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ABSTRACT

The introduction of genetically modified (GM) crops in the
European Union (EU) demand specific management. The EU
recommendations for the management of different agricultural
practices are oriented towards the sustainable agriculture in
the frame of flexible coexistence. Coexistence may be affected
by the adventitious presence of genetically modified
organisms (APGM) in non-GM crops along the supply chain.
Various biological and environmental parameters as well as
technical management have influence on the occurrence and
the degree of APGM. These parameters are being used for the
development of preventive coexistence measures in individual
EU countries. Applicability of the prescribed coexistence
measures is critically reviewed, also in the view of possible
introduction of GM maize cultivation in Slovenia. From the
review, it is concluded that some coexistence measures are not
in line with coexistence principles because they demand
excessive work and are sometimes difficult to implement in
practice. Alternative cooperation of different cropping systems
are discussed for potential future implementation. The review
is focused on maize, the predominant GM crop cultivated in
the EU and an interesting crop for cultivation in Slovenia.
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IZVLECEK

NENAMERNA PRISOTNOST GENSKO
SPREMENJENE KORUZE IN MOZNOSTI
SOOBSTOJA

Uvajanje gensko spremenjenih (GS) rastlin v pridelavo v
Evropski uniji (EU) zahteva posebne ukrepe za zagotavljanje
soobstoja  razlicnih  sistemov  pridelovanja. Evropska
priporocila za soobstoj spodbujajo upravljanje razli¢nih
pridelovalnih sistemov v smeri trajnostnega kmetijstva. Na
soobstoj vpliva nakljuéna, nenamerna prisotnost gensko
spremenjenih organizmov (APGM) v gensko nespremenjenih
pridelkih in proizvodih vzdolz celotne pridelovalne verige. Na
prisotnost in stopnjo APGM vplivajo Stevilni dejavniki, kot so
bioloski in okoljski ter naini upravljanja. Na podlagi teh
dejavnikov so pripravljeni ukrepi za zagotavljanje soobstoja
razlicnih  kmetijskih praks. Podrobneje smo pregledali
uporabnost posameznih ukrepov v lu¢i moznosti uvedbe
pridelovanja gensko spremenjene koruze v Sloveniji. Iz
preglednega prispevka ugotavljamo, da nekateri ukrepi niso v
skladu s temeljnimi naceli soobstoja, da zahtevajo ogromno
dela in so zato v praksi tezko izvedljivi. V razpravi smo
predstavili alternativne nacine upravljanja kmetijskih praks, ki
bi jih lahko izvajali v prihodnosti. V prispevku smo se
osredotocili na koruzo, ki je prevladujoca gensko spremenjena
poljs¢ina v EU in najbolj zanimiva za uvajanje v Sloveniji.

Kljucne besede: soobstoj, GSO, naklju¢na prisotnost GSO,
koruza
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1 INTRODUCTION

In the last two decades, in the European Union (EU)
cultivation of genetically modified organisms (GMOs)
has become one of the cropping systems in addition to
conventional and organic crop production. In the EU,
two GMO events are approved for cultivation, MON810
maize and Amflora potato. In 2009, MON 810 maize
was cultivated on 94.750 ha, which is a slight decrease
compared to the previous years due to the moratorium
in individual EU countries (GMO Compass, 2010).
Although GM maize is produced on less than 1 % of the
total maize cultivation area in Europe, GM cultivation
presents concerns to the EU consumers since they
perceive potential risk for the environment, animal and
human health. To ensure consumer’s freedom of choice
between GM and non-GM products labelling is required
in the EU for all products that contain GMOs
(Regulation EC No. 1830/2003). Due to possibilities
for unintentional and technically unavoidable presence
of GMOs (i.e. adventitious presence of genetically
modified organisms - APGM), tolerance thresholds are
prescribed for food and feed; labelling is required for all
the products that exceeds 0.9% of GMOs (Regulation
EC No. 1829/2003). However, even lower contractual
thresholds are used in practice within the supply chain
(Recommendation 2010/C. 200/01). The presence of
GM in non-GM crop may cause economic losses to
farmers that trade the product as non-GM, loss of the
market and legal disputes.

The introduction of GM crops in agriculture poses
several questions how to manage the coexistence of
different cropping systems. According to the EU
Guidelines on general measures for ensuring
coexistence (Recommendation EC 2003/556/EC) and
subsequent ~ Commission  recommendations  on
guidelines for the development of national co-existence
measures (Recommendation 2010/C. 200/01) farmers
should be able to cultivate the types of agricultural
crops they choose, GM, conventional or organic. Since
there are different agricultural production practices and
environmental conditions, individual EU countries can

define their own national strategies for managing
coexistence.

Many field experiments have been carried out in the last
decades in order to gather data for the reliable science-
based technical measures of coexistence (Henry et al.,
2003; Melé 2004; Weekes et al., 2007; Della Porta et
al., 2008; Langhof et al., 2010). However, these results
are not always considered in the legislation that is
currently in place in individual EU countries. Certain
technical measures are difficult to be applied in practice
due to organisational and logistic problems and
difficulties in implementing in diverse environments
(e.g. isolation distances). The coexistence of GM and
non-GM crops/products downstream the supply chain is
proven to be technically manageable, while the
monitoring of APGM in the field is far from being
resolved (Co-Extra project, 2005-2009).

Slovenia is characterized by fragmented landscape with
an average field size of 1.4 ha as well as with specific
and diverse environmental conditions, therefore specific
co-existence measures need to be implemented. The Act
on coexistence of GM plants with other crops is in place
since 2009 (ZSGSROKR, 2009). Sub legislation acts
were adopted in 2010/2011 (e.g. detailed measures for
cultivation of GM maize). However, there has been no
cultivation and no field trials with GM crops yet.

The aim of the article is to review the sources and
parameters influencing APGM in maize cultivation and
to discuss different coexistence measures in the view of
implementation in practice. The results of several
scientific studies are gathered in order to reveal the gaps
and needs of existing coexistence measures. The review
is focused on maize, since among the -currently
approved GM crops; maize is the most interesting for
cultivation in Slovenia.

2 ADVENTITIOUS PRESENCE OF GMOs

The adventitious presence of genetically modified
organisms (APGM) in the environment and within the
supply chain is wunavoidable due to biological
characteristics of plants, open nature of the field and
technical management along the supply chain from
sowing in the field to harvest, storage and processing.
APGM may have negative consequences on the
environment, cause problems in the agriculture and have
negative economic impact. Transgenes may be
introduced to other genotypes of non-GM crop as well
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as to wild and weedy relatives via gene flow as is the
case in traditional agriculture. The introduction of genes
from GM crop to wild and/or weedy recipient may
introduce novel or enhanced fitness-related traits into
ecosystems that consequently increase adaptability to
cultivated conditions (e.g. introgression of herbicide
tolerance) (Poppy and Wilkinson, 2005). The presence
of APGM can have economic consequences, APGM in
a non-GM crop may prevent conventional and organic
farmers from declaring their products as non-GM.
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2.1 Sources of APGM

Several sources are recognized that contribute to
APGM, i.e. seed impurities, cross-fertilization between
GM and non-GM fields, wild relatives and weedy
plants, occurrence of volunteer plants and technical
management (mixing in the machinery at sowing and
harvesting, seed dispersal at transport) (Figure 1). The
degree of cross-fertilization depends on biological

Cross-fertilization
between GM and
non-GM crop

Seed impurities

\ "~~~ Volunteers

"~~~ seed dispersals

characteristics of the donor and recipient plant, mode of
pollination and seed dispersal, cross compatibility
between crops, wild and weedy relatives, the frequency
and density of hybridizing genotypes and the
environmental conditions (flowering synchronization,
presence of pollinators, wind) (Poppy and Wilkinson,
2005).

Cross-fertilization
between GM and
wild/weedy plant

|

Mixing in the
machinery

I

Post-harvest
processes
e.g.transport

Figure 1: Schematic presentation of APGM sources in non-GM crop in the field (the dotted lines indicate the source

of APGM in preceding growing seasons)

Most of the APGM in a conventional maize field comes
from cross-fertilization with the neighbouring GM
maize fields. Cross-fertilization rate declines with the
distance from the pollen donor (GM field). In general,
cross-fertilization rate is higher in the border rows and
decreases with the distance from the donor towards the
centre of the recipient field (Messeguer, 2006). Weekes
et al. (2007) reported the maximum of 60% cross-
fertilization adjacent to the GM crop. Similarly, Byrne
and Fromherz (2003) reported cross-fertilization rates
up to 46% at the border between the two fields with the
declination below 1% within the first 10 m. The analysis
of 1174 observation studies with maize in Europe
revealed that in 41% of field studies cross-fertilization
rate is below 0.9% within first 10 m (Riesgo et al.,
2010). The fast decline of cross-fertilization with the
distance from the donor was also confirmed in

experiments carried out in Slovenia for the situation of
small field sizes (GM variety was simulated with a
conventional maize variety differing in grain colour
from the recipient non-GM variety) (Rostohar et al.,
2008).

Although most of the pollen is deposited close to the
donor field, long distance hybridization events may
occur. There is evidence that cross-fertilization was
detected at distances of 650 meters from a known GM
source (Henry et al., 2003; Bannert and Stamp, 2007)
and that maize pollen can travel up to several kilometres
(Brunnet et al.,, 2011). However, in such cases the
pollen competition from other sources may be strong
protection against cross-fertilization events thus
lowering GMO levels (Bannert and Stamp, 2007).
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Maize does not have wild or weedy relatives in Europe;
therefore the introduction of transgenic material into the
wild is unlikely. Maize kernels do not survive low
winter temperatures in Central European climatic
conditions (Luna et al., 2001), but may occur as
volunteers in warmer climates (e.g. Spain) (Palaudelmas
etal., 2009).

The level of APGM that comes from the seed impurities
varies due to flowering coincidence of the two varieties
and climatic conditions. If the varieties are of different
maturity, the level of APGM in the harvest is reduced
(Njontie et al., 2011). If assuming the worst case
presence of seed impurities (0.5% GM in non-GM
seeds), the APGM from the field (cross-fertilization at
the field) and post-field processes (mixing at harvest
and inpost-harvest processes) should not exceed more
than 0.4% (Sanvido et al., 2008). The contribution of
APGM due to contamination of the machinery can be
minimized by dedicating the machinery exclusively for
GM production or by properly following the instruction
for cleaning (thorough cleaning between the GM and
non-GM sowing and harvesting).

One of the possibilities to reduce transfer from GM to
non-GM crop could be the introduction of transgene to
organelle instead of to nuclear genome. The chloroplast
genetic engineering has been successful in some species
(tobacco, soybean etc.), but not yet in maize (Clarke and
Daniell, 2011). Another alternative is the induction of
cross-incompatibility between maize genotypes, but due
to difficulties in breeding, this technique is still in its
infancy. Another option could also be to use
cytoplasmic male sterility for the production of unviable
pollen in maize (Munsch et al., 2007; Weider et al.,
2007).

2.2 Parameters influencing APGM

From a number of field trials the most important
parameters influencing the APGM were identified that
were used for the development of preventive
coexistence measures and are described in the following
sub-sections.

2.2.1 Flowering synchrony
The synchrony of flowering between GM and non-GM
fields contributes to higher cross-fertilization rates
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(Westgate et al., 2003, Halsey et al., 2005, Goggi et al.,
2006, Angevin et al., 2008). Therefore different
planting dates are proposed to minimize the chance of
unintended cross-fertilization in the climate where wide
sowing interval is manageable. A four to five day shift
leads to a 25% reduction of cross-fertilization rate and a
six day shift leads to a 50% reduction (Della Porta et al.,
2008). Up to 10 days difference in planting dates
declines the cross-fertilization rate up to 65% and up to
70% when there is more than 10 days difference
(APROSE, 2004).

2.2.2 Isolation distances

Statistical analysis of different field trials with maize
revealed that an isolation distance of 30 m between GM
and non-GM field results in cross-fertilization value
below 0.9% at 95% probability (Pla et al., 2006;
Sanvido et al., 2008; Devos et al., 2009; Riesgo et al.,
2010). Implementation of isolation distance of 40 m is
sufficient to keep APGM below 0.9% with 99%
probability (Riesgo et al., 2010). For silage maize
Sanvido et al. (2008) propose to shorten the isolation
distance by factor 2.5 due to the dilution of the
transgenic part in harvest. The factor 2.5 is used when
an average proportion of 40% grain in the completely
dry plant tissue is assumed but it depends on the
varieties and stages of maturity at harvest. Proposed
isolation distances can be reduced when additional
measures are applied to minimize the cross-fertilization
events.

2.2.3 Wind

Different field studies show that cross-fertilization
greatly depends on wind conditions (direction and
speed). Wind direction has a strong influence on cross
fertilization rates at certain distances as shown in Table
1. However, there are also some reports of inconsistent
correlation between the wind direction and cross-
fertilization rate. The maximum cross-fertilization rate
did not always coincide with the area of prevailing wind
(Della Porta et al., 2008; Lahghof et al. 2008). In such
cases, wind peaks in critical days may explain the
results (Feil and Schmid, 2002; Halsey et al., 2005).
Therefore, the adoption of data from different local
climatic condition should be applied carefully.
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Table 1: Distances at which different cross-fertilization rates are achieved depending on wind direction

WIND DIRECTION

REFERENCES
DOWNWIND UPWIND
10 m* 2m* Messeguer et al., 2005
10 m* 2m? Melé¢ et al., 2004
10-12 m" 57m° Bénétrix and Bloc, 2003
54-66m >0.1% 12-13 m° Langhof et al., 2008

?_ below the 0.9% of cross-fertilization rate
b _ below the 1.0 % of cross-fertilization rate

2.2.4 Size and shape of the donor and recipient field

The cross-fertilization rate in an individual field is the
result of interaction between different fields (GM and
non-GM) and depends on the position of fields in the
landscape (Messeguer, 2003a; Viaud et al., 2008). Low
donor to receptor ratio leads to lower cross-fertilization
rates due to large receptor pollen cloud competing with
small incoming cloud (Messeguer, 2003b). Weber and
Bringezu (2005) concluded that overall cross-
fertilization rate does not exceed 0.9 % if the recipient
and the donor fields are of the same size, while Melé
(2004) reported the decrease for 50% when the size of
the recipient field increased from 0.25 ha to 1 ha. The
report of Bannert et al. (2008) showed some unexpected
results for small fields. For the field situation with the
donor/receptor ratio 3.6:1, higher rates of cross-
fertilization at the receptor field were expected due to
lower ratio to the pollen donor; however, values were
almost identical at all distances to the pollen donor. This
could be explained with the fact that most of the cross-
fertilization events occurred within the first 6 m from
the donor, irrespective of the donor size; so as long as
the receptor and the donor field are wider than 6 m the
ratio of donor to receptor is irrelevant. When up scaling
from field to the landscape level, field geometry
becomes less crucial while the importance of spatial
interaction among the fields is increasing (Viaud et al.,
2008). The orientation of fields is also very important,
since the edge effects may contribute considerably to
the average -cross-fertilization rates in the whole
receptor field. Langhof et al. (2008) pointed out that
pronounced edge effects contribute disproportionally to
the overall GM content of the harvest.

The majority of field trials were performed on adjacent
or concentric field layout; however, these results should
be carefully transferred to the coexistence measures.
First, the pollen from non-GM field reduces the impact
of GM pollen due to high competition ability more
efficiently than open ground isolation distance
(Messeguer et al., 2006; Pla et al., 2006). Second, the
decrease of cross-fertilization events in the first 25 m is
more evident in concentric and adjacent field
experiments comparing to separate field designs, where

such declination is less pronounced (Sanvido et al.,
2008).

The topography has an impact on downhill increase of
cross-fertilization; however over long distances (more
than 17.5 m) it does not have a significant impact
(Vogler et al., 2009).

2.3 Prediction of APGM in the field

The estimation of expected cross-fertilization rates are
important for the management of GM and non-GM
crops along the supply chain and for the prediction of
APGM. A simulation gene flow model for maize,
MAPOD was developed for the prediction of impurities
in the harvest due to cross-fertilization events under real
agronomic and environmental conditions (Angevin et
al., 2008; Lavigne et al., 2008). It operates with
different variables such as landscape patterns,
environmental data, agricultural practices and cultivar
characteristics. The results are reported as the expected
proportion of GM seed in total seed for non-GM pixel
(Viaud et al., 2008). A windows software LandSFACTS
was developed that simulate crop allocation and crop
spatial-temporal ~ arrangements within  agricultural
landscapes (Messéan et al., 2009). The LandFlow-gene
is a generic gene flow modelling platform that operates
for maize and rapeseed and predicts the adventitious
presence of GM in non-GM fields under different
conditions of GM adoption. Within the SIGMEA
project a decision support tool called SMAC Advisor
was developed to assess the coexistence between GM
and conventional maize in a given agricultural
environment (Bohanec et al., 2007).

The measurement of all parameters that influence cross-
fertilization rates in real situations, such as field
geometry and distribution, biology of a plant,
environmental parameters, pre- and post- harvest
processes, is not realistic in practice, since all data are
not always available. For example, data from one
meteorological station may not be representative for the
whole region if the landscape is fragmented with diverse
topology. Instead, a few parameters shall be measured
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and incorporated in pre-existing databases and used for
empirical and simulation modelling.

One of the strategies to minimize the eXx-post
consequences in the supply chain is the estimation of
APGM in a non-GM crop pre-harvest. Appropriate
sampling methods are needed to accurately predict the
APGM in the field (Pla et al., 2006, Allnutt et al.,
2008). The main difficulty for the development of
sampling schemes in the field is obtaining a
representative sample from a heterogenous matrix, as
the field is. Lowering the threshold aggravate reliable

prediction with acceptable measurement certainty. The
accuracy of estimation of cross-fertilization rates
depends on the number of samples taken, which is in
direct correlation with the labour and costs. A simple
random sampling was found the most feasible for the
collectors and accurate in the estimation of true
threshold. Sustar-Vozli¢ et al. (2010) developed a
sampling approach for determination of the GMO
presence at the field level. It is based on the use of
fitting functions to estimate approximate distances
where sampling is performed.

3 PREVENTIVE MEASURES FOR COEXISTENCE IN MAIZE

Different co-existence measures are implemented in
order to minimize the APGM in conventional and
organic crops. The objective of reducing the APGM in
non-GM products is to minimize the impact on the
environment and to prevent the economic loss.
Preventive measures for maize in the field include i) the
use of certified seeds, ii) scheduling different flowering
periods (flowering asynchrony), iii) using isolation
distances and barrier zones, and iv) implementing good
agricultural practice (crop rotation, optimal soil
preparation, adequate cleaning and separate use of
machinery). One of the most discussed safety measures
for minimizing APGM in the field are isolation
distances and barrier zones (Devos et al., 2005).

3.1 Isolation distances

The isolation distances proposed or imposed by
different EU member states for maize range from 15 m
in the Sweden to 800 m in Bulgaria (Devos et al., 2009;
Riesgo et al., 2010). To maintain genetic purity in seed
producing programs for conventional maize the
minimum separation distance of 200 m is prescribed in
EU. For the cultivation of pharmaceutical GM maize
plants at least 1.6 km is required (Stevens et al., 2004).

The proposed isolation distances by national authorities
are not always science based but are compromise
between science, social and political demands therefore
adequate isolation distances remain a subject of
controversy among scientist and regulators (Sanvido et
al., 2008). Isolation distances are sometimes also
economically not proportionate and demand great effort
for management. As for example, in the case of
monoculture in a region with small farms and
fragmented landscape (as is the case in Slovenia), fixed
isolation distances are not manageable in practice
because they are not proportionate to agricultural
heterogeneity. The prescribed minimal isolation
distance for maize in Slovenia is 600 m, which would
be difficult to implement for majority of maize fields. In
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such cases, large distances may also have negative
economic effect because they contribute to domino
effect that impose severe burden on GM crop
production and are not proportional to the farmer’s basic
economic incentives (Demont et al., 2008). The drastic
consequence would also be the abandonment of GM
production in a certain area.

3.2 Barrier zones

Barrier zones are planted with any plant species that
physically limit pollen movement of a donor plant.
When the barrier zone is planted with the same but non-
GM species as GM donor, it is called buffer zone. There
are at least two different options to manage gene flow
from GM fields using buffer zones; one is with the
exclusion of first few rows in the non-GM fields and the
other is planting the non-GM border in the GM field.

In order to maintain the cross-fertilization rate below
0.9% using the buffer zones several facts should be
considered:

e with the increased distance between the GM and
non-GM field the number of border rows decreases
(Gustafson et al., 2006);

e the legal threshold (0.9 %) can be obtained by
planting buffer zones within first 20 m or even less,
depending on samples taken — upwind or downwind
(Bannert and Stamp, 2005; Melé 2004, Weber and
Bringezu, 2005);

e for the receptor field of 1 ha and the donor field of
4 ha or larger the use of border rows of 20 m in
combination with isolation distance results in cross-
fertilization rate less than 0.9 % (Messéan et al.,
2009) and

e separate harvesting of the first 10 m border rows in
the receptor adjacent to 1 ha donor are effective to
keep the cross-fertilization below the threshold
0.9%, (Gustafson et al., 2006).
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Instead of using buffer zone a barrier, i.e. non-maize
crop could be planted. The study of Langhof et al.
(2008) included clover-grass as short crop and a
sunflower as a tall crop. The comparison of the
effectiveness of the two crops showed that the cross-
fertilization rates downwind did not differ between the
crops. They concluded that the height of a crop is not a
sufficient criterion for efficient reduction of gene flow
and that the architecture of leaf and other organs is very

important criterion. Several authors (Aylor et al., 2003;
Goggi et al., 2006) propose buffer zones as more
efficient measure for managing coexistence than
barriers zones. Barrier, non-maize rows do not compete
with the donor pollen, while the maize buffer rows are a
source of additional pollen that increases the pollen
competition (Wilhelm et al., 2005).

4 DISCUSSION

In order to reduce APGM in the non-GM crop, different
measures are applied in the supply chain from the field
on. In maize, most of the APGM comes from cross-
fertilization between GM and non-GM crops, from seed
impurities, volunteers or because of technical
management. Seed impurities are minimized by the use
of certified seeds. The volunteers can be managed by
crop rotation and optimal soil preparation after harvest
and before sowing. At post-harvest processes, adequate
cleaning and separate use of machinery for GM and
non-GM crop can reduce mixing. In order to minimize
APGM different coexistence measures are used.
Combination of different measures is applied in
different countries according to farming systems,
cropping patterns and environmental conditions in the
region (Demont et al., 2010).

The experiences with GMO cultivation in Europe have
shown that some of the coexistence measures are rigid
and difficult to manage in practice. The results of field
trials are not always directly transferable between
different environments and fluctuate greatly across
years and sites within a region. In order to develop
reliable guidelines field trials should be conducted in
different environments and repeated in years. Such
guidelines should incorporate a decision support system.

The coexistence measures should be regulated at
different levels with ex ante regulations: i) at the farm
level (e.g. the use of isolation distances or barrier
zones), ii) at the regional level with respect to
heterogeneity of field conditions, managerial expertise,
education, market access and pest infestation and iii) at
the national level through the policy making and ex post
liability schemes (Demont and Devos, 2008; Demont et
al., 2008; Demont et al., 2010). Due to heterogeneity in
farming, legal and social environments, more flexible
coexistence should be handled by the lowest authority
possible (Devos et al., 2009).

Demont et al. (2010) proposed free choice for farmers
to use different coexistence measures within four
different coordination systems (isolation distances,
buffer zones and separate harvest of first few rows).

However, it has to be considered that cross-fertilization
is not the sole source of APGM in the field, although the
main source of APGM comes from cross-fertilization
between GM and non-GM plant through gene flow.

Another alternative to manage the coexistence is to
establish wide-regions declared as GMO or GMO-free.
These areas could then be managed based on private
contracts of individual farmers instead of EU or national
administrative regulations and recommendations. Furtan
et al. (2007) proposed coexistence of three different
cropping systems (conventional, GM and organic)
within a region with the formation of a private
landscape clubs. In such cooperation, organic farmers
form a club, GM producers stay outside of the club and
the conventional producers stay in the buffer zone and
are compensated for their loss. Organic farmers are
paying for the costs for functioning of the club from the
premium prices of organic products and compensate
farmers in the buffer zone. However, this model of
coexistence may not be possible in all situations due to
many institutional and logistic problems.

Food industries and consumers demand lower
acceptable threshold than 0.9%, as low as 0.1%. When
demanding lower thresholds we have to consider the
opposite effect on coexistence; this could lead to
banning of the GMO production in certain regions
(Devos et al. 2009). Apart from the coordination of
different coexistence measures at the farm and along the
supply chain level, the coexistence raises a number of
issues at the economic and social level that also need to
be carefully addressed. In the future, new management
strategies will be needed since novel GM crops are
merging with other traits than for food and feed.

From the scientific review, we revealed gaps of existing
rules and measures (e.g. large isolation distances) that
can be avoided in the future management of GMO in
Slovenia and find the possibilities and opportunities for
managing different cropping systems for sustainable
agriculture.
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