastids in tobacco. Whereas the frequency of transmission into the cotyledons of F1 seedlings was 1.58 x 10–5 (on 100% cross-fertilization), transmission into the shoot apical meristem was significantly lower (2.86 x 10–6). Our data demonstrate that plastid transformation provides an effective tool to increase the biosafety of transgenic plants. However, in cases where pollen transmission must be prevented altogether, stacking with other containment methods will be necessary to eliminate the residual outcrossing risk.

· (In lettreinfopgm : Transgène dans les chloroplastes : Quel endiguement de la dissémination ?

La transmission (principalement) maternelle des chloroplastes limite la dissémination par le pollen de transgènes insérés dans les chloroplastes. Une publication quantifie le niveau de transmission paternelle chez le tabac (génération F1) à 1.58 x 10-5 (mesure dans les cotylédons) et 2.86 x 10-6 (méristème apical). Pour les auteurs, cette technique limite grandement les risques de disséminations, mais un endiguement complet nécessiterait l‘utilisation combinée d‘une méthode additionnelle. 
http://www.pnas.org/cgi/content/abstract/0700008104v1.)   

· (From ISAAA: http://www.isaaa.org/kc/cropbiotechupdate/translations/french/2007/04.html La transformation des chloroplastes pour améliorer la biosécurité des plantes cultivées
L‘hérédité des chloroplastes (les organelles responsables de la photosynthèse) est maternelle dans la plupart des cas, car les grains de pollen ne contiennent pas ces organelles. La manipulation du génome des chloroplastes pour l‘amélioration des plantes cultivées est considérée comme un outil très intéressant pour améliorer le confinement du transgène et l‘amélioration de la biosécurité des plantes transgéniques. Une équipe de chercheurs dirigée par Ralph Bock de l‘Institut Max-Planck pour la physiologie végétale moléculaire en Allemagne a récemment évalué l‘hérédité maternelle stricte en mesurant le taux avec lesquels les chloroplastes sont transmis via le pollen. L‘équipe rapporte un faible niveau d‘hérédité paternelle (des chloroplastes provenant de la plante "père" ont été trouvé dans seulement 39 graines sur 2 millions de graines examinées). Les résultats indiquent que la transformation des plastes est un bon outil pour empêcher le flux de gènes. Cependant, dans les cas où la transmission du transgène via le pollen doit être totalement empêchée, l‘équipe recommande d‘utiliser des stratégies complémentaires de confinement pour éliminer le risque de croisement. La recherche est publiée dans le dernier numéro de PNAS.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Sabellek K, et al, 2007. ¤ Influence of flowering heterogeneity on cross-fertilization rates in maize: experiments and modeling. GMCC07: 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007 - Proceedings pp. 265-266. 

http://www.coexistence-conference.org/documents/gmcc07_poster_gene_flow_000.pdf. 

· Male and female flowering of maize has been measured in adjacent fields of Bt-maize (Donor) and isogenic varieties of conventional maize (Recipient). Cross-pollination rates in the recipient field were simulated from pollen competition considering the in-field heterogeneities of flowering over time. It could be shown that flowering synchronicity plays an important role in determining cross-pollination rates. The variation in cross-pollination rates caused by heterogeneity in flowering is quantified with Monte-Carlo techniques.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Sanvido et al, 2007. ¤ Scientific criteria for the evaluation of cross-fertilization data to define isolation distances for transgenic maize cultivation. GMCC07 : 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007. Proceedings pp97- 100. http://www.coexistence-conference.org/documents/gmcc07_oral_landscape1.pdf. 

· (From the text // Statistical analysis of cross-fertilization studies considered for the definition of isolation distances between genetically modified (GM) and non-GM maize. Cross fertilization rates were classified into four categories according to their distance to the pollen source and mean and standard deviation (SD) was determined for each category (Sanvido et al, 2007)

	
	Cross-fertilization rate (%)
	Data points

	Distance from pollen source
	Mean
	+ SD
	Exceeding 0.5%
	Total

	0 to 10 m
	5.72%
	0.67
	45
	48

	10 to 25 m
	0.35
	0.30
	10
	41

	25 to 50 m
	0.23
	0.24
	2
	35

	More than 50 m
	0.19
	0.13
	1
	33


The analysis showed that an isolation distance of 50 m for grain maize is sufficient to meet the arbitrary level of 0.5% at the field border. Given the reduction of the transgenic fraction in silage maize, the isolation distance of 50 m for grain maize can be reduced by a factor of 2.5 resulting in an isolation distance of 20 m for silage maize. A number of studies confirmed that distances ranging from 25 m to 50 m are sufficient to keep cross-fertilization rates either below 0.9 or 1%. 

In practice, isolation distances between GM and non-GM maize fields will probably not be defined purely based on scientific data since isolation distances will also be influenced by political, social and economical factors.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Sanvido O, Widmer F, Winzeler M, Streit B, Szerencsits E, Bigler F, 2007. * Definition and feasibility of isolation distances for transgenic maize cultivation. Transgenic Research, Volume 17, Number 3 / juin 2008 

· A major concern related to the adoption of genetically modified (GM) crops in agricultural systems is the possibility of unwanted GM inputs into non-GM crop production systems. Given the increasing commercial cultivation of GM crops in the European Union (EU), there is an urgent need to define measures to prevent mixing of GM with non-GM products during crop production. Cross-fertilization is one of the various mechanisms that could lead to GM-inputs into non-GM crop systems. Isolation distances between GM and non-GM fields are widely accepted to be an effective measure to reduce these inputs. However, the question of adequate isolation distances between GM and non-GM maize is still subject of controversy both amongst scientists and regulators. As several European countries have proposed largely differing isolation distances for maize ranging from 25 to 800 m, there is a need for scientific criteria when using cross-fertilization data of maize to define isolation distances between GM and non-GM maize. We have reviewed existing cross-fertilization studies in maize, established relevant criteria for the evaluation of these studies and applied these criteria to define science-based isolation distances. To keep GM-inputs in the final product well below the 0.9% threshold defined by the EU, isolation distances of 20 m for silage and 50 m for grain maize, respectively, are proposed. An evaluation using statistical data on maize acreage and an aerial photographs assessment of a typical agricultural landscape by means of Geographic Information Systems (GIS) showed that spatial resources would allow applying the defined isolation distances for the cultivation of GM maize in the majority of the cases under actual Swiss agricultural conditions. The here developed approach, using defined criteria to consider the agricultural context of maize cultivation, may be of assistance for the analysis of cross-fertilization data in other countries. 

· (In Devos, 2008. Feasibility of isolation perimeters for genetically modified maize. Agronomy for Sustainable Development 28(2) 195-206, that cited publication of Sanvido et al, 2008 and gave this figure) 

[image: image34.emf]
Cross-fertilisation levels (expressed in percentages of maize kernels) in relation to the distance from the pollen source. The upper graph represents a magnification of the original graph. The figure has been reprinted with permission from Sanvido et al. (in press). 

· (From GMOSafety: http://www.gmo-safety.eu/en/coexistence/db/35.docu.html Due to seed contamination and other factors, the GMO -yields through outcrossing must remain below 0.4 per cent so that the GMO potion of the product lies below the threshold value of 0.9 per cent. 

· In order to assure this for fields of any size, the in-crossing on the field borders may not amount to more than 0.5 per cent. 

· A safety distance of 20 metres for silage maize may be derived there from as well as a safety distance of 50 metres for kernel maize. 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Schiefer C, 2007. £ Auskreuzungsverhalten von Bt-Mais im Exaktversuch und unter Produktionsbedingungen. (Cross-pollinisation of Bt maize in fields and in production conditions). Sächsische Landesanstalt für Landwirtschaft - Fachbereich Pflanzliche Erzeugung - Waldheimer Str. 219, 01683 Nossen : http://www.landwirtschaft.sachsen.de/lfl or

 http://www.landwirtschaft.sachsen.de/lfl/publikationen/download/3226_1.pdf   

· 2006 was in a triple Exaktversuch with repetition and practice in a stroke the outcrossing rate calculated and compared to previously in the literature results. The GMO corn entries in conventional maize at a distance of 25 m is always lower than the labeling threshold of 0.9%. At 150 m distance from the donor outcrossing rate is zero. The influence of wind on outcrossing rate is visible. A correlation between the donor and recipient in terms of area size outcrossing rate could not demonstrated. The experiments will be continued.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Schiemann J, Sweet J, 2007. ¤ Gene flow in maize, oilseed rape and sugar beet. Proceedings Third International Conference on Coexistence  between Genetically Modified (GM) and non-GM based Agricultural Supply Chain - Parallel Session I - Chair: Joachim Schiemann, Rapporteur: Jeremy Sweet. 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Scott MP, Peterson JM, Moran DL, Sangtong V, Smith L, 2007. * A wheat genomic DNA fragment reduces pollen transmission of maize transgenes by reducing pollen viability. Transgenic Research 16, 629-643. http://www.springerlink.com/content/b18hg5j825144106/fulltext.pdf. 
· A genomic DNA fragment from wheat carrying the Glu-1Dx5 gene has been shown to exhibit reduced pollen transmission in transgenic maize. To localize the region of the DNA fragment responsible for this reduced pollen transmission, we produced transgenic maize plants in which the wheat genomic DNA proximal to the 1Dx5 coding sequence was replaced with the maize 27 kDa?-zein promoter. Like the wheat promoter-driven Glu-1Dx5 transgene, this zein promoter-driven transgene functioned to produce 1Dx5 in maize endosperm. However, with the zein promoter-driven transgene, pollen transmission of the transgene loci was normal in most self- and cross-pollinations. We concluded that the wheat genomic DNA proximal to the wheat 1Dx5 coding sequence was required for reduced pollen transmission of the transgene in maize. In two of four transformation events of the wheat promoter-driven construct examined, pollen exhibited two morphological classes. In one class, pollen was normal in morphology and displayed average viability, and in the second, pollen was reduced in size and did not germinate on artificial media. DNA from the transgene was detectable in mature pollen from plants with reduced pollen transmission of transgene loci. To explain these observations, we hypothesize that elements within the transgene construct interfere with pollen development. We demonstrated that the wheat genomic DNA fragment can be used to control pollen transmission of an herbicide resistance transgene genetically linked to it. The wheat genomic DNA fragment may contain elements that are useful for controlling pollen transmission of transgene loci in commercial maize grain and seed production.

· In CropBiotechUpdate:

Wheat DNA fragment reduces pollen transmission in GM maize while biotechnology offers great potential for crop improvement by enabling foreign gene products to be expressed to crops, it has also created a need to control the inadvertent genetic spread of transgenes by pollen transmission. A number of methods for controlling transgene dispersal by pollen have been proposed. Researchers from the Iowa State University demonstrated a new way of controlling transgene flow to the environment. By inserting the Glu-1Dx5 gene from wheat which controls pollen viability, the researchers decreased pollen transmission in transgenic maize. Transgenes of interest could be co-transformed with the wheat DNA fragment so that the two transgenes are genetically linked. The researchers demonstrated that the DNA fragment can be used to control pollen transmission of a herbicide resistance transgene genetically linked to it. One of the advantages of this system is that any transgene can be used together with Glu-1Dx5. However, since the transgenic plants would have to be propagated as heterozygotes (possessing two different alleles for the same gene), only half of the grain produced would be transgenic.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Serratos-Hernandez JA, Gomez-Olivares JL, Salinas-Arreortua N, Buendia-Rodriguez E, Islas-Gutierrez F, de-Ita A, 2007. * Transgenic proteins in maize in the soil conservation area of Federal District, Mexico. Front. Ecol. Environ. 5, 247–252. http://www.colmex.mx/programas/procientec/docsenlinea/Serratos-Hernandez%20(2).pdf. 

· In 2003, the environmental authorities of the Federal District of Mexico declared that genetically modified organisms were incompatible with ecological agriculture practices established in rural areas south of Mexico City. To ensure compliance with official standards and organic agriculture policies, steps were taken to implement an early warning system for the detection of genetically modified maize in farmers' fields. In our sampling efforts, which were conducted in 2003, transgenic proteins expressed in maize were found in two (0.96%) of 208 samples from farmers' fields, located in two (8%) of 25 sampled communities. Mexico imports a substantial amount of maize from the US, and due to formal and informal seed networks among rural farmers, there are many potential routes of entrance for transgenic maize into food and feed webs. To sustain agroecological practices, preserve organic agriculture, and conserve maize landraces in the Soil Conservation area of the Mexican Federal District, environmental authorities will need to maintain and update ecological policies such as the ―green seal for organic agriculture, apply alternative technologies such as biofertilizers to enhance plant nutrition, and develop sustainable maize agriculture with the implementation of profitable intercropping systems.

· (In Mercer and Wainwright, 2008. // In their recent publication, Serratos-Hernandez et al. (2007), sampled maize fields in the Mexican Federal District and used the ELISA technique to test for three transgenic proteins. Of the 42 fields sampled, they detected Cry1Ab/Ac in two fields and CP4 EPSPS in one, determining that transgenes were present.//)  

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Singh DP, Jermakow AM, Swain SM, 2007. * Preliminary development of a genetic strategy to prevent transgene escape by blocking effective pollen flow from transgenic plants. Functional Plant Biology vol. 34 (12) 1055-1060.

· Genetic modification (GM) of plants has great potential in the production of food and industrial compounds, and in molecular pharming. One of the greatest public concerns regarding this technology is effective pollen flow, in which wind- or insect-borne transgenic pollen is able to fertilise either non-GM crops of the same species, or closely related weed species, and lead to viable seed formation. In this paper we describe a novel concept, based on epigenetic inheritance (imprinting) and post-transcriptional gene silencing (PTGS)/RNA interference (RNAi), designed to prevent transgene escape via pollen flow from transgenic plants. A key advantage of this strategy is that it would allow all seeds from self-pollinated transgenic plants to be harvested and re-sown, without the need for specific treatments, while retaining all of the transgenes present in the parent. Thus, this strategy is not a Genetic Use Restriction Technology (GURT) and if implemented would not prevent seed saving by end-users.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Snäll T, O'Hara RB, Arjas E, 2007. * A mathematical and statistical framework for modelling dispersal. Oikos 116:6, 1037.

· Mechanistic and phenomenological dispersal modelling of organisms has long been an area of intensive research. Recently, there has been an increased interest in intermediate models between the two. Intermediate models include major mechanisms that affect dispersal, in addition to the dispersal curve of a phenomenological model. Here we review and describe the mathematical and statistical framework for phenomenological dispersal modelling. In the mathematical development we describe modelling of dispersal in two dimensions from a point source, and in one dimension from a line or area source. In the statistical development we describe applicable observation distributions, and the procedures of model fitting, comparison, checking, and prediction. The procedures are also demonstrated using data from dispersal experiments. The data are hierarchically structured, and hence, we fit hierarchical models. The Bayesian modelling approach is applied, which allows us to show the uncertainty in the parameter estimates and in predictions. Finally, we show how to account for the effect of wind speed on the estimates of the dispersal parameters. This serves as an example of how to strengthen the coupling in the modelling between the phenomenon observed in an experiment and the underlying process – something that should be striven for in the statistical modelling of dispersal.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Soler L-G, Hammoudi H, Trouilli A, Nguyen HH, 2007. ¤ Coexistence in GM and non-GM supply chains: public policy and private strategies, a theoretical model. Third International Conference on "Coexistence between Genetic Modified (GM) and non-GM based Agricultural Supply Chains - Seville 20 and 21 Nov 2007 GMCC07.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Stamp P, Munsch M, Weider C, Camp KH, 2007. ¤ Biocontainment of Transgenic Pollen by the Plus-Hybrid System in Maize Increases Grain Yield. The ASA-CSSA-SSSA (American Society of Agronomy, Crop Science Society of America, Soil Science Society of America International Annual Meetings (November 4-8).

· The Plus-Hybrid system, the cultivation of a transgenic cytoplasmic male sterile (CMS) hybrid and a second unrelated hybrid as pollen donor, has been proposed by us as a method for biocontainment of GM transgenic pollen. Private companies are able right now to provide suitable CMS hybrids right now; as the grain yield is increased by combining CMS and Xenia effects, the acceptance of this containment strategy is improved. At present, we aim at defining optimal hybrid combinations leading to a higher expression of the Plus-Hybrid effect. Field experiments were conducted in four countries, Switzerland, France, Germany and Bulgaria with a set of modern European hybrids from actual variety lists. The average grain yields of Plus-Hybrids were indeed higher, some very suitable Plus-Hybrid combinations were identified that should enable breeders to offer Bt-maize within this biocontainment system soon.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Svab Z, Pal Maliga, 2007. * Exceptional transmission of plastids and mitochondria from the transplastomic pollen parent and its impact on transgene containment. PNAS 2007 104: 7003-7008.

http://www.pnas.org/cgi/content/full/104/17/7003. 

· Plastids in Nicotiana tabacum are normally transmitted to the progeny by the maternal parent only. However, low-frequency paternal plastid transmission has been reported in crosses involving parents with an alien cytoplasm. Our objective was to determine whether paternal plastids are transmitted in crosses between parents with the normal cytoplasm. The transplastomic father lines carried a spectinomycin resistance (aadA) transgene incorporated in the plastid genome. The mother lines in the crosses were either (i) alloplasmic, with the Nicotiana undulata cytoplasm that confers cytoplasmic male sterility (CMS92) or (ii) normal, with the fertile N. tabacum cytoplasm. Here we report that plastids from the transplastomic father were transmitted in both cases at low (10–4-10–5) frequencies; therefore, rare paternal pollen transmission is not simply due to breakdown of normal controls caused by the alien cytoplasm. Furthermore, we have found that the entire plastid genome was transmitted by pollen rather than small plastid genome (ptDNA) fragments. Interestingly, the plants, which inherited paternal plastids, also carried paternal mitochondrial DNA, indicating cotransmission of plastids and mitochondria in the same pollen. The detection of rare paternal plastid transmission described here was facilitated by direct selection for the transplastomic spectinomycin resistance marker in tissue culture; therefore, recovery of rare paternal plastids in the germline is less likely to occur under field conditions.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Vaasen A, Gathman A, Bartsch D, 2007. ¤ Public GMO location register in Germany: harmonization in Europe? Proceedings 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007 - GMCC07. 

http://www.coexistence-conference.org/gmcc07_oral_traceability2_000.pdf.pdf 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

van de Wiel CCM et al, 2007. ¤ Pollen-mediated gene flow in maize under agronomical conditions representative for The Netherlands. GMCC07 : Third international conference on coexistence between genetically modified (GM) and non-GM based agricultural supply chains. - Seville, Spain Institute for Prospective technological Studies, - p. 269 - 270. 

http://www.coexistence-conference.org/documents/gmcc07_poster_gene_flow_000.pdf. 

· In 2006, field trials were performed to adress the effects of two isolation distances indicated by the Dutch Coexistence Committee, i.e. 25 m between GM and conventional maize cultivation, and 250 m between GM and deliberately non-GM (e. g. organic) maize cultivation, on pollen-mediated gene flow (PMGF) under agronomical conditions representative for the Netherland in 2006. Levels of transgene in the grain were measured at the DNA level using a validated real-time PCR quantification method for the MON810 event. Transgene level ranged from 0.01-0.3% in the 25 m receptor fields and 0-0,04% in the 250 m receptor fields. The trial will be repeated in 2007.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Viaud V et al, 2007. ¤ Spatial sensitivity of maize gene flow to landscape pattern: a simulation approach. GMCC07, 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007 - Proceedings pp. 124-126. 

http://www.coexistence-conference.org/documents/gmcc07_oral_landscape2_000.pdf 

· (From the text // The most important local variables identified were the distances to the nearest GM-maize field and surface ratios of GM versus total maize within the target field and its surrounding area. Map context only slightly improved the model prediction accuracy within the investigated range of variability among maps, which was large for France but only represented part of the lanscape diversity in Europe. The direct effect of field geometry appeared weaker here than in pairwise simulation studies but note thet area or perimeter were taken into account indirectly in the GM ratio variables. Global sensitivity analysis was a relevant methodology since it allowed quantifying the effects of local and global variables and their interactions. The fitted logistic regression models allowed a better understanding of MAPOD predictions. However they must be confirmed by cross-validation before being used as predictive models.//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Viner B, Arritt R, 2007. ¤ Predicting dispersion and viability of maize pollen using a fluid dynamic model of atmospheric turbulence. Proceedings Third International Conference on "Coexistence between Genetic Modified (GM) and non-GM based Agricultural Supply Chains - Seville 20 and 21 Nov 2007 GMCC07. 

http://www.coexistence-conference.org/documents/gmcc07_poster_lanscape_000.pdf. 

· An interdisciplinary combination of hydrodynamic model, a particle dispersion model, and a model for viability of pollen is used to assess long-range transport of maize pollen from a source field. Results show that small amounts of pollen can be transported 5 km or more and that the most of the pollen is viable when it is deposited. Viability is preserved in part because the thermal structure of the atmospheric boundary layer provides a cool, moist environment when pollen is lifted to heights of several hundred meters in turbulent eddies.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Viner B, Arritt R, Westgate M, 2007. ¤ Regulation of diurnal pollen release. Proceedings of the Gene Flow - Symposium of the North Central Weed Science Society Annual Meeting. http://www.ncwss.org/.  

· The ability to accurately model pollen dispersion is reliant on reasonably predicting the magnitude of pollen shed over the day. To develop a predictive equation, pollen was collected at two field sites from 29 July to 3 Aug 2003. Based on measurements of collected pollen, a rate of pollen shed was calculated over each day and normalized to the total amount of pollen collected. Our model predicts the rate of shed as a function of two processes. The first equation is a Gaussian curve that predicts the percentage of pollen that is available for shed as a function of vapor pressure deficit. The second process predicts the amount of available pollen that will be shed. The output from this model would provide the rate of pollen shed in terms of the percent of a day‘s total shed. Results from this model show R2 values ranging between 0.54 and 0.99 when compared to our field observations.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Viner B, Arritt R, Westgate M, Goggi S, 2007. ¤ Application of large eddy simulation to quantify dispersal of Application of large eddy simulation to quantify dispersal of viable maize pollen. Proceedings of the Gene Flow - Symposium of the North Central Weed Science Society Annual Meeting. http://www.ncwss.org/. 

· The creation of genetically modified (GM) crops has raised concerns regarding the transfer of genes from GM crops to wild relatives. To assess the risk of outcross, the development of numerical models that can accurately predict the movement depositional viability of pollen is needed. In maize, the primary mode of pollination is the transport of pollen by wind. Large Eddy Simulation (LES) is a tool to model turbulent motions that have the potential to lift pollen high into the atmospheric boundary layer and transport it over distances of at least five kilometers.

A LES model has been combined with a Lagrangian Dispersion Model to predict the transport and viability of pollen in the atmosphere. Predictions have been made for the deposition of maize pollen and of pollen viability upon deposition, as well as for vertical profiles of concentration and viability through the boundary layer. Viable pollen is modeled to be distributed throughout the boundary layer and transported over five kilometers before reaching the ground.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Vintersborg KL, Svend P, 2007. // Coexistence of genetically modified, conventional and organic crops in the Nordic countries. Publisher: Renouf Pub Co Ltd - TemaNord 2007:506 - © Nordic Council of Ministers, Copenhagen 2007-ISBN 978-92-893-1461-9

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Vogler A, et al, 2007. ¤ Short and long distance pollen dispersal in maize under Swiss alpine conditions. GMCC07 : 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007 - Proceedings pp. 227- 228. 

http://www.coexistence-conference.org/documents/gmcc07_poster_gene_flow_000.pdf. 

· Data on pollen dispersal under the multiple weather and topographic conditions of the Swiss Alps are scarce. Transgenic cross-pollination was simulated with maize varieties of different grain colour (yellow and white). Short and long distance scenarios were analyzed in 28 on-farm field situations. In general, cross-pollination rates were lower than expected, especially under long distance situations above 50 meters. On short distances, factors such as flowering synchronisation within and between fields and slopes could be proven to have an impact on the cross-pollination rate.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Weber WE, Bringezu T, Broer I, Eder J, Holz F, 2007. * Coexistence Between GM and Non-GM Maize Crops - Tested in 2004 at the Field Scale Level (Erprobungsanbau 2004). Journal of Agronomy and Crop Science 193 (2), 79-92. 

· The objective of the study was to test the feasibility of coexistence between genetically modified (GM) and non-GM maize under real-life agronomical conditions. GM hybrid maize with the event MON810 (Bt maize) was drilled at 30 sites in fields surrounded by near isogenic conventional maize, although only 27 sites could be finally evaluated. Field sizes of Bt maize varied between 0.3 and 23 ha, and the flowering period of the Bt and conventional maize was synchronous. At some sites, different planting dates of GM and non-GM maize or an earlier ripening conventional maize were tested in additional strips to obtain altered flowering and thereby reduce cross-pollination. The overlapping of flowering periods was successfully avoided only at two sites where non-GM maize was planted 25 or 28 days later. During harvest, samples were taken from the conventional maize in strips at distances of 0-10, 20-30, and 50-60 m to the Bt maize fields to assess the GM DNA content as a function of distance. Sampled materials included chaffed plant material intended for silage (18 sites), grains (eight sites), or crushed husks and cobs (one site). Wind effects were taken into account by sampling in all four compass directions. Quantitative PCR was used to detect the event specific MON810 DNA sequence in sampled materials. The analysis was conducted by two certified independent diagnostic testing companies selected in a pre-test. Taking averages over all compass directions and the two laboratories no samples collected beyond 10 m had levels of GM above the threshold of 0.9 %. In conclusion, the data indicate that coexistence of GM and conventional maize is possible under real-life large-scale agronomical conditions. Levels of GM DNA in harvested grain resulting from outcrossing can be managed to levels below 0.9 % by simply planting 20 m of conventional maize as a pollen barrier between adjacent fields.

· (From the text // 

	Distance range (m.) 
	 0 - 10 
	 20 - 30 
	 50 - 60 
	 0 - 60 
	 0 - 80 
	 0 - 90 
	 0 - 100 

	 % GM DNA content 
	 1.15 
	 0.24 
	 0.15 
	 0.43 
	 0.36 
	 0.33 
	 0.31 


· (From // Lettreinfopgm : CO-EXISTENCE MAÏS GM et NON-GM - La COEXISTENCE TESTEE en ALLEMAGNE : Une distance de 20 m entre champ de maïs GM et non-GM parait suffisante pour rester dans la limite des 0,9% de présence fortuite (au delà de laquelle un étiquetage est obligatoire). La publication : Coexistence Between GM and Non-GM Maize Crops - Tested in 2004 at the Field Scale Level par WE. Weber et al. Journal of Agronomy and Crop Science (2007), 193 (2), 79-92. http://www.blackwell-synergy.com/doi/abs/10.1111/j.1439-037X.2006.00245.x //)

· (From // AgBioWorld: Results of a pre-commercial field scale trial conducted in 30 sites in Germany demonstrated that coexistence between Bt maize and the non-transgenic counterpart is possible. The study conducted by W. E. Weber and colleagues at the Martin Luther University, showed that levels of the transgene in the grains of the non-transgenic maize can be kept below 0.9 percent, the threshold level for labeling GM products in the European Union.

The group of Weber grew maize in field sites ranging from 0.3 to 23 hectares in size. In all areas, a Bt maize hybrid containing transgenic event MON810 was planted in the middle of the field and surrounded by non-Bt maize. The maize flowering times were overlapping. During harvesting, the researchers obtained plant samples from the non-Bt maize located 0 to 60 meters away from the Bt maize. The DNA of the samples was analyzed by two diagnostic laboratories where real-time PCR was used to detect the levels of the transgene. The study has determined that no samples from the conventional maize collected beyond 10 meters had levels of GM above the threshold of 0.9 percent. The researchers recommend that planting 20 meters of conventional maize as a pollen barrier between adjacent fields is sufficient in managing the outcrossing between Bt and non-Bt maize.

· (From ISAAA // http://www.isaaa.org/kc/cropbiotechupdate/translations/french/2007/03.html#8
La coexistence entre les maïs bt et non-bt testée en Allemagne 
Les résultats d’un essai en champ avant la commercialisation réalisé sur 30 sites en Allemagne a montré que la coexistence entre les maïs Bt et non-Bt était possible. L’étude réalisée par W.E. Weber et ses collègues de l’université Martin Luther, a montré que les niveaux du transgène dans les grains des maïs non transgéniques peuvent être maintenus en dessous de 0,9 pour cent, le seuil pour l’étiquetage des produits GM dans l’Union Européenne.

Le groupe de Weber a cultivé les maïs dans des champs de 0,3 à 23 hectares. Dans toutes les zones, une variété hybride de maïs Bt contenant le transgène MON810 a été plantée au milieu du champ et autour des variétés de maïs non-Bt. Les périodes de floraisons des différentes variétés se chevauchaient. Durant la récolte, les chercheurs ont obtenu des échantillons de plantes des variétés non-Bt disposées de 0 à 60 mètres des maïs Bt. L’ADN des échantillons a été analysé par deux laboratoires qui utilisaient le PCR real-time pour détecter les niveaux du transgène. 

L’étude a déterminé que, au delà de 10 mètres, aucun échantillon de maïs traditionnel ne comporte un niveau de transgène supérieur au seuil de 0,9 pour cent. Les chercheurs recommandent de planter 20 mètres de maïs traditionnel comme barrière de pollen entre les champs adjacents pour éviter les croisements entre les maïs Bt et non-Bt.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Weekes R, Allnutt T, Boffey C, Morgan S, Bilton M, Daniels R, Henry C, 2007. * A study of crop-to-crop gene flow using farm scale sites of fodder maize (Zea mays L.) in the UK. Transgenic Research, Volume 16, Number 2, april 2007.

· From 2000 to 2003 a range of Farm Scale Evaluation (FSE) trials were established in the UK to assess the effect of the release and management of herbicide tolerant (HT) crops on arable weeds and invertebrates. The FSE trials for maize were also used to investigate crop-to-crop gene flow and to develop a statistical model for the prediction of gene flow frequency that can be used to evaluate current separation distance guidelines for GM crops. Seed samples were collected from the non-GM half of 55 trial sites and 1,055 were tested for evidence of gene flow from the GM HT halves using a quantitative PCR assay specific to the HT (pat) gene. Rates of gene flow were found to decrease rapidly with increasing distance from the GM source. Gene flow was detected in 30% of the samples (40 out of 135) at 150 m from the GM source and events of GM to non-GM gene flow were detected at distances up to and including 200 m from the GM source. The quantitative data were subjected to statistical analysis and a two-step model was found to provide the best fit for the data. A dynamic whole field model predicted that a square field (150 m × 150 m in size) of grain maize would require a separation distance of 3 m for the adjacent crop to be below a 0.9% threshold (with <2% probability of exceeding the threshold). The data and models presented here are discussed in the context of necessary separation distances to achieve various possible thresholds for adventitious presence of GM in maize.

· (from the text // 

	Table 1- A summary of the data collected at a range of distances (m) away from the GM crop, including the mean % GM DNA, the maximum % GM DNA (detected at a single sampling point at that distance), the number of negative samples and the total number of samples taken at each distance

	 Distance (m) 
	 0 
	 2 
	 5 
	 10 
	 15 
	 20 
	 25 
	 40 
	 50 
	 70 
	 75 
	 80 
	 100 
	 120 
	 142 
	 147 
	 150 
	 160 
	 200 

	 Mean % GM DNA 
	 0.74 
	 0.66 
	0.35 
	0.27 
	0.16 
	0.16 
	0.14 
	0.12 
	0.12 
	0.09 
	 009 
	0.09 
	0.10 
	 0.10 
	 0.11 
	 0.00 
	 0.12 
	 0.02 
	 0.02 

	 Max. % GM DNA 
	 10.50 
	 34.86 
	 9.85 
	12.25 
	 0.51 
	 8.24 
	 4.02 
	 3.71 
	 5.92 
	 0.13 
	 0.28 
	 0.12 
	 2.29 
	 0.16 
	 0.06 
	 0.00 
	 5.40 
	 0.00 
	 0.24 

	 No. zero GM. 
	 2 
	 8 
	 29 
	 28 
	 9 
	 18 
	 48 
	 0 
	 92 
	 19 
	 1 
	 2 
	 21 
	 9 
	 1 
	 3 
	 95 
	 3 
	 15 

	 Total No. samples 
	 42 
	 129 
	 147 
	 154 
	 18 
	 63 
	 113 
	 6 
	 177 
	 21 
	 5 
	 9 
	 39 
	 15 
	 3 
	 3 
	 135 
	 3 
	 21 


	Table 2- Separation distances (m) of recipient fields (length x width) from a GM source for grain crops

	Field size (length x width, m)
	Target threshold %GM DNA

	
	0.9%
	0.5%
	0.3%
	0.1%

	50 x 50
	5
	11
	21
	81

	100 x 100
	4
	10
	20
	80

	150 x 150
	3
	9
	19
	79

	200 x 200
	2
	8
	18
	78

	250 x 250
	1
	7
	17
	77

	300 x 300
	0
	6
	16
	76

	350 x 350
	0
	5
	15
	75

	400 x 400
	0
	4
	14
	74

	450 x 450
	0
	3
	13
	73

	500 x500
	0
	2
	12
	72


The separation distances are estimated to nearest metre increment by the dynamic whole field model fitted to FSE data to comply with 98% confidence of specified %GM DNA threshold (0.9, 0.5, 0.3 and 0.1%) given grains constituting a maximum of 50% of total DNA in silage 

[image: image35.emf]
Fig.1. Plot of %GM DNA as measured in all maize FSE samples versus distance. The dashed line shows the upper 98th percentile and the solid line the mean for the fitted twostep model. Fig.2. Plot of mean %GM DNA versus distance as modelled for FSE maize (this study) and spring (SOSR) and winter oilseed rape (WOSR). Note that SOSR and WOSR models shown are updated versions from Weekes et al. (2005), using Beta distribution fits to the model second step, rather than normal distributions as reported by Weekes et al. (2005)—this makes them more comparable to the maize model shown Gene flow from GE to non-GE maize was observed up to 200 m from the source. The frequency of GE to non-GE gene flow decreased rapidly with increasing distance from the GE source. Separation distances did not correlate strongly with field size. Even a 25-fold increase in area reduced the separation distance only by 8 m for a 0.1% GE DNA threshold. The results showed that a field 150 m in length would require a 3 m separation distance for the crop to be below the 0.9% GE threshold. To be below a 0.1% threshold, a 150 m field would require a separation distance of 79 m. The results therefore suggested that the separation distances recommended by earlier researchers are larger than necessary.//) 

· (In Lettreinfopgm 108 // Etude britannique sur les flux de gènes chez le maïs. Les résultats montrent qu‘une distance de séparation entre champ de PGM et champ conventionnel de 3 m permet un taux de présence fortuite inférieure à 0,9 % (norme européenne pour l‘étiquetage). Pour 0.1%, il faut une distance de 81 m. 
· (In Lavigne C et al, 2008 // Numerous studies investigating the effect of field size or isolation distances (i.e. distance from a conventional field to its closest GM neighbour) on impurity rates are based on two-plot experiments (e.g. Halsey et al. 2005; Weekes et al. 2007 on maize).//)
· (See also ISB News Report October 2007.//)
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Weider C, 2007. ¤ GM pollen containment by cytoplasmic male sterility (CMS) in maize (Zea mays L.). GMCC07 : 3rd Int Conf on Coexistence Between Genetically Modified (GM) and non GM based Agricultural Supply Chains. Seville Nov 2007. 

http://www.coexistenceconference.org/documents/gmcc07_poster_gene_flow_000.pdf. 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXWestgate ME et al, 2007. ¤ Modeling the biology of out-crossing by adventitious pollen. Proceedings of the Gene Flow - Symposium of the North Central Weed Science Society Annual Meeting.
 http://www.ncwss.org/. 

· Risk of out-crossing from adventitious maize pollen results from complex interactions between the biology of flowering and pollination processes as well as the physical nature of pollen transport in the atmosphere. To quantify this risk, we have developed biological models of maize pollen production and viability, physical atmospheric models for pollen dispersal, and a biological model of pollen-silk interaction leading to kernel formation. We will show how these biological and physical models are linked to predict out-crossing events associated with adventitious pollen production and transport. Examples include results from field trials designed for production of non-transgenic grain, hybrid seed, and pharmaceuticals.
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Aden C, Kleppin L, Schmidt G, Schröder W, 2008. ¤ Compilation and processing of geodata sets by means of WebGIS for modelling GMO impacts on different spatial scales. GMLS - International conference on Implications of GM crop cultivation at large spatial scales 2nd - 4th April 2008.

· The use of web-based geoinformation systems (WebGIS) in natural sciences and engineering is increasing rapidly. WebGIS were designed for the efficient retrieval and the visualisation of geodata or for supporting land use planning and to accomplish legally obligated report duties. The surveillance of GMO (Genetically Modified Organisms) dispersal is one new challenging task in environmental monitoring where WebGIS should be used. GMO crops like insect resistant Bt-maize cultivated in Germany since the last few years have to be observed by farmers and / or national authorities to detect possible environmental impacts. This task should be accomplished efficiently by WebGIS offering GIS tools and relevant surface maps on climate and land use patterns, for example, as well as monitoring data documented by metadata and prepared for data download. This allows for supporting risk assessment, for planning and evaluating monitoring networks or as data base for dispersal models. The WebGIS application is realised by means of Open Source software and free available geodata.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Aden C, Kleppin L, Schmidt G, Schröder W, 2008. ¤ Application of Web-based geoinformation systems for GMO related issues. GMLS - International conference on Implications of GM crop cultivation at large spatial scales - 2nd - 4th April, 2008. 

· Web-based geoinformation systems (WebGIS) are well established in natural sciences and engineering. Nowadays interactive and flexible systems are realised economically best by using platform independent "Open Source" software components instead of expensive proprietary software. Open Source products are prescribed to be free of charge and the source code is disclosed and free for modifications. To build up an interactive web-based information system a server programme is needed providing the functionality of a "spatial" communication. Within the framework of several research projects dealing with possible GMO impacts on different spatial scales, WebGIS applications were established. They were implemented by using the UMN Mapserver with the Apache HTTP-Server, the database management system PostgreSQL with the spatial extension PostGIS and the WebGIS-Client Suite Mapbender. The HTTP-server enables communication with web clients. The Mapserver interactively allows for inquiries and analyses on spatial data, generates and displays symbolized maps in a uniform projection and provides metadata on the integrated geodata layers. According to this, the WebGIS is a useful tool for supporting the surveillance of GMOs as well as for risk assessment in terms of coexistence and nature protection issues.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Angevin F, 2008. ** Prédire le taux de pollinisation entre deux parcelles de maïs. La lettre électronique de l'Inra aux entreprises N°20. Full text

· La plate-forme générique Landflow-gene, qui modélise les flux de gènes à l‘échelle des paysages agricoles, a été développée lors du programme européen SIGMEA (voir la lettre n°20). Elle reprend les acquis de deux modèles conçus à l'INRA : GeneSys© pour le colza et MAPOD© pour le maïs. Ce dernier permet de prédire la pollinisation croisée entre les parcelles de maïs présentes dans une petite région agricole. Il a déjà été utilisé lors de plusieurs études pour estimer l'impact de l'introduction de variétés de maïs OGM sur la présence fortuite d'OGM dans des récoltes non OGM ainsi que pour tester l'efficacité de certaines stratégies de coexistence OGM/non-OGM. 

La question de la coexistence des plantes OGM et des plantes non-OGM est au coeur du débat actuel sur les plantes génétiquement modifiées. Une majorité de consommateurs français disent ne pas vouloir consommer d‘OGM, il faut donc être capable de mettre en place une organisation et des conditions techniques adaptées tout au long de la chaîne de production : culture, transport, étiquetage. La Commission Européenne a mis en place une réglementation spécifique pour l‘étiquetage et la traçabilité des produits OGM et a fixé un taux limite de 0,9 % de présence d‘OGM pour distinguer les deux catégories de produits. Mais, en pratique, de nombreux opérateurs considèrent aujourd‘hui que les filières conventionnelles ne doivent pas contenir d‘OGM (seuil nul ou seuil de détection). 

Parmi les nombreux problèmes que pose la mise en place de deux filières de production – OGM et non-OGM – il y a celui de la culture, dans une même zone géographique, de deux types de variétés, OGM et non-OGM. Les chercheurs se sont intéressés à ce sujet en étudiant les conditions dans lesquelles se faisait la pollinisation chez le maïs entre deux parcelles. 

Le maïs est une espèce à pollinisation ouverte où le pollen est emporté par le vent. Pour l‘essentiel il ne parcourt que quelques mètres, mais nous savons qu‘il peut voyager beaucoup plus loin. Les organes mâles et femelles sont portés par une même tige, mais avec un fleurissement différé de l‘organe femelle. Le maïs cultivé étant hybride, la production de semences de maïs est particulièrement sensible aux apports de pollen provenant de champs de production alentours.

Afin d'éclairer les débats et les décisions publiques, les chercheurs ont élaboré un modèle, qu‘ils ont appelé MAPOD (Matricial Approach to Pollen Dispersal), pour prédire les taux de pollinisation croisée entre deux parcelles de maïs, dans des conditions variables de climat (vent, température, pluie) et de culture. Ce modèle peut aussi permettre l'élaboration d'outils logiciels dérivés susceptibles d'aider les opérateurs à faire des choix en fonction de la législation et de la règlementation. 

Le modèle est composé d‘un premier module portant sur les conditions de floraison. Celui-ci détermine la quantité de pollen produite sur une base journalière ainsi que le nombre de soies réceptives des variétés de maïs non-OGM. Le deuxième module détermine la dispersion du pollen dans la zone considérée, le nuage de pollen autour de la plante étant suivi au jour le jour. 

La simulation de cette pollinisation génère donc des sorties en termes de nombre de grains OGM dans des récoltes non OGM à différentes échelles (intra-champ, parcelles, groupe de parcelles alimentant un silo), ceci dans plusieurs configurations spatiales, depuis le cas simple de deux champs juxtaposés jusqu‘à un paysage beaucoup plus complexe s‘étalant sur plusieurs kilomètres. 

Une fois conçu, le modèle MAPOD a été évalué sur sa capacité à prédire le taux de pollinisation en comparant les résultats de la simulation avec ceux d'expérimentations réalisées au champ à courte distance, avec des données de la littérature et avec des mesures de pollinisation croisée entre maïs grain et maïs waxy. Sa validation à partir d‘observations réalisées à l‘échelle de parcelles commerciales d‘OGM en Espagne est en cours. Globalement la prévision s‘est avérée satisfaisante. Quelques insuffisances du modèle ont été identifiées comme, par exemple, sa difficulté à intégrer les ruptures du couvert végétal (haies, routes, autre variété, etc.). Les travaux de recherche se poursuivent pour rendre le modèle MAPOD encore plus performant. 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Angevin F, Klein EK, Choimet C, Gauffreteau A, Lavigne C, Messéan A, Meynard JM, 2008. * Modelling impacts of cropping systems and climate on maize cross-pollination in agricultural landscapes: The MAPOD model. European Journal of Agronomy Volume 28, Issue 3, April 2008, Pages 471-484. 

· New concerns about crop coexistence in agricultural landscapes are being expressed in reaction to the prospect of introducing transgenic crops into European cropping systems: these include meeting current consumer demand for non-GM products, respecting threshold levels required for organic farming labels as well as keeping food cultures separated from those destined for the pharmaceutical and energy industries.

To address these concerns in the case of maize crops, we have chosen a modelling approach. Our aim was to simulate cross-pollination in the case of existing agricultural landscapes, taking into account the effect of climate and cropping techniques in order to forecast gene escape from genetically modified maize to non-GM maize. The resulting spatially explicit model, MAPOD (Matricial Approach to POllen Dispersal), is presented in this paper. A preliminary evaluation is also provided. Pollen exchanges between GM and non-GM maize crops are simulated and influencing factors such as field sizes and shapes, distribution of GM and non-GM fields in the agricultural landscape as well as flowering dates and dynamics are integrated. Model parameter values were either derived from existing models of pollen dispersal or estimated from experimental field studies. The preliminary evaluation of MAPOD was carried out by comparing simulation results with data from two French and one American gene flow field trials. MAPOD was found to provide good average predictive values. Examples of output data illustrate the capacity of the model to simulate a wide range of agricultural contexts. These simulation results provide a basis for designing coexistence rules and monitoring procedure set-up.

· (In Messéan, 2008 // Afin de prédire le comportement dans des contextes agro-climatiques variés et sous des scénarios réalistes, la modélisation est nécessaire. Plusieurs modèles de dispersion de pollen de maïs à l'échelle du champ ont été proposés pour le maïs (par exemple Richter et Seppelt, 2004 ; Klein et al, 2003 ; Yamamura, 2004). Seul le modèle MAPOD prend en compte à la fois le paysage de manière explicite ainsi que les pratiques agricoles (Angevin et al, 2008) // MAPOD a été validé à partir de données de dispersion de pollen à courte distance, de données de la littérature et de données pollinisation croisée entre maïs grain et maïs waxy. Sa validation à partir d'observations réalisées à l'échelle de parcelles commerciales d'OGM en Espagne est en cours. Il ressort des premiers résultats que, si le modèle doit être amélioré afin de mieux prendre en compte les dynamiques de floraison et les hétérogénéités spatiales (notamment les effets de bordure), les prédictions à l'échelle du champ sont suffisamment précises pour raisonner les mesures de coexistence nécessaires pour satisfaire le seuil réglementaire d'étiquetage 0.9% (Exprimé en pourcentage de grains OGM dans la récolte non OGM).//)

· (In Lavigne et al, 2008// Pollen dispersal was simulated with a modified version of the software used to estimate cross-pollination in maize (Angevin et al. 2008).//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Allnutt TR, Dwyer M, McMillan J, Henry C, Langrell S, 2008. * Sampling and modeling for the quantification of adventitious genetically modified presence in maize. Journal of Agricultural and Food Chemistry 56 (9) : 3232-3237. 

· The coexistence of genetically modified (GM) and non-GM crops is an important economic and political issue in the European Union. We examined the GM content in non-GM maize crops in Spain in 2005. Both the standing crop and the harvest were tested, and the %GM DNA was quantified by real-time polymerase chain reaction. We compared the level of GM as a function of distance from known GM source fields in a 1.2 km2 landscape. The distribution of GM was compared to predictions from previous studies, and good agreement was found. Control and monitoring of adventitious GM presence in non-GM crops can only be achieved by fit-for-purpose sampling and testing schemes. We used a GM dispersal function to simulate non-GM crops in the studied zone and tested the accuracy of five different sampling schemes. Random sampling was found to be the most accurate and least susceptible to bias by GM spatial structure or gradients. Simulations showed that to achieve greater than 95% confidence in a GM labeling decision of a harvest (when treated as a single marketed lot), 34 samples would be needed when the harvest was outside 50% of the GM threshold value. The number of samples required increased rapidly as the harvest approached the GM threshold, implying that accurate labeling when the harvest is within +- 17% of the threshold may not be possible with high confidence.
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Angevin F, 2008. ** Prédire le taux de pollinisation entre deux parcelles de maïs. La lettre électronique de l'Inra aux entreprises N°20 INRA Rédacteur : Délégation au Partenariat avec les Entreprises

http://www.inra.fr/les_partenariats/collaborations_et_partenaires/entreprises/en_direct_des_labos/predire_le_taux_de_pollinisation_entre_deux_parcelles_de_mais 

· (// Présente le modèle MAPOD et conclue « Une fois conçu, le modèle MAPOD a été évalué sur sa capacité à prédire le taux de pollinisation en comparant les résultats de la simulation avec ceux d'expérimentations réalisées au champ à courte distance, avec des données de la littérature et avec des mesures de pollinisation croisée entre maïs grain et maïs waxy. Sa validation à partir d‘observations réalisées à l‘échelle de parcelles commerciales d‘OGM en Espagne est en cours. Globalement la prévision s‘est avérée satisfaisante. Quelques insuffisances du modèle ont été identifiées comme, par exemple, sa difficulté à intégrer les ruptures du couvert végétal (haies, routes, autre variété, etc.). Les travaux de recherche se poursuivent pour rendre le modèle MAPOD encore plus performant. »//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Angevin F, 2008. Apports de la modélisation dans une approche pluridisciplinaire pour gérer la coexistence de filières OGM et non OGM chez le maïs. Séminaire ANR-OGM - 2008 : Programme national de recherches sur les OGM. Séminaire de restitution, 27 et 28 novembre 2008 - Paris.

http://www.inra.fr/les_partenariats/programmes_anr/programme_ogm/seminaire_anr_ogm_2008  

· Le projet GCOM2AP est porté par un consortium pluridisciplinaire de 9 équipes, appartenant majoritairement à l‘INRA mais aussi au GEVES et à des institutions européenne et canadienne. L‘objectif central de GCOM2AP est de disposer d‘un outil permettant de prédire la dispersion des transgènes et le taux d'impuretés OGM dans les parcelles non OGM à l‘échelle de paysages agricoles variés et réalistes, c'est-à-dire prenant en compte la diversité des climats, des parcellaires et des pratiques agricoles et comportant des obstacles (haies, bosquets, routes…). Alors que les dispositifs expérimentaux donnent des résultats ponctuels, qui ne peuvent être appliqués à la grande diversité des situations, ni multipliés, notamment pour des raisons de coût et de faisabilité, la modélisation est le moyen à la fois nécessaire, pertinent et économique d‘aborder cette question et de rechercher si des scénarios de gestion adaptés à la coexistence sont possibles.

Le second objectif du projet est d‘utiliser les apports des études agronomiques, physiques et statistiques sur la dispersion des transgènes pour analyser les incitations des agriculteurs à adopter des mesures de coexistence. Plus précisément, il s‘agira de construire un modèle économique spatial de choix de variétés et de pratiques culturales par les agriculteurs, dans lequel la dispersion du pollen apparaîtra comme un paramètre technique. Le coeur et l‘intérêt du modèle résident dans la formalisation spatiale de l‘externalité (la fécondation par du pollen OGM) qui utilisera avantageusement l‘expertise des agronomes.

Le modèle servira à analyser deux questions : (1) l‘impact des réglementations sur la coexistence OGM et non-OGM ; (2) la formation décentralisée par les agents économiques de zones ou clubs non-OGM. GMCOM2AP permettra de réaliser des avancées à caractère générique dans plusieurs domaines :

· Production de connaissances scientifiques nouvelles sur l‘effet des hétérogénéités spatiales sur la dispersion de transgènes à l‘échelle d‘un paysage agricole et sur la dynamique de floraison du maïs et le processus de fécondation croisée ; 

· Avancées méthodologiques par l‘utilisation synergique des modèles physiques et statistiques : utilisation de modèles physiques aux fins de développer des paramétrisations adaptées à des modèles statistiques plus opérationnels ; 

· Approche interdisciplinaire associant biologistes, physiciens, mathématiciens et économistes qui aborderont de façon concertée et coordonnée la faisabilité technique de mesures de coexistence et leur acceptabilité économique par les agriculteurs ; 

· Développement d‘outils d‘aide à la décision opérationnels et validés susceptibles d‘être diffusés à l‘issue du projet.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Bannert M, Vogler A, Stamp P, 2008. * Short-distance cross-pollination of maize in a small-field landscape as monitored by grain color markers. European Journal of Agronomy, Volume 29, Issue 1, July 2008, Pages 29-32. 

· Results of studies on cross-pollination in small field environments with regard to donor/receptor surface ratios and flower synchrony are scarce. In 2003 and 2004, six field experiments on cross-pollination were carried out in the cantons of Zug and Zurich, two hilly regions of Switzerland. Three (Monopol, Romario and PR39G12) color-dominant yellow-grain maize varieties (Zea mays L.) were planted in close proximity (0.8 m) to color-recessive white-grain maize (DSP17007). The factors of influence were size of the donor and receptor parts of the field and flower synchrony, tested in a tight grid pattern (2.4 m × 10 m; 6000 ears ha-1). Widely varying field size ratios of donors to receptors (about 4:1–1:8) did not influence the cross-pollination rate at distances of 0–20 m from the pollen donor. The synchrony between pollen shedding of the donor and silking of the receptor had a large impact on cross-pollination. In relation to the mid-phase of silk emergence in the receptor field, a temporal isolation of five and seven days resulted in a significant decrease in cross-pollination by more than 80% in comparison to full synchrony. However, in a receptor field with irregular emergence of a number of weak, late-flowering plants led to a remarkable increase in cross-pollination, despite an average temporal separation of 7 days. Marked cross-pollination was restricted to distances up to 15 m; thus, average rates of cross-pollination above 0.9% were easily managed in small fields.
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Beckie HJ, Hall LM, 2008. * Simple to complex: Modelling crop pollen-mediated gene flow. Plant Science 175, 5, November 2008, 630. 

· Coexistence among genetically modified (GM) and non-GM cropping systems and identity preservation at the field level are increasingly important issues in many countries. Different types of pollen-mediated gene flow (cross-fertilization) models have been released during the past decade, primarily as a decision-support tool to achieve the European Union (EU) 0.9% GM adventitious presence (AP) labelling threshold for food and feed. We review key empirical or mechanistic models for four diverse crop types—canola or oilseed rape (OSR) (Brassica napus L.), maize (Zea mays L.), wheat (Triticum aestivum L.), and creeping bentgrass (Agrostis stolonifera L.). Their strengths, weaknesses, relevance, and utility in simulating pollen-mediated gene flow are examined. Many empirical models simulate gene flow well, although their utility is often restricted by datasets with limited environmental variability or spatial scale. Few mechanistic models have been developed, reflecting the challenge in accurately simulating pollen-mediated gene flow by wind or insects; such models have not been validated for commercial field scenarios. Many models tend to provide upper-end or worst-case outcrossing predictions and management recommendations, either because of experimental design underlying datasets, biological and environmental stochasticity, or chosen statistical analysis. Both experimental results and modelling predictions of outcrossing in OSR, maize, and wheat reveal that isolation distance or a pollen barrier (buffer zone) generally is only recommended between small grain maize fields (ca. <5 ha) to maintain field-average AP due to pollen-mediated gene flow below the EU threshold. Recent advances in modelling pollen-mediated gene flow in commercial fields are encouraging, but simulating gene flow in heterogeneous landscapes remains an elusive goal. Moreover, practical, user-friendly decision-support tools are needed to inform and guide farmers in implementing coexistence measures.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Binimelis R, 2008. * Coexistence of plants and coexistence of farmers: is an individual choice possible? Journal of Agricultural and Environmental Ethics 21 (5) 437-457. 

· The introduction of genetically modified organisms (GMOs) in Europe has been characterized by controversy. In 2002, the European Union introduced the concept of "coexistence" as a compromise solution that, through the establishment of science-based technical measures, should allow the market to operate freely while reducing policy conflicts on GMOs. However, the concept remains highly contested and the technical measures difficult to apply. This paper presents qualitative research on the conceptualization and implementation of the coexistence framework in two regions of Spain (Catalonia and Aragon), where 42% and 55% of maize was GM in 2006, respectively. In this context, the concept of coexistence and its proposed implementation both fail to resolve previous conflicts and actually work to generate new ones through the individualization of choice and impacts. Considerations of the social conditions in which the technology and the management measures are implemented were not taken into account. This resulted in the promotion of biotechnological agriculture over other alternatives.

· (In Devos et al, 2008// Opponents expect that GM crops will undermine agricultural developments focusing on added value of agricultural commodities (e.g., local speciality 'niche' products) and environmentally friendly production systems such as organic agriculture (Verhoog et al, 2003; Altieri, 2005; Levidow and Carr, 2007; Binimelis, 2008).//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Boehm MT, Aylor DE, Shields EJ, 2008. * Maize pollen dispersal under convective conditions. Journal of Applied Meteorology and Climatology 47: 291-307.

· The widespread adoption of genetically modified (GM) crops has led to a need to better understand the atmospheric transport of pollen because of concerns over potential cross-pollination between GM and non-GM crops. Maize pollen concentrations were modeled by a modified Lagrangian stochastic (LS) model of the convective boundary layer (CBL) and were compared with concentrations measured by airborne remotely piloted vehicles (RPVs) flown from directly above to 2 km from source fields. The turbulence parameterization in an existing CBL LS model was modified to incorporate the effects of shear-driven turbulence, which has an especially large impact near the surface, where maize pollen is released. The modified model was used to calculate concentrations corresponding to the RPV flight tracks. For the most convective cases, when at least 95% of the pollen came from sources near the RPV flight track for which source strength measurements are available and the results are less sensitive to uncertainty in wind direction since most of the pollen came from directly beneath the flight track, the geometric mean of the ratio between the modeled and measured concentrations was 0.94. When cases with larger contributions from more distant fields were included, the overall geometric mean decreased to 0.43. The scatter of the measured concentrations about the modeled values followed a lognormal distribution. These results indicate that the modified model presented herein can substantially improve the description of the near-source dispersion of heavy particles released near the surface during convective conditions.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Breckling B, 2008. ¤ Conference summary for use in GfÖ-Nachrichten. GMLS2008: International conference on Implications of GM-Crop cultivation at large spatial scales. www.GMLS.eu 

· (From the text: Contributions from France and from the USA demonstrated by airborne measurement and simulation, that a certain amount of maize pollen is transported to higher atmospheric layers, where it adds to a large scale dispersed background impurity, which would have to be added to other sources of impurities.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Brunet Y, Dupont S, Delage S, Tulet P, Pinty J-P, Lac C, Escobar J, 2008. ¤ Atmospheric modelling of maize pollen dispersal at regional scale. GMLS2008 : International conference on Implications of GM crop cultivation at large spatial scales - 2nd - 4th April, 2008. Conference summary for use in GfÖ-Nachrichten. www.GMLS.eu  

· The possibility for maize pollen to contaminate plants at very long distances has been recently demonstrated from (i) airborne measurements of pollen concentration and viability in the atmospheric boundary layer, (ii) chamber measurements of pollen viability and (iii) observations of fecundations in isolated plots of white-kernel maize. In order to better understand long-range dispersal of maize pollen we use the non-hydrostatic mesoscale Meso-NH model, modified so as to introduce source terms for pollen emission, conservation equations for pollen concentration and moisture as well as a deposition velocity. Using GIS-based landuse maps featuring all maize fields previously identified from satellite data, a series of simulations have been performed over South-West France down to a 2-km horizontal resolution. The model allows the regional pollen plume to be tracked during the day and deposition maps of viable pollen to be produced over dozens of km. Vertical and horizontal variations in simulated pollen concentration agree well with measured airborne data all along the day. On typical convective days calculated pollen deposition at remote distances from the source fields is shown to be compatible with the regional ―backgroundcontamination producing the fattailed dispersal functions observed in the field. The present model can be used as a basis for future operational pollen forecast tools.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Chandler S, Dunwell JM, 2008. * Gene flow, risk assessment and the environmental release of transgenic plants. Critical Reviews in Plant Sciences vol. 27 (1) p.25-49 Publisher: Taylor and Francis, Abingdon, UK. 

· The release of genetically modified plants is governed by regulations that aim to provide an assessment of potential impact on the environment. One of the most important components of this risk assessment is an evaluation of the probability of gene flow. In this review, we provide an overview of the current literature on gene flow from transgenic plants, providing a framework of issues for those considering the release of a transgenic plant into the environment. For some plants gene flow from transgenic crops is well documented, and this information is discussed in detail in this review. Mechanisms of gene flow vary from plant species to plant species and range from the possibility of asexual propagation, short- or long-distance pollen dispersal mediated by insects or wind and seed dispersal. Volunteer populations of transgenic plants may occur where seed is inadvertently spread during harvest or commercial distribution. If there are wild populations related to the transgenic crop then hybridization and eventually introgression in the wild may occur, as it has for herbicide resistant transgenic oilseed rape (Brassica napus). Tools to measure the amount of gene flow, experimental data measuring the distance of pollen dispersal, and experiments measuring hybridization and seed survivability are discussed in this review. The various methods that have been proposed to prevent gene flow from genetically modified plants are also described. The current "transgenic traits" in the major crops confer resistance to herbicides and certain insects. Such traits could confer a selective advantage (an increase in fitness) in wild plant populations in some circumstances, were gene flow to occur. However, there is ample evidence that gene flow from crops to related wild species occurred before the development of transgenic crops and this should be taken into account in the risk assessment process.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Coléno FC, 2008. * Simulation and evaluation of GM and non-GM segregation management strategies among European grain merchants. Journal of Food Engineering, 88 (3) 306-314. 

· Considering the European regulations, a product needs to be labelled as containing GM when the adventitious presence of GM material exceeds 0.9%. During collection, crops from many fields are combined to fill a silo. Three management strategies to avoid the risk of mixing GM and non-GM crops were identified by a descriptive work based on cases studies in various region of France: defining GM and non-GM silos and production zones; specifying the timing of GM and non-GM crops delivery at silos; or using local management rules at each stage of the supply chain. To evaluate these strategies and to compare them to the actual supply chain management we propose a model of elevators‘ supply chain management. The allocation of specific silos to GM and non-GM crops allows all the non-GM production to be segregated, but with a 700% increase in transportation cost. Specifying the timing of GM and non-GM crops deliveries allows all the non-GM crops to be segregated without any cost increase. Using local management rules does not allow more than 50% of the non-GM crops to be segregated without an increase in costs.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Coléno FC, 2008. * A simulation model to evaluate the consequences of Genetic Modification and non-Genetic Modification segregation rules on landscape organisation. Journal of International Farm Management Vol.4. No.3 - August 2008. 

· In Europe, a product is GM if it contains more than 0.9% of GM material. During harvesting, crops from many fields are combined to fill a silo. To avoid the risk of mixing GM and non-GM crops it is possible to specify GM and non-GM silos or to define times for GM and non-GM delivery at silos. A model of farmers‘ variety choice, based on profit and taking into account transport cost and the price and cost difference between GM and non GM crops, is proposed to determine the consequences of these strategies for agricultural land. The delivery timing strategy leads to a uniform area of GM or non-GM crops depending on prices and weather risks. The spatial strategy leads to areas of either GM or non-GM crops around the corresponding collection silos. The size of these zones depends on yields, price differences and transport costs.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Consmuller N, Beckmann V, Schleyer C, 2008. ? Coordination and cooperation for Bt maize plantation in Brandenburg -- an explorative analysis of co-existence at the farm level. [Original Title: Koordination und Kooperation beim Bt-Maisanbau in Brandenburg -- Eine explorative Untersuchung betrieblicher Strategien der Koexistenz.]. Berichte uber Landwirtschaft 86 (2) 242-261. 

· This article examines the prospects of coordinating the plantation of maize in order to prevent gene-outcrossing of conventional or organic maize plants in Germany. In Germany, about 1.7 Mio ha of maize are grown each year and 350000 ha are affected by the European Corn Borer (ECB) Ostrinia nubilalis Hubner, a serious pest in maize production. The ECB can either be controlled mechanically or by the use of pesticides or biological measures. Since 2006, several varieties of transgenic Bt-maize can be grown in Germany, Bt-maize is genetically modified in order to express a toxin from the soil bacterium Bacillus thuringiensis, which becomes lethal to the larvae of the ECB when feeding on the plant. The planting of Bt-maize also bears the risk of gene-outcrossing to conventional or organic maize plants. Since co-existence of all production forms is a major aim in the European Union, growing transgenic plants is subject to strict regulations. The regulatory framework in Germany comprises ex-ante regulations and ex-post liability rules to protect conventional and organic farming from possible negative side effects of transgenic plants. The farmer who grows Bt-maize is for instance obliged to keep buffer zones and is held liable for damages. The value of Bt-maize production also depends on additional costs arising from ex-ante regulations and ex-post liability according to the distribution of property rights. These costs could be minimized by cooperation between the Bt-maize growing farmer and his neighbours. Case studies comprising a Bt-maize farmer and two of his direct neighbours were carried out to elucidate the effect of transaction costs on the decision to grow Bt-maize. For the study, the Oderbruch region in the federal state of Brandenburg was chosen since in this area much Bt-maize is grown and the ECB is of increasing importance. The case studies revealed that the costs arising from ex-ante regulations and ex-post liability rules were only of minor importance to the Bt-maize-growing farmers. The large farms could easily manage the construction of buffer zones within their own fields and avoid the planting of Bt-maize close to their neighbours. Thus, cooperation was not necessary to achieve co-existence. Still, cooperation could become more important in the future, since there is a possibility of reducing intended buffer zones of 150 m by mutual agreement between the Bt-maize-growing farmer and his neighbour(s).

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Consmüller N, Beckmann V, Schleyer C, 2008. ¤ Public Policy and Farm-level Strategies for Coexistence in Germany – A case study of Bt-maize in Brandenburg. EAAE2008: XIIth Congress of the European association of Agricultural Economists Gent Belgium, 26-29 august 2008. (Proceedings sous presse) http://www.eaae2008.be/Program.pdf et http://ageconsearch.umn.edu/bitstream/44187/2/559.pdf  

· The regulatory framework for growing GM crops in Germany comprises quite liberal ex-ante regulations with very strict ex-post liability rules to protect other production forms from possible negative side effects of transgenic plants. Regulation is assumed to impose additional costs on farmers who intend to plant Bt-maize. This paper investigates the significance of these costs and the possibility of minimizing them by farm-level strategies such as coordination and cooperation between the Bt-maize growing farmer and his neighbours. A case study investigating the behaviour of Bt-maize growing farmers was carried out in the Oderbruch region in the federal state of Brandenburg, Germany. This region is leading in Bt-maize cultivation in Germany and has a high incidence of the European Corn Borer (Ostrinia nubilalis Hübner). The interviews revealed that additional costs due to ex-ante regulation and ex-post liability were only of minor importance to the Bt-maize growing farmers. All farms were largescale and could easily manage the construction of buffer zones within their own fields and deliberately avoided the planting of Bt-maize close to their neighbours. Thus advanced inter-farm coordination and cooperation was not necessary to achieve coexistence. However, the fact that Bt-maize was only grown on large-scale farms indicates a significant threshold effect due to the regulatory framework in Germany likely to prevent small-scale farms from planting Bt-maize unless innovative farmlevel strategies of coexistence will be developed.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Cordeiro A, Alves A C, Ogliari J, 2008. ¤ Challenges for co-existence in small-scale farming: the case of maize in Brazil. GMLS - International conference on Implications of GM crop cultivation at large spatial scales - 2nd - 4th April, 2008. www.GMLS.eu  

· Maize is the second most important crop grown in Brazil. In 2007/2008 season it occupies an area of 14 million hectares and the harvest is expected to reach 50 millions ton. Small-scale farming is responsible for around 44% of maize production. In this type of farming system, maize field size varies from few square meters to 1 hectare. Santa Catarina State, in the Southern of Brazil, is a typical small-scale farming region. As the main base of Brazilian poultry processing industries, there is a great demand of maize for feed production. Despite of occupying only 1% of Brazilian territory, Santa Catarina responds for 7% of the total maize area planted in the country, resulting in high density of maize fields per area. As a traditional area of maize plantation, small farmers also grow a diversity of local varieties, mainly for household consumption and for preparing certain types of meals. The release of genetic modified maize in Brazil brings new challenges to small-scale farming, especially in regions that conserve genetic diversity. This paper discusses factors affecting coexistence with GMO maize in the context of small-scale farming.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Dalton R, 2008. * Modified genes spread to local maize. Nature 12 November 2008, 456, 149. 

· Full text: Transgenes from genetically modified (GM) maize (corn) crops have been found in traditional 'landrace' maize in the Mexican heartland, a study says. The work largely confirms a similar, controversial result published in Nature in 20011 and may reignite the debate in Mexico over GM crops.

The paper reports finding transgenes in three of the 23 locations that were sampled in 2001, and again in two of those locations using samples taken in 2004. Written by a team led by Elena Álvarez-Buylla of the National Autonomous University of Mexico (UNAM) in Mexico City, the study will be published in the journal Molecular Ecology.

In 1998, the Mexican government outlawed the planting of GM maize to protect its approximately 60 domesticated landraces and their wild relatives. But newspaper reports suggest that farmers have planted at least 70 hectares of GM maize crops in the northern state of Chihuahua, and it is unclear what repercussions this may have. Only about 25% of the maize planted in Mexico comes from commercially sold seed; the majority is saved from harvest to harvest. That's why, says Álvarez-Buylla, researchers need to pin down whether transgenes really have made it into local crops. "It is urgent to establish rigorous molecular and sampling criteria for biomonitoring at centres of crop origination and diversification," the team writes. Allison Snow, a plant ecologist from Ohio State University in Columbus, led a team that reported2 in 2005 it could not detect transgenes in maize from regions sampled by the original Nature paper. She calls the new work "a very good study, with positive signs of transgenes". "It is good to see this," adds Ignacio Chapela, the ecologist from the University of California, Berkeley, who was senior author on the Nature publication. "But it took seven years." 

Testing times The original paper caused a storm of controversy 3, 4, 5. Critics pointed out some technical errors, including problems with the type of PCR used to amplify the genetic sequences, although Chapela and his co-author David Quist stood by their conclusions6. Others questioned whether the critics were influenced by their association with the biotechnology industry, which they denied. In the end, Nature published an editor's note saying there was insufficient evidence to justify the original publication. Advocates of GM crops widely, and erroneously, called this a retraction. 

A second round of criticism was sparked in 2005, after the Snow paper reported no evidence for transgenes in Mexican maize. Some criticized this article as being statistically inconclusive and lacking representative samples7, which the authors disputed8. 

Álvarez-Buylla's team set out to resolve the issue by conducting genetic tests on thousands of maize seed and leaf samples for evidence of two transgenes: a gene promoter from the 35S cauliflower mosaic virus, and the nopaline synthase terminator, NOSt. The team found transgenes in about 1% of more than 100 fields it sampled, including some sampled by Quist and Chapela in 2001. 

Jose Sarukhán, a biologist at the UNAM and a member of the US National Academy of Sciences, recommended the Álvarez-Buylla article for publication in Proceedings of the National Academy of Sciences. It was rejected; in a letter to the authors on 14 March this year, the journal's editor-in-chief Randy Schekman, a professor at the University of California, Berkeley, wrote that the biology and genetics didn't warrant publication, and that a reviewer had pointed out the report could "gain undue exposure in the press due to a political or other environmental agenda". Sarukhán responds: "I saw no reason why it should not be published." 

Norman Ellstrand, a plant geneticist at the University of California at Riverside, called the study intriguing. "The importance of the study is not in the impact of the transgenes themselves," he says, "but in the fact that their spread has occurred so easily in a country where the planting of transgenic maize has not occurred for several years." 

However, the new paper doesn't confirm an important conclusion from the original Nature paper — whether the transgenes had been integrated into landrace genomes and passed along to progeny plants. Álvarez-Buylla suspects this may be the case, but she's not interested in pursuing another round of politically charged battles — and will leave that work to others. References 
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· (From the review Nature // "Findings reignite debate over genetically modified crops." « The importance of the transgenes themselves, but the fact that their spread has occurred so easily. »//) 
· (From : [lettreinfopgm] Lettre 137 (17 novembre 08):// Une news de la revue Nature annonce un article à paraître dans Molecular Ecology qui décrit la mise en évidence de traces de transgènes malgré l'interdiction officielle de la culture de maïs GM : 

http://www.nature.com/news/2008/081112/full/456149a.html#B1 

Pour rappels :

un rapport de 2004 sur les effets potentiels du flux de gènes entre maïs transgénique et maïs traditionnel mexicaIn http://www.cec.org/maize/index.cfm?varlan=francais un article qui examine comment les pratiques d'amélioration variétale des petits agriculteurs, qui ont maintenu une forte biodiversité, peuvent aussi favoriser l'entrée de transgènes dans les systèmes agricoles traditionnels. Transgenic Maize and the Evolution of Landrace Diversity in Mexico. The Importance of Farmers' Behavior, par MR. Bellon and J. Berthaud. Plant Physiology 134:883-888 (2004)

http://www.plantphysiol.org/cgi/content/full/134/3/883 

· (From Martin Baker :// I don't understand this statement: "The team found transgenes in about 1% of more than 100 fields it sampled, including some sampled by Quist and Chapela in 2001." About 1 % of more than 100 fields means either 1 or 2 fields - so how could these 1 or 2 contain "some" of those sampled in 2001? Is this an attempt to blind with statistics? 13 Nov, 2008 Posted by: Martin Baeker.//)

· (From : Michael Lichten:// To repeat Martin Baeker's comment--I do not understand how 1/100 fields can be considered to "largely confirm" the previous Nature paper, especially when the most important claim of that paper was integration into landrace genomes, which was not even tested in the current study. I also do not see how Nature can justify the headline "Modified genes spread to local maize" when the very text of the article says that this was not tested. Would Rex Dalton or one of his editors please respond in this comment stream, and explain how and why they consider this responsible journalism, and how an article that contradicts itself to such an extent can be considered honest reporting? 18 Nov, 2008 Posted by: Michael Lichten.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

DEFRA, 2008. £ Factors affecting rates of cross-pollination in maize growing under typical UK conditions (CB02019). DEFRA Science and Research Projects - Final Report Spring 2008.

 http://www2.defra.gov.uk/research/project_data/More.asp?I=CB02019andM=KWSandV=CB02019andSCOPE=0. 

· Description
Main objective: To develop a robust model of pollen movement in maize under UK conditions, based on molecular tracking of marker genes in the field, and to use the model to make recommendations on cultivation practice that will prevent cross-contamination.

Policy relevance: Information on gene dispersal by cross-pollination between maize crops (including genetically modified varieties), and from maize to other species, is limited under UK agronomic and climatic conditions. The proposed research will provide data on the potential for contamination of maize crops through cross-pollination within the context of UK climate, geography and agricultural practice. The work plan comprises data gathering and modelling strategies that will produce statistically meaningful results, leading to a final report that will include recommendations on separation distances and barriers.

Research plan: Defined maize genotypes will be grown in 8 geographically dispersed locations in England and Wales, each comprising a cluster of 5 sites and a metereorological station. Cobs will be sampled, and pollen will also be trapped, covering a range of distances between pollen donor and recipients. Pollen dispersal will be monitored by genotyping using maize microsatellites. Molecular, metereorological and agronomic data will be collected over 4 years. In addition, transposon-tagged lines will be exploited to monitor the extent of inter-species pollination. A Gaussian plume model of pollen flow will be used, based on geographical, meteorological and agronomic data. The predictive value of the model will be tested and statistically-supported recommendations will be reported.

Deliverables and their use: this will be the first study of pollen dispersal from maize under UK conditions and will provide novel information of agronomic, environmental and commercial value. A key deliverable will be a model of pollen flow validated specifically for the crop grown in England and Wales. Options for avoiding or minimising cross-contamination will be presented. The study will also provide data on which worst-case estimates of interspecific pollination and gene transfer can be based.
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Della Porta G, Ederle D, Bucchini L, Prandi M, Verderio A, Pozzi C, 2008. * Maize pollen mediated gene flow in the Po valley, Italy: source-recipient distance and effect of flowering time. Eur. J.of Agronomy, 28, 3, April 2008, 255-265. 

· Gene flow in maize can be monitored by measuring the cross-fertilization rate from a pollen source to a pollen recipient plot. According to European Commission Recommendation 2003/556, co-existence measures should allow non-GM crops to be grown and marketed so that the adventitious presence of GM material does not exceed the labelling threshold of 0.9% set by EC Regulation 1829/2003. Using dominant phenotypic markers we have investigated in farm scale fields in the Po Valley (Italy) the effect of: distance between the pollen source and recipient plants, with and without pollen competition; wind; synchrony in flowering times, in determining cross-fertilization. To this purpose, three types of experimental fields were designed: in type 1, a block of pollen source was planted in the middle of a recipient field; in fields of type 2, the source was separated from the recipient maize by fallow soil and/or maize buffer zones of variable shape and dimension; in type 3 experiments, the pollen source was planted within a recipient field of maize hybrids having different growing cycle lengths (and, hence, differing flowering synchrony). The following conclusions could be drawn: (1) the 0.9% cross-fertilization threshold was reached within, on average, 10 m in type 1 experiments (but exceptionally at 25 m); 17.5 m in type 2a experiments; 1.5 m for areas contiguous to pollen source or to recipient in type 2b experiments; (2) the influence of wind was minor compared to distance between pollen source and recipient; (3) buffer maize plants that shed non source pollen, rather than fallow land, were the most efficient barrier against cross-fertilization. Type 3 experiments allowed to conclude that: (1) little or no reduction in pollen flow was observed if there were only up to 3 days of difference in flowering time between pollen source and recipient; (2) when the time interval was 4–5 days a 25% reduction of pollen flow was recorded; (3) when the time interval was 6 days, the reduction was 50%, reaching levels close to 0% when the off-set was higher than 7 days.

· (In: Devos et al, 2008// If the outer parts of the maize field function as a pollen barrier, the distance towards the inner field parts increases, in turn increasing the distance GM pollen has to travel for crossfertilisation (Devos et al, 2005). Moreover, a pollen barrier of maize produces competing pollen and/or may serve as a physical barrier to air, and consequently pollen flow. The extent of cross-fertilisation is reduced much more effectively by a pollen barrier than by an isolation distance of bare ground of the same width (Della Porta et al, 2008). // Recently, Della Porta et al. (2008) demonstrated that surrounding the recipient field with just two maize rows resulted in the same reduction in cross-fertilisation levels as surrounding the pollen donor with twelve maize row.// The temporal isolation of GM maize from non-GM maize is another valuable strategy to limit cross-fertilisation between maize cropping systems. This can be achieved by sowing maize at different dates, resulting in a difference in flowering periods (Messeguer et al, 2006; Della Porta et al, 2008). A time lag in flowering synchrony of at least eight days has been proven to reduce the extent of cross-fertilisation between neighbouring maize fields significantly (Messeguer et al, 2006; Palaudelmàs et al, 2007; Della Porta et al, 2008). Sowing non-GM maize early and GM maize late in the season could easily be put into practice in Mediterranean regions. Due to the high infestation of the European andMediterranean corn borer late in the growing season, there is already a tendency to postpone the sowing of GMmaize in irrigated regions in Spain (Messeguer et al, 2007). However, this approach is not feasible in non-Mediterranean regions where the window of suitable weather conditions is too short to postpone sowing, and where this postponement induces yield penalties (Messeguer et al, 2006; Weber et al, 2007; Della Porta et al, 2008).// In practice, shorter isolation distances than those currently proposed by several member states would often be sufficient to ensure compliance with labelling requirements. Cross-fertilisation studies mimicking worst-case commercial on-farm situations demonstrated that isolation distances exceeding 50 m are not always necessary to comply with the labelling threshold of 0.9% in grain maize (Goggi et al, 2006; Gustafson et al, 2006; Pla et al, 2006; Bannert and Stamp, 2007; Kraic et al, 2007; van deWiel et al, 2007; Weber et al, 2007; Weekes et al, 2007; Della Porta et al, 2008). Similar conclusions have been drawn from out-crossing studies performed under real agricultural situations in Spain (Messeguer et al, 2006, 2007) and from predictive vertical gene flow modeling at the landscape level in France (Messéan et al, 2006; Lécroart et al, 2007) and Italy (Mazzoncini et al, 2007).// In many cases, less or no spatial isolation may be required to comply with the tolerance threshold (Devos et al, 2005; Messeguer et al, 2006, 2007; Messéan and Angevin, 2007; Sanvido et al, 2008). This may especially be the case with (i) larger and more spatially isolated recipient fields; (ii) recipient fields located in an upwind position from the closest pollen source; (iii) recipient fields isolated by physical and/or natural barriers (e.g., trees, hedgerows); or (iv) non-GMmaize plants showing a time lag in flowering period compared with GM maize (Messeguer et al, 2006, 2007; Palaudelmàs et al, 2007; Della Porta et al, 2008).//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Devos Y, 2008. /// Transgenic crops: a kaleidoscopic impact analysis. PhD Thesis, Ghent University, Ghent, Belgium. http://www.criticalphilosophy.ugent.be/publications/Phd.pdf. 

· In this interdisciplinary PhD thesis, a kaleidoscopic perspective on the impact of genetically modified (GM) crops and their corresponding agro-food products was presented. By placing some of the impacts resulting from the adoption of the novel agricultural technology in a socio-ethical, legal (part I) and agro-ecological context (part II), light was thrown upon different dimensions of agro-food biotechnology. The agro-ecological part, which is structured around three pertinent case studies, focused on the processes of vertical gene flow and herbicide usage. Based on the facets studied, it was observed that the concept of sustainability has come to occupy a prominent place in the debate about agro-food biotechnology. Therefore, it was investigated whether the adoption of agro-food biotechnology might play a role in constructing a sustainable system of crop production (part III).
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Devos Y, Cougnon M, Thas O, Reheul D, 2008. * A method to search for optimal field allocations of transgenic maize in the context of co-existence. Environ. Biosafety Res. 7 (2008) 97-104. 

· Spatially isolating genetically modified (GM) maize fields from non-GM maize fields is a robust on-farm measure to keep the adventitious presence of GM material in the harvest of neighboring fields due to cross-fertilizations below the European labeling threshold of 0.9%. However, the implementation of mandatory and rigid isolation perimeters can affect the farmers' freedom of choice to grow GM maize on their fields if neighboring farmers do not concur with their respective cropping intentions and crop plans. To minimize the presence of non-GM maize within isolation perimeters implemented around GM maize fields, a method was developed for optimally allocating GM maize to a particular set of fields. Using a Geographic Information System dataset and Monte Carlo analyses, three scenarios were tested in a maize cultivation area with a low maize share in Flanders (Belgium). It was assumed that some farmers would act in collaboration by sharing the allocation of all their arable land for the cultivation of GM maize. From the large number of possible allocations of GM maize to any field of the shared pool of arable land, the best field combinations were selected. Compared to a random allocation of GM maize, the best field combinations made it possible to reduce spatial co-existence problems, since at least two times less non-GM maize fields and their corresponding farmers occurred within the implemented isolation perimeters. In the selected field sets, the mean field size was always larger than the mean field size of the common pool of arable land. These preliminary data confirm that the optimal allocation of GM maize over the landscape might theoretically be a valuable option to facilitate the implementation of rigid isolation perimeters imposed by law.

· (In Devos et al, 2008// In areas where maize is grown on a substantial part of the agricultural area and/or where maize fields are small and scattered throughout the cropped area, the implementation of large isolation distances might not be feasible in practice (Perry, 2002; Dolezel et al, 2005; Messéan et al, 2007; Devos et al, 2007, 2008a, e; Sanvido et al, 2008).// Using geographic information system datasets and Monte Carlo simulations, Devos et al. (2007, 2008a, e) investigated how isolation perimeters around GM maize fields might affect the possibility of farmers to grow GM maize on their fields in Flanders (Belgium) (Fig. 3). With isolation distances larger than 50 m, non-GM maize fields would often be situated within the isolation perimeter imposed for GM maize, especially in areas where (i) a lot of maize is grown; (ii) the share of GM maize is high; (iii) GM maize is grown on a high number of small maize fields; and/or where (iv) GM maize is randomly allocated to maize fields.//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Devos Y, 2008. * Feasibility of isolation perimeters for genetically modified maize. Agronomy for Sustainable Development 28(2) 195-206. 

· Using geographic information system datasets and Monte Carlo simulations, this study investigates to what extent the intra-regional variability in maize share and field distribution affects the feasibility of implementing isolation perimeters between genetically modified (GM) and non-GM maize fields. More specifically, five scenarios differing in shares and spatial distributions of GM maize were tested for various isolation perimeters in six agricultural areas in Flanders (Belgium). Proportions of non-GM maize fields and farmers having at least one non-GM maize field occurring within isolation perimeters were calculated to assess how spatial co-existence measures would affect the freedom of choice of neighbouring farmers to grow non-GM maize on their fields. Irrespective of the scenario tested, our results demonstrated that the proportions of non-GM maize fields and their corresponding farmers falling within the isolation perimeters are approximately two to eight times higher in areas with the highest maize share than in areas with the lowest maize share. The higher the share of GM maize and the wider the imposed isolation perimeter, the lower the intra-regional differences became. Hence, those findings confirm that farmers will not be equally affected by isolation perimeters, indicating the importance of considering intra-regional differences in the choice of appropriate spatial co-existence measures. Since uniform and wide isolation perimeters tend to be difficult to implement in practice and hardly reflect the diversity of the agricultural landscape, relying on flexible or combining various co-existence measures is worthwhile considering. As an alternative to single co-existence measures for limiting the GM input from cross-fertilisations between neighbouring maize fields, the appropriateness of other on-farm co-existence measures is discussed for Flemish agricultural conditions. Proposing the most appropriate co-existence measures on a case-by-case basis may be one step forward in reaching proportionate, fair and consistent co-existence at the regional and landscape level.

· (In the text // Conclusion « Even in a small region like Flanders, the feasibility of implementing isolation perimeters will be largely affected by intra-regional differences in the maize share and in the size, the number and the distribution of maize fields. Hence, the freedom of choice of farmers to grow GM maize or not would be jeopardised according to the place where one lives, which is an important factor of inequality. To reflect intra- and inter-regional differences, legal co-existence frames should not simply rely on single and rigid co-existence measures, but build in a certain degree of flexibility by proposing plural co-existence measures that are adaptable to different agricultural and regional situations. Short isolation perimeters supplemented with a shift in sowing dates and/or with the installation of a pollen barrier offer similar guarantees to comply with the 0.9% threshold to wide isolation perimeters. Some national and/or regional authorities have already attempted to introduce some flexibility for managing cross-fertilisation between neighbouring fields: in the Czech Republic, the isolation perimeter of 70 m towards conventional maize fields can be shortened provided that every two metres of isolation perimeter is replaced by a buffer row of non-GM maize around the GM maize fields in Sweden, isolation perimeters can range between 15 and 50 m depending on the type of maize and on the number of transgenes contained in the GMmaize hybrids (EC, 2006 : Report on the implementation of national measures on the co-existence of genetically modified crops with conventional and organic farming.). Although such a case-by-case-based approach will demand much administrative effort, it may be one step forward in reaching proportionate, fair and consistent co-existence at the regional and landscape level.//)

· (In Devos et al, 2008// Using geographic information system datasets and Monte Carlo simulations, Devos et al. (2007, 2008a, e) investigated how isolation perimeters around GM maize fields might affect the possibility of farmers to grow GM maize on their fields in Flanders (Belgium) (Fig. 3). With isolation distances larger than 50 m, non-GM maize fields would often be situated within the isolation perimeter imposed for GM maize, especially in areas where (i) a lot of maize is grown; (ii) the share of GM maize is high; (iii) GM maize is grown on a high number of small maize fields; and/or where (iv) GM maize is randomly allocated to maize fields.//A number of prospective case studies and model simulations have shown that large and fixed isolation distances can be inappropriate in some cases. In areas where maize is grown on a substantial part of the agricultural area and/or where maize fields are small and scattered throughout the cropped area, the implementation of large isolation distances might not be feasible in practice (Perry, 2002; Dolezel et al, 2005; Messéan et al, 2007; Devos et al, 2007, 2008a, e; Sanvido et al, 2008). Where maize fields are located in close proximity to each other, it is highly probable that isolation perimeters surrounding GM maize fields would interfere with adjacent non-GMmaize fields, in turn affecting the farmers' freedom of choice to grow GM maize. Using geographic information system datasets and Monte Carlo simulations, Devos et al. (2007, 2008a, e) investigated how isolation perimeters around GM maize fields might affect the possibility of farmers to grow GM maize on their fields in Flanders (Belgium) (Fig. 3). With isolation distances larger than 50 m, non-GM maize fields would often be situated within the isolation perimeter imposed for GM maize, especially in areas where (i) a lot of maize is grown; (ii) the share of GM maize is high; (iii) GM maize is grown on a high number of small maize fields; and/or where (iv) GM maize is randomly allocated to maize fields.//Considering the existing scientific data, it can be argued that policy-makers enforcing fixed isolation distances do not always take into account a number of factors that largely affect cross-fertilisation in maize. These include regional heterogeneity in (GM) maize share, cropping patterns, field characteristics and distribution, as well as meteorological conditions such as wind direction and speed (Messéan et al, 2006; Lipsius et al, 2006; Devos et al, 2007, 2008e; Ganz et al, 2007; Hoyle and Cresswell, 2007; Lécroart et al, 2007; Viaud et al, 2007; Lavigne et al, 2008).//Based on the presented facts, it can be concluded that large and fixed isolation distances, as currently legally imposed or proposed by several member states, do not comply with the general coexistence principles established by the European Commission: they are (i) excessive from a scientific point of view; (ii) difficult to implement in practice; (iii) rarely proportional to the regional heterogeneity in the agricultural landscape; and (iv) not proportional to the farmers' basic economic incentives for coexistence. To enable appropriate (i.e., a regionally and economically proportionate) coexistence in the long run, it would be necessary to build in a certain degree of flexibility into ex ante coexistence regulations. It may be justified to apply the 'newcomer principle' in coexistence regulations with regard to the financial responsibility of undertaking coexistence measures and enforce GM crop adopters to reimburse non-GM farmers, provided that the latter agrees to undertaking the measures to ensure coexistence. However, enforcing the civilian responsibility of undertaking coexistence measures on GM crop farmers introduces rigidity in regulations, whereas leaving measures open for negotiation between farmers introduces flexibility. Hence, policy-makers could support flexibility by allowing plural coexistence measures that are negotiable between farmers on a case-by-case basis, and that are adaptable to different regional and local situations (Furtan et al, 2007; Messéan and Angevin, 2007; Demont and Devos, 2008; Demont et al, 2008b; Devos et al, 2008e).//)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Devos Y, Demont M, Sanvido O, 2008. * Coexistence in the EU—return of the moratorium on GM crops? Nature Biotechnology 26, 1223 - 1225. 

· This paper outlines another challenge that threatens to paralyze the cultivation of genetically modified crops in Europe, i.e. the regulations on the coexistence of GM and non-GM crops. Imposing wide and fixed isolation distances around GM (maize) fields entails four challenges to EU policymakers: (1) defining appropriate and scientifically defensible isolation distances; (2) proposing feasible isolation distances that do not jeopardize farmer's freedom of choice to grow GM crops; (3) defining preventive coexistence measures that take into account regional heterogeneity of farming; and (4) defining preventive coexistence measures that are proportional to economic incentives and that do not impose and excessive burden on EU farmers. It is concluded that wide and fixed isolation distances, as currently proposed by many member states, fail to satisfy several challenges. Without a strong signal from the EC to incite member states to build in flexibility in national/regional coexistence regulations, the future of GM crop production might be further jeopardized in the EU.
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Eschenbach C, Windhorst W, 2008. ¤ Cause effect chains on potential GMO cropping in Schleswig-Holstein. GMLS - International conference on Implications of GM crop cultivation at large spatial scales - 2nd - 4th April, 2008. www.GMLS.eu  

· According to the regulations of coexistence the conditions of GMO cropping must meet the interests of the various stakeholders. The study describes and quantifies effects of various GMO cropping scenarios on the options of conventional (non-GMO) farming, organic farming, beekeeping, and nature protection. The scenarios focus on B.t.-maize (Zea mays L.) and herbicide-tolerant oil seed rape (Brassica napus L.) and are exemplified as a case study for Schleswig-Holstein.

A functional spatial data base representing all farms was generated by connecting a GIS data base with statistical data on farm type, farm size and land use. Data and/or equations from literature for specific dispersal processes (impure seed, long-distance transport of pollen, pollen flow to neighbouring fields, soil seedbank, volunteers in subsequent crops) and segregation measures (isolation distances) were adopted and combined with GIS-applications to mirror possible spatial effects. 

Our results identify possible conflicts of coexistence to be expected in Schleswig-Holstein, for example:

Already at a share of 10% GM-oil seed rape : 

(1) many conflicts with GMO-free beekeeping will arise, and 

(2) after 10 years about 16% of the oil seed rape yield will have to be labelled as GM rape (threshold 0,9%). 

(3) Organic farming of maize (threshold 0%) would not be possible if neighbouring farmers grow GM-maize.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

GMO Compass, 2008. ££ BMBF: New funding programme - New safety research projects on GM crops.
 http://www.gmo-compass.org/eng/news/380.docu.html 

· (From ISAAA :// http://www.isaaa.org/kc/cropbiotechupdate/online/default.asp?Date=10/17/2008 New Safety Research Projects on GM Crops. The German Federal Ministry of Education and Research (BMBF) has placed eight million euros into 23 research projects in a program that focus on three genetically modification (GM) environmental safety issues. The first research focus is to develop methods to prevent the uncontrollable spread of GM plants that contain new or modified substances to produce functional foods or for the production of industrial or pharmaceutical materials. The second is on the development of low-persistence rape lines through breeding to reduce the problem of volunteer seeds in rape. An environmental impact study on a new type of Bt maize which is resistant to two main chewing pests, the European corn borer and the Western corn rootworm, constitute the third research priority.//)

· (From : [lettreinfopgm] Lettre 135 (22 octobre 08) // ALLEMAGNE : 8 MILLIONS d' EUROS pour 23 PROJETS de RECHERCHE EVALUANT la SURETE des PGM. http://www.gmo-compass.org/eng/news/380.docu.htm. //)
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GMO Compass, 2008. $ Portugal: Cultivation of GM maize extended without co-existence problems. GMO Compass Newsletter Issue 20, 20/02/2008. 

http://www.gmo-compass.org/eng/news/332.portugal_cultivation_gm_maize_extended.html.

· In 2007, 164 farms in Portugal grew genetically modified maize on a total area of 4,199 hectares. Nationally, the cultivation of GM maize occupies thereby 3.6 per cent of the total maize area and has tripled in comparison to the previous year. Upon examination, no neighbouring fields were found to contain a GMO content greater than 0.9 per cent.

Portuguese officials conducted 82 inspections for unintentional outcrossing of GM maize. In 38 per cent of probes, officials were unable to detect GM maize in neighbouring stands of conventional maize. In 80 per cent of all probes, the proportion of GM maize remained under 0.3 per cent and all probes remained below the labelling threshold of 0.9 per cent. Officials also polled farmers on their reasons for using GM maize. 86 per cent of farmers cited the reduction in the application of insecticide, 69 per cent cited better yields and, again, 86 per cent cited the higher quality of harvested products. The results of the surveillance with regard to the outcrossing of GM maize towards neighbouring fields are outlines in a report issued by the Portuguese Ministry of Agriculture. The coexistence legislation in Portugal requires minimum distances between GM and conventional/organic fields (200 m/300m). Portuguese officials conducted 82 inspections for unintentional outcrossing of GM maize. In 38 per cent of probes, officials were unable to detect GM maize in neighbouring stands of conventional maize. In 80 per cent of all probes, the proportion of GM maize remained under 0.3 per cent and all probes remained below the labelling threshold of 0.9 per cent. Officials also polled farmers on their reasons for using GM maize. 86 per cent of farmers cited the reduction in the application of insecticide, 69 per cent cited better yields and, again, 86 per cent cited the higher quality of harvested products. The results of the surveillance with regard to the outcrossing of GM maize towards neighbouring fields are outlines in a report issued by the Portuguese Ministry of Agriculture.
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GMOSafety, 2008. ££ Experiments and studies concerned with the establishment of coexistence between GMO maize, and conventional and organic agricultures and in the food processing. 

http://www.gmo-safety.eu/en/coexistence/db/db 
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GMOSafety, 2008. ££ GM and non-GM agriculture - Coexistence Information System. 

http://www.gmo-safety.eu/en/coexistence/db/db 

· The coexistence information system contains experiments and studies concerned with the establishment of coexistence between GMO, and conventional and organic agricultures and in the food processing. 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Gorelli S, Santucci A, Balducci E, Mazzoncini M, Russu R, 2008. ¤ Spatial simulation model to analyse coexistence scenarios between GM and GM-free crops. GMLS - International conference on Implications of GM crop cultivation at large spatial scales - 2nd - 4th April, 2008. www.GMLS.eu
· Coexistence concept is expressed in 2003/556/CE Commission Recommendation with these words: "No form of agriculture be it conventional, organic, or agriculture using GMOs, should be excluded in the European Union". To reach this objective, it is necessary to set up farm scale coexistence measures for reducing the risk of vertical gene pollution of GM crops at field and regional level. These measures have to be defined within the Regional Coexistence Plans, as a consequence, the aim of this study is to define a spatial simulation model to analyse coexistence scenarios of GM and non-GM crops to characterize coexistence measures (isolation distance, buffer zone, etc.). The proposal model can be applied to each cultivate crop and its input data are: land morphology (DEM), characteristics of plots (e.g. form, size), characteristics of GM and GM-free crops, natural and anthropic obstacles between fields (e.g. hedges, buildings) and climatic characteristics (temperature, rain, relative humidity, wind speed and direction). Model allows to define GM pollen diffusion in the environment and the possible interactions with surrounding crops.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Greiner R, Konietzny U, 2008. * Presence of genetically modified maize and soy in food products sold commercially in Brazil from 2000 to 2005. Food Control vol. 19 (5) p.499-505. 

· Qualitative and quantitative polymerase chain reaction-based methods to detect genetically modified soy (RoundupReady™ soy) and maize (Bt176 Maximizer™ maize, Bt11 maize, MON810 YieldGard™ corn, T25 LibertyLink™ maize) were applied to processed foods sold commercially in Brazil. From 2000 to 2005, 100 food products containing maize and 100 food products containing soy were analysed every single year. The presence of genetically modified soy increased steadily from 13% in 2000 to 78% in 2005. The number of food products containing genetically modified soy in a proportion above 1.0% on the ingredient level, the threshold for labelling according to Brazilian legislation, increased from 11% in 2000 to 36% in 2005. No clear trend was found within maize containing food products. Eight to eleven percent were shown to consist of material derived from genetically modified maize and 4–6% were found to contain more than 1% of genetically modified maize.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Große N, Beckmann V, Schleyer C, 2008. ¤ The role of coordination and cooperation for growing GM crops: The case of Bt-maize in Brandenburg, Germany. GMLS - International conference on Implications of GM crop cultivation at large spatial scales - 2nd - 4th April, 2008 

· The regulatory framework for growing GM crops in Germany comprises ex-ante regulations and ex-post liability rules to protect other production types from possible negative side effects of transgenic plants. Regulation is assumed to impose additional costs on Bt-maize growing farmers. This poster investigates the possibility of reducing these costs by coordination and cooperation between the Bt-maize growing farmer and his neighbour(s). Three case studies were carried out in the Oderbruch region in the German federal state of Brandenburg, an area with a high density of Bt-maize production. The case studies revealed that the costs arising from ex-ante regulations and ex-post liability rules were only of minor importance to the Bt-maize growing farmers. The large farms could easily manage the construction of buffer zones within their own fields and refrained from planting Bt-maize close to their neighbours' fields. Thus, cooperation was not necessary to achieve co-existence. Still, a recent amendment of the German Genetic Engineering Act could render cooperation more important because of the possibility to reduce legally determined buffer zones by mutual agreement between the Bt-maize growing farmer and his neighbour(s).

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Gruber S, Colbach N, Barbottin A, Pekrun C, 2008. ** Post-harvest gene escape and approaches for minimizing it. CAB Reviews: Perspectives in Agriculture, Veterinary Science, Nutrition and Natural Resources vol. 3 (015) 17 pp. 

· Data about gene escape by seeds and volunteers were compiled for the first time in one study for several crops, i.e. wheat (Triticum aestivum), sugar beet (Beta vulgaris), oilseed rape/canola (Brassica napus) and maize (Zea mays). These species represent important genetically modified (GM) crops with herbicide tolerance (HT) or insect resistance (Bt), show different levels of autogamy and allogamy and are grown in different climatic zones of the world. Post-harvest measures and strategies were identified for minimizing gene escape from these crops. All species were found to cause problems in terms of gene escape by seed and volunteers though there are important differences between species and climatic zones. Post-harvest tillage was identified as a key factor for reducing the soil seed bank and volunteers. Timing and intensity of tillage has to be specifically adapted to the dormancy characteristics of each species. Furthermore, there is a close interaction between gene escape and the cropping system. Rotations should avoid the same crop or other critical crops in temporal vicinity to the GM crop in order to keep volunteer populations below a critical density. In no-till systems with use of HT varieties, HT volunteers can reduce the efficiency of the whole system if additional herbicides have to be applied. Seed impurities and admixtures during seed production are another major source of gene escape. Since seed lots of certified growers present less adventitious presence of other varieties, these should be preferred to farm-saved seeds. Education of farmers, cleaning of equipment, control measures and separate production and supply chains are additionally important to minimize gene escape.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Guo JianYing, Wan FangHao; Han ZhaoJun, 2008. * Ecological risks of genetically modified plants. [Article en chinois]. Zhongguo Shengtai Nongye Xuebao / Chinese Journal of Eco-Agriculture 16 (2) 515-522. 

· Application of genetically modified plants (GMP) results in great agricultural renovation, though their potential environmental impacts also cause world-wide concern. The ecological risks of GMP, including resistance development among target pests; non-target pest toxicity and host preference shifts of pests; impact on beneficial insects, biodiversity and ecosystem structure; transgene dissemination and development of fitter or more competitive hybrids; changes in plant protection costs; etc require special emphasis in GMP application. For these key aspects, quantitative risk assessment and establishment of risk prevention and management strategy are of great importance.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Herzmann DE, Wolt J, Arritt R, 2008. * Representativity of a mesoscale network for weather-related factors governing pollen dispersal. International Journal of Biometeorology, Received: 24 April 2007 Revised: 6 March 2008 Accepted: 7 March 2008. Published online: 23 April 2008. 

· The cultivation of transgenic crops, such as maize, requires successful gene isolation in field environments. Five spatial statistical techniques are used to evaluate the use of a regional mesoscale observation network (Iowa Environmental Mesonet) as a means to drive field-scale pollen dispersion modeling. The Nearest Neighbor Index, Fractal Dimension, Morisita Index, Thiessen Polygons, and Coefficient of Representativity are computed showing the positive and negative impacts of sequential addition of observation networks into a mesonet framework (a collection of pre-existing networks). While it is shown that the arbitrary combination of disparate observing networks increases spatial resolution, this improvement is often at the expense of increased clustering due to co-location of observation sites near urban areas. Network composition in terms of density and degree of clustering was evaluated with a grid analysis using the Barnes scheme as a means to mitigate clustering and improve prediction accuracies when mesonet data are applied to modeling. This paper shows the importance of understanding and accounting for the spatial characteristics of an observational network before applying it to a modeling effort such as field scale pollen dispersion.
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Hewlett KL, 2008. ¤ The Economic Impacts of GM Contamination Incidents on the Organic Sector. 16th IFOAM Organic World Congress, Modena, Italy, June 16-20, 2008. 

· This paper examines the significant economic impact of GM coexistence on the global organic sector thus far through GM contamination of organic food and crops. A literature review identified a total of 16 GM contamination incidents across 9 countries and 4 crops, occurring either from cross-pollination or due to contamination in the postharvest supply chain.

· Maize: In Spain, 16 organic farms were affected by GM contamination through crosspollination between 2003 and 2007. Contamination levels ranged from 0.03% to 12.6% and in all cases organic certification was withdrawn, leading to financial loss as the grain could no longer fetch a premium. One farmer lost €4,000 because of the lower market price. U.S. organic farmers are affected by lost sales and lower prices, as they are unable to stop GM contamination through cross-pollination. Organic grain elevators have to turn away up to 5% because of GM contamination. Contamination of the U.S. organic maize crop could lead to a lost income of over $90 million for organic farmers. Because of GM contamination, Terra Prima had to recall 87,000 bags of organic tortilla chips at a cost of $150,000. 
· Oilseed rape: Cross-pollination has led to almost complete contamination of non-GM seed stocks in Canada, forcing organic farmers to all but cease oilseed rape production. The loss of access to the organic market has cost farmers millions of dollars and they are pursuing a class-action lawsuit. 
· Soya: GM contamination in the United States, Japan, Korea, and the United Kingdom has cost organic businesses through recalls and negative publicity. Contamination of animal feed in the UK led to certification withdrawal and lost sales for both the feed mill and the livestock that had eaten it. Brazilian farmers face higher production costs and lower prices as they fight and lose the battle against cross-pollination. 
· Papaya: Mislabeling of seeds led to widespread planting of GM trees on organic farms in Hong Kong, discovered after the GM fruit had been sold as organic. Cross-pollination has led to 50% GM levels in organic papaya orchards across Hawaii, meaning that farmers must sell their fruit at one-third of the former price. Export markets have shrunk as the EU and Japan refuse the contaminated product. 
The financial losses incurred by the organic farmers and food companies in these cases were considerable. The costs of GM contamination were shown to arise from a wide range of impacts: lost markets, lost sales, lower prices, negative publicity, withdrawal of organic certification, prevention measures, and product recalls. It is important that coexistence measures address the full range and extent of impacts that can occur through the marketplace, with the GM sector being held accountable. 
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Hewlett K, Azeez G, 2008. ¤ The economic impacts of GM contamination incidents on the organic sector. GMLS - International conference on Implications of GM crop cultivation at large spatial scales - 2nd - 4th April, 2008. 

· Conference summary for use in GfÖ-Nachrichten. Preventing the negative economic impact of GM contamination on the organic sector is a major objective of co-existence. This paper examines the economic impact of GM co-existence on the global organic sector thus far through GM contamination of organic food and crops. A literature review identified 16 GM contamination incidents in the organic sector over the last 10 years. Most incidents occurred through cross-pollination from GM crops being grown in the area or were due to contamination in the post-harvest supply chain. They took place in 9 countries and involved 4 different crops: maize, soya, oilseed rape and papaya. The financial losses incurred by the organic farmers and food companies in these cases were considerable. The costs of GM contamination were shown to arise from a wide range of impacts: lost markets; lost sales; lower prices; negative publicity; withdrawal of organic certification; prevention measures; and product recalls. It is important that coexistence measures address the full range and extent of impacts that can occur through the marketplace.
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Hoffman F, 2008. ¤ GMO-pollen monitoring: Measuring exposure of corn pollen in Germany. GMLS - International conference on Implications of GM crop cultivation at large spatial scales - 2nd - 4th April, 2008. Conference summary for use in GfÖ-Nachrichten. http://www.gmls.eu/index.php?proceedings=jaandcall=ja  

· Exposure of maize pollen has been measured in various parts of Germany since 2001 using the passivsampler PMF (PollenMassFilter). The method has been standardised in the German VDI-guideline 4330 part 3, so that comparable data could be gained. The data of 124 sites from 6 years sampling were analysed under the aspect of distance to the next corn field under similar conditions as in Germany co-existence will be regulated of Bt-maize farming to neighbouring fields of conventional or organic farmers. For the first time, exposure data from the field up to distances of 3 km could be in a comparable way. The statistical analysis of the data reveal shape of the tail in long-distance-dispersal of corn pollen. The results contribute to the risk analysis of GMO and for definition of separation distances of GMO to conventional/organic farming as well as to neighbouring natural reserves. The data could be valuable for achieving a rational basis in the political co-existence debate.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Hofmann F, et al, 2008. ? GMO-Pollenmonitoring in respect to the cultivation of Bt-maize in the vicinity of the nature reserve Ruhlsdorfer Bruch. [Original Title: GVO-Pollenmonitoring zum Bt-Maisanbau im Bereich des NSG/FFH-Schutzgebietes Ruhlsdorfer Bruch.]. Umweltwissenschaften und Schadstoff-Forschung vol. 20 (4) p.275-289. 

· Aim and Background: Precautionary regulations for the production of genetically modified crops (Gentechnik-Pflanzenerzeugungsverordnung, GenTPflEV 2008) provide isolation distances for the cultivation of genetically modified maize -- Bt-maize -- in the vicinity of conventional maize cultivation (150 m) as well as of organic maize cultivation (300 m). Nature reserves are not included. The aim of this study was to investigate whether maize pollen of surrounding fields were dispersed in the Flora-Fauna-Habitat (FFH) Ruhlsdorfer Bruch. In the vicinity of the nature reserve Bt-maize species MON 810 as well as conventional maize was grown. The survey should provide appropriate isolation distances for the cultivation of Bt-maize with regard to sustainable protection of non-target-organisms (NTO) in the Ruhlsdorfer Bruch.

Materials and Methods: The collection of maize pollen in the Ruhlsdorfer Bruch was carried out at three sampling sites in the FFH or rather in the immediate vicinity in July and August 2007 by means of twelve technical and three biological pollen samplers. The technical samplers Sigma-2/PMF enable point sampling. They are primarily influenced by wind and topography and provide information about the effective entry, the maize pollen flow and the maize pollen deposition at the location of the sampler. Honey bees roam over longer distances and are hence planar collectors. Thus, they also provide information about the plants blooming in a distinct area. Furthermore, the biological preferences during the collection are captured, whereas a technical sampler does not perform a species dependent selection. Hence, both the technical and the biological samplers complement one another in their scope of application. The pollen samples were identified microscopically, enumerated quantitatively, and the pollen-DNA was analysed by means of the PCR-method. 

Results: All monitoring sites at the Ruhlsdorfer Bruch revealed maize pollen entries. The pollen deposition reached values of 1.75 million maize pollen/m² in the close-up range. The monitoring sites located 120 m within the protected area still featured 99000 maize pollen/m². As shown by the statistical analysis, at a distance of 1,000 m still 28000 maize pollen/m² must be expected. The results of the microscopic pollen analysis of the pollen pellets proved that the bees collect maize pollen at all three sites. Although maize pollen is not the main food source the high collection efficiency of the bees resulted in large amounts of introduced pollen. The biomolecular proof of pollen-DNA in the field samples was corroborated by analogue results for both the technical and biological pollen sampling by two independent laboratories. The results of these quality controlled analyses gave unambiguous evidence that under the cultivation conditions in 2007 an entry of Bt-maize pollen into the FFH Ruhlsdorfer Bruch was existent. Discussion: The maize pollen deposition at the Ruhlsdorfer Bruch corresponds with additional supra-regional investigations which were conducted over several years with the same method. However, the pollen entries into the Ruhlsdorfer Bruch are above-average. Possible reasons are the size of the maize fields ( > 10 ha), the geographical collocation between maize fields and protected area (lee location, through-shaped, thermal currents) as well as weather conditions and maize bloom during the sampling period July and August 2007. A distance of 1,000 m or more is necessary to avoid maize pollen deposition of more than 100000/m2 with a probability of 90%. 

Conclusions: The results of this investigation prove an entry of Bt-maize pollen into the FFH under the cultivation and weather conditions in summer 2007. According to the results of this and related studies and considering precautionary principle and the effect terms defined in the Federal Immission Protection Law, it becomes clear that reasonable isolation distances between Bt-maize fields and protected areas have to be introduced in order to minimise the entry of GM-maize pollen and to prevent adverse effects on protected NTOs. Recommendations: Due to the fact that no toxicological investigations are available for the butterflies occurring in the FFH, highest protection standards should be implemented to avoid Bt-maize pollen entries into the Ruhlsdorfer Bruch. That implies that highest possible isolation distances for Bt-maize cultivation have to be considered, but at least a distance of 1,000 m is recommended. Following this a maize pollen deposition of more than 100,000 maize pollen/m² should be prevented with a certainty of 90% as well as an exceeding exposure of foraging insects. Outlook: By means of the pollen monitoring it becomes possible to survey empirically defined limits of pollen exposure. This should be performed in the nature reserve area at sites of expected maximum exposure, e. g. at the boundaries of the FFH towards the maize fields and at exposed sites. 31 ref.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Höltl K, Wurbs A, 2008. ¤ Simulation of GM maize-cultivation scenarios under different coexistence regulations. GMLS - International conference on Implications of GM crop cultivation at large spatial scales - 2nd - 4th April, 2008. Conference summary for use in GfÖ-Nachrichten.

http://www.gmls.eu/index.php?proceedings=jaandcall=ja  or http://www.gmls.eu/beitraege/Hoeltl.pdf  

· The commercial cultivation of insect resistant (Bt) maize was introduced in Germany in 2005. Although the crop share of Bt maize still is relatively low at this time it increases from year to year. This leads to the question how the coexistence between agricultural systems with and without genetically modified plants (GM) can be accomplished.

The agricultural landscape structure, the share of GM plants cultivated in a given region and different minimum distances between GM and NonGM fields had been identified as important factors of coexistence. Based on data of the Farm Structural Survey we analysed the agricultural structure of the NUTS 3 regions in the federal State of Brandenburg and disaggregated them to smaller units by linear programming. Different scenarios for the crop share of maize, the percentage of Bt maize and distances between GM and NonGM fields were defined and distributed within the landscape via GIS. The analysis of the area and distribution of available arable land suitable for Bt maize cultivation gives an impression of the feasibility of coexistence in Brandenburg under different regulations.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Langhof M, Hommel B, Husken A, Schiemann J, Wehling P, Wilhelm R, Ruhl G, 2008. * Coexistence in maize: Do Nonmaize Buffer Zones Reduce Gene Flow between Maize Fields? Crop Sci., January 16, 2008; 48(1): 305 - 316.

· One approach to ensuring coexistence of genetically modified (GM) and conventional maize (Zea mays L.) is reducing pollen-mediated gene flow. Field experiments were conducted in 2005 at four sites in Germany to compare a tall sunflower crop (Helianthus annuus L.) vs. a short clover–grass crop (Trifolium pratense L. and Lolium spp.) with regard to their ability to reduce outcrossing when grown as buffer between pollen donor and recipient maize plots. Three different maize test systems were used: (i) quantification of a donor transgene via real-time polymerase chain reaction (rt PCR), (ii) a nontransgenic test system based on a dominant kernel color trait, and (iii) a molecular marker test system based on rt PCR quantification of a cultivar-specific nontransgenic DNA sequence. We found that the three test systems yielded comparable results concerning buffer-crop effectiveness and edge effects. There was no difference in outcrossing rates when comparing the sunflower vs. clover–grass buffer crop. Outcrossing rates downwind beyond 12 m sunflower as buffer crop within adjacent 12-m-wide recipient maize were 4.2, 11.7, and 3.8% for the GM maize, the kernel color, and the molecular marker test system compared with clover–grass with 4.3, 9.6, and 3.6%. Pronounced edge effects were detected at the edges of recipient maize fields. Based on the present study, growing sunflower as a tall crop between GM and non-GM maize cannot be recommended as an appropriate coexistence measure.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Langhof M, Hommel B, Hüsken A, Schiemann J, Wehling P, Wilhelm R, Rühl G, 2008. ¤ Two-year field study on maize gene flow over large distances. GMLS - International conference on Implications of GM crop cultivation at large spatial scales - 2nd - 4th April, 2008.

 http://www.gmls.eu/index.php?proceedings=jaandcall=ja  

· A field study on maize gene flow over large distances was conducted at the experimental station of the Federal Agricultural Research Centre (now Julius Kuehn-Institute) in Braunschweig in 2005 and 2006. A Bt-maize field (2005: 2.2 ha; 2006: 1.3 ha) was established as pollen source and five conventional non-GM receptor plots were placed downwind at distances of 62-1600 m from the Bt field edge. In 2005 one receptor field was also placed 240 m upwind from the pollen source. Gene flow into each receptor field was investigated in the first GM-facing row, the field margin (row 3 to 16) and the field centre. During the whole maize flowering period the flowering stages of both pollen source and receptor fields was monitored and meteorological data were recorded by on-site weather stations. Full silking in the recipient maize fields coincided well with full anthesis in the Bt-maize field in 2006, but not in 2005. In both years outcrossing rates were highest (max. 3.8 % at 62 m in 2006) in the first receptor row facing the donor and declined rapidly with distance into the field. Upwind and at distances greater than 1100 m outcrossing rates were constantly below the detection level of 0.1 %.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Langhof M, Hommel B, Hüsken A, Schiemann J, Wehling P, Wilhelm R, Rühl G, 2008. ¤ Large-scale field trials on gene flow in maize for the development of coexistence measures. GMLS - International conference on Implications of GM crop cultivation at large spatial scales - 2nd - 4th April, 2008. 

http://www.gmls.eu/index.php?proceedings=jaandcall=ja  

· In 2005 the German Federal Ministry of Food, Agriculture and Consumer Protection initiated a several-year study on coexistence of maize in Germany that primarily aims on the build-up of a data basis for the development of coexistence measures. In the context of this study large-scale field trials have been conducted in Northern Germany. These investigate the effect of isolation distances of 24, 51 and 78 m (2007: 51, 78, 102 m) on gene flow from Bt-maize to its isogenic hybrid. Different climatic conditions during maize flowering in 2005 and 2006 resulted in approx. 2-fold higher outcrossing rates in the first study year. The poster presents the GM-content in the harvest of the non-GM field assuming GM:non- GM field size ratios of 1:0.5, 1:1 and 1:2 as well as the effectiveness of discarding GM-facing strips of 3, 6, 9 and 12 m for the reduction of the GM-content in the non-GM harvest. Moreover, preliminary, single-year results (2007) from a field experiment investigating the effect of the Bt-maize field depth (75 vs. 150 m depth) on gene flow into a non-GM maize field are shown.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Langhof M, Ruhl G, 2008. ** Outcrossing studies on maize: overview, assessment, need for research. [Original Title: Auskreuzungsstudien bei Mais: Uberblick, Bewertung, Forschungsbedarf.]. Berichte uber Landwirtschaft vol. 86 (1) 29-67. 

· This literature review takes all currently available studies on the outcrossing of maize into account. They are categorised and assessed in terms of suitability for deriving measures to ensure the co-existence of genetically modified (GM) maize and non-genetically modified (non-GM) conventional maize as well as organically produced maize. The key results from a total of 45 analysed studies are set out in a table. Sources consulted for this purpose include scientific journals, project reports and abridged versions in conference documentation as well as presentations from workshops or conferences that are available on the Internet. The studies show that different measures are suitable to reduce outcrossing. These include e.g. (i) the observance of an isolation distance of 50-100 m between GM and non-GM maize, (ii) the use of a maize buffer zone, (iii) the separate harvesting of the first rows of the non-GM field facing the GM parcel as well as (iv) additionally in Southern Europe, a shifting of the flowering period e.g. through staggered sowing dates of GM and non-GM maize. Existing deficits in the research on the outcrossing of maize are pointed out. The statements made in the studies on the efficacy of different co-existence measures can only be generalised to a very limited degree. The reasons for this are frequently incomplete or lacking data on the parameters exerting a key influence on outcrossing, notably the wind direction and flowering period as well as not ideal experimental field trial designs in some cases and a lack of trial repetitions. Therefore, specific experimental approaches as the basis for creating legal requirements for co-existence, including the collection and consideration of all outcrossing-related parameters, are required to quantify the efficacy of individual measures. Finally, these results can be incorporated in forecasting models.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Lavigne C, Klein EK, Mari JF, Le Ber F, Adamczyk K, Monod H, Angevin F, 2008. * How do genetically modified (GM) crops contribute to background levels of GM pollen in an agricultural landscape? Journal of Applied Ecology ; 45, 4: 1104 - 1113. 

· 1. It is well established that pollen-mediated gene flow among natural plant populations depends on a complex interaction between the spatial distribution of pollen sources and the short- and long-distance components of pollen dispersal. Despite this knowledge, spatial isolation strategies proposed in Europe to ensure the harvest purity of conventional crops are based on distance from the nearest genetically modified (GM) crop and on empirical data from two-plot experiments. Here, we investigate the circumstances under which the multiplicity of pollen sources over the landscape should be considered in strategies to contain GM crops.

2. We simulated pollen dispersal over eighty 6 × 6 km simulated landscapes differing in field characteristics and in amount of GM and conventional maize. Pollen dispersal was modelled either via a Normal Inverse Gaussian (NIG, currently used for European coexistence studies) or a bivariate Student (2Dt) kernel. These kernels differ in their amount of short- and long-distance dispersal. We used linear models to analyse the impact of local and landscape variables on impurity rates (i.e. proportion of seeds sired by pollen from a transgenic crop) in conventional fields and quantified their increase due to dispersal from other than the closest GM crops. 

3. The average impurity rate over a landscape increased linearly with the proportion of GM maize over that landscape. The increase was twice as fast using the NIG kernel and was governed by the short-distance dispersal component. 

4. Variation in impurity rates largely depended on the distance to the closest GM crop and the size of the receptor field. However, impurity rates were generally underestimated when only dispersal from the closest GM field was considered. 

5. Synthesis and applications. Distance to the closest GM crop had most impact on impurity rates in conventional fields. However, impurity rates also depended on intermediate- to long-distance dispersal from distant GM crops. Therefore, isolation distances as currently defined will probably not allow long-term coexistence of GM and conventional crops, especially as the proportion of GM crops grown increases. We suggest strategies to account for this impact of long-distance dispersal. 39 ref.

· (From  // Science for Environment - DG Environment News Alert Service - Issue 10 December 2008.

Editorial: Balancing the views on GM crops genetically modified organisms (GMOs) affect the broader social, economic and ethical aspects of life. Honest, open public debate, which involves a wide range of people is necessary to build confidence in policy decisions made on behalf of all citizens; Recognition of public concerns is being addressed through ongoing scientific research, especially the effects of GMOs on human health and the environment. In this thematic issue, recent research is presented on important issues surrounding the use of GMOs in agriculture. The article ‗Public participation in the GM debate: the case for sustainability reporting‘ proposes the use of voluntary sustainability reporting to frame constructive discussions. As greater areas of European agricultural land are likely to be used to cultivate GM crops in the future, new approaches to investigating the broader ecological implications are a valuable contribution to risk assessment. For example, understanding how far insects can carry pollen is explored in ‗Bee behaviour helps us understand transgene escape‘, whilst ‗The bigger picture: GM contamination across the landscape examines short and long distance pollen flows in fields of GM maize. The need to take into account the broader ecological impact of GM crops can also be seen in ‗GM rapeseed can mix with weeds‘, which researched the transfer of transgenes from GM crops into nearby wild relatives. The impact of GMOs on organisms living in soil ecosystems is the focus of the paper ‗Earthworms decompose GM maize‘. While this study does not show any negative effect of GM maize on earthworms, the effects of GMOs on various relevant soil organisms have to be studied in a scientific risk assessment process. GM crops have been modified to improve resistance to particular insects or certain herbicides, allowing, in certain cases, less chemical control during the growing cycle. But how, for example, does the use of GM herbicide resistance affect agricultural practice in general? The article ‗GM crops could reduce the need for herbicides investigates some of these issues. It might be the case that the benefits gained by using GMOs lead to some negative effects on overall agricultural practices on the other hand. Finally, there is a continued need for a precautionary approach in the application of GM crops. Careful implementation is achievable by acknowledging positive impacts of GMOs, while respecting social and ecological issues. Clarifying uncertainties through ongoing research must continue to play a key role in the wise use of GMOs. Dr Helmut Gaugitsch - Head of Unit, Land Use and Biosafety - Umweltbundesamt (Federal Environment Agency, Austria)//)

· (From  // Science for Environment Policy - European Commission DG ENV Special Issue 10 December 2008.

The bigger picture: GM contamination across the landscape.

Ensuring the purity of conventional crops grown in the vicinity of genetically modified (GM) crops depends on understanding both short and long distance pollen flows. New research shows that current guidelines on the safe isolation distances for GM maize may not adequately prevent cross pollination of conventional crops. Contamination of conventional crops can occur where GM pollen cross-fertilises non-GM maize. The proportion of cross-contaminated seeds in the conventional field is the impurity rate for that crop. Under European Union rules1, if the accidental proportion of GM to non-GM seeds exceeds 0.9 per cent then the crop must be reclassified and labelled as GM. Existing safe distances were largely established using paired field comparisons, where contamination from a GM field is measured in a specific nearby field. The distances between the two paired fields can then be adjusted to determine a safe distance between fields. However, on a landscape level, other GM or non-GM maize crops in the vicinity may have an effect on pollen flow. French researchers modelled the spread of pollen in a landscape containing a patchwork of GM and non-GM maize fields, as well as other non-maize fields. By taking into account the pattern of both short and long distance dispersal of GM pollen, the study explored the additional impact of more distant GM maize fields (i.e. not the closest GM field) on the impurity rate of the non-GM maize. For comparison, the impurity rates in a conventional field were also calculated using only the distance to the closest GM field. Overall, the study showed that pollen from GM fields closest to conventional fields and the size of the conventionally planted fields have the greatest impact on the degree of contamination. However, as the proportion of GM maize to non-GM maize increases within the landscape, the impurity rate of conventional fields also increases. This increase was caused by long distance pollination from GM fields further from the conventional fields and suggests that if GM maize becomes more widely adopted by farmers, then existing models will underestimate the safe distance between GM and non-GM crops. Importantly, the level of underestimation increased as more GM maize was included in the modelled landscape and when the isolation distance between GM and non-GM fields increased. The researchers therefore suggest that, as long-distance dispersal of GM pollen can contaminate fields of non-GM crops and potentially raise the impurity rate above 0.9 per cent, pollen from all GM fields in the landscape needs be considered when setting isolation distances between fields of GM and non-GM crops. Further research is required to determine how to model these effects at the landscape level.

1. See: for a comprehensive overview of regulation of Genetically Modified Organisms in the European Union: (dated 06/02/2006)

http://europa.eu/rapid/pressReleasesAction.do?reference=MEMO/06/58andformat=HTMLandaged=0andlanguage=ENandguiLanguage=en //)  

· (From // Actualité de la sécurité alimentaire et de la biotechnologie agricole -4/2/2009

Vue d'ensemble : Contamination GM dans tout le paysage - Source : Science for Environment Policy - DG Environment News Alert Service Une nouvelle recherche publiée dans la revue Journal of Applied Ecology montre que certaines directives actuelles sur la distance d'isolation appropriée entre maïs génétiquement modifié (GM) et maïs non-GM pourraient ne pas empêcher suffisamment la pollinisation croisée. C'est en tout cas ce qu'indique cet article. La Commission européenne exige que le maïs soit étiqueté et traité comme transgénique s'il contient plus de 0,9 pour cent d'éléments GM. Les règles actuelles sur la distance d'isolation entre maïs GM et non-GM en Europe ont pour but d'empêcher le maïs non-GM de dépasser ce seuil de 0,9 pour cent de " contamination " GM. Les distances d'isolation mandatées ont été élaborées sur la base de comparaisons de " champs appariés " qui prennent seulement en considération la pollinisation croisée entre champs adjacents. Cependant, de nouveaux travaux de chercheurs français montrent qu'il faut également tenir compte de la pollinisation croisée sur une plus longue distance. Les chercheurs ont constaté que la proportion de maïs GM comparée à celle de maïs non-GM dans l'ensemble du paysage semble avoir un impact sur les taux de contamination. Ils ont aussi découvert que le pollen provenant des champs de maïs transgéniques les plus proches de ceux de maïs conventionnel avaient le plus grand impact sur le degré de contamination. Pour consulter l'article en ligne en version originale anglaise, cliquer sur le lien ci-dessous.

http://ec.europa.eu/environment/integration/research/newsalert/pdf/10si.pdf //)
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Leprince F, Delsuc L, 2008. ** Maïs Bt : coexistence des filières, premiers résultats de la campagne 2007. Perspectives agricoles n°343 paru le 1 mars 2008 article page 52.

· La culture du maïs Bt (événement de transformation MON810) en France a poursuivi son essor en 2007 avec plus de 22 000 ha semés. En 2007, comme pour les années précédentes, une vingtaine de parcelles commerciales de maïs conventionnel situées à proximité de parcelles de maïs Bt ont servi de support à des mesures de fécondation croisée. Elles ont permis d‘évaluer la pertinence des modalités opérationnelles de coexistence synthétisées dans un Guide de Bonnes Pratiques développé par la filière maïs depuis plusieurs années.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Li Yi, Duan Hui, Keming Luo, 2008. ¤ Gene-deletor: a tool to eliminate all transgenes in pollen and seed when their functions are no longer needed or their presence can cause concerns. Plant Biology 2008: Thursday, June 26 - Tuesday July 1, 2008 - Mérida, Mexico : Minisymposium 24: Plant Biotechnology. 

· Pollen- and seed-mediated transgene flow is a serious concern in plant biotechnology. We have recently developed a highly efficient gene deletion system to automatically remove all functional transgenes from both pollen and seed. With three pollen- and/or seed-specific gene promoters tested, the phage CRE/loxP or yeast FLP/FRT recombinase system alone produced no transgenic event that were 100% efficient in excising transgenes from tobacco pollen and/or seed. When loxP-FRT fusion sequences were used as recognition sites, simultaneous expression of both FLP and CRE reduced the average excision efficiency. However, with the loxP-FRT as the recognition sequences, expression of FLP or CRE alone led to increases in the average excision efficiency, with many transgenic events being 100% efficient based on more than 25 000 T1 progeny examined per event. We named this system as 'gene-deletor.' If the 'gene-deletor' is modified, the system may be used to produce non-transgenic seed, fruit or other edible organs from transgenic plants when functions of transgenes are no longer needed or their presence may cause concerns. The technology may provide a useful tool to address pollen- and seed-mediated transgene flow problems and also food safety concerns over transgenic crops. For more information, please Google "gene-deletor".

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Lipsius K, Richter O, 2008. ¤ Modelling dispersal of genetic information in structured agricultural landscapes with finite element methods. GMLS - International conference on Implications of GM crop cultivation at large spatial scales - 2nd - 4th April, 2008. 

· We introduce a new modelling approach for numeric simulation of dispersal of genetic information from GM crops with finite element methods. Dispersal of pollen and seeds is modelled with partial differential equations (PDEs) for convection and dispersion. Plant population dynamics and interaction between genetic varieties are described with ordinary differential equations (ODEs). The distribution of plants and seeds over space and time is simulated by combining the PDEs and ODEs on a finite element mesh (FEM).

This approach allows for a highly aggregated mathematical description with a limited number of parameters. A realistic spatially explicit description of the landscape structure can be imported from GIS maps to the FEM. The temporal dynamic is driven by the basic crop management practices such as sowing, herbicide applications and harvest within one year and crop rotation between the years. In this paper we develop the parameterisation of the model and show exemplary simulation results to evaluate isolation distances as a coexistence strategy and the effect of roadside management with herbicides.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Liu Z, Zhou C, Wu K, 2008. * Creation and analysis of a novel chimeric promoter for the complete containment of pollen- and seed-mediated gene flow. Plant Cell Reports 27(6) : 995-1004. 

· Effective containment of gene flow in transgenic plants requires a promoter that is highly specific for male and female gametes or tissues. Here, we report the creation of a novel pollen-, stigma- and carpel-specific (PSC) promoter through the fusion of the pollen-specific LAT52 and carpel-specific AGL5 enhancers to a stigma-specific SLG promoter. Gene expression analysis showed that fusion of the LAT52 enhancer to the SLG promoter enables the latter to gain pollen-specific activity while the acquirement of carpel-specific activity requires the correct orientation of the inserted AGL5 enhancer in the PSC promoter, and only a forward- but not a reverse-oriented one is functional. The resulting fPSC promoter, when fused to DT-A, generated at least three aberrant gynoecium phenotypes. Type I plants exhibited shortened stigmatic tissues, resembling plants containing the DT-A gene controlled by the SLG promoter. However, type II and III plants displayed partial or complete ablation of gynoecia, and were unable to support the reproductive process. Type II and III plants also produced severely perturbed anthers and pollen in comparison to type I or SLG::DT-A plants, and transgenic pollen grains were unable, when out-crossed with control plants, to pass the transgene to the next generation in all plants examined, indicating that they are selectively eliminated. This tissue-specific ablation or perturbation is highly specific, and does not compromise vegetative growth. Evidently, the fPSC promoter faithfully acquires tissue specificity from the incorporated enhancers and promoter, and should have a practical application for transgene containment in non-fruit and -grain producing plant crops.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Mallory-Smith CA, Zapiola M, 2008. * Gene flow from glyphosate-resistant crops : Review. Pest Management Science 2008 Apr; 64(4):428-40. 

· Gene flow from transgenic glyphosate-resistant crops can result in the adventitious presence of the transgene, which may negatively impact markets. Gene flow can also produce glyphosate-resistant plants that may interfere with weed management systems. The objective of this article is to review the gene flow literature as it pertains to glyphosate-resistant crops. Gene flow is a natural phenomenon not unique to transgenic crops and can occur via pollen, seed and, in some cases, vegetative propagules. Gene flow via pollen can occur in all crops, even those that are considered to be self-pollinated, because all have low levels of outcrossing. Gene flow via seed or vegetative propagules occurs when they are moved naturally or by humans during crop production and commercialization. There are many factors that influence gene flow; therefore, it is difficult to prevent or predict. Gene flow via pollen and seed from glyphosate-resistant canola and creeping bentgrass fields has been documented. The adventitious presence of the transgene responsible for glyphosate resistance has been found in commercial seed lots of canola, corn and soybeans. In general, the glyphosate-resistant trait is not considered to provide an ecological advantage. However, regulators should consider the examples of gene flow from glyphosate-resistant crops when formulating rules for the release of crops with traits that could negatively impact the environment or human health.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Mercer KL, Wainwright JD, 2008. * Gene flow from transgenic maize to landraces in Mexico: An analysis. Agriculture, Ecosystems and Environment 123 (2008) 109–115. 

http://www.biosci.ohio-state.edu/~asnowlab/Mercer_Wainwright07.pdf  

[See also: Corrigendum to ―Gene flow from transgenic maize to landraces in Mexico: An analysis [Agric. Ecosyst. Environ. 123 (2008) 109–115] Kristin L. Mercer and Joel D. Wainwrightb, In Volume 126, Issues 3-4, Page 293]

· A highly publicized study in 2001 reported that maize landraces in Oaxaca, Mexico were found to contain transgenes, yet not all follow-up research has detected transgenes in the same region. Continued testing for transgenes in Mexican maize, and calls for the removal of transgenes from landraces, have only fueled the debate about the dynamics of gene flow from transgenic maize to landraces in Mexico. This paper reviews these recent findings and discusses how evolution may be expected to alter the frequency of transgenes in crop populations over time. Further, it shows that calls for removing transgenes must be interpreted in light of two ecological complexities: (a) it may be impossible to purge a particular gene from a population and (b) scientists‘ability to accurately determine the presence or absence of transgenes is limited by challenges related to sampling. The paper concludes by outlining two ways forward for removing transgenes from landraces.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Messéan A, 2008. ££ Faisabilité de la coexistence chez le maïs : leçons tirées des études de flux de gènes et de la modélisation. Rapport pour le Comité de préfiguration pour une haute autorité sur les OGM.
· (// Commentaires et extraits du texte : Résume les travaux européens effectués dans le cadre de la dispersion du pollen. A courte distance interparcellaire la pollinisation croisée dépend fortement du vent et varie entre 1 et 20% (¤ estimation de l‘auteur sur graphique) à 5m et diminue rectilignement jusqu‘à 50m (¤) pour atteindre des valeurs comprise entre 0,05% (¤) et 0,12% (¤). A longue distance et dans le cadre de vallées alpines suisses, entre 100 et 10000 m la pollinisation croisée est assez homogène jusqu‘à 500m (¤) autour de 0,01%. Entre 800 (¤) et 10000 m ces valeurs varient entre 0,01 et pratiquement 0,001%.

Afin de prédire le comportement dans des contextes agro-climatiques variés et sous des scénarios réalistes, la modélisation est nécessaire. Plusieurs modèles de dispersion de pollen de maïs à l'échelle du champ ont été proposés pour le maïs (par exemple Richter et Seppelt, 2004 ; Klein et al, 2003 ; Yamamura, 2004). Seul le modèle MAPOD prend en compte à la fois le paysage de manière explicite ainsi que les pratiques agricoles (Angevin et al, 2008). Extraits de jeux de données collectés lors du programme européen SIGMEA. La courbe A correspond au cas où le vent souffle de l’OGM vers le non-OGM et la courbe C correspondent au cas opposé (Source : étude BBA de dispersion entre deux parcelles). La courbe D correspondent à une dispersion à longue distance dans un paysage agricole de vallées alpines (Source : ETH, Suisse).

[image: image36.emf]
Dans un rapport récent où il analyse les données permettant de raisonner la coexistence entre maïsPGM et non PGM cet auteur conclue que « De façon globale, les différents résultats obtenus montrent que les risques sont gradués suivant le contexte cultural et surtout le seuil de présence d‘OGM toléré. Dans de nombreuses situations, et tant que l‘adoption des OGM reste limitée, la coexistence est techniquement faisable pour satisfaire des seuils même inférieurs au seuil réglementaire de 0,9% en adoptant des mesures comme des décalages de semis ou des distances d‘isolement limitées. En cas de très grande densité de maïs, la mise en oeuvre de distances d‘isolement même faibles n‘est pas facile et la séparation géographique entre cultures OGM et cultures conventionnelles apparaît être la solution techniquement et économiquement raisonnable. Enfin, pour les filières telles que l‘agriculture biologique ou des usages spécifiques comme la semoulerie, qui revendiquent une quasi-absence ou une absence totale d‘OGM dans leurs productions, la coexistence à l‘échelle locale est en revanche techniquement impossible. 

Compte-tenu de l‘extrême variabilité de la pollinisation croisée, la mise en oeuvre pratique de distances d‘isolement uniformes sur un territoire national est délicate. En effet, il faut alors prendre en compte le scénario le plus défavorable (haute densité de maïs, taux élevé d‘adoption d‘OGM, petite taille des champs, synchronisation des semis) pour garantir que la mesure uniforme sera efficace dans tous les cas. Ceci aboutira à des distances d‘isolement très élevées dès lors que l‘on voudra aller au-delà du simple respect du seuil réglementaire d‘étiquetage. En pratique, ces distances ne pourront pas être appliquées à l‘échelle individuelle alors que, dans la plupart des cas, elles ne sont pas nécessaires pour satisfaire le respect du seuil réglementaire ou même des taux plus faibles. L‘adaptation au contexte régional apparaît plus optimale et les outils d‘aide à la décision comme MAPOD permettent de le faire. En conclusion, il existe un corpus de données important sur la pollinisation croisée du maïs qui, malgré quelques aspects restant à préciser, permet de raisonner la faisabilité de la coexistence dans les systèmes de production européens. Les résultats montrent que cette faisabilité est avant tout liée au seuil de présence d‘OGM que l‘on cherche à atteindre et que, quand la coexistence est possible (au seuil défini), une adaptation des mesures au contexte régional (parcellaire, climat, pratiques agricoles) apparaît souhaitable. Enfin, une attention particulière devrait être portée sur les conditions de production de semences conventionnelles (hybrides ou populations) car elles sont plus sensibles à la pollinisation croisée et constitue la première source de présence d‘OGM dans les productions non OGM (conventionnelles ou biologiques). » 

Dans ce même rapport l‘auteur rapporte un tableau de décision publié par Messéan et al, 2006. 

[image: image37.emf]
Règles de décision pour gérer la pollinisation croisée chez le maïs. Synthèse de simulations réalisées par MAPOD. Hypothèses : le champ OGM a une taille de 15 ha, le vent souffle à 3 m/s de l’OGM vers le non-OGM (cas défavorable). La table donne les distances d’isolement à respecter pour maintenir la pollinisation croisée sous un pourcentage donné en fonction de la taille relative du champ non-OGM, du décalage de floraison entre la variété OGM et la variété non-OGM, la taille de la zone tampon non-OGM dans le champ OGM. Les autres sources de présence d’OGM (semences, équipement) doivent être ajoutées pour raisonner la coexistence. (Source Messéan et al, 2006).
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Messeguer J, 2008. ¤ Release of GMOs in the Environment and co-Existence. Colloque international de l'Académie des sciences - Paris, 15-16 septembre 2008 Le monde végétal s'ouvre aux biotechnologies / New trends in plant biology and biotechnology. 

· In recent years, the likelihood of the progressive implementation of genetically modified (GM) plants has given rise to a situation of coexistence that has been subjected to Regulation in Europe since 2003 (Regulation EC 1830/2003). In this document, coexistence is understood as a principle according to which farmers should be able to freely cultivate the crops of their choice, whether genetically modified (GM), conventional or organic. Moreover, Regulation (EC) 1829/2003 on GM food and feed has established an adventitious presence threshold of 0.9% for positive labelling products containing or derived from GM crops. All European countries need to develop national strategies to ensure coexistence (Commission Recommendation, 2003). 

Coexistence can be affected by the adventitious presence of one crop with another, which can arise for a variety of reasons. These include seed impurities, sowing equipment and practices, cross pollination between GM and non-GM crops, the presence of volunteers, and product mixture occurring during harvesting, transport and/or storage processes. Of these, cross-pollination is the factor that causes most concern to growers because it is difficult to control and depends on many factors including the type of cultivar and climatic conditions. 

Two examples will be shown: maize and rice. Commercial maize cultivars are anemophyllus and so, cross pollination takes place in some extent. Field trials aimed at quantifying the gene flow from GM to non-GM maize clearly show that adventitious presence of GM kernels accumulates in the border and decrease throughout the centre of the field. In general, a separation distance of 20 m is enough to maintain the %GMO below the 0.9% threshold in the yield of the field. In some cases such as small or narrow fields, the separation distance may need to be extended to 50 m. These distances could be decreased if a buffer zone is established or if sowing dates are planed to avoid the flowering coincidence among fields. Recent studies performed in real conditions of coexistence, where GM and non-GM maize fields are sown with different cultivars, with different sowing dates and mixed with other crops confirm the described results. Taking into account that there are not wild and weed maize relatives in Europe, persistence of GM maize in landscape is not probable, and coexistence could be achieved by establishing simple rules that guarantee seed purity, the correct management of sowing equipment and practices and a reasonable separation distance or buffer zone. 

European Coexistence regulations for rice will be easier to establish because commercial cultivars are autogamous, being the rate of cross pollination extremely low: i.e. about 0.53% at 1m distance from the pollen source in the prevalent wind direction, decreasing to 0.01% at 5 m distance. So the whole content of adventitious presence of GM rice due to cross pollination in the yield of the field is expected to be lower than the 0.9% threshold. But, in case of rice, there is a weed relative, the red rice, with which cross pollination takes place at rates significantly higher than those encountered within cultivars. So, coexistence regulations should include strategies to control this weed and take into account the environmental impact that transgenic characters may have in increasing the fitness or persistence of this weed. In conclusion, particular characteristics of each crop have to be taken into account and so, coexistence regulations have to be established in a case by case base. 
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Milanesi J, 2008. ££ Analyse des coûts induits sur les filières agricoles par les mises en culture d‘organismes génétiquement modifiés (OGM) - Etude sur le maïs, le soja et le poulet Label Rouge. Rapport commandé par GreenPeace. Objet de l‘étude

· Ce rapport présente les résultats d‘une étude réalisée par le Centre d‘étude et de Recherche en Gestion (CREG) de l‘Université de Pau et des Pays de l‘Adour (UPPA) sur les conséquences économiques sur les filières de production agricole non génétiquement modifiée (GM) d‘une autorisation de mise en culture de maïs génétiquement modifié en France. Cette étude cherche à évaluer les effets économiques «externes » générés par les cultures d‘OGM sur les filières sans OGM. Les filières végétales étudiées sont celles du maïs conventionnel, du maïs biologique, du maïs doux et du soja. La filière animale étudiée est celle du poulet Label Rouge. Méthodologie Les investigations ont été conduites entre janvier et août 2008 auprès de nombreux acteurs et experts du monde agricole. Les informations récoltées à l‘aide d‘entretiens individuels ou de questionnaires ont été complétées par des recherches bibliographiques, sur internet, auprès d‘organismes du secteur ou dans les revues scientifiques. Contexte de l‘étude Cette étude répond à une forte demande politique et sociale concernant les dimensions économiques des cultures d‘OGM. Ainsi, dans son avis du mois de janvier 2008 le « Comité de préfiguration d‘une haute autorité sur les organismes génétiquement modifiés » précisait : « L‘incidence économique des contaminations sur les filières conventionnelles, spécifiques ou biologiques a été soulevée, sans trouver de réponse dans la littérature économique. Il en est de même pour les coûts liés à la coexistence (isolement, analyse, transport, ségrégation des lots, externalités économiques et écologiques), des études étant actuellement en cours. (…) D‘une façon générale, le comité note l‘insuffisance d‘analyse économique au niveau de l‘exploitation, des filières et du marché international. » Ces éléments économiques intéressent de nombreux acteurs du secteur agricole et organisations participant au débat sur les Organismes Génétiquement Modifiés, dont l‘association Greenpeace France qui a commandé au mois de décembre 2007 cette étude au CREG. Ces travaux de recherche ont été réalisés en plein débat sur l‘opportunité de la mise en culture d‘OGM en France, l‘adoption de la clause de sauvegarde par la France pour le maïs MON 810 et les échanges parlementaires, puis le vote, sur la loi transcrivant en droit français la directive européenne sur les OGM (Cette loi n‘ayant été adoptée qu‘à la fin de l‘étude (sans parler des décrets d‘applications) il était impossible d‘articuler la réflexion autour de ce texte, qui n‘est donc pas utilisé directement dans le rapport.).

Cette étude aborde donc un sujet sensible, pendant une période sensible, où les débats passionnés laissent potentiellement peu de place, chez nos interlocuteurs, à l‘objectivité et au recul qu‘exige un travail scientifique. Toutes les difficultés de cette enquête se résument ainsi dans cette confrontation entre un besoin reconnu de tous de disposer d‘études fiables pour alimenter le débat et une période où toutes les déclarations ou informations peuvent être perçues comme des éléments stratégiques ou sensibles et donc délicats à communiquer. La réponse type qui résume cette tension étant : « votre étude est très intéressante, nous manquons de recul sur ces questions et je serai intéressé par les résultats, mais vous comprendrez que compte tenu du contexte, je ne peux pas vous donner d‘informations. » Un des enjeux pour l‘équipe de recherche était donc de rassurer les interlocuteurs quant à la nature, scientifique et universitaire, de l‘étude et de leur garantir, s‘ils le désiraient, anonymat et confidentialité sur les informations communiquées. Malgré ces garanties, les données et informations ont souvent été difficiles à collecter, aussi bien au niveau des institutions publiques ou professionnelles que des entreprises privées : 

· Pour les premières, la difficulté venait essentiellement de la crainte de nos interlocuteurs de se voir reprocher leur « participation » à cette étude par leur hiérarchie. Ainsi, un de nos interlocuteurs d‘une institution agricole, dont la vue d‘un questionnaire d‘enquête fit lever les bras au ciel, nous répondit : « Oulala ! Je ne prends pas la responsabilité de ça moi, c‘es un sujet trop sensible, c‘est hors de question, voyez avec mon directeur ». Pour une des parties de l‘enquête il fallut également remonter jusqu‘au ministère de tutelle pour pouvoir disposer d‘une seule liste de contacts, ces différentes étapes hiérarchiques prenant au final deux mois. 

· Pour les entreprises, l‘enjeu était essentiellement commercial, tenant à la crainte de divulguer des informations utiles à la concurrence (préoccupation plutôt classique) mais également d‘être associées à un dossier perçu comme polémique ou de donner des informations qui, mal exploitées, pouvaient ternir leur image de marque (Un problème commun dans ce type d‘études : ―Before starting this activity there was a lot of skepticism frommembers of the food industry about getting any feedback due to the fear in the German food industry that, who is talking publicly about GMOs will loose consumers trust and sales. Hirzinger T. and K.Menrad, 2005). C‘est le cas par exemple de certains acteurs de filières maïs ou poulet de qualité qui sont sans OGM mais qui préfèrent éviter de communiquer à ce sujet pour éviter tout malentendu chez les consommateurs. Chez ces acteurs, on ne peut non plus exclure l‘existence de réponse stratégique, tenant plus de la communication que de l‘information. L‘enjeu pour l‘équipe de recherche était ici de pouvoir faire le tri en croisant plusieurs sources d‘informations. 

Enfin, le montage institutionnel de l‘étude, suscitait parfois des réactions de méfiance. Bien que le travail sous contrat, avec un financement extérieur, institutionnel ou privé, soit aujourd‘hui habituel à l‘université, certains interlocuteurs étaient surpris que cette étude soit commandée et financée par l‘association Greenpeace, élément qui était précisé à chaque interlocuteur. Ces craintes étaient néanmoins levées après avoir rappelé le caractère commun de ce type de contrat ainsi que le cadre strictement universitaire du travail. Ces réactions reflètent néanmoins le caractère relativement novateur de ce type de convention de recherche entre une université et une association qui permet à l‘université d‘apporter des éléments de réponses à des questions de société et qui traduit la volonté des associations de renforcer leur expertise, une démarche qui ne peut que profiter à la qualité du débat public. 

Malgré ces difficultés, et souvent sous couvert d‘anonymat, de nombreux interlocuteurs ont accepté de communiquer des informations qui permettent d‘apporter de nouveaux éléments dans la compréhension des conséquences économiques de l‘introduction des cultures d‘OGM sur les filières non OGM. 

Organisation du rapport.

Nous aborderons dans un premier chapitre les risques et les coûts qui seraient supportés par les filières françaises de maïs non génétiquement modifiés en cas de développement d‘une filière de maïs GM. Nous nous appuierons pour cela sur la littérature scientifique existante. 

Le second chapitre sera consacré à évaluer les effets économiques de la mise en culture de maïs GM sur les cultures non GM. Nous développerons pour cela une analyse dynamique fondée sur les changements de comportements des producteurs. Nous traiterons du soja dans un troisième chapitre afin d‘évaluer les possibilités et les conditions d‘importation existantes et futures en soja non GM pour les éleveurs français. Nous aborderons également les difficultés particulières à la production de soja non GM en France.

Dans un quatrième et dernier chapitre nous proposerons une évaluation des conséquences sur la production de poulets label rouge d‘une politique industrielle d‘approvisionnement en alimentation animale non GM. 

Résultats principaux 

· Le développement de cultures de maïs GM sur le sol français mettrait en danger l‘existence même de filières de maïs (maïs biologique, maïs doux, maïs waxy) ayant un cahier des charges fixant au zéro technique (0,1% ou 0,01%) la présence d‘OGM dans leurs produits. 

· L‘existence de filières de maïs produisant en dessous du seuil d‘étiquetage de 0,9% n‘est possible que si ses efforts peuvent être valorisés en bout de filière par le biais de l‘étiquetage des produits animaliers. 

· En cas de changement de la loi française sur l‘étiquetage des produits animaliers, la coexistence se traduirait par une augmentation des prix au consommateur pour manger « sans OGM » (de l‘ordre de 5 à 15cts par kilo pour le poulet « Label Rouge », voir tableau ciaprès).
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Palaudelmàs M, Melé E, Peñas G, Pla M, Nadal A, Serra J, Salvia J, Messeguer J, 2008. * Sowing and Flowering Delays Can Be an Efficient Strategy to Improve Coexistence of Genetically Modified and Conventional Maize. Crop Sci 2008; 48 2404-2413. 

· The coexistence between genetically modified (GM) and non-GM maize (Zea mays L.) fields is subjected to regulation in several countries. A strategy to reduce cross-pollination from GM to non-GM fields was evaluated, on the basis of reducing the flowering coincidence by sowing at separate times. The trial included narrow plots in which transgenic maize was sown before, simultaneously, and after adjacent non-GM maize. A three-week delay between GM and non-GM sowing dates resulted in flowering delays below 5 d for early sowings, but up to 10 to 15 d for late sowings. Cross-pollination was monitored by xenia effect and validated by real-time PCR. The combined effect of flowering delay and distance from the pollen source was evaluated. Cross-pollination dramatically decreased with distance between pollen source and receptor. Flowering delay interacted with distance to the pollen donor source and further reduced GM pollen flow in all cases. Thus, it acted as a regulatory factor. A flowering delay of 92.9 growing degree units (GDU) (7 d in our experimental conditions) was enough to reduce the adventitious presence of GM kernels in non-GM maize plots down to residual values. This study illustrates the possibility of improving coexistence through temporal separation of flowering dates on the basis of appropriate delays in sowing dates.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Qian Xue-Yan, Xiang-Dong Yang, Dong-Quan Guo, Gui-Lan Zhao, Pi-Wu Wang, 2008. * Advances in the Research of Plant Chloroplast Genetic Transformation. Molecular Plant Breeding / Fen Zi Zhi Wu Yu Zhong, 6, 5, 955-966. (Article en chinois). 

· Chloroplast genetic engineering offers a number of unique advantages, including high-level transgene expression, multigene engineering in a single transformation event, transgene containment via maternal inheritance, lack of gene silencing, position and pleiotropic effects and undesirable foreign DNA. More than 40 transgenes have been stably integrated and expressed via the tobacco chloroplast genome to confer desired agronomic traits or express high levels of vaccine antigens and biopharmaceuticals. In this paper, the principles and advantages of the chloroplast genetic engineering, the methods used for chloroplast transformation, and the recent advances in the field were illustrated and the application of the technology in future was also discussed.
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Reuter Hauke, Broder B, Böckmann S, 2008. ¤ Modelling maize hybridisation on a landscape level - Data analysis and development of a dispersal kernel. GMLS - International conference on Implications of GM crop cultivation at large spatial scales - 2nd - 4th April, 2008. http://www.gmls.eu/GMLS_Abstracts.pdf 

· The estimation of hybridisation rates between fields with transgenic maize and conventional neighbour fields is essential to anticipate large scale co-existence conditions of both traits. Depending on potential hybridisation rates different mitigation measures may be necessary to prevent unintended and undesirable presence of transgenes in conventional crops. As introgression rates may be the result of pollen flow between several fields, potential measures should include the interactions with several neighbours. This requires a consideration of landscape level processes .

In the literature a large number of cross-pollination experiments has been documented giving introgression rates for a range of different situations e.g. with respect to field size and geometry, crop phenology and environmental impact. We have evaluated the most appropriate of these studies to develop a modelling approach of hybridisation processes to be applied on the landscape level. The presentation will give an overview on the selection criteria and analytical processes to use the different hybridisation studies for a specification of a modelling approach applicable to the landscape level. The results can be used to study hybridisation dynamics across larger spatial ranges on the landscape scale.
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Richter O, 2008. * Modelling dispersal of populations and genetic information by finite element methods. Environmental Modelling and Software Volume 23, Issue 2, February 2008, Pages 206-214. 

· This paper shows how biological population dynamic models in the form of partial differential equations can be applied to heterogeneous landscapes. The systems of coupled partial differential equations presented combine dispersal, growth, competition and genetic interactions. The equations belong to the class of reaction diffusion equations and are strongly non-linear. Realistic biological dispersal behaviour is introduced by density dependent diffusion coefficients and chemotaxis terms, which model the active movement along gradients of environmental variables. The resulting non-linear initial boundary value problems are solved for geometries of heterogeneous landscapes, which determine model parameters such as diffusion coefficients, habitat suitability and land use. Geometry models are imported from a geographical information system into a general purpose finite element solver for systems of coupled PDEs. The importance of spatial heterogeneity is demonstrated for management of biological control by sterile males and for risk management of GMO crops.
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Sanvido O, Widmer F, Winzeler M, Streit B, Szerencsits E, Bigler F, 2008. * Definition and feasibility of isolation distances for transgenic maize cultivation. Transgenic Research, Volume 17, Number 3 / juin 2008.

· A major concern related to the adoption of genetically modified (GM) crops in agricultural systems is the possibility of unwanted GM inputs into non-GM crop production systems. Given the increasing commercial cultivation of GM crops in the European Union (EU), there is an urgent need to define measures to prevent mixing of GM with non-GM products during crop production. Cross-fertilization is one of the various mechanisms that could lead to GM-inputs into non-GM crop systems. Isolation distances between GM and non-GM fields are widely accepted to be an effective measure to reduce these inputs. However, the question of adequate isolation distances between GM and non-GM is still subject of controversy both amongst scientists and regulators. As several European countries have proposed largely differing isolation distances for maize ranging from 25 to 800 m, there is a need for scientific criteria when using cross-fertilization data of maize to define isolation distances between GM and non-GM maize. We have reviewed existing cross-fertilization studies in maize, established relevant criteria for the evaluation of these studies and applied these criteria to define science-based isolation distances. To keep GM-inputs in the final product well below the 0.9% threshold defined by the EU, isolation distances of 20 m for silage and 50 m for grain maize, respectively, are proposed. An evaluation using statistical data on maize acreage and an aerial photographs assessment of a typical agricultural landscape by means of Geographic Information Systems (GIS) showed that spatial resources would allow applying the defined isolation distances for the cultivation of GM maize in the majority of the cases under actual Swiss agricultural conditions. The here developed approach, using defined criteria to consider the agricultural context of maize cultivation, may be of assistance for the analysis of cross-fertilization data in other countries.

· (From : LettreInfoPGM:// Une étude suisse recommande des distances d'isolement de 20 m pour le maïs d'ensilage et de 50 m pour le maïs grain pour respecter le niveau de présence fortuite de 0,9 % défini par l'UE entre GM et non-GM. http://www.springerlink.com/content/n561562061873351/ )

· (From - GMOSafety:// Coexistence information system

· Culture type Maize 

· Year 2007 – > Country Switzerland

· Execution Forschungsanstalt Agroscope Reckenholz-Tänikon (ART) 

· Experiment Study Type: Literature study, model evaluation 

· Assessment of studies on the outcrossing of maize 

· Establishment of relevant, comparable experiment criteria 

· Application of criteria to studies 

· Derivation of distance recommendations for silage maize and kernel maize

· Assessment of the possibility of coexistence in Switzerland 

· by use of geographical information systems; assumptions: 10 per cent GM maize; field of identical size; consistent distribution of fields 

· by use of statistical cultivation data; assumption: 10 per cent GM maize 

· Results 

· Due to seed contamination and other factors, the GMO -yields through outcrossing must remain below 0.4 per cent so that the GMO potion of the product lies below the threshold value of 0.9 per cent. 

· In order to assure this for fields of any size, the in-crossing on the field borders may not amount to more than 0.5 per cent. 

· A safety distance of 20 metres for silage maize may be derived therefrom 

· as well as a safety distance of 50 metres for kernel maize. 

· In regions with intensive maize cultivation, additional consultations among farmers are necessary.
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Schoen DJ, Reichman JR, Ellstrand NC, 2008. * Transgene Escape Monitoring, Population Genetics, and the Law. BioScience 58, 1 (January 2008) 71–77. 

· There has been little discussion about how to apply population genetics methods to monitor the spread of transgenes that are detected outside the agricultural populations where they are deployed. Population geneticists have developed tools for analyzing the genetic makeup of individuals in hybrid zones, estimating migration and selection of genes, studying the influence of migration and selection on the shape of clines, and assaying the fitness of hybrids and backcrossed individuals. These tools may prove useful for monitoring the dynamics of escaped transgenes, but their effective application is likely to require access to information on the genetic makeup of transgenic organisms—information that is often proprietary. At present, depending on the jurisdiction involved, developers and regulators of transgenic organisms may be under no obligation to provide such information, thereby impeding independent public research of transgene escape and the refinement of methods used to study it.

Skevas T, Fevereiro P, Wesseler J, 2008. ¤ Environmental regulations and Bt corn production: case study results from Portugal. EAAE2008: XIIth Congress of the European association of Agricultural Economists Gent Belgium, 26-29 august 2008. (Proceedings sous presse) http://www.eaae2008.be/Program.pdf 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Snow AA, 2008. $ Gene Flow among Transgenic Plants and Their Wild Relatives: Implications for Risk Assessment.

Information Systems For Biotechnology - ISB News Report April 2008. 
http://www.isb.vt.edu/news/2008/artspdf/apr0803.pdf 

· Research on gene flow from transgenic plants marches on! For example, the North Central Weed Science Society hosted the second biannual symposium on gene flow on December 12 – 13, 2007, in St. Louis, Missouri. Abstracts of the 38 oral presentations and posters are available at http://www.ncwss.org/. The meeting brought together academic, industry, government, and other interested scientists to discuss recent research on 1) within-species gene flow, 2) crop-wild hybridization and gene introgression, 3) consequences of gene flow, 4) approaches to managing gene flow, and 5) modeling gene flow. The organizing committee included Michael Horak (Monsanto Company; Committee Chair), David Gealy (USDA), Hector Quemada (Crop Technology Inc.), Neal Stewart (University of Tennessee), Mark Westgate (Iowa State University), and Allison Snow (Ohio State University). More than fifty people from at least six countries participated.

The arrival of transgenic crops in the 1990's triggered an explosion of research on the extent and consequences of gene flow from crop species to their wild, weedy, or feral relatives. More recently, many gene flow studies have focused on problems that can arise from the unwanted, adventitious presence of transgenes in non-GE seed and food supplies. This later phase of gene flow research was well represented in presentations about crop-to-crop transgene dispersal in corn, alfalfa, canola, and wheat. Underscoring the need for managing pollen- and seed-mediated dispersal of transgenes, David Gealy summarized a new report from CAST (Council on Agricultural Science and Technology) on "Implications of Gene Flow in the Scale-Up and Commercial Use of Biotechnology-Derived Crops" (http://www.cast-science.org/ ).

Meanwhile, gene flow to wild, weedy, or feral relatives is still a very active area for research. Investigators discussed new findings about the extent of hybridization in wild/weedy relatives of corn, rice, wheat, sugar beet, canola, squash, sunflower, sorghum, radish, and cowpea. Most of these crops have weedy relatives that could become more challenging to manage if they acquire new types of herbicide resistance, whether transgenic or not. This issue was raised in several presentations, and three invited speakers described gene flow from GE canola in Canada, where herbicide resistance traits have spread to wild Brassica rapa, volunteer canola, and feral populations that establish from spilled seeds. Michael Owen's group also presented studies of the potential for spontaneously evolved herbicide resistance to spread via hybridization among closely related weed species in the Asteraceae and Amaranthaceae families. 

A poster by Remy Pasquet et al. examined possible risks of Bt genes that could enter wild cowpea populations in West Africa, where Bt cowpea is being developed. Otherwise, few presentations included crop-wild systems in which it was possible to examine the consequences of gene flow, as opposed to its mere occurrence (which is often referred to as "exposure" to a given "hazard"). Two speakers discussed current regulations and the challenges of evaluating the "hazard" component of risk assessment, while others indicated that any transgene could be considered a commercial hazard if it spreads adventitiously to non-GE seeds or food. Given the regulatory, commercial, and environmental incentives for confining transgenes, research on bioconfinement methods such as sterility, chloroplast transformation, and site-specific recombination to remove transgenes is also receiving attention. Christiane Koziolek presented ongoing research by the EU project known as Transcontainer (http://www.transcontainer.org ), and Neal Stewart's group described plans for related studies in tobacco and canola. 

Several important research areas were not represented at the meeting. These included studies of 1) gene flow from new types of GE plants that are being developed for biofuels, forage, landscaping, and forestry applications; 2) fitness effects of transgenic drought resistance, cold tolerance, or better nutrient use efficiency in wild/weedy relatives; 3) whether increased fitness due to transgenes could result in weedier or more invasive plant populations; and 4) whether transgene introgression could threaten the genetic diversity of wild relatives, above and beyond the effects of ongoing gene flow from conventional crops. To address these and other types of questions, investigators noted that weed scientists need to have greater access to transgenic materials and more opportunities for funding from federal agencies. In summary, this symposium offered a great opportunity for researchers to share recent results and for other interested parties to gauge the status of gene flow research in the USA and elsewhere.
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Tumusiime E, De Groote H, Vitale J, 2008. ¤ The cost of coexistance between Bt maize and open pollinated maize varieties in lowland coastal Kenya. EAAE2008: XIIth Congress of the European association of Agricultural Economists Gent Belgium, 26-29 august 2008.  

http://www.eaae2008.be/Program.pdf.  or 

http://ageconsearch.umn.edu/bitstream/46726/2/Atlanta%20Conference%20paper.pdf  

· Kenya is currently in the process of introducing genetically modified maize (Bt maize). A major concern is that the Bt gene might cross into local varieties through cross pollination. Current regulatory strategies to ensure coexistence of the two cropping systems at the farm level rely on spatial isolation measures-separation distances and/or buffer zones. However, the interaction of practical measures and costs of spatial isolation with the farmers’ economic incentive to plant a Bt maize crop have not been studied in Kenya. The purpose of this study was to analyze the technical and economic feasibility of the implementation of spatial coexistence measures. Using spatial geo-referenced data from the actual agricultural landscape in lowland coastal Kenya, the study finds that flexible separation distances hold the possibility of ensuring coexistence in the region, but will be difficult to implement. Rigid buffer strips on the other hand are not consistent with the producers’ economic incentive to plant a Bt maize crop.
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Verma D, Nalapalli PS, Vijay K, Daniell H, 2008. * A protocol for expression of foreign genes in chloroplasts. Nature Protocols 3, 739 - 758. 

· Several major costs associated with the production of biopharmaceuticals or vaccines in fermentation-based systems could be minimized by using plant chloroplasts as bioreactors, which facilitates rapid scale-up. Oral delivery of chloroplast-derived therapeutic proteins through plant cells eliminates expensive purification steps, low temperature storage, transportation and sterile injections for their delivery. Chloroplast transformation technology (CTT) has also been successfully used to engineer valuable agronomic traits and for the production of industrial enzymes and biomaterials. Here, we provide a detailed protocol for the construction of chloroplast expression and integration vectors, selection and regeneration of transformants, evaluation of transgene integration and inheritance, confirmation of transgene expression and extraction, and quantitation and purification of foreign proteins. Integration of appropriate transgenes into chloroplast genomes and the resulting high levels of functional protein expression can be achieved in 6 months in lettuce and tobacco. CTT is eco-friendly because transgenes are maternally inherited in most crop plants.
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Viaud V, Monod H, Lavigne C, Angevin F, Adamczyk K, 2008. * Spatial sensitivity of maize gene-flow to landscape pattern: a simulation approach. Landscape Ecology 23, 9 / novembre 2008, 1067-1079. 

· Pollen dispersal is a critical process defining connectivity among plant populations. In the context of genetically modified (GM) crops in conventional agricultural systems, strategies based on spatial separation are promoted to reduce functional connectivity between GM and non-GM crop fields. Field experiments as well as simulation studies have stressed the dependence of maize gene flow on distances between source and receptor fields and on their spatial configuration. However, the influence of whole landscape patterns is still poorly understood. Spatially explicit models, such as MAPOD-maize, are thus useful tools to address this question. In this paper we developed a methodological approach to investigate the sensitivity of cross-pollination rates among GM and non-GM maize in a landscape simulated with MAPOD-maize. The influence of landscape pattern on model output was studied at the landscape and field scales, including interactions with other model inputs such as cultivar characteristics and wind conditions. At the landscape scale, maize configuration (proportion of and spatial arrangement in a given field pattern) was shown to be an important factor influencing cross-pollination rate between GM and non-GM maize whereas the effect of the field pattern itself was lower. At the field scale, distance to the nearest GM maize field was confirmed as a predominant factor explaining cross-pollination rate. The metrics describing the pattern of GM maize in the area surrounding selected non-GM maize fields appeared as pertinent complementary variables. In contrast, field geometry and field pattern resulted in little additional information at this scale.

28 ref. Electronic supplementary material The online version of this article (doi:10.1007/s10980-008-9264-1) contains supplementary material, which is available to authorized users.
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Viner B, Arritt R, Westgate M, 2008. ¤ Large eddy simulation of pollen dispersion and viability. GMLS - International conference on Implications of GM crop cultivation at large spatial scales - 2nd - 4th April, 2008 

· A coupled system of a hydrodynamic model for atmospheric turbulence, a Lagrangian model for particle dispersion, and a biophysical model for pollen viability is used to assess long-range transport of maize pollen from a source field. Results show that small amounts of pollen can be transported 5 km or more and that a substantial fraction of the pollen is viable when it is deposited.

Viability is preserved in part because the thermodynamic structure of the atmospheric boundary layer provides a cool, moist environment when pollen is lifted to heights of several hundred meters in turbulent eddies.
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Viner BJ, Arritt RW, Westgate ME, 2008. ¤ Pollen transport and viability evaluated using combined large-eddy simulation and Lagrangian stochastic models. 28th Conference on Agricultural and Forest Meteorology. http://ams.confex.com/ams/28Hurricanes/wrfredirect.cgi?id=9178 

· We have coupled a large-eddy simulation model, a Lagrangian particle dispersion model, and a pollen viability model to assess the effect of boundary-layer dynamics and thermodynamics on the dispersion of maize pollen. The large settling velocity of maize pollen implies that it can be transported long distances only if there are turbulent motions sufficient to counteract the gravitational settling of maize pollen grains and lift them to substantial heights. Recent studies using both piloted an remote-controlled aircraft have in fact shown the presence of viable maize pollen through the entire depth of the convective boundary layer, suggesting a mechanism for long-range transport of viable maize pollen. Our goal here is to develop an interdisciplinary modeling framework to explore this mechanism.

The large-eddy simulation model is a version of the Advanced Regional Prediction System (ARPS) numerical model. We used ARPS to simulate boundary-layer evolution from sunrise to sunset and archived the predicted velocity components, thermodynamic variables, and turbulent kinetic energy every 60 seconds of simulated time. These results provided the flow and turbulence fields for a Lagrangian-stochastic model of particle dispersion. We tracked the motions of approximately 100,000,000 particles that were released near the surface and transported using the velocity fields and turbulent kinetic energy simulated by ARPS. The tracer particles were interpreted as a statistical sample of the actual pollen cloud. The Lagrangian formalism is especially useful for the present application because it permits diagnosis of environmental temperature and moisture experienced by the pollen grain as it travels. Accordingly, we diagnosed pollen moisture content using a formulation that accounts for the drying of pollen grains as a function of atmospheric vapor pressure deficit and time. Viability was then found a function of pollen moisture content; i.e., as pollen grains dried, they gradually lost viability. The viability of each sample particle was evaluated as a function of time according to the environment through which it traveled until it was deposited at the surface. Results from the combined models show that small amounts of pollen were transported 5 km or more from the source. About 30% of pollen was predicted to retain its viability at this distance. This can be attributed in part to the thermal and moisture structure that typifies the daytime atmospheric boundary layer. Temperature decreases approximately as the dry adiabatic lapse rate while absolute humidity remains approximately constant, so pollen that is lofted in the boundary layer enters an environment with low vapor pressure deficit which helps preserve its viability. The amount of pollen deposited at this distance was very low, so that it may be difficult for such small quantities of fugitive pollen to out-compete locally generated pollen. We recommend that field experiments be carried to determine the existence of low levels of outcross at long distances. Our study illustrates the multi-disciplinary nature of this problem, namely the relation of pollen transport and viability to atmospheric dynamics and thermodynamics. 
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Weekes R, Allnutt T, Boffey C, Morgan S, Bilton M, Daniels R, Henry C, 2008. * A study of crop-to-crop gene flow using farm scale sites of fodder maize (Zea mays L.) in the UK. Transgenic Research, Volume 16, Number 2, 203-211. Be carefull, see also: Transgenic Res (2008) 17:477–478 : Erratum to: Transgenic Res (2007) 16: 203–211. DOI 10.1007/s11248-006-9036-0 

· From 2000 to 2003 a range of Farm Scale Evaluation (FSE) trials were established in the UK to assess the effect of the release and management of herbicide tolerant (HT) crops on arable weeds and invertebrates. The FSE trials for maize were also used to investigate crop-to-crop gene flow and to develop a statistical model for the prediction of gene flow frequency that can be used to evaluate current separation distance guidelines for GM crops. Seed samples were collected from the non-GM half of 55 trial sites and 1,055 were tested for evidence of gene flow from the GM HT halves using a quantitative PCR assay specific to the HT (pat) gene. Rates of gene flow were found to decrease rapidly with increasing distance from the GM source. Gene flow was detected in 30% of the samples (40 out of 135) at 150 m from the GM source and events of GM to non-GM gene flow were detected at distances up to and including 200 m from the GM source. The quantitative data were subjected to statistical analysis and a two-step model was found to provide the best fit for the data. A dynamic whole field model predicted that a square field (150 m × 150 m in size) of grain maize would require a separation distance of 3 m for the adjacent crop to be below a 0.9% threshold (with <2% probability of exceeding the threshold). The data and models presented here are discussed in the context of necessary separation distances to achieve various possible thresholds for adventitious presence of GM in maize. 

· (From the text // 

	Separation distances (m) of recipient fields (length x width) from a GM source for grain crops

	Field size (length x width, m)
	Target threshold %GM DNA

	
	0.9%
	0.5%
	0.3%
	0.1%

	50x50
	5
	11
	21
	81

	100x100
	4
	10
	20
	80

	150x150
	3
	9
	19
	79

	200x200
	2
	8
	18
	78

	250x250
	1
	7
	17
	77

	300x300
	0
	6
	16
	76

	350x350
	0
	5
	15
	75

	400 x400
	0
	4
	14
	74

	450x450
	0
	3
	13
	73

	500x500
	0
	2
	12
	72

	 The separation distances are estimated to nearest metre increment by the dynamic whole field model fitted to FSE data to comply with 98% confidence of specified %GMDNA threshold (0.9, 0.5, 0.3 and 0.1%) 

	Separation distances (m) of recipient fields (length x width) from a GM source (as in Table 1) for crops to be used for silage

	Field size (length x width, m)
	Target threshold %GM DNA

	
	0.9%
	0.5%
	0.3%
	0.1%

	50 x 50
	2
	5
	9
	35

	100 x 100
	1
	4
	8
	34

	150 x 150
	0
	3
	7
	33

	200 x 200
	0
	2
	6
	32

	250 x 250
	0
	1
	5
	31

	300 x 300
	0
	0
	4
	30

	350 x 350
	0
	0
	3
	29

	400 x 400
	0
	0
	2
	28

	450 x 450
	0
	0
	1
	27

	500 x 500
	0
	0
	0
	26

	 The separation distances are estimated to nearest metre increment by the dynamic whole field model fitted to FSE data to comply with 98% confidence of specified %GM DNA threshold (0.9, 0.5, 0.3 and 0.1%) given grains constituting a maximum of 50% of total DNA in silage 


//)

· (From ISAAA: http://www.isaaa.org/kc/cropbiotechupdate/translations/french/2007/04.html// 
Analyse du flux de gènes à l‘échelle du champ chez le maïs fourrager 
Les résultats de l‘étude d‘essais à l‘échelle de la ferme (FSE) en Angleterre indiquent que le niveau de flux de gènes des maïs tolérants aux herbicides (HT) vers le maïs conventionnel décroît rapidement avec l‘augmentation de la distance avec la source GM. L‘expérimentation réalisée par des chercheurs du Laboratoire Central des Sciences et le Centre de Technologie Winfrith comprenait le plus grand nombre de sites (55) et d‘échantillons (1'055) jamais analysés en une seule étude. Les chercheurs rapportent que le niveau maximum de flux de gène détecté était de 60% dans les échantillons prélevés entre 0 et 2 mètres de la source de plantes HT. Le flux de gènes a aussi été détecté dans des échantillons prélevés à 200 m de la source GM. Les chercheurs ont utilisé le RT-PCR du gène pat de tolérance aux herbicides pour détecter le flux de gènes provenant de la lignée T25 du maos Liberty Link. 

Les données ont aussi été utilisées pour construire des modèles statistiques aidant à confirmer les hypothèses faites dans les évaluations de risques concernant le flux de gènes dans les FSE. De plus, les résultats aident à confirmer la validité des distances de séparations pour le maos édictées par le "Supply Chain Initiative on Modified Agricultural Crops (SCIMAC)". Le SCIMAC est l‘ancien groupement britannique des organisations de l‘industrie représentant les fermiers, les sélectionneurs végétaux ainsi que les industriels des semences et de la biotechnologie.//) 
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Wendy C, Tepfer M, Degrassi G, Ripandelli D, 2008. * An overview of general features of risk assessments of genetically modified crops. Euphytica 164, 3 : 853-880. 

· The intentional introduction into the environment or market of genetically modified organisms (GMOs) is nearly always governed by a framework of science-based risk assessment and risk management measures. This is usually implemented through the integration of hazard identification and characterisation of all of the elements of risk associated with a new GM crop or derived product. Typical categories of hazards arising from the introduction of transgenic crops include: possible unintended negative health effects in a susceptible subgroup of the consumer (target) population; the evolution of resistance in the targeted pest/pathogen populations when the transgene confers resistance to a pest or pathogen; non-target hazards associated directly or indirectly with the transgenic plant or transgene product outside the plant; and those associated with the integration and subsequent expression of the transgene in a different organism or species following gene flow. The consequences of likely exposure to these and other hazards are considered in this introduction to the main issues raised when evaluating the possible risks arising from the importation or cultivation of genetically modified crops.

·   (From ISAAA // Caractéristiques générales de l‘évaluation des risques liés aux plantes biotech

L‘introduction d‘organismes génétiquement modifiés (GM) dans l‘environnement est régie par des mesures d‘évaluation de risques scientifiquement basées. Bien qu‘il y ait un large consensus mondial sur le type d‘information qui servira de base à l‘évaluation de risques (RA), il existe des variations régionales considérables sur l‘orientation adoptée et l‘ampleur de l‘information demandée par les organismes de surveillance. Une nouvelle étude détaillée publiée par le journal Euphytica discute des caractéristiques générales de l‘évaluation des risques des plantes GM. Les auteurs sont des scientifiques du Centre International pour le Génie Génétique et la Biotechnologie (ICGEB). L‘article énumère les catégories utilisées par les organismes de surveillance en RA. Ceci comprend : Effets négatifs inattendus potentiels sur un sous-groupe de la population cible, comme l‘allergénicité, Évolution de la résistance dans les populations de nuisibles/pathogènes ciblés, Effets négatifs non souhaités comme les effets sur la biodiversité, Flux de gènes. Les auteurs ont mis en avant, qu‘à ce jour, la définition de «dommage à l‘environnement» n‘est pas sans équivoque. De même, ils disent que l‘absolue certitude ou le risque zéro en évaluation de sécurité n‘est jamais atteignable. Ils concluent que l‘harmonisation des règles de l‘évaluation des risques liés aux OGM n‘est pas une tâche facile. Ceci est montré par le fait que deux efforts d‘harmonisation multilatérale plus ambitieux, la Commission du CODEX Alimentarius et celle dans le contexte de la Commission des Nations Unies sur la Convention pour la Biodiversité, sont au point mort et sont susceptibles d‘y rester dans les prochaines années.//)
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Ancel Valérie, Gianni Bellocchi, Gilbert Berben, Yves Bertheau, Carlo Brera, Marzia De Giacomo, Eric  Janssen,  Andre  Kobilinsky,  Petra  Kozjak,  Roy  Macarthur,  Marina  Miraglia,  Roberta  Onori, Maria Pla, Nina Papazova, Romana Rutar, Isabel Taverniers, Jelka Šuštar Vozlic, 2009. ¤ GMO sampling strategies in the food and feed chain. CoExtra Conference - GM and Non GM Supply Chains: Their Co-Existence And TRACEABILITY - June 2-4, 2009 - AgroParisTech - Paris 75005 France - Programme and Abstracts : Session B1:Technologies for Managing the Supply Chain - pp. 35-37
· The sampling plan is the procedure of taking a sample, from a lot, for analysis and is the most crucial step in the "analytical chain" whenever the analyte is not homogeneously distributed in the lot. It is imperative that the sampling step is performed as accurately as possible so that the sample collected is representative of the batch of food or feed under investigation and to get the most accurate "true value". Without the implementation of a good sampling plan, misclassification of the lot could easily occur, negatively impacting sampling objectives: undesirable economic and legal impacts in trade and inaccurate information being provided to risk assessors/managers. Accordingly, the GMO sampling should be considered with the other sampling issues faced in the domain of food and feed safety and quality. 

Among the steps usually employed in the evaluation of the GMO level in a lot (sampling, sample preparation and analysis), the sampling step is the major total error contributor and is dependent on the GMO level. Due to the variance associated with each step of the GMO evaluation, a 100% level of certainty is unachievable; resulting in overestimation and underestimation with inaccurate decisions producing adverse financial or social implications. Sampling of GMO in food and feed commodities is performed by different stakeholders with a wide spectrum of goals, all of them implying different scenarios and consequently often needing different methodologies. 
Commission Recommendation 2004/787/EC of 4 October 2004 provides detailed technicalguidance for sampling and detection of GMOs related to Regulation (EC) No. 1830/2003 in bulk and very little and unclear details for packed products. However, among the general principles for GMO sampling, the Recommendation states that the Member States should take into account the point in the supply chain in which testing is being performed and the degree of heterogeneity, therefore indicating that sampling can be modulated depending on the situation. In respect to traceability and internal quality control purposes operators also need an array of sampling procedure throughout the food and feed chain. The Recommendation also underlines the need to use sampling proportionate to the desired specific objectives and the possibility to use sampling strategies other than those indicated in the Recommendation. In other words, it would be appropriate to, in addition to the guidelines suggested by the Recommendation, develop further "fit for purpose" sampling strategies. 
Development of sampling methods has been an important goal within the Co Extra project. In addition, a Modular Decision Support System (DSS) has been developed for producers and official control authorities, to support decisions related to the selection of "fit for purpose" sampling methods. Co Extra goals include: (i) development of "as simplest as possible" sampling methodologies compatible with reliable results; (ii) meeting the needs of different food and feed operators; (iii) optimization of sampling in the different steps of food and feed chain, of the associated cost and degree of accuracy. This presentation will give an overview of the developments from Co Extra project relevant to the sampling in different scenarios (field, bulk, processing and retail).

In the Commission Recommendation 2004/787/EC sampling in the field is not specifically addressed while in certain cases of co existence it is important to determine, before harvesting in the field, the level of adventitious presence of GMOs in a non GMO field. In the Co Extra context, field trials were conducted in two successive years aimed at developing a reliable sampling procedure for maize plants in the field (model for fragmented landscape with very small field sizes). Every year 3600 samples were collected to determine out crossing rate in the field, using data mining techniques. Based on the predictions of spatial variability of out crossing rate, various possible sampling procedures were tested using the statistical Programme R and different sampling schemes were then developed and validated. 

As for the food processing chain there are three types of material which may need to be analyzed for the presence of GMOs: raw materials, primary ingredients and final food products. The soybean processing chain (from grain to lecithin) has been chosen as "case study" with respect to its use in a wide range of foodstuff ingredients and additives. The study also provided a simple framework to assist in the decision making to allocate resources (broadly "sampling" and, "analysis" costs) and to balance the cost of control versus the risk associated with incorrect decisions based on test results. Applying control plans that have been optimised for efficiency between sampling and analysis for the soya bean scenario, fitness for purpose parameters can be attained more easily when sampling for soybean flour is undertaken. 
Due to labelling requirements, packaged products are expected to be one of the main targets for control bodies. The problem is multi faceted depending on many factors including particle type and size of different products. Experimental studies on GM soybean packed products were performed and data were processed via distribution free statistical procedures supplied by software SISSI (Shortcut In Sample Size), to estimate sampling errors associated with number of incremental samples. 

Dedicated software tools to support sampling and sub sampling plans aimed at GM detection through the food and feed chain were also developed: SISSI a novel approach to estimate the optimal sample size in experimental data collection and OPACSA (OPtimal ACceptance Sampling by Attributes) a new statistical optimisation software including a cost function to find the cheapest and most reliable mode of analysis by sub sampling. 
Finally, consideration of general control plans should be undertaken where several analytes could be sampled, with low cost sampling methodologies. In this regard, an ongoing experimental study for validating sampling methodologies for mycotoxins (Reg. 401/2006 and following) fit for purpose for GMOs is in progress. The aim of this study if to verify if the current sampling methodologies for mycotoxins (the more heterogeneously distributed analyte in a lot) could fulfill the requisite of a representative sampling also for GMOs and derived products. Initial results of this study are presented.

Commission Recommendation of 4 October 2004 on technical guidance for sampling and detection of genetically modified organisms and materials produced from genetically modified organisms as or in products in the context of Regulation (EC) No 1830/2003. (2004). Official Journal of the European Union L348:18 26. 

References: 
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Bedo Z, (Zoltan); Rakszegi, Mariann; Lang, Laszlo, 2009. * Design and Management of Field Trials of Transgenic Cereals. Methods in Molecular Biology.

· The development of gene transformation systems has allowed the introgression of alien genes into plant genomes, thus providing a mechanism for broadening the genetic resources available to plant breeders. The design and the management of field trials vary according to the purpose for which transgenic cereals are developed. Breeders study the phenotypic and genotypic stability of transgenic plants, monitor the increase in homozygosity of transgenic genotypes under field conditions, and develop backcross generations to transfer the introduced genes into secondary transgenic cereal genotypes. For practical purposes, they may also multiply seed of the transgenic lines to produce sufficient amounts of grain for the detailed analysis of trait(s) of interest, to determine the field performance of transgenic lines, and to compare them with the non-transformed parental genotypes. Prior to variety registration, the Distinctness, Uniformity and Stability (DUS) tests and Value for Cultivation and Use (VCU) experiments are carried out in field trials. Field testing includes specific requirements for transgenic cereals to assess potential environmental risks. The capacity of the pollen to survive, establish and disseminate in the field test environment, the potential for gene transfer, the effects of products expressed by the introduced sequences and phenotypic and genotypic instability that might cause deleterious effects must all be specifically monitored, as required by EU Directives 2003/701/EC (1) on the release of genetically modified higher plants in the environment.
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Bertheau Y, 2009. ¤ Co Extra introduction. CoExtra Conference - GM And Non GM Supply Chains: Their Co-Existence And Traceability - June 2-4, 2009 - AgroParisTech - Paris 75005 France - Programme and Abstracts - Session 1: Introductory Presentations - pp. 15-16
· Co-Extra is an FP6 (contract 007158) research program of the priority 5 (Food safety and quality) of the European Commission which started in April 2005 and finishes in September 2009. Its main aim is to provide practical tools to implement coexistence and traceability for the coexistence of supply chains using either GMO, conventional products or organic agriculture derived products. This integrated project completes the two complementary STREPS: SIGMEA working mostly on field coexistence and Transcontainer focusing on biocontainment methods.

The coexistence is understood as the ability to farmers to produce the agricultural products they wish, while still enabling the freedom of choice of consumers. The documentary and analytical traceability studied in Co Extra are two tools necessary for both managing the coexistence of supply chains and controlling the results of this management. The products to be managed originate either from the European agriculture or from imports from third countries. In several aspects this management of supply chains does not differ from systems already in place, such as waxy maize, or seeds productions. The segregation of such specialities is quite well known and controlled in the EU and several third countries, and does not impact too much European supply chains costs. The main issue in segregating GM and non GM products lies thus in a rather low labelling threshold of 0.9% and the use of the DNA unit to measure this, as recommended by the EC.

Co Extra first attempted to address coexistence from the farm to the retailer by starting empirical studies and modelling in fields, and studying their outcomes management in the upper parts of the supply chains. Gene flow studies on long distance of pollen dispersion on fragmented landscape were undertaken and statistical models were validated for e.g. maize. Biocontainment methods, designed to minimize gene flow, were also studied. The effects of seeds admixtures, as well as those of stacked genes, on fields outcomes on current pollen flow models and seeds purity were assessed. Costs benefits analyses of coexistence and traceability were undertaken while looking for the most cost effective detection methods to reduce their impact on the finale costs. The practices of traders and third countries farmers were analyzed in order to determine trends that may predict the future of European supply chains. 

As a consequence of the 178/02 European regulation, documentary traceability is a well known and implemented practice in European companies. GMO traceability differs from this general request of traceability by adding a longer period of documents preservation. Studies of documentary traceability, particularly in third countries, were undertaken for its positive impact on cost effectiveness on final prices and its current use in the EU. While the European policy opened the door to analytical controls, documentary traceability is a underestimated way to trace products at the lowest costs in supply chains provided the critical points of supply chains are clearly identified and mastered after initial analytical controls. 
As it was exemplified in a previous European study (Kelda / Keste) sampling large batches such as shipments of several thousand tons is not an easy task. The same apply to sampling in fields. As sampling is also carried out for several other purposes such as mycotoxins, pathogens, allergens, a survey of sampling plans was carried out and the interest of combining different sampling plans tested.

Thanks to the 1829/03 and 1830/03 regulations, detection methods (currently Quantitative Real Time PCR) of EU approved GMOs are all validated through collaborative trials by the CRL (Community Reference Laboratory of the Joint Research Centre at Ispra). However, the implementation of such methods validated by using a particular chemistry and generally a particular kind of apparatus may be costly and thus induce inappropriate analytical costs. Co Extra thus decided to compare chemistries and apparatuses to provide an enlarged freedom to laboratories applying these techniques. Alternative detection methods to PCR were also studied as well as fit for purpose apparatus to be used in fields. More generally speaking, several ways to improve the cost effectiveness of current analytical methods were assessed.

As the GMO production is increasing worldwide, numerous incidents of involuntary release of GMO occurred over the last years. GMO approved earlier in third country (e.g. asynchronous approvals between e.g. USA and the EU) have appeared on the European markets. More worrying, newcomers in GMO production, such as some emerging countries, have developed unapproved GMO which have now reached the European markets. In response to this arrival of several EU unapproved GMO, Co Extra launched studies for developing detection methods for detecting EU unapproved GMOs. The same applied to GMO with stacked genes; some being unapproved though their isolated counterpart may be approved, and to determine accurately the kernels contents of samples having GMO mixtures of stacked and non stacked genes.

In order to retrieve information from stakeholders and share results with stakeholders, a dialogue was initiated through the web site (www.coextra.eu), newsletters, focus groups, and a Stakeholder Advisory Board. In addition, the interviews carried out for the supply chains management and economic studies. This dialogue was also improved during a large study of consumers' attitudes and opinions in several European countries. From some attitudes observed in the focus groups Co Extra started studies on how to solve the issue of "low botanical presence', where , for example a non GMO cargo may be admixed with very low levels of a different GMO cultivar.

The coexistence and the impact of traceability are both legal issues, thus several studies were launched on the current status of coexistence and traceability legal frame, liability and redress mechanisms. As the scientific expertise per se is also prone to legal contests, a study was launched on this, as well a cost benefit analysis from a legal point of view on a supply chain case study.

All the results to be issued from Co Extra are difficult to synthesize in a way that makes them easily made available and mastered, particularly by all stakeholders such as SMEs. This is also true for the laboratories analysts who in routinely face several issues difficult to solve (as for instance the detection of unapproved GMO). Co Extra thus launched a set of modules of a DSS (Decision Support System), integrating economic parts, management of supply chains with decision rules, laboratory analytical parts including careful assessment of the need for detecting unapproved GMOs in a sample.

All together, the 4 years research of Co Extra has been performed by more than 200 scientists, with their teams and has been attempting to provide insights of current practices and solutions to issues as well as providing solutions for unpredictable situations. For the first time, a EU research program has been addressing the whole supply chains, from seeds to retailers shelves, their practices, their requirements for taking into account both their current solutions and providing new ones. The needs of the supply chains and their impact on production of crops provided new questions on coexistence and traceability, including cost and time effectiveness of analytical methods.

The practical implementation of the several observations and solutions developed by Co Extra will have important technical, scientific, economic and legal impacts.
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Bertheau Y, 2009. ¤ Summary of main Co Extra deliverables & results, perspectives, information dissemination & application. CoExtra Conference - GM and Non GM Supply Chains: Their Co-Existence And Traceability - June 2-4, 2009 - AgroParisTech - Paris 75005 France - Programme and Abstracts: Session 6: Experiences from third countries - pp. 79-95. 

http://www.inra.fr/content/download/16700/276597/version/1/file/Co-Extra-Conference-Book-final-low-res.pdf. 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Bez Juergen, Romain Bourgier, James Copeland, Mia Eeckhout, Chema Gil, Nicolas Gryson, ; Morten Gylling, Marianne Le Bail, Baptiste Lecroart, Mariusz Maciejczak, Vladimir Meglic, Klaus ; Menrad, Antoine Messéan, Louis Georges Soler, Mattthias Stolze, Ciro Tapia, Aurelie ; Trouillier, 2009. ¤ Empirical analysis of coexistence in commodity supply chains. CoExtra Conference - GM And Non GM Supply Chains: Their Co-Existence And Traceability - June 2-4, 2009 - AgroParisTech - Paris 75005 France - Programme and Abstracts pp. 25-27
· Abstract: 
Introduction
Coexistence refers to the ability of farmers and consumers to make a practical choice between conventional, organic, and genetically modified (GM) products, based on compliance with the legal obligation for labelling and/or purity standards. Adventitious mixing of GM material with a non GM product can occur at various stages along the product supply chain, from the field where the crop is grown to the handling and processing plant. In the framework of Co Extra, the organization of different supply chains were  analysed and sensitive points and processes were identified with respect to GM and non GM admixture and traceability. Seven commodity supply chains were investigated in various countries: soybean, maize, sugar beet, rapeseed, wheat, fresh tomato and potatoes.

Methodology used 

This empirical analysis of coexistence was based upon supply chain analysis and stakeholders' interviews. Interviews focused upon a general description of companies and processes, and on the solutions currently adopted to deal with coexistence between GM and non GM products. Supply chains have not been faced to the coexistence issue with the same degree, especially due to the fact that only a few GM varieties have been authorized in Europe. Thus, questionnaires also included questions about existing specialties supply chain (such as waxy maize, upper standard rapeseed, erucic rapeseed, etc) to gain an insight into how some stakeholders cope with the coexistence between different types of conventional products.

Results and discussion 

The study of different commodity supply chains enabled the identification of critical points from seed production to retail. Furthermore, different strategies stakeholders may choose were identified, as well as the prerequisites, strengths and weaknesses of different strategies. 

What are the critical points within the supply chains? 
One of the most crucial points in the supply chain is crop production. Admixture at this stage of the supply chain may be spread over many different end product batches and should be thoroughly managed. Admixtures at crop production level may be due to seed impurities, volunteers, cross pollination between GM and non GM crops, and insufficient cleaning of sowing and harvesting machinery in case a non GM crop is sown and/or harvested after a GM crop. The level of risk associated with volunteers, seed impurities, and cross pollination is highly dependent upon the crop biology.

Elevators are identified as one of the main sources of unintended admixture, as in the wheat, soybean, rapeseed, and maize supply chains. There are also risks of admixture the processing level when crushing rapeseed, wet milling maize and processing potatoes. The risks of admixture increase with the number of operators in the supply chain and product flows. Within the processes of storage, processing and trading various critical points were identified. Therefore, the ex ante perception of coexistence feasibility differs from one commodity to another, and from one stakeholder to another. On the one hand, some stakeholders consider that GMO and non GMO are just different commodity qualities and can be processed like any other quality as far as an adapted quality assurance system is undertaken. On the other hand, several stakeholders find it difficult to cope with coexistence and consider that ensuring coexistence between GM and non GM commodities requires restructuring of their process and additional investments. 

What kind of strategies can be adopted to handle issues arising at these critical points? 
At the moment, there is little experience on coexistence between GM and non GM products (mainly soybean and to a lesser extent, maize). Interviews showed that downstream stakeholders require conventional (non GM) products to be compliant with a lower threshold (0.1% or 0.01%) than the 0.9% regulatory threshold. In situations where GM and non GM coexist, strategies adopted to handle coexistence are different between food and feed supply chains. In fact, no labelling rules apply for products derived from animals fed with (non)GM feed. On demand of the retailers, food processors have replaced GM soy ingredients with alternative ingredients derived from none GM critical crops such as sunflowers.For the soybean feed supply chain, systems of identity preservation of non GM products have been introduced in order to guarantee a purity threshold of 0.1%. As a result, an increased level of contract detail and some vertical integration of activities have been observed in the soybean chain. Furthermore, several stakeholders have introduced books of charge, which describe the conditions of production and delivery of specific products, in order to ensure the segregation of GM and non GM flows. Next to production requirements, these books include requirements with respect to sampling plans, GMO detection, registration of activities and management. All activities are inspected by independent third parties. However, as animal product labelling is not possible, the feed industry has trouble in assigning a value to the efforts made by the manufacturers.

At the elevator and processing level, several scenarios for coexistence were identified: (i) spatial isolation (dedicated plants), (ii) line isolation (use of separated production lines), and (iii) temporal specialisation with alternation of products. The dedication of companies or plants to either GM or non GM production offers the lowest risk of admixture. In the line isolation strategy, dedicated production lines are used in the same plant, which increases the risk for admixture and decreases the overall flexibility in the company. Both strategies however may suffer from under capacity use because of changing demands. The temporal specialization of process lines is more flexible but requires regular cleaning of equipments or downgrading of non GM batches. Due to differences in size and structure, the choice for a specific strategy should be taken on a case by case basis and is likely to be driven by market demand.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Bock R, 2009. ¤ Chloroplast transformation and transgene containment. CoExtra Conference -  GM And Non GM Supply Chains: Their Co-Existence And Traceability - June 2-4, 2009 - AgroParisTech - Paris 75005 France - Programme and Abstracts  - Session A1: Methods for Managing Gene Flow - pp. 22-23
· Plants with transgenic plastid genomes (referred to as "transplastomic" plants) provide an attractive alternative to conventional transgenic plants (Ruf et al., 2001; Bock and Khan, 2004) and are increasingly used in metabolic engineering, resistance engineering and molecular farming (Bock 2007a). The plastid transformation technology offers several technical attractions, such as, high level transgene expression (reaching foreign protein accumulation levels of up to >70% of the plant's total soluble protein; Oey et al., 2009), convenient transgene stacking in operons, absence of epigenetic transgene instability (no gene silencing and position effects) and precise transgene integration by homologous recombination (Bock, 2001; Bock 2007a). Furthermore, the increased biosafety provided by transplastomic plants is of particular relevance to future applications of genetic engineering in agriculture and biotechnology. Plastids (chloroplasts) are maternally inherited in most crops. Maternal inheritance excludes plastid genes and transgenes from pollen transmission (Bock 2007b). Therefore, plastid transformation is considered to provide a superb tool to ensure transgene containment and improve the biosafety of transgenic plants. In a large scale study, we have recently assessed how strict maternal inheritance is and how much increase in transgene confinement plastid transformation technology confers. We have developed an experimental system facilitating stringent selection for occasional paternal plastid transmission (Ruf et al., 2007). In a large genetic screen, we detected low level paternal inheritance of transgenic plastids in tobacco (Nicotiana tabacum), one of the currently most preferred species in molecular farming (i. e., the high yield production of pharmaceuticals in plants). While the frequency of transmission into the cotyledons of F1 seedlings was approximately 1.58 x 10-5 (upon 100% cross fertilization), transmission into the shoot apical meristem was significantly lower (2.86 x 10-6). As these experiments address the worst case scenario (100% cross fertilization, strong selection for the transgenic plastids), our data demonstrate that plastid transformation provides a highly effective tool to increase the biosafety of transgenic plants (Ruf et al., 2007). However, in cases where pollen transmission must be prevented altogether, stacking with other containment methods will be necessary to eliminate the residual outcrossing risk. 
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Ceddia GM, Bartlett M, Perrings C, 2009. * Quantifying the effect of buffer zones, crop areas and spatial aggregation on the externalities of genetically modified crops at landscape level. Agriculture, Ecosystems and Environment, Volume 129, Issues 1-3, January 2009, 65-72. 

· The development of genetically modified (GM) crops has led the European Union (EU) to put forward the concept of coexistence to give farmers the freedom to plant both conventional and GM varieties. Should a premium for non-GM varieties emerge in the market, contamination by GM pollen would generate a negative externality to conventional growers. It is therefore important to assess the effect of different policy variables on the magnitude of the externality to identify suitable policies to manage coexistence. In this paper, taking GM herbicide tolerant oilseed rape as a model crop, we start from the model developed in Ceddia et al. [Ceddia, M.G., Bartlett, M., Perrings, C., 2007. Landscape gene flow, coexistence and threshold effect: the case of genetically modified herbicide tolerant oilseed rape (Brassica napus). Ecol. Modell. 205, pp. 169–180] use a Monte Carlo experiment to generate data and then estimate the effect of the number of GM and conventional fields, width of buffer areas and the degree of spatial aggregation (i.e. the policy variables) on the magnitude of the externality at the landscape level. To represent realistic conditions in agricultural production, we assume that detection of GM material in conventional produce might occur at the field level (no grain mixing occurs) or at the silos level (where grain mixing from different fields in the landscape occurs). In the former case, the magnitude of the externality will depend on the number of conventional fields with average transgenic presence above a certain threshold. In the latter case, the magnitude of the externality will depend on whether the average transgenic presence across all conventional fields exceeds the threshold. In order to quantify the effect of the relevant policy variables, we compute the marginal effects and the elasticities. Our results show that when relying on marginal effects to assess the impact of the different policy variables, spatial aggregation is far more important when transgenic material is detected at field level, corroborating previous research. However, when elasticity is used, the effectiveness of spatial aggregation in reducing the externality is almost identical whether detection occurs at field level or at silos level. Our results show also that the area planted with GM is the most important policy variable in affecting the externality to conventional growers and that buffer areas on conventional fields are more effective than those on GM fields. The implications of the results for the coexistence policies in the EU are discussed. 
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Coléno FC, F. Angevin, B. Lécroart, 2009. * A model to evaluate the consequences of GM and non-GM segregation scenarios on GM crop placement in the landscape and cross-pollination risk management. Agricultural Systems Volume 101, Issues 1-2, June 2009, 49-56.

http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6T3W-4W329H2-2-F&_cdi=4957&_user=4296857&_orig=search&_coverDate=06%2F30%2F2009&_sk=998989998&view=c&wchp=dGLbVlz-zSkWz&md5=7bdd8e3729e259c4cf4b451225c3778d&ie=/sdarticle.pdf 

· Under European regulations, a product is labelled as GM (genetically modified) if more than 0.9% of one of its ingredients originates from GM material. During collection, crops from many fields are combined to fill a silo. To avoid the risk of mixing GM and non-GM harvests, it is possible to dedicate a silo to a given crop or to define specific times for GM and non-GM product delivery to silos. To evaluate these scenarios for the maize supply chain, we propose a combination of a model of farmers’ varietal choice (based on profit evaluation at the field level, taking into account transport costs as well as price and cost differences between GM and non-GM products) and a spatially-explicit gene flow model. Consequences of different segregation strategies for collection zone organization can therefore be compared while using the percentage of GM grain in non-GM crops due to cross-pollination. The ‘temporal’ strategy leads to a uniform area of GM or non-GM maize, depending on the prices and the weather risks. The ‘spatial’ strategy leads to areas of either GM or non-GM crops surrounding the corresponding collection silo. GM presence in non-GM batches depends on the size of the non-GM zone and on the prevailing wind. We show how divergent commercial strategies of grain merchants could have consequences on GM presence in non-GM batches.
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de Maagd Ruud A, Boutilier K, 2009. ¤ TransContainer: Overview and Progress. CoExtra Conference -  GM And Non GM Supply Chains: Their Co-Existence And Traceability - June 2-4, 2009 - AgroParisTech - Paris 75005 France - Programme and Abstracts - Session 1: Introductory Presentations : pp. 13-14
· The spread of transgenes from genetically modified crops to conventional and organic crops or to wild relatives remains a source of public and scientific concern in Europe. While movement of transgenes from genetically modified crops approved for cultivation to conventional or organic crops is strictly speaking not a biosafety issue, the EU policy for GMO crops is one of co existence and traceability, i.e. the concurrent existence of all three systems (GMO, conventional, organic) should be facilitated (1). This has led to the development of country specific "co existence measures" regulating the growing, processing, and tracing procedures for GM crops (2). Containment measures may be classified as physical, temporal or biological. Current co existence measures use physical containment, namely minimal isolation distances and pollen barriers, between GMO and conventional or organic crop fields, as well as measures to prevent adventitious mixing during harvesting and processing. 

Co existence of GM and non GM crops may be promoted by the implementation of biological transgene containment strategies, involving modification of the GMO crop in such a way as to minimize the spread of transgenes through pollen, seed or both. The containment mechanism used for a particular crop needs to be carefully chosen for the mode of transgene spread that is most relevant for that crop, and be compatible with the harvested product (vegetative parts, fruits, or seeds). While not the focus of the above mentioned EU policy, biological containment may also be beneficial when the spread of transgenes may be undesirable because of human health risks (pharmaceuticals or raw industrial products) or where outcrossing to wild relatives is a considerable risk. Depending on the particular application, biological containment strategies need to be proven failsafe to varying degrees. 

TransContainer 

The EU FW6 project TransContainer, which is coordinated by the authors, comprises 13 partners from universities, research and government institutes, SMEs and one industrial partner. The project is investigating and developing a number of strategies for biological containment: 
> Plastid transformation as a means to prevent transgene spread; 

> Prevention of flowering as biological containment strategy; 
> Controlling transgene transmission through pollen and seed 

Where necessary, we aim to complement these strategies with tightly controllable switches to restore fertility. The crops used are European crops grown for their seeds (oilseed rape), fruits (tomato and eggplant), or vegetative parts (sugar beet, rye grass, red fescue, poplar and birch). For some of these crops, several strategies are being developed. Besides developing biological containment strategies, the project also: 
> Investigates the impact of the implementation of these strategies on environmental and food safety and on the possible improvement of co existence rules, 

> Assesses the agro economic effects for European agriculture and compares different scenarios for co existence, 
> Invokes stakeholder dialogue on socio economic and environmental issues by holding interviews and workshops for stakeholders and the public, 

> Communicates co existence issues and results of the project to stakeholders and the general public through workshops, the project's website, and production of a DVD. 

The first results on the biological containment technologies of the Transcontainer project are beginning to emerge, and will be discussed (3, 4). Stakeholder involvement has proven to be a difficult task, as a large part of the public and the users (farmers) are only just coming to terms with the introduction of GM crops and the associated co existence measures. As a result, many of the stakeholders are not aware of the different biological containment options or have not had time to consider them. When opinions on this technology have been given, they usually follow the lines of the extremely polarized camps in Europe: proponents welcome the option or think that they are unnecessary, while opponents at best denounce release of all GMOs, and at worst see a plot to get GMO crops accepted or even an excuse to develop GURTs, the infamous "Terminator" technology. 

This work was supported by the EU Framework 6 Programme (Contract nr.023018).
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Demont M, Devos Y, Sanvido O, 2009. ** Regulating coexistence: Another barrier on the path of genetically engineered crops in Europe? ISB News Report April 2009 - Monday, April 6, 2009.

http://www.isb.vt.edu/news/2009/apr09.pdf 
· Full text:
While global cultivation of genetically engineered (GE) crops exceeded 100 million hectares for the first time in 2006, the only GE crop currently cultivated in the European Union (EU) is Monsanto’s Bt maize event MON810. Nevertheless, throughout 2006 and 2007, the area planted with Bt maize, which is resistant to the European corn borer, almost doubled in the EU to reach the 100 thousand hectare milestone, spread over Spain, predominantly, and six other EU Member States.

In 2008, France banned the cultivation of maize MON810 on its territory. Given the specific regulations in the EU on labeling and traceability of GE products and on threshold values for the adventitious presence of GE material in non-GE crop products, the question arises whether GE crops can ‘coexist’ with conventional and organic farming while still preserving consumers’ freedom of choice. 

According to the European Commission (EC), coexistence refers to the ability of farmers to make a practical choice between conventional, organic, and GE crop production while complying with the legal obligations for labeling and/or purity standards3. More specifically, coexistence is concerned with the potential economic impact of the admixture of GE and non-GE crops. The EC published detailed and pragmatic recommendations for the development of coexistence regulations, which are to be developed and implemented at national or regional levels. 

Coexistence can thereby be regulated at two levels: ex post regulations are backward-looking, whereas ex ante regulations are forward-looking. Since the publication of the EC recommendations for the development of national coexistence strategies, Member States have developed a diversity of ex ante regulations and ex post liability rules to ensure the coexistence of GE and non-GE crops4.

Economic incentives for coexistence

In scientific and regulatory communities, the coexistence debate centers mainly on (i) preventive coexistence measures needed to keep the adventitious presence of GE material in non-GE products below established tolerance thresholds, (ii) the feasibility and costs of implementing such measures, (iii) segregation costs and potential economic losses resulting from adventitiously co-mingled products, (iv) who should bear the costs of coexistence measures, and (v) who should redress the incurred economic losses due to adventitious mixing5-7. While these aspects are of fundamental importance when discussing national coexistence strategies, they do not take into account the economic incentives for coexistence.

Economic incentives for coexistence consist either of (i) the adoption of GE crops as a way to capture GE gains or (ii) the identity preservation (IP) of non-GE crops as a way to capture IP gains. GE gains represent economic benefits relating to the adoption of GE crops, whilst IP gains stand for the total additional income generated by price premiums captured for non-GE crops compared with GE crops. If there is a substantial demand for non-GE crops, this will be reflected by a market price premium for IP crops. 

However, if the content of GE material in IP crops exceeds the legal tolerance threshold of 0.9%, non-GE crops have to be labeled as ‘containing GE material’ and commercialized at the same price level as GE crops, without yielding any price premium3. Even though IP crops do not have to be labeled, it is still the case that costly IP activities can be necessary to guarantee the truthfulness of the (implicit) ‘non-GE’ claim.

The balance between GE gains following the adoption of GE crops and price premiums paid for IP crops largely dictates the share of GE and non-GE crops in a given region and therefore the need for explicit coexistence measures5. If one of the incentives is lacking, coexistence is not a concern because either GE or non-GE crops will not be cultivated. Farmers will only adopt GE crops—and thus invest in imposed coexistence measures—if the benefits of using GE crops exceed the costs associated with the technology plus the costs of implementing coexistence measures. Other farmer segments might gain more from preserving the ‘non-GE’ status of their production: where price premiums for IP products can be captured due to higher market prices, farmers opting for non-GE crops will have economic incentives to apply coexistence measures.

Regulating coexistence

Two types of national ex ante coexistence strategies have so far been proposed to keep the adventitious presence of GE material in non-GE products due to outcrossing below legal tolerance thresholds: isolation distances and pollen barriers. Isolation distances are rules governing the minimum distance between GE and non-GE crop fields of the same species. They are an efficient strategy to reduce the extent of cross-fertilization but may not always be feasible in practice, especially in areas where the GE crop is grown on a substantial part of the agricultural area and/or where crop fields are small and scattered throughout the cropped area.

If a farmer’s GE crop field is located too closely to a neighboring farmer’s non-GE crop field and both farmers do not concur with their respective cropping intentions, the GE crop field will have to be planted with other crops or the same crop species but with a non-GE variety. Hence isolation distances normally entail rigidity for the farmer forced to implement coexistence measures. 

Pollen barriers, in contrast, are coexistence measures that give farmers more flexibility, as these consist of field margins planted with non-GE crops of the same species. These serve as cross-fertilization buffer zones between GE and non-GE varieties of the same crops and can be planted on both donor or recipient fields. This introduces a degree of flexibility for the regulation of coexistence, as farmers adopting GE crops could be allowed to contract out the implementation of coexistence measures to their non-GE neighbors in return for a compensatory payment (in case the latter option is cheaper).

Most of the currently proposed coexistence regulations incorporate both ex ante and ex post regulatory rigidity.

Relaxing some of the regulatory rigidity in ex ante regulations would reduce the regulatory burden on GE crops and avoid jeopardizing economic incentives for coexistence5. Instead of specifying fixed isolation distances, policy makers could prescribe mandatory pollen barrier widths, and leave neighboring farmers the option to decide where and by whom the barrier is to be planted. 

However, if any adventitious mixing occurs that affects the welfare of farmers and consumers, GE farmers would be held ex post liable for negligence. Hence, they would have to pay ex post tort liability costs if they did not comply with the ex ante coexistence regulations4. A recent case study focusing on the interplay between incentives and costs of coexistence suggests that large and fixed isolation distances are not proportional to the economic incentives of coexistence7. 

Under low IP gains (when consumers are not willing to pay significant price premiums for non-GE crops), large and fixed isolation distances generate substantial opportunity costs for GE crop producers, as the latter forego GE gains, whilst they are hardly capturing any compensatory IP gains. Under these conditions, if farmers still incur costs due to mere compliance with EU coexistence laws, coexistence costs would not reflect (and hence, would not be proportional to) the economic incentives for coexistence, simply because the incentive— capturing IP gains—is lacking. On the other hand, under high IP gains (when consumers are willing to pay substantial price premiums for non-GE crops), some farmers who forego GE gains will attempt to compensate for these opportunity costs by planting non-GE crops and trying to capture IP gains by avoiding any adventitious mixing from GE crops. However, in doing so, they risk triggering a domino effect at the landscape level that will affect farmers’ freedom of choice to grow GE crops. 

The domino effect is a dynamic spill-over effect of farmer decisions induced by enforcing large isolation distances on potential ISB News Report April 2009 GE crop adopters. It consists of the iterative process of farmers switching their planting intentions from ‘GE’ to ‘IP’ crops to comply with isolation distances and thereby restricting the planting options of neighboring farmers. The domino effect exacerbates the non-proportionality of large isolation distances by reducing GE crop planting options in the landscape and raising opportunity costs for GE crop adopters7.

Farmers will only have an incentive to supply IP crops if consumers have (i) strong and sustainable preferences for non- GE crops and (ii) are willing to pay significant price premiums for them. If the opposite holds, there is no coexistence issue stricto sensu and coexistence costs will purely reflect the costs of compliance with EU coexistence laws instead of the economic incentives for coexistence. Non-GE crops will not necessarily become more expensive in absolute terms. It may well be that, in equilibrium, average crop prices decrease as a result of the cost-reducing effect of the GE technology and negative consumer preferences for GE crops, while IP crops are sold at the pre-existing non-GE crop prices.

Conclusion

Rigid coexistence regulations are not proportional to the economic incentives for coexistence, especially in the absence of strong market signals for non-GE crops. Instead, we argue that flexible measures respect the proportionality condition, are less counterproductive for European agriculture and, hence, are more consistent with the coexistence objectives established by the EC.

Therefore, we recommend flexible ex ante coexistence regulations, complemented by rigid and clearly defined ex post liability rules. Our arguments provide a timely framework for EU policy makers who currently face the challenge of implementing coherent national coexistence regulations for the heterogeneous landscape of European agriculture. 

Hence, to finally respond to our title question, we would argue that regulating coexistence could place another barrier on the path of GE crops in Europe, unless sufficient flexibility is incorporated such that farmers can spontaneously respond to economic incentives.
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Devos Y, Demont M, Dillen K, Reheul D, Kaiser M, Sanvido O, 2009. * Coexistence of genetically modified (GM) and non-GM crops in the European Union. A review. Agron. Sustain. Dev. 29 (2009) 11-30. 

· The adoption of genetically modified (GM) crops in the European Union (EU) raises questions on the feasibility of coexistence between GM and non-GM crops. Regulations to ensure that different cropping systems can develop side-by-side without excluding any agricultural option are currently implemented or developed by member states. The aim of this review is to explore whether nationally or regionally proposed coexistence strategies comply with the general principles established by the European Commission that ask for science-based and proportionate coexistence measures. In the first part, existing legal requirements and potential sources of adventitious mixing are reviewed. It is discussed what type of coexistence measures might be necessary to keep GM inputs below the legal tolerance threshold of 0.9%. Concentrating on cross-fertilisation as the major biological source of adventitious mixing in maize, it is then assessed to which extent available scientific data on cross-fertilisation can explain the diversity of currently proposed isolation distances by several member states. In the second part, it is analysed whether currently proposed isolation distances reflect contending policy objectives towards GM crops that largely exceed the economic scope of coexistence. It is investigated how coexistence is intersecting with a wider debate about the role of GM crops in agriculture. Based on the analysis of existing cross-fertilisation data, it is concluded that some of the currently proposed isolation distances are not in line with the coexistence principles laid down by the European Commission: they are (i) excessive from a scientific point of view; (ii) difficult to implement in practice; (iii) rarely proportional to the regional heterogeneity in the agricultural landscape; and (iv) not proportional to the farmers' basic economic incentives for coexistence. Hence, the range of proposed isolation distances cannot simply be explained by different interpretations of available scientific data, possible error intervals and remaining uncertainties inherent in the scientific process. It is argued that other than scientific issues must be at play. One might thus claim that coexistence has become an arena of contending values and visions on the future of agriculture and on the role GM crops might play therein. 

· (From: [lettreinfopgm] Lettre 137 (17 novembre 08) // Pour les auteurs les différentes distances d'isolement proposées dans divers pays ne peuvent s'expliquer uniquement par les différences des résultats scientifiques, leurs incertitudes inhérentes ou leur interprétation. Les auteurs suggèrent que des arguments autres que scientifiques entrent en jeu et qu'il faut donc considérer que la question est devenue une arène d'affrontement entre différentes valeurs et visions du futur de l'agriculture.//) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Dupont S, Brunet Y, 2009. ¤ Mesoscale dispersal of maize pollen and implications for gene flow. Journal: CoExtra Conference - GM and Non GM Supply Chains: Their Co-Existence And Traceability - June 2-4, 2009 - AgroParisTech - Paris 75005 France - Programme and Abstracts - Session A1: Methods for Managing Gene Flow - pp. 24
·  The growing introduction of genetically modified (GM) crops has generated a host of research efforts aimed at investigating the possibilities for coexistence between GM, conventional and organic farming systems. Published experimental and modelling studies aimed at characterizing pollen dispersal have shown that most pollen emitted by a source field deposits within a short distance from the latter, but also that the observed dispersal functions have long fat tails, making it possible for pollen to contaminate plants at rather long distances.

Such possibility has been recently confirmed from (i) a series of airborne measurements of maize and oilseed rape pollen concentration and viability in the atmospheric boundary layer, (ii) chamber measurements of pollen viability in a large range of temperature and humidity conditions and (iii) observations of fecundations in isolated plots of white kernel maize, at several km from any maize field. In order to better understand long range dispersal of maize pollen an approach has been developed to simulate the trajectories and dehydration of pollen grains in the atmosphere at regional scale. To this purpose the non hydrostatic mesoscale Meso NH model has been modified so as to introduce source terms for pollen emission, conservation equations for pollen concentration and moisture, and a deposition velocity. Simulations have been performed over South West France on several days during the maize pollination period. MesoNH is run in a two way nested configuration including three nested computational domains down to a 2 km horizontal resolution. GIS based landuse maps are used for the surface conditions, featuring all the maize fields of the region, as previously identified from satellite data. Considering several days during which airborne measurements were performed, observed and simulated concentration profiles are found to agree well throughout the atmospheric boundary layer. The simulations allow the pollen plume to be characterized through each day and deposition maps of viable pollen to be produced. The calculated deposition rates at remote distances from the maize fields are in the same range as those observed in situ. The results provide evidence that background fortitious contamination is unavoidable at regional scale. Additional test simulations will be performed using specific landuse patterns in order to quantify the impact of landscape structure on regional pollen deposition.
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Dyer GA, Serratos-Hernández JA, Perales HR, Gepts P, Piñeyro-Nelson A, Chávez A, Salinas-Arreortua N, Yúnez-Naude A, J. Taylor E, Alvarez-Buylla E. R., 2009. * Dispersal of Transgenes through Maize Seed Systems in Mexico. PLoS ONE 4(5): e5734. doi:10.1371/journal.pone.0005734
· Objectives

Current models of transgene dispersal focus on gene flow via pollen while neglecting seed, a vital vehicle for gene flow in centers of crop origin and diversity. We analyze the dispersal of maize transgenes via seeds in Mexico, the crop's cradle.

Methods

We use immunoassays (ELISA) to screen for the activity of recombinant proteins in a nationwide sample of farmer seed stocks. We estimate critical parameters of seed population dynamics using household survey data and combine these estimates with analytical results to examine presumed sources and mechanisms of dispersal.

Results

Recombinant proteins Cry1Ab/Ac and CP4/EPSPS were found in 3.1% and 1.8% of samples, respectively. They are most abundant in southeast Mexico but also present in the west-central region. Diffusion of seed and grain imported from the United States might explain the frequency and distribution of transgenes in west-central Mexico but not in the southeast.

Conclusions
Understanding the potential for transgene survival and dispersal should help design methods to regulate the diffusion of germplasm into local seed stocks. Further research is needed on the interactions between formal and informal seed systems and grain markets in centers of crop origin and diversification.
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European Commission, 2009. £ REPORT FROM THE COMMISSION TO THE COUNCIL AND THE EUROPEAN PARLIAMENT on the coexistence of genetically modified crops with conventional and organic farming. [SEC(2009) 408] http://ec.europa.eu/agriculture/coexistence/com2009_153_en.pdf 
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Lee Bumkyu, Chang-Gi Kim, Ji-Young Park, Kee Woong Park, Hyo-Jeong Kim, Hoonbok Yi, Soon-Chun Jeong, Won Kee Yoon, Hwan Mook Kim, 2009. * Monitoring the occurrence of genetically modified soybean and maize in cultivated fields and along the transportation routes of the Incheon Port in South Korea. Food Control, Volume 20, Issue 3, March 2009, Pages 250-254. 

· In South Korea, imported genetically modified (GM) soybean and maize have been approved for both human consumption and use in animal feed, but not for use in cultivation in fields. This study was conducted to survey the spread of GM soybean and maize in South Korea using multiplex-PCR analysis methods. Cultivated soybean, wild soybean, and maize leaf samples were collected from 26 major areas of soybean cultivation throughout eight provinces. Roadside areas near a major grain port in Incheon were also surveyed to investigate the escape and spread of GM seeds and plants. Amplification results showed that no GM soybean or maize was collected from cultivated fields. However, four GM maize plants were found in samples collected from the roadside near a grain transporting company at the Incheon Port. Based on PCR analysis using GM maize event-specific primers, it was suggested that a maize plant may be Mon810, while the other plants may be stacked events: Mon863 × Mon810 or Mon88017 × Mon810. 
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Husken A, Schiemann J, 2009. ¤ Biological measures for gene flow mitigation. CoExtra Conference - GM and Non GM Supply Chains: Their Co-Existence and Traceability - June 2-4, 2009 - AgroParisTech - Paris 75005 France - Programme and Abstracts - Session A1: Methods for Managing Gene Flow - pp. 17
· WP1 ("Biological measures for gene flow mitigation) of Co Extra is aimed at assessing and developing biological tools and methods to allow producers to grow the kinds of crops they choose with minimal levels of admixture between GM, conventional and organic products. Therefore, the general objective of this WP is to analyse, further develop and validate methods for restricting gene flow during cultivation by removing or reducing the fertility of pollen or seeds as well as to identify the major drivers of pollen flow over fragmented landscapes. It focus on crops for which GM varieties are already approved or close to authorisation (maize and rapeseed), and on crops whose authorisation is expected during the next 5 years (sunflower, tobacco). The main aim of WP1 is to test the stability and reliability of biological containment tools like cytoplasmic male sterility in maize and sunflower, cleistogamy in oilseed rape and plastid transformation in tobacco. Therefore, parameters of gene flow of CMS maize and cleistogamous oilseed rape has been studied under field conditions located at different sites in Europe. Moreover, data mining was performed to gain information about the suitability of chloroplast transformation as a containment strategy.

Tools modelling velocity and pollen concentrations over heterogeneous fields were also developed to assess the cross pollination rates between GM and conventional maize over large distances and fragmented landscapes. Based on gathered data a model of fluid mechanics was successfully validated. Field experiments were carried out to gain information about the major drivers of maize pollen flow over fragmented landscapes. Various factors involved in maize pollen emission and pollen flow were analysed through existing data analysis and due to field experiments. Seed lots are starting points in an ever increasing supply food chain; therefore field experiments of maize seed admixture (1% GM seeds) have been conducted to evaluate the effect of seed thresholds on the final outcrossing rate in the harvest product.

In this presentation, certain results will be presented, which have been obtained in the work package.
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Ivanovska A, Todorovski L, Debeljak M, Dzeroski, S, 2009. * Modelling the outcrossing between genetically modified and conventional maize with equation discovery. Ecological Modelling, 220, 8, 1063-1072
· Many studies explore the feasibility of co-existence between genetically modified (GM) and conventional (non-GM) crops. An important research topic in these studies is the process of outcrossing, i.e., the process of gene flow via pollen flow from GM to non-GM crops. In this paper, we address a new modelling approach to define the environmentally driven processes of outcrossing for maize from existing empirical datasets. In particular, we use equation discovery methodology that combines background knowledge and empirical data from several studies. We induce models that predict the degree of outcrossing rate between the donor (GM) and the recipient (non-GM) maize field from the distance between the fields and the local wind characteristics (speed, direction and duration). This results in highly accurate models, for which both variables (distance and wind) are essential and of roughly equal importance.
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Kempe K, Rubtsova M, Gils M, 2009. * Intein-mediated protein assembly in transgenic wheat: production of active barnase and acetolactate synthase from split genes. Plant Biotechnol. J., 7, 3, 283-97.

http://www.ingentaconnect.com/content/bsc/pbi/2009/00000007/00000003/art00007 
· Engineering traits by the assembly of non-functional gene products is a promising tool for modern plant biotechnology. In this article, we describe the establishment of male sterility and herbicide resistance in wheat (Triticum aestivum) by complementing inactive precursor protein fragments through a split intein system. N- and C-terminal fragments of a barnase gene from Bacillus amyloliquifaciens were fused to intein sequences from the Synechocystis sp. gene DnaB and delivered into the wheat genome via biolistic particle bombardment. Both barnase fragments were expressed under the control of a tapetum-specific promoter. High efficiency of the split barnase system was achieved by introducing GGGGS linkers between the fusion domains of the assembled protein. Depending on the vector version that was transformed, up to 51% of primary transformed plants produced sterile pollen. In the F(1) progeny, the male-sterile phenotype segregated with both barnase gene fragments. Expression of the cytotoxic barnase in the tapetum did not apparently affect the vegetative phenotype and remained stable under increased temperatures. In addition, the reconstitution of sulphonylurea resistance was achieved by DnaE intein-mediated assembly of a mutated acetolactate synthase (ALS) protein from rice. The impacts of the technical advances revealed in this study on the concepts for trait control, transgene containment and hybrid breeding are discussed.
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Layadi Renaud, 2009. ¤ Protecting European quality agriculture: Non GM feed supply and production : The action of the European GM Free Regions 2005 – 2010. CoExtra Conference - GM And Non GM Supply Chains: Their Co-Existence And Traceability - June 2-4, 2009 - AgroParisTech - Paris 75005 France - Programme and Abstracts: Session 6: Experiences from third countries - pp. 75-77

· Europe's agricultural policy at a crossroads 
Since the 1958 Stresa conference, Europe has built a unique tool to promote its agriculture: the Common Agricultural policy. During the 70ies and 80ies, Europe became self sufficient and a major player on world food markets: the European budget being largely directed towards the CAP with more than 50% of the total spending. 

In the 90ies, the context began to change: 

> The historical disagreement between USA and Europe about subsidies changed into a North - South conflict, the Cairns Group of 18 major exporting countries opposing to the USA Europe subsidy policy. The GATT and later the WTO supplied its members with a efficient action and negotiation platform. 
> The extension of the EU with the integration of new members questioned the opportunity to have half of the European budget directed towards CAP. 
> European agriculture realised, under the pressure of Mediterranean countries, that quality agriculture products had to be promoted and issued the AOP IGP regulation including a "cultural" content to foodstuff. Northern countries concentrated on organic farming and also pushed towards a common policy on the subject. 

Quality agriculture in Europe and in our network 

On of the main aspect of the GM Free regions network (44 regions in Austria, Belgium, France, Greece, Italy, UK, Spain) is the very strong presence of quality agricultures: 

> To keep a high quality standard products enabling the sector to employ numerous farmers at work and a lively rural sector. 

> To manage landscape and environment either because there are important needs and/or because it's a component of the region's image. 

> To be able to face a perspective of progressive deregulation of world food markets and competition with globalized foodstuff. 

CAP Reform outlook: towards a strategic alternative 

Although the CAP has been frozen for the next few years, after 2010 one can expect important changes. Following the intense lobbying by the Cairns Group but also other sectors involved in the international negotiations, many productions will have an easier access to European markets: dairy products, poultry, beef, most of which are produced with GM feedstuff. Direct subsidies will be questioned and most probably reduced unless they show unquestionable advantages on environmental (and may be social) issues. 
Regional agricultural networks in all the European regions will be faced with stronger competition and only very few alternatives. 
Either: 

Try to compete with low price products coming from abroad. This first strategy can only be met with industrialisation of European farming: low employment rate, large production units in well organised territories close to logistic facilities and probable use of GMOs in feedstuff. If this model is chosen, our regions' agriculture will not be able to sustain environmental, social or cultural goals. Their specificity will disappear as well as a significant part of rural employment. 

Or: 
Promote specific agricultures to avoid direct confrontation with globalized foodstuff: This second strategy relies on a total quality management scheme including a strong territorial link with social, landscape and environment management issues; it also means that no genetically modified material should be used throughout the production process. AOP IGP, organic and also some private labels are concerned by this market share of the European food market. 
Feedstuff issue and specific agricultures - step 1 accomplished 

Although some countries of the network have taken steps towards self reliance in feedstuff, the ability to keep an imported non GM feed supply is crucial for quality foodstuff production. Today all the regions of the network import soy to increase protein rate into feedstuff and if Europe imports more than 37 million metric tons of equivalent soy cake one can guess that our regions' potential, due to their strong agricultural sector, is at least 10 million metric tons; part of which is being directed to quality agricultures. 

This is the reason why our network has launched a specific action on feed: 

> October 2005, mission of 11 regions to Brazil, meeting with Federal Ministers of Environment (Mrs Silva) and Foreign Trade (M Furlao), letters of intentions with the State of Parana, stakeholders in Parana, Santa Catarina, Goias, visit to producers... 

> December 2007, 1st global non GM feed global meeting organised by our network at the Committee of the Regions in Brussels gathering soy producers from Brazil, Canada, China, India, USA as well as with 117 European businesses collecting meat & milk from more than 680 000 farms, 48 regions, 21 members of the European Parliament... 

> October 2008, 2nd global non GM feed global meeting organised by the non GM Trade in Brussels. Strong attendance from Northern Europe traders official announcement of the creation of the Brazilian non GM soy producers' association (ABRANGE)... 

> January - February 2010, 3rd non GM feed global meeting to be organised by our network at the Committee of the Regions focussed on the use on non GM and its link with quality agriculture. Partnership with AREPO (Association of Quality production Regions of Europe). 

In just 3 years our network has registered valuable successes. Besides raising awareness in the European regions and creating a market intelligence network worldwide, our message expressed right from 2005 about the necessity for Brazilian production to organise has gone through (creation of the ABRANGE). Indian soy production (100% GM Free) is now supplying the EU market, and the perspective of a complete drought in non GM soy supply to Europe seems to have been avoided. 

The next steps - the relationship with consumers 

The issue for our network, now that the non GM soy supply seems secured on the long run, is to value the efforts of non GM soy producers (Brazil, India, Canada, USA, China) and of non GM soy users (European quality productions).

The network has observed with the upmost attention the German non GM feed label, is supporting it's own producers to follow suit and will lobby the European Commission to facilitate the implementation of this kind of tool. That is why non GM feed supply in the next network's business meeting will not be the main subject and regions will prefer to focus on how to value non GM feed use through regional strategies on feed autonomy or success stories of productions that have banned GM feed component imports or productions.
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Lecroart B, Messéan A, Soler LG, 2009. ¤ Modelling coexistence between GM and non GM within supply chains. CoExtra Conference - GM and Non GM Supply Chains: Their Co-Existence and Traceability - June 2-4, 2009 - AgroParisTech - Paris 75005 France - Programme and Abstracts - Session A2: Coexistence and Traceability in Agriculture and Food Production - pp. 28-29.
· Introduction 

Coexistence is an approach allowing farmers to choose between conventional, organic and genetically modified (GM) crops and allowing consumers to choose between different food products subject to obligations regarding labelling and purity. Coexistence between GM and non GM supply chains is a complex issue, because adventitious mixing of GM material with non GM product can occur at any one of the stages of production and anywhere along the supply chain, from the field where the crop is grown to its handling and processing. Another major facet of GM and no GM coexistence is the fact that the GM content of a product is not a visible attribute. Mean to bridge the gap in information do exist (product testing, using model), but they are subject to error. In this paper, we present a simulation model of the coexistence between GM and non GM products along supply chains. More specifically, the framework of the model is inspired by the starch maize supply chain. The aim of this model is to assess the ability of the supply chain to provide final non GM product compliant with a required threshold (0.9% labelling threshold for example) and to discuss the impact of the means to bridge the information gap on this probability of compliance. 

Materiel and Methods 

The model simulates GM and non GM flows, and takes into account admixture and dilution functions between GM and non GM batches along the supply chain. Inspired on the example of the starch maize supply chain, three key stages of the supply chain are considered: grain production at field level, grain collection (including drying), and processing. Firstly, the MAPOD gene flow model (Angevin et al., 2008) is used to simulate GM adventitious presence in non GM harvests due to cross pollination between GM and non GM maize. Within the downstream supply chain, there is only one dryer and one processing plant. Hence, GM and non GM material are successively handled in the same equipments. On the contrary, storage capacities are considered non limiting in the model and admixture due to storage equipments is considered negligible. At the maize collection level, the model simulates on the one hand admixture between several batches blended in a same bin, and on the other hand admixture between succeeding batches during drying process. Finally, the model simulates admixture between succeeding batches at processing. We have adopted a compartmental modelling approach of the process to quantify risks of admixture. 

Stakeholders define the frequency at which GM and non GM flow alternate at drying and processing levels (scheduling parameters). GM and non GM batches are then randomly ordered according to these variables. 

Once sequences of batches have been scheduled, uncertainty remains about the GM content of the batches, all the more that it is not a visible attribute. Three kinds of control system might be set up in the model:

1. Simple traceability: this system allows stakeholders to identify whether the batches comes from either GM or non GM varieties. 

2. Automatic downgrading: the simple traceability system is supplemented by rules on automatic downgrading of non GM batches dried and/or processed after GM batches. 

3. PCR Testing: in addition to the simple traceability system, testing is used to gather information on the non GM batches. The model takes into account the fact that testing can be inaccurate (Starbird, 2007). We assumed a proportional error by simulating measurement uncertainty with a lognormal distribution. Testing can be carried out before and/or after processing. 

Two contrasted sets of admixture parameters (at drying and processing levels) were taken into account for the simulations, corresponding to low and high level of admixture between succeeding lots. In addition, previous studies have highlighted that the distribution of GM adventitious presence in non GM harvests is quite variable among regions (Le Bail et al., submitted). Thus, three contrasted distributions of the GM adventitious presence in non GM harvest were taken into account, in order to assess the effect of the input purity rate on the output purity rate. As far as the scheduling scenarios were concerned, two values of the scheduling parameters were taken into account: 10 and 100.

For scenarios 2 (automatic downgrading) and 3 (PCR testing), the model identifies the strategy that maximises the profit. Profit depends on the number of batches of each type (GM and non GM), on the testing cost and, on the probability that non GM batches are compliant with the required threshold, according to clients testing. Client testing is performed several times and the mean value is considered for the profit calculation. 

Results and discussion 

Work on the simulation model is still on going. Nonetheless, first simulation results show that chain organization, from the upstream producers to the downstream stakeholders, plays a crucial role in maintaining or improving the non GM product compliance with the labelling threshold. In addition, model should allow comparing various strategies. 

References: 

1. Angevin F., Klein E.K., Choimet C., Gauffreteau A., Lavigne C., Messéan A., Meynard J.M., 2008. Modelling impacts of cropping systems and climate on maize cross pollination in agricultural landscapes: The MAPOD Model. European Journal of Agronomy, 28 (3): 471 484. 

2. Le Bail M., Lecroart B., Gauffreteau G., Angevin F., Messéan A., 2009. Effect of the structural variables of landscapes on the risks of spatial dissemination between GM and non GM maize. submitted to European Journal of Agronomy. 

3. Starbird S.A., 2007. Testing errors, supplier segregation, and food safety. Agricultural economics, 36, 325 334.
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Lee B, Chang-Gi Kim, Ji-Young Park, Kee Woong Park, Hyo-Jeong Kim, Hoonbok Yi, Soon-Chun Jeong, Won Kee Yoon, Hwan Mook Kim, 2009. * Monitoring the occurrence of genetically modified soybean and maize in cultivated fields and along the transportation routes of the Incheon Port in South Korea. Food Control, Volume 20, Issue 3, March 2009, Pages 250-254.

http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6T6S-4SJG66N-1-7&_cdi=5038&_user=4296857&_orig=search&_coverDate=03%2F31%2F2009&_sk=999799996&view=c&wchp=dGLzVzz-zSkzk&md5=038d4007d481702223ee63d9943cd19d&ie=/sdarticle.pdf 

·  In South Korea, imported genetically modified (GM) soybean and maize have been approved for both human consumption and use in animal feed, but not for use in cultivation in fields. This study was conducted to survey the spread of GM soybean and maize in South Korea using multiplex-PCR analysis methods. Cultivated soybean, wild soybean, and maize leaf samples were collected from 26 major areas of soybean cultivation throughout eight provinces. Roadside areas near a major grain port in Incheon were also surveyed to investigate the escape and spread of GM seeds and plants. Amplification results showed that no GM soybean or maize was collected from cultivated fields. However, four GM maize plants were found in samples collected from the roadside near a grain transporting company at the Incheon Port. Based on PCR analysis using GM maize event-specific primers, it was suggested that a maize plant may be Mon810, while the other plants may be stacked events: Mon863 × Mon810 or Mon88017 × Mon810.
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Messéan A, Sweet J, 2009. ¤ SIGMEA results on coexistence at the farm level. CoExtra Conference - GM and Non GM Supply Chains: Their Co-Existence and Traceability - June 2-4, 2009 - AgroParisTech - Paris 75005 France - Programme and Abstracts - Session 1: Introductory Presentations pp. 11-12
· In 2003, the European Commission established the principle of coexistence which refers to "the ability of farmers to make a practical choice between conventional, organic and GM crop production, in compliance with the legal obligations for labelling and/or purity standards" and laid down guidelines defining the context of this coexistence1. 
What needs to be accounted for if we are to introduce in a sustainable manner GM crops throughout Europe so that coexistence is feasible? The cross disciplinary European SIGMEA Research Project was set up to provide to decision makers science based information about the appropriate coexistence and traceability measures that would be needed. 

To this end, SIGMEA brought together the principal teams and thereby the principal programmes studying gene flow in a large number of countries across Europe, representing a wide range of agricultural systems including organic farming. 
Within the last 5 years, SIGMEA has (i) collated and analysed European data on gene flow and the environmental impacts of the major crop species which are likely to be transgenic in the future (maize, rapeseed, sugar beet, rice, and wheat), (ii) designed predictive models of gene flow at the landscape level, (iii) analysed the technical feasibility and economic impacts of coexistence in the principal farming regions of Europe, (iv) developed novel GMO detection methods, (v) addressed legal issues related to coexistence, and (vi) proposed public and farm scale decision making tools, as well as guidelines regarding management and governance. 

 SIGMEA has produced a practical toolbox for addressing GM impacts in agriculture: 
1. A unique database including more than 100 data sets on geneflow and ecological impacts which may inform decision makers on factors driving gene flow at the landscape level and on the variability of such processes across Europe, help regulators to set up coexistence measures at National levels as well as help scientists to identify further research priorities in that area. 
2. LandSFACTS is an user friendly windows based software to simulate crop allocation to fields by integrating typical crop rotations and crop spatio temporal arrangements within agricultural landscapes and could be used for a practical implementation of coexistence measures 

3. The generic gene flow platform LandFlow Gene, including validated rapeseed and maize modules, is now available as a prototype. It has been used to assess the feasibility of coexistence at the landscape level under various contexts (climate, landscape, cropping systems, adoption rate) and test the effect of coexistence measures. This platform could be extended to other crops to provide a general framework for informing coexistence in all cropping systems of Europe. 
4. Structural and organisational factors affecting coexistence in practice have been identified and strategies for managing coexistence at the regional level have been proposed; 

5. A user friendly decision support system (SMAC Advisor) to assess maize coexistence feasibility at the field level was designed. 
6. A comprehensive overview of monitoring and legal issues has been provided and general recommendations have been made. 

Altogether, these tools and outcomes can be combined to assess coexistence at various spatial scales (field, farm or region) and various decisions making levels (farmers, elevators, member states, EU). 
SIGMEA findings make it possible to address issues such as "what will happen, in terms of gene flow, if a particular GM organism is introduced into a particular European region?" and "how can crops be deployed at the landscape level so as to maintain the adventitious presence of GMOs in conventional crops within the legal thresholds, or any specific market driven requirements?". 

The outcome of both field and modelling studies carried out in SIGMEA is that best practices for coexistence are highly variable and depend on local characteristics, crop practices, environments as well as farmer strategies and preferences, and that the feasibility of coexistence directly depends on the targeted threshold. 
For maize, coexistence (defined as complying with the official threshold) for hybrid varieties should be achievable through the use of high purity seed, the management of cross pollination by using varieties that flower at different times and/or spatially separating fields, or the installation of buffer zones or the practice of discarding where fields are in close proximity. For low thresholds (0.1%) or in regions with high density of maize, requested measures such as isolation distances may be impossible to implement and a geographical separation between GM and conventional crops is a reasonable solution. For supply chains, such as organic farming - which requires a total absence of GMOs in their crops - coexistence at a local scale is technically impossible. 
Based on regional case studies findings, contrasting global coexistence scenarios may be defined by considering different regulation approaches: 

A "bottom up" approach, which would let the private actors (collectors, farmers) free to choose the best way to achieve coexistence guidelines and to meet regulatory or market based threshold requirements; 
A "top down" approach, based on the strong intervention of public authorities with the implementation of compulsory uniform measures (e.g., isolation distances); and a "third way" approach, which provides a focused response of authorities to lift some constraints on private actors. 

It has been stressed that a coexistence regime based on "uniform isolation distances", as implemented so far in several member states, is not optimal, not proportional and may lead to unnecessary additional costs or render coexistence impossible in practice. SIGMEA thus recommends that coexistence measures should be as flexible as possible and depend on local climatic, agronomic and environmental factors. This approach would lead to more cost efficient measures. However the current regulatory framework to support such an approach is still to be developed. 
SIGMEA has developed tools to support the definition and implementation of flexible measures. Predictive gene flow models are now available (currently only for maize and oilseed rape but easily extendable to other crops). These can help decision makers assess the feasibility of coexistence at the field, farm and silo level for the various targeted thresholds under various environmental and agronomic conditions. In addition simple decision support tools, like SMAC Advisor can be used by farmers or advisors who would like to quickly assess coexistence feasibility using limited amounts of information at a local field level.

1 Commission recommendation of 23 July 2003

 (http://ec.europa.eu/agriculture/publi/reports/coexistence2/guide_en.pdf)
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No author, 2009. $ L'UE appelée à imposer des seuils d'OGM dans les graines « propres ». Eurativ.com - Publié: mardi 3 mars 2009.

http://www.euractiv.com/fr/pac/ue-appele-imposer-seuils-ogm-graines-propres/article-179928 
· Hier (2 mars), l'industrie des graines a appelé la Commission européenne à présenter des propositions attentues depuis longue date fixant des seuils de présence accidentelle d'OGM dans les graines conventionnelles. Selon l'industrie, leur présence peut en aucun cas être évitée. 

=========================================

The lack of thresholds, the industry argues, has lead to an "inadequate patchwork of different rules in different countries" and thus to the absence of a EU single market for seeds. 

The Commission's in-house experts, farmers and EU agriculture and environment ministers have all concluded over the past ten years that there is a need to establish thresholds. But while the EU executive has initiated drafts on the issue, it has yet to table an official proposal. According to sources, this is due to the personal resistance of Environment Commissioner Stavros Dimas to "everything that is related to GMOs". 

The "continuous failure" of the Commission to present a proposal on the issue "deprives Europe's seed industry of legal certainty, the single market and its economic future," according to the European Seed Association. The organisation further argues that the lack of thresholds for seeds is "illogical" as limits have been established for conventional food and feed products. 

"Adventitious presence (AP) of GMOs in conventional seed is technically inevitable and unavoidable," said Olivier Lucas, head of scientific affairs at RAGT, a French breeding and seed production company. "Meanwhile, most member states apply [the principle of] zero tolerance to the presence of GMOs in conventional seeds," he added. 

In the current situation, "our company works in total legal uncertainty," Lucas said, adding that the analytical process for detecting hazardous GMOs in traditional seeds is extremely expensive, further hampering his company's business. 

Asked what kind of threshold the industry could accept, Lucas explained that the current unavoidable presence ranges from 0.1% to 0.9%. If all seeds currently produced were made legally marketable, the threshold would need to be around 0.9%. In the Commission's first draft proposal, dating from 2003, this level was considered far too high by environmental NGOs, which asked for no more than 0.1%. 

While most member states apply the zero tolerance principle, in practice they apply different AP tolerance levels, Lucas continued. "The levels accepted are 0.1% in France, 0.5% in the UK and 0.9% in Romania," he explained. 

Unless the EU clarifies what a "clean seed" stands for, we will have a "civil war in rural areas" over the issue, warned Thor Kofoed, chair of the Copa-Cogeca working group on seeds. 

Kofoed added that if no threshold was set, certified seeds bred and produced by seed companies would become so expensive that farmers would start producing their own, without any traceability or certification on their quality or GMO content. 

Last December EU Environment Ministers concluded that long-term environmental risk assessment of GMOs should be improved and member states allowed to establish GMO-free zones (EurActiv 09/12/08). Furthermore ministers agreed on the need to set Community thresholds for the presence of GMOs in conventional seeds and asked the Commission to adopt appropriate thresholds "as soon as possible". 

The Commission is currently finalising impact studies on the establishement of seed thresholds.
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Palaudelmàs M, Peñas G, Melé E, Serra J, Salvia J, Pla M, Nadal A, Messeguer J, 2009. * Effect of volunteers on maize gene flow. Transgenic Res. 2009 Feb 19. [Epub ahead of print]

http://www.springerlink.com/content/927238150k0m3v12/fulltext.pdf 
·  Regulatory approvals for deliberate release of GM maize events into the environment have lead to real situations of coexistence between GM and non-GM, with some fields being cultivated with GM and conventional varieties in successive seasons. Given the common presence of volunteer plants in maize fields in temperate areas, we investigated the real impact of GM volunteers on the yield of 12 non-GM agricultural fields. Volunteer density varied from residual to around 10% of plants in the field and was largely reduced using certain cultural practices. Plant vigour was low, they rarely had cobs and produced pollen that cross-fertilized neighbour plants only at low-but variable-levels. In the worst-case scenario, the estimated content of GMO was 0.16%. The influence of GM volunteers was not enough to reach the 0.9% adventitious GM threshold but it could potentially contribute to adventitious GM levels, especially at high initial densities (i.e. above 1,000 volunteers/ha).
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Pineyro-Nelson et al, 2009. * Transgenes in Mexican maize: molecular evidence and methodological considerations for GMO detection in landrace populations. Molecular Ecology (2009) 18, 750–761.
 http://www3.interscience.wiley.com/cgi-bin/fulltext/121577870/PDFSTART  

· A possible consequence of planting genetically modified organisms (GMOs) in centres of crop origin is unintended gene flow into traditional landraces. In 2001, a study reported the presence of the transgenic 35S promoter in maize landraces sampled in 2000 from the Sierra Juarez of Oaxaca, Mexico. Analysis of a large sample taken from the same region in 2003 and 2004 could not confirm the existence of transgenes, thereby casting doubt on the earlier results. These two studies were based on different sampling and analytical procedures and are thus hard to compare. Here, we present new molecular data for this region that confirm the presence of transgenes in three of 23 localities sampled in 2001. Transgene sequences were not detected in samples taken in 2002 from nine localities, while directed samples taken in 2004 from two of the positive 2001 localities were again found to contain transgenic sequences. These findings suggest the persistence or re-introduction of transgenes up until 2004 in this area. We address variability in recombinant sequence detection by analyzing the consistency of current molecular assays. We also present theoretical results on the limitations of estimating the probability of transgene detection in samples taken from landraces. The inclusion of a limited number of female gametes and, more importantly, aggregated transgene distributions may significantly lower detection probabilities. Our analytical and sampling considerations help explain discrepancies among different detection efforts, including the one presented here, and provide considerations for the establishment of monitoring protocols to detect the presence of transgenes among structured populations of landraces. 

· (From: AgBioWorld, February 3, 2009 // Transgenes in Mexican maize: molecular evidence and methodological considerations for GMO detection in landrace populations 

A. PIÑEYRO-NELSON, et al, Molecular Ecology (2009) 18, 750-761 doi: 10.1111/j.1365-294X.2008.03993.x (Jardín Botánico; Universidad Autónoma de la Ciudad de México, UC Davis etc.) 

A possible consequence of planting genetically modified organisms (GMOs) in centres of crop origin is unintended gene flow into traditional landraces. In 2001, a study reported the presence of the transgenic 35S promoter in maize landraces sampled in 2000 from the Sierra Juarez of Oaxaca, Mexico. Analysis of a large sample taken from the same region in 2003 and 2004 could not confirm the existence of transgenes, thereby casting doubt on the earlier results. These two studies were based on different sampling and analytical procedures and are thus hard to compare. Here, we present new molecular data for this region that confirm the presence of transgenes in three of 23 localities sampled in 2001. Transgene sequences were not detected in samples taken in 2002 from nine localities, while directed samples taken in 2004 from two of the positive 2001 localities were again found to contain transgenic sequences. These findings suggest the persistence or re-introduction of transgenes up until 2004 in this area. We address variability in recombinant sequence detection by analyzing the consistency of current molecular assays. We also present theoretical results on the limitations of estimating the probability of transgene detection in samples taken from landraces. The inclusion of a limited number of female gametes and, more importantly, aggregated transgene distributions may significantly lower detection probabilities. Our analytical and sampling considerations help explain discrepancies among different detection efforts, including the one presented here, and provide considerations for the establishment of monitoring protocols to detect the presence of transgenes among structured populations of landraces.//) 
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Richey B Jr, 2009. £ Separation Distance to Environmentally Sensitive Areas. GAIN Report Number: GM9005 – 2009
·  Several German states have implemented at least 800-meter separation requirements between biotech corn fields and recognized “environmentally sensitive areas”. Farmers who want to plant biotech corn within this new protection area are requested to provide an environment impact report assuring that no endangered species will be at risk. These statelevel requirements are connected to the German Nature Protection Law and not the Genetech law. Farmers have taken the requirement to court. No similar restrictions exist for other plant protection technologies These state-level requirements are connected to the German Nature Protection Law and not the Genetech Law. Farmers have filed taken the requirement to court. No similar restric tions exist for other plant protection technologies.

· (From: CropBiotech Update 13 February 2009 // German States Implement Biotech Separation Distance
Several German states are implementing an 800-meter separation requirement between biotech corn fields and recognized ‘environmentally sensitive areas’? Authorities based this requirement on the regulations of the German nature protection law and not on the Genetech law. Farmers who want to plant biotech corn within the protection area have to provide an environment impact report assuring that no endangered species will be at risk. They have taken the requirement to court as no similar restrictions exist for other plant protection technologies.//)

See the full report at http://www.fas.usda.gov/gainfiles/200902/146327219.pdf 

· (From: Actualité de la sécurité alimentaire et de la biotechnologie agricole - 20/02/2009 // Allemagne : distance de séparation d'avec les zones écologiquement sensibles.

Source : USDA FAS

Deux états allemands (Brandenburg et Sachsen) ont mis en œuvre les exigences de séparation d'au moins 800 mètres entre les champs de maïs génétiquement modifié (GM) et les " zones écologiquement sensibles " reconnues, telles que les Habitats Faune Flore (FFH), selon ce rapport du Service des affaires agricoles à l'étranger du Département américain de l'Agriculture / U.S. Department of Agriculture's Foreign Agricultural Service (USDA FAS). Les agriculteurs peuvent demander à planter du maïs GM à moins de 800 mètres d'une zone écologiquement sensible, mais pour ce faire, ils doivent soumettre un rapport d'impact sur l'environnement assurant qu'aucune espèce en voie de disparition ne sera exposée au risque. Les agriculteurs ont porté ces nouvelles exigences devant la justice, indique le rapport. Les nouvelles exigences au niveau de l'Etat sont liées à la Loi sur la protection de la nature allemande et non à la loi Genetech. Elles s'appliquent aux agriculteurs qui veulent planter du maïs MON 810, seule culture GM autorisée pour l'exploitation commerciale dans toute l'Union européenne. Pour consulter le rapport en ligne en version originale anglaise, cliquer sur le lien ci-dessous.

http://www.fas.usda.gov/gainfiles/200902/146327219.pdf //)
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Schmidt G, Schroeder W, 2009. ? GIS-based analyses for the potential risk of nature conservation areas by the cultivation of genetically modified plants-effects of isolation distances. Umweltwissenschaften und Schadstoff-Forschung. 21, 1, 76-93

·  Background, Aim, and Scope The introduction of genetically modified plants (GMP) into the European agriculture primarily has been investigated in respect of economical aspects, its impacts on conventional crops, and direct or indirect effects on human health. Potential ecological impacts, especially their long term and large scale implications, were out of focus, usually. A special task is to protect the integrity of nature reserves. According to A 23 of the German Nature Protection Law (BNatSchG) nature reserves are to protect nature and landscape properties by preserving and developing existing as well as by re-establishing biotopes of wild and endangered species. According to A 34a of the BNatSchG the use of GMP has to be accompanied by an environmental impact analysis of possible risks like it has to be done in projects affecting the integrity of Flora-Fauna-Habitats (FFH) or European bird sanctuaries. Considering this, the joint research project "Recommendations for isolation distances concerning the cultivation of genetically modified plants in the neighbourhood of protected areas" which was promoted by the Federal Agency for Nature Conservation (BfN) aimed at describing possible risks for biocoenoses in conservation areas that could be caused by the cultivation of GMP in their vicinity and at evaluating measures which could mitigate or hinder negative effects. The article at hand concentrates on describing the implications which would emerge when introducing different isolation distances concerning the cultivation of herbicide resistant oil seed rape (HR-OSR) and insect resistant maize (B. t.-maize) near protection areas. On the other hand, a methodology is introduced which was developed to classify the German nature reserves according to their potential endangerment by GMP cultivation and to minimise calculation efforts for modelling possible impacts.Materials and Methods In 2003, there were around 7,400 nature reserves which covered 3 % of the whole territory of Germany. A geographical information system (GIS) was used to integrate geometries of conservation areas, land use data (CORINE landcover), agricultural information on district level as well as a map of German ecoregions. At first, it was evaluated how much arable land for B. t.-maize or HR-OSR cultivation would remain if introducing different isolation distances around nature reserves (NSG). Furthermore, the NSG were aggregated to several homogenous classes reflecting different levels of cultivation intensities in their vicinity and different geometric properties. This was realised calculating a geometric coefficient (GC) which describes the ratio of periphery and area of each NSG in order to abstract the risk of GMP invasion. The density of maize and rape cropping near the NSG was expressed by a cultivation coefficient (CC). According to regional agricultural surveys, this was calculated by adding up the area of maize and rape fields within a radius of 1,000 m (maize) and 4,000 m (rape), respectively, around the NSG.Results Considering an isolation distance of 1,000 m around the NSG, 90 % of the farmland in Germany would be available for GMP cultivation. 50 % would remain when establishing an isolation distance of 4,000 m. The combination of GC and CC resulted in a total of nine risk categories (RC) describing the potential risk of endangerment by GMP cultivation in the vicinity of NSG. Areas with highest risk were grouped in RC nine where the smallest NSG (+ GC) in the main cultivation areas of maize or corn (+ CC) were summarised. With a numerical proportion of 7 % those sites cover only 0.4 % of total area of all NSG. All nature reserves showing highest CC values had a total proportion of 60 %.Discussion The derivation of GC and CC was based on a hierarchical approach and was implemented by complex GIS procedures. This makes it easy to calculate additional values for different GMP, protection areas or isolation distances. The RC were useful for choosing representative modelling sites in order to minimise calculation efforts when modelling possible impacts of GMP cultivation in vicinity of nature reserves.Conclusions The assessment of isolation distances around protection areas should be performed for each area individually concerning the GMP specific effects and dispersal properties as well as the protected organisms and the main protection targets. Especially HR-OSR is critical because of its volunteers and hybridisation partners. Another main source of GMP dispersal into protection areas might be the contamination of conventional seeds with transgene OSR seeds.Recommendations and perspectives Before defining and applying particular measures in order to protect conservation areas from possible impacts due to GMP cultivation a political and societal discussion is necessary in order to assess which GMP induced impacts may be tolerated. This has to be supported by additional scientific studies based on empirical and estimated data evaluating possible dispersal distances of GM pollen and possible environmental impacts of released transgenes and their toxins. According to the EU Directive 2001/18/EC the cultivation of GMP should be accompanied by a case-specific monitoring and general surveillance, as well. It should be realised as soon as possible, since the release and the cultivation of GMP in Germany have been started, already. The monitoring should be complemented by the implementation of a web-based geoinformation system (WebGIS) which enables the compilation and evaluation of the data and relevant geodata.
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Snow A, 2009. * Unwanted Transgenes Re-Discovered in Oaxacan Maize. Molecular Ecology (2009) 18, 569–571 - News and Views. 
http://www3.interscience.wiley.com/cgi-bin/fulltext/121668238/PDFSTART   

· In summary, this study confirms what many people have long suspected — that transgenes have entered landrace maize populations in Oaxaca. Based on the scant published literature and the fact that Pineyro-Nelson et al. found some transgenic plants in three communities, we do not have enough information to estimate the frequencies of transgenic plants in this region or others, or to know whether introductions are still taking place. Mexican farmers are known to plant seeds of modern varieties of maize alongside their local landraces (Perales et al. 2003), thereby allowing genes from imported grain to introgress into landraces, perhaps irreversibly. Apparently, DICONSA no longer distributes GM maize, but Mexico still imports yellow GM maize from the USA for foodand animal feed. 

Looking towards the future, containment of commercial maize transgenes will be impossible and eradication from landraces will be difficult (CEC 2004), but preventative measures and confinement of introduced transgenes are viable goals (Bitocchi et al. 2008). Further surveys will be helpful for identifying centres of introduction and preserving essentially GM-free zones of maize landraces in Mexico. Meanwhile, the uneven acceptance of GM crops around the globe will continue to spawn disputes over the sovereignty of national gene pools. 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Stahl L, 2009. ** Management Considerations for Volunteer Corn. Plant Management Network News Number 89: June 16, 2009
·  St. Paul, Minnesota (June 8, 2009)--Significant populations of volunteer corn have been reported in some fields this year. Strong winds that blew corn down last fall just prior to harvest likely contributed to the increase. If volunteer corn is present, be sure weed management strategies address this potential yield robber. 

If volunteer corn is present in Roundup Ready (RR) soybeans and the corn you planted last year was a RR or a RR/Liberty Link (RR/LL) hybrid, you will need to use either a postemergence grass herbicide as a tank-mix partner or cultivate to control the volunteer corn. If you followed Liberty Link (LL) or RR/LL corn with LL soybeans, control options are the same as above. If you planted conventional corn last year, glyphosate (in RR soybeans) or Ignite (in LL soybeans) will provide control of the volunteer corn. 

If you need to add a postemergence grass herbicide as a tank-mix partner to control volunteer corn in soybean, be sure to refer to the product label for the recommended application timing, rate and adjuvants. 

If you planted any of the same corn herbicide technologies this year as last year and wish to control volunteer corn, cultivation is your only option. If you rotated LL and RR technologies, glyphosate can control LL volunteer corn and Ignite can control RR volunteer corn, although Ignite may not be as effective due to its contact activity. 

Just how much can volunteer corn affect yield? Research conducted at South Dakota State University in 2007 found that volunteer corn densities ranging from 800 to 14,000 plants per acre reduced soybean yield from 0 to 54 percent and corn yield from 0 to 13 percent. Research conducted at the University of Minnesota in 2007 found similar results in corn, with yield losses ranging from 0 to 14 percent at Lamberton and 0 to 19 percent at Waseca. Yield losses were highest at volunteer corn populations of 19,348 and 21,152 plants per acre at Lamberton and Waseca, respectively. 

For further details on volunteer corn management, check out the U of M Extension Crop News article “Volunteer Corn Management in Corn and Soybean” by Jeffrey Gunsolus at extension.umn.edu/cropnews. Research results from U of M weed management trials on volunteer corn control can also be found on the Applied Weed Science website at appliedweeds.cfans.umn.edu. Look under Research Reports/Soybean/2007 and 2008. 
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Turrent-Fernández A, Serratos-Hernández JA, Mejía-Andrade H, Espinosa-Calderón A. 2009. ? Propuesta De Cotejo-De-Impacto De La Acumulación De Transgenes En El Maíz (Zea mays L.) Nativo Mexicano / Evaluation Proposal of Possible Impact of Transgene Accumulation in Mexican Maize Landraces. Agrociencia, 1 de abril - 15 de mayo, 2009, VOLUMEN 43, NÚMERO 3, 257-265.

http://www.colpos.mx/agrocien/Bimestral/2009/abr-may/art-5.pdf 

·  liberation of genetically modified maize (GMM) on commercial scale in México, potentially involves the genetic interaction among over 30 independent transgenic events (probably more than 30 different transgenic loci) and more than 50 Mexican maize landraces (MML) in Mexican farmlands. Although the Law of Biosecurity of Genetically Modified Organisms (LBGMO) and its Norms establish the assumption that the control of pollen makes it possible to minimize the genetic interaction between the two maizes, it is possible that the “seedpollen” alternative, not forseen in this law, contradicts the realism of this assumption. The present status of recombinant DNA technology does not allow the predetermination of the transgenic locus of each transformation, thus the more than 30 independent transgenic loci of the seed market would be dispersed in the chromosomic space. This is the central cause of transgene accumulation in the MML, when the GMM and the MML interact genetically, with effects that still unknown. This assay proposes a test of the hypothesis of a damage deleterious threshold of transgene accumulation in each MML. The impact of 10 cycles of crosses between the MML and 32 or more transgenic hybrids is discussed, to obtain populations with individuals that accumulate transgenic weights from zero to 32 or more. Also it is discussed the biological, agronomic and molecular evaluation of the genotypes under study.
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USDA Foreign Agricultural Service, 2009. £ Separation Distance to Environmentally Sensitive Areas.  GAIN Report - Global Agriculture Information Network - Date: 2/6/2009. GAIN Report Number: GM9005.

http://www.fas.usda.gov/gainfiles/200902/146327219.pdf 
· Report Highlights:

Several German states have implemented at least 800-meter separation requirements between biotech corn fields and recognized “environmentally sensitive areas”. Farmers who want to plant biotech corn within this new protection area are requested to provide an environment impact report assuring that no endangered species will be at risk. These statelevel requirements are connected to the German Nature Protection Law and not the Genetech law. Farmers have taken the requirement to court. No similar restrictions exist for other plant protection technologies. These state-level requirements are connected to the German Nature Protection Law and not the Genetech Law. Farmers have filed taken the requirement to court. No similar restric tions exist for other plant protection technologies.

Biotech corn cultivated near environmentally sensitive areas

Summary: In several German states, farmers interested in planting MON810 corn varieties are facing new opposition from regional environmental protection agencies. Environmentalists particularly in States of Brandenburg and Sachsen claim that the cultivation of biotech corn varieties may damage endangered species in protected environmentally sensitive areas. As a result, they have been successful in establishing a new requirement for a 800-meter separation zone between biotech corn fields neighboring “environmentally sensitive areas”. The authorities have based this new separation requirement on the regulations of the German nature protection law. It is possible that other German Laender (State) authorities may follow the Brandenburg/Sachsen example.

Background: Over the past two years, German environmentalists have demanded that state authorities implement separation distances between biotech corn fields and “environmentally sensitive areas”, such as Flora-Fauna-Habitats (FFH). These groups have been successful in Brandenburg, which implemented a minimum 800-meter distance, and in Sachsen, which implemented a 1000-meter distance.

Brandenburg

Specifically, the Brandenburg Ministry of Agriculture and Environment (a Social Democrats run office) argues that the EU biotech approval does not generally supersede national or state nature protection laws. These are two separate unconnected sets of law. The Brandenburg Ministry of Agriculture and Environment contends that the established separation distance to allow coexistence of different farming systems (150 and 300 meters in Germany) is not providing sufficient protection for ecologically sensitive areas. The local nature protection offices in the state are responsible for managing this requirement directly with farmers. Farmers have been sent letters indicating that if they wants to plant biotech corn closer than 800 meters to an ‘environmentally sensitive area, they must provide an environment impact report assuring that no endangered species will be at risk. In the letter to individual farmers, the regional nature protection office in Brandenburg indicates that the Bt toxin is a biocide active agent which is approved for use as an insecticide. It goes on to say that since tests have proven that corn pollen containing the Bt toxin can travel longer distances, it is not guaranteed that the cultivation of Bt corn within the protection zone of 800 meters is not harmful to the neighboring ecologically sensitive system. 

The criteria and contents of the required impact report have not yet been determined by the Brandenburg authorities. There is no indication when it will be made available and how any information provided will be evaluated. Since farmers are not in the position to provide the required scientific impact report cultivation of Bt corn within the 800 meter zone is not possible.

Farmers in Brandenburg have taken legal action against the restrictive 800 meter rule. A decision about the distance requirement is expected for late spring or early summer 2009, too late for 2009 corn planting. The farmers receive support from biotech companies active in Germany.

Sachsen

The State of Sachsen implemented a protection zone of 1000 meters but it has different requirements from Brandenburg. Sachsen authorities will look at each farmer’s intention to plant Bt corn within the 1000-meter zone on a case-by-case scenario. The Sachsen environment protection offices first will do their own pre-impact check to determine whether a specific endangered species is resident in the environmentally sensitive area. If no endangered species are identified, the farmer may be allowed to plant Bt corn in the direct neighborhood of the environmentally sensitive area. If an endangered species is identified, farmers will be required to submit an impact report.

Different Treatment between Bt Corn, Plant Protection Products, and Organic Bt Pesticides

These German states do not have specific rules covering the use of other plant protection chemicals within the 800-meter protection zone. However, there are case-by-case limitations established by the EU depending on the active chemical substance and the topography of the agricultural cropland and the neighboring environment.

Special distance requirements for Bt insecticides used by organic farmers within the separation zone of 800 or 1,000 meters do not exist. Bt insecticides are allowed to be sprayed in direct neighborhood to environmentally sensitive areas.

The EU risk assessment for the approval of the biotech event considers potential risks to sensitive areas. However, this does not seem to satisfy the Brandenburg and Sachsen authorities. Because these environmental regulations are developed and implemented at the state level, the German Federal Government has little control over their development or consistency with EU regulation.

· (From: [lettreinfopgm] Lettre 145 (4 mars 09)// Allemagne : distance de séparation maïs gm et zones écologiquement sensibles. Les états allemands de Brandenburg et Sachsen exigent des distances de séparation de 800 ou 1000 m entre les champs de maïs GM (produisant un insecticide de type Bt) et les " zones écologiquement sensibles ", comme les Habitats Faune Flore. Aucune distance  de séparation n'est demandée pour l'épandage direct d'insecticides de type Bt.//)
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Weider C, Stamp P, Christov N, Husken A, Foueillassar X, Camp KH, Munsch M, 2009. * Stability of Cytoplasmic Male Sterility in Maize under Different Environmental Conditions. Crop Sci 49, 77-84 (2009).

http://crop.scijournals.org/cgi/reprint/49/1/77 

·  Cytoplasmic male sterility (CMS) is a maternally transmitted trait, whereby a plant is unable to produce viable pollen. Studies have revealed that this trait is a tool for enabling efficient and reliable coexistence between genetically modified (GM) and non-GM cultivation by biocontainment of GM maize (Zea mays L.) pollen. Maize has three types of male-sterile cytoplasm (T, S, and C), the fertility of which can be restored by nuclear rf genes or by interactions with the environment. Twenty-two CMS versions of modern European maize hybrids were evaluated in 17 environments in Switzerland, France, and Bulgaria, with two or three sowing dates, in 2005 and 2006. Stable and unstable male sterility occurred in all three CMS types. T-cytoplasm hybrids were the most stable, while S-cytoplasm hybrids often showed partial restoration of fertility. C-cytoplasm was similar to T-cytoplasm with regard to maintaining male sterility. Climatic factors, especially air temperature, evapotranspiration, and water vapor, during the 10 d before anthesis as well as during anthesis, were correlated positively or negatively with the partial reversion to male fertility of CMS hybrids, indicating an interaction between genetic and climatic factors. This study illustrates that T- and C-cytoplasm in particular open up viable prospects for containing transgenic pollen, especially for Bt-maize.
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References of symposia and other meetings concerning pollen flow and cross hybridization from 2005

· Coexistence of GM and non-GM crops: Scientific data, practical applications and perspectives for the next decade; Proceeding Symposium June 9 and 10, 2005 6 Agroscope FAL Reckenholz Reckenholzstrasse 191, CH-8046 Zurich, Switzerland. http://www.ab.ipw.agrl.ethz.ch/documents/Koexistenztagung.pdf  

· 9th ICABR - International Conference on Agricultural Biotechnology: Ten Years After. Ravello (Italy), July 6-10, 2005. http://www.economia.uniroma2.it/conferenze/icabr2005/abstract/ 

· Conference: Coexistence of GM and non-GM crops. Scientific data, practical applications and perspectives for the next decade. Agroscope FAL Reckenholz - Reckenholzstrasse 191, CH-8046 Zurich, Switzerland - June 9 and 10, 2005. http://orgprints.org/7995/01/7995_abstracts.pdf
· Peaceful Coexistence Among Growers of: Genetically Engineered, Conventional, and Organic Crops. Workshop Sponsored by The National Association of State Departments of Agriculture and The Pew Initiative on Food and Biotechnology. March 1–2, 2006 · Boulder, Colorado.
 http://pewagbiotech.org/events/0301/WorkshopReport.pdf
· 9th ISBGMO. The 9th International Symposium on the Biosafety of Genetically Modified Organisms, Jeju Island, Korea, 24-29 September, 2006: biosafety research and environmental risk assessment. 285 pp. International Society for Biosafety Research.
 http://www.isbr.info/isbgmo/docs/9th_isbgmo_program.pdf
· Coexistence entre les cultures génétiquement modifiées, les cultures conventionnelles et les cultures biologiques : liberté de choix. Symposium organisé par la Commission européenne, en association avec la Présidence autrichienne du Conseil - Vienne, 4-6 avril 2006.
 http://ec.europa.eu/agriculture/events/vienna2006/index_en.htm
· 10th ICABR Conference on Agricultural Biotechnology: Facts, Analysis and Policies. Ravello (Italy) June 29 – July 2, 2006. http://www.economia.uniroma2.it/conferenze/icabr2006/ or
 http://www.economia.uniroma2.it/conferenze/icabr2006/abstract/
· 1st. ANR-OGM. Organismes génétiquement modifiés : aspects socio-économiques, alimentaires et environnementaux - Premier séminaire de restitution du Programme ANR-OGM. 14 et 15 décembre 2006 - Ministère délégué à l‘Enseignement Supérieur et à la Recherche Amphithéâtre Gay-Lussac, 1 rue Descartes, Paris

· GMCC07-Third International Conference on Coexistence between Genetically Modified (GM) and non-GM based Agricultural Supply Chains. http://www.coexistence-conference.org/abstracts_GMCC07.htm  or 
http://www.coexistence-conference.org/documents/gmcc07_preface_contents_000.pdf  

· Results from the FAO Biotechnology Forum: Background and dialogue on selected issues. FAO Research and Technology Paper 11. ftp://ftp.fao.org/docrep/fao/009/a0744e/a0744e00.pdf 
· The EFSA's 8th Scientific Colloquium - Environmental Risk Assessment of Genetically Modified Plants - Challenges and Approaches, 20 -21 June 2007, Tabiano, Italy.
 http://www.efsa.europa.eu/EFSA/DocumentSet/sci_coll_8_briefing_notes_for_dgs,1.pdf.
· Proceedings of the Gene Flow - Symposium of the North Central Weed Science Society Annual Meeting. December 12 and 13, 2007, St. Louis, Missouri, USA. www.ncwss.org (see Publication Item) 
· 11th ICABR Conference - International Conference on Economics of Biotechnology (2007) - Agricultural Biotechnologies: New Frontiers and Products – Economics, Policies and Science.
 http://www.economia.uniroma2.it/conferenze/icabr2007/
· GMLS 2008 - International conference on Implications of GM crop cultivation at large spatial scales - 2nd - 4th April, 2008. http://www.gmls.eu/GMLS_Abstracts.pdf
· Séminaire ANR-OGM - 2008 : Programme national de recherches sur les OGM. Séminaire de restitution, 27 et 28 novembre 2008 – Paris
 http://www.inra.fr/les_partenariats/programmes_anr/programme_ogm/seminaire_anr_ogm_200
· EAAE2008 : XIIth Congress of the European association of Agricultural Economists Gent Belgium, 26-29 august 2008. http://www.eaae2008.be/Program.pdf
· 12th ICABR Conference On The Future of Agricultural Biotechnology: Creative Destruction, Adoption, or Irrelevance? Ravello 12-14 June, 2008. http://www.economia.uniroma2.it/icabr/index.php?p=2
· Workshop on Post Market Environmental Monitoring of Genetically Modified Plants:From Data to Conclusions :Next Steps towards Monitoring Practice. Berlin-Dahlem, 24 - 25 April 2008.
 http://www.jki.bund.de/nn_807056/DE/Aktuelles/veranst/pmem__ws__24__250408/home_23.html
· Plant Biology 2005: Saturday, July 16 - Wednesday July 20, 2005 - Seattle, Washington, USA :
 http://abstracts.aspb.org/pb2005/public/
· Plant Biology 2006: Friday, August 5 - Wednesday August 9, 2006 - Boston, Massachusetts, USA :
 http://abstracts.aspb.org/pb2006/public/
· Plant Biology 2007: Saturday, July 7 - Thursday July 12, 2007 - Chicago, Illinois, USA :
 http://abstracts.aspb.org/pb2007/public/
· Plant Biology 2008: Thursday, June 26 - Tuesday July 1, 2008 - Mérida, Mexico :
 http://abstracts.aspb.org/pb2008/public/
· CoExtra Conference -  GM AND NON GM SUPPLY CHAINS: THEIR CO-EXISTENCE AND TRACEABILITY - June 2-4, 2009 - AgroParisTech - Paris 75005 France - Programme and Abstracts
 http://www.inra.fr/content/download/16700/276597/version/1/file/Co-Extra-Conference-Book-final-low-res.pdf 
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Loss of non-GM maize area in 3 different agricultural regions in Austria based on 50% GM-maize cultivation and different isolation distances. Values shown are means of 3 simulations. Mean area of non- GM maize was 78.5 ha (standard deviation = 6.7 ha). 
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Loss of non-GM maize area in 3 different agricultural regions in Austria based on 10% GM-maize cultivation and different isolation distances. Values shown are means of 3 simulations. Mean area of non- GM maize was 141.7 ha (standard deviation = 12.1 ha).











