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yes we can do it !

English lessons
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capacité des agriculteurs à faire un choix effectif 

entre cultures génétiquement modifiées, biologiques et conventionnelles, dans le respect des 

obligations légales en matière d’étiquetage et/ou de normes de pureté
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État membre Maïs conventionnel Maïs biologique 
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• Le Haut Conseil des Biotechnologies
a pour missions d’éclairer le Gouvernement 

sur toutes questions intéressant les organismes génétiquement modifiés ou toute autre 

biotechnologie et de formuler des avis en matière d’évaluation des risques pour 

l’environnement et la santé publique que peuvent présenter l’utilisation confinée ou la 

dissémination volontaire d’OGM ainsi qu’en matière de surveillance biologique du 

territoire (…)

• Comité de surveillance biologique du territoire 

aux distances entre les cultures ou à leur isolement, 
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Photos : Droits réservés 
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le pollueur paye 

pour les effets non-intentionnels et les dommages qui pourraient survenir lors de la 

dissémination volontaire ou la mise sur le marché d’OGM 
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impuretés liées aux graines
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impuretés liées au pollen
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Type de semences OCDE Union 

européenne 

Espagne France 
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En résumé, c’est la pollinisation croisée intra-spécifique qu’il s’agit de considérer chez le 
maïs afin d’être en mesure d’estimer la faisabilité de la coexistence entre différents types 
de production
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1. isoler le champ d'une parcelle de maïs standard (distance supérieure à 100 m) car si 

le maïs waxy est pollinisé par un maïs standard, les grains seront standard ; 

2.détourer le champ avant la récolte, c'est-à-dire ôter les rangs de maïs situés en bordure 

du champ et contaminés par du pollen standard. Les grains « non waxy » sont détectés 

grâce à une solution iodée qui colore les grains contenant de l'amylose ; 

à la réception silo, faire un contrôle de toutes les livraisons. Sécher le grain sur un 

séchoir dédié et stocker dans une cellule à part. Faire des contrôles de la pureté 

variétale à la sortie du séchoir et à l'expédition
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En conclusion, compte tenu, soit de la spécificité du seuil requis pour les produits non-
OGM, soit du principe de proportionnalité, aucun des cahiers des charges existant déjà 
pour le maïs et définissant des mesures au champ n’est directement applicable pour 
l’établissement de mesures de coexistence. 
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Comme pour d’autres espèces, tels le colza et la betterave (Colbach , 2001b ; Sester
, 2008), la modélisation s’est avérée un moyen pertinent pour représenter les 

processus gouvernant les flux de gènes chez le maïs ainsi que les facteurs les influençant, 
pour tester la faisabilité de la coexistence dans des contextes variés et identifier les 
mesures techniques que les agriculteurs devraient mettre en place. 
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Plus général 

Devient quantitatif Plus réel 
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• e.g.
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ex ante
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• Modélisation statistique

• Modélisation mécaniste

• Modélisation théorique 
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Farm Scale evaluations e.g. et al.

et al.



Chapitre 1 - Problématique 

����$ ��� 
�	��
�	����	�	������	�

Modèles de dispersion du pollen 

empirique
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Une approche intermédiaire a été développée, qui peut être qualifiée de quasi mécaniste

 et al.

 et al.

 et al.

Outils d’aide à la décision 
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Farm Scale Evaluations

Comm. pers.
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Chapitre 2 – Conception et évolutions du modèle 
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Modelling impacts of cropping systems and climate on maize cross-pollination in 
agricultural landscapes: The MAPOD model 
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Number of days after flowering onset
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Sampling 
position 
(distance from 
the emitter, 
direction 

Observed 
percentage of 
survival 

Simulated values 

SW Wind: 2m/s Wind recorded 
at Bangor 
(Maine) during 
flowering in 1999

et al

Proportion of blue grains 

Field with 
clover 

Field with 
sunflower 

Simulation result 

(main wind: SW/W) 
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Figure 15A Figure 15B



Chapitre 2 – Conception et évolutions du modèle 



et al.



 et al.



et al

 et 

al.  et al.

 �0 -�	��		���




 et al.

 et al.



Chapitre 2 – Conception et évolutions du modèle 

Required thresholds Distance between plots Proposed strategies 
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Protogynie Faible 
protogynie 

Pas de 
décalage  

Faible 
protandrie 

Protandrie Total 
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Protandrie

Nombre de plantes 
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Cumul de floraison en fonction du temps en jour
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Cumul de floraison en fonction des sommes de 
température
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Jours juliens

Somme de températures en degrés-jours 
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Floraison femelle d'ANTARTIC
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Floraison femelle de la variété Antartic au Magneraud et à La 

Minière en 2001 et 2002 

Floraison mâle de la variété Antartic au Magneraud et à La 
Minière en 2001 et 2002

Somme de températures en degrés-jours 

Somme de températures en degrés-jours
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Année Protandrie Floraisons 
simultanées 

Protogynie 
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� La forme de la dynamique de floraison
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Bordure Reste de la parcelle 
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� La période de floraison

� La prise en compte de la pluie 

� Le pas de temps considéré pour le vent : 

 et al.
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relevés 
journaliers permettant de déterminer précisément les dates de début et de fin floraison

données météorologiques
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Lieu 
Type de climat Années Description Mesures effectuées 

Uithuizen (NL, 
Groningen) 

Eerste Exloërmond 
(NL, Drenthe) 

Tweede 
Exloërmond (NL, 
Drenthe) 

Lelystad (NL, 
Flevoland) 

Schaarsbergen 
(NL, Gelderland) 

Tholen (NL, 
Zeeland) 

Océanique  

et al

Foixà (Espagne, 
Catalogne) 

Méditerranéen 

et al.
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Année Champ % Année Champ % Année Champ % 

0.968

1.723 2.823

1.584 1.51

1.08

1.821
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� Sim 1

NB : calculs pour toutes les années car toutes les données d’entrée sont disponibles 

(27 simulations, correspondant à autant de mesures, cf. Table 15) 

� Sim 2

NB : les simulations ont été faites sur les données de 2004 à 2007 car les observations 

n’ont pas été réalisées en 2008 ; 24 simulations) 

� Sim 3

NB : calculs pour 2006 et 2007 seulement (12 simulations, cf. Table 15) 

� Sim 4D2

NB : calculs pour toutes les années car toutes les données d’entrée sont disponibles 

(27 simulations) 
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Sim1 Sim2 Sim3 Sim4D2 Sim4D3 Sim5

Seuil nig0 nig1 nig0 nig1 nig0 nig1 nig0 nig1 nig0 nig1 nig0 nig1

0,9 % 

VP 3 5 6 7 2 2 3 6 5 6 7 6

VN 17 12 14 13 6 3 18 16 18 16 8 7

FP 4 8 3 4 3 6 2 4 2 4 12 13

FN 3 2 1 0 1 1 4 1 2 1 1

0,1 % 

VP 15 16 15 15 10 10 14 15 16 16 17 16

VN 6 6 7 6 1 1 7 6 7 7 2 1

FP 4 4 2 3 1 1 3 4 3 3 8 9

FN 2 1 3 2 1 1 1

VP : vrai positif ; VN : vrai négatif ; FP : faux positif ; FN : faux négatif

Total des taux mesurés par PCR
Seuil inférieurs au seuil supérieurs au seuil
0.9 % 20 7

0.1 % 15 12
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� Sim 4D3

NB : calculs pour toutes les années (27 simulations) 

� Sim 5

NB : calculs pour toutes les années 



et al.

[ ]−××= MpropGrainGGenomeGM
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NIG0 NIG1 

RMSE RRMSE Biais 
Biais 
relatif 

RMSE RRMSE Biais 
Biais 
relatif 

Sim 1 

Sim 2 

Sim 3 

Sim 4D2 

Sim 4D3 

Sim 5 

NIG0 NIG1 

Sim 1 

Sim 4D2 

Sim 4D3 

Sim 5 

Les simulations 2 et 3 n’ont pas été considérées, compte tenu d’un nombre de données inférieur (24 et 

12) à celui des autres simulations (27). 
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Seuil PCR 0.1 %

Courbe de 
dispersion

NIG0 NIG1

Sim1 0.91 0.88

Sim2 0.99 0.99

Sim3 1.00 1.00

Sim4D2 0.91 0.91

Sim4D3 0.91 0.90

Sim5 0.80 0.69

Pour Sim2 et Sim3, les AUC sont données à titre indicatif, vu le nombre de données inférieur à celui 

des autres simulations.  

0,4
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0,8

0,9

1
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

En termes de prédiction quantitative



En termes de prédiction qualitative pour une prise de décision vis-à-vis du respect d’un 
seuil de 0.1 %
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Chapitre 4 : Utilisations du modèle 

Largeur de 
détourage 

Estimation de la diminution 
du taux de présence fortuite 

Le détourage d’une parcelle consiste à récolter séparément les bordures de parcelles en face d’un 

champ OGM, pour lesquelles la pollinisation croisée est la plus forte, afin de réduire la présence 

d’OGM dans la récolte finale. L’impact de cette mesure est significatif pour des parcelles adjacentes 

ou peu éloignées l’une de l’autre (Angevin et al., 2002). Une largeur de 6 m s’est avérée 

techniquement et économiquement la plus efficace (Bock et al., 2002). Ceci a été confirmé ensuite par 

des essais (Langhof et al., 2010). 
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• biologique

• physique,

 et al.  et al.

  et al.

•

•

•

 entre un champ émetteur et 
un champ récepteur

dans un bassin de 
collecte de 600 ha 

vs
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

Direction du vent

La parcelle non-OGM 

est sous le vent de la 

parcelle OGM 

La parcelle non-OGM 

est contre le vent de la 

parcelle OGM 

Largeur de la 

zone tampon 
9 m 12 m 18 m 9 m 12 m 18 m 

Non-GM crop: 

•

•

GM crop 
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• des mesures individuelles

• combinaisons de ces 
pratiques

• la faisabilité de la coexistence à une échelle spatiale

 et al.

 et al.

 et al.



Chapitre 4 : Utilisations du modèle 

NB : Les décalages de floraison sont exprimés en degrés-jours (° jours dans la table), calculés suivant la 

formule présentée dans l’équation 1 du paragraphe 2.3. Dans les cas étudiés, un jour durant la période de 

floraison représente environ 15 degrés-jours
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NB: Les décalages de floraison sont exprimés en degrés-jours (° jours dans la table), calculés suivant la formule 

présentée dans l’équation 1 du paragraphe 2.3. Dans les cas étudiés, un jour durant la période de floraison 

représente environ degrés-jours.
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pour la coexistence entre îlots

îlots mixtes

variabilité

généricité

l’extrapolabilité
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Isolation distances

P
ar

t 
o

f 
to

ta
l 

n
u

m
b

er
 o

f 
m

ai
ze

 f
ie

ld
s

et al.

��������


�"�����#$%



�"��$%
�

&��'�����������

$%
�

�����	�	
���

�������
��



Chapitre 4 : Utilisations du modèle 

  et 

al.  et al.  et al.

faisabilité

acceptabilité par les agriculteurs

•

•

   et al.  et al.

•

 et al.
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� isolement régional

�L’utilisation des infrastructures des agriculteurs possédant leur matériel de 
séchage et de stockage

�La mise en place de contrats avec les agriculteurs

 et al.

•

•  et al.
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� isolement temporel 

� d’isolement spatial

 et al.
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A theory has only the alternative of being right or wrong;  

A model can have a third possibility, it can be right and be irrelevant. 

Some models have a fourth alternative, they can be wrong, misleading and irrelevant.  

Essentially, all models are wrong, but some are useful;  

the practical question is how wrong do they have to be to not be useful 
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5 Discussion 

Plusieurs questions récurrentes se posent lors de l’établissement de règles d’isolement entre 

cultures et plus généralement lors les études de faisabilité de la coexistence à l’échelle de 

paysages agricoles : 

Quel est l’intérêt d’utiliser un modèle plutôt que d’exploiter des résultats d’essais ? 

Quelle échelle de travail choisir ? Le champ ou d’autres échelles de décision (groupe de 

parcelles, exploitation agricole, bassin de collecte…) ?

Quel type de modélisation privilégier : une approche robuste et générale ou une 

approche décrivant précisément les phénomènes étudiés ? 

Comment évaluer les performances et la pertinence des modèles ? 

Peut-on utiliser un modèle comme MAPOD® pour conseiller les agriculteurs ?

Les trois premières questions ont été abordées dans le paragraphe exposant la problématique 

de cette thèse car elles ont orienté la conception de MAPOD® et les choix de modélisation. 

Les résultats obtenus lors de ce travail de recherche apportent des compléments de réponse 

mais permettent aussi d’éclairer les derniers questionnements. Ce chapitre revient donc en 

premier lieu sur la pertinence des choix méthodologiques ayant présidé à la mise au point du 

modèle au regard des objectifs fixés initialement. Puis les résultats d’évaluation seront 

analysés tant du point de vue du fonctionnement et des améliorations potentielles de 

MAPOD® que des limites qui ont pu être identifiées pour leur interprétation. Enfin, c’est 

l’utilisation de MAPOD® pour l’aide à la décision qui sera discutée.  

Choix méthodologiques 

Les objectifs de l’expertise pendant laquelle MAPOD® a été initialement mis au point sont 

clairement résumés dans son titre : « Isolement des collectes et maîtrise des disséminations au 

champ » (Meynard & Le Bail, 2001), ceci dans le but d’estimer la pertinence et la faisabilité 

d’une filière sans utilisation d’OGM.  

Pour la première partie de l’étude, c’est le choix de la modélisation conceptuelle fondée sur 

des résultats d’enquêtes qui a été fait (Le Bail et al., 2001 ; Le Bail & Valceschini, 2004).

Pour la seconde, c’est le souci d’opérationnalité qui a guidé la stratégie de modélisation. Il 

s’agissait de disposer d’un outil permettant de fournir des recommandations techniques à 

l’échelle du champ ou du groupe de parcelles et, de là, de proposer des scénarios de gestion.  

Comme indiqué précédemment le phénomène de flux de gènes avait déjà été étudié en 

agriculture, notamment pour l’établissement de règles d’isolement en production de 

semences
1

(Cf. § 1.4). Cependant, si les résultats obtenus et publiés à l’époque renseignaient 

sur certains des processus sous-jacents, ils ne permettaient pas de traiter complètement la 

question posée. En particulier, les essais pour tester des pratiques, principalement des 

distances d’isolement, avaient été réalisés dans des contextes climatiques différents de ceux 

où est cultivé le maïs en Europe, ce qui rendait difficile l’extrapolation des recommandations 

émises. Ces acquis ainsi que ceux sur le déroulement de la floraison du maïs ont été mobilisés

                                                      
1
  Les expérimentations dont les résultats sont regroupés dans la base de données établie lors du programme 

européen SIGMEA (Cf. § 1.4) sont postérieures à la mise au point de MAPOD®. 
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Apports et limites de l’évaluation du modèle 

L’objectif de l’évaluation de MAPOD® était de pouvoir associer un risque d’erreur aux 

résultats de simulation et d’indiquer le domaine d’application du modèle, c’est-à-dire préciser 

les utilisations pour lesquelles il était le plus approprié, tout en identifiant les voies possibles 

d’amélioration de l’algorithme. Compte tenu de la structure du modèle, ce processus s’est 

décomposé en une évaluation des modules le composant puis une estimation de la qualité de 

ses erreurs de prédiction, de classement et de décision. 

Comme on l’a vu, le cahier des charges de construction de MAPOD® a défini les types de 

données nécessaires à son évaluation : 

Des données spatialisées fournissant le parcellaire et les allocations de culture de la 

zone à étudier (du champ à champ à la petite région agricole) ; 

Des relevés météorologiques ; 

Des descriptions des systèmes de culture ; 

Des mesures des taux de pollinisation croisée dans les parcelles de maïs réceptrices (par 

utilisation de marqueurs phénotypiques et comptage ou analyse PCR puis conversion en 

nombre de grains).  

Même si c’est l’accessibilité qui a présidé au choix des données d’entrée dans le modèle, elles 

sont de natures différentes, ce qui a des conséquences sur l’exhaustivité et la qualité des 

informations utilisées pour l’évaluation de la qualité globale de MAPOD®. 

En ce qui concerne les parcellaires, la gamme varie entre : 

Des essais champ à champ avec un émetteur et un récepteur de forme géométrique

simple et une description précise de l’échantillonnage permettant une localisation des 

mesures effectuées (Cf. 2.4.1) ; 

Des essais champ à champ chez des agriculteurs avec des parcelles de forme diverse (le 

plus souvent dessinées sur le cadastre) et une localisation plus ou moins précise des 

échantillons dans le champ (Cf. 3.3) ; 

Des suivis dans une petite région agricole pour laquelle une photo satellite est 

disponible sous SIG et dans laquelle les points d’échantillonnage sont positionnés par 

GPS (Cf. § 3.5 et Annexe 3).

L’acquisition des données météorologiques reste une question récurrente pour l’évaluation 

des modèles biologiques. L’incertitude qui leur est relative peut être liée à la précision des 

capteurs ainsi qu’à la distance entre la station météorologique et le lieu d’expérimentation 

(Bellocchi et al., 2010). Ce dernier point a été souligné lors de l’évaluation de MAPOD® 

(Cf. 3.3).

La description du système de culture est précise dans le cas d’essais champ à champ (variété, 

date et densité de semis…) mais le recueil d’informations devient plus complexe à l’échelle 

de la petite région agricole, à plus forte raison quand les résultats sont exploités plusieurs 

années après la mise en place d’un suivi. Dans le cas de la zone de Foixà, cela a abouti à faire 

des hypothèses sur les caractéristiques de variétés qui n’étaient pas renseignées (Cf. 

Annexe 3).
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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
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Materials and methods 

Determination of the possible stacking structures for hemizygous varieties 

Stacking occurs at seed production 
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Stacking occurs at the “model variety” stage 

Determination of the proportions of GM pollen grains emitted by a GM field in 
the case of stacked events 

GM-DNA content at the scale of one kernel 
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Determination of the relationships between the percentage of non-GM flowers 
receiving pollen emitted by the GM field and the percentage of GM-DNA 
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Results  

Possible stacking structures for hemizygous varieties bearing two to four 
stacked events 

Proportions of GM pollen grains according to the stacking structure 
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Relationships between the percentage of non-GM flowers receiving pollen 
emitted by a GM variety bearing two to four stacked events, and the percentage 
of adventitious GM-DNA 

Relationships between the percentage of adventitious GM-DNA, the percentage 
of adventitious GM kernels, and the percentage of non-GM flowers receiving 
pollen emitted by a GM field 

Rates of GM impurities in a non-GM harvest due to seed admixture 

Discussion 

Impact of gene stacking on adventitious GM presence due to pollen flow 

Impact of gene stacking on adventitious GM kernel or GM-DNA presence under 
given farming conditions  
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Impact of gene stacking on the correspondence between percentage of GM kernels 
and percentage of GM-DNA  
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Taking into account gene stacking in adventitious GM presence due to pollen 
flow and seed admixture 

Rates of adventitious GM kernel presence due to combined effects of pollen flow, 
seed admixture, and gene stacking 
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Table 1

DNA ratio  
Embryo 
(X)/endosperm(Y) 

Number of stacked 
events (N) 

Apparent percentage of GM-DNA in a kernel 
bearing N transgenic events (An) 
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Table 2

Type of crossing Probability 
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Table S1

GM embryos GM endosperms GM seed coats 
Ploidy 

Genotypes 

Percentage 
in the final 

harvest 
resulting 

from: 

Pollination of 
conventional 
plants by 
impurities
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Number of 
stacked events (N)

Stacking structure 
number 

Proportion of GM pollen grains emitted by a GM 
field 
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Table S3

N

Relationship between the percentage of non-GM flowers receiving pollen emitted by a GM-field 
( ) and the percentage of adventitious GM-DNA ( ) 
(EN being the average number of GM events per pollen gain) 
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Relationship between the percentage of adventitious GM-DNA ( ) 
and the percentage of adventitious GM kernels ( ) 
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of 
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Stacking 
structure 
number 
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Table S6

Number of 
stacked events 

( ) 

Stacking 
structure 
number 

Percentage of 
non-GM 
flowers 

receiving 
pollen from the 
GM field ( ) 

Percentage of adventitious GM 
kernels ( ) 

Percentage of 
GM-DNA 
( ) 

minimum maximum 

0.58
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Table S7

Number 
of events 

( ) 

Stacking 
structure 
number

Percentage of 
GM-DNA 
(DNA%) 

Percentage of GM kernels 
( ) 

Percentage of non-GM 
flowers receiving pollen 
from the GM field ( ) 

minimum maximum 

1
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Table S8

Zygosity 
Number 
of events 

( ) 

Stacking 
structure 
number 

Rate of GM kernels 
in the harvest 

Rate of GM-DNA in 
the harvest 
(Ximp=Xconv; 

Yimp=Yconv; Zimp=Zconv)
minimum maximum 
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Abacus to account for stacking in pollen flow studies 
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Années Lieu 
Nombre 
de jours 
d’étude 

Intervalle 
moyen entre 

deux mesures 

Intervalle 
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deux mesures

Intervalle 
min. entre 

deux mesures

Nom de la 
variété 

Code 
dans les 
figures 

Date de 
première 

inscription

Zone de 
précocité 
(grain) 

Indice 
FAO 

Obtenteur

Saxxoo 9 2000 C2 350-420 R2N 

PR37F73 91 2006 D 350-420 Pioneer 

DK532 92 2000 D- E1 400-470 Monsanto 
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PR36K67 94 2005 E1 400-470 Pioneer 
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• nE5Bm

• nRam

• LBm

• LRam

nEtot

nEtot = (nE5Bm LBm + nRam x (nE5Bm/2,8 x LRam/5) 

 et al.

Qpollen nEtot
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Calcul du stress hydrique dans le cas de la parcelle 4017. (1) nombre de jours de pluie/le cumul de 
précipitation avant la floraison (les quatre jours précédant la date de floraison) ; (2) idem pendant la 
floraison (les huit jours suivant la date de floraison qui est une date à 50 % de floraison) ; (3) valeur 
choisie pour le stress avant floraison ; (4) valeur choisie pour le stress pendant floraison. 

Année 

Date de 
semis 
(Jours 
juliens) 

Date 
floraison 

(Jours 
juliens) 

(1) 
Pluie avant 

floraison 
(mm) 

(2)  
Pluie pendant 

floraison  
(mm) 

(3) 
Stress avant 

floraison  

(4) 
Stress 

pendant la 
floraison 
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Executive Summary

Consumers, food/feed industry and retailers demand a reasonable degree of choice between

GMO- and non-GMO-derived products. But different modes of agricultural production are

not naturally compartmentalised. If GM crops increase their share in EU agriculture (which is

now minimal) questions arise concerning their possible co-existence with non-GM crops

(conventional and organic) at farm level or regional level. Some of these questions are of

agronomic and economic nature, and these are addressed in this report:

• What will be the levels of adventitious presence of GM crops in organic or conventional

crops, with current farming practices if the share of GM crops increases to 10% or 50%?

The study was done for three crops for which GM varieties are available (oilseed rape for

seed production, maize for feed production and potatoes for consumption), and for several

farm types (both organic and conventional) that were defined to cover the variability present

in EU farming infrastructure. For all crop-farm combinations, a hypothetical share of GM

crops of 10% or 50% in the region was considered. A share of 50% mimics the situation in

countries that adopted GM crops readily (for example the share of GM oilseed rape in Canada

is currently 54%), while the 10% figure represents a scenario of slow adoption of GM crops

in the EU.

In these scenarios, an estimation of the expected levels of adventitious presence of GM crops

in non-GM crops was done with a combination of computer modelling and expert opinion.

The estimations have a strong relative value (i.e. they are useful in predicting the effect of a

change in farming practices) but the absolute figures obtained have to be taken with care since

the models are not yet fully adjusted with field data.

The estimated levels of adventitious presence of GM crops do not change dramatically

between the two scenarios of GM crop share (10% or 50%). A practical consequence is that

measures to prevent adventitious presence of GM crops (see below) may have to be

implemented in the early stages of adoption.

On the other hand, the estimated levels of adventitious presence of GM crops in non-GM

crops - assuming the current farming practices specified in the study- vary significantly

depending on the crop and farm type (for example, as much as 2.2% for a conventional

intensive maize farm or as low as 0.1% for an organic potato farm). In general there is a trend

to expect lower levels of adventitious presence of GM crops on organic farms, because of

segregation systems already in place, but there are notable exceptions. For example in seed

production of rape, organic farms will face higher probability of adventitious presence of GM

crops due to problems in controlling volunteers with organic practices.

Sources of adventitious presence of GM crops are well known, and can be divided into four

main origins (seed impurities, cross-pollination, volunteers and harvesting-storage practices).

The relative importance of each source for the final level depends on the crop and farm type:

volunteers are a key source of adventitious presence of GM crops for rape seed farms

(especially organic) but are of low importance in maize farms, where seed impurities and

cross-pollination account for most of the adventitious presence of GM maize.

• Can this adventitious presence of GM crops in organic or conventional crops be reduced

below certain policy-relevant thresholds with changed farming practices?

Once again the answer depends on the farm-crop combination. The thresholds used in the

analysis are similar to those being discussed in various regulations. These are 0.3% for seed



production of allogamous species (rape) and 1% for maize and potato crops (for food-feed

uses). All farm types producing oilseed rape seed or conventional maize will be able to meet

their thresholds provided they change the set of current farming practices defined in the study.

It should be noted that these current farming practices are a compromise, given the diversity

of European farms in this regard. Therefore, some of the changes proposed (and the estimated

costs associated) could be already in use in number of farms. In some cases (dependent on

farm type) changing farming practices at the individual farm level will be insufficient. In

these cases changes may involve co-operation between neighbouring farms. Examples are the

introduction of flowering time differences between GM and non-GM varieties, or region-wide

border management. In contrast, all potato farm types and some maize farm types (organic)

could meet these thresholds with the set of current farming practices defined in the study

(with all the reservations already mentioned for the value of absolute figures).

• Can adventitious presence of GM crops in organic or conventional crops be avoided?

The possibility of changing practices to meet very low thresholds for all crops, near the

analytical limit of quantification (~ 0.1%) is also considered in the report. This reflects the

situation in organic farming where the use of GM varieties is not permitted (Council

Regulation (EC) 1804/1999), setting a de facto threshold. The report concludes that a 0.1%

limit will be extremely difficult to meet for any farm-crop combination in the scenarios

considered (10% and 50% GMOs in the region), even with significant changes in farming

practices. Perhaps some farm types producing seed of oilseed rape could approach such

thresholds, but only with significant changes of farming practices.

• What is the cost of these changes?

In the analysis all costs are allocated to conventional or organic crop production, including

those affecting primarily GMO production in case of co-operation. Compliance with the 1%

and 0.3% thresholds through changes in farming practices and introduction of a monitoring

system as well as likely insurance needs may result in additional costs of 1% - 10% of current

product price for the farm-crop combinations studied (in the 50% scenario). Exceptions are

found in the production of seed of oilseed rape, where costs can be much higher in particular

farm types (up to 41%). In all cases, monitoring activities account for a large part of the

additional costs. Cost reductions might be possible with segregation becoming an integrated

part of agricultural practices and with decreasing costs of GMO tests. Generally, organic

farms face higher costs (especially indicative insurance costs) per hectare and per tonne than

conventional farms. However, when relating costs to product prices, the price premium for

organic crops may reduce this difference considerably. Costs have been calculated without

taking into account any changes in demand or market prices that would probably accompany

an increased level of GM crops in agriculture.

• Can the different types of production co-exist in a region?

This question has to be examined case-by-case for each crop. However, it seems clear that co-

existence with thresholds in the region of 0.1% is virtually impossible in any of the scenarios

considered. When considering the 0.3% (production of seed) and 1% (food-feed production)

thresholds, co-existence of GM and non-GM crops in a region (with 10% or 50% GMO

share) might technically be possible but economically difficult because of the costs and

complexities of changes associated. This is the case exemplified by seed production of rape.

For potato the costs are much lower and no significant change of practices is needed, so co-

existence could be a reality. The costs and types of adaptation of maize growers put this crop

in an intermediate situation, but some types of conventional, intensive maize farms will have

difficulties in a co-existence situation.



• Can the different types of production co-exist on the same farm?

Finally, cultivation of GM and conventional or organic crops on the same farm might be an

unrealistic scenario, even for larger farms. Due to the importance of volunteers, oilseed rape

seed producers will exclude growing GM crops on the same farm to avoid adventitious

presence of GM seeds in their non-GM seeds. Also for maize and potatoes it would make the

handling of the crops rather difficult.
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reExecutive summary

and conclusions

• This report analyses the need and feasibility 

of changes in agricultural practices to 

ensure coexistence between GM and non-

GM crop production in the EU. The term 

coexistence refers to the ability of farmers 

to choose between conventional, organic or 

GM-based crop production, in compliance 

with the relevant EU legislation on labelling 

and/or purity standards. EU regulations have 

introduced a 0.9% labelling threshold for 

the adventitious presence of GM material in 

non-GM products. Since agriculture does not 

take place in a closed environment, suitable 

technical and organisational measures during 

cultivation, harvest, transport and storage 

may be necessary to ensure coexistence. 

Coexistence measures should make it 

possible for farmers growing non-GM crops 

to keep the adventitious presence of GM 

material in their harvest below the labelling 

thresholds established by Community law.

• A previous set of case studies published by 

an JRC/IPTS-ESTO consortium1 concluded in 

2002 that the need for coexistence measures 

in the EU was not general, and depended on 

the agricultural landscape (size, form and 

relative positions of GM and non-GM plots), 

farm typologies and the crops considered 

(maize, oilseed and potato were studied). 

This report focused on the feasibility of 

coexistence measures designed to be taken by 

non-GM crop farmers if they wished to avoid 

adventitious GM presence above labelling 

thresholds, and the possible economic 

consequences of having to label their crops as 

GM. In 2002, there were still no coexistence 

guidelines or decrees issued by Member 

States, so GM crop farmers were under no 

obligation to take any measure to avoid 

adventitious presence in non-GM crops.

• On 23 July 2003, the European Commission 

adopted Recommendation 2003/556/EC 

on guidelines for coexistence, reaffirming 

that measures for coexistence should be 

developed by the Member States. The 

guidelines specify that those farmers who 

introduce the new production type in a region 

should bear responsibility for implementing 

the farm management measures necessary to 

limit gene flow. Following these guidelines, 

measures currently being discussed by 

Member States are designed to be taken 

by GM crop farmers. Furthermore, since 

seeds may be a source of adventitious 

GM presence in agriculture, the European 

Commission initiated discussions on setting 

specific thresholds for the adventitious 

presence of GM seeds in conventional seeds, 

lower than those allowed in the final crops 

(0.9%). Therefore, seed production might 

have to operate under different coexistence 

requirements than crop production. These 

discussions are still ongoing.

Objectives

• Taking into account these developments, a 

new consortium JRC/IPTS-ESTO was formed 

in 20032 with the task of analysing new case 

studies on how GM and non-GM production 

systems can coexist in the same region with 

the probability of adventitious admixture 

1 Scenarios for coexistence of genetically modified, conventional and organic crops in European agriculture. (2002) DG-JRC-
IPTS-ESTO Technical Report EUR 20394 EN. Members of this consortium were IPTS, INRA (France); NIAB (UK); CEST (UK); 
Fraunhofer ISI (Germany); ADAS Consulting Ltd (UK).

2 Members of this consortium were JRC-IPTS, Empresa Pública Desarrollo Agrario y Pesquero-DAP (Spain), University of Applied 
Sciences of Weihenstephan and Fraunhofer-ISI (Germany), and INRA (France).
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necessary. The specific objectives are to:

- Identify agronomic measures for 

coexistence that could be implemented 

by GM crop farmers and study their 

techno-economic feasibility.

- Introduce the landscape scale for 

estimating gene flow and levels of 

adventitious presence of GM crops in 

non-GM crops. Also, simulate in real 

agricultural landscapes the efficacy and 

feasibility of coexistence measures.

- Identify and evaluate specific measures 

needed to meet the thresholds being 

discussed for seed production. Also, 

describe how different levels of initial seed 

purity affect the final level of adventitious 

presence in the crops produced.

- Study the effects of long time periods 

on the level of adventitious presence 

of GM crops. This is relevant for crops 

producing seeds with a long life and 

dormancy period, which can build 

banks of GM seeds in the soil.

Case studies: scope and methodological 
approach

• The case studies selected are seed and crop 

production of maize, sugar beet and cotton 

(plus oilseed rape for the analysis of coexistence 

over time) in defined EU regions. Maize is the 

only major GM crop authorised for cultivation 

in the EU and is thus a priority for coexistence 

research. The other crops are among the list of 

GM varieties in the development/authorisation 

pipeline3. The scope of the studies is agricultural 

production up to the farm gate.

• The report considers two scenarios for the 

presence of GM crops in the landscape 

(10% and 50% share of GM varieties in the 

respective crop) and different target thresholds 

for the level of adventitious GM presence: 

0.1% and 0.9% for crop production and 

0.1%, 0.3% and 0.5% for seed production.

• For each case study, the report (i) identifies 

key sources of adventitious GM presence 

in non-GM crops, (ii) estimates the levels 

of adventitious presence (expressed as the 

percentage of seeds, grains or roots harvested 

that are GM) with current and adapted 

farming practices, (iii) proposes adapted 

agronomic practices and technical measures 

to reduce adventitious presence to desired 

thresholds and (iv) evaluates the techno-

economic feasibility of such proposals.

• To estimate the levels of adventitious GM 

presence and the effect of changes in farming 

practices, a combination of expert opinion 

and gene flow models are used. These models 

can operate at landscape level, and take into 

account agricultural practices, climate and 

crop rotations.

• The report describes in specific appendixes 

the status of validation of these models 

with field data, a process that is on-going. 

In addition to the prediction of adventitious 

presence levels, the ability to simulate, 

compare and rank specific coexistence 

measures according to their efficiency is 

what makes models a unique tool for the 

purpose of these case studies.

Coexistence in maize crop production

• Maize is a major crop in the EU. Grain 

maize is grown for its dry seed, which is 

processed into a range of animal and human 

foods. France is the leading EU grower of 

grain maize (nearly 2 million hectares), 

and GM maize is the only GM crop grown 

commercially in the EU (mainly in Spain, 

where 58 000 hectares were grown in 2004). 

The region of Poitou-Charentes accounts 

for 12% of maize production in France and 

is selected as a case study because of the 

potential adoption of GM maize varieties 

(for controlling weeds and/or corn borer 

infestations) and the availability of a digitised 

dataset on the maize field landscape.
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measures to reduce it

• Three key sources of adventitious presence are 

identified for maize crops: traces of GM seeds 

in non-GM seed lots, cross-pollination from 

neighbouring GM fields, and the sharing of 

harvesting machinery between GM and non-

GM fields. For current GM maize varieties, 

simulations using the MAPOD® model show 

that the contribution of initial seed impurities 

to final adventitious GM presence is roughly 

additive. Different levels of GM traces in seeds 

(ranging from 0.01% to 0.5%) are considered 

in the report for quantifying the final 

adventitious GM presence in the crop. Based 

on expert opinion and a literature review, it is 

estimated that the contribution of harvesting 

machinery ranges from 0% (dedicated 

harvesters) to 0.4% (shared harvesters and 

lack of cleaning practices).

• The contribution of cross-pollination and 

the strategies to reduce it are first tested by 

performing simulations with MAPOD® 

in a simple one-field to one-field design. 

Simulations show that two variables related 

to the agricultural landscape (the relative 

position of GM and non-GM fields with 

respect to dominant winds and the relative 

sizes of neighbouring GM and non-GM 

fields) have a major effect. Since these 

parameters are difficult to change, the 

impact of three measures targeting GM 

crop growers in order to reduce gene flow 

is simulated. The most robust strategy 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 losses4.

• A decision table is provided in the report to 

determine the isolation distances necessary 

to keep adventitious GM presence due to 

gene flow below a desired threshold, for 

different field sizes and wind orientations. 

The decision table also shows how 

isolation distances can be reduced when 

combined with non-GM buffer strips of 

different widths and/or with flowering time 

lags. By adding the contributions from 

seed impurities and harvester sharing, the 

table offers a decision tool for selecting 

coexistence measures in maize.

Feasibility of coexistence at landscape level

• The one-field to one-field simulations 

show the importance of considering actual 

agricultural landscapes when estimating 

gene flow. A digitised version of the 23 000 

ha maize landscape5 of Poitou-Charentes, 

including the spatial distribution of maize 

fields, areas, perimeters and owners, is used as 

the input to the MAPOD® model. Estimations 

of adventitious presence levels due to cross-

pollination are then carried out in actual 

maize field landscapes. Simulations with 

MAPOD® are also used to test the regional 

impact of selected coexistence measures 

(found to be efficient in the previous section). 

Adding the contributions due to seed impurity 

and shared harvesters allows the feasibility of 

coexistence to be studied at regional level. 

This is expressed in the report as the share of 

maize area in the region able to comply with 

a target coexistence threshold.

3 “Review of GMOs under research and development and in the pipeline in Europe” (2003) DG JRC-IPTS-ESTO Technical Report. 
European Commission (EUR 20680 EN).

4 A potentially effective measure is the use of different sowing dates for GM and non-GM varieties, which will result in different 
flowering dates. While this is rather difficult in the region studied, due to the narrow window of suitable weather conditions for 
sowing, it may be a measure worth considering in other maize regions, particularly further south.

5 The geographic information system (GIS)-based dataset was kindly provided by the Joint Research Centre - Institute for 
Protection and Security of the Citizen (JRC-IPSC).
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maize fields are clustered (grouped around 

water supply points). These clusters vary in 

area and number of farmers owning one or 

more fields within a cluster. Farmers may 

decide to cultivate only one type of maize 

in each cluster, which reduces the analysis 

to coexistence between different clusters. 

However, there will be cases where farmers 

do not agree and will grow GM and non-

GM maize fields in the same cluster, 

making it necessary to analyse intra-cluster 

coexistence.

• Coexistence between clusters is fairly easy. 

Levels of adventitious presence below the 

0.9% target can be achieved simply by 

cleaning shared harvesters, whatever the 

proportion of GM maize in the landscape 

(10% or 50%). Coexistence between clusters 

may be feasible for thresholds lower than 

0.9%, but then there is a need to introduce 

additional measures.

• Intra-cluster coexistence is also possible at 

regional level. In fact, if shared harvesters are 

cleaned, the majority of the maize area (85%-

90%) would comply with a 0.9% threshold. 

The remaining area corresponds to fields 

particularly affected by cross-pollination 

(e.g. a small non-GM field downwind of GM 

fields). Achieving 100% compliance of the 

regional maize area for a 0.9% threshold is 

possible, but requires additional measures. 

Simulation results offer numerous solutions, 

from single measures (isolation distance) 

to combinations of reduced distances and 

buffer strips. Ensuring coexistence intra-

cluster coexistence at 0.1% would not be 

technically feasible.

• Reducing the maximum adventitious 

presence of GM seeds in initial seed 

lots6 would allow less strict coexistence 

measures to be adopted at crop level (e.g. 

reduction of mandatory isolation distances). 

However this entails the introduction of new 

coexistence measures and costs for maize 

seed production (see seed section below).

Economic consequences of coexistence measures

• A particular feature of mandatory isolation 

distances is that they do not affect all farmers 

equally, because the distribution of maize fields 

is not random. Farmers whose neighbouring 

fields lie beyond the isolation distance will 

not face economic constraints in deciding 

whether or not to plant GM varieties and will 

experience no economic impact at farm level. 

Using an actual maize landscape, the report 

studies what proportion of fields and farms 

would be affected in Poitou-Charentes by 

different isolation distances. It therefore offers 

a tool for reducing isolation distances to values 

that are effective but minimally disruptive (for 

example in combination with other measures).

• Farmers intending to use GM varieties but with 

neighbouring non-GM maize fields within 

the isolation distance will be constrained in 

their choice. Consensus expert opinion is that 

farmers will manage these fields by sowing 

non-GM maize. The economic consequences 

would then be related to the opportunity 

cost of not growing GM maize. At farm 

level, this cost amounts to the difference in 

economic performance between the GM and 

non-GM maize varieties7. At regional level, 

the economic effects will depend on the 

landscape area affected. Other aggregated 

economic consequences of a reduced use 

of GM crop varieties at regional level would 

need further study.

6 In the simulations, seed impurities ranged from 0% to a maximum of 0.5%.
7 No data on economic performance is available for the region studied since GM maize is not yet grown, and no ex-ante studies 

have been performed. Ongoing JRC studies are assessing the economic performance of GM and non-GM maize in Spain, the 
only EU country where there is significant cultivation.
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re• The economic consequences for GM farmers 

of introducing mandatory non-GM buffer 

strips again are related to the opportunity 

cost of not growing GM maize. At farm level, 

the impact on gross margins will depend on 

several factors, including the width of the 

strip and the size of the field (impacts will be 

higher for farmers with smaller fields, who 

will be more likely to opt out GM varieties if 

buffers strips are mandatory).

• The effectiveness of cleaning harvesters 

between GM and non-GM fields for 

coexistence is clear. A cost of €50-60 per 

cleaning operation is estimated. This can be 

reduced by organising the harvest of GM 

and non-GM varieties in different periods to 

reduce cleaning operations.

Coexistence in maize seed production

• France is the leading maize seed producer 

in Europe and 50% of seed production is 

concentrated in the South-West (used as 

a case study). Maize varieties are hybrids 

and therefore seed production plots are set 

up with separate rows of male lines and 

female lines. Such a production scheme is 

much more sensitive to cross-pollination 

from neighbouring fields than maize crop 

production. Seed production is carried out 

through contracts between seed companies 

and farmers under strict statutory measures 

(including isolation distances) to ensure 

purity and quality. This often includes 

organising groups of fields dedicated to seed 

production in clusters.

• Different thresholds for the presence of GM 

seeds in maize seeds are being discussed. 

The current production regime requires 

the complete absence of seeds other than 

maize, but has no specific thresholds for 

varietal purity (the presence of other maize 

varieties). However, seed operators have 

for years visually recorded impurities due 

to cross-pollination. In seeds produced in 

recent years, visually recorded outcrosses 

have fallen to an average ~0.3%, although 

a significant proportion of lots (30-40%) still 

exceeds this level.

• For maize seed production, cross-pollination 

is considered the only source of adventitious 

GM presence. The contribution of basic 

seeds and machinery use is considered nil 

in current production regimes. Since maize 

seed fields and crop fields are quite different 

in their pollen production and sensitivity 

to cross-pollination, two situations must be 

considered: coexistence between GM and 

non-GM seed fields (seed-seed coexistence) 

and coexistence between non-GM seed 

production and neighbouring GM crop 

production (seed-crop coexistence).

Seed-seed coexistence

• Seed production is organised in clusters 

of plots. Ensuring coexistence between 

GM and non-GM maize seed production 

plots would not require significant changes 

in current production techniques for a 

threshold of 0.5%, other than having GM 

and non-GM plots of similar sizes. For a 

0.3% threshold, additional measures need 

to be taken. A decision table based on 

MAPOD® simulations is included to present 

the efficiency of different strategies. For 

example, arranging GM and non-GM seed 

plots to ensure optimum orientation with 

respect to the dominant wind direction or, if 

not feasible, increasing the current isolation 

distance are efficient measures. This is 

technically feasible since such arrangements 

could be specified in the contracts between 

the farmers involved in the same seed 

production cluster and the seed companies. 

A 0.1% threshold is not obtainable in 

practice under these conditions.

• The economic consequences of additional 

measures for GM seed farmers are variable 

(depending on relative field sizes and the 

precise combination of measures), but may 

exceed 20% of the gross margin, assuming 
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for GM and non-GM seeds. It would then 

be unattractive to produce GM maize seed, 

unless isolated clusters of suitable fields are 

found.

Seed-crop coexistence

• Ensuring coexistence between GM maize 

crop fields and non-GM seed production is 

difficult to achieve even for a 0.5% threshold. 

Among the potential measures targeting GM 

crop growers, increasing isolation distances is 

technically the most efficient. Implementing 

these distances (in the range of 400-600 m) 

would lead in practice to the exclusion of 

GM crop maize production from the vicinity 

of areas with significant seed production. 

The most likely alternative for farmers would 

be to grow non-GM crop maize, where the 

analysis of economic consequences is then 

similar to that developed above for crop 

coexistence and isolation distances.

Coexistence in sugar beet production

• Sugar beet is cultivated for its root and 

harvested before flowering. Bolting 

(premature flowering) and cross-pollination 

in sugar beet production could result in the 

presence of GM weed beets in non-GM 

fields, but not in the admixture of GM and 

non-GM sugar beet roots in the harvest. 

The only significant source of adventitious 

presence of GM sugar beet roots in the 

harvest of non-GM fields is the initial 

presence of GM seeds in seed lots. Where 

the adventitious GM presence in non-GM 

seeds remains below the set threshold, there 

is no need for specific coexistence measures 

for sugar beet crop production.

• Sugar beet seed production is strictly regulated 

and carried out under contracts with seed 

companies. Farmers must comply with 

measures to minimise gene flow between 

beet forms. Under the current “inter-

professional agreement” in France, an overall 

varietal impurity of 0.2% is acceptable, with 

a maximum of 0.1% annual beet and 0.1% 

red and fodder beet. For lots with a higher 

varietal impurity, acceptance depends on 

case-by-case negotiation. Compliance with 

these existing rules should be sufficient to 

limit adventitious GM presence in non-GM 

seed production to a 0.5% threshold.

• Additional measures have been recommended 

to ensure that such levels are maintained in 

the long term and even reduced. Depending 

on the target threshold (0.1%, 0.3% or 0.5%), 

additional costs would range from 6-14% of 

the gross margin.

• For the case of herbicide-tolerant sugar 

beets, the report evaluates the efficacy of 

measures designed to successfully manage 

the appearance of herbicide tolerant GM 

weed beet. The appearance of GM weed 

beet in neighbouring fields does not 

translate in adventitious presence of GM in 

the final crop (roots), and therefore is not 

a coexistence issue sensu stricto, but an 

agronomic problem that can cause conflict 

between farmers.

Coexistence in cotton production

• Cotton is the most important non-food crop 

world-wide and cultivation of GM varieties is 

widespread. No GM variety is yet authorised 

for cultivation in the EU but several are in 

the regulatory pipeline. The agricultural area 

devoted to cotton in the EU is small but the 

crop is economically very important for some 

regions. The case study looks at Andalusia 

(southern Spain), with over 80 000 ha of 

cotton fields. Cotton is mostly autogamous 

and cross-pollination is negligible.

• Provided the adventitious GM seed presence 

in non-GM seeds remains below 0.5%, 

practices based on cleaning machinery are 



15

N
ew

 c
as

e 
st

u
d

ie
s 

o
n

 t
h

e 
co

ex
is

te
n

ce
 o

f 
G

M
 a

n
d

 n
o

n
-G

M
 c

ro
p

s 
in

 E
u

ro
p

ea
n

 a
g

ri
cu

lt
u

reenough to keep the adventitious GM presence 

below 0.9% for cotton crop production.

• To comply with a threshold of 0.5% 

adventitious GM presence in cotton seed 

production, no additional measures are 

required beyond those already in place 

for certified cotton seed production, so 

no extra costs have to be calculated. The 

report presents a set of stricter practices for 

achieving lower thresholds in seed and crop 

production and estimates the additional costs 

involved.

Effect of seed purity and long time 
periods on adventitious GM presence in 
oilseed rape

• Coexistence measures for oilseed rape 

crops were addressed in a previous study. 

Two issues are covered in this report: 1) the 

impact of different initial seed purity levels 

on final adventitious presence and 2) the 

effect of long time periods (over 50 years) on 

adventitious GM presence. This is relevant 

because oilseed rape has seeds that persist in 

the soil for long periods.

• The GeneSys-rape model is used for 

simulating adventitious presence in a number 

of farm types. The contribution of initial seed 

impurities to final adventitious GM presence 

is roughly additive for all types of farm. 

Cross-pollination and seed persistence in the 

soil remain the main source of adventitious 

GM presence. Only for very large fields 

(where the effect of cross-pollination is 

diluted) is seed impurity the main source of 

adventitious presence. Assuring seed purity is 

therefore not enough to achieve coexistence 

in oilseed rape and specific measures need 

to be evaluated.

• GeneSys-rape simulations show that, after 

the introduction of GM varieties in a region, 

the rates of adventitious presence will 

not increase significantly after the second 

rotation of oilseed rape (simulations up to 

50 years). A significant exception is that of 

farms not buying certified seed but using 

farm-saved seeds, which led to a continuous 

increase in adventitious presence over time.

General conclusions

• On the basis of the model simulations and 

expert opinions gathered in this report, for 

the case studies covered (maize, sugar beet, 

cotton), coexistence in seed production is 

technically feasible for a threshold of 0.5%, 

with few or no changes in current practices. 

For maize, this holds true for coexistence 

between non-GM and GM seed production. 

However, coexistence of non-GM maize 

seed production with GM maize crops 

would need changes in current practices, 

namely introduction of larger isolation 

distances (from the current 200-300 m 

distances to 400-600 m).

• If GM presence in seeds does not exceed 

0.5%, coexistence in crop production is 

technically feasible for the target threshold 

of 0.9%. For maize, additional measures are 

needed for some specific situations defined 

by climatic, landscape and agronomic 

parameters. The report evaluates measures 

found to be technically simple and 

effective. These measures, targeting GM 

maize growers, have variable farm-level 

economic consequences that will affect the 

farmer’s decision whether or not to grow 

GM maize varieties.

• The report illustrates the power of novel 

gene flow models that actually take into 

account the spatial patterns of landscapes 

and agricultural practices. It is now possible 

to estimate levels of adventitious GM 

presence in non-GM production resulting 

from multiple fields and sources, over 

extended time periods, propose numerous 

coexistence measures and quickly test their 

feasibility and consequences at regional 

level. The information obtained from model 
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presented in this report, is valuable for 

helping decision-makers set up coexistence 

strategies. Models simulations are not a 

substitute for field experiments, but a way 

of overcoming the limitations (time scale, 

spatial coverage, costs) inherent to field 

work.
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