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Executive Summary.

1. Genetically modified (GM) crops cannot be released into the
environment and used as food, feed, medicines or industrial processing
before they have passed through a rigorous and internationally
recognised regulatory process designed to protect human and animal
health, and the environment.

2. The UK body that oversees standards in organic farming, the United
Kingdom Register of Organic Food Standards (UKROFS), has ruled
that genetically modified (GM) crops have no role to play in organic
farming systems. They, therefore, have concerns about the possibility
and consequences of the mixing of GM crops with organic crops.

3. The two main sources of mixing are through pollen and seed. Pollen
from GM crops may pollinate an organic crop. Seed from a GM crop, or
plants established from them, may become mixed with organic crops or
their products.

4. Minimising genetic mixing is an important feature of the production of
all high quality seed samples of plant varieties supplied to farmers.
Extensive experience has been obtained over many decades in the
production of high purity seed samples. Crop isolation distances, and
crop rotational and management practices are laid down to achieve
this. These procedures for the production of seed of high genetic purity
could be used for the production of organic crops.

5. No system for the field production of seed can guarantee absolute
genetic purity of seed samples. Very rarely long distance pollination or
seed transfer is possible, so any criteria for organic crop production will
need to recognise this. There has always been the possibility of
hybridisation and seed mixing between organic crops and non-organic
crops. Organic farming systems acknowledge the possibility of spray or
fertiliser drift from non-organic farming systems, and procedures are
established to minimise this. In practice, detecting the presence of
certain types of GM material in organic crops, especially quantification,
is likely to be difficult.

6. Some seed used by organic farmers are currently obtained from
abroad. After January 2001, or a modified deadline thereafter, UK
organic farmers will be required to sow seed produced organically.
There is little or no organic seed produced in the UK at present, so it
has to be obtained from abroad. Seed obtained from outside the UK or
the European Union, may have different seed production criteria. This
may make it difficult to guarantee that it is absolutely free from any GM
material.

7. Organic farmers and/or GM crop producers will need to ensure that
their crops are isolated from one another by an appropriate distance or
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barrier to reduce pollen transfer if the crop flowers. To reduce seed
mixing, shared equipment will need to be cleaned and an appropriate
period of time allowed before organic crops are grown on land
previously used for GM crops. Responsibility for isolation will need to
be decided before appropriate measures can be implemented. The
report highlights the need for acceptable levels of the presence of GM
material in organic crops and measures identified to achieve this.
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ABBREVIATIONS AND DEFINITIONS

Contamination The term is not used in a pejorative sense. It is defined in this report
as "the unintended presence of a plant or plant part". A single non-
GM seed in a GM seed sample would be a contaminant, as would a
single GM seed in a non-GM seed sample.

GM Genetic Modification

IFOAM International Federation of Organic Agricultural Movements. An
international body that regulates organic standards.

UKROFS United Kingdom Register of Organic Food Standards.
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1. BACKGROUND

Organic farming organisations have ruled that genetically modified (GM)
crops have no role to play in their farming systems. Statements to this

1.1 effect have been incorporated in the United Kingdom organic farming
guidelines issued by the UK Register of Organic Food Standards
(UKROFS). Relevant extracts from the UKROFS Production Standards
document are given in Appendix 1. Organic farmers have become
concerned that contamination of organic crops, by GM crops, may lead to
loss of their organic certification (Massood, 1998). In addition, the EU will
require the use of organically produced seed in organic farming from 1
January 2001, although it is possible that this deadline will be modified.

1.2 Contamination by pollen or seed from any source is an issue that has
always faced seed producers, and regulations concerning the growth of
seed production crops exist to counter this problem. A summary of the
routes of crop contamination is provided in Figure 1. This report will
review the likelihood and consequences of contamination of an organic
crop by all of these routes. The report will also include a summary of the
GM crops that are most likely to be released in the UK during the
foreseeable future.

Figure 1. Routes of crop contamination. The main factors influencing the
different routes of genetic contamination are shown.
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2. CONTAMINATION THROUGH POLLEN DISPERSAL

2.1 The amount of cross contamination between varieties by pollen is
controlled by a number of factors. The most important of these are the
physical distance between the pollen donor plants and the crop, the
amount of outbreeding in the crop, the overlap in flowering period and the
area of the crops grown. All of these factors are important in determining
contamination levels in the field. The fourth factor, area of the crop grown,
is particularly relevant to many of the small-scale trials set up to
investigate pollen contamination. Pollen dispersal over distance forms a
leptokurtic curve with a tail containing long distance dispersal events.
Small trials almost always truncate the tail. Because the tail contains more
dispersal events than an equivalent normal distribution, extrapolation to
longer distances may be misleading (Ellstrand 1992). Trials with
transgenic plants have been necessarily cautious and limited to small
plots. However, other studies have measured dispersal from existing
widespread crops (Timmons et al., 1995; Wilkinson et al., 1995) and data
are available on contamination of existing seed production crops (see
below).

2.2 Most field investigations have concentrated on isolation distances and
pollen dispersal over distance. These studies have either looked at pollen
grains directly or used trap plants to detect pollen. The first approach does
not allow for pollen mortality and so may provide overestimates of
maximum distances travelled where only viable pollen is of interest.
Values of 45, 220 and 80 minutes for pollen longevity have been found for
wheat, rye and triticale, respectively (Fritz & Lukaszewski, 1989) and
20min-2hr for maize (Dumas & Mogensen, 1993). The life span of grass
pollen may be as short as 30 minutes and even in insect-pollinated
species with sticky pollen, longevity rarely exceeds 1 day (Richards,
1986).

2.3 Studies using trap plants to detect pollen often do not consider factors
such as outcrossing rate (the proportion of seed not resulting from self
pollination) so the results obtained cannot be compared across species, or
even varieties, where they vary in outcrossing rate. Many of these trials
have used small plots where the ratio of pollen donor plants to pollen
recipient plants is likely to have an effect on the contamination rates
found. If a small number of trap plants are used to detect pollen from a
large source this could give high contamination rates particularly in insect-
pollinated plants where edge plants are more likely to be visited by
pollinators. However, these trials do measure viable pollen and this is
important when considering contamination.
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2.4 Despite the variability in results from these studies, and the different
models developed to predict pollen dispersal (Di-Giovanni et al., 1990;
Peart, 1985; Bateman, 1947c; Lavigne et al., 1996), the main conclusions
agree. Pollen concentration decreases rapidly close to the source but low
levels can be detected at much longer distances. This is true for wind and
insect pollinated species.

2.5 Below is a summary of the studies carried out on pollen dispersal in
different crop plants. Because of the difficulties in comparing the actual
levels of contamination found across studies (discussed above) we
describe the key parts of the dispersal curve instead. That is, the distance
over which levels drop rapidly and the distance over which low levels
persist. We give the level contamination declines to as a percentage of
the amount found at the pollen source and the maximum distances
at which pollen is detected, although this is often the maximum distance
tested. To differentiate between the two methods of measuring pollen
dispersal (described above), we refer to pollen concentration where
pollen concentration was measured directly and to contamination rates
where pollination was measured following hybridisation with trap plants.
We have only quoted an actual contamination rate (as opposed to the
change in rate/concentration) where whole fields of source plants were
used.

Apples

Wertheim (1991) found that contamination declined to 6-13% within 5-15m and was
detectable at 40m. Johnson (1993) found that pollen-borne viruses are carried up to
56m by bees in apple orchards.

Beans

Stoddard (1986) quoted a distance of 194m from the hive as the maximum distance at
which bees enhanced fertilisation in faba beans. Ibarra-Perez (1996) found that in
common beans 1.9-2.7% of seed were cross-pollinated at a distance of 0.76m.

Beets

Bateman (1947b) found that contamination declined to 4% at 4.6m and was
detectable at 20.8m. van Raamsdonk & Schouten (1997) found that pollen
concentration declined to 17% over 250m, resulting in an actual
contamination rate of 2%, and pollen could be detected at 1000m.

Brassica crops

Bateman (1947a) found that contamination rate declined to 5% at 6.1m and
was detectable at 18.5m. Stringham & Downey (1978) found that
contamination rate dropped sharply in the first 137m and was still detectable
at 366m. The actual contamination rate at 137m was 5.8%. Mesquida &
Renard (1982) found that pollen concentration declined to 7-10% at 24-32m.
McCartney & Lacey (1991) looked solely at airborne pollen and found that



Archived at http://orgprints.org/8260

concentration at the ground was 2-10% at 100m and predicted an actual
contamination rate of 0.6-3%. Darmency & Renard (1992) detected low levels
of pollen at 800m. Scheffler et al. (1993) found that contamination declined to
0.4% at 12m and was detected at 47m. Pauk et al. (1995) found that
contamination declined by two orders of magnitude in 32m. Scheffler et al.
(1995) found that low levels of pollen could be detected at 400m. Timmons et
al. (1995) found that airborne pollen concentration declined to 10% at 360m
and low amounts were detected at 1500m. Wilkinson et al. (1995) found that
contamination dropped rapidly within 32m, then stabilised after 32m giving
actual contamination rates of 0.03-0.05%. Contamination could be detected at
100m. Lavigne et al. (1996) predicted pollen concentration would decline to
6% at 54m and low levels would be found at 160m.

Carrot

Van Raamsdonk & Schouten (1997) quote a mean forage distance of 1663m
for bees visiting carrot flowers and a maximum of 6117m. No indication is
given of the implications for pollen dispersal.

Grasses

Griffiths (1950) found that perennial ryegrass contamination declined to 5.2%
over 277m which gave a contamination rate of 5% when donor plants were
grown on a field scale and trap plants were limited in number. Rows of plants
between the crops reduced this contamination by 24%. Van Raamsdonk &
Schouten (1997) quote a concentration decline to 17% at 250m and
detectable levels at 1000m for grasses. Rhebergen et al. (1991) detected
pollen at 32m and found that pollen dispersal in red fescue is very hard to
predict. Giddings et al. (1997) found that perennial ryegrass pollen
concentration declined to 17% at 8m and 4% at 80m. Nurminiemi et al. (1998)
found that meadow fescue contamination declined sharply within 50m and
was detectable at over 300m.

Legumes

Goplen et al. (1972) found contamination at 1609m for sweet clover but where
insect-attracting crops (oilseed rape) were grown in the vicinity they found low
contamination at 46m.

Maize

Bateman (1947b) found that contamination declined to 4% at 9.2m and was
detectable at 24.6m. Greenpeace commissioned work by two independent
laboratories in Germany and found that contamination of organic maize, by
GM maize, declined to 16% at 5m and to 2% at 10m. This resulted in an
actual contamination rate of 0.05-0.2% at 10m in the main direction of the
wind, but no overall field contamination rate was calculated (Greenpeace
International, pers. comm.).

Oats (wild oat)

Rai & Jain (1982) found that contamination declined rapidly over the first 2.5m
and was still detectable at 6m for the slender wild oat. Andrews (1998) found
that pollen flow in wild oats was low and that movement of seed within a field
was more important.
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Onion

Van Raamsdonk & Schouten (1997) quote a mean foraging distance of 557m
for bees visiting onion (Allium cepa) flowers and a maximum of 4246m. No
indication is given of the implications for pollen dispersal.

Potato

McPartlan & Dale (1994) found that contamination dropped to 0.14% at 10m.
Schittenhelm & Hoekstra (1995) found that contamination declined rapidly
within 20m and was detectable at 80m. Many potato varieties are at least
partly male sterile which reduces the risk of contamination considerably
(Eijlander, 1994).

Radish
Bateman (1947a) found that contamination declined to 5% at 46 m and was
detectable at 178.5m.

Rye
No data were found for rye crops but wild rye species show extensive gene
flow between populations (Sun & Corke, 1992).

Wheat

de Vries (1974) found that contamination declined to 10% at 3m and was
detectable at 20m. In spelt wheat the very tight glumes prevent cross-
pollination (Winzeler, 1994).

2.6 The above papers span 50 years and include both studies aimed at
identifying isolation distances that will give varietal purity of a particular
level and studies investigating the transfer of transgenes. Overall, the two
sets of studies do not differ in their results despite their different goals.
Where transgenic and non-transgenic pollen of the same variety have
been compared directly, their dispersal did not differ (Hokanson et al.,
1997). None of the transgenic plants used would have been expected to
differ from non-transgenic plants in their pollen dispersal. In the future
plants may be developed with altered pollen characteristics or breeding
systems.

2.7 In general, studies that have looked at the dispersal of pollen directly gave
lower rates of decline and higher distances travelled than studies that
used pollination of trap plants to give contamination rates. Not all pollen
will result in contamination because of factors such as the outcrossing rate
of the recipient species/variety. Further reductions will result from
competition from pollen intended to pollinate the crop (Skogsmyr, 1994).
For example, millet is predominately self-pollinating and only 2% of the
seed arise from cross-pollinations. When Wang et al. (1997) investigated
pollen dispersal from millet they found that the amount of pollen that could
potentially fertilise trap plants declined to 13% at 20m. For every 100
pollen grains released outside the source only 1.5 seed were produced
and the contamination rate at 20m was less than 0.01%. When pollen
competition was removed by using male sterile plants the contamination at
20m was over 0.1% of the potential seed harvest. The maximum distance
at which contamination was detected was also increased by the use of
male sterile plants. This example illustrates how low outcrossing rates
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2.8

2.9

result in low contamination rates and pollen competition reduces
contamination still further.

Some crops are perennial and seed propagated, therefore pollen
contamination could accumulate over several years (see section 4.5).
Very few studies have considered gene flow from crops over many
seasons. Luby & McNicol (1995) investigated the transfer of genes from
raspberry crops to wild Rubus spp. over 20-30 years. They found that
some genes could not be detected at all whereas others were found at
low frequencies (0.004) but only at sites within 2000m of the crop sites.

All of these factors have been taken into account to produce the MAFF
regulations on minimum isolation distances for seed production crops.
Seed production crops are classified into breeders, pre-basic, basic,
certified 1% generation and certified 2"* generation seed. Breeder's seed
is used for the production of pre-basic and basic seed. Pre-basic and
basic seed are used for further multiplication to produce the certified
seed supplied to farmers. Because basic seed is used for multiplication it
must be of a higher standard than certified seed. Certified 1% generation
seed is of a higher standard than certified 2" generation seed. Higher
voluntary standards for cereals can be applied to all categories except
pre-basic. Table 1 gives details of the standards for the production of
basic and certified (1% generation) seed, outcrossing rates and mode of
pollination for each crop. This provides a summary of the regulations.
More detailed information is given in the MAFF Guide to Seed
Certification in England and Wales (1998).

2.10 The basic and certified seed of hybrid varieties of rape (B. napus, B.

rapa) should have a genetic purity of 99.9% and 99% respectively (MAFF
1998). Values of 99.7% for basic seed and 99% for certified seed of
beans are quoted (Crofton, 1997). Ten years ago Standard seed was
introduced as a class for vegetable seed. Standard seed does not
require field inspections, which include isolation distances, but the seed
must still reach set standards for varietal purity (Neil Stern, Seed
Certification, NIAB, pers. comm.).

2.11 The European Community (EC) Seed Marketing Directives are

implemented in the MAFF regulations therefore the isolation distances
used in the UK are similar to those in other member states. Some
additional requirements are also incorporated in the UK. The UK also
participates in the OECD schemes for Herbage and Oilseed, Cereal seed
and Beet seed. The isolation distance required in Canada, New Zealand
and the USA are given in Appendix 2. These are also very similar to
those implemented in the UK.

2.12 The scientific studies largely found that pollen

concentration/contamination rate dropped to low levels within the MAFF
isolation distances. Where the isolation distances have been tested with
seed production crops and the results published, no contamination
above the allowable rate has been found (Apostolides & Goulas, 1998
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(beet); Stringham & Downey, 1978 (turnip)). However, conditions could
give rise to contamination rates above acceptable levels. The National
Institute of Agricultural Botany (NIAB), responsible for policing certified
seed production, report high standards in crops entered for certification
(Annual Report 1996/7).

2.13 The criteria used to assess contamination levels are usually those that
readily identify the variety and therefore may not always detect
contamination from a variety with similar traits. A transgene transferred
from a GM crop may not have a readily identifiable effect. Other non-GM
traits may be transferred from the GM crop alongside the GM-trait, but
contamination may still not be easily distinguishable. In addition to visual
characterisation, starch gel electrophoresis is used to characterise seeds
biochemically e.g. maize seed (McDonald, 1998). The development of
GM crops has led to research on the more accurate but expensive DNA-
based methods (McDonald, 1998) and NIAB plan to introduce DNA
methods that identify varieties as part of their laboratory services (Annual
Report 1996/7).

2.14 Contamination can occur outside the official isolation distances and
pollen was detected at long distances (1000m or more) for beet,
brassicas, grasses and legumes. The frequency of this contamination is
low and it is not possible to quote an actual figure from the data
available. Organic farmers often double or treble the stringency of
precautionary measures. If this practice were to be applied to isolation
distances then contamination may be reduced further as levels do
decline with distance. However, at these distances pollen levels have
reached the tail of the dispersal curve where low levels are observed and
do not decrease rapidly over distance. Doubling or trebling isolation
distances would certainly not eliminate the chance of contamination.

2.15 The above data consider the risks of cross contamination between crops
of the same species. However, some closely related crop species may
also cross-pollinate. This may be of relevance to organic farmers
because although oilseed rape is not produced organically (Martin Wolfe,
pers. comm.) it is widely grown and may pollinate certain other Brassica
crops (e.g. Bing et al., 1996). The MAFF regulations on isolation
distances take account of this factor. Brassica crops, grasses and
cereals have been grouped into species which cross-pollinate, and a
seed production crop must be isolated from all plants within the same

group.

2.16 The probability of contamination by GM pollen may be reduced by
placing the transgene in the cytoplasmic genome (plastid or mitochondria
DNA), as opposed to the nuclear genome. These organelles are
generally maternally inherited and so the likelihood of transgene transfer
by pollen contamination is greatly reduced. However some species, for
example carrot and most conifers, do transmit plastids through their
pollen (Reboud & Zeyl, 1994; Cato & Richardson, 1996). Furthermore, in
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species where organelles are maternally inherited this is not always
completely true. Rare paternal transmission of mitochondria has been
found in oilseed rape and in barley x rye crosses (Reboud & Zeyl, 1994;
Erikson & Kemble, 1993). Rare paternal transmission of plastids has
been found in runner beans, peas, potato and annual meadow grass
(Corriveau et al., 1989; Reboud & Zeyl, 1994). Plastids are inherited from
both parents in rye (Reboud & Zeyl, 1994). This has not been
investigated thoroughly for many species but levels of rare paternal
transmission seem to be less than 10% with a mean of about 2% (Cornu,
1988; Sewell et al., 1993).
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3.CONTAMINATION THROUGH SEED DISPERSAL

3.1 In addition to pollen, seed can also be dispersed from their field of origin.
Seed are produced and dispersed from crops in much lower numbers than
pollen grains. However, if contaminant seed go on to establish volunteer
plants that produce pollen within a new crop, this contaminating pollen
source will not be isolated by distance from the crop. In this way an
individual seed dispersal event may have a greater effect than an
individual pollen dispersal event. The information is not available to
guantify the relative importance of contamination by seed and pollen but
we can say that both routes need to be controlled to minimise
contamination.

3.2 There are a number of mechanisms by which seed may be dispersed. In
many wild plant species, animal and wind dispersal are important in long
distance seed dispersal (Thill & Mallory-Smith, 1997). However, many of
the crop plants grown in this country have no specialised structures
adapted for seed dispersal. Furthermore, many of our crop plants have
been bred to reduce pod shatter and hold their seed on the plant (Morgan
et al., 1998). Where seed are lost they will usually fall next to the mother
plant.

3.3 However, the agricultural environment does provide alternative
mechanisms for long distance seed dispersal. Cultivation methods differ in
their effect on seed dispersal but movement is mostly limited to within the
field (Rew & Cussans, 1997). Seed can be transported between fields by
sowing, cultivation or harvesting equipment which is not thoroughly
cleaned between uses (Strykstra et al., 1997; Thill & Mallory-Smith, 1997).
Longer distances can be covered when the harvested seed are
transported and spillages occur. This has been found to be an important
factor in the dispersal and density of feral rape populations (Crawley &
Brown, 1995). Other mechanisms include seed movement with manure,
transport on the wheels/bodies of vehicles and movement with topsoil
(Thill & Mallory-Smith, 1997; Clifford, 1958; Hodkinson & Thompson,
1997).

3.4 Seed can also be dispersed in time through delayed germination or
dormancy. This applies to seed lost during harvesting and may involve
large numbers (Price et al., 1996). Although crops have largely been bred
to germinate as soon as they are sown, low levels of dormancy can be
detected (Adler, 1993). Organic crops grown in fields previously sown to
GM crops may be contaminated in this way. Volunteers of high erucic acid
oilseed rape were recorded in the years following their use as a crop and
a mean of 1 plant per 3m? was found 3, 4 and 5 years later (Ramans,
1995). Young & Youngberg (1996) found that 2-year rotations between
perennial ryegrass seed production crops were insufficient to meet the
variety purity required for certified seed.
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3.5 Volunteer plants and the time period that must elapse before a field is
sown with a seed production crop are included in the regulations for basic
and certified seed production. Table 2 gives acceptable numbers of
volunteers and minimum numbers of years between crops of the same
species. The relevant data for Canadian, New Zealand and USA crops are
given in Appendix 2.

10
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Table 2. The minimum previous cropping is given in years between crops of
the same species. The maximum permissible number of plants which do not
conform to the variety type (off-types) are also given. These could be
volunteers or result from a contaminated seed batch.

Basic Seed Certified Seed 1st generation
Crop Previo_us Nos Off- Previo_us Nos Off-
Cropping types Cropping types
Barley 2 0.1% 2 0.3%
Beet + Mangels 5 [a] 5 [a]
Brassica Crops 5 0.3-0.1% 5 0.3-2.0%
Broad Beans 4 0.3% 4 1%
Field Beans + Field 9 0.3% 9 1%
Peas
Grasses 6 éoprig 20- 1y ib?nger
Legumes 6 éoprf]'é 30- 1y 1 per 10m?
Oats 2 0.1% 2 0.3%
Peas 4 0.005% 4 0.005%
I;Aaf;ts;gBrown 5 1per30m? |5 1 per 10m?
Rye 1 1 per 30m? | 1 1 per 10m?
Triticale 2 0.3% 2 1%
Wheat 2 0.1% 2 0.3%
White Mustard 5 0.3% 5 1%

[a] These need to have "sufficient variety purity and identity".

11



Archived at http://orgprints.org/8260

4. CONSEQUENCES OF CROSS CONTAMINATION

A. Fate of the crop

4.1 The consequences of a transgene entering an organic crop are affected
by both the fate of the contaminated crop and the nature of the transgene.
Crop fate will be dealt with first. There is a range of isolation distances
used for seed production crops (described above) to cover the different
uses of seed crops. Seed to be used for further multiplication need to be
of a higher purity than seed which go to the farmer for standard crop
production. If contamination (by seed or pollen) of a seed production crop
occurs, the transgene will then be present throughout the life cycle of the
standard crop grown from the contaminated seed.

4.2 Crops grown for human / animal consumption of their seed may also be
contaminated. These include cereals, pulses, fruits and oilseed crops. In
this instance a transgene arriving through pollen contamination will not be
present in the crop prior to fertilisation so its impact will be limited to a
short period towards the end of the plant life cycle.

4.3 A third group of plants is those used for animal consumption of vegetative
plants (hay, haylage, silage) or for mulching for soil fertility. Seed for
production of such crops may be contaminated, but pollen contamination
is of no consequence except in the case of whole crop silage.

4.4 A fourth group of plants is those which do not flower and are grown for
vegetative parts e.g. root crops and leaf vegetables. These crops will not
be affected by contamination from pollen. However, it is possible that
volunteer plants might be harvested with the crop and passed on to the
consumer.

4.5 These are issues that face all farmers. However, in the case of organic
farming the issue is complicated by the practice of planting home-saved
seed. If part of the seed harvest is kept for sowing, then the status of the
crop has changed from a standard crop to a seed production crop. If this
process is repeated over many years then this is equivalent to seed
multiplication. Acceptable standards of genetic purity (i.e. basic seed
standards) will need to be maintained to minimise the accumulation of
contaminating genes from all plant sources.

4.6 Contaminating transgenes in perennial or self-seeding crops such as
forage grasses and legumes could potentially accumulate over a number
of years. There is very little information on the rate at which this could
occur. The proportion of new plants recruited each year will have a large
effect on the rate of transgene accumulation as it will determine what
proportion of the crop is derived from seed. It is through seed
establishment that contamination (pollen or seed derived) will enter the

12
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crop. Once a transgene is established its rate of spread through the crop
will depend in part on the success of plants containing the transgene. If
the transgene confers herbicide tolerance, plants containing it will not be
at any advantage in organic crops where herbicides are not applied. Other
traits are less straight forward. However, organic farmers aim to create
crops which are locally adapted and so this may make them stronger
competitors than other crops. To our knowledge this is not an area that
has been studied.

4.7 A final factor is whether the crop will be used as animal feed and if so
whether the transgene or products thereof will be passed on. This is an
issue that is being considered by the Advisory Committee for Novel Foods
and Processes (ACNFP) and the Advisory Committee on Releases to the
Environment (ACRE) and will become the responsibility of the new
Advisory Committee on Animal Feedingstuffs that is currently being
established. Current studies aim to quantify the risk of a transgene being
passed from feed to gut microflora. At the present time it can be
concluded that if such transfer does occur, it is a very rare event.

4.8 In conclusion, the fate of the crop will determine where in the plant life
cycle the transgene is present. This will help to determine whether the
genetic modification is expressed in the growing crop, feed for livestock
and food for the consumer.

B. Nature of the Transgene

4.9 We will now consider how the consequences of contamination might be
affected by the nature of the transgene. The presence of a gene can lead
to the production of a specific product only if the gene is expressed
(switched on) but this is not always the case. Each transgene construct
will include a piece of DNA called a promoter. This promoter plays a role
in controlling expression of the gene. Promoters may be constitutive (the
gene is expressed all of the time), inducible (the gene is only expressed
on under certain conditions) or tissue-specific (the gene is expressed in
certain plant parts). The time and place where the gene is expressed is
an important factor in determining the consequences of contamination.
We give examples of different parts of the life cycle where genes may be
expressed, below, and then go on to discuss the possible consequences
of that expression.

4.10 Some transgenes may be expressed in pollen (Twell et al., 1990; Albani
et al., 1992; Weterings et al., 1992; Mascarenhas, 1992; Davies et al.,
1992; Richter & Powles, 1993; van der Geestet al., 1995; Hong et al.,
1997) and the compounds produced will usually be detected in low
guantities (Wilkinson et al., 1997).

13
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4.11 The first stage of plant growth after fertilisation is seed development.
Some of the compounds found in the seed are produced by the mother
plant and imported into the seed. Therefore, genes obtained through the
pollen will not affect these compounds in this generation of seed.
Production of other seed compounds may be affected by expression of
genes from both parents (from both pollen and egg). An example of both
of these mechanisms is provided by double-low oilseed rape. This type
of rape produces seed-oil low in glucosinolates and erucic acid. Aliphatic
glucosinolates are imported from the mother plant (Magrath & Mithen,
1993) so pollen contamination does not alter aliphatic glucosinolate
levels in the seed. If this seed is grown to produce a plant, the
contaminating genes are present in the maternal parent and so have an
effect on glucosinolate levels. In contrast, erucic acid production is
controlled by genes from both parents and so pollen contamination from
high erucic acid varieties results in increased levels of erucic acid in the
seed (Ramans, 1995, Bilsborrow, 1998). In both cases the relevant
gene(s) from the pollen are present in the seed. Another example
involves the Dap mutation in maize that results in seed dappled with a
purple pigment. When the Dap mutation is derived from the female
parent, it is expressed but when it is derived from the male parent, it is
not. Some Dap mutations are never passed on via the pollen so even the
offspring resulting from the pollination will not produce dappled seed
(Gavazzi et al., 1997). Other gene products are not found in the seed at
all, whether the gene is maternally or paternally derived (see below).

4.12 The above examples are taken from non-GM plants but there is a range
of seed traits that have been genetically modified. These include nutritive
value (Molvig et al., 1997; Pickardt et al., 1995; Saalbach et al., 1995;
Hood et al., 1997; Raina & Datta, 1992), oil quality (Murphy, 1995),
seedlessness (Tomes, 1997) and pharmaceuticals (Parmenter et al.,
1995) in a range of crops. However, details of paternal expression of
these individual transgenes are not always given in the scientific
literature.

4.13 If the contaminated seed is grown on, the transgene is likely to be
expressed at some point in the croplls development. Genes can be
specifically expressed in seed (examples above), leaves (Yamamoto et
al., 1994; Stockhaus et al., 1987), roots (Neuhaus et al., 1994), nodules
(Mett et al., 1996), vascular tissue (van der Mijnsbrugge et al., 1996;
Raho et al., 1996) and various combinations of plant parts. Transgenes
can be induced by anaerobic stress (Kyozura et al., 1991), light (Quandt
et al. 1992), nitrates (Rastogi et al., 1993), heat stress (Severin, 1995),
drought (Wei & OOConnell, 1995), heavy metals such as copper (Mett et
al., 1996), natural and artificial chemicals (Gatz, 1996), wounding
(Hansen et al., 1996) and plant hormones (Bommineni et al., 1998). In
addition to the production of novel products or increasing levels of certain
plant products, transgenes can also give reductions in certain plant
products (Hofgen & Willmitzer, 1992; Gorschen et al., 1997).
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4.14 All of these factors can work together in different combinations. For
example, induction and tissue-specificity are not mutually exclusive.
Thus, transgene effects are variable and should be considered on a case
by case basis, as no generalisations can be made.

4.15 When the two factors, crop fate and nature of the transgene, are
combined it can be seen that the consequences of contamination
depend on both factors. If a seed production crop is contaminated, the
effect of contamination is determined by the nature of the transgene. If a
crop that produces seed as an edible end product is contaminated by
pollen, then it is only expression of the transgene in the seed that will
have an effect. Transgene expression in the seed is not important where
volunteer plants contaminate vegetative crops which do not produce
seed. Here it is only transgene expression in vegetative plant parts which
have an effect.

4.16 In this section we have considered the different ways in which a
transgene may affect a crop. The types of crop traits that are being
genetically modified are summarised in Section 5. However, it may be
argued that it is the very presence of a transgene, rather than the effect
that it has, which is of concern. If the presence of the transgene alone is
of concern, then the fate of the crop and the nature of the transgene are
less relevant. In this instance the consequence of contamination is
always the same: the transgene is present in the harvest.
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5. GENETICALLY MODIFIED CROPS LIKELY TO BE RELEASED IN THE
UK

5.1 Table 3 gives the crops that have been genetically modified and grown in
experimental field releases in the UK. It also includes details of the types
of traits that have been modified.

Table 3. The categories of GM plants which were given permission to be
grown under field conditions in the UK from 01/02/93 - 13/05/98. The numbers
refer to the numbers of applications approved and may include repeat
applications for the same GM crop.

Crop GM Trait Number
Apple Fungal Resistance 1
Insect Resistance 1
Barley Malting Quality 1
Beet (Fodder) Herbicide Tolerance 3
Beet (Sugar) Herbicide Tolerance 22
Male Sterility and Fertility 1
Restorers
Sugar Content 1
Virus Resistance 2
Chicory Herbicide Tolerance 1
Male Sterility and Fertility 2
Restorers
Eucalyptus Herbicide Tolerance 1
Maize Herbicide Tolerance 4
Oilseed Rape Fungal Resistance 4
Herbicide Tolerance 37
Male Sterility and Fertility 21
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Poplar

Potato

Strawberry

Tobacco

Tomato

Wheat

Restorers

Oil Content

Pod Shatter Resistance
Pulping Quality
Fungal Resistance
Insect Resistance
Nematode Resistance
Sugar Content

Virus Resistance
Insect Resistance
Nematode Resistance
Shading Response
Fruit Ripening

Baking Quality

Fungal Resistance
Herbicide Tolerance
Pollen Disruption

Starch

17

17



Archived at http://orgprints.org/8260

6. ACCEPTABLE LEVELS OF CONTAMINATION

6.1 Acceptable levels of varietal purity are given in The Cereal Seed
Regulations, The Fodder Plant Seeds Regulations, The Oil and Fibre
Plant Seeds Regulations, The Beet Seeds Regulations and The
Vegetable Seeds Regulations. The isolation distances, provided by MAFF,
aim to ensure that these levels are met, although the chance that a crop
may be contaminated above an acceptable level can never be entirely
excluded. Levels of contamination acceptable to organic farmers are not
clear. The UKROFS do not quote a figure for contamination by GM or non-
GM crops. However, if the level of contamination of seed production crops
acceptable to organic farmers is less than the levels indicated by the
MAFF standards, then a new set of isolation distances and other
procedures will need to be considered. If no level of contamination is
acceptable then this clearly cannot be guaranteed.

6.2 For crops in which the seed is the end product, and the seed are not
grown on, there are a few examples where contamination has been
considered to be a sufficient problem to be studied. These arise in oilseed
crops where varieties produce different oils suited to specific uses. It is
important that edible oils do not contain the anti-nutritional compounds
that may be found in other oils. Here contamination has been considered.
In the case of high erucic acid oilseed rape (a non-GM crop) the isolation
distance of 50 m is used (see also Ramans, 1995; Bilsborrow et al., 1998).

6.3 In the case of crops that do not set seed, contamination by pollen will not
be a problem. However, the presence of GM volunteers may lead to
contamination of the harvest and acceptable levels need to be decided
upon. It is important to define acceptable levels because complete
isolation cannot be guaranteed.
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7. RESPONSIBILITY FOR ISOLATION

7.1 GM crops will not be released into the environment without first going
through a rigorous and internationally recognised regulatory process
designed to protect human health and the environment. The Advisory
Committee on Novel Foods and Processes (ACNFP) must be satisfied
that these crops will not harm human health, while the Advisory
Committee on Releases to the Environment (ACRE) must be satisfied that
they will not harm human and animal health and the environment. Non-
organic agriculture makes up about 98.5% of UK agriculture. This means
that GM crops could eventually become widespread. The regulatory
process acknowledges this and so regulation is strict. Therefore, any GM
crops that are released have to be accepted as a legitimate part of
agriculture in the UK.

7.2 The organic farming movement have set themselves strict standards.
These include the exclusion of synthetic chemicals. To achieve this,
organic farmers must provide an effective windbreak to minimise the risk
of spray-drift contamination and ensure equipment is free of non-permitted
substances (UKROFS 1997). To exclude transgenes, comparable
measures will need to be taken. Organic farmers and/or GM producers will
need to ensure that their crops are isolated from other crops by an
appropriate distance or barrier to reduce pollen contamination if the crop
flowers. To reduce seed contamination, shared equipment will need to be
cleaned and an appropriate period of time allowed before organic crops
are grown on land previously used for GM crops.

7.3 Responsibility for isolation needs to be decided upon before appropriate
measures can be implemented. In a draft code of practice the Supply
Chain Initiative on Modified Agricultural Crops (SCIMAC) propose GM
farmers adopt the isolation distances observed for the production of
certified seed crops (maize 200m, oilseed rape 200m, sugar and fodder
beet 600m). These proposals are being considered by the UKROFS
Board. SCIMAC also suggest that neighbouring farms should inform each
other of their planting intentions in order to consider appropriate isolation
measures.
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8. CONCLUSION

8.1

8.2

8.3

8.4

8.5

Genetic contamination of various kinds is inevitable in field grown crops.
This is an issue faced by farmers growing seed production crops and
regulations already exist to ensure contamination is below an agreed
level. The current status of organic crops relies on the exclusion of GM
contamination. This means that contamination is an issue for all classes
of organic crops, not only seed production crops.

Contamination may arise through pollen or seed dispersal and both
mechanisms are important. The degree of pollen contamination will
depend upon physical distance, sexual compatibility between the crop
and the contaminating source, relative flowering times, crop areas and
outcrossing rate of the crop. The degree of seed contamination will be
influenced by seed handling procedures, seed dormancy and rotation
practices.

Pollen cannot be contained but the best means of reducing levels is to
provide isolation distances between crops and other sexually compatible
plants. The effects of seed dispersal can be reduced by allowing a time
period between similar crops and by removing volunteers. All of these
factors are covered by the regulations for seed production crops. Seed
handling and transport is not regulated and spillages leading to feral
populations (particularly of oilseed rape) may cause a problem. Unlike
the case of pollen contamination where close neighbours are most at
risk, seed spillages could lead to contamination at long distances from
the original source. The seed production regulations do include the
removal of any potential sources of foreign pollen in the area while the
crop is flowering, which includes weeds and feral plant populations.

Neither source of contamination, pollen or seed, can be entirely
eliminated. If levels of contamination similar to those set for certified seed
are acceptable, then the same growing practices can be adopted. It
would then be possible to draw on the experience of many years of seed
production in the UK. A number of factors may mean organic farmers
require higher standards of genetic purity. Firstly, they may require
higher standards in order to provide the consumer with an acceptable
level of GM-free food. Secondly, the practise of using home-saved seed
may lead to the accumulation and multiplication of contamination so
initial levels of contamination will need to be minimised. Lower levels of
contamination can be achieved by increasing the precautions required by
the regulations for seed production crops. However, the information is
not available to quantify the effect of increasing these measures.

In order to implement measures to minimise mixing of organic and GM
crops, it is necessary to decide who will carry these measures out. For
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8.6

8.7

8.8

8.9

instance, should isolation distance be the responsibility of the organic or
GM farmer, or both? Other measures, including physical barriers, years
between land use and cleaning of equipment, need not necessarily be
carried out by the same party.

In order to ensure that the measures taken achieve acceptable levels of
contamination, it may be necessary to test for and quantify the presence
of GM material. Estimates of contamination are already required for seed
production crops and are carried out by the National Institute of
Agricultural Botany (NIAB). However, the methods available may not
always detect contamination, and quantification of the level of GM
contamination in organic crops is likely in some instances to be very
difficult to achieve. Firstly, because the GM trait may not be readily
apparent and secondly, because the genetic diversity already within
some organic crops may make additional traits from a contaminating
crop harder to identify.

If the plant trait a transgene confers is used to test for transgene
presence, this could lead to underestimates as not all transgenes will be
active at all times. To test for the transgene(s) directly would be costly,
time-consuming and require detailed knowledge of the transgenes in
guestion. However, if it is the transgene itself that is of concern, as
opposed to any products thereof, then direct detection of the transgene
is the only reliable method available.

It is impossible to generalise about the effects of individual transgenes
once contamination occurs. Factors that are likely to be important are the
time of contamination, fate of the crop and the nature of the transgene
construct, particularly the promoter which controls when the gene is
switched on in the plant.

Initially, releases of GM crops will involve a limited range of
modifications, which will make testing for contamination and
consideration of the consequences easier. However, if the technology
takes off in the UK, as it is already doing in North America, Argentina and
China, then the range of modifications could increase dramatically.

8.10 Some of the seed used to sow organic crops in the UK are obtained from

abroad. The possibility of pollination or mixing of these seed means that
GM crops grown outside of the UK are relevant to organic farming here.
Regulations on GM and organic crops in other EU countries are in line
with those in the UK. This may not be true for seed obtained from further
afield. For example, seed companies obtain seed of some species of
forage grasses from around the world. Genetic modification of this group
of plants is the subject of much research internationally (although field
trials with GM forage grasses have not been carried out in the UK).
Another factor is that after 1% January 2001, or a modified deadline
thereafter, organic farmers in the UK will be required to use organically
produced seed. Little or no organic seed is produced in the UK at
present but it can be obtained from other countries. The situation
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regarding GM crops across the globe is constantly changing. Although
the IFOAM regulations are used widely, organic farmers need to be
aware that other countries, particularly those outside Europe, are likely to
have different regulations regarding the separation of GM and organically
produced seed.

e In conclusion, once GM crops are released they, like all
crops, cannot be completely contained. The same
principle is true for spray or fertiliser drift from one
farming system to another. There has always been the
possibility of hybridisation and seed mixing between
organic crops and conventional crops. There is a rigorous
regulatory process in the UK governing the production
and commercial approval of GM crops for release into the
environment and for their use as food and feed. The
areas highlighted in this report are:

e The need for acceptable levels of contamination of
organic crops to be decided, and measures identified to
achieve them. It is important to define acceptable levels
because complete isolation cannot be guaranteed.

e The need for easy and reliable methods of identifying and
guantifying GM contamination, which in practice may be
very difficult to achieve.

e The importance of checking sources of seed for organic
crop production, particularly those obtained from outside
Europe.
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APPENDIX 1
Extracts from the UK Register for Organic Food Standards

(UKROFS) production standards document that refer to
genetically modified organisms.

Chapter Il - UKROFS PRODUCTION STANDARDS

Section 1 - Organic Production and Care of the Environment

1.4 The UKROFS Board have determined that Genetically
Modified Organisms (GMOs) have no place in organic
production systems. For a definition of GMOs in this context see
Chapter Ill, Section 10, Annex 1A of these standards.

Section 4 - Crop Production

4.15 In accordance with the principles of organic production set
out in Section 1 of this Chapter, plants which have been
genetically modified must not be used in organic production. For
a definition of genetic modification see Chapter Ill, Section 10,
Annex 1A of these standards.

Section 7 - Livestock Production
7.56 Genetically Modified Organisms (GMOSs)

In accordance with the principles of organic production set out in
Section 1 of this Chapter, livestock which have been genetically
modified must not be used in organic production. Ingredients
which are genetically modified organisms, or derive from such
organisms, must not be used as feed. For a definition of genetic
modification see Chapter Ill, Section 10, Annex 1A of these
standards.

Chapter 11l - UKROFS PROCESSING STANDARDS
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Section 2 - Operational and Compositional Processing
Requirements

2.16 Genetically Modified Organisms

In accordance with the principles of organic production set out in
Section 1 of Chapter I, ingredients, processing aids or additives
which are genetically modified organisms, or derive from such
organisms, must not be used in organic production. For a
definition of genetic modification see Chapter Ill, Section 10,
Annex 1A of these standards.

Section 7 - List of Permitted Ingredients of Non-Agricultural
Origin

7.4 Micro-organism Preparations

Any preparations of micro-organisms normally used in food
processing, with the exception of micro-organisms genetically
modified in the meaning of Article 2(2) of Directive 90/220/EEC.

The text of Article 2(2) of Directive 90/220/EEC is given in
Section 10.

Section 10 - References to Other EC Directives mentioned in
Section 3.0 and Section 3.1

Annex 1A Techniques referred to in article 2(2)
PART 1

Techniques referred to in Article 2(2)(1) are inter alia:

1. Recombinant DNA techniques using vector systems as
previously covered by Council Recommendation 82/472/EEC,;
2. techniques involving the direct introduction into an

organism of heritable material prepared outside the organism
including micro-injection, macro-injection and micro-
encapsulation.

3. cell fusion (including protoplast fusion) or hybridisation
techniques where live cells with new combinations of heritable
genetic material are formed through the fusion of two or more
cells by means of methods that do not occur naturally.

PART 2
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S

Techniques referred to in Article 2(2)(ii) which are not
considered to result in genetic modification, on condition that
they do not involve the use of recombinant DNA molecules or
GMOs, are:

in vitro fertilisation,

conjugation, transduction, transformation or any natural
process,

polyploidy induction.

APPENDIX 2

Seed production standards for Canada, New Zealand and the
USA.

Individual farmers may adopt higher voluntary standards.
Isolation distances have been converted from feet to metres to
facilitate comparisons with UK distances. [0Years between land
usel] are the number of years which the field(s) must be used
for different crops before the same crop can be replanted for
seed production. OVolunteer: Crop plantsl is the acceptable
ratio of volunteer plants (or heads) compared with crop plants.
This is the most relevant information but more detail is given for
certain cases.
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Crop Isolation Distance Years between Volunteers: Crop
land use plants
Barley Om [a] 1 1:1000 - 1:3000
Clover 50.8 - 184.6m 2-5 1:100 - 1:1000
Field & flat Om [a] 1 1:500 - 1:2000
peas
Field & garden Om [a] 1 1:500 - 1:2000
beans
Grasses 50.7 - 276.9m [c] 1-5 1:50 - 1:1000
(outcrossing)
Grasses 4.6 - 18.5m [c] 1-5 1:50 - 1:1000
(selfing)
Maize 203.1m [b] 0 1:200 - 1:1000
Mustard 203.1 - 406.2m 1-4 1:500 - 1:2000
Oats Om [a] 1 1:1000 - 1:3000
Onion 406.2 - 1624.6m 1 1:200
Rape 101.5 - 406.2m 2-4 1:500 - 1:2000
(outcrossing)
Rape (selfing) 101.5 - 203.1m 2-4 1:500 - 1:2000
Rye 203.1m 1 1:1000 - 1:3000
Strawberry 92.3-457.2m 2 0
Triticale Om [a] 1 1:1000 - 1:3000
Wheat Om [a] 1 1:1000 - 1:3000

[a] = isolation distance required to prevent mechanical mixing

[b] = natural barriers can be used to reduce the isolation distance

[c] = border removal is required for areas over 5 acres and may be used
to reduce isolation distance
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