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Forord

Denne rapport et resultatet af et 3 méneders udrednmgsarbejde Arbejdet

- blev udfgrt af videnskabelig assistent Bine Bjerregaard fra den Kongelige

Veterinzr- og Landbohgijskole, Institut for Jordbrugsvidenskab, Sektion for
Ukrudtslere i perioden fra september til 0g med november 1996. Professor
Jens C. Streibig var projektleder, Styregruppen for projektet bestod af Gitte.
S. Poulsen og Juliane Albjerg fra Miljgstyrelsen, samt Jens C. Streibig og

- Kathrin¢ H. Madsen fra Den Kongehge Veteriner- og Landbohgzi_]skole For- .

fatterne vil gerne benytte lejligheden 1 t11 at takke M1I]¢styrelsen for finansie-
nng af prOJektet :







Summary

The present report summarizes the state of the art of herbmlde resistant crops

 and impact of their use.

Until now, only four marketing re]ease permlts for herblclde resmtant plants
have been given in Europe, but the numerous release permits for experimen-

tal svan and tha valangs taaween Fomamr tha TTIQA maas, 11g o ddan ~AF « 1l

xrh
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~ plant/herbicide constructions will be the next to appear on the market.

None of the four herbicide resistant plants with'a marketing release permit
(Bromoxynil tolerant tobacco, glufosmate tolerant oilseed rape, glyphosate
tolerant soybean, partial glufosinate tolerant chicory) are'yet commercially .
available (November 1996). This means that Europe has no large scale
growing experience with genetically modified herbicide resistant plants. The:
few publications that exist are on small scale controlled experiments.

The most discussed subjebts'conceming the release of herbicide resistant

p,ld]ll.b aie WIIUIJ]UI I-llUlI H.IUUUULI.]UH WIH LAause.

- herbicide use to increase or decrease
- problems with herbicide resistant volunteer plants
- problems.with herbicide resist_ant crop/weed hybrids

There does not seem to be clear answers to these questlons Well funded
arguments exist both for and against the different potential risks. From the
material collected for this report it seems that introduction of genetically
modified herbicide resistant plants could cause:

- a decrease in herbf;c1de amounts, compared to present levels, for
- most crops, if managed correctly o
- a shift to herbicides considered less environmentally

suspect

o herbicide resistant weeds and volunteer plants though the extent of

. the problem differs in various crops
- pleiotropic effects o

~In order to make predictions as precise as possible, environmental impact

and changes of cultivation methods have to be evaluated separately for each ,
new release apphcatlon :






| Dansk sammendrag |

Denne rapport er en status over herbicidresistente afgrgder og de konsekven-
ser det vil medfgre at introducere dem i landbruget.

Der er indtil nu kun givet fire tilladelser til markedsfgring af herbmdrem-
stente afgipder i Buropa, men det store antal tilladelser til forsggsudsatnin-
ger og markedsfaringstilladelser fra USA kan give et billede af hvilke her-
bicid resistente planter, der vil komme pé markedet i Europa i den naenneste
fremtid.

Ingen af de fire planter, der har faet marketmgsulladelse (Bromoxynil. tole-
tant tobak, glufosinate tolerant raps glyphosate tolerant soyabgnne, delvis
glufosinate tolerant julesalat), er i handlen endnu (november 1996). Det
betyder, at der i Europa ikke er erfaringer med dyrkning af herbicidresistente.
afgrgder i stor skala. De f& publikationer, der findes, omhandler smd kontrol-
lerede forsgg. . : '
De mest omdiskuterede emner vedrgarende 1ndf¢relsen af hel‘bICId resistente

, afgmder er om afgrgderne: :

- vil fa herbicidforbruget til at stige eller falde

- . . vil skabe problemer med herbicid-resistente spildplanter -

-~ vil skabe problemer med herbicid-resistente afgrgdefukrudts
' " hybrider

Der synes ikke at vaere'entydige svar pa disse spgrgsmal. Der er velfundere- -
. de argumenter bade for og imod de forskellige potentielle problemer. Det

- indsamlede materiale peger i retning af, at en introduktion af genetisk rnodl- .
ficerede herb1c1dre31stente planter kunne resultere i: o '

. nedg_ang i herbicid forbruget, sammenlignet med nuvzrende
- _nivean, for de fleste afgreider, hvis de dyrkes korrekt
- et skift til herbicider der regnes for mindre miljpbelastende
- herbicid-resistent ukrudt og spildplanter, selvom problvrnets om-
fang er ikke lige stort for alle afgrédetyper :
- plelotmp:ske effekter

For at ggre forud51ge1seme s4 precise som muhgt ma man evaluere -indfly-
~ delsen pad miljget og andringer i dyrkmngsmﬂnstre separat for hver enke!
,markedsfgarmgsansﬁgmng '
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- Definitions

' The herbicide debate

1 Introduction

In 1995 the Europeart Commission established an ad-hoc group to assess the

- environmental effects of the use of herbicide resistant plants. One reason

was-the ongoing discussion whether long term consequences are covered -
under Directive 90/220/EEC on the deliberate release into the environment

* of genetically modified organisms or under Directive 31/414/EEC concern-

ing the marketing of plant protection products. The ad-hoc group found that

- further work was needed to investigate relevant environmental issues.

This report is the result of a cooperation between the Danish Environmental
Protection Agency and the Royal Veterinary and Agricultural University, -
Denmark. The aim is to surnmarize state of the art of herbicide resistant

- crops and the impact of their use.

In this report'we define Genetically Modified Herbicide resistant Plants.

(GMHPs) as plants, that have been genetically engineered to contain a gene,

" that confer resistance to a herbicide. The GMHPs are only resistant to one

hetbicide or a group of herbicides having exactly the same mode of action.
Unless naturally tolerant the plant shows no resistance to herbicides with
other mechanisms of action. Most crops are naturally tolerant to.certain
herbi¢ide groups without being genetically modified.

The herbicide-resistance in GMHPs can be caused by either metabolic de-
toxification or by alterations of the target site for the herb1c1de that prevents
the herblcide from binding to specific enzymes

The terms tolerant and resistant are often used interchangeably. ResiStance,

to be specific, is a tolerance to very high doses of a herbicide. It could be

-argued that the term tolerance should be used in all cases, but in order to.

differentiate between the levels of tolerance the term resistarice is often used

as tolerance to high doses of herbicide. In this report the ferm herbicide re-

sistant will refer to plants that have been ade insensitive to a herbicide by

‘biotechnology. Non- genetically modified hetbicide resistant plants will be .

referred to as naturally tolerant plants

The first petitions for marketmg release of GMHPs have caused a great deal
of debate in many European countries. For some people, the debate has been
concentrated on the question whether genetically engineered plants in gen-

eral are safe and ethically acceptable. For others, the focus has been on the -

* potential environmental and health problems caused by herbicides.
- In recent years herbicide residues have been found in groundwater, surface-

water, rainwater, air, snow and fog (Miiller et al. 1996). This has caused a

- great deal of debate about the cultivation methods used in Buropean agricul- =

ture. Some countries specifically aim on a low-pesticide agriculture. In
Denmark it has been politically decided that pesticide use should be reduced -

" by 25% from 1985 to 1990 and by another 25% from 1990 to 1997. In Aus-

tria 10% of agriculture is independent of synthetic pesticides, and public and
politicians are in favor of supportmg a development towards more orgamc
farming.

The question is whether GMHPs are a step towards an agncultural practice a
pamcular country aims to obtain.

11
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- A multitude of arguments are heard for and against the introduction of

GMHPs. Common for all the arguments is that few of them are based on
facts.

" This report aims at summarizing some of the most common arguments for

and against GMHPs and evaluating the experimental work that has been

. done to verify or reject the arguments.
. The main subjects of the report are:

-+ status on marketing.of GMHPs in BU'

impact on cultivation methods and herbicide use

- risk assessment in connection wrth volunteers and gene transfer
from herbrcrde resistant crops ‘to related weeds

- other potenuai problems:_ Multrple resistance, reducedr
biodiversity and pleiotropic effects of inserted genes

The report is written as a review based on information retrieval with help .
from the competent authorities in the member countries and supplemented
with information published in international scientific

~ journals and information published by companies and authorities. The report

focuses on the situation in the EU. Since GMHPs are not commercially
available in the EU most experiences with GMHPs come from the USA and
Canada where GMHPs are already available. The American and Canadian -

experiences are included in order to try to predict the future situation in the
EU.

" The’ reports on risk_assessment of GMHPs are few. Development of new '
. 'GMHPs has been explosive during the last years and long term risk assess-
* ment studies have lagged behind. This is partly because ecological experi-

ments are very time consuming. The studies are- not always ideal. In the -

"USA most risk assessment studies are performed by the biotechnology com- _

panies placing them in a position of conflicting interests. In Europe risk
assessment studies are performed both by biotechnology companies and by
public scientific institutions. In Germany, there have been difficulties with

_ anti-biotechnology activists who have destroyed test fields, thus making it

impossible to perform the much needed risk assessment studles (Parker and
Bartsch 1996, Abbott 1996). ,
The report only deals with genetically modified herbzc:de resistant plants -
and a general discussion of genetically modified plants will not be covered.

- Problems unique to countries outside the EU (e.g. insufficient food produs-

tion, low cost of labour versus herbicides etc.) will not be discussed.

- Ethical questions, social consequences, economic benefits, etc. will not be

discussed. For these subjects see e.g. Comstock 1989, Goldburg 1990, Ra- |
dosevich et al. 1992.

At the end of the report there will be a tentanve evaluatlon of the long-term

_consequences of the use of GMHPs together with proposals for future work
- needed to enlighten the poteritial I‘lSkS of marketmg release of GMHPS




F zeld release applications in -

" the USA

| 2 'Back"gr_'ound

In the EU only foﬁr GMHPs {(November 1996) havé reéeive_d an approval
for marketing release under directive 90/220/EEC (see Table 2.4). A great

number of experlmental releases (Table 2.3) indicate which plants will most
- likely be on the market in the near future - provided the companies will ob~

tain marketing release permissions from the anthorities. In the USA and .
Canada GMHPs have been on the market for a few years. The first GMHPs
in the USA were glyphosate resistant soybean and bromoxyml resxstant ‘

. cofton that appeared in 1994, _
- The first herbicide resistarit crop to be placed on the market was atrazine

resistant canola in Canada that appeared in 1984 (Hall ez al. '1996). The

, canola was not genetlcally modified, but rather the result of repeated back-

crossing of a naturally atrazine tolerant Brassica rapa to Brassica napus.

. The plants lad very limited success because of a reduced photosynthetic -

activity resulting in yield reduct:ons of up. to 20-30% (Mallory Sm:th and
Eberlein 1996).

Since then the herbicide res;stance research has. changed mgmf:cantly The -
search is now concentrated on environmentally less malign herbicides, such
as glyphosate, glufosinate and the sulfonylurea group - although some bro-
moxynil GMHPs have also been developed. Side effects such as yield pen-

. alties have to be very low or non-existent, because a more effective weed

management only rarely compensate for a severe yield penalty, in terms of
economic’ output ] - -

* In the USA, 28.4% of all ﬂcld release penmts of geneucally modlﬁed plants-
- concerns herbicide resistant plants. This number. is followed closely by im-

proved product quality (25.4%) and insect resistance (23.4%). Numbers are-
calculated over a period from 1987 to 1995. During the same period the
most frequent crop to be genetically modified was corn (39%) followed by -
tomato (15%), soybean (12%), potato (1 1%} and cotton (9%). The most

‘common companion herbicides in GMHPs are glyphosate and-glufosinate
(see table 2.1 and 2 2) ,

Table 2.1

- Release permits for GMHPs in the USA from March to August 1996 .
(experimental release)*

- oy ot an e n e o . ==~ T T o T o o e o o —

Glufosinate =~~~ 6
Glyphosate .~ = . 3
Sulfonylurea-group 4

. *For a full list see appendix table 6.2

13 ‘.‘.



Field release applications in
EU - :

Table 2.2

" Petitions for GMHPs in the USA from June 1993 10 September / 296
o (marketmg release)*.

Glypho_sate : 3
Glufosinate 5
Sulfonylurea , 1
Bromoxynil = - 1(1993)

*For a full list see appendix table-6.3. Eight of these petitions have already been

: approved one had been withdrawn and one is still under review by the competent B

authomy

In the EU 40% of release applications for genetically modified plants in
1996 were for herb1c1de-res,1stance a much larger percentage than in the
USA.

In 16 of the 113 release appllcauons-for herbicide resistant plants in 1996
the herbicide-resistance was coupled to insect resistance (Statistics from the
Danish Nature and Forest Agency based on circulated summary notification -
information for release of genetically modified higher plants, SNIFs). In
those cases the herbicide-resistance is probably only intended as a marker,
used durmg the development of the GMHPs to select transformed plants.
The main trait is the insect resistance.

. The most frequent plant to be modified for herblclde-resmtance was oilseed

a 1ape (39%) followed by maize (35%) anid beet (mcludmg fodder- and sugar-

14 .

. beet) (19%) (Statistics from the Danish Nature and Forest Agency). The

most common companion herbicides in GMHPs are glyphosate and glufosi- -

~ nate (see Table 2.3 and 2. 4)

. Table 2. 3

Release applications for GMHPs in the EU from August I 995 to Septembe’
I 996 ( experzmenta[ re[ease) *

Glufosmate 82 (59%)
" Glyphosate 40 (30%)
Oxynils - 11 (8%)
Sulfonylurea 1
 Asulam 1.

Multi resistance 3.
*For a full list see appendix table 6.1

Table 2.4
Permtsszons for marketmg release of GMHPS in the E U

Bromoxynil tolerant tobacco
Glufosinate tolerant oilseed rape
Glyphosate tolerant soybean

- Partial glufosinate tolerant chlcory

(four more apphcatlons are bemg evaluated two Malze/Glufosmate and two
Oilseed rapelGlufosmate)




As mentioned in the introduction only four GMHPs have received a market--
ing release permit in the EU (Table 2.4). None of these are at present
(November 1996) commercially available. A glyphosate resistant sugarbeet

" from Denmark is expected to be commercially.available in 1998 (Axel Jgr-
gensen, Monsanto, Pers. comm.). At the Brighton Crop Protection Confer-
ence 1995, G. Marchall gave an estimate on the anticipated commercial
availability of GMHPs in Europe based on expenmental releases (see Table,
2.5). ‘

Table 2.5
Estimate on the anticipated commercial availability of GMHPs in Europe

(Modified from Marchall 1995 )

Crop : Glufosmate Glyphosate
Oilscedrape  1997-98 1999-2000
Sugar beet © 2001 1998

Wheat 2000 . >2000

- 2.1 Regulation of the release of genetlcally modlfied
plants in EU member states

Release of genetical]y modified plants, including GMHPs, in the EU re-

quires a release permit from the competent authorities. The release petition,

- in the shape of a technical dossier, is send to the competent authorities in

one of the member states. The competent authority will then pass the dossier-

on to the European Commission, which will distribute it to all member

. states. The member states will in turn advice and recommend on the case. In
. the case of experimental release permits the country presented with the peti-
tion is empowered to make the final judgement concerning the release. In
the case of commercial releases the final approval must come from the
Commission. If the member states, after scrutinizing the scientific basis,
disagree, which they often do, the case is decided upon by a qualified ma-

jority in the Commission. For a region to reject the decision of the Com-
mission, they must present a detailed scientific explanation supporting their
position (Nickson and Fuchs 1994, Waters 1996). ‘

Procedures and attitudes in the different member States vary considerably
(Swift Community Risk Evaluation Network, Hill 1995). In France a permit
for experimental release is obtainable within a month at minimal cost (the
procedure is partially public), in the UK it may take up to 6 month for a

_ permit (the procedure is fully public) and the cost is £2000. In Gerrnany it
may take 6 months or more (the procedure is fully public), the cost is 50,000
DM and the general political situation has until recently been hostile to bio-
technology (Loyd-Evans and Barfoot 1996)..A full overview of the proce-
dures of the member states concerning the release permits is collected in the
Heemskerk report ( 1994) and is also available from ProBio Partners infor-

.mation on Biotechnology from the Swift Community Risk Evaluation Net—

" work, via the internet -

(http:/fwww. noord bart. n1/~b10techlscreen html)
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* In the following an overview.is given on the arguments and objections

from the member states concerning the commercial release of GMHP,

The Danish competent authorities have objected to the placing on the Com-
munity market of all the GMHP's notified so far, due to lack of information
on the seed package that the seed is genetically modified. This point of view
has also been taken by Austria and Sweden. In case of genetically modified

_ herbicide resistant oil-seed rape; the objections raised by these three member .

states have in addition been due to uncertainty concerning the consequences
for the herbicide use. Oilseed rape is a crop that in itself acts as a weed in
other crops and is closely related to wild weeds. Outcrossing of genes be-
tween oil seed rape and wild relatives can take place. The expansion of

- resistance to related weeds - and especially combinations of resistance - will

make it more-difficult to exclude weeds with a minimum use of herbicides,

and may consequently influence the long-term use of herbicides. This argu-
ment has also been raised by Italy and Spain. Germany has objected to the -
placing on the Community market of several GMHP's due to inadequate

 labelling. Germany finds it important that it is stated on the Jabel that the use .

of the herbicide on the GMHP is a new indication area and requires registra-
tion according to the plant protection regulation. The reason for this label-.

- ling is that the use of a particular herbicide on a GMHP may lead to new
. metabolites, the safety.of which must be assessed in connection with the

registeation (Juliane: Albjerg, the Danish Envxronmental Protection Agency,

Pers. Comm.).
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3 Potential risks and benefits

Weeds have been known, and feared, since man first-began to cuitivate the
- land. In this context we define weeds as unwanted plants. Earlier the scope

of weed management was a total eradication of the weeds instead of a re-
duction of the weed infestation to an acceptable level. Today however, the
beneficial effects of a low level of weeds has been recognised. The weeds
serve as soil cover preventing erosion and as food and shelter for beneficial

. organisms that help combatting different pests, thereby Iowenng the need -

for pesticides (Miiller e al. 1996).

“The yield increase fo]lowmg total weed eradication is often margmal but
* todays farmers need the margain profit gained by the higher yields obtained

by the use of high levels of low cost herbicides.

Traditionally, new herbicides were found by screening a multitude of syn-

- thetic compounds for their weed killing effect. The scope was to find a sub-

stance that would kill most plants and leave the crop unharmed. These sub-
stances are called selective herbicides. Other substances kill almost all plants
and are called non-selective herbicides, although plants do show dszerent
susceptibility towards the substances.

The development of GMHPs has changed the Sc:ope of potential herblclde
screening. It is now possible to look for an effective plant-killing, environ-

" mentally not too harsh substance and later genetically modify particular

plants to become resistant to the substance (Bumsxde 1992, Dekker and
Duke 1995) . , :

Much of our experience with growing herbicide resistant plants come from
plants that are naturally tolerant to a selective herbicide or has been altered
through traditional breeding methods to be herbicide resistant. Since plants
that have been genetically modified to be herbicide resistant are not essen-
tially different from plants that have been altered-through traditional breed-

-ing, the experience gained from decades of growing naturally herbicide tol-

erant plants can be used in evaluatmg the potentlal problems appearmg when
growing GMHPs. .

~ Few studies have been made to momtor the i impact of GMHPs on methods
.. of cultivation and herbicide use. The few field experiments reported are’

mostly aimed at showing whether GMHPs survive treatment with high
doses of their companion herbicide and whether the yield is unchanged.

" From these experiences it seems that GMHPs do perform very well after -
 herbicide treatment and that yield levels have not changed (De Greef et al.

1989, C. Haldrup, Landskontoret for planteavl, S. Bisgérd, Danisco, Pers.
Comm., L. Christopherson 1996, Canola Guide 1996). :
Variations in habitats and cultivation methods vary considerably from fleld
to field - even when looking at the same crop in the same country. It is

. therefore. difficult to predict the impact a GMHPs will have when introduced
~ in agriculture. In order to make predictions as precise as possible, each
- GMHP must be evaluated in the management system where it is to be used,

even when discussing the same gene/crop (Gressel 1996)
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3.1 Impacts on cultivation methods and herbiéidé use

One of the most common arguments used both by propbnents of GMHPs

“and by those in opposition is the impact on the amount of herbicides used in -
agriculture. The proponents claim that the. introduction of GMHPs will lead

to a decreased amount of herbicide necessary for weed management together

'with a shift towards environmentally less malign herbicides. Those inop- . .
+ position argue that the introduction of GMHPs will lead to an increased
-dependence on herbicides and to an increase in the amount of herbicide used

(Beaumont 1993). They also argue that all hCI’blCldCS are environmentally

suspect and that it is therefore irrelevant to speak about more or less mahgrn
herb1c1des (Goldburg et al. 1990). .

3.1.1 Quantity of herbicides :

In the developed countries herbicides are used in virtually all major agro-
nomic crops (Duke 1996). Development of GMHPs would therefore have no
significant impact on the percentage of cropland treated with herbicides.
They can, however, have a great impact on the amount of herbicide used on-

"the treated area.

* A shift to new efficient low dose herbi_cides like sulfonyurea would mean a

decrease in the volume of herbicide used, but not in the "plant killing effect”
(Goldburg et al. 1990). Provided the non-target toxicity. and soil mobility of
these herbicides is the same or even less than that of traditional herbicides
this would be a desirable shift considering problems like groundwater con-
tamination. The shift would be of no consequence to non-target plants

_ though, meaning that side effects such as reduced biodiversity would not

decrease. The shift would alsobe of no consequence to the rate of develop-
ment of herbicide resistant weeds _(Darmency 1996).

In many crops, pre-emergence herb1c1des are routmely apphed before the '

severity of the weed problem is'’known. This is due to a lack of effective
post-emergence herbicides that are safe for the crops. Genetically engineered
crops resistant to effective post-emergence herbicides (most GMHPs are
resistant to postemergence herbicides) would allow the farmer to postpone
herbicide spraying until he knows how serious the problem is and to adjust

the amount of herbicide in response to the weed problem (Darmency 1996). - -
- Whether the farmers will exploit this possibility is another question. Bau-
~mont (1993) argues that pre-emergence and post-emergence herbicides con-

trol different kinds of weeds. This will make it impossible to substitute-one
for the other. He also argues that farmers are adverse to taking risks with

- their crops and will therefore continue the use of pre-emergence herbicides
~ to obtain margain profits.

Others state that the availability of post-emergence herbicides could encour-
age the farmer to try alternative, cultural or mechanical, weed management
methods, because the existence. of an effective post-emergence herbicide
would serve as an insurance if the alternative methods should fail (Dunwell
and Paul 1990, Duke et al. 1991, Burn31de 1992, Wyse 1992, Burnside
1996). ' o

Many of the herbicides used with GMHPs are effective non-selective herbi-

cides. The use of GMHPs resistant to these herbicides may cause a shift
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from a mixture of herbicides with less range to the use of a single herbicide
effective against a much broader spectrum of weeds. This is likely to cause a
decrease in herbicide use (Dunwell and Paul 1990).

In some crops spray drift or carry over of herbicides from another crop may
damage a less tolerant crop considerably. This is a severe problem in soy-

_ bean crops growing near glyphosate treated fields. Such crop damages en-
. courage the farmer to use less herbicide than he would have prefered to use

for a more efficient weed control. The development of GMHP varieties of -

- the susceptible crop, in this case soybean, would allow the farmer to use

elevated levels of herbicides in other crops without fearing the drift or carry.
over of herbicide to the former susceptible crop, since it would now tolerate
the herbicide. E. g. in a corn/soybean rotation the potential availability of an
atrazine resistant soybean would ailow the farmer to use three times the

- usual amount of atrazine in the preceeding corn crop without fearing dam-

ages to the soybean crop. Thls would result in an increase of herbicide use
{Boumont 1993),

‘Likewise the level of susceptibility of non-transgemc crops foa selectwe

herbicide, present the farmer with an upper limit of herbicide to be used in a
particular crop. Crop plants, genetically engineered to resist high rateés of

' herbicide, will no longer naturally keep herbicide levels low, but in contrary
‘encourage the farmer to increase herbicide levels (Harrison 1992, Darmency

1996, Goldburg and Hopkins 1996). The cost of the herblclde will then be

the limiting factor.
If GMHPs are developed with resistance to an 1nexpens1ve herbicide the

- farmer will be tempted to use excess amounts of the herbicide in order to -
.manage weeds more efficiently. One of the advantages often mentioned

about glyphosate is that it is relatively inexpensive (Delannay ef al. 1995).

Some low-acreage crops (e.g. lettuce) are susceptible to almost all herbicides
and it has consequently been impossible to use herbicides in these crops.
Generation of herbicide resistant variaties of these crops will make it possi-
ble to use herbicides where no herbicides were used before (Harrison 1992,
Burnside 1992). This will of course increase the amount of herbicide used.
Since genetically modifying a plant obtammg the marketmg permission and -
registering the herbicide for use in the crop is very costly, it is not likely that
many low-acreage crops will be genetically engineered to contain herbicide-
resistance in the near future. This will probably change when transformation
procedures have been standardized to a level where it will be economically
profitable to transform low-acreage crops (Ruckenbauer 1996).

The existence of highly effective seed/herbicide packages that will appear
with the commercialisation of GMHPs could make it less attractive to ex-

"ploit the possibilities for new low dose herbicides and alternatives to the use

of herbicides in weed management (Harrison 1992). This would not affect
the amount of herbicide used directly, but it would slow the path towards :
low pesticide level agnculmre _

Most predictions of changes in herbicide levels after introduction of GMHPS
are compared with the present level of herbicide use. Many European con-
tries try to lower the amount of herbicides used in agriculture. If GMHPs .
were not introduced, alternative methods for decrease of herbicide levels
would certainly be an object of intense investigation, resulting in a de-

* creased herbicide use. It could therefore be misleading to compare the level

of herbicide use after the introduction of GMHPs with todays levels, since

- the amount would probably decrease with the application of alternative cul-
 tivation methods,
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Madsen (Ma’dse’h and Streibig 1994, Madsen 1994) gave an estimiate of fu-

. ture herbicide use in different Danish crops (winter/spring oilseed rape,
‘winter/spring cereals, potatoes, beets, peas and maize) if GMHPs should

become widely used. She found that the amount of herbicide needed to con-
trol normal weed infestations in most of the examined crop rotations would
decrease compared to the present levels of herbicide use. One exception was .
oilseed rape (both winter and spring varieties) where herbicide levels did ot
seem to decrease considerably. Most of these estimates were made onan
entirely hypothetical basis and aspects such as cost of herbicide, temptations -
to overuse, problems with herbicide resistant weeds etc. were not inc_lilde_d.

In a study from Monsanto Europe (Anonymous 1996).it was shown that
cultivation of glyphosate resistant soybeans would decrease herbicide use
from an average of 1.13 kg aitha of trad1t10nal herblcldes to 0.74 kg av‘ha of :

_ glyphosate.

312 Envnronmental 1mpact of herbicides ‘

In the debate about herbicide resistant plants it is often claimed by the pro-
ponents that herbicide resistant crops will bring a shift in herbicide use to-
wards environmentally less malign herbicides (Dunwell and Paul 1990,
Shaner 1993, Burnside 1992, Sten Bisgard Pers. comm.). It is true that most

~ research for GMHPs is focused on herbicides considered environmentally

less suspect, but some research is also being done with herbicides consi-
dered environmentally malign (Goldburg et al. 1990, Goldburg and Hopkins
1996). In Europe approximately 90% of experimental release applications
concerning GMHPs were for plant/herbicide combinations involving

'glyphosat'c or glufosinate which are considered environmentally less sus-

pect.
Whether a herbicide is more or less environmientally suspect is dlfﬁcult to

establish. Many, contrasting, parameters have to be examined and the pa- -

rameters are often impossible to compare (Madsen and Streibig 1994).
Proponents of herbicides like to-use words as "environmentally benign" and
"safe” about certain herbicides. Harrison (1992).even puts it this way "By
developing tolerance to nontoxic, nonpolluting herbicides...”. Such herbi-

* cides do not exist, because they have to be toxic at least to target-plants. It is

therefore important to make one thing clear: statements about the safety and
environmental impact of herbicides are always made after a cost-benefit -
analysis of which risks we are willing to run to get the benefits from the
herbicides. No herbicide is without side effects, but we are willingto run a
certain risk in order to get a higher output from our agriculture. Whether the
risk we are running is worth the benefits is not within the scope of this re-
view to discuss, but it is an important aspects in the discussion of GMHPs.
Many herbicides affect biochemical pathways that exist only in plants e.g.
sulfonylureas, imidazolines and tiiazolines that inhibits the acetolate syn-. -
thase enzyme and atrazine and bromoxynil that are photosynthetic inhibitors
(Dekker and Duke 1995). This has been used as an argument for the safety

_of the herbicides (Comstock 1989), but the specialised phytotoxic effects do

not necessarily mean that the herbicides are not toxic to insects, fungi, bac- -
terias and mammals. Examining the LD, (the lethal dose of oral intake for
rats} it is seen that the photosynthetic inhibitor bromoxynil is one of the

more toxic herbicides, interfering with the oxidative phosphorylation in the
mitochondrias. For an overview of the health and environmental impacts of
herbicides see Madsen and Streibig (1994). Another factor to consider is that
the toxic effect of a herbicide can be modified in the joint actlon of herbzc:de '
mlxtures (Muller etal. 1996)



. Before it is stated whether a herbicide is safe enough for release, risk as-
sessments have to be performed both for the pure active ingredient, for

- breakdown products and for the commercial product. Commercial formula-
tions of a hérbicide may contain surfactants which have a higher toxicity
than the active ingredient. Mixtures of herbicides used together in the field .
also have to be analysed since chemicals acting in concert may have effects
" that do not exist in either of the chemicals alone (Goldburg et al. 1990).

3.1.3 Conclusion :
There is no unamblguous ev:dence to support neither the argument that her-
bicide use will increase nor the opposite. Field experiments tend to show
* that, if managed correctly, GMHPs are likely to bring about a decrease in
- herbicide use in most crops, compared to levels applied today. The herbicide
use will have to be monitored in the years following introduction of GMHPs
. in order to establish in which direction GMHPs influences the overall her-
bicide use. Introduction of GMHPs supports an agricultural practice that is
strongly dependent of herbicides.
Most GMHPs are résistant to herbicidés cons1dered less envn‘onmentally
_ suspect than herbicides traditionally used in those crops. The problem is to
evaluate the relative toxicity of a herbicide. If GMHPs resistant to environ-
mentally suspect herbicides are avoided and'if GMHPs resistant to environ-
- mentally less suspect herbicides are used according to prescriptions from
seed and herbicide companies, there will probably be a shift towards herbi-
cides that are currrently considered less environmentally suspect. ‘

~ 3.2 Risk assessment in connectlon with volunteers and
) gene transfer from GMHPs to related weeds |

There has been a lot of concern about the possibility that GMHPs may in-
crease the problem of herbicide resistant weeds (Harrison 1992, Keeler et al.
1996). The GMHPs could themselves become weeds, if they survive as vol-
unteers in the following crop, resistance genes could be transferred through

© cross pollination to related weed species and the selection of naturally her-
Dbicide tolerant weeds could be intensified by continuous use of one herbi-

" cide (Dale and Kinderlerer 1995, Keeler et al. 1996)..

- In some GMHPs, the herbicide-resistance has only been added as a seIect:ve‘
marker during the transformation process. The main trait of these plants
could be e.g. insect resistance or improved product quality, The plants are
therefore intended to be grown without their companion herbicide. The use
of GMHPs without the compamon herblclde may involve a risk of resistance

~ “gene transfer to wild weedy species if weeds are not effectively removed by
other means. :
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The concern is not so much the gene—transfer in itself, but rather the herbi-

cide resistant volunteer plants and weeds becommg invasive, like some in-

troduced exotic spec1es [

3.2.1 Develop'ment of herbicide resistant weeds

- Herbicide resistant weeds are not a new problem. Triazine resistant weeds

were first found in 1970 (Bandeen et al. 1982). Since then over 100 herbi-

- cide resistant weed species have been found, each resistant to one or more of

14 different herbicide classes (Holt 1996, Shaner 1996).

‘Herbicide resistant weeds can be generated in two ways: by gene transfer

from herbicide resistant crops or by selection for naturally tolerant weed
blotypes

The selection for herb1c1de resistant weed biotypes is already a problem in

ing. A w1despread use of crops resistant to herbicides with the same mode of

- action is likely to accelerate the development of resistant weed biotypes

because of increased selection pressure (Darmency 1996). On the other hand
it could be argued that GMHPs could be used in the management of herbi-
cide resistant weeds by expanding the number of herbicides with different
modes of action available in a particular crop. In this way the use of GMHPs
would help decrease the selection pressuire on the weeds (Shaner 1996)

The inechanis_m of herbicide-resistance found in the weeds has in most cases
been shown to be different from the mechanism in the crop plants (see Table
3.1). This indicates that the resistance has not been transferred from the crop

but rather has been present at low frequencies or has been caused by muta-

tions in the genome of the weeds. The few naturally herbicide tolerant plants

in the weed population have then been selected by their higher fitness during

herbicide application and have finally given rise to a whole population of

_ herbicide resistant weeds (Sherman et al. 1996, Duke 1996). Some scientists
. use this as an argument that gene transfer from genetlcally modlﬂed crops to

weeds is not likely to become problem.

One of the most important matters to consider when dlscussmg the spread of
genetic traits from crop plants to weeds is whether the cropplants have. close
relatives amongst the weeds growing nearby

* If there are no such relatives, then a spread of genes is very unhkely If there
-are such relatives the risk of gene transfer depends on how closely related

the two species are and how their biology miatch in other relations
(flowering time, hight of the plant etc.). It is therefore of little use to discuss

- the problem of gene transfer as a general -
- problem. We need to perform risk assessment studies for every single crop-

weed pair in order to be able to predict the possible impact of the GMHPs.-
Some of the crops grown in Europe do not present a gene transfer problem

- since there are no wild relatives growmg in Europe, except for wild growing
“volunteer plants. This is true for e.g. maize, soybean and tobacco. At the

other extreme we finid e.g. oilseed rape that readily hybridizes with Brassica
campestris, a common weed in oilseed rape fields (Dyer 1993, Shaner 1993,
Jgrgensen and Andersen 1994, Keeler 1996). In-Switzerland a risk assess-
ment study has been-made concerning the most common crop plants in
Switzerland placing each plant in a risk category (Ammann ez al. 1996).

~most crops sprayed with selective herbicides and the problem is still increas- -

-
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Table 3.1 o

‘Mechanisms of naturally occurring crop resistance, GMHPs resistance and

evolved weed resistance (from Dyer et al. 1993).

Herbicide class | Naturally oc-- | GMHPs resis- | Weed resis-
curring crop tance tance
resistance ‘ '

Aryloxy- | Active site' | Active site Metabolism,

: phenoxy-pro- ' active site and -
‘ plontes perhaps seques-
tration
- Bromoxynil Metabolism Metabolism Active site-
Cyclohexane- Active site | Active site Metabolism and'
| diones ' ' active site
“Glyphosate None . Active site None reported
‘Metabolism '
Glufosinate Little or none Metabolism | None reported
Imidazoli-nones | Metabolism Active site Ac_tive site
Sulphonyl-ureas Metabolism . Active site -Active site
- Triazines '| Metabolism Active site | Primarily actlve
‘ ' site
2,4D - Active site Metabolism Metabolism

! Except in wheat, in which case 1t is resistant by metabollc degradanon

Because of the.dlfference between the crops to consider, we have

chosen to address the problems of the GMHPs that have been released for
experimental purposeses in Europe dunng 1996, taking

each crop at a time. We have chosen not to include experiments with cauli-
flower, wheat and poplar since the expenments were few

‘Oilseed rape, Brassica napus, is insect pollinated and the large amounts of
- pollen contributes to both cross- and self-poliination. Pollen has been found

at least 2 km from large sources and can probably be found even farther
away. Brassica napus hybridizes with B. campestris, B. napus ssp. rapifera,
B. napella and B ]uncea (Poulsen and Hsajland 1994 Hardmg and Harris
1994). . '

The transfer of genes from 01Iseed rape to-the common weed Brassica cam-

pestris has been extensively studied, Most studies have concluded, that gene
transfer between the two species is possible and that it does happen in nature
(Kerlan et al. 1992, Jgrgensen and Andersen 1994, Harding and Harris 7
1994). This i is of no surprise though since oilseed rape is a hybnd between
Brassica campestris and Brassica oleracea (Hgst 1982).

In a study of the natural spontaneous hybridization between oilseed rape,

' Brassica napus L., and Brassica campestris ssp. campestris L., Jgrgensen
~and Andersen (1994) found that if the two species were mixed 1:1 B. cam-

pestris produced 13% hybrid seeds. If B. campestris was grown widely

; spaced within fields of oilseed rape, B. campestris produced up to 93% hy-

brid seeds and analysis of a weedy populat:ton of B. campestris in oilseed
rape revealed 60% hybnd seeds. : :
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These results show that transgenes could be dxspersed from o1lseed rapeseed

to B. campestrzs by natural hybridization..

- Beet, Beta vulgaris, is wind and insect.poll'in'ated an(l_ is most often self-

incompatible. Wind borne beet pollen can disperse up to 8 k. Beta vulgaris

“subspecies are relatively interfertile, In Northern Europe the commerc1ally

grown beet species have one wild relative, the sea beet, Beta vulgaris ssp.

_ maritima, that grows in costal areas. Cultwated beet and sea beet can hybrid-
- ize and give rise to Beta vulgaris vulgaris x Beta vulgaris maritima hybnds

(Harding-and Harris 1994, Hgjland and Pedersen 1994).

Beet can also hybridize with B. atriplicifolia and B. macrocarpa found in
the Mediterranian area. In California hybrids between B. vulgaris and B.
macrocarpa cause weed problems in sugar beet fields (Madsen 1994),
Besides this beet can hybridize with wild weed beet, which is a modified
annual variety of the cultivated beet that is often growing in beet fields.

. Bartsch and Pohl-Oxf (1996) found that cultivated transgenic beet and wild * -
~ beets readily hybridized and that some of the hybrids showed herbicide-
. resistance. '
- Since seabeet rarely occurs on arable land, gene transfer to sea beet is not
“constdered a problem. The potential weed problem caused by B. vulgans X

B. macrocarpa hybrids has to be studied more in detail.

i Gene—transfer from transgemc beet to weed beets isa potential problem

Malze, Zea mays, is a'wind pollmated grass native to Central and South

America. Maize pollen is transported by wind at least 500 meters. Maize can

~ cross hybridize with other cultivated maize varieties, but since there are no

wild relatives in Europe the transfer.of genes to wild weedy species is not
likely to happen Under European conditions (Hardingr and Harris 1994). '

Soybea.n Glycme mazx, is native to chma It has no close wild re]atwes in -

* Europe (Keeler et al. 1996).

Tobacco, Nzcotzana tabacum, has no close wild relatwes in Europe (Keéeler

et al 1996).

~ Chicory, Cz'chcbrium intybus, is mainly insect pollinated, but fO-ZO% of the

plants are self-compatible. Most varieties requIre vernalization in order to
flower, C. intybus hybridizes with wild growing chicory and with the rela-

- tive C. endivia, but since C. intybus is harvested while still vegetative, very

few mdmduals flower and are able to hybridize. In Europe C. endivia is

© found in the Mediterranean countries, Bulgana and the Netherlands

(Pedersen and Hgjland 1994).

'Sunflower, Heltanthus annuus, is native to North America. There are no
- wild relatives in Europe. Sunflower can cross hybridize with other culti-

vated sunflower varieties (Keeler ez al. 1996)



_prove the commerc:ally grown spe01es

3.2.2 Methods to prevent the development of herbicide resiétant weeds.
In order to prevent the development of herbicide resistant weeds-by sefec-

non, the farmer shouId (Madsen and Strelblg 1994):

') .~ Refrain from using the same herbicide repeaiedly on the same
area . C .

2) Use herbicides with different modes of action

3) " Use herbicide mixtures

4y .~ Use'mechanical weed management me,thods

5) Lower herblclde doses '

Methods for reducmg the risk of resistance- gene transfer from GMHPs to
wild weedy species include the incorporation of a suicide gene into the
GMHPs, that is triggered by cold or by the very hybridization process: The -
herbicide-resistance genes could be placed on organellar DNA that is not.
transferred with pollen (Darmency 1996). The risk of herbicide-resistance -
transfer is also reduced if the trait is caused by several independentiy in-

serted genes msleau of one ca.auy r.aumcu:u dominant gene \uauucub‘y'

1996)

B

Ifa p,robIem‘wi'th herbicide resistant weeds develop it has probably "come to

stay”. A switch to a different kind of herbicide will only help as long as.thé . -
new herbicide is used. If the farmer should return to the herbicide that the
weeds were resistant to, he will discover that there are still herbicide resis-.
tant plants Jeft. This is due to the seed bank in the soil. If 30% of a weed
population is herbicide resistant, approxnmately 30% of the seeds in the soil

~ seed bank will also be herbicide resistant. Provided there are no fitness dltte-
. rences between resistant and sensitive bxotypes the proportion of the two

will remain the same during the years of tratment with an alternative herbi-
cide. If this spraying stops there will still be 30% herbicide resistant weeds

Qn the nrahlam hae nat hean ef\’vn{‘ nnly An]a\raA Tn thie wav Q'F‘Fﬂr\hwn
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‘herbicides could be made useless.

. 323 Enhanced fitness of weeds with herbicide remstance

Once stated that the transfer of herbicide-resistance genes to weeds is poss1~

- ble and probably also likely to happen for some crop plants the question is-

whether this constitutes a problem. The gene transfer in itself is not a prob-

lem unless one is concerned with the ' 'contamination” of wild gene pools.

The problem arises if the transferred genes give the weeds a selective advan-

tage over non-ttansformed relatives. Crop plants that are genetically manipu-

lated to show other traits than herbicide-resistance e.g. resistance to fungi or -
insects, may transfer genes to weeds that lead to higher fitness of the weed Y

- (Harding and Harris 1994). Herbicide-resistance thmlgh is dependent on the

presence of the herbicide. The general opinion is that herblclde -resistance
will riot give weeds a higher fitness in habitats not treated with herbicides.

, Target site triazine resistance even confers lower fitness (Holt 1996, Gliddon -

1994). According to Keeler et al. (1996), a lower fitness in herbicide resis-

- “tant wild relatives of commercial plant varieties could also be a problem in
-the long run. A lower fitness could lead to the extinction of the plant spe-

cies. This is a problem since many wild relatives serve as  gene pools to im-

»
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Few experiments have been performed on enhanced fitness of GMHPs and
herbicide resistant weeds. One study on transgenic oilseed rape showed no
selective advantage or disadvantage of transgenic plants to non-transgenic.
plants (Poulsen and Jensen 1995). A comparation between the fitness of

seabeet, transgenic sugarbeet and their hybrids revealed no differences in ‘
fitness (Madsen 1994). Studies of the multiresistant weeds Alopecurus myo-
surroides and Lolium rigidum showed no differential fitness for resistant -

biotypes compared to sensitive biotypes (Hall ez al. 1994).

In fields and other areas that are routinely treated with herbicides {roadsides,
golf courses etc.) the problem with herbicide resistant weeds can be serious
because the herbicide resistant weeds have an advantage compared to the
non- modlfled flora of the area. '

3.2.4 Effects of herbicide resistant weeds on herbicide use’ ,
The generation of herbicide resistant wild weedy plants by escape of herbi-
cide-resistance genes or by selection present a real threat to the efficacy of
herbicides as a weed contro] option.

Especially the appearence of weeds resistant to widely used non-selectwe
herbicides such as glyphosate and glufosinate will leave farmers and others
with a weed management problem such as loss of non-selective herbicides to
“clean” fields and other areas of problematic weeds. A consequence could be
a return to the application of a mixture of old environmentally harsh herbi-
cides, provided these are still on the market (Keeler ef al 1996, Dyer 1993,
Shaner 1992, Holt 1996, Jensen 1993).

. 3.2.5 Conclusion

The transfer of herbicide-resistance genes to wildWeedy species is a poten-
tial problem in oilseed rape and beet. It could also be a problem in plants
that are not mentioned in this report. The hybridization of GMHPs with

‘unmodified crops of the same species growing nearby is possible for all
.outcrossing species that flower before harvest or are able to survive and

flower the next year as volunteer plants.
There is no evidence from invasivenes and yield studies that GMHPs and
herbicide resistant weeds possess an increased fitness. The risk of these

- plants becoming invasive is therefore small. This, however, can vary signifi-

cantly between the different GMHPs, even with the same herblclde/plant
combination and has to be evaluated separately from case to case.

The herbicide resistant weeds could become a major problem when several
crop species on the market have been engineered to contain the same herbi-

cide-resistance. Continued use of the same herbicide for several years will

increase the selection for herbicide resistant weeds and as a consequence
make weed management with the herbicide in question impossible. This
could force the farmer to return to the use of older herbicide mixtures and
thereby loose the benefits of GMHPs on herbicide levels and toxicity.

.On non-agricultural areas the spread of weeds resistant to glyphosate and

glufosinate could cause a shift from the use of non-selective herbicides to

‘more env1ronmentally suspect herbicide mixtures.




© Qilseed rape

Beet

Maize.

Soybean
" Tobacco

- Chicory

3.3 Risk assessment in connection with volunteer plants"

A volunteer plant is a plant emerging from buried seeds or plant parts from
the previous crop. Some plants are ready volunteers giving the farmer a

- hard time trying to get rid of them. In other crops the problem does not exist

at all. Normally, crop plants that are not native to a region will seldom sur-
vive without the intensive care of the farmer. This does not always apply,
considering the problems created by volunteer potatoes in the UK (Hardmg

- and Harris 1994, Dyer 1993, Shaner 1992).

Herbicide resistant volunteer plants could be a severe problem particularly in
rotations between two or more crops genetically engineered to possess the-
same herbicidé-resistance. Herbicide resistant volunteer plants would in this .
case be impossible to control with the companion herbicide of the GMHP.
Other types of herbicides would need to be mixed with the companion her-
bicide of the GMHP resultmg i an mcreased herb1c1de use (Darmency
1996).

As in the case of gene transfer between crop plants and weeds the problem
of herbicide resistant volunteer plants has to be evaluated from case to case.
We have examined the GMHPs released for experimental purposes in 1996.
Before 1996 there have also-been releases 1nvolvmg caul:ﬂower wheat and
poplar. o . T,

Oilseed 1ape, Brassica napus, 15 a ready volunteer pla\nt. It sheds large
amounts of seeds at harvest, as many as 10,000 seeds per square meter, that

remains viable for 2 long time in the seed bank.. Volunteer oilseed rape is

found in as much as 23% of winter cereal fields. Volunteer oilseed rape is
easily controlled in cereal crops, but in crops like peas, bean and linseed it is
a severe problem because it can not be controlled by selective herbicides
(Hardmg and Harris 1994). : :

" Beet, Bem vulgarz.s, is a biannual specxes that is normally harvested after the

first year - except when it is grown for seed product:on Most beets flower
and sets seed the second year, but some individuals, known as bolters flower
the first year and leave seeds for a long-lived seed bank that serves as a-

- source of volunteer plants in the following crops. Pieces of the beet roots left
in the field is another source of volunteer plants in milder climates. ‘

In the beginning of the 70's a different kind of beet, known as the weed beet,

emerged in Europe: The weed beet is annual and.requires no vernalisation.
Weed beet can be a serious weed problem jn beet crops (Hojland and Peder-
sen 1994, Harding and Harris 1994). -

Maize, Zea mays, is not likely to become a weed problem in Europe. In

northern Europe it is unlikely that maize will be able to set viable seed.
Maize is considered a safe transgenic crop under European CODdlthﬂS as far

. as weedmes is concerned (Hardlnger and Harris 1994) -

Soybean, Glycine max, is ot weedy in Burope (Keeler et al. 1996).
Tobacco, Nicétiana tabacum, is not weedy in Eufope {Keeler etal. 1996).

Chicory, Cichorium intybus, is mostly reproduced by seed, but can propa- -
gate asexually by fragmentation of the taproot. Since chicory is harvested
before flowering it will not leave a seed bank that could give problems in the .
next crop. Roots left in the soil counld give rise to volunteer plants. Chicory - -
is a common wild plant throughout the temperate world (Pedersen and

_ Hojland 1994).
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. Sunﬂower,'Hélianthus' dnnuus, is not weedy in Europe (Keeler et al. 1996).

3 3.1 Conclusnon '
Among the crops mentioned in this repon problems w1th volunteer plants

-+ are most likely to appear after growing oilseed rape and beet. Chicory: could

produce volunteer plants, but it is not reported as a problem.

- Since herbicide-resistance genes do not seem to provide the plants with an

increased fitness in areas not treated with herbicides the volunteer problems
can be expected to be the same as the present. New problems are likely to
arise when many crop species on the market are resistant to the same herbi-

© cides. This could make the management of voluriteer plants difficult and

could result i in a return to old herblcide mixtures.

‘3.4 Other potential ‘problems

.. 3.4:1 Muliiple resistance

The éxistence of crop plants resistant to many different types of herbicides
presents us with the potential problem of multlple resistance, in both crops
and weeds. Multiple herbicide-resistance has already evolved in some
populations of Alopecurus myosurroides in Europe and is a big problem i in.
Lolium rigidum in Australia. Multiple herbicide-resistance in weeds and
volunteer plants reduces the weed management options for the farmer and in
worst cases leaves no herbicide for chemical management of the trouble-

- some weeds. In Australia this has led to mcreased use of mtegrated weed’
management (Powles et al. 1996).

' GMHPs could furthier increase the problem with multiple resrstance The use

of new herbicides in a given crop rotation would present the weeds with an
. additional selection pressure and probably confer resistance 1o these new
herbicides too. .
For volunteer plants, the' problem of multiple resistance could arise 1f varie-
ties.of the same ciop species with resistance to different herbicides were
- grown adjacent to each other. Cross hybridization of the two spemes would
produce multi-resistant volunteer plants. . ,
The ultimate consequence of multiple herbicide-resistance would be a total
loss of chemical weed management options in certain crops.

- Adding to the concern is the fact that the companion herbicidés of GMHPs,

are oftén non-selective herbicides that were previously used when all weeds
had to be controlled in fields or other areas. The development of weeds and
volunteer plants resistant to more of the non-selective herbicides would re-
sult in a switch to herbicide mixtures to replace the non-selective herbicides.
‘This would probably. increase the overall herbicide use.




34.2 Reduced biodiversity ‘ L
One consequence of the mtroductmn of plants resistant to non—selectwe .
herbicides could be a reduced biodiversity on the arable land. The non-

selective herbicides would more efficiently remove all weeds from the-

F'alrlc Tha radncad wesd divarcity cmild Ipnfi tr a radnced F\lﬁr‘cuareih‘.: ho
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cause the feed and shelter of insects, fungi and bacteria would d1sappear

The reduced biodiversity could result in a disturbance of symbiotic relations -
as e.g. mycorrhiza and a decrease in beneficial organisms that help combat-
ing pests. This would increase the use of pesticides other than herbicides
(Miiller ez al. 1996). Proponents of GMHPs claim that the shift from pre-

~ emergence to post-emergence herbicides will conserve the habitats of bene-
- ficial orgamsms ‘for a longer period. Others argue that this is unlikely to be
. of any major importance since glyphosate and glufosinate are most effective
- on weeds at their early stages of development (Miiller ef a! 1996}
‘Most farmers see the reduced weed diversity as the very scope of weed man-

agement, Others have recognised the beneficial effects of low weed levels.

The weeds serve as soil cover to prevent erosion and as food and shelter for :
beneficial oreanisms (Miiller ef al. 1996. Ruckenbauer 1096\ s
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The decreased complex1ty of the agroecosystems would provide a perfect |
environment for the massive propagation of the few weeds surviving the
herbicide treatment (Burnside 1992, Radosevich 1992}

.The agroecosystem is an important habitat for wildlife because it provides

food and shelter: A severely reduced biodivercity of the agroecosystems
could endanger threatened species (Gerber and Young 1993). -

34.3F lelO[l' Uplb enecu of inserted gem:a

A plelot[‘OplC effect is an unforeseen effect brought about by the mserted
“gene i.e. an uninténded side effect. This could bea yleld penaity, a hlgher

content of a toxic substance etc.

"Herbicide-resistance ¢an be achieved bv dlfferent means:

1) . altered target site
2) - overexpiession of target enzyme
3) detoxification of herbicide

~ Eachof the resistance mechanisms ¢ould lead to dlfferent pleiotropic effects.
* . An altered target site could result in altered pathway regulation if the target

site is part of a pathway and to reduced fitness due to the altered pathway
regulation. Over expression of target enzyme could result in side effects

from the altered protein levels. Detoxification which is a result of herbicide

Regradanen coufﬂ prnrinmf- Angradanon prndnr\fe unfh unwanted characteris-

tics (Dyer ez al. 1993)..
The most extens:vely studied plelotropic effect has been yicld penalty
Atrazine resistance is normally due to an altered target site that prevents

“binding of the herbicide. Unfortunately, the alteration also results in a re-

duced photosynthetic productivity with yield penalties up to 20-30%
(Mallory-Smith and Eberlein 1996). There have also been reports of yleld

' penalnes in bromoxynil resistant potatoes.

In tomatoes a reduced and delayed ﬂowermg was reported in glyphosate
resistant cultivars. Aitered flowering characterisiics could affect the interac-
tion of the GMHPs with wild relatives and result in- decreased or increased
gene transfer between the species. - :
Glufosinate resistant carrots were reported to accumulate degradatxon prod-
ucts. The possible toxic effects of such products need to be examined before
commercialization of the GMHPs (Dyer et al. 1993). :
Allergenic substances could be transferred from the doner organism andlor
could be increased in the receiving organism (Miiller ef al. 1996).
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Al transgenic plants could have their biochemistry altered in an unpredict-

able way that could result in accumulation of toxic substances. In one case,a
genetically modified potato was found to be blight resistant due to high lev-
els of the toxic compound solanine (Dyer et al. 1993). The potato" variety
was rapidly removed from the market. -

One of the problems about plelotmplc effects is that they mlght only turn up
in certain environmental conditions or with certain background genotypes
(Gressel 1996). This makes it very difficult to assess the potential risks. -

3.4.4 Conclus:on : :
Multiple fesistance is likely to deve10p following the mcreased use of new
herbicides in connection with GMHPs. As is already the case in areas with
multiple resistant weeds this could lead to a loss of chemical weed manage-
ment options and force the farmers to use alternative non-chemical methods.
The effective non-selective herbicides that are used with most GMHPs will
probably result in a decreased biodiversity, not only of weeds, but possibly
also of non-target organisms. Since some of these organisms are beneficial
to the crop plants by combatting pests, this could resuit in an increased use
of pesticides other than herbicides.

The most extensively studied pleiotropic effect of the herbiclde-resmtance
genes is yield reduction. Other effects such as alteration of phenotypic ‘char-
acteristics have also been reported. For herbicide resistant plants the accu-
mulation of toxic compounds have not yet been reported. More research is

needed to evaluate the potential problems caused by pleiotropic effects.



Summary of conclusions

4 Discussion

1In this report we have outlined a number of potenual problems and benefits

of the introduction of GMHPs in agriculture. It is not possible to make-a
prediction that turns out to hold. Keeler e al. (1996) put it this way:

"To predict the environmental impact of transgenic crop requires a
_number of assumptrons none of whrch apply. These assumptions
inclode: S _ _oa

1 ‘the plant will always be respon51bly handled
_ 2. the plants will not evolve X

3. land use patterns, e.g. agricultural and pasturage systems, will
not change 51gmﬁcantly :

4, human uses of plants will remam the same

5. human evalnation of the worth of d:fferent spemes will rema.m
stable _

6. the distribution of people and the way they use the land (e g.
urban/rural) will be stable

' We have chosen to make these assurnptions anyway and tried to give a pre-

diction of the impact of GMHPs on environment and agricultural practice.

Arguments for and :agamst the different potential problems'have been
closely studied in the report. The following is a surmmmary of the conclusrons

. presented in the text:

1) GMHPs will probably resultina decrease in hesbicide use IF
MANAGED ACCORDING TO APPROVED OR RECOMMENDED

USE

2) GMHPs will probably lead toa partlal shift to herbicides currently
concdered less envrronmentally suspect

- 3) GMHPs do not support a deve]opment towards decreased depend—

- ence of herblcrdes

4) transfer of herblclde-resmtance genes to weed species is possrble for
outcrossmg speaes with c]ose weedy relatives -

5) GMHP volunteer plants can not be controlled with the GMHP

companion herbicide. This reduces the volunteer plant management
options and increases problems wrth plants that are already today
problematrc volunteers :

6) most GMHPs do not seem to have an altered fitness outside arable
land and are therefore not likely to become more invasive than un-
transformed plants, however, this needs further investigation. -

7) multiple resistance will most lrikely appear in both weeds and volun-
teer plants and ¢ould become a weed management problem
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fulfillment of the goals for

" Daele 1995).

iodiversity

9) there could be plelotroplc effects of the herbicide- reslstance genes in

- GMHPs -

Evaluation,of the potential problems in connection with the in;rodlictioﬁ .
of GMHPs is strongly dependent on the goals a country has for the de-
velopment in agricultural practice and technology’ (van den Dazele 1995)

- If the goal is to increase the percentage of organic farmmg as in Austria,

GMHPs will be easily rejected because the genetic manipulation of the -

- plants is incompatible with organic farming principals. If the goal is a
“ reduction in herbicide use, as in Denmark, the problem is more complei.

There are a2 multitude of arguments for.and against the view that GMHPs -
might decrease the rate of herbicide use. Since most of the arguments are

“based on assumptions rather than experiments it is mostly a matter of

belives which arguments to trust. Another goal could be an increased
production rate. This would make most of the arguments against the in- -

'troductlon of GMHPs useless.

Most European countries want to preserve the present profit levels i in
agriculture and at the same time reduce the impact of agriculture on the
environment. Having this goal in mind all new inventions concerning

3rand menmaasci nand s ntlan A s accaliinéad ann e die drzro AITAOE A

'WCUU ulauagclucul. lll.GulUUb alv cvaluatw ALLULLULLILE lU l-WU qucauuuS

What is the gain/loss in yield and profit? Which i 1mpact does the invention
have on the environment?

In terms of nmf_ tand vield, introduction of GMHPQ will probably hc

_considered a gain. The hlgher pnce of seeds will most hkely be coun-

teracted by cheaper weed management The yxeld of the GMHPs does not _
seem to change.

| If we look at the impact on the environment the picture changes a bit. For

most crops GMHPs are likely to cause a decrease in herbicide use, if ma-

. naged correctly, and a shift towards herbicides considered less environ-
" mentally suspect - provided no resistant weeds develop. On the other
. hand, the GMHPs could also give rise to a multitude of weed manage-
*_ment problems following the development of (multiple) herbicide resi- .
. stant weeds and volunteer plants. Adding to this are other potential pro-

blems such as reduced biodiversity and pleiotropic effects of inserted
genes, that will have to be studied more in detail in order to rnake con-
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Itis hker that some herbicides will be found in the: groundwater herbici~

de-resistance genes from GMHPs could be transfered to closely related
weeds, herbicide resistant volunteer plants could become a problem, mul-
tiple resistance could develop, nrnh]PmQ with reduced biodiversity and N
plelotroplc effects could appear. The questlon is whether these potenua]
problems are acceptablc in order to gam the possxble benefits (van den

-

Accordmg to the potential problems ‘outlined in this report, there are some
questions that we find it important to consider when evaluating an apph—
cation for marketmg release of a GMHP

e Isthe herblcxde in question less environmentally suspect than herblm-
des tradltlonally used in the same crop? :




" e Does 1ntroduct10n of the (JMH.P result ina decreased DCTDICIGB l.ISC

- in the given crop?

e Is herbicide_—resistance the main trait of the GMHP?

e Does the GMHP have close relatives among the weeds normally found
in the area where it is grown? and if yes, does thé GMHP contain bar-
rier to genetransfer (sulcxde gcnes, male sterility, transgenes on orga-

AT A

nellar DNA).

e Is the crop that the GMHP originates from a problemauc vqunteer

plant?
o Are there any pleiotropic effects of the herbicide-resistance gene?.'

In Norway it is not enough to prove the absense of negative effects. The

CAAUD o1 h ta h
GMHP also has to be an improvement compared to traditional varieties of

the same crop.

Permissions for marketing release of GMHPs. could be gwen as

" "conditional registrations”. This means that if the promises made by the -

herbicide and seed producing companies (lower herbicide use, herbicides
that do not end up in ground water etc.) firn out not to be true, the per-
mission can be cancelied. This has been done in the USA for the registra-

tion of acetochlor use in GMHPs and for genetically modified crops con-

‘taining a gene from Bacillus turingiensis. The strategy would also be use-

ful in connection with GMHPs (Goldburg and Hopkins 1996). The com-

‘panies could also get permissions on the condition that they pay for water

and environment tests needed to monitor the environmental fate of herbi-
cides, herbicide breakdown products and herbicide-resistance genes. -
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5 Futur_e pros.pects B

The conclusions in this report leave a number of uncertainties about the
impact of GMHPs on the gnvironment. Some questions have been answe-
red to a satisfying degree, €.g. that it is quite certain that gene transfer.
between oilseed rape and weedy B. campestris is possible and does hap-
pen under European conditions, whereas for other crops like soybean and

" maize this is highly unlikely. Whether these hybrids are problematic re-

main obscure. For other questions a prediction of the possible develop-
ment has been made. The problem about predictions is that, as reliable as
they may be, they are only qualified guesses based on the available

‘knowledge. In order to minimize the degree of uncertainty that is always

connected to predictions we suggest that those predictions, some of which
are based on models, should be verified with experiences from the first
years of commercially growing GMHPs. A monitoring approach is
strongly advocated by other researchers (Kareiva ef al. 1996).

Some key issues to be further investigated are listed below. :

We need to know more about the effect of GMHPs on herbicide use. The
unanswered questions in connection with this includes which herbicide
doses are used in GMHP crops, the number of apphcatlons used and the
timing of the applications.
This knowledge will make it possible to validate models predlctmg the
potential increase or decrease in herbicide use following the introduction
of GMHPs. The data will be available in a few years as pesticide statistics
and herb1c1de labels on recomended use.

We also need to know more about the effect of GMHPs on the weed po-
pulation. We know that a transfer of the herbicide-resistance genes from
some crops to some weed species is possible, but we have little knowled- -
ge of the effect this will have on weed populations. The time horizon for
weed and volunteer plant problems is e.g. still an open question. Will it be
a problem now or in 30 years? Questions about the invasiveness of her-
bicide resistant weeds and volunteer plants need to be studied more in

- detail.

The effect of different crop rotatlon systems is another important aspect
to consider. We know ¢.g. that a continous growing of one crop which is
sprayed with the same herbicide for years is likely to increase the devel-
opment of herbicide resistant weeds as is seen in many places.

Pleiotropic effects of the inserted genes are a potential risk in al genetical-
ly modified plants. Although it seems that herbicide-resistance does not
bring about any important pleiotropic effects we have to remember that

. the knowledge comes from small scale experiments. There could be new
. effects under the different field conditions the plants will be submitted to

after commercial release.
There could also be new pleiotropic effects showmg up in weed species
following a gene transfer from GMHPs :




Monitoring and models

GMHPs are easily monitored. They require herbicides in order to obtain a
selective advantage from the inserted trait and are therefore not likely to
have an increased invasiveness, The inserted trait also makes it easy to
screen a large numbers of individuals for possible gene transfer. Based on
a relatively simple procedure we could therefore obtain knowledge about
gene transfer, weed development in GMHP ﬁelds and invasiveness of
herbicide resistant weeds and volunteer plants.

Together with the statistics on changes in herbicide use, these data can be
used to validate and refine models of the impact of GMHPs, that are alre-
ady being developed today (Ongoing work at the Agricultural Umversny,'

E Department of Weed Science, Denmark).
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: 6»Appendix

Table 6.1
Release applications (. experzmental release) of GMHPS in Europe august
1995 to September I 996 :
Plant Herbiéide Country Date
Eucalyptue, grandis ‘Glyphosate' ‘UK' 030895
Brassica napus Oxynil UK 030895
Brassica napus - * | Glufosinate UK 030895
Brassica napus Glufosinate UK | 100895
- Brassicet napus Glufosinate D - ‘21'089l5
Br;assica napus Glufosinate 1D 210895
Brassica napus Glufosinate D | 210895
 Brassica napus Glyphosate B 310805
Brassica napus Glufosinate F 110995 -
Zea mays ‘ Glufosinate, NL 260995 .
Brassica napus Glyphosaté UK 260995
Bra&sicd ne,bus : Glyphos-afe‘ UK | 661095
| Dianthus caryophyl Sulfonyiurea' ' NL 201095
Cichorium intybus | Glufosinate - 201095
Cichorium fntybus | Glufosinate IT - 201095
Bet‘a v;:elgdrié Glyphosate : DK | 15'0'296:
Béta vulgeris ‘Glyphosate DK 150196‘ |
Beta vulgaris " Glyphosate DK 150196
Beta vulgaris Glyphosate DK 150196
Beta vilgaris Glufosiriate . IT 020296
Bras..sica rapus Glufosinate UK 020296 :
' : Male sterile ' ‘
Beta vulgaris Glufosinate UK 026296 :
Beta vulgaris Glyphosate ‘UK 020296




Plant -

Hel;bicide

'Co_untﬁ Date
Zeamays Glufosinate B | 230296
- ' Quality change
Zea ﬁays Glufosinate F 230296
Insect resistance | '
| Beta fﬁlgaﬁ& éiyphosate_ F . -230296‘, ‘
Beﬁz vulgaris " { Glufosinate | F 230296
Be;d vuléafis -+ .| Glyphosate \ F .230296
Zea n&ays . ;Glufésinate | F l2302_‘96 .
| Zea mays. Glufosinate F 230296
Zea méjs Glufosinéte . F -'250296
| Insect resistance N
‘Brassica napus ' Glufos_inate 'F- . 230é96
- ~ | Male sterility 1
Béta.vulgc.zri.é'. | Glufosinate - F | 23029_6
Beta vulgaris Glufosinate F 230296 -
-Betdrvulgaris »Glyﬁhosate, F 230296
Béta vulgaris Glypho's-éte | F 230296
Béta ﬁulgaris_ : ' Glufosinﬁte - D 230296
| Zeamays Glufosinate D 230296
Brassica riapus' Glufosinate D ‘ 230296
Beta 'fulgari;s'_ Glufosinate D . 230296
Zeamays Glufosinate NL 230296
Heliam‘hus éz;znuus' | Glufosinate. NL ..230296 .
T ‘ .Glyphosate _
Fungal resist.
Male sterility.
\Bétavulg-aris _Gl)('pho§ate SE _23(5296*
Beta vulgaris \(}quosinaté SE l23(_)29_6 i
Beta vilgaris Glyphosate UK 230296
' Zea‘ma)‘;ls ‘Glufosinate ~ | F '2;7029_6
‘Insect resistance | o
Zea mays Glufosinate | ES 120396
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Plant

Coilntry

Herbicide Date:
Brassica napus Glufosinate SE 120396
Male sterility - C
Beta vulgaris N Glufosinate ES 210396
"Beta vulgaris Glyphosate ES 210396
Brassicanapus ' Glufosinate UK | 280396
: . Male sterility
Beta vulgaris ‘Glyphosate. UK 280396
Zea mays | Glufosinate UK. ~280396
Zeamays Glyphosate UK 280396 .
- - Insect resistance _
Zea mays Glufosinate IT - 280396
- Insect resistance
Beta vulgaris Glufosinate UK 180496
Brassica napus Glufosinate | UK 180496
-Cichorium intybus Glufosinate BE 180496
- : Male sterility
Zea mays Glufosinate - F 180496
Brassica napus Glufosinate ' F 180496
Zea mays Glufosinate F 180496
Brassica napus Oxynil F 180496
Nicotiana tabacum : Asﬁlam F 180496
Beta fuléaris -Glufosinate - F 180496
' Glyphosate .
“Product quality '
Virus resistance :
Beta bulgéris : | Glufosinate F 180496
Zea mays. - Glufosinate - F 180496
Zea mays Glufosinate F 180496
| Zeamays Glufosinate F | 180496
Cichorium intybus Glufosinate AT

240496




'Pla;it , Herbicide ' Country Date
Zea mays Glufosinate IT 240496
Zea mays Glufosinate Al ITI 240496,
Zea mays - Glyphosate IT 240496
' Insect resistance '
Zea mays Glyphosate T 240496
’ Insect resistance ‘
Beta Vulgarié Glyphosate IT 240496
Zea mays. Glyphosate IT 240496
o Insect resistance )
Zea mays | Glufosinate’ T 240496
. Zea mays Glufosinate IT 240496
Glycine mas Glyphosate IT 240496,
Brassica napﬁs Glufosinate 'F 100596
: Male sterility -
Zea ﬁidys Glyphosate |F 210596 .
' Insect resistance : :
Zea*may& Gly.bhbsate : F | 210596
Insect resistance . ,
Zea mays Glyphosate F 1. 210596
Insect resistance : o
Zea mays - | Glyphosate F 210596
: | Insect resistance '
Zea mays Glyphosafe A F- 210596
: _Insect resistance -
Nicotiaria tabacum . Oxlyni'l F 210596
Zeamays Glufosinate F 210596,
. Insect resistance : :
| Zea mays Glufosinate - UK | 210596
Zea mays Glyphosate F 100696
' " Insect resistance
Glycine mas Glyphosate_ R 100696 |
Glufosinate F 100696

‘Zea }nays
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| Plant.

" | Herbicide . Counfr& - | Date
Zea mays Glufosinate F . | 10069 -
Brassz"ca' napr,és _Glufosiﬁate . SE 140696
- Male sterility
Bras.sica.‘napus Glufosinate | SE i40696
f Male sterility- '
Zea hzays- ' Glufosinate 1F | 280696
Zea ma&s _Glufosinate F '280696 '
Brassica lnapus Glﬁfosihafé _ D. 230_696
Brassica nap;us" | Glufosinate | D 1280696
Bras&ica. nlc‘.(pus Glﬁfosinaté' ] {D 280696
| Zea mays Glufosinate T | 280696
.o T Insect resistance ' '
Zea mays- Glufosinate . | IT 280696
: ' Insect resistance . :
Brassica napus Glufosinate D 280696
’Br-assica napus. " Glﬁfosinate” | D 280696
Brassicanapus | Glufosinate D 280696
Zea mays. .Glﬁfosinate F 280696
Zea mays Glufosinate P 280696
 Zea mays Glyphosate | F | 120796
Brassica napus ' -Oﬁyﬁii E 1 170796
' Brassfcq népus : Oxynil'ir |'F 170796
Brassica nap_us"- Glyphoéatg ' F 170796
_Brassic‘é napus ‘Bromoxynil F 1170796
‘ Glufosinate _
.| Glyphosate - - '
Brass'icc-z napi.cs -G'lyp-hosate- : F 170796
‘Brassica napus Glyphosate F o 170796
Brassica napus ; Glyphésatc F 170796
:Brassica napus - Glufoéinate : F 170796
Brassica napus 'Oxynil‘ .' F 170796




Plant Herbicide Country: Date
" | -Brassica napys. Oxynil F 1707-96'
| Brassica ‘ﬁapus' Glufosinate‘ | .F 170796
Brassica napus .(}quosinate‘ ’ F. -( 170796
Zea mays- Glufosinate - | F 170796
| Zea mays " Glufosinate - “F _170796 ,
Zea mays | Glufosinate B 170796
Zeamays = ‘Glufosinate | B 170796
Brassica n.;zpus‘_ , Glyphosate D. 170796
Brassica napus Glufosinate - F 1?0796 '
Brassica napus | Glufosinate ° F 7!17079.6_
Fea mays Glufosinate F 170796
Zedmays Glufosinate F | 176796
.Brassica Vnapus Oﬁ&nil F 170796
Brassica napus Oxynil E 170796
Bfassie_:& napus Glufosina.tc ' F-_ 1707_96 |
*Brassica napus” Glyphosaie" F 170796
Erassica napus Glyphosate : F 1 170:796 -
| Brassica napus Glyphbsafe. . F 170:796
Brassica napus Glyphosate F 170?96 i
- o ‘| Bromoxynil .
Glufosinate 7
Brassica napus | Glyphosate F | 170796
Brassica napus Oxynil F 170796
| Brassicanapus |- Oxynil | R 170796
| Brassica napus Glyphosate UK 190896
Brassica napus | Glufosinate UK 190896 -
Brassi&a napus Glufosinaie' | UK . '2'20896
Brassica napus Glufosinate' SE . 220896

Country; UK=United ngdom, DK-—Demnark F-France B—Belglum

NL=The Netherlands, ES-Spam SE= Sweden, AT— Austrla,

D—-Germany
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Date; The date the apphcatnon was recewed by the Natlonal Forest and

Nature Agency, Denmark.
Plant: Brassica napus=oilseed rape, Beta villgaris=beet, Zea
mays=maize, Nicotiana tabacum=tobacco; Glycine max= soybean




Table 6.2
* Applications for release permits (experimental releases) of GMHPs in the
USA Jrom marc}z to qugust 1996

Plant Herbicide o Date
Rice | Glufosinate . | 220396
| Beet N Glyphosate | 80496
Oilseed raﬁe " |-Sulfonylurea = . | 110496
Cichorium in'ty_bus Sulfonylurea | o 11'0496
Arébidipsis thaliana - | Sulfonylurea _ 110496
Tobacco ' ‘Sulfonylurea 110496
Rice - | Glufosinate 80596
Swectpotato . | Glufosinate .| 40696
Wheat . GIyphdsate . 140696 N
Beet Glufosinate 160796
Oilseed rape " , Glyphosate - | 290796
Oilscedrape -~ | Glufosinate 080896
Brasszca oleracea Glufosiﬁate o 120896

Date: The day the application was recelved by the compctent authorities.
Plang Brassica oleracea= cabbage, Czchortum mtybus— Chlcory
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Table 6.3
' Release petitions ( marketmg release) af GMHPS in the USA from 1 99? to
1996 . '

Plant | o . | Herbicide | Date .
Cotton - Bromoxynil 150793
Soybean - Glyi)hosate e 150993
fcom | Glufosinate .~ | 231294
Cotton - A _Glyphosate 140295
Com . Glufosinate | 250595
Com : - | Glufosinate . | 160895
Cotton ‘_ L Sulfqﬁylurea : 130995‘
‘Soybean | Glufosinate | 201195
' _ a (Withdrawn)
| Soybean . - .| Glufosinate - 080396
Cdm - ) Glybhosate- | 300896

Al petition's were approved except one that was withdrawn and the last
* - one that is still (Nov 96) under rewiew of the competent authority.
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md man evaluere indflydelsen p4 miljeet og =ndringer i dyrknmgs— -

menstre separat for hver markedsf«armgsansewmg - o
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