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SUMMARY

This report summarises a participatory technology assessment on transgenic herbicide-resistant
crops organised by the Research Uritandard Setting and the Environmerdt the
Wissenschaftszentrum Berlin, between 1991 and 1993. The technology assessment was a "round
table” involving some fifty representatives from industry, environmental groups, regulatory
agencies and science in more than ten days of controversial debate and analysis. The first part of
this summary report describes the methodology used applied in analysing the deliberations of the
technology assessment; the second part presents the empirical findings with respect to the
performance, the risks and the benefits of transgenic herbicide-resistant crops; the third part gives
an account of the ethical, legal and political discussions held in the technology assessment, as well
as the recommendations for regulation advanced by the participants.

ZUSAMMENFASSUNG

Dieser Bericht ist die Zusammenfassung eines partizipativen Verfahrens zur Technikfolgen-
abschatzung von Kulturpflanzen mit gentechnisch erzeugter Herbizidresistenz, das von der Abteilung
"Normbildung und Umwelt” am Wissenschaftszentrum Berlin organisiert worden war. Das Ver-
fahren hat vonl991 bis 1993 etwa fiinfzig Vertreter der Industrie, der Umweltgruppen, der
zustandigen Behdrden und der Wissenschaft an einem "Runden Tisch” versammelt, an dem die
Beteiligten insgesamt fast zehn Tage kontrovers miteinander diskutiert haben. Im ersten Teil dieser
Zusammenfassung wird das partizipative Verfahren beschrieben und erlautert, wie aus den Diskus-
sionen zwischen den Beteiligten Ergebnisse fur die Technikfolgenabschatzung abgeleitet wurden. Der
zweite Teil enthalt die empirischen Befunde zu den méglichen Risiken und zum erwartbaren Nutzen
transgener herbizid-resistenter Kulturpflanzen. Der dritte Teil stellt die ethischen, rechtlichen und
politischen Diskussionen dar, die zwischen den Beteiligten gefiihrt wurden; er enthalt aul3erdem die
Empfehlungen des Verfahrens zur Regulierung herbizid-resistenter Pflanzen.
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FOREWORD

Between February 1991 and June 1993, a technology assessment procedure on the cultiva-
tion of crop plants with genetically engineered herbicide resistance was carried out at the
Research UnitStandard Setting and the Environmentthe Wissenschaftszentrum Berlin
(WZB). The project was financed by the Federal Ministry for Research and Technology
(No. 0319481A); it was initiated jointly byolfgang van den Dael@VvZB), Alfred Puhler
(Institute for Genetics at the University of Bielefeld) addrbert Sukopp(Institute for

Ecology at the Technical University of Berlin).

Crop plants with genetically engineered herbicide resistance open up new possibilities for
chemical weed control. They extend the scope for application of herbicides with a wide
ranging effect (nonselective herbicides), which were not practicable for most farmers up to
now because they affect not only weeds but also conventional crop plants. This obstacle is
removed if a gene is inserted into the plant which induces resistance to the nonselective
herbicide. Herbicide resistance was one of the first projects to apply genetic engineering to
agriculture. The corresponding products are now coming to the market. They are still the
subject of heated public debate, concerning above all the possible risks associated with the
application and release of transgenic plants and the future role of chemical weed control in
agriculture.

These issues were central to the technology assessment. Taking the themes which provoked
public criticism as a starting point, we commissioned a total of 18 expert reports, two com-
mented reports and 18 commentaries on the various problem areas of herbicide resistance
technology. The technology assessment was organised as a participatory, discursive proce-
dure. It involved some 60 participants invited from scientific, business and environmental
groups and from public bodies who not only provided the reports and commentaries but
also discussed and evaluated them in a series of conferences. At the start of the last confer-
ence, at which the conclusions of the technology assessment were discussed and decided
upon, the official representatives of the environmental groups withdrew from the procedure.
These groups have not endorsed the final conclusions.

This report summarises the results of the technology assessment. It comprises three parts.
The first part describes the methodology which was applied in analysing the deliberations of
the technology assessment. It explains how the procedure was able to arrive at conclusions
even though the debate between the participants continued to the last which seemed rather
to indicate that the important issues remained a matter of controversy. We illustrate the
methodology taking a strategic question from the risk controversy as an example, namely
whether uncertainties with respect to the properties and behaviour of plants produced by
genetic engineering can be distinguished from uncertainties due to natural processes which
occur in all plants.
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The second part of the summary report presents the empirical findings from the technology
assessment. These findings relate to the performance and the possible impact and conse-
guences of transgenic herbicide-resistant crops. The third part contains the discussions of
the ethical, legal and political assessment of such plants; it also lists the recommendations
for regulation advanced by the participants.

The expert reports delivered in the technology assessment are only available in German.
They have been published, together with the commentaries and further written statements,
in a series of WZB discussion papers (see Appendix below). These papers also contain a
detailed overview of the range of arguments used by the participants with respect to the

various problem areas of herbicide resistance technology. In accordance with the method-

ology described in Part | below, key areas of controversy were identified and the respective

debates reconstructed as sequences of claims, objections, counter-claims, justifications, etc.
This material allows the reader to follow the course and the analysis of the discussions in

the technology assessment. It also makes it possible to check whether the conclusions pub-
lished here give a full and fair account of the results of the procedure.

Acknowledgement3.he organisation and the analysis of the technology assessment proce-
dure involved the combined efforts of the project initiators and an interdisciplinary group
from the Wissenschaftszentrum (WZB) which includ&ifions Bora(sociology), Rainer
Dd6bert (sociology),Susanne Neubefagricultural science), andiola Siewert(agricultural
science). We also received valuable scientific help fhoge Broer(genetics) andJlrich
Sukopp(ecology). Finally, we would like to thanWary Kelley-Bibra Christa Hartwig

Alex SawyeandAxel Troster-Gronidor their technical assistance.

Wolfgang van den Daele
Alfred Puhler
Herbert Sukopp



PART I: PARTICIPATORY TECHNOLOGY
ASSESSMENT AS A POLITICAL EXPERIMENT

A technology assessment of crop plants wittvould promote discursive forms of debate,
genetically engineered herbicide resistance wagreasing the likelihood that arguments from the
undertaken in the Federal Republic of Germanyo sides would be heard, and critical appraisal
between 1991 and 1993. It was organised by ahthe respective positions accepted.

interdisciplinary group at the Wissenschafts.—l_ . . o
. he substantive results achieved in this technol-
zentrum Berlin (WZB) (Prof. Wolfgang van denOgy assessment are presented in subsequent

Daele) in cooperation with the Institute for . .

Genet)ics of ICE[he University of Bielefelg P2rts of this sumrréarty_lredport. In tth?. foIIO\;wr:r(_:]]
" : ‘we give a more detailed presentation of the

(Prof. Alfred Puhler) and the Institute for Ecol organisation and the process of the technology

o] of the Technical University of Berlin : >
(F?ﬁ’of_ Herbert Sukopp). This tezhnology aS§1ssessment. In particular, we want to explain

; " ow results were achieved in a procedure of
sessment can be considered a political expen— ricivatory and discursive discussl?on
ment because various angles of embarking Garticipatory '

new procedural courses were tried. The ke Representative participation
words here are participation and discursivity. and fair allocation of

The experiment fostered participation because it resources

was based on the notion that technology assess- o o
ment should be more than just a forum of exVhich groups should be recruited into a partici-
perts at which the state of knowledge on thatory technology assessment? The organisers
possible consequences of a technology is p,@onsmered interest, pollt_lc_al commitment .an_d
sented and evaluated. Technology assessméffnpetence as the decisive selection criteria.
should, in addition, be a political "arena” inAccordingly, at least industry and the environ-
which the social conflicts related to the introimental groups, as the parties of social conflict,
duction of a new technology can be articulatend the regulatory authorities should be in-
and discussed in an exemplary manner. Cond@lved. Furthermore, all the problem areas of
quently, participants in the procedure were pdfe specific technology to be investigated had to
together so as to reflect all the interests and tR€ covered by experts from the relevant disci-
positions of the on-going political conflicts overPlines. This already led to such a high number of
new technology in Germany and to include thBarticipants that the idea was dropped of also
declared advocates and critics of the specifigvolving politicians from all factions and the
technology under consideration. In this way, thésual representatives of public life (trade unions,
disputes that normally take place outside thehurches etc.). Representation of the media was
domain of technology assessment (and that ofteffered through invitations to the press.

become really heated when its results are ma
public) were built into the procedure from th
very outset.

Hecannot be taken for granted that opportunities
Soffered for participation in a field of political
conflict and controversy will readily be accepted
The experiment emphasised discursivity sinday the parties involved. It was not difficult to
the whole procedure of the technology assesassure the cooperation of scientists for the
ment was organised as a social process of gsrocedure, from the relevant research areas, by
going communication amongst those present, offering them lucrative contracts for expert
order to guarantee a dialogue between the repreports. However, all other groups had rather
sentatives of controversial positions. In a serigsixed feelings about joining the procedure. The
of conferences and workshops the participantegulatory authorities maintained a certain
were to define the scope of studies to be carried

out for the technology assessment, to evaluate

the results of the expert reports that have beémore background information in van den Daele (1994).
commissioned, and to discuss conclusions to Barther analysis of the technology assessment procedure
drawn as well as recommendations that shoui provided in Bora/Débert __(1993), van den Paele (1996,
be given. The understanding was that such %97), van den Daele/Dbbert (1994), Dobert (1994,

. .. 1996), Gll (1993), Holzinger (1996), Neubert (1993),
process of on-going face-to-face communicatioghq Saretzki (1996).




Herbicide-Resistant Crops

distance by sending individualf

who did not then appear as offici BREAKDOWN OF PARTICIPANTS
Ee(_ﬁLesgné?;;\;is Igfjut:t?;/r Zggn?ﬁl Technology Assessment of Herbicide Resistant Crops
environmental groups had Governmental agencies 1991: 7 (1993: 10)*
?ﬁg?q]cegatlﬁ':iopnmgg:iln;?ssg\r/g(t:liggs Research institutions (not including insti- ~ 1991: 20 (1993: 25)
L . tutions associated with nongovernmental
tion” was certainly founded o et

. organisations)
opposing assessments of t
situation. Industry was suspicioly Nongovernmental organisations (envi- 1991: 11 (1993: 12)
about being publicly "chastised’] ronmental and consumer groups, repre-
The environmental groups wer] sentatives of organic farming, research
apprehensive that their involvemey institutions associated with nongovern-
would sap protest potential ar] mental organisations)
},é?:lﬁlrc]jol olg;? nvéi%igggg}ll nttoh e teT Industry and trade associations 1991:10 (1993: 13)
however, both sides decided
participate despite thei
ambivalence. The organisers trid *Figures in brackets show the distribution just prior to the final conference in 1993.

to make it clear that the procedure .

was open with respect to its approach arlific experts were contractually bound to regular
composition, and that it did not favour any sideattendance. The coordinating committee supple-
The question is whether that convinced th&ented the groups accordingly, without being
environmental groups in particular. Whaforced to arithmetic precision, in such a way that
probably also played a role in overcominghe level of participation remained more or less
resistance to participation was that it is not eag@nstant for the various groups.

to publicly justify refusal to participate. In\yhat js more significant when assessing the
addition, anyone who refuses runs the risk Qbpresentativness of the composition, is the
watching the procedure take place without themygtitde of the experts to the technology under
i.e. with the participation of the "other side” ayview. Of the 42 experts and commentators
only. who participated in at least one assessment

At the first conference, opposing parties criticonference, a slight majority was probably in
cised the composition of the participants afvour of transgenic herbicide-resistant crops.
being imbalanced. In many cases, the calls féiccording to an internal rating by the WZB

changes contradicted each other, for instanc@oup, 29-48% of the participants were in
both more scientists and fewer scientists wefavour of the technology at the beginning of the
requested. Hence, there was little room fdprocedure, 33-43% were against it and 15-43%
compromise. After all, there was apparently n#/ere neutrdl

real need for action. The divergent demandgne technology assessment procedure consti-
could be seen as an indication that those presgiieq a major burden for all the participants—a
represented the various positions in this contrgy,rden which for many could not simply be
versial area. The coordinating committee (sggckjed during their paid work. There were
below) prepared a proposal to solve the issUgyrioys kinds of problems with resources.
which was submitted to the participants after th@/hereas time was probably the critical point for
first conference for comment. No response Wage participants from industry, participants from
taken to mean tacit approval. Taking up @pyironmental groups, consumer organisations
demand from some participants, an attempt Wagq the associated research bodies often faced

made to involve farmers in the technologyinancial difficulties when they were obliged to

assessment. This attempt failed, however, dgmrk on an honorary or self-employed basis, or
spite considerable efforts. A breakdown

- . , ere financed through donations. In the proce-
participants in the first conference of our techg,re an attempt was made to compensate for
nology assessment, according to institutions ancglj '

groups, is shown in the table above.

The number of participants in the proceduréThe fluctuations in the rating by the WZB group did not

- . correlate with the raters’ own political preferences; they
ranged from 50 to 60 persons (not including t ghlight the difficulty of an (external) assessment of

WZzB QFOUIO)- There were partiCl_JIarIy highattitudes towards herbicide resistance technology. For an
fluctuations among the representatives of envévaluation of self-assessments by the participants in the

ronmental groups and their associations. Scieprocedure, cf. Bora/Débert (1993).
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this to a certain degree by ensuring that theent. Only rarely, however, were there any
experts from these groups were adequatelgactions. With few exception, the decisions by
considered in the commissioning of experthe coordinating committee were approved
reports and commentaries. This was necessarganimously, which made it difficult for other
in any case for reasons of equal participatioparticipants to break out of this consensus later.
The following table gives a breakdown of theAs a result the participants were more informed
resources allocated to the various groups: of the decisions of the coordinating committee
rather than really called upon
to have a final say on them.

BREAKDOWN OF RESOURCES (in DM)

The participants exerted
Expet ~ Com-  Total influence mainly by contrib-
el uting substantive arguments
taries to the discussions, but not by
formally steering the proce-
dure?® More than 40 partici-
pants were already involved

Research Institutions (not including insti- ~ 220.000.-  5.000.- 225.000.-
tutions associated with nongovernmental

organisations) ! i
o in shaping the contents
Industry and trade associations 80.000.-  3.000.- 33.000- | through the expert reports
Nongovernmental organisations (environ- ~ 120.000.-  4.000.- 124.000- | and commentaries commis-
mental and consumer groups, represen- sioned. Moreover, all the
tatives of organic farming, research insti- other participants were also
tutions associated with nongovernmental entitted to submit written
organisations) comments, criticisms and
: evaluations. These were then
Governmental agencies 20.000.-  3.000.- 23.000.- to be discussed at the confer-
Total 300.000 15,000 40,000 | EN¢es and published in the

technology assessment

What adequate consideration actually mea,qggcumentatiqn. The_ organisers also exercised
may be a matter of argument. The fact is that §§iS right during the final phase of the procedure
this technology assessment Di4,000 by _submlttlng "pr0\_/|5|onal conclusions” on the

(roughly 30%) of the expert fees went to SCien\zarlous_proble;ms, in order_ to focus the assess-
tists from the environmental groups or theifent discussion at the final conference (see

associated research institutes. This sum does R&{OW)-

reflect the overall volume of resources whiclthe WzB working group had not been formally
were allocated to the critics of transgenic herbyiven the remit of steering the procedure, but it
cide-resistant crops. If we include those univeidid have real influence. All organisational work
sity scientists who, according to the rating by thgas undertaken by this group, from the recruit-
WZB group, were to be assigned to the group @#ig of participants to the commissioning of
critics at the beginning of the procedure, thegxpert reports to the planning of the conferences
this figures must be increased to DM 185,008nd the preparation of the assessment documen-
(45% of the total fees). The question of distritation. For a period of more than two years, an
bution of resources was not problematic in thgverage of three persons were fully occupied

procedure up to the final conference. with this organisational work. This extended
: ) greatly into the structuring of the contents of the

2 Steering of the procedure: discussions on the procedure. In formal terms,
participants, coordinating the WZB working group acted as the planning
committee, WZB working staff who continued to be dependent on the
group coordinating committee and who prepared and

, executed the latter’s decisions. But this cannot
The central steering body for the procedure Qlyceg the fact that an “apparatus” of this kind
the technology assessment was a "coordinating
committee” which was set up at the first confer.
ence. In addition to the three organisers, #tonly at the first conference did procedural matters play
included three people from the side of the regur central role but it was not possible to find a binding
latory authorities, the environmental and corgolution at that time. It is just not feasible for some 50 to
sumer organisations and industry. The decisioﬁ% persons with, in some cases, diametrically opposed
of the coordinating committee were submitted tl erests to jointly conduct a technology assessment

a . . rocedure on the basis of self-organisation—at least not
all participants in the procedure for final comythin an acceptable period of time.
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can exert considerable influence. A certaia specific link to transgenic herbicide-resistant
degree of internal control was ensured by therops. This argument was raised in particular
fact that the WZB group itself had been puagainst plans to have the problems of nonselec-
together to reflect the various disciplines antive herbicides examined in detail. On the other
political orientations pertinent to the controverhand, the spectrum of subjects was criticised as
sial technology. being too narrow. Additional reports were
olicited by the representatives of nongovern-
ental organisations: for instance, on soil ero-
%n, on the patenting of genetic resources from
e Third World by companies from the indus-
trialised countries, and on the power and inter-
sts of the groups involved in the technology
gfgsessment, with special reference to a compari-

n of industry and the environmental organisa-
Jions.

All strategic decisions in the course of th
technology assessment procedure were tak
unanimously in the coordinating committee. Thi
was the case for

¢ the composition of the participants,

¢ selecting the subjects for the expert report
and the subsequent commissioning of the repo
and the comments requested thereon,

¢ the form of publication of the materials an
the results of the technology assessment, iRinal agreement on the programme structure
cluding the depiction of the various positions ofvas not reached during the first conference. The
the participants and consideration of thesguestion was delegated to the coordinating
positions in the final synthesis report by theommittee which took two meetings to draw up

organisers, a final programme proposal. The proposal was
* the sequence of colloquia and assessmagmtesented in written form to all participants for
conferences, comments and was then taken as accepted as no

* the way in which preliminary results of thefurther objections were raised.
technology assessment should be presented ﬁcﬁ
discussion among the participants in the finad
conference.

e final programme structure contained two
ecisions concerning the strategy of the tech-
nology assessment. First, it adopted a technol-
In the coordinating committee (contrary to th@gy-induced approach; second, it rejected
situation in the plenary assembly of the participroposals to have expert reports on political
pants) conflicts were settled through negotiatiorissues, such as the power structure of the con-
All members of the coordinating committee hadlict over new technology, or the interests and
a factual right of veto. The remit for the steeringbjectives of major actors in that conflict,
of the procedure was subject to the conditiobecause such questions have a strong normative
that the decisions at the "round table” had to lleuch and can only be dealt with empirically to a
taken jointly. This did not exclude situations inimited degree. It was decided that an expert
which people occasionally let themselves beeport on ethical issues be commissioned, but

outvoted. that was expressly limited to the moral questions
] ) of plant manipulation. A proposal to

Selection of the subjects for commission a comprehensive ethical report to

the expert reports assess all the value judgements brought forward

) _ in the technology assessment was also rejected.
The selection of the subjects for the expejh general, these programme decisions reflected
reports to be prepared in the technology assegge understanding that value judgements cannot
ment and of the individuals from whom théyng should not be relegated to experts. Moral
reports should be commissioned were dealt Willq political evaluation is the proper domain of
at the first conference. To this end, the WZB,y citizens. This means that in our technology
working group proposed a provisional promgsessment the competence for value judgements
gramme structure which was the result of Nyggted with all the participants as a group. While
merous discussions with potential experts CORrese decisions appeared adequate, in principle,

ducted over a period of several months. Thgey added to the underestimation of normative
declared goal was to cover, if possible, all thgnq political issues in  our technology

problems associated with transgenic herbicidgssessment; they ruled out that these issues be
resistant crops raised in the scientific Ilteraturgut automatically on the agenda through the

and the public debate. The experts we consifitical discussion of the respective expert
ered were invited to present an outline of thejfgyorts,

reports for discussion at the first conference.

The programme proposal was criticised from
various sides. On the one hand, the broad range
of topics was criticised, that often did not reveal
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The approach: technology- indl_Jced assessment of transg_enic _ herbicide-

induced versus problem- resistant crops would have been invalid. Rather,

induced assessment additional and corresponding gquestions vyould
have had to be addressed for organic farming as

Two criteria were applied by the organisers iMell. The programme of the technology
drafting a preliminary list of the substantivedssessment would then have been doubled at

issues to be investigated in the technolod?aSt‘-1

assessment: (1) all the arguments advanced Tije dispute about the proper approach in tech-
public for and against transgenic herbicidenglogy assessment is as old as technology as-
resistant crops must to be dealt with in thgessment itself. The more such assessments were
technology ~assessment; (2) the technologyen as a vehicle to revise in principle the de-
assessment should address the possible congendence of modern societies on technological
quences of herbicide-resistant crops, not thgnamism, the broader became the horizon of
pOSSibIe OptiOﬂS fOI‘ Weed COI‘]'[I’O| in agriculture.problems to be Considered_ Thus technology

While it would have been difficult not to agree2Ssessments have regularly proceeded from the
with the first of these criterion, the secondtnalysis of the consequences to the analysis of
evoked considerable criticism from the side dif€ origins of the technology in question, moving
the nongovernmental organisations in the firdfom control to design and from technical op-
conference of the procedure. These participarii§ns to social needs. Equally regularly, how-
had fundamental reservations about the narrddyer. Political and pragmatic constraints im-
approach of the technology assessment whi@@sed a return to more conventional types of
was "technology-induced”. This approach takeg8Ssessment which focus on the control of the
the emergent technological option of transgenfonsequences of new technology. Perhaps the
herbicide-resistant crops as the starting point; Ptimum would be to pursue the different ap-
focuses on the analysis of possible consequend¥gaches in parallel or in cooperation. However,
of such crops and on the political actions thdfOSt of the studies which bear the title qf tech-
might be necessary to cope with those consBology assessment apply the technology-induced
quences. What the nongovernmental grougdProach.

called for instead was "a problem-induced’n the end, this approach was adopted in our
technology assessment. This approach addresggsnology assessment, with a minor modifica-
the underlying problem the technology is Supton: In order to guarantee that the perspectives
posed to solve and compares alternative optiogs proader technological and agricultural alter-
for tackling that problem. In the case of herbinatives were represented in the procedure, a
cide resistance, the starting point would thegpecial expert report on weed control in organic
have to be the agricultural problem of weeggrming was commissioned. The environmental
control and a comparison made of the optiongroups (temporarily) accepted this arrangement.
_Offere(_i, on the one hand, by Industl’lallse_ he Working programme of the techno|0gy
intensive farming and, on the other, by organigssessment was approved in consensus and

farming. The decisive questions would then havgased to be a subject of dispute until directly
been Whethel’ we I’ea||y neEd '[I’ansgenlc hertb'rior to the f|na| Conference_

cide-resistant crops and whether they fit into a

system of agriculture that is socially desirabl Issues considered: risks,

and ecologically sustainable. benefits, and alternatives to
A “problem-induced” technology assessment transgenic herbicide-resistant
allows the discussion of broad and fundamental Crops

political issues, but, at the same time, it ianateF h Kina proaramme that determined
the scope of technology assessment to issues, of '€ WOrkKing programme that was dete

political planning in the broadest sense and §' € technology assessment, the possible risks
¢f transgenic herbicide-resistant crops became

scenarios of desirable futures for soci . ; ;
development. While this may be a necess;[pe central theme. Discussion of the possible

input into the public debate, it cannot be a
reason to forego the more modest efforts of “arhe evidence, too, that a problem can be solved with
technology-induced assessment. In fact, had t_b@nventional, technological resources does not mean that
participants of our procedure come out in favou is no longer necessary to examine new technologies. A

: : ew technology could bring with it a major improvement.
of a comparative analysis of weed contr tudies of alternatives place symmetric demands on new

techniques that fit alternative systems olng old technologies—unless there are reasons why new
agriculture (intensive versus organic farmingjechnologies would, in principle, be less favourable than

none of the issues raised in the technologyid ones.
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benefits was of far less importance and thate these claims with further argument.
alternatives to herbicide-resistant crops play

only a limited role. ef’he preoccupation with risks can probably not

be avoided in any technology assessment. In a
Of the twenty expert reports commissioned fosociety in which technical innovation is built into
the procedure, six dealt more or less exclusivethie structure of science and industry, and an-
with the risks of genetically modified plants;chored in the constitution by a guarantee of
seven dealt with the toxicological and ecologicahdividual rights, opposition to innovation is
risks of nonselective herbicides which will bebound to resort to risk arguments. Not surpris-
applied in conjunction with the resistant cropsingly, therefore, the main criticisms of genetic
The expert report of the Oko-Institut Freiburgengineering in public speak the language of risk.
constituted a kind of reference report summaAnd, as long as this is the case, risks must also
rising all the relevant risk arguments. The othdre the main subject of a technology assessment.
expert reports were related either directly al$ would seem to be a minimum requirement of
commentary reports or indirectly by way ofany technology assessment that it examine the
parallel questions to that report. The paramoutggitimacy of the concerns and arguments which
issues that emerged from the discussion wetlge people raise in public debates.

wgﬁfhﬁ: eﬂ:ieSkr;slzsf ﬂfexan;%?;'Cthgfmrfgvg'ﬁgég%eneﬁt analyses in our technology assessment
P rocedure concentrated on the claims of the

altered - through ~conventional breeding tectt vocates of transgenic herbicide-resistant crops

ggeljcei);i ?igﬂsh%vr tgg n@!igg}lt;/esrlrslo:j?iietdthgaenta? at nonselective he_rbicides implied clear €co-
could possibly be justified ﬁoglcal and agronomic advantages. Here, differ-
' ent assessment frameworks were taken as the

The predominance of the risk aspect in thkeasis. On the one hand, even small ecological
technology assessment procedure had a whaled economic improvements were chalked up as
series of consequences: First, it turned th@ogress vis-a-vis the status quo. On the other
technology assessment into a kind of priohand, it was criticised that the improvements
examination of all the issues which had to belaimed did nothing to alter the fundamental
tested in any case for the approval of transgerpcoblems of intensive farming; they were simply
herbicide-resistant plants and nonselectiveariations of a trend which had to be seen as
herbicides. Sometimes it was difficult to comimistaken development and did not, therefore,
prehend why the problems had to be settled incanstitute real benefit.
technology assessment and could not be left
:Ee competent authorltles. This a_pplled more t gy have the burden of proof. However, ac-

e potential risks of nonselective herbicide ording to the leaal brinciles that applv in most
than to the risks of transgenic plants becaus 9 gal p b pply

industrialised countries, this does not establish
for the latter, tests and procedures for approv ! i
appeared to be less V\I/Jell-established. ggco y symmetry to the burden of proof required of

issues of judgement and valuation were give e critics with respect to the risks of the tech-

. . logy. If critics fail to provide evidence of
less emphasis than empirical aspects. In moréﬁevant risk, the technology cannot be banned.

cases the factual preconditions of risk cIaimﬁ the advocates fail to provide evidence of

wreorg ab(i:lci?[ntrgxgrﬂ]a;, scl:'ael-e 'g;e octgztsiglhtlde:& ath elevant benefits, the technology still cannot be
P y b Y%anned. At best, public support of the technol-

The normative reference points of risk assess- : 7 e ek g :
ments, by contrast, were often uncontroversi gy can be withdrawn. What "society” needs is

: . . jormally decided on the markets. It is not the
When toxic plant ingredients develop, approv . - .
will be denied. Third, the technology assessme ngeCt of political regulation. In our technology

implicitly accepted the fact that new technolog 5 ;ffﬁgg?rg’ rgLetrg??ﬁ ;%ggzggsgw%;ggfwge
is evolving in a social process that largel 9

" : . ctually need transgenic herbicide-resistant
evades political control as the starting point. Th rops %h ere was howgever no necessity to abide
hidden premise of all risk discussions is a dlstrB ' ! !

: : y the limits of existing law, since it is within
o Soomt sasticaton o vt e SCOPe of a echnology aSsessment 1o vest:
' Pte more issues than can be politically regu-

new technology is to be restricted or banned, nEated. Whether there is an acceptable demand for

if it is to be invented or propagated. In line Wlﬂherbicide-resistant crops is a legitimate question,

this rule, many of the discussions in the techno- .
ogy assessment followed a pattern in which théeven when the answer can only have an impact

)y X X n lic awaren nd level of consciousn
critics had to make claims of risk and, when? public awareness and level of consciousness,

: S nd may not, in itself, constitute sufficient
faced with objections, were forced o SUbStamreason to impose legal restrictions on the tech-

claims of benefit, the advocates of a technol-
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nology. Furthermore, it is also a legitimatgursue when they enter a technology assessment
matter for discussion whether socioeconomiprocedure must be sifted through the filter of
need could be made a precondition for thimformation orientation and, so to speak, expose
approval of a new technology, even if that woulthemselves to the risk of information. The very
imply a revision of constitutional law. idea behind technology assessment is that it

Within the framework of our technology as_involves the possibility that handy claims, by

sessment fundamental questions of this kir}r[geans of which one can beat the drum for a
I

were scarcely touched upon (but see section I[E.cnl0gY inpublic or provoke resistance to i,
D below). Probably, because of the otherwis an be shown to be unprovable, poorly justified
) ’ r simply wrong. This does not mean that

missing regulatory relevance, questions of need,... :

were mostly referred back to discussions of ris .%“t'cal ,,'nterGStS or goals can th_emselves_ be
."refuted”, but they can lose their favourite

The thrust of the argument was that uncertalrp- itimation. To iustify th t

ties about risks that might be hidden in a ne g 'mg ion. 10 oJIUZ |fyTh_em, 'nﬁw reasonsl mlés

technology should not be offloaded onto societ ien € provided. IS sk can only be

. rcumvented by circumventing technology
unless there is a real need for that technology. assessment altogether: once you participate, you

Discussions of alternatives to transgenic herbare automatically exposed.
cide-resistant crops were largely confined to th&
level of technical details. Comparison with th
potential and problems of mechanical wee
control was repeatedly brought forward, bu
even then the established system of intensi

ommitment to information imposes limits on
e function of the technology assessment proce-
ure to provide a forum for the political conflict
ver technology. Despite this, or perhaps be-

agriculture was taken as the frame of referenc %us«ta c?f [[th_(dependl_? 9 0,? the polltlc?l dStamt:ﬁ
Organic farming was covered in an expert repo opted), this commitment was accepted as the
working basis by all those involved in our

on nonchemical methods of weed control; it wa, : :
not, however, a subject-matter for investigatio rocedu;e. The Gene-Ethical Network (a leading
in the technology assessment. group of activists campaigning against genetic
engineering) declined to participate precisely
Reference to scientific because the procedure seemed incompatible with
6 knowledge and the role of the straightforward go_al of pplmcal mob_lllsatlon
experts of the general public. This _absten_tlprj was
declared to be a matter of political "division of

The final stage in every technology assessmdaour” among the critics of the technology. It
is a political evaluation of the technology undeyvas not (at that time) considered a fundamental
consideration; the main strategy is, howevef€iection of the technology assessment. It is very
scientific investigation. Evaluations are based dpPssible that the "virtualisation” of political
reasons which have empirical references, that @SPects through the information orientation of
they refer to statements on causal mechanisni@€ technology assessment was only reluctantly
facts and phenomena which are (at least ffcepted and viewed as a concession by the
principle) verifiable or refutable. Whethersocial movements. For industry and many
unintended metabolic changes justify a ban cifientists it was an essential precondition for
transgenic plants or whether increases in yiel#€ir participation; they would have declined to
through the use of herbicides are useful, is 4ust talk politics”. Compromise was necessary.
value judgement. Whether metabolic changes d¥ithin the framework of a voluntary procedure
occur and whether increases in yield can ¥ technology assessment, the conditions for
expected is something one can investigate aR@rticipation must be symmetrical. Unequal
know. And even if we determine that we do nddistribution of power and resources in the soci-
or cannot know it, we still refer to the domain oty must not affect the position in the procedure.

knowledge; establishing the limits to knowledg&air and equal treatment must be guaranteed. On
is a matter of knowledge. the other hand, symmetrical participation also

_ ) . means, that oppositional groups cannot expect
The commitment to knowledge and informatioRnat the disadvantages they face in politics in
inherent in the notion of technology assessmegkneral will be compensated for by preferential

consensus which supports that notion in our

society. Were political interests the only aspecthere was consensus in our procedure that
that really mattered, then technology assessméptPert reports were to be a main element in the
would be a waste of both time and money. TH&chnology assessment. However, there was also
interests are, in general, known in advance. Tig€neral agreement that the expert reports should
important point is that the interests participantdot be its only result. They were to provide the
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basis for the political evaluation of transgeniprovided in the selection of the questions to be
herbicide-resistant crops. Furthermore, it wasddressed in the expert reports and in the
agreed that issues of information were first anevaluation of the findings. The findings, them-
foremost the competence and responsibility afelves, were supposed to be science not politics.
the experts from the relevant scientific and’hey were a matter of knowledge, not of inter-
technical disciplines. The very fundamentaést.

political criticism sometimes waged against

expert knowledge and expert cultures, both in Assessment conferences:

the social movements and in the social science science-based discussions

during the last 20 years, did not have any role in _
our proceduré. For the evaluation of the expert reports prepared

o in the technology assessment, discussion among
Perhaps the competence and responsibility of tharticipants was the decisive "arena”. Discus-
experts were less contested in our technolog@jons were held at two (two-day) conferences
assessment because greater transparency W&sch had been prepared in three (one-day)
guaranteed here than in other contexts of sciefolloquia. All participants had previously re-
tific advice for public policy. The role of the cejved the expert reports and a short five-page
experts was modestly defined, and exaggeratsdmmary. In order to guarantee the active
claims or "technocratic arrogance” were effecnvolvement of as many participants as possible
tively excluded. It was clear from the beginningand to foster controversial discussion, commen-
therefore, that the knowledge of experts igaries were commissioned for each report from
inherently limited. Every expert report had thearticipants of the "other side”. The commen-
explicit task of presenting what was knowngries were supposed to point out:
about a specific problem, what could be known, whether the central findings of the report were
and what was not known. The bringing togethesybstantiated,
of experts with different political convictions e \whether important aspects were not covered,
guaranteed that the unavoidable ”"softness” ef whether the report was based on implicit or
expert opinions became a matter of discussiognusual premises,
and that scientific controversies, where they whether the conclusions were plausible.
existed, would be brought to light. The partici- o _
pants in the technology assessment agreed tf&€ members of the coordinating committee
forecasts on the basis of theory are never abd89K turns acting as moderator at the confer-
lutely certain, that the examination of empiricafces- They were not responsible for summaris-
claims depends on the methods adopted, and tH¥ the findings of the discussions, but rather,

science can only depict complex realities in §1SUring that no points or contributions were
limited manner. omitted. It was their task, from time to time, to

pool the arguments in order to structure discus-
It was equally clear in the procedure that expertgon. The WZB working group was to support
are not truly "disinterested”; they do indeedhe coordinating committee in this respect.
have interests and make value judgements. Tphgscussions at these conferences presumably
experts were even asked explicitly (although iguffered less than is normally the case from time
most cases in vain) to make clear value judggressure; but they had other characteristics
ments at the end of their reports, to triggefhich were also constraining: the discourse was
political discussion. Within such a setting, it wascientific rather than political; it was process

not very cogent to propagate the notion thgkther than result-oriented.
experts are politically "neutral’. This did not

mean that the reverse conclusion was drawn thage relative "reticence” of participants with
experts were merely the representatives 6FSPECt o normative and political questions
interests. The participants in the procedure, astQuld pérhaps be attributed to a certain pread-
group, were able to distance themselves from ti¢stment to the timetable of the technology
value judgements of the experts, to differentiaf@SS€Ssment, which assigned the complete last
between facts and evaluations, and to establigAnference to the discussion of these questions.

what the experts knew and what they wanted fan the other hand, it had never been the inten-
political terms or thought was right. tion to postpone political questions to the last
conference. It was far more the case that the

Thus, the politicisation of the experts in theoordinating committee had expressly indicated
technology assessment was within boundgnat the expert reports and commentaries should
Legitimate room for political judgement wascontain conclusions based on value judgements,
which should be seen as the starting point for
political discussions. This was only done to a

® See van den Daele (1996).
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very limited degree, however. With the exceptioprocess rather than result-oriented. In a way, the
of the expert report on the ethics of plant madiscussions were deliberations without conclu-

nipulation, which was explicitly oriented to-sions or, in legal language: the taking of evi-

wards value judgements, all the other expedence without a final decision. How can one then
reports and commentaries confined themselvegrive conclusions from such a procedure? The
to empirical, scientific arguments. One explandinal conference was designed to solve this task.

tion could be the commitment to "neutrality”

associated with the role of expert. What probal The use of argumentation:
bly had more of an influence was the fact th How conclusions were derived
the participants, themselves, defined their con- through discourse

troversies mostly as debates about empirical

findings and not about values and goals. Whdthe final conference of the procedure had two
was to be classified as damage was less a sif#jactions. It was to bring to the fore the political

ject of controversy than whether the damag@oblems of transgenic herbicide-resistant crops

could possibly occur and how likely it was. which had not been discussed extensively up to
then. And it was designed to do what the as-

No one argued that the problems dealt with i§essment conferences on the expert reports had
the technology assessment were not empiricaht done, namely, to draw conclusions about the

but political in nature, and that everythingsmpjrical findings from the deliberations among
depends on what you want or find acceptablgse participants.

With this argument the whole debate over the )

alleged special risks of transgenic herbicidd=olitical problems relate to the question, "What
resistant crops would have been beside the poififiould be done?” For instance, should trans-
Participants adhered to the relevance of empi@enic herbicide-resistant crops be approved or
cal questions for various reasons. First of alpanned? Are the risks of genetic engineering
they agreed on many normative questions whi@fceptable? Should new technology be regulated
meant that there was little room and little need gfficter than old technology? Throughout the
introduce completely new arguments with retechnology assessment all participants proceeded
spect to valuation.  Furthermore, the politicalom the premise that political questions were to
force of nonconformist normative arguments i§€ distinguished from empirical questions, and
probably rather limited, because they may bdat the finding of facts must be prior to the
relegated to the Sphere of pluralism or outvoté.aloral. and pO|Itlca| evaluation—both in t|me. anq
by majority decisions. As a strategy of political" logical order. Before we ask whether a rlsk_ls
critique, therefore, it is often more effective tAcceptable we have to ask whether the risk
attack factual claims that are based on agreByists. It may, of course, be the case that no
valuations than to call for alternative values. I@nswer can be given because the requisite
any case, at the assessment conferences lendfigwledge is lacking or the matter is controver-

normative and political discussions were th&ial. But this, too, would then be part of fact
exception. finding (or evidence taking), and it must also be

_ _ . recorded before political judgement can refer to
The discussions worked through central claimg

in the expert reports, i.e. they called for sub- o )
stantiation and proof, raised objections, formuBut how can empirical results be recorded in a
lated and examined counter-arguments. ARarticipatory procedure, when the participants
though the arguments went back and forth or ferely discuss an issue without determining
circles (in line with the sequence of requests f§hether consensus has been reached or not?
take the floor), they often accumulated as far d¥ter all, our technology assessment was set up
contents were concerned. However, this acc@s @ discursive procedure with no third instance,
mulation rarely led to a declared convergence #fat is, no one who acts as judge and who, after
positions or to settlement of dispute. In individlistening to the evidence from all parties present,
ual cases, arguments were explicitly withdrawi§ competent to take a final decision. In such a
and replaced by arguments on a different |e\,eq_|s_course it is up to the participants themselves
Sometimes there was a call for the assembly 8 judge.

record the result of discussions as a declargghe WZzB working group which was assigned
consensus or dissent. This call was not follows@le task of preparing the final conference pro-
by most participants. In addition, the moderator§osed a methodology for summarising the
intimated that it would not be possible to sumgmpjrical findings of the technology assessment.

marisead hog in a reliable manner, the non-The methodology was approved by the coordi-
transparent state of discussion. The dynamics @gting committee. It involved three steps:

the assessment conferences were, therefoiegiving an overview of all the arguments



10 Herbicide-Resistant Crops

presented by the participants with respect to thiéy such results—if there are any.

issues of debate, For that reason the WZB working group decided

o ares i s wacsoaay "ECONSIE the arguments i the procedure
P Ito controversial strategic positions and to add

fofgtrr%\(ﬁ;f‘i'%’ »proposed conclusions” whi Cht'his reconstruction to the documentation for the
were then to be considered and decided upon gal conference (see next paragraph f0|_r an
the participants Xamp_le). Whether the working group d_|d this in
' an arbitrary manner was something which had to
There were arguments in the working groupe examined by the participants. They were
about this methodology. It was generally agreeskplicitly invited by the coordinating committee

that first of all an overview should be presentetb exert such control:

of all the arguments advanced in the procedure
(in the expert reports, in the commentaries and
discussions). To this end, argument trees were
developed for the various questions that had
been discussed, in which statements for and
against were put together visually in a kind of
synopsis. What was controversial was whether
the next step should be taken and the arguments
classified according to content, i.e. whether they
should be reconstructed as a sequence of claims,
counter-claims,  substantiation,  objections,
counter-objections, etc. It was criticised that a
reconstruction of this kind could be biased by
value judgements from the side of the working
group, and that it could put the statements of the
participants into contexts which they may not
have intended. Against this criticism it was
pointed out that such a reconstruction was
necessary to truly reflect the course of the
procedure. The undifferentiated block apposition
of arguments pro and con would merely stress
the divergent nature of the positions. The par-
ticipants had, however, also produced con-
vergence between these positions.

In fact, the participants did not merely express
opinions. They continuously argued with one
another (i.e. against each other). The procedure
prompted discursive communication, that is, in
the actual dialogue, substantiation of claims was
requested and provided, objections raised and
countered, evidence offered and examined.
Hence, the communication between the partici-

"The reconstruction of arguments orders
the statements of the participants with

reference to the contents; it does not re-
flect the actual order in time (in what se-

guence they were said) or in place (where
they were said in reports, commentaries
or discussions). The reconstructions ex-
plicate the state of argumentation which

was achieved in the discourse with re-
spect to controversial issues. They repre-
sent the taking of evidence, in which the
participants had been engaged. Whether
they really provide evidence, that is,

whether the state of argumentation the
participants have produced, is complete
and conclusive, is another question. Any
participant may, at any time, point out

that relevant arguments are missing or
that the objections and counter-objections
reconstructed here are unproved or false.

The reconstructions are nevertheless
useful. With them it is no longer possible

just to disagree without stating to which

point exactly it is that one objects and

without giving further reasons for the

objection. This procedure ensures that
there is progress in the discussion, even if
controversies remain unresolved. It be-
comes clear where and why disagreement
exists. Hence external observers of the
technology assessment would be in a
better position to evaluate the discussions
and draw their own conclusions.” (Cir-

cular letter no. 13, May 3, 1993)

pants differed greatly from the usual "publiceyen when all the arguments have been summa-
discourse”, which seldom moves beyond thgseq and ordered, there are still no conclusions
repeated announcement of positions. Whegs to the results. The state of argumentation
people engage in real discursive deliberationges not formulate the results. However, it does
they cannot but open their positions to debate. jjake the step to formulation of the results
a true discourse, the participants do not haygynsparent and comprehensible. This step is not
complete control over their arguments. Thg |ogical derivation which could be left to the
arguments have a life (_)f their own; they may 'UBomputer. It is an act of cognitive evaluation
contrary to the intentions of those who stat@nhich must weigh the arguments advanced
them. What results after discourse as "the stajgainst one another. Different evaluations may
of argumentation” can be far more than thge possible, but these are in any case subject to

simple collection of all the statements the pakyo conditions: (1) no new arguments may be
ticipants have put on the agenda. It was reason-

able, therefore, that in a participatory technology
assessment an attempt should be made to ideReprinted in van den Daele (1994: 49).




Part I: Participatory Technology Assessment As A Political Experiment 11

added; (2) no assessment should be made mohtters of interest. Otherwise attempts to take
whether something is politically desirable orvidence on these issues by consulting experts
defensible but only, in the words of Ludwigwould be beside the point from the outset and,
Wittgenstein, whether it actually is the case. Hasonsequently, one would also have to desist from
the claim been proven? Has the objection beefaiming that arguments presented in the public
refuted? Is the hypothesis substantiated? Is thiglabate are substantiated by scientific knowledge.

ggg:lﬂcg gegr&g\{gsg? ngthep Oﬁggaclluz'?n; O?arI%ressure for consensus does not mean that at all
ones ' costs there must be a result and that this must be

' accepted without opposition. It means that the
Conclusions of these kinds were formulated bsesult can only be rejected with a growing
the organisers of the technology assessment dmatden of substantiation. One can no longer
presented to the participants in the final confesimply point out that one is of a different opin-
ence. This was in line with a decision by thén. Goals may be simply rejected, because they
coordinating committee that the organiserare a matter of choice; but not empirical find-
present a draft of the final report on the technoings—they are (at least in principle) a matter of
ogy assessment, that they intended to delivdinowledge. The true domain of irresolvable
The proposed conclusions were presented dissent is politics, not science. And, with respect
provisional; the participants had the right tdo the political evaluation of transgenic herbi-
declare consensus or dissent. cide-resistant crops, it was indeed the intention
not to press for consensus in the final confer-
ence, but rather to provide open opportunity for
diverging judgements.

"It seems necessary to make precise pro-
posals for how the results of the technol-
ogy assessment should be formulated,
regarding the controversial issues sur-
rounding transgenic herbicide-resistant
crops. In view of such proposals con-

sensus or dissent will also be precise and
remaining conflicts can be better under-
stood. It would be highly unsatisfactory

merely to convey as a result that opinions
continue to be divided over all major

Example: Conclusions
concerning specific risks of
genetically engineered plants

The question whether there are specific risks
involved in transgenic plants, that do not occur
in plants modified by conventional breeding

points of debate. In this case, the whole
participatory procedure could have been
spared, because that was known before.

A crucial question is, of course, which
conclusions should be presented to the
participants to solicit their assent or dis-
sent. The answer can only be: the most
plausible ones, given the state of argu-
mentation in the procedure. While such
conclusions cannot be derived with pure
logic, they are also not arbitrary or
merely a matter of subjective feelings.
The organisers claim that the conclusions
they propose have been suggested by the
arguments which have been advanced.
These conclusions are more plausible
than others. This is why the organisers
think that the final conference should
discuss and examine these conclusions
rather than others.” (Circular letter
no. 13, May 3, 1993)

techniques, was a central issue in our technology
assessmerit. The report by the Oko-Institut
argued that there was at least an increased
probability of unexpected side-effects with
transgenic plants. One reason for this was that
the insertion of transgenes would disturb the
genomic context of the host plant and induce
positional effects (insertional mutations). The
counter-argument was that insertional mutations
also occur when transposable elements (jumping
genes) which are naturally contained in plant
cells move around; therefore, disturbances of the
genomic context could not be considered as a
risks that is in any way specific to transgenic
plants. The Oko-Institut defended its position by
claiming that transgenes and transposons cannot
be compared. This point prompted a lengthy
discussion in one of the assessment conferences.
The arguments were summarised for the partici-
pants in the following reconstructién:

This methodology put the participants under

great pressure either to admit consensus or

justify dissent. This was criticised. However,

pressure for consensus was only exerted with

respect to the empirical aspects of the problemghe final conclusions with respect to this issue are pre-
related to transgenic herbicide-resistant cropented in, section Il AS

The very notion of a technology assessment i%or a full documentation of this controversy see the
based on the premise that judgements omterial in (Weber 1994: 215); see also van den Daele
empirical issues are neither arbitrary nor merel}996)-




Controversial issue (claim by the Oko-Institut):

Transgenes induce disturbances of the genomic context which are different from

those induced by the insertion of transposable elements which are endogenous in
the plant. Therefore gene transfer cannot be compared with changes in the plant
genome which occur naturally.

Arguments:

1. That context relations in the host genome
are disrupted is nothing which is specific to
genetic engineering. The transfer of genes
is, in this respect, comparable to the
insertion of mobile DNA sequences (trans-
posons). Such insertion, too, separates
neighbouring genes.

2. Transgenes and transposons may be
comparable as far as the disruption of the
sequence of genes is concerned. They are,
however, significantly different in other
respects.

Transposition is a rare event; transgenic plants are frequent.

3. Natural changes of the genomic context
through the insertion of transposons will sel-
dom give rise to new plants, whereas trans-
genic crops will be grown in large quantities.

4. Transgenic crops must be compared with
other crops, not with wild plants. Transpo-
sons play an important role in breeding
com. The resulting cultivars (sweet maize,
for example) are grown in equally large
quantities. There is no difference here to
transgenes.

Transposons do not transfer dominant genes.

5.1n contrast to transgenes, transposons
cannot transfer dominant genes which will
be expressed; they can only switch off exist-
ing, recessive genes.
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6. Transposons also transfer an active gene
(coding for transposase). In addition they
contain regulatory sequences which can
activate silent genes. This also leads to the
formation of a new protein in the plant.

7. New plant properties may be possible
through transposition, but dominant genes
cannot be transferred. This remains a differ-
ence.

8. The point is whether this makes a
difference with respect to possible changes
in the genomic context. In this respect, the
effects of jumping transposons and the
integration of transgenes are comparable.

9. Transposons do not transmit genetic
information that is new to the plant. Trans-
posase is not an "alien” gene product; it is
already known in the plant.

10. The fact that genetic information is
"alien” to the plant may be relevant for the
possible consequences of the gene product
(coded by the gene). It has no relevance,
however, for the question of how the
genomic context will be changed by the
integration of the gene.

11. 1t is conceivable that new information
could also make a difference with respect to
the genomic context.

Integration of transposons is regulated by the plant; transgenes insert at random.

12. The integration of transgenes cannot be
controlled. It is random. There is no fitting
site for transgenes in the host genome. In
contrast, transposons jump (at least in part)
to specific sequences.

13. The current state of knowledge is that
transposons are inserted at random. They
move through the genome in a stochastic
process without preferring certain sequen-
ces or chromosomes.

14. Earlier studies (Saedler et al.) have
found homologies between transposons and
sequences at the site of integration. It was
suggested that this indicates that integration
is sequence-specific.

15. This hypotheses was withdrawn by the
authors. It could never be shown that trans-
posons use homologous sequences for inte-
gration. The homologies occur by chance—
which is to be expected according to
statistical rules.
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16. The thesis withdrawn is still upheld in
other work (e.g. Fedoroff, 1991) as repre-
senting the state of knowledge in science.

Herbicide-Resistant Crops

18. Transposons are switched on and off
according to regulation by the developmen-
tal cycle of the plant. For instance, it has
been demonstrated that the frequency of
transpositions in maize depends on the
stage of growth of the plant.

17. Fedoroff (1991) only refers to the regu-
lation of the frequencies of transposition.

20. The frequency of changes induced in
the genomic context (activation and deacti-
vation of other genes) is also regulated by
the development of the plant. This does not
apply to transgenes.

19. With respect to the possible changes in
the genomic context, the relevant question
is whether the site of insertion is regulated,
not the frequency of insertion. There are no
indications, however, that the site at which
transposons are inserted is in any way
regulated by the plant.

22. Apparently transposons only jump to
sites at where sequences have been
duplicated before. So, they do not integrate
at random.

21. If this applies, it can only relate to the
time of the context changes not, to the type
and the consequences. The consequences
of changes in the genomic context because
of the insertion of a transposon cannot differ
from the consequences of the integration of
a transgene (at the same gene locus).

24. Transposons exhibit homing tendency;
they jump primarily on their own chromo-
some.

23. Preinsertional  duplications are not
known. Duplications occur in the process of
insertion. They are a consequence, not a
presupposition of insertion.

25. There is a certain tendency for transpo-
sons to be integrated on the same chromo-
some. However 50% of the insertions occur
on other chromosomes. In principle, any
chromosome can be the target of insertion.
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Integration of transgenes is irreversible; insertion of transposons is reversible

26. Mutations through the insertion of trans-
posons are reversible; the integration of
transgenes is irreversible.

27. It is possible to stabilise the insertion of
transposons to the same degree as the inte-
gration of transgenes, through changes in
the transposon or the outbreeding of gene
sequences which are necessary for transpo-
sition.

28. Reversibility of transposition means that
transposons pose a higher risk of unex-
pected side-effects than transgenes.
Transposons can change the genomic
context again when they leave the site of
insertion. Frequently they leave "footprints”,
i.e. mutations and changes in the pattern of
gene regulation, at the site where they
insert. This may change gene functions, for
example, in mutations of the flower colour.

29. Mutations which can be induced by
insertion of transposons will mostly concern
recessive genes; far-reaching mutations are
likely to be eliminated immediately.

30. Transposons  can induce mutations
which lead to dominant alleles; they can, for
instance, enhance the rate of reproduction.

31. The differences between transposons
and transgenes must be assessed in
totality. Transposons are reversible and the
frequency of transposition depends on the
developmental stage of the plant. This
warrants the conclusion that transposons, in
contrast to transgenes, have a function for
the plant and are regulated by the plant.

32. It has never been shown that the activity
of transposons, except for the frequency of
transposition, is regulated by the plant itself.

This was the reconstruction of the state afnexpected side-effects were comparable for
argumentation with respect to the comparison ¢fansgenes and transposons. With respect to
transposons and transgenes. This reconstructi@versibility, it was concluded that the integra-
was presented to the participants of theon of transposons is in fact reversible; but this
technology assessment for examination. It waseans that transposons are likely to have more
the basis the organisers used to derive tentatin&ther than less side-effects on the host plant
conclusions which they proposed at the finghan transgenes, because they can induce muta-
conference. In these conclusions, they firgtons both at the site to which they move and at
emphasised that, of all the differences whicthe site where they leave. With respect to site-
were claimed to exist between transgenes asgecificity, it was concluded that the claim was
transposons, only reversibility and site-specifiwrong: transposons do, in fact, integrate at
city of integration could have any bearing for theandom. The representative from the Oko-
guestion whether context disturbances (insemastitut tried to make the case that there was a
tional mutations) and hence the risk otontroversy in science over this question, by
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referring to Fedoroff (1991) for support in thisvolved in the procedure had created a fait ac-
respect (see statement 16, above), and she dainpli by applying for the release of transgenic
not seem to be convinced by the end of theerbicide-resistant plants without informing the
discussions. Therefore, to clarify the issuether participants or presenting their plans for
further, the organisers offered to contaatliscussion in the procedure,

Fedoroff and have her expert statement includetl.the volume of information and time pressure
However, the Oko-Institut did not want to usemade it impossible to examine the documents
that offer. Accordingly, the organisers then felprepared for the final conference and to formu-
that it was legitimate to propose the followindate adequate responses to the proposals made,

summary of the conclusions: ¢ the influence of the WZB working group was
too strong and there were doubts as to the fair-

"There is neither empirical evidence nor a theo- ness and impartiality of the summary of re-
retical model to show that transgenes could in- sults?®
duce more disturbances of the genomic context, . "
or a different kind of disturbance, than transpos- At this conference the conditions for the further
able elements which move around in the plant participation of the environmental groups were
genome naturally. The gene locus in which trans- discussed with them. It was pointed out in
posons are integrated, is not regulated by the particular that the final conference was designed
plant. There is no controversy in science with re- explicitly to hear any criticism they might have
spect to this finding.” with respect to the substance of the results

resented so far, and to allow for further
ubstantiation of dissenting opinions. The envi-
Yonmental groups then offered to continue to
rticipate under the condition that roughly 20%
the final synthesis report be allocated to them

present a dissenting opinion, and that

This conclusion settled the issue and the contr§
versy was put at rest within the technolog
assessment procedure. At the final conferen
even the critics admitted that transposons a
transgenes are comparable with respect to tpe

impact they might have on the genomic contex M 50.000 b - :
. A : , e made available to prepare this
They merely pointed out that this finding is vali bpinion. These conditions could not be met

"as far as we know today”. This proviso wa
2 : because the funds for the procedure had been
accepted by all, because it is evident and appl'sg%austed. The demands pwere subsequently

to everything we know. withdrawn, and the environmental groups con-
The closure of the firmed the_ir det_:i_sion to Ieav_e the final corjfer-
1 participatory procedure ence. Their positions were still represented in the
conference, however, because these views were

When the final conference convened in Juriso held by a number of participants from
1993, the representatives from the environmentdhiversities and (albeit in fewer cases) from
groups and their associated research institutioggvernmental agencies.

declared that the participatory approach of thene argument that industry had undermined the
and they withdrew from the procedure. The maigppjications for the release of transgenic herbi-
reasons they gave for this action were that:  cjde-resistant crops is a serious one. A parti-

* honorary involvement in the procedure toolginatory technology assessment requires that
up too many of their resources, ... cooperation be stabilised and that participants
* the industrial companies and scientists iyevelop some kind of trust among themselves
and that they remain loyal to the procedure. On
the other hand, given the divergent interests no

9 . .
See section Il A5 below. Even the representatives fro : :
the Oko-Institut among whom the drafts of final conclu-gxcesswely high loyalty can be demanded,

sions had been circulated, did not come back to thegSPecially not with respect to the behaviour of
original claim. They instead demanded a shift in théhe participants outside the procedure. In
burden of proof: The assumption that the consequencgeneral, it would seem unrealistic to require that,
(of transgenes an transposons) are different had begpthe course of a (voluntary) technology assess-

classified as speculation, "although no ‘proof agains ; ;
this hypothesis has been found” (letter from March 1 ent, a moratorium on the technology it

1994 (see van den Daele 1994: 52). In théipal debate Investigates _b_e Upheld' No _(;ompany Cou_ld
outside the technology assessment procedure the Oi@fford to participate if the condition were that it
Institute continued, however, to repeat the original clairstop developing or using the technology during
that transposons have different impacts on the genontige period of assessment (which could be years).
context than transgenes—even with reference to the same

literature (Fedoroff); thus, they were completely unim-

pressed by the arguments in the technology assessment,

see Weber (1996). % See also Gill 1993).




Part I: Participatory Technology Assessment As A Political Experiment 17

The coordinating committee faced this problem been decided by the coordinating committee very
year before the final conference took placesarly in the procedure that uncommented, dis-
when it became known that one of theenting opinions, merely to be tacked on to the
participating industrial firms was going to subdfinal synthesis report, were not admissible. The
mit an application for field tests with geneticallyfact that the environmental groups came back to
modified sugar beet and a herbicide resistantieis issue in the negotiations over their with-
gene as the marker. The majority of participangrawal from the final conference showed that
in our technology assessment felt that thiaey had not really accepted this rule as justified.
application would jeopardise the wholeApparently, the environmental groups had
procedure, but a formal decision in the coorambivalent feelings about being involved in a
dinating committee was blocked by a veto. Thprocedure in which they could not control the
problem "disappeared” because the firm agredohdings. On the other hand, it was probably this
to postpone their application until after the finalery rule which ensured that all the participants
conference. Unfortunately the problem cameommitted themselves fully to the dynamics of
back because the final conference was postporedjumentation and resisted the temptation to
for half a year! downgrade the technology assessment from the
utset to just another public forum where all the
roups again just display their differences of
inion. With these procedural rules, "the last
ord” in the technology assessment was, to a
ertain extent, reserved for the organisers.
grther criticism could then only come from

The argument that the methodology applied b
the WZB working group in preparing the final
conference placed constraints on the autonory)
of the participants is correct. The participant
were required to work their way through a mor
or less predefined agenda. Those who prepar

draft conclusion have some power to define a utside”, after the final synthesis report had

select. On the other hand, draft conclusions a $en published. What this means for the concept

indispensable in a meeting of fifty or mor ?E participatory technology assessment requires

persons if nonconclusiveness of the deliberatio grther analysis.

is to be avoided. So the only way out, it seeme Some structural problems
was to prepare drafts and have the participant g

check whether the WZB working group and th gfsg :;’g%%?]ttory technology
organisers had used their power justly and

impartially. It is certainly not enough to attribute the deci-

The participants had the opportunity to criticiséion of the environmental groups to leave the
the drafts submitted, and to revise or repladgéchnology assessment in the final phase solely
them, both at the final conference and in writingP the historical, contingent circumstances of this

thereafter. Written exchange was also the forRarticular procedure, that is, to the constellation
by means of which the participants continued tef actors involved and to mls_takes in the steering
be included in the preparation of the final verof the procedure. Participatory technology

sion of the material to be published from th@ssessment, as such, is a politically ambivalent
technology assessment. All such drafts wegructure, the stability of which always remains

circulated among the participants. Commentafrecarious. To this end a few final remarks

ies, unless incorporated, were also publishefpllow.

This rule entitled all the participants to publistparticipation in the technology assessment
their own opinions and evaluations together witBrocedure does not mean that the opposing sides
the results of the procedure. However, it hagjj always have control over the entire proce-
dure, nor can they make it dependent on their
factual consensus. The participants have control

11 . .
It should be mentioned that the environmental groups
too, showed limits in their loyalty with the technologydver the process but not over the results.

assessment. They presented their version of the findingsechnobgy assessments are essentially investi-
of the assessment in a press release before the discussion

in the technology assessment had been finalised. nga?ory strategies which aim to produce informa-

coordinating committee again refused a formal verdicflOn. This sets them apart f_rom purely political_
remarking only dialogues in which discussions take place pri-

"that it neither wishes nor is it empowered to control Marily over the goals and _Critel’ia for th_e _desir-
public statements on transgenic herbicide-resistant able development of society. The validity of
crops by participants in the procedure” (Minutes of  jnformation produced in this kind of procedure is
sbruary 5, 1993). o . not conditioned by the acceptance of the partici-
The majority of the coordinating committee merelygants_ In terms of social theory, the medium of

criticised the fact that the statement to the press creat ol : : ; ; ;
the impression that the procedure had been terminated. 8C|a| integration in this case is not social but
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cognitive. The participants are not really in dhe procedure implies the readiness to submit
situation wherein consensus can be deliberataeiypeself on empirical issues to the judgement of
granted or withheld. Consensus becomes irrefgeiencée?,

table because what is viewed as knowledge I'-marticipation offers options to influence the

society and what corresponds to generall . : . :
shared valuations cannot be deliberately di%rmatlon of judgement in a procedure, but it
oes not call on the conflicting parties to sit in

i 2
missed: judgement on themselves. This is ruled out in
Discursive procedures trigger an argumentatiamy case, because the conditions for participa-
dynamic which can neither be contained ndion are, in principle, symmetrical, i.e. the
controlled by any individual participant. A parties must have equal rights. Where consensus
frame of argumentation is also used in publicannot be achieved the final judgement must be
communication, for example, in the media, wheleft to neutral observers of the procedure. The
opposing sides take up controversial positionfact that a group or party did not agree to the
But the truth is that the parties seldom reallyesults proves nothing more than lack of consen-
argue. Recourse to proof and reason serves oslys. It may, of course, be taken by the public at
to present one’s own position more convincinglylarge as an indicator against the fairness of the
In our technology assessment, by contrast, sinpeocedure or the viability of the results. An
it was organised as an on-going dialogue amomgcrease in rational conflict management can
those present, argumentative debate is unavomhly be expected of a technology assessment
able. The individual positions must be defendegrocedure if it at least offers an opportunity for
against the on-going emergence of countethe public not to rely solely on indicators of this
arguments. Whether a position proves to Hbénd, but to examine the matter at hand by
viable under these circumstances can neither ttemselves.

predicted nor controlied. It is doubtful whether, in a participatory proce-

Information orientation and discursivity precludedure, the rule should be that no one is allowed to
a complete control of results through participasccupy the role of a neutral third instance, which
tion. Despite this, the strategy of informatiorto a certain extent was taken, in our case, by the
seeking remained undisputed to the end. ThevéZB working group and the organisers. The
seems to be no alternative, because the pubtionsequence would be that we would have to do
controversy to which the technology assessmenithout presenting results whenever an issue
refers is a debate about empirical argumentgemained controversial; the presentation of the
above all, a debate about the potential risks andntroversy would then be the only result. This
expected advantages of the technology. Theould be in contradiction to the declared politi-
opposing sides in the procedure continue to lmal aim of a technology assessment. Political
bound to the framing they have chosen for theontroversies about technology are the starting
contested issues in the public debate. If they giy®int and subject of technology assessment. The
the impression that empirical information doepublic has a right to efforts at least being made,
not really matter for them, they not only excludén procedures of this kind, to determine the state
themselves from the discursive procedure, thef knowledge on controversial subjects. A
also lose face in public. Anyone who indicatesechnology assessment must give an answer to
that he or she is not interested in arguments, bille question whether risks that are publicly
simply in interests and power, can neither staldecried actually exist, or whether the technology
claim to participation in the technology assesss likely to provide the benefits claimed. Criti-
ment nor expect, through such participation, toism of the methods through which the proce-
gain political profit for his or her own campaign.dure arrives at conclusions must also be sub-

In controversies about empirical questions, ang,"tted to the scrutiny of the general public.

therefore, in arguments about the consequend®$ course, it is conceivable that a never-ending
a technology might have and about what weispute will prevail in society, concerning what

know or do not know of such consequencegrganisations or individuals could represent the
recourse to science is compelling. One cannoeutral instance of science. But even then, the
present one’s position in public as scientifically

substantiated and then cast fundamental doubt o o
on science as a neutral third instance in a tectln-'“ our technology assessment, the validity of scientific

| ¢ d Participati ndings was not an issue of debate. Nor was any role
nology assessment procedure. Farucipation Hhyeq py the epistemological metatheories by means of

which sociologists sometimes play down scientific claims
to validity as "social constructions” and instead claim a
2 Georg Simmel talks about "intellect” as the medium opluralism of social forms of knowledge which are mutu-
social coordination; cf. details in Dobert (1994). ally incompatible but supposedly all equally valid.




Part I: Participatory Technology Assessment As A Political Experiment

opposing sides could not demand that they
themselves be given this responsibility. In that
case, information and technology assessment
would no longer be credible at all as a means of
conflict resolution. However, it should be noted
that the radical dismantling of science as an
ideology would be politically dysfunctional, too.

If one really could argue that whoever speaks in
the name of science is in fact only presenting
political interests, then only power counts, and
votes could and would have to be taken immedi-
ately. There would be no point in commissioning
expert reports (not even by "critical” experts). If
the results only reflect the interests of the re-
spective parties then, for the public at large, it
would be cheaper for it to inform itself directly
about these interests.

A participatory technology assessment commits
the parties of the political conflict over new
technology to cooperation in a procedure with an
uncertain outcome. From the angle of the ob-
serving public (including parliaments, courts,
etc.) this is an advantage. Through their partici-
pation the parties lend legitimacy to an attempt
in which they control the process but not the
result. Whether participation is politically
attractive under these conditions will depend on
how high the normative expectation is that
conflicts will be dealt with in discursive form,
i.e. in the form of argument. If these expecta-
tions are high, conflicting parties will not be able
to withstand the demand for new discursive fora,
or reject participation without ensuing political
costs.

Procedural fairness is the essence of participa-
tory technology assessment. If this principle is
violated then withdrawal from the procedure can
be expected and is legitimate. However, one
cannot legitimately withdraw from a fair proce-
dure simply because the emerging results con-
tradict ones own strategic interests. Neverthe-
less, in terms of "Realpolitik”, withdrawal must
be expected in such a case, ‘tolb.must also be
expected that arguments refuted in a participa-
tory technology assessment will nevertheless
continue to be used outside and after the tech-
nology assessment, as long as these can still
impress the public. Such inconsistency may be
criticised; it should not be taken as a proof,
however, that, in principle, participation in
discursive procedures is not a suitable form of
political conflict resolution.

And it can be a "rational” move in terms of calculation
of political costs; see D6bert494), Holzinger (1996) for

an explanation of why the environmental groups with-
drew from the technology assessment before the final
discussion of the conclusions.



PART Il: EMPIRICAL FINDINGS —
IMPACTS AND CONSEQUENCES

Throughout the technology assessment, empigiternatives, and cultural meaning of the tech-
cal questions about the possible consequencesnofogy, and into visions of the future develop-
transgenic herbicide-resistant crops were keptent of the society. In many respects, such an
clearly separate from normative questions aboassessment will go beyond the existing law, or
assessing these consequences. Contrary to d¢ven beyond the political mandate of the modern
relativist rhetoric often exposed in the sociastate. In public debates, however, there is a
sciences that facts are irresolvably confoundgatevailing tendency to concentrate discussions
with values, the participants in our technologpn the safety aspects of new technology. This is
assessment treated questions of fact as categpriebably due to the fact that diffuse anxieties
cally distinct from and logically prior to ques-about new developments can easily crystallise
tions of valué® Thus empirical questions sucharound risk scenarios, and that the latter are at
as: Does a risk or a benefit exist? What carthe same time a powerful operationalisation of
possibly happen? How likely is it to happen?®he criticism of new technology because they fit
What is the causal mechanism? Are the consieto the established frameworks of restrictive
guences of genetic engineering comparable fmlitical regulation®

the consequences of classical breedinggte
always distinguished from normative question
such asis the risk acceptable? Is the benefi
appreciable and worth the risk? Who shall bea
the burden of proof in the case of uncertainty
Are the alternatives to genetically engineere
crops preferable?

oncerns about risks to human health and the
nvironment also dominate the debate over
ansgenic herbicide-resistant plants. A main
port of our technology assessment was, there-
re, commissioned from the Oko-Institut,
reiburg, which has been the most outspoken
and articulated source of criticism of genetic
Empirical questions can, in principle, be anengineering in Germany during the last decade.
swered scientifically and are a proper domain &fhus it was guaranteed that the best available
experts. Consensus on these questions masunter-arguments were placed on the agenda.
(given the requisite knowledge) be possibleGeneticists were invited to comment on these
Normative questions involve moral and politicahrguments’ Additional reports were commis-
judgement, and are the domain of lay persons si®ned to examine in detail the biosafety issues
citizens. These guestions may reflect legitimat@ssociated with the possibility
differences of values and preferences, and musthat unexpected and undesirable physiological
then be dealt with in their variety and contradicehanges (pleiotropic effects) occur in transgenic
tion. The following sections summarise thderbicide-resistant plants,
empirical findings of the technology assessmentthat the transgene (and the trait of herbicide
first. The starting point is the examination ofesistance) is propagated to unrelated organisms
possible risks from the genetic modification ofsuch as soil bacteria or other plants) via hori-

crop plants. zontal gene transfer,
¢ that the transgene "escapes” from cultivation,
BIOSAFETY ASPECTS OF either in feral populations of the crop plants
A TRANSGENIC PLANTS th(lamselves or through hybridisation with wild
relatives.

The assessment of technology is not the regula-
tion of technology and cannot, therefore, be
confined solely to issues of safety. It must S Van den Daele (1993). )

extend into broader issues of social and political Expert report commissioned from Dr. B. Weber (Oko-

implication, namely, benefits and uses, availabfBstitut. Freiburg): "Evolutionsbiologische Argumente in
’ ! ! er Risikodiskussion am Beispiel der transgenen herbi-

zidresistenten Pflanzentommentary by Dr. A. Heyer*,
Prof. H. Saedler** and Prof. L. Willmitzer* (*Max-
! The reference to objective knowledge in the technologglanck-Institut  fir molekulare  Pflanzphysiologie,
assessment by both advocates and critics of transge@olm; **Max-Planck-Institut flir Zichtungsforeang,
herbicide-resistant crops is further analysed in van ddfdin), in: Materialien zur Technikfolgenabschétzung
Daele (1996). Heft 5(see appendix).
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We summarise the conclusions from the discutas perhaps never been part of our food) might
sions among the participants in the technologpduce allergies in some consum&rén many
assessment. At the heart of these discussiarases, therefore, the possible side-effects of gene
was the question of whether there are specificansfer on the metabolism might in fact be
risks implied in genetically modified crops,completely unpredictable.

which would not occur were the crops modifie .
. C . the technology assessment, four mechanisms
through techniques applied in conventional plaﬂphich could Ie% to unintended physiological

breeding. For the details of the expert reports w . : o :
must re?er the reader to the matel?rials p%blish%‘angdes n tr%nsgenlc herbicide-resistant plants
ere discussed:

in the WZB discussion paper series (see appen-
dix). Some additional references to recent devel- Effects of the nonselective herbicida.

opments and findings are added in footnotesumber of herbicide resistance genes transfer
The discussions in the technology assessmenechanisms through which derivatives, conju-
raised questions which follow closely the themegates etc. of the herbicide are formed in the
of the public debate. We organise the summaplant. These substances may be toxic. They may
of conclusions for each topic around thesalso interact with other substances and influence
guestions. secondary metabolic processes in unforeseen

. . . ways.
1 Physiological side-effects and

food safety: Are toxic or aller- 2. Effects of the transgenic gene produdtse

: herbicide resistance gene introduces a new gene
?eedmiﬁ ?rl;asgggr?iisptlgr?ti’? Xpec- product into the metabolism of the host plant.
: Interactions between this new product and
Lines of consensus and dispute substances which already exist in the plant can
only be predicted to a limited extent. This will,
Transgenic herbicide-resistant plants are supbove all, be true when the transgene encodes a
posed to express the product (enzyme) of thiesistance mechanism which is completely new
transferred herbicide resistance gene in the the metabolism of the host species. In this
metabolism of the plant cells. The intendegase the gene product will hit upon metabolic
effect is that the plant will become herbicidesubstrates which are different from those in the
resistant. However, the gene transfer can hadenor organism. It could interact with such
unintended side-effects on the plant metabolisrapbstrates and form new and unexpected meta-
through which other properties of the plant mapolic products.
be altered? In some cases, it will be possible to,

A e ; . Effects of the locus of transgene insertion on
anticipate potential side-effects using the mforfne expression of the transger®@ene transfer
mation on the transgene and its gene produ

: ‘f&chniques do not, as a rule, allow a site-specific
and on the properties of both the donor and thgeqration of transgenes in the host genome.
host organism. It can, for instance, be test

. ) ansgenes may be inserted at frequently ex-
whether piote_lns prc?lduced_ b¥ thi msertedI;cran fessed sites, but also at inactive ones. The
gene are toxic or aflergenic for humans. 1t Cafy. s of jnsertion can therefore influence the
be tested whether the transgene inadverten

. . . ression of the gene product (positional
transmits the allergenic potential of the dono,g gct). Variations in gexprespsion anglp in par-

organism or enhances the allergenic potential @i, a1 oyer-expression, could lead to unexpected
the host organisi.One can, however, only teSt%hanges in the plant metabolism.

for known allergies. There is no way to predic
whether a new protein from a donor organisd. Effects of the locus of transgene insertion on
which has no history as a known allergen (arifie expression of endogenous plant geiiés.
metabolism of the host plant can be affected by
the insertion of the transgene as such, independ-
8 Expert report from Prof. B. Béger (Lehrstuhl furent of the gene products. If the transgene is
Pflanzenphysiologie und Biochemie der Pflanzen, Uninserted into an active plant gene then this gene
versitat Konstanz): "Maégliche pflanzenphysiologischey| pe interrupted (insertional mutation). As a

Veranderungen in herbizidresistenten und transgen .
Pflanzen und durch den Kontakt mit Komplementér?gsu“’ its gene product may not be produced at

herbiziden”; commentary by Prof. R. Weidhase, Halle, irdll O to a different degree. In addition, the
Materialien zur Technikfolgenabschatzyrideft 2 (see regulation of neighbouring genes may also be
appendix).

1 Thus, tests revealed in a recent case that the transfor-
mation of soybeans with a transgene from paranut can
confer the known allergenic potential of the nuts to the
soybeans; Nordleet al. (1996). 2 Cf. Frank-Oberspach and Keller (1996: 55).
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influenced® These variations in gene expressiodealt with the comparability of side-effects in
can also lead to unexpected and unforseealgieneral (question1 below) and with three
changes to the plant’'s metabolic pathways. mechanisms why side-effects might be more
i#<ely in transgenic plants: nontarget or pleio-
ropic effects of the transgenic gene product
ange of substrates), instability of transgene

Side-effects of herbicides on the metabolism
resistant plants are a standard problem in t

regulation of herbicides, they will be discussed ) o o ‘and effects of the insertion of trans-
below-* Side-effects of the gene transfer play enes at the DNA level (positional effects and
key role in many debates over the possible riskS. e rtional mutagenesis) (questions 2-4)

from transgenic plants. They are the hypotheti- '
cal starting point for a number of risk scenariogyyestion 1: Can unintended physiological
This section deals with impacts of the gengjge-effects in transgenic herbicide-resistant
transfer which might affect the food safety ofyjants lead to the formation of toxic or aller-
transgenic pl_ants. The following sections dlscu%nic substances? Are such side-effects more
possible environmental consequences. likely to occur in transgenic than in nontrans-

The participants in the technology assessme®nic plants?
agreed that metabolic processes in plants are,
general, quite variable. They vary with changin

environmental conditions and as a result of |y the case of transgenic herbicide-resistant
modifications caused by breeding techniquegyants, new substances are introduced into the
Pleiotropic effects through uncontrolled |nteracp|ant metabolism: the gene product of the trans-
tions in the plant metabolism are abundant in thgyred herbicide resistance genes and also (de-
practice of breeding and have in many cases Igdnding on the resistance mechanism) the trans-
to "bad surprises”, e.g. unforeseen and unifgrmation products, conjugates etc. of the non-
tented morphological changes, yield losses, neygjective herbicide. The new substances can
substances or new levels of expression of suBnter complex interactions with the host cell

stances in the plants. In some cases, sgch effegistabolism which may give rise to unexpected

have been shown to be toxic or allergéhic. and unforeseeable phenotypic consequences.

That physiological side-effects are in fact a redlhis includes the possibility that plant sub-
problem has been illustrated throughout thgtances may be formed which are toxicologically
technology assessment with examples from tiggnificant (or which are carcinogenic, muta-
history of traditional breeding. Quite plausibly,denic or allergenic).

therefore, the main controversy among thg ghifts in plant metabolism and new plant
participants focused on the question, whethefpstances also occur as a result of conventional
there was a special risk of unintended physigyeeding or fluctuations in the plants’ natural
logical changes in the case of transgenic planisnyironment, such as climate variations or
Should we expect more or more dramatic Sid@gtacks by pests. In the latter case it has been

effects in the metabolism of transgenic plantghown that new, humano-toxic plant substances
than in the metabolism of plants modified byyre induced.

conventional breeding techniqué&sRiscussions

é%nclusions from the discussion

3. It is plausible to assume that different tech-
niques to modify plants might have different
side-effects. Genetic engineering has the poten-
?! Effects of the locus of transgene insertion have beafy| to transfer genes (and gene products) from
discussed in the technology assessment as "disturbancedigtant nonrelated species, which could not be
the genomic context”; see also below section Il A5. . ’ . ’ . .
” _ introduced by conventional breeding techniques.
Cf. section Il B2. Side-effects on the plant metabolism resulting
“For instance, hybrids between established potafstom such transfers represent a specific risk
varieties and related wild types have shown excessifgom genetic engineering in the sense that with-
(toxic) concentrations of glycalcaloids (van Gelder 19915t genetic engineering, the transfer would not

121); the allergenic potential of apples became clinicall - -
visible only after the breeding of new varieties in th(ise possible and therefore the side-effects could

1960s (Aulepp and Vieths, 1992). Frank-Oberspach arfot a_rise- In this sense, hOW@VGI’_, the various
Keller (1996: 43/51) refer to these examples. techniques of conventional breeding (such as

24»Conventional” here refers to all methods of breedingNUt2genesis or intergenera crossing) Would also
currently used and accepted that do not involve genetiepresent specific risks, since the side-effects
engineering. These methods include far more than merdlgey could have on the plant metabolism would
the crossing of individual plants of the same species,

through which nearly identical genes (alleles) of Closel}éan be used to alter existing aenes so that new gene
related plants are mixed. In a number of cases crossi 99 9
(r?gducts are formed.

between different species has been possible; mutagené)s
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not occur if the techniques were not applied. that substances which are naturally formed in
4. There is up 10 now o evidence thar TS 16 1 9EDTE o8 raviomatts 1 e o
technique of gene transfer can cause metaboI ioh ng in transgenic plants 9 y
side-effects in transgenic plants, which are of 1 9 P :
different type or quality than those occurring irv. Synergism.There are some indications (al-
nontransgenic plants. Any scenario that has betrough disputed in science) that a mutagenic
devised to anticipate possible damage fromotential found for isolated plant substances can
unexpected physiological changes in geneticallye neutralised by synergistic effects within the
engineered plants applies equally to plants whigilant as a whole. These substances would then
have been created by conventional breedinge harmless, as long as they remained integrated
With either technique, risks must be expected the metabolism of the plant. If this were really
whenever a problematic trait (or gene product) ihe case it would also be true for transgenic
transferred. Whether the trait is transferreglants. It is inconceivable that synergism should
through gene transfer or through breeding doesly operate to neutralise problematic sub-
not seem to make a difference. stances formed as a result of natural fluctuations
5. The claim that transgenic plants i nvolvolr metabolic interactions in conven_tional crop
. : . ; . ants, and not substances occurring as side-
specific physiological risks was defended in th%ﬂ octs in transoenic crop blants
technology assessment as a hypothesis. A num- 9 PP '
ber of reasons were offered to account for tf& The Oko-Institut argued that the neutralisa-
possibility that gene products encoded in transion of problematical substances through syner-
genes might have more (or more undesirablgjsm may depend on a “balance” within the
side-effects on the plant metabolism than are mant, and that the gene transfer technique may
be expected either from fluctuations of thde particularly prone to jeopardising this bal-
natural environment or from modificationsance. Whether or not evolution theory is com-
through conventional breeding: patible with assuming such a "balance” of sub-
* because of evolutionary adaptation (costances in natural plants (which after all would
evolution) plant substances that occur naturallye defined in terms of advantages for human
in food plants are likely to be nonharmful toconsumers of the plant and not of advantages for
human beings; the reproduction of plant itself) need not concern
* the toxic/mutagenic potential of natural subus here. It certainly cannot be assumed to exist
stances is neutralised by synergistic effects fior the combination of substances possible in the
the plant metabolism; domesticated plants we use for cultivation. It is
* in conventional breeding, unexpected sidencomprehensible that there could be a natural
effects are limited by regulatory cycles withinbalance in plants guaranteeing that, for example,
the plant; combinations of plant substances with new gene
® since transgenes introduce gene produgbsoducts induced by mutagenesis, transposons
which were never in the plant metabolism besr additive lines are not toxic to humans.

fore, they will lead to more and qualitativelygl Regulatory cycleslt is plausible to assume

different side-effects; -
* the insertion of transgenes disturbs the gen hat plants rely on regulatory cycles to fimit

mic context of the host plant and will, thereforeeigfﬁggiﬂz fl)nr n;[ggg n ??;aewhscub?srtg%isezefh a?nddo
induce more and different kinds of side-effects.

not fit the species. Transgenes may escape these
The last two points are dealt with in questions @ycles. The same, however, may also be true for
and 4 below. Consideration of the first thre@roducts of conventional breeding. In the case of
points yields the following: cross-breeding between closely related plants
6. Co-evolution. The reference to co-evolutionWh'Ch. are almost identical, the metabolism wil

. . : remain under the effective control of the regula-
of human beings and their food plants is uncle [srv eveles of the species—although even then a
Humans have adapted to their food plants ?Midye Elan e of sur IC;ises are oss?ble However
selecting those plants which they found edibler'h the Cagse of muga enesis pfor exaﬁ1 le comi
Co-evolution may help to explain why the etely new substanges ma’ be roducped’ which
human genome encodes basic metabolic mectﬁ% n 03,[/ fit the plant's own re 5[“ atoP cveles
nisms for detoxification and immune reaction P 9 y cycles.
which ensure that plants are edible. However,
many plants still remain toxic for humans, and
in these cases, by definition, there has been no
adaptation through co-evolution. On the basis of
evolution theory, there is no reason to assume
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Question 2: Is there a special risk of unex- products in a quite uncontrolled manner, any of
pected side-effects in transgenic plants due to which has some chance to interact in unexpected
the fact that gene products can be introduced ways with existing metabolic processes. In
which have never been in the metabolism of contrast, gene transfer only introduces a single,

the host plant and which might find other clearly defined gene product. It is nonetheless
metabolic substrates than in the donor organ- impossible to say how these two factors weigh
ism? against each other in the final analysis. We are
) ) ) dealing with side-effects which are conceivable,
Conclusions from the discussion but undetermined and unforeseeable. For such,

10. In theory, unforeseen metabolic side-effec R%Oﬁltézr}gtgg\slgibleestlmate of the probabilties

are more likely to occur in transgenic than in
nontransgenic plants, if new metabolic pathways4. In sum, the hypothesis that more physiologi-
are transferred which are not naturally estalzal side-effects will occur with transgenic than
lished in the host plant species. In this respect,vitith nontransgenic crop plants is neither more
is unimportant whether the transgenes originat®r less plausible than the converse hypothesis,
from bacteria or plants. In either case, the gerleat there will be fewer side-effects in transgenic
product can end up in a metabolic context whicthan in nontransgenic crop plants. Neither of
is very different from the one in which it hadthese statements can be proved or disproved.
operated in the donor organism, and it camheoretically, one can derive that fewer side-
interact with new substratés. effects can be expected in transgenic crops than

11. This additional risk factor is absent whe'na?ﬁvcga; sgre; '(,irg:g?gr;gdcaviﬁiscﬁ’vrgsemgﬁgﬂ'c
transgenes confer metabolic pathways whic% Y y

have already been established in the host pla Fen established in the host plant species.

However, the potential of genetic engineeringyestion 3: Do instabilities in the expression
lies exactly in the transfer of genes from distangf transgenes entail specific risks of physio-

nonrelated organisms. Transgenic products Willpgical side-effects for transgenic crop plants?
therefore, quite often involve metabolic path-

ways which are new to the host plant and coul@onclusions from the discussion
not have been introduced by traditional breedin%. o _ _
5. Variations in the expression of genes are a

12. Chemical tests can, to a certain degregormal phenomenon of plant metabolism. They
control whether or not the transgenic gengre not a problem specific to transgenes, but
pI‘OdUC'[ IS I|ke|y tO SW|tCh to new SubStl‘atesoccur equa"y in nontransgenic plants and in
Substrate specificitin vitro does not, however, response to fluctuations in the natural environ-

be foundin vivo, i.e. in the plant. Not all plant attacks by pests.

substances are known, nor would it be possible o _ _
to test for all of them in advance. 16. Variations in the expression of transgenes

_ _.are certainly not in a meaningful way controlled
13. A comparative assessment of the probabilify, the normal regulatory mechanisms of the
of physiological side-effects in transgenic an@jant. However, this is not a problem of
nontransgenic plants would actually have to takeansgenes alone. Full regulation of gene
into account two countervailing factors: On th@ypression by the plant itself can only be pre-
one hand, side-effects are theoretically morg,pposed for wild plants, at the most. Such
probable in the case of transgenic plants, Dgtants may be programmed to switch genes on
cause (and insofar as) new metabolic pathwaygd off in response to natural environmental
are introduced which have not yet been estayctors in a way that is physiologically and
lished in the host plant. On the other hand, sidgeologically useful (i.e. reproductively advan-
effects are theoretically more probable in nonygeous) to the plant. Whether the same holds
transgenic plants because (and insofar agy crop plants with genes which have been
conventional breeding techniques reshuffle manyelected by breeding to optimise agricultural
different genes (alleles) and modified gengtility, is already doubtful. The regulation is
certainly lacking for genes which have been
»s _ _ ~ modified by mutagenesis. Such genes will still
Regal (1994: 11) assumes t@elqtroplc expression pa gybject to plant regulation, as long as the
may be enhanced when a ‘foreign’ gene product f“’% tation is confined to nonregulating sequences.

unrelated species is transferred, because studies sho
"that certain types of molecular cross reactions betwedOWever, the altered code area of a mutated

an enzyme and tRNAs are stronger when the molecul@dant gene is of just as little physiological and
come from more distantly related species”. ecological "meaning” to the plant (adaptive
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value in evolutionary terms) as a gene from and the plant metabolism is changed.

bacterium introduced by gene transfer. 21. However, positional effects and context

17. Conversely, the fact that regulatory plandisturbances (insertional mutations) do not arise
mechanisms operate does not indicate that thelely as a result of gene transfer. They also
risk is smaller. Variations of gene expressionccur in conventional breeding, for example, in
which are "meaningful” for the plant in evolu-the case of chromosome breaks and transloca-
tionary terms, may nevertheless induce metéons during meiosis. They can lead to unex-
bolic changes which are not safe in terms of thgected changes in the metabolism and the phe-
human uses of the plant. The normal responsestype of the plant. Occasionally positional

of plants to external stress often involve theffects and context disturbances (e.g. from
production of humano-toxic substances. transposons) have been used by breeders as a
18. Even if it were shown that transgenic herbls-]?UIrce Olf gtenet!ct_vananon for the development
cide resistance genes are more frequent?y New plant varieties.

switched off under stress conditions than th&his conclusion was contested in the technology
plant's own genes, this would still not mean thadssessment. The Oko-Institut argued that due to
there was an additional physiological riskthe “special quality” of genetic engineering,
Resistance genes which are switched off will natnexpected effects at the DNA level (distur-
be able to affect the plant metabolism. What wilbances of the genomic context) should be differ-
happen is that the plant dies when the nonselemt in transgenic and nontransgenic plants. Since
tive herbicide is applied. this argument played a key role in the debate on
irppth food safety and environmental safety, it

19. Herbicide resistance transgenes _ (for v{/II be considered in detail in section II A5

stance, PAT genes in the case of resistance o
glufosinate) that are switched off may have aR '

increased mutaf[ion rate. This does not imply th Horizontal gene transfer:
they are more likely to mdu_ce unexpected metzz probability and possible
bolic side-effects. Theoretically, mutations of consequences
nonexpressed (methylated) genes will be more

frequent, exactly because they have no impagirizontal gene transfer means the transfer of
on the plant metabolism and therefore are ngenetic material between organisms from differ-
subjected to selection pressure. The mutation ght species which otherwise cannot be crossed.
cysteine to thymine, which is possible for methsch a transfer is possible in nature. As a rule,
ylated PAT genes, can at the same time switgwever, it should be a rare event, because of
the gene on again. So, metabolic effects becofi poundaries which have been established
possible; they can, however, be assessed if Hgring evolution prohibiting the exchange of
sequence of the mutated gene is known. genetic material between noncrossing species.

Question 4: Does the insertion of transgenes Horizontal gene transfer seems to occur fre-
represent a disturbance of the genomic contextjuently between prokaryotes (mainly through
which could lead to unexpected and unforsee- conjugation), but only in a few cases has it been
able changes in the plant metabolism? Are  shown to operate across kingdoms of organisms,
disturbances of the genomic context a risk for example, from bacteria to plant or animal

which is specific to transgenic plants? cells. Our technology assessment had to examine
] ) . whether herbicide resistance genes from trans-
Conclusions from the discussion genic crop plants could be spread to soil bacteria

. . r to other plants through horizontal gene trans-
20. Since the available gene transfer methods cg, and whether this represented a specific risk
not, as a rule, allow the gene locus to be taf-

; - rom transgenic plant8. Discussions concen-
geted, at which the transgene is inserted, unfort?ated on two questions: How probable is the

seen insertional effects at the DNA level are tQ _ . . .
be expected. The locus of integration can inﬂuF_ionzontal transfer of the herbicide resistance

ence the expression of the transgene itself
(positional effect), and the intermittence of the; xpert report commissioned from Dr. |. Broer and

transgene can alter the e)_(pl’ESSIO_n of_plant_gqurgf. A. Pihler (Institut fur Genetik, Universitat Biele-
at or near_the locus of Integration (insertiongbiq): "stabilitat von HR-Genen in transgenen Pflanzen
mutagenesis, termed "context disturbances” hyd ihr spontaner horizontaler Gentransfer auf andere

the Oko-Institut). In both cases, the result coul@rganismen”; commentary by Dr. B. Tappeser (Oko-
be that respectlve gene products are elther r‘ t|tut), in: Materialien zur TeChnIkalgenabSChatzung,

: eft 3 (see appendix). See also Schliegral. (1995),
formed at all, or not at required or normal levels_ .- o) (1997).
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genes? What effects could such a transfer hanisms can just as well propagate endogenous
in a worst case scenario? genes from plants which have not been geneti-

Discussions of the first question were mainlﬁaIIy modified; or they can propagate genes

about whether and under what conditions gene
cally modified plant genes are more likely to b
propagated through horizontal transfer thaB. Horizontal gene transfer will, in general, be a
unmodified (endogenous) plant genes. Naturahre event in nature. Otherwise, the clear differ-
transfer rates served as a frame of referenamtiation of species, as we observe it, would not
These included not only the transfer rates faxist. Low transfer rates must also be assumed
endogenous plant genes, but also those ftr account for the limited distribution of resis-
bacterial genes. The latter are considered as tiamce to antibiotics in the soil. A number of soil
appropriate reference in cases where herbicibbacteria have resistance genes producing antibi-
resistance genes originate from soil bacteria. btics to attack other microorganisms. The resis-
those cases the direct transfer of such gergsice genes have not, however, spread to the
from the donor organisms to other soil bacteriattacked microorganisms in the course of evolu-
should be more likely than the indirect transfetion. Transfer of these genes between soil bacte-
via transgenic plant cells. ria has only been observed under laboratory
nditions. (Transfer rates of the resistance
nes are also high under the special selective
conditions of clinical applications of antibiotics.)

irectly between soil bacteria without transgenic

lants as an intermediary.

Discussions of the second question focused \%ﬁ
the effects horizontal gene transfer might ha
on the biodiversity of microfloral populations in
the soil, and on the chemistry and hence fun&: The natural rate of gene transfer is unknown.
tions of the soil. Participants agreed that sudhwill, however, by no means be high enough to
effects are possible. They disagreed, howevewarrant the assumption that every gene has
about whether horizontal gene transfer should jprobably already been tested and selected for in
fact be counted as a significant cause of su@very possible environment. Whether natural
effects, since comparable effects can or will bgene transfer is frequent enough to say that any
produced at the same or greater levels (or withfarther increase of the transfer rate which might
higher probability) by common agriculturalresult from transgenes would be negligible,
practice, such as the use of herbicides, plougbannot be decided.

Ing, or crop rotation. 4. The probability that transgenes for herbicide

The counter-argument to this comparison wa®sistance might be propagated througlri-

that the "special quality” of the techniques okontal gene transfer depends on the information

genetic modification might also involve a speciabf the transgene and the character of the gene
guality of consequences of these techniques. Famnstruct. It must be assessed case by case for
that reason it was assumed that horizontahch herbicide-resistant plant.

transfer of transgenes could lead to changes
bacterial metabolism (and thus also to chang
in the chemical and dynamic processes in “}ﬂ
soil) which were different to those caused bg

énWhen transgenes contain major sequences

ich are homologous to bacterial sequences
d are coupled with promoters which also
perate in bacteria, then a higher rate of hori-
ontal gene transfer to soil bacteria must be

Question 1: Is it to be expected that herbicide €xpected than for natural (endogenous) plant
resistance genes will spread from transgenic  9enes. This applies, for example, to resistance to
crop plants to bacteria and to other plants glufosinate (phosphinothricine) and to resistance

through horizontal gene transfer? Does such O glyphosate induced by athrobactergene.
transfer represent a specific risk from trans-  Herbicide resistance genes isolated from bacteria

other practices which also modify soil processe

genic plants? or bacterial sequences (e.g. T-DNA) transferred
together with resistance genes isolated from
Conclusions from the discussion plants facilitate integration in the host genome.
3 _ Promoters which operate in bacteria lead to the
(a) The probability of gene transter to soil expression of the herbicide resistance genes and

microorganisms allow the selection of the transformed bacteria

1. Horizontal gene transfer is not a specifigihder the pressure of herbicide application.

genes coding for herbicide resistance can only bgsistance genes are isolated from bacteria, the
transferred from transgenic crop plants by thg@ansfer rate for them is not likely to be higher

gene ftransfer in nature anyway. These mechggypled to a promoter which is only effective in
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plants. Such constructs are feasible. Nor af@uestion 2: What are the possible harmful
increased transfer rates to be expected wheffects of a horizontal gene transfer of herbi-
herbicide resistance genes isolated from plantide resistance genes from transgenic plants?
do not include bacterial sequences (this applies ) . ,

to glyphosate resistance induced by genes froffPnclusions from the discussion

maize or petunia). (a) Possible harmful effects of a transfer to soil

7. When herbicide resistance genes have beenbacteria

isolated from soil bacteria then direct transfe‘{l Horizontal gene transfer to soil bacteria will
between soil bacteria is much more probablel 4 1 the selection of a new herbicide-resistant
than |nd|re_ct transfer through the biomass frogacterial population, when the herbicide is
plants which have been genetically modified o i the emergence of this new population
with such genes. This is, however, only the Ca$E not, in itself, regarded as a harmful effect,

if the herbicide resistance genes are from ef)- :
dogenous bacteria and, in fact, already aboufh,ur},[e0 nally}:‘;lrr'mersgo?;reqﬁ()evr:’gszrofall'f tcr?elzj 'goﬁg_

in the soil where the transgenic plants are cullly,oncos which have been identified or proposed

vated. For example, the bacteria which provide, readv arise with conventional aaricultural

the gene for resistance to glufosinate (PAT gen ay g | agricut

has not vet been demonstrated to exist in the SEI actice, quite independent of the introduction of
y (Jamsgenic crop plants. These consequences are

of our region. neither specific to genetically modified plants,
8. No increase in the rate of horizontal geneor have they necessarily been regarded in the
transfer is to be expected with transgenes copast as representing any damage.

ferring resistance against herbicides - which, ‘50 consequence of the selection of trans-
specifically attack metabolic pathways in plantg, o " perpicide-resistant bacteria may be
(this applies, for example, to bromoxynil). SUCI]‘Iuctua‘c’ions or shifts in the composition and
genes, even if they are occasionally picked up

bacteria, could not offer any selective advantag %@lﬁliﬁﬂugﬁgﬁ?'gﬁ sorjiﬁ?so';rg“gmg g?gr'ﬁmgh

9. Since there are numerous strains of salnyway. Herbicide-resistant populations will
bacteria which carry natural resistance to nomrow whenever herbicides are applied—either
selective herbicides, the use of these herbiciddse to the bactericidal side-effects of the herbi-
may by itself increase the probability that theides, or due to the unavoidable selection of
resistance is propagated to other soil bacterigpontaneously resistant bacteria. In general,
However, the mechanisms involved in the natunajor changes in bacterial populations occur as
ral resistance are still largely unknown. Thus, @ result of conventional farming practices such
is unclear how frequently the resistance is based ploughing, fertilising, or crop rotation.

on genes which can be passed on by transfe_r,l%r_ The selection and growth of transformed,

how frequently it is due to mutations. It iSpeqside resistant bacteria can lead to changes
therefore not possible to estimate whether or nf?fsoil chemical processes due to the release of

the rate of direct horizontal gene transfer fro : : :
naturally resistant soil bacteria will be higherl]netabOIIC substances not previously found in the

, soil. The same situation can also arise if new
than the rate of transfer from transgenic plants.Chemi cals are introduced for crop protection, or

(b) The probability of gene transfer to other if a crop species is Cl_Jltivated which _had not
plants previously been grown in the area, or if a com-

) o _mon plant variety is replaced by a new one.
10. The horizontal transfer of herbicide resis-

tance genes from transgenic plants to othdf: It is conceivable that "new” metabolic

plants is not impossible, but extremely unlikelyProducts which are introduced to the soil by
Theoretically, transgenes which are more likelffansformed herbicide-resistant bacteria could
to be transferred to soil organisms than naturéisturb soil functions (e.g. soil respiration). This
plant genes are also more likely to be transferré¥puld no doubt constitute a harmful effect.

back to other plants. However, the completglowever, such an effect is also conceivable with
chain of the implied transfer events, each Giny other technique which influences chemical

which is relatively improbable, has an extremelprocesses in the soil by introducing new sub-
low overall probability. stances or changing the quantitative relations of

existing substances. It is much more probable
that soil functions would be disturbed by the
impact of herbicides directly, than by the impact
of metabolic changes in bacteria expressing
herbicide resistance genes which they picked up
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from transgenic plants through horizontal trans Can feral populations of

fer. transgenic herbicide-resistant
15. It is not possible to either confirm or refute crops become obnoxious

the idea that the "new quality” implied in bacte- weeds or invade natural

ria which have been transformed through hori- ecosystems?

zontal gene transfer from transgenic herbicide-

resistant plants will also involve some new fornfreral populations are formed when crop plants
of harm. The transformed bacteria may bringr their genes "escape” from cultivation and
metabolic products into the soil which areestablish themselves outside their agricultural
"new” in a different way than the new qualitiestarget sites. They may either become a weed in
which have up to now been brought in by knowaultivated areas or invade natural ecosystéms.
agricultural techniques. In theory,_ it is conceiv-rhere was agreement amond the participants of
?ble trt:atkthey theLef_ore havlehdlﬁer:e_nt effecte technolog%/ assessment tﬁat it ig, in pl?inciple,
S ; . . : Itivation and form feral populations. The
indicate a mechanism which explains how they 1o nisms through which this may happen—
could lead to appreciable damage, it is also Nt iy hybridisation with related weeds or wild
possible to exclude with certainty that the

. -Species—do, however, apply to transgenic and
occur and could lead to damage in an unpredidly,ansgenic crops alike (in exactly the same

7
able way: way). Discussions in the technology assessment
(b) Possible harmful effects of a transfer to other therefore concentrated primarily on whether it is
plants reasonable to assume that transgenic crop plants

_ , _ will more easily lead to feral populations than
16. In agricultural habitats horizontal transfer Ob|ants produced by conventional breeding
herbicide resistance genes to weed plants coygbthods. In this connection it was also examined
lead to the formation of new herbicide-resistanfhether the cultivation of transgenic plants can
weeds when selective pressure through thegitimately be compared with the introduction
respective herbicide is exerted. Consequentlyf nhonindigenous species. Such species are often
the effectiveness of the nonselective herbicidgscribed a higher risk to escape because they are
would be diminished. However, resistant weedgleased from the natural ecological controls of
are a common risk anyway; they are likely t@he areas in which they have originally evolved.
emerge when the same herbicide is continuoustitics of genetic engineering use the "exotic
applied, due to the selection of spontaneousiecies model” to justify their assumption that

resistant mutants. Horizontal gene transfefansgenic plants pose a higher risk as well.
between plants, on the other hand, is extreme A}/

| . . . . .
unlikely; it will, therefore, not be significant as aAnother line of discussion considered the possi-

possible source of resistant weeds. ble consequences of feral populations from
transgenic herbicide-resistant crops. It was

17.In natural habitats horizontal transfer ofgreed that they could invade agricultural sites
herbicide resistance genes to a wild plant ggs (herbicide-resistant) weeds. This would
nome would (under optimal conditions) give risggravate the technical problems of weed man-
to nothing more than a single transformed herbigement and possibly result in financial loss to
cide-resistant plant within the wild population. Ithe farmers. Doubts were raised, however, about
cannot be assumed that this plant could possifhether herbicide-resistant plants would actu-
outcompete its untransformed rivals in a naturglly be able to invade natural communities and
habitat (i.e. without the selective pressure frofnpair natural ecosystems. For the annual and
herbicide applications) and become the origin @iennial crop plants discussed in this technology
a new population. assessment (in particular, sugar beet, potato,
maize, and oilseed rape) such damage scenarios

2 Expert report commissioned from Prof. H. Sukopp and
U. Sukopp (Institut fiir Okologie, Technische Universitét
Berlin): "Okologische Langzeiteffekte der Verwilderung
von Kulturpflanzen; commentary by Prof. H. Scholz
Z"\Whether assumptions of hypothetical risk warran(Botanischer Garten, Berlin), ifMaterialien zur Tech-
regulation, if they can neither be substantiated or theaikfolgenabschatzungHeft 4 (see appendix). Cf. also
retically refuted, was a major point in the normativeSukopp and Sukopp (1993); Symposium (special issue of
discussions of the technology assessment, see sectionMiblecular Ecology) (1994), Ammaret al. (1996), Keller

C7 below. et al. (1996).
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were not regarded as realistic by most particikant whether herbicide resistance has been
pants. The situation might be different, if comacquired through conventional breeding, genetic
petitive crops with a wide ecological range werengineering, or natural processes (mutations).
considered (particularly woody perennials), or if
properties were transferred which increasff
fitness (such as virus resistance) and give t
plant a competitive advantage.

. A genetically engineered crop only differs

om the initial nontransgenic variety by a few

g%nes. If the initial plant is native to the area

where it is grown, then the same also applies for
Other participants, however, insisted that ferdhe transgenic variant. The fact that genes from
populations from transgenic crop plants must iarganisms other than plants (e.g. from bacteria)
principle be expected to have a more seriousay have been transferred, does not turn the
ecological impact than feral populations frontransgenic plant into an organism which is

conventionally bred plants. They justify thisnonnative in ecological terms. It is a mistake to

assumption by pointing out that the geneticonsider transgenic crops as "exotic species”.
modification will have side-effects which mightPlants do not evade the ecological controls
also influence the ecological behaviour of th&hich have evolved with them just because they
engineered plant. Therefore, at least the uncexre genetically engineered.

tainty about its consequences must be grea%ar

than with conventional plants. Data collected on the introduction and estab-

lishment of nonnative species can be used to

Question 1: Are transgenic crops more likely infer quantitative statements about how likely it
to escape from cultivation and form feral is in general that cultivated plants form feral

populations than Conventiona”y bred CI‘OpS? pOpu|ati0nS and that these will have undesirable
ecological effects. Such use of the so-called

Conclusions from the discussion "exotic species model” will, however, yield

_ o statements which apply equally for transgenic
1. Generally speaking, it is to be expected thaind nontransgenic crops. If a reference case is
cultivated plants (i.e. plants which have acquirefeeded to assess the risks of a specific trans-
genetlcall_y fixed domestication traits a'S a resugenic crop plant, then the only correct compari-
of breeding) can form feral populations; th&on is with the nontransgenic variety from which
plants may themselves escape from cultivatiafiat plant has been derived. Moreover, even if
or propagate their genes through hybridisation ¥ge comparison of transgenics with exotic spe-
closely-related wild speciés. cies is conceded, it does not necessarily support

2. The probability that a feral population will bethe conclusion that transgenics pose higher risks
formed is low if the cultivated plant is highlythan nontransgenics. Nonnative crops may not
domesticated and has no wild or weed relativdl riskier than native ones since they frequently
in the area where it is grown. These conditio@ck suitable partners for cross-fertilisation in
are not, however, met in the case of every crdp€ir new environment.

plant in Central Europe. There are a number ¢f Any form of developing a new crop variety,

highly domesticated crop plants for whichpe it conventional breeding or genetic engineer-
CrOSSing partners exist in the wild flora Ofing, can lead to unexpected and unwanted
Central Europe. In addition, breeders also ugfanges in the phenotype of the plant, which run
less highly domesticated and even wild plantgounter the breeder’s plan. Such changes could
Facultative cultigens (i.e. wild plants which argossibly also increase the ecological range of the
used as crops in agriculture just as they are) Cabp in question, and thus increase the probabil-
usually Spread SpontanGOUSIy without restrlq that the p|ant (or its genes) become estab-
tions. Therefore, the risk that a new crop coul hed in feral popu|ati0nsl Such Changes are

escape from cultivation and form a feral popunot, however, a specific risk of transgenic
lation varies considerably and must be assessg@nts.

on a case-to-case basis. ] ] .
7. The claim made in the report of the Oko-

3. The ecological behaviour of a plant has to h@stitut, that transgenic crops are in general

judged on the basis of its phenotype. When fhore likely to escape from cultivation and form

comes to the question whether a crop which fgral populations than nontransgenic crops, is
herbicide-resistant is more likely to form ferabased on hypotheses for which there are as yet
populations than a nonresistant crop, it is irreler supporting evidence. Thus it is assumed that
plants which have been genetically engineered
®The plant may also escape (without gene flow) bg:wixsg;%%pnglhee ntooty pri?:orih ;#;eswﬁg nraB?allg%s

surviving over winter and appearing as a volunteer in the' ™ g
next crop. which have been conventionally bred; or that
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transgenic crops are more likely to undergQuestion 2: Must we expect changes of natu-
evolution towards increased fitness. To justifyal ecosystems in case that transgenic herbi-
these assumptions reference is made to tbele-resistant plants (or their genes) escape

"special quality” of genetic engineering (in par{from cultivation?

ticular to disturbances of the genomic context ] ] .

and positional effects). This justification isConclusions from the discussion

invalid, however, if the postulated ”"specia
quality” of genetic engineering cannot in fact b
substantiated.

Lf,). The most common effect to be observed when
crop plants (or their genes) escape from cultiva-
tion and become established in feral populations
8. For the case-to-case examination of the riskis the development of crop-weed complexes.
which may be associated with the herbicidg=eral crop plants can invade agricultural habi-
resistant transgenic crops discussed in thiats (fields, pasture) as weeds or spread to
technology assessment, the following concluecosystems which are highly disturbed by human
sions can be drawn: activity (such as roadsides, wasteland, or indus-
* For the cases of herbicide-resistant maize amdal sites). As weeds they can lead to problems
potatoes, the risk that the plants (or their geneis) land management and inflict financial losses
escape from cultivation in Central Europe caon farmers (e.g. in terms of lower yields).

be practically excluded. Both crops are highl S
domesticated, and there are no related specﬁeos' As far as the annual and biennial crop plants

. . et Onsidered in this technology assessment are
\évgztgl"ézr?;gaﬁ%?acmss fertiise among thegonce_rned, no effe_cts on natural ecosystems
« In the case of herbicide-resistant sugar bedfSulting from invasions by feral populations (of

; ntransgenics) have been observed up to now.
the risks depend on where the beets are growi, . o .
T : . AN exception to this is constituted by some
In coastal areas hybridisation with wild beet i brid forms of beets in coastal areas. In the
possible and has to be expected. Away from t d :

. ase of transgenic herbicide-resistant crop
;:rggfébatlg?e development of feral populations | lants, the transgene would not have any selec-

¢ In the case of herbicide-resistant oilseed rap, ,Yg ﬁgr\é?gg%gg gutsiilglg %rfaef, evr\:}?ﬂﬁ et?ri ,:Sesgﬁg-
there is a clear risk that the herbicide resistant¥ pplied. g

is propagated. Spontaneous crossing occUp dispersed to related wild species it would not

between a number of related cultivated specigﬁhance the ability of these species to invade

(Brassica napusBrassica rapa and Brassica Ratural ecosystents.

junced. Geneflow to closely related wild speciesll. On the other hand, it can also not be

is likely (in particular toBrassica nigraand assumed that herbicide resistance genes which
Sinapisarvensi3. have been transmitted to a wild population

To date, research in ecological risk assessmén{ough hybridisation will definitely disappear

seems 10 support the view that ransgenic crogdtl ST % TR PO Oy B R R TG
do not pose specific risks; they are not mor, g ’

likely to develop into feral populations solely ey necessarily involve fitness costs. Therefore

because they have been genetically engineer&?me genes for herbicide resistance may become

However, the results of this research may still ﬁ?ﬁgggr ec':illslc;1 b\éw!rﬂeE:%%uelailpﬁrelfbicrdhésrevsvigl:;orl{ce
considered inconclusive, since the experimen ’

: at has been acquired naturally (through
have only been in progress for a few years. mutation) or through conventional breeding was
crossed out to related wild plants. There is no
way to predict what the possible consequences
of such genes in a long-term evolutionary
perspective could be; any statement in this
respect would be purely speculative.

%0 see section Il A5 below.

31 Mikkelsen et al. (1996) found hybrids of transgenic
oilseed rape and weedgrassica campestrissee also

Jorgenseret al (1996).The question is, how often do
hybrids with wild relatives occur with nontransgenic rapé? There may be some open questions as to whether the
varieties? Dale emphasises the need to investigate thisttansfer of herbicide resistance could at the same time
establish baseline data against which the possible impaetrease the resistance of the host plant to draught
of particular transgenes can be assessed (1994: 35). (Sandermann 1997: 215) or to cold (IHE 1994: 46).
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Evolutionary aspects: Can to claims made in the report by the Oko-Institut,
4 transgenic plants change the but rather to speculation in the public discourse

course of natural evolution? that genetic engineering could destroy natural

Will they obstruct existing distinctions between species.

differentiation of species? Question 1: Should we expect that the release

- : . . ., of transgenic herbicide-resistant crop plants
The Oko-Institut claims évolutionary risks will influence the evolution of species and

assuming that a massive release of transgepigyra| communities in the distant future? Is
herbicide-resistant crop plants could have NegRnossible to distinguish effects transgenic
tive effects on the biodiversity of natural SpeCieBIants might have from effects nontransgenic
and communities in the very long term, i.e. OVer;%Iants might have?

centuries or even millennia. The key mechanis

for such effects is held to be the spread of tran&onclusions from the discussion

genes to wild species, this amounts to a _ _ _
1. The effects which the introduction of trans-

genic herbicide-resistant plants could possibly
have on evolutionary processes in the future are
On the other hand evolutionary risks are linkednpredictable and indeterminate. The formation

in various ways with a process of "de-differ-of new species, changes in the composition of
entiation” which, according to the Oko-Institut,plant communities, in the interaction between

is involved in gene transfer between distarglants and other organisms, and in the structure
species: The transfer of bacterial genes to plantsf,ecosystems are all conceivable and cannot, in
for example, is seen as involving both a deany case, be excluded with certainty. Such
differentiation of the genome organisation of theffects are also conceivable, however, when new
transgenic plant and a de-differentiation of thplants are introduced which have been modified
existing species. The term "de-differentiation” isising traditional breeding techniques.

meant to indicate a retrograde step or a loss
the structure or diversity which has bee
achieved through natural evolution up to rnéw.

"change of the parameters for future spe-
cies formation.?

#.1 It is questionable whether the chance that the
introduction of new crop plants in agriculture

might lead to the formation of new species in

The concept of "evolutionary risk” is notnature in the long run can be considered a
common. Whether or not it can be definedrisk”’. In any event, such a "risk” would not be

clearly remained a moot point in the technologgpecific to transgenic plants. As yet, there is no
assessment. It was agreed that the effedtason to assume that, in general, genetically
transgenic crop plants might have on natur@&ngineered plants could more easily or more
evolution in the distant future cannot beyuickly induce evolutionary processes of species
described or predicted in any way. Therefordprmation than conventional crops. There is also
statements about such effects were regarded ty reason to suppose that the evolution of a new
some of the participants as completely futile. Ispecies derived from transgenic crop plants is
addition, it remained unclear as to what extemhore likely to reduce biodiversity or disrupt the

possible influences on future processes arganisation of ecosystems than the evolution of
species formation should actually be counted asnew species derived from nontransgenic crops.

5
damage: 3. Certain indicators for assessing possible

Discussions in the technology assessment caewvolutionary consequences of new crop plants
centrated on whether it is at all possible to find ean be inferred from the traits added to such
difference between transgenic and nontransgemants, which would eventually escape to wild
plants with respect to the effects such plangsopulations. In accordance with this, the possi-
could conceivably have on natural evolutionble consequences from herbicide-resistant plants
Another point of discussion was whether genshould be negligible, since herbicide resistance is
transfer between distant gene pools could triggeot an adaptive trait and provides no selective
the evolution of new species which would breakdvantage in natural habitats. If, however, novel
through the reproductive barriers established kgdaptive traits are added (resistance to draught
natural evolution. This discussion did not refeor freezing, or improved photosynthesis, for
example) then the effects could conceivably be
greater, since such traits do represent a selective
advantage.

33 Weber (1994: 29/51/103Materialien zur Technikfol-
genabschatzunddeft 5(see appendix).
3 \Weber (1994: 33/36). 4. This assessment holds irrespective of whether

3 ¢t section Il A2 below. such novel traits are conferred through genetic
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engineering or conventional breeding. The onlgnainly by changing the environmental condi-
mechanism for the escape of such traits frotions, in particular by extending anthropogenic
cultivation is cross-breeding with related wildocations, and by exploiting and polluting natu-
species, and this mechanism propagates not onfl ecosystems.

transgenes but also endogenous plant genes and _ _

the respective traits. (Horizontal gene transfer fQuestion 2: Is it conceivable that large-scale
not relevant for the gene flow from crop plantéeleases of genetically engineered organisms
to wild species. ) It is, on the other hand, trugancel naturally evolved differentiation

that phenotypes with novel traits transferre@etween species and produce mixtures of

from nonrelated, distant species will, in mangPecies?

cases, only be possible through genetic engi
neering. Evolutionary consequences which mig

be associated with such phenotypes would thgn\when genes from widely different species are
constitute a problem which is specific to transangineered into the genome of transgenic plants,
genic plants. But even here, the fact that gjg may be called, appropriately, “de-

phenotype is based on genetic engineering doggerentiation”. In this case, the term would be

not, as such, imply that the phenotype is dangeised in a purely descriptive way, characterising
ous in ecological or evolutionary terms. A casene gene transfer as such, but not indicating any
by-case assessment is necessary. problem or loss associated with the transfer. The

5. The evolution of new species will have soméescription would then also apply to certain
influence on existing natural communities; th&rops that resulted from conventional breeding,
effect will depend on the phenotype of the Spéor ex_ample, inter genera hybrids like triticale (a
cies. It does not make sense to assume that evé@jnbination of rye and wheat).

change which might be induced in a community However, the term "de-differentiation” is not
necessarily represents a "disruption”. In anynnropriate if it is used to convey that a problem
case, the suspicion that transgenic species arejdfimplied in genetic engineering, namely the loss
general, more likely to give rise to ecologicabf structure or diversity due to gene transfer.
disruptions than nontransgenic Species is URych Joss cannot be demonstrated, either at the

the potential damage new species can causecimmunity of species.

probably limited. Taking as a comparison the _ _
long-term ecological impacts of invasions 0f10 At the level of the plant gen_ome the inclusion
crop plants into natural habitats, what coul@f transgenes from other species does not repre-
happen is that undesirable, "weed-like” ferapent a StrUCtur.aI loss from the point of 'VleW of
populations could be formed, which coulcevolutionary biology, but rather, a gain. The
jeopardise certain human uses of ecosystedfnetic pool of the host plant population is
functions, or could conflict with the goals oféxpanded; genetic diversity (variation) within the
nature conservation by changing the region&P€CIES INCreases.

spectrum of species. The idea that the spread Of At the level of the species community there
transgenics could lead in the long run to a disofs 5 purely theoretical chance that the release of
ganisation of ecosystems which would threatpsnsgenic plants might initiate the evolution of
the survival of humanity is mere speculation.  ney (transgenic or nontransgenic) plant species.

6. The statement that genetic engineerind Such species were to originate, they would
"accelerates” evolution is confused. What i$0ssibly display combinations of traits hitherto
actually accelerated is the breeding process, i&cluded due to the reproductive separation of
the construction of crop plants adapted to artfe species. Nevertheless, this would not consti-
grown on agricultural land. Here genetic engitute de-differentiation, but rather, dlﬁerentlatlon
neering makes combinations feasible whicRf the spectrum of species. A new species does
could not be achieved (or not as quickly) byt replacc_a the orlgln_al_ species which contrib-
conventional methods. Whether the possiblted to their genome: it is added to them. On the
impacts of these plants (or of their genes) dgvel of the community the new species consti-
wild populations would actually “accelerate”tutes a gain in structure; its direct and primary
evolution in natural habitats is quite anothefffect is an increases in biodiversity.

matter.

~onclusions form the discussion

7. Theoretically, every increase in genetic vari-
ability and every change in selective condition® It is quite another question whether the introduction of
can trigger evolutionary changes. In this senskerbicide-resistant crops could lead to a loss of biodiver-
human activities "accelerate” natural evolutior$ity in agricultural habitats, see section Il C1 below.
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12. The transfer of genes between differenthich warrants the hypothesis that they might

species does not lead to the disappearanceimfolve specific risks which do not occur when

natural differences between these species. Alfganisms are modified through traditional

though such fears have played a role in thHareeding techniques.

public framing of the risks genetic engineeringhi :
L . L . sk debates in our technology assessment

might involve, they are without basis in Sc'enceéepeatedly ended up at a point where the conclu-

Species are defined as interbreeding commu lion seemed inevitable that it is not possible to

ties (producing joint offspring). Gene transfe istinguish the risks of transgenic plants from

. Al
does not, however, create an mterbreedlnr%e risks of nontransgenic plants. Deliberations

community between_ donor and host organis ong the participants tended to ”normalise”
gnd the tr?nsgenlp does not become a}{ﬂ(s by comparisofi. Against this tendency the
mter_medlate SPECIES between_ the Or'g.m.alspecial quality” of genetic engineering was
species. A transgenic potato with a herbicid ought forward: Disturbances of the genomic

\r/\ﬁﬁlset\filggﬁtlgecnoentfimg t?) Egcge”ggt Oor a?1 dpﬁél:n ntext and the possibility of positional effects
Y P ' onstitute a difference on the molecular level

species half-way between a potato and a bacte: : . hivig
fium or petunia. etween genetically engineered and convention

ally bred plants. Such differences therefore
13. Transgenic plants which could be crossqdstify the assumption that the possible conse-
with both the donor and the host organism amgences of gene transfer are (in the words of a
only conceivable in the case of gene transfeepresentative from the Oko-Institut)

between relatively closely related plant species.
Theoretically, in this case, an evolution might be
possible during which the two originally i
separated species converge into a new "intdn particular, the Oko-Institut referred to the
mediate” form. This would, however, only be'special quality” of genetic engineering to
possible, if one makes a further (improbabld stify' the assumption of increased risks in the
assumption: namely, that this new form is fittefollowing cases:

than the two original species and is able t® because of context disturbances and positional
outcompete them on a large scale. If one accegiéects the genetic engineering of plants might
this scenario for transgenic plants, then it mugtvolve more and different side-effects on the
also be accepted as valid for the products @§fant metabolism than are known from the
conventional breeding in which new varieties aristory of conventional plant breeding;

produced by crossing related species. * because of context disturbances and positional
effects horizontal transfer of transgenes from

14. In contrast to conventional breeding, gene;géa?nts to soil bacteria might have particularly
engineering can transfer genes between specigginys and unexpected effects on the soil: the

which are widely different in evolutionary terms..omparison, therefore, to agricultural practices
However, the greater the evolutionary distancghich also severely affect soil may not be le-
between the species, the lower the probabilifyiimate:

that they will somehow converge. Therefore, the pecayse of context disturbances and positional
further genetic engineering moves beyond thgrects transgenic crop plants might inadver-
limits of traditional breeding, the less reason igngy achieve increased ecological fitness, thus

there to fear that it could trigger evolutionarysnhancing their ability to invade agricultural or
processes which end up in species mixtures aﬁatural ecosystems as weeds.

a loss of differentiation in the species spectrum. _
There was agreement in the technology assess-

The "special quality " of ment that context disturbances (insertional
genetic engineering

"fundamentally different to what can
happen with a nontransgenic plart.”

The strategic uses of "context distur- *" See sections Il B1-2 below.

bances” and "positional effects " % Alternatively, the hypothesis that genetic engineering
involves unique risks has been justified by reference to
The argument that the insertion of transgenese fact that genes from distant, nonrelated species can be
will disrupt or disturb genomic contexts in theransferred which may inadvertently change the plant
host organism and cause positional effects plagi€ Son, (2 200 B0l e Boe, A e level of
a promlnent_ role in the cr|t|C|§m of genetlc ene products, rather than on the level of molecular
engineering in the report by the Oko-Institut anatructure of the genome. However, both lines of argument
in the German discussion in general. It is seen asverge in the conclusion that, because of the difference,
proof that the techniques of genetic engineeringore severe side-effects must be expected with trans-

do indeed represent a novel or special qua"%fenic plants than with conventional plants.
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mutations) and positional effects do occurthe context of the plant genome. The possibility
Thus, the statement, "It is the gene that matf side-effects from such rearrangements is not
ters!” which is part of the basic philosophyspecific to transgenic plants and thus is not
underlying common safety regulations, mussufficient to establish the "special quality” of
indeed be qualified. The possible effects of gergenetic engineering.

transfer on the host organism cannot be deriv . .
completely from the information which is en_‘3c.iln the case of fusion proteins gene transfer

coded in the transgene, nor from the function é‘?aadesd t? natr?gwt rgﬁgeeﬂre()dlf:is;gz":hréste%o; Z?é
the gene in the donor organism. To some exte, med when the ?r a ns. ene is i?wcom letel
these effects also depend on where and how t 9 pietely

ransgene becomes mserted i the genome of {ESI21%0 & 18 loose o0 haphens fo e o
host plant. In this sense, the statement "It is the b 9 gp

context that matters!” is also tréfeThere was, éne, then the transgene and the plant gene can

however, agreement in the technology asset %esthseeregrg; g engw gggeef;%dulgt'th';ﬁﬁg perg(')_
ment that the effects of changes in the genom| 9 P 9

context are quite limited. They can influence nlsce r;:eodr;teégn(wl;?;tet e?sndBStOV; ; ntr?unssigﬁner O'S
levels of gene expression, but they cann y ' gain, P

e ins are nothing which is specific to gene trans-
change the type of gene product which is add gr' they can also result from conventional

to the host organism (the possibility of fUSiorbre’eding processes which use chromosome
proteins being an exception). breaks, translocations or mutagenesis as sources
Extensive discussions in the technology asses#-genetic variation.

ment concerned the question whether (_:onte§ The hypothesis that changes in the genomic
disturbances and positional effects are in ar ontext by the insertion of transgenes could be
way specific to genetic engineering and trangrece ot and hence have different consequences
genic plants. Do they also occur in conventlonqi’ an changes which may be caused by conven-

plant breeding? What is the difference wit . . : o
natural recombination events, for example thﬁonal breeding techniques requires substantia

: . ; on if it is to be more than mere speculation.
insertion of mobile DNA elements (transposons he Oko-Institut has argued that there might be

which take place in all plants anyhow? Th% ” " SO
: : gene balance” in the plant genome which is
debate of these questions in a way repeated ore likely to be disturbed by the insertion of

same arguments which had aleady ensued é‘%nsgenes than by modification through breed-

i ion of the functional n n ; ’
desr:: : Stsrsnsfgr tlne b(l)JtthcOasaés Cgorﬁ)%ur?s ocneswi g techniques. It gives, however, no reason why
9 : ch a balance, if it exists, should be less com-

conventional breeding and natural processes w tible with transgenes than with the various

Lt:aew test of whether genetic engineering is real hanges breeding can imply. The very fact that
' genetic engineering of plants is possible and

Question 1: Are disturbances in the genomic Successful seems rather to suggest that the
(insertional mutations) comparable to distur- Palance of plant genomes and the proper func-

methods? to be expected in the construction of transgenic
plants than in conventional breeding.

Conclusions from the discussion 4. Strictly speaking, it is also unwarranted to

1. Disturbances in the genomic context do n&@im negatively that there are no differences
through genetic engineering. A number of natJf@nsgenic plants. All what we can say is that no
ral processes, e.g. chromosomal translocatiopdch differences can be recognised. Whatever
during meiosis, and conventional breeding/€ claim is valid only relative to the state of our
practices, such as intergenera crosses or cheftifrent knowledge, and no level of knowledge

cal mutagenesis, also imply rearrangements !l Pe sufficient either to prove that the sus-
pected differences definitely do not exist or to

exclude their possibility with certainty. This

% The term "context” refers to the molecular level of thedoes not, of course, m_ean that we could JU_St as
genome in this section. It may also refer to the level of ti@€ll stop the systematic search for such differ-
gene product. The latter context, too matters as is dema@nces—for example by comparing the effects of
strated by pleiotropic effects. For the controversy over thﬁansgenes and transposons on the genomic
appropriate "safety philosophy” cf. section Ill B4 below. ~qntext at identical gene locations (if the respec-
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tive experiments become feasible). frequently and spontaneously move out of the
_ , , gene locus into which they have jumped. Trans-
Question 2: Can changes in the genomic position is reversible. This does not mean that its

context which are caused by the insertion of  effects on the genome organisation are negligi-
transgenes be distinguished from changes  ple. Transposons which move out not only leave
caused by the insertion of transposons from  pehind changes in the place where they have
the plant? been, but they also induce further changes in the
place to which they jump. If the frequency of

insertions indicates the amount of side-effects

5. Both transposons and transgenes interfdfvolved, then more side-effects have to be
with the existing genomic context; the sequenc&Pected from a transposon than from a trans-
of genes on the chromosome is altered in bof¢ne-

cases. 9. The real test whether context changes through

6. To challenge the comparability of contexiransgenes and through transposons are compa-
effects from transgenes and transposons, it is i@Ple lies in what determines the locus of inser-
sufficient merely to cite any differences betweeHON. Genetic engineering cannot yet control the
transgenes and transposons. The differenc@$act locus on the host genome to which a new
must relate to the rearrangement of the genonfi€ne IS transferred. Transgenes are inserted at
context. Various differences between transgengdndom. If the gene locus at which transposons
and transposons have been claimed by the O1gf€ inserted were regulated by the plant itself,
Institut; only two of them relate to the genomidhe” transpositions Woul_d indeed be different.
context: the reversibility of transposon insertior] Nere is, however, no evidence for such regula-

and the regulation of the insertion site by thHOn. Transposons are also inserted at random.
plant itself. This is the current state of our knowledge, and

_ _ _ there is no controversy in science over this fact.
7. The following differences have no relation to

possible changes in the genomic context: 10. Data suggest that there are similarities
* The number of plantsGiven the large-scale between the transposons and the gene sequences
cultivation of transgenic crops, plants with@t the locus at which they integrate. It would be
context effects from the insertion of transgened Misinterpretation to conclude from such data
may be much more frequent than plants witff!at the insertion of transposons is regulated by
context effects from the insertion of transposond€ plant. If for chemical and physical reasons
This does not mean that the effects are differef@rtain sites on the genome lend themselves more
in both cases or have different consequences f@ the insertion of transposons than others, then
the plant. Furthermore, new plant varietiethe distribution of transposons over the genome
which are based on transpositions could also ¥@uld not, in fact, be completely at random.
grown in large fields. Nevertheless, it would not be controlled by a
* The content of genetic informaticfiranspo- régulatory programme of the plant itself. And,
sons can, like transgenes, add new phenotygech deviances from random distribution could
traits to the plant; but only transgenes cafien also be expected for the integration of
transmit genetic information which has nevefansgenes.

been in the plant gene pool from nonrelategl1. As a general comment to the whole debate it
organisms. The content of the genetic informaan be added that transposons are but one
tion is relevant for the gene product and itgxample of random processes in plants which
consequences. It does not, however, determifluence the genomic context. One could also
the effect of the transfer on the genomic contexiyoint to mutations which insert or delete genetic
* The frequency of transpositioriThe fre- jnformation. These mutations also refute the
quency is regulated by the plant. This suggesfesis that disturbances in the genomic context
that transposons have a definite function in ﬂ“@e a unique and speciﬁc risk factor of genetic
developmental programme of the plafire- engineering. In the final analysis it seems
quency has no implications for how the insertiogjfficult to uphold this thesis in view of the fact
of transposons will change the genomic conteXfhat natural evolution presupposes random
This change depends on the site in the genomecigange in genomic contexts. It is unlikely that a
which the tran_spo_son moves, not on the frespecia| qua"ty" of gene transfer can be
quency with which it moves. established at the level of organisation of the

8. Gene transfer aims at the stable integration 8@nome; one will have to look for it at the level
a transgene into the plant genome. For transpd-the gene product.
sons it is, in contrast, quite normal that they

Conclusions from the discussion
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BIOSAFETY ASPECTS OF This debate proceeds from the assumption that
B NONSELECTIVE HERBICIDES the amount of herbicide used is a good indicator
of whether the burden on human health and
With the construction of transgenic herbicideenvironmental integrity is likely to increase or to
resistant plants, broad spectrum, nonselectiggcrease. This assumption was also made in the
herbicides (which normally affect all or nearlytechnology assessment, but it was agreed that
all plants) can be used widely in agriculture fofomparing quantities Is only a very crud_e |n_d|-
the first time. This raises further issues ofator for comparing the possible negative im-
biosafety for such plants: What risks ar@acts of herbicides. What would really be
involved in the use of nonselective herbicided)eeded would be a comprehensive index inte-

both with respect to the consumers’ health arfirating the amount of herbicides applied and the
to the integrity of the environment? parameters of toxicity and, in addition, taking

into account local conditions at the place of

These risks are examined extensively within the, sjicay - ibili

: plication (e.g. type of soil, susceptibility to
established procedures for approval = befolggion etc.). It has not been possible to develop
nonselective herbicides can be placed on th@ch an inde® Thus, comparing amounts of

market for agricultural application. They arggrpicides is a substitute which will only provide
nevertheless critical points of public debate.  tgjeyant information if the nonselective herbi-

In our technology assessment, the biosafegjdes used in conjunction with transgenic plants
aspects of nonselective herbicides were dignd the selective herbicides used with conven-
cussed mostly in a comparative way: Do thedéonal plants are widely similar in terms of their

herbicides change the present situation to theXicity and ecotoxicity. This can be taken as
better or to the worse? A number of participantdeing the case for glyphosate (Round-up) and
continued to argue, however, that these herigllufosinate (Basta), the main herbicides consid-
cides would still be unacceptable even if they digired in this technology assessment.

improve the status quo. This group consideregguments about the development of herbicide
any use of herbicides unacceptable. use often imply that transgenic herbicide-

It was agreed that the question whether tH@sistant crops could become standard for most
amounts of herbicides applied in agricultur@reas of agricultural cultivation. As a matter of
would increase or decrease once transgerct, nonselective herbicides would probably not
herbicide-resistant crops were introduced, is e applied in all crops. The most likely candi-
key issue for assessing the impacts of nonselétates are row crops. Cereals, in contrast, are
tive herbicides, not only with respect to possiblgften competitive enough and may not need
risks, but also with respect to possible benefiderbicide treatment at all; and, if necessary,
and changes in agricultural practice. Our sun§onventional weed control methods are available
mary, therefore, starts with the discussion of thigncluding selective herbicides) which are both

issue. effective and cheap. As a result, one quarter of
the total cultivated land might well be the maxi-
Will greater or lesser amounts mum range of application for nonselective
of herbicides be applied when herbicides”
transgenic herbicide-resistant Discussions of whether greater or lesser
plants are grown? amounts of herbicides would be used must

differentiate between the various crop cultures
o L : and answer two questions: Will the amount of
Whereas critics of herbicide-resistant CrOPRerpicides used per hectare increase or decrease?

warn that farmers will use more herbicides thajj ,: : .
they have up to now, supporters of the techn?)W" the total agricultural area treated with

ogy claim, to the contrary, that farmers will use
significantly smaller amounts of herbicides.

Opinions are divided over this question

Technikfolgenabschétzung, Heft 6: 126-1S2e appen-
dix).

2 pccording to a Danish expert the problem is: "how to
40 =5 section Il C3 below. compare LD50 valugs with e.g. the persistence. You have
to put some value judgement into each of those parame-
“LIn our technology assessment, discussions of the isstees. That's why it is very difficult to reach any agreement
were based on several expert reports and commentar@sit” (IHE 1994: 49).
dealing with agronomic and economic impacts of herbiss
cide-resistant crop plants; see section Il C below. For
more comprehensive account of the discussion in t
technology assessment see: "Entwicklung der Aufwan
mengen beim Herbizideinsatz”, inMaterialien zur

While this may be the case in Central Europe Gressel
r@996: 240) sees a definite need to engineer new herbi-
&lde resistances into wheat in order to control grass
weeds in India, for instance.



Part 1l: Empirical Findings— Impacts And Consequences 37

herbicides increase or decrease? In our technblewever, such application is not likely to be-
ogy assessment, comparisons were generatigme a standard method of weed treatment.
made with the weed control strategies farmeiSince weeds would also be larger at this stage,
normally apply at present. For most crops thithey would compete more vigorously with crops;
means application of selective herbicides, but fahey are also a source of viruses which damage
some crops, also mechanical methods. A greattops. In either case, yield losses must be ex-
deal of discussion was devoted to the question pécted if weed control is postponed for too long.
whether herbicide-resistant crops would "invite’For agronomic reasons it will, therefore, proba-
farmers to use herbicides excessively, since thbly only be possible to delay herbicide applica-
must no longer fear that they might damage thdions by up to about 14 days beyond the usual
crops. If this were the case, then reductiorgate.

which might be possible in theory would not bzé With glyphosate (Round-up) and glufosinate

asta) current experience suggests that the best
cheme of application might be to split the

¢ the technical options herbicide-resistant plan{.r?]aetgtegtt; (')Au fiﬁg %?;ﬁl_?e;?e:t;) eetrsviteerc]i mg ];'Ig
may involve for reducing the amounts of herbi- 9e,

cide applied in various crops wave of weeds has appeared in the field. A

* the level of herbicide management that woul%?cond treatment is envisaged at about the ten-

e . : af stage, when weeds have emerged again.
be required if these options were to be realised ’
actual practice econd (and further) treatments may eventually

* the displacement of mechanical methods ﬁ'eescegred ']Eﬁg?g nlafecsg;fee;ft?\g weeds is low and
weed control by nonselective herbicides whe psu y P '

herbicide-resistant crop varieties become ava#. Calculations have been made for the various
able. crops, which suggest that with nonselective
erbicides (in particular glyphosate and glufo-

realised in practice. Three main topics turne
out to be relevant in the discussions of th
technology assessment:

The following conclusions from the discussiong. X ? o "
must be viewed as preliminary. Herbicide: inate) some reductions in herbicide quantities

; X ight be achieved for various crops. Expected
resistant crops have not been widely tested un Irc%]uctions are considerable for su%ar bepet—up
practical conditions. Therefore, neither th(% 30%. No reductions can be expected for
effectiveness of nonselective herbicides nor th8 ' P

: . : L ereals, if herbicide-resistant varieties are not
details of their regime of application are yegeveloped because they are not economically

complgtely cIegf“.‘ . _ attractive. In cases where the fields are infested
Question 1: Will the use of herbicide-resistant wjth weeds which are particularly hard to con-
crop plants lead to reductions in the amounts tro| using conventional (selective) herbicides,
of herbicide applied? significant reductions can be expected for all

. . ) crops.
Conclusions from the discussion P

, _ 5. These calculations are contingent upon two
1. Herbicide-resistant plants favour the switch tgssumptions: (a) that the doses necessary for
postemergence treatment in weed control, whegffective weed treatment are less with nonselec-
the farmer can wait until the weed grows anflve than with selective herbicides; this would be
then decide whether or not treatment is necegue particularly in the case of strong weeds
sary. Nonselective herbicides such as glyphosaigich must be treated with high doses and
(Round-up) or glufosinate (Basta) are better igombinations (tank mixtures) of selective herbi-
this respect than the (selective) postemergenggles: (b) that the number of applications per
herbicides which are available at present. Th%ar can be reduced in some crops; further
imply less damage to the crop plants and haveg@plications in a splitting scheme could, for
more complete spectrum of weed controlxample, be spared if the re-emerging weeds are

Whether the switch to postemergence treatmefo weak to compete with the crop plants.
will in fact reduce the amount of herbicides used

depends on the exact scheme of herbicide apgli- Whether herbicide reductions which are
cation. possible in theory can actually be achieved in

_ o practice will have to be tested in further field
2. In theory, nonselective herbicides could bgig|s2

applied at a very late stage in plant growth.

% Data have only recently become available; see Resch‘lfeRecent trials with glufosinate resistant sugar beets
(1996), and Rasche, Donn and Waitz (199,6)' we quotseuggest that 4-6 litres of the product per hectare (in two

from these data in subsequent footnotes applications) provide sufficient weed control; this com-
q ) pares with 8-9 litres of selective herbicides used at
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7. Should the use of broad spectrum herbicidesrcumstances, guarantee effective weed control.
lead to the selection of resistant weeds, farmehs practice, lower doses are often possible and
might try to maintain effective treatment byindeed advisable. If integrated crop protection
increasing the doses of herbicides applied. Amgnd good field practice are the criteria, then
reductions vis-a-vis the status quo that mightormal herbicide management in Germany
have been achieved with nonselective herbicidedisplays many shortcomings, including unneces-
would in this case be negated. Theoretically, theary routine applications of herbicides, excessive
amount of herbicide used could even be irdosage locally, and lack of herbicide rotation.
creased for a while, until it is clear that theviany cases of groundwater pollution and the
herbicide is no longer effective. selection of resistant weeds can be ascribed to

8. It is sometimes argued that herbicide-resista'ﬁ}"’ldequate herbicide management.

crops will result in increased overall amounts of0. Because of pressure from rising costs,
chemicals used in agriculture, assuming thd&rmers have a clear economic incentive to
transgenic varieties will be less competitive omanage herbicides properly and reduce the
particularly susceptible to fungal attack (thereamounts of herbicides they invest. This is, of
fore requiring more fertilisers or fungicides).course, only true if herbicides represent a rele-
These assumptions seem to be unwarranted:vlint cost factor. In this respect, atrazine is an
transgenic crops had lower yields or requiredxceptional (low cost) case. In general, the
more fungicides, they would fail to establistprices of herbicides are such that farmers will
themselves on the markét. try to profit by using less of them. This is borne

out by the fact that the turnover for herbicides

Question 2: Will herbicide-resistant plants ~ has fallen dramatically in recent years.
increase the amount of herbicides applied in

agriculture because they are more likely to be 11. Deficits in herbicide management are a

misused? general problem; nonselective herbicides will be
no exception in this respect. However, there is
Conclusions from the discussion little reason to suspect that nonselective herbi-

o _ cides would be handled particularly recklessly
9. Proper herbicide management requires mokgcause crops are resistant, or that the farmers
than just adhering to the maximum doses pefould engage in more unnecessary treatments or
mitted for the product applied. For reasons qfse excessively high doses. This could only be
product liability, the permitted doses are set aixpected if economic controls played no role
high levels which, even under unfavourablgth nonselective herbicides, which is clearly not

the case.

present (Reschke, 1996). For the agronomic details, see . L .

below, section Il C2 below. With oilseed rape, onel2. Nonselective herbicides like glyphosate
application of up to 600 g active ingredient is enougffRound-up) and glufosinate (Basta) could, on
(Rascheet al, 1996). This does not necessarily ¢inte  the contrary, resolve a number of management
alppreuab(legrg,\duc)tlons r(]:orr|1pa;]red to current practlcest;) foblems which up to now have led to increased
also IHE (1995: 4). With glyphosate-resistant sugar be . .

two applications of two to three litres per hectare provid Ses.Of herb|C|qu_:s. The incomplete spe_ctrum_ of
sufficient control. Reductions might be considerable idraditional herbicides causes problems in major
crops not dealt with in our technology assessment, f@ops: Weeds are selected which are particularly
example, cotton. "In fields with light infestations of difficult to control and require additional
weeds, producers tShOU{d be ?E'e hto use tolta' dPPSttimﬁ"erbicide use. The selection of such weeds could
gence management systems. The herbicide load in the : : .
fields could be reduced by at least 50% as compared "’!".O'ded with broad SpECtT“.m’ nonselective
current management systems” (Wilettal 1996: 221). herbicides. Some of the herbicides to be used

“6 The risk that resistant weeds are selected depends with transgenic herbicide-resistant crops may

o] .
the mode of action of the herbicide resistance. The ri§3’<5Ime close to meeting the standard of completed

appears low in the cases of glyphosate (Round-up) aM¢eed controf?

glufosinate (Basta), and it is assumed that it can be kept ) ) ) o

within limits for all nonselective herbicides by properQuestion 3: Will nonselective herbicides
herbicide management (e.g. herbicide rotation), segisplace mechanical methods of weed control?
section Il C2 below.

47 Ahmadet al. (1995) did find that glufosinate impairs Conclusions from the discussion

the antagonistic control of the phytopatho arium .

oxysporu?nby Trichodermaspecigs.ytngevegr?nfhis does 13. Mechanical weed control has already largely
not, according to information from AgrEvo, result inbeen displaced by herbicide application over the
increased need of fungicides. See, however Gressel

(1996: 243) "Even low rates of glyphosate suppress the
production of induced phytoalaxins that defend againéf Although glyphosate and glufosinate, too, have gaps in
fungal attack”. their weed control spectra. Cf. section Il C2 below.
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recent decades. It is now restricted mainly tapplications could be reduced by shifting to

organic farming and to areas in which availablpostemergence treatment in conjunction with

herbicides are inapplicable because dierbicide-resistant potatoes. Preemergence
incomplete  control spectra or adverséreatment, which is a routine in many areas,
environmental impacts. Mechanical methods afould then be abolished and the farmer could
weed control are also given some weight withimstead decide on the spot whether the actual
integrated crop protection schemes. One museed pressure warrants any further herbicide
expect that when nonselective herbicides withpplication, or whether the mechanical measures
sufficient control spectra or favourablethey use anyway are sufficient to cope with the
environmental properties become an availabfgoblem. It is not possible to predict whether the
alternative, they are likely to encourage furthenet effect of these contradictory developments
displacement of mechanical weed contralvould be a rise or fall in the amount of herbi-

methods in conventional farming because thegides used for cultivating potatoes. The effect is,
are labour-saving and more cost-effective. at any rate, not likely to be appreciable.

14. The potential of mechanical weed contrdl8. Even if nonselective herbicides replace
methods has not yet been fully exploited. Memechanical methods of weed control for some
chanical methods can, for example, be quitgrops, this does not imply that they result in
cost-effective in cereal crops with a low inciincreased overall use of herbicides in agriculture
dence of weeds. In such crops mechanical metht large. The areas in conventional farming
ods may even be indirectly supported by thehere mechanical methods of weed control are
introduction of herbicide-resistant plants. Ilfused are minimal in comparison to those areas
broad spectrum, nonselective herbicides awhere herbicides are applied. And, in the latter
applied in a postemergence treatment of roease, the applicability of nonselective herbicides
crops, they will also reduce weed pressure awmill probably lead to a reduction rather than
cereals which are grown the following yearincrease in the amounts of herbicides U$ed.
mechanical treatment might then become techni- _

cally and economically viable. This effect could Impacts on health: residues

be very wide-ranging, since cereals account f from nonselective herbicides in

some 75% of the cultivated land in Germany, food crops

and since about half of them are cultivated after

row crops which are the main targets of tran§2nly transgenic herbicide-resistant plants can be
genic herbicide resistance. exposed to nonselective herbicides without being

) .. killed. Obviously, therefore, products from such
15. To the extent that nonselective herbicidg§ants may have residues that are different from
displace mechanical weed control, the introdugnose which could occur in products from non-
tion of transgenic herbicide-resistant plants willransgenic plants exposed to selective herbicides.
increase the use of herbicides in agriculture. Thehe decisive point here is not that the herbicide
effect w_|II be rather limited, however, becaus?_esistance has been genetically engineered, but
mechanical methods are already very marginat a new herbicide is applied. A new situation
nalised in conventional farming. The variousyith respect to residues would also arise if
crops have to be considered case by case.  resjstance to nonselective herbicides was created

16. For potatoes, which are grown on about 4%ith other methods (e.g. through conventional
of Germany's farmland, mechanical weedreeding) or if crops were exposed to newly
control will continue to be practised where it cafleveloped selective herbicides which make use
be integrated with other agronomic measure8f @ natural tolerance mechanism, the operation
||ke h0e|ng or h||||ng up, both Of Wh|Ch areo Wh|Ch ImplleS that the herb|C|de will have
necessary for cultivation of the crop. Mechanic10me impact on the plant metabolism.

methods might be displaced, however, in areas

where (preemergence) treatment with traditional
herb!c!des W_aS inappropriate because theg‘ﬂ'he displacement of mechanical methods of weed
herbicides did not meet water protectiorontrol may nevertheless be an undesirabléitial
standards or because they did not have si@nal. Even participants in the technology assessment,
sufficient spectrum of control. In those casegvho did not oppose herbicides in principle argued that
the availability of applicable nonselectiveteCh”'Ca' monostructures in weed control and over-

herbicid id Itin i d ¢ reéliance on chemical methods should be avoided (see
erbicides could result in increased amounts Qlcon 11 F3 below). Mechanical methods of weed

herbicides used in potatoes. control should therefore continue to be applied and

. . . innovated. However, this goal cannot be pursued success-
17. On the other hand, this negative effect mlglfﬁlly by restricting herbicide-resistant crops; financial

be compensated, if the number of herbicidgpport for the mechanical methods is what is required.




40 Herbicide-Resistant Crops

Existing law requires that a toxicological dossieQuestion 1: Will the application of nonselec-
of residues which could occur in transgenitive herbicides lead to increased residues in
herbicide-resistant crops be produced befothe harvested crop plants?

nonselective herbicides can be approved for ) ) )

application to such crops. It can be assume&onclusions from the discussion

therefore, that these herbicides would not b
released onto the market were they to lead
toxicologically incompatible residues in food
products. A technology assessment can neit
substitute nor anticipate the extensive testin

that precedes the approval of new herbicides.

: : : : nsiderable. This suggests further that the
;:nar}[hoenlilersa{:ﬁg p%r;tstmhlzlghse?mﬁfnge (i:torzgegegl uation concerning herbicide residues should

beyond the criteria which are already Iegallgprove rather than worsen with the introduction
f

For herbicide-resistant plants the amount of
erbicides applied per hectare and year will
rl'robably be somewhat reduced in comparison to
ose currently in use; with certain crops, for
ample, sugar beet, these reductions may be

binding. Some participants in our technolog herbicide-resistant plants. In general, when

assessment argued that the criteria for herbici gsegteerg'ﬂd;% asre applied, less residues must be

approval should become stricter; they als6*P bs.

debated whether the existing rules are applicalite Herbicide residues are likely to increase in

and appropriate for nonselective herbicides.  those crops where nonselective herbicides dis-
: place mechanical weed control. Ironically, this

There was agreement that it would be undenguI d also be the case exactly because these

able and a clear disadvantage of transgerEerbicides are better in environmental terms. For

herbicide-resistant plants if nonselective herb ys
cides involved highl?ar residues in crops. Thi§x@mple, should they be classified as not harm-
' | to water, they could be used in protected

opinion was held irrespective of whether or no . e e
the residues remained within the limits of what i&/€aS Where conventional herbicides were inap

tolerated under the usual toxicological criteriapl'cable' Displacement can only affect a small

More residues in food crops were regarded ercentage of farmlan_d, however,' since me-
principle as undesirable. However, no agreemeﬁ anical weed control is already highly margi-
was reached about whether the ’residues wol lised in the present system of crop husbandry.
actually increase or decrease. It was clear thatOn the other hand, residues are likely to
this would depend on the mode of action aflecrease where nonselective herbicides allow a
herbicide resistance, on the timing of herbicideeduction in the total number of herbicide treat-
application (early or late postemergence treatrents in a yearly crop sequence. If herbicides
ment and harvest delay), and on an increase lower weed pressure by reducing the seed bank,
decrease in the amount of herbicides applied pegren successive treatments in the following crop
hectare. may become unnecessary. This could, for in-
: L . ance, be the case with cereal crops which can
Apart from this question, it was also d'scussigjmpete well with weeds; at present these crops

whether our current state of knowledge was o : )
sufficient basis for testing the residues of no re still widely treated with preemergence herbi-

selective herbicides and controlling possiblg'des'

risks for the consumers. A number of partici4. The shift of herbicide application to post-
pants denied this and concluded, therefore, thatnergence treatment does not necessarily imply
these herbicides could not be approved &t all. increased residues. Presumably, nonselective
herbicides would not be applied at a very late
stage of plant growth, but rather in a scheme of
split applications relatively soon after the weeds
first appear in the field. This ensures sufficient
delay of harvest and, therefore, time for herbi-

50 Expert report commissioned from Prof. H. Sandermangide residues to be diluted in the crop.
(Forschungszentrum fur Umwelt und Gesundheit, Neu- . .
herberg) and Prof. K.-F. Ohnesorge (Institut fur ToxikoD. Increased residues could result if farmers
logie, Universitat Dusseldorf): "Nutzpflanzen mit kiin-resort to herbicide application at later stages of
stlicher Herbizidresistenz: Verbessert sich die Ruckslant maturity shortly before harvest, in the case
standssituation?  Biochemische und toxikologisch%f unexpected and unusually high weed pres-

Aspekté; commentaries from environmental groups b L. .
P IrUPS Nsure. Such applications are more likely to occur

V.Haas and L. Peters (Umwelt-Institut Minchen);>" I g )
W. Bédecker, (Pestizid Aktions Netzwerk, Hamburg)With nonselective than with conventional poste-
commentary from industry by J. Honegger (Monsanto), irmergence herbicides, since the former are less
Materialien zur Technikfolgenabschatzung, Hef(s&e |ikely to affect the crop and cause yield losses.

appendix). Therefore, very late additional treatment could
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prove profitable. It may be necessary to restri@. The testing of herbicides is also limited for
such applications of nonselective herbicides byragmatic reasons. In general, a toxicological
regulation, in order to ensure that residue cowulossier related to health risks is confined to the
centrations would be reduced sufficiently byactive ingredients in herbicides. The formula-
plant growth and plant metabolism, so thation, i.e. additional substances required for
tolerances of residues are not exceeded in thpplication in the field, is tested only if evidence
harvested crop. suggests that it might involve risks. Moreover,
6. Herbicides can nevertheless be abused ﬂ(g number of model systems (animal species)
. : " . ted is limited in order to keep the costs of
thus give rise to additional residues. Fo fi ithi table bounds. Tests f
instance, a farmer, if confronted with unforeseelg- 9. WININ acceptable bounds. 1ests for
’ ’ ynergistic effects are not carried out systemati-

weed problems, may disregard the rules I . " ;
- . : y, but only when there is specific evidence of
herbicide approval and good field practice, anE‘Xi cologically relevant interaction

use nonselective herbicides anew, shortly befo
harvest. Such abuse is, however, a general ri$R. Despite these limitations there is no empiri-
with postemergence herbicides; with all of thentgal evidence that existing herbicide regulation
late applications which have neither been testddlils to protect consumers against health damage
nor authorised remain technically possible. from herbicide residues. Levels of residues are
_ o routinely controlled in samples of food products.
Question 2: Do we have sufficient knowledge vjplations of maximum permissible levels rarely
to assess possible residues from nonselective gccur; usually the quantities of residues are well
herbicides and to control toxicological risks  pelow this. Nor are there any epidemiological
for the consumers? data suggesting that herbicide residues in har-
vested crops constitute health risks (in contrast,
for example, to chemicals used in wood protec-

7. Many of the arguments that the necessafn or medical drugs). Cases of poisoning have
knowledge is not available refer to points whicfyeen recorded for individuals handling herbi-
have to be considered in the tests legally r&ides during application, or manufacturing, but
quired before approval is granted for use dfot for consumers ingesting food products from
nonselective herbicides in conjunction witfrops treated with herbicides (although herbi-
transgenic herbicide-resistant crops. It can ddeés—paraquat, for example—have, been
taken for granted, therefore, that the accumul§eliberately ingested to commit suicide).

tion of active ingredients in a crop or the degrat1. Regulations for the approval of herbicides
dation pathways of nonselective herbicides imyolve political compromise, since they try to
plants will be investigated, and that r§SIdueS \{Vlgtrike a balance between maximising the pre-
be subjected to standard toxicological testingention of risk and allowing for innovation of
and evaluation. This also includes metabolites gfeed control techniques. Any such compromise
the herbicides, formed only in plants, if it isis likely to remain controversial in the public
possible to extract them. realm, and it also remained controversial in our

8. The tests developed for the approval of herifgchnology assessment. This is perhaps not
cides have systematic limits for methodologicafurPrising in view of fundamental disagreement

and technical reasons. What cannot be knovPout whether chemical crop protection is

cannot be tested. There is, for example, no wagceptable at all in agriculture. When any use of
to test whether herbicide residues at concentrdérbicides is rejected as a severe mistake, one
tions below the level of detection exist and, if sgz@nnot, of course, be satisfied to learn that
whether they might be toxicologically relevantnonselective herbicides pose no special problems
There is also no definite answer as to hoWt comparison with conventional (selective)

reliable extrapolations from animal testing t®nes:
humans really are. Furthermore, metabolites (3

Conclusions for the discussion

herbicides which are only formed in plants 'IAr\npacts Orll th? enhV|r%rlr_r(ljent:
cannot, as a rule, be tested if they remain und re nonse ective her ICIOES N
tected, or if they cannot be isolated from the ~ More environmentally friendly?

plant itself. Feeding the crop to animals WOUI?Dur technology assessment examined the possi-
be one theoretically possible test strategy; but Ble effects o%ynonselective herbicides on IOsoil

practice this Is often impossible because thgwcluding problems of soil erosion), on aquatic

amount of plant material needed to produc N .
base-line effects for toxicological assessmencosys'[emS and on the phytocoenosis in agri

cannot be incorporated in the test animals with-
out killing them. °! For this debate see section Il C3 below.
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cultural habitats. The findings tended to emphdransgenic herbicide-resistant crops differ little
sise that the proper use of nonselective herbir terms of their effects on the soil from the
cides would at least not aggravate the enviroherbicides already used. In certain respects, for
mental impacts of current herbicide applicationmstance, rapid degradation (persistence) and low
in agriculture, but that the improvements to beoil mobility (bonding and leaching), they are
expected would probably also be only slightslightly better?*

Improvements were projected from favourabl . If it turns out that lesser amounts of herbi-

soil and ecotoxicological properties of somé. . . . .
nonselective herbicidgs, an% f?om the assum |_d_es will be used V‘."th t_ransgenlc herbicide-
tion that theoretically possible reductions i esistant crops then, in principle, the burden on

application rates and numbers of treatmen Qe soll will decline. Whether this effect is

would be actually achieved in practice. ﬁgltg?rl:gélgmﬂcant remains to be established in

For the critics of herbicide-resistant crops thesg Predictive testing of soil behaviour faces

E?tﬂglgeZ’SV\g}ge nr:)cit v(\:/g?:gﬁie?hlen for:]ncﬁhpsl%nnf%" ethodologi_cal probl_ems. Tests are not carried
ut in the field, but in the laboratory on stan-

nonselective herbicides pose no particular envj, . . :
ronmental problems. They argued that th ardised model soils which do not adequately

current state of knowledge does not allow us gﬂect the complexities of the processes in real

predict all the possible effects and that tes oils. The results must be extrapolated from the

conducted for herbicide approval cannot defléx(?[?ael Oslgﬁgengsartg otrt:le \?g%crolt:rﬁugéd;(tgﬁtCh
nitely exclude the possibility that additional risks P y :
might nevertheless exist. The other participants Synergistic effects which might arise from
acknowledged these points but countered thetteraction between nonselective herbicides and
they merely describe general problems whickoil substances and metabolic products formed
apply to any scheme of risk testing and risky soil microorganisms under pressure from
regulation. The question of whether limits oherbicides are not explicitly tested. They are,
knowledge and preventive control are sufficierthiowever, dealt with implicitly through tests for
to deem a new technology unacceptable reossible negative impacts on soil functions like
mained one of the controversial issues of legatspiration.

and political debate in the technology asses

ments? 5. The methodology and theory of soil testing

performed with nonselective herbicides reflect
As in the discussion of health impacts, the critiche state of the art in soil science. Current
did not accept the comparison of selective arldhowledge may be unsatisfactory and, therefore,
nonselective herbicides when assessing envirgoredictions of effects on real soil processes
mental impacts. They insisted that organifraught with significant uncertainty. Such un-
farming was the only appropriate system ofertainty will then, however, not be confined to
reference and alternative to be considered. Thise assessment of nonselective herbicides: it will
argument also reflected the basic differences apply likewise to possible soil impacts from new
value judgements among participants in owelective herbicides and other agronomic
technology assessment. changes like new tillage schemes, variations in
) ) o fertilisation, or variations in crop rotation. In
Question 1: Have nonselective herbicides less general, the limits of predictive testing are a
effects on the soil than herbicides which have problem for all precautionary regulation of new
been used up to now? technology. If such limits are not sufficient to
ban a technology outright, then they must be
compensated by monitoring the technology after

1. The nonselective herbicides to be applied withhas been introduced.

Conclusions from the discussion =

%2 See section Il B7 below. The issues are the same for
conceivable risks from transgenic plants and nonselective
herbicides.

3 Expert report commissioned from Prof. B.-M. Wilkess
(Institut fur Landschaftsbau, Technische Universitat,
Berlin): "Verhalten der Komplementarherbizide im Bo-*° This solution was favoured by the majority of partici-
den”; commentary by Dr. Ch. Siewert (Institut fiir Okolo-pants in our technology assessment, see section Illl E2
gie [Bodenkunde], Technische Universitat, Berlin), inbelow.

Materialien zur Technikfolgenabschétzung, Hef(sée

appendix).

See also Moorman and Keller (1996).
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Question 2: Will the application of nonselec- agronomic management.

tive herbicides have an effect on soil erosiéh? ;4 | theory, transgenic herbicide-resistant

Conclusions from the discussions crops offer new opportunities to shift to tech-
niques of conservation tillage and mulch
6. The use of herbicides is not a major factor afropping, which imply significant improvement
soil erosion in agriculture. Soil erosion is mainlyn soil protection against erosion. In practice,
due to mismanagement with respect to tillageowever, a major shift is not likely to occur
and site-specific choice of crops to be grown. within our present system of agriculture,
because it depends on economic profit rather

7. Theoretical calculations predict a Certa'ﬂhan on technical opportunity.

reduction of the disposition to soil erosion whe

nonselective herbicides are applied in postemefyyestion 3: Will water pollutionévels be
gence treatment of weeds. The underlying agaduced when nonselective herbicides are

sumption is that the soil will be better and, for applied in conjunction with transgenic herbi-
longer period, covered by weeds (or their reside-resistant crops?

mains after treatment). Reductions will vary

depending on location, choice of crop and maZonclusions from the discussion:

dalities of herbicide application. The calcula- _ _ _
tions suggest, for example, that the dispositiohl- The pollution of groundwater with residues
to erosion may be reduced by 11% for sugdfom herbicides is due partly to the properties of
beet and 7% for potatoes and oilseed rape tfte herbicides themselves and partly to poor
nonselective herbicides are applied to one crépanagement or reckless handling in herbicide
in the rotation sequence. If they are applied fPplication and disposal. Nonselective herbi-

monocultures of corn the factor may be as highides with favourable properties (low mobility
as 17%. and rapid degradation in the soil) may reduce the

. _ _ risk of groundwater pollution. Whether they
8. Positive effects on soil erosion calculated fafould actually improve the situation measur-
the case of late postemergence applications Wihly, as long as the practice of herbicide

not be achieved if nonselective herbicides afgngling is not effectively controlled, remains an
applied in repeated treatments of low dosaggben question.

(splitting). Whether in this case a clean weedin o _
effect results, which would actually increase tth-_one must expect that herbicides used in
disposition for soil erosion, remains to be see@gdriculture will leach into surface waters, since
Theoretically, a certain negative effect igome soil loss and run-off from farmland is
plausible. This effect does not occur, ifnevitable. Leaching may be slightly lower with
combinations of selective herbicides (tankonselective herbicides, such as glufosinate or
mixtures) have been used up to now, which a|§iyphosate, than with the selective herbicides

lead to broad spectrum weed control; in any ca§énventionally used. This projection is based on
the impact would be quantitatively small. the assumption that the amounts of herbicides

] ) ) - will be reduced as calculated. A countervailing
9. The predicted changes in the disposition #@ctor might be that herbicide washout from
soil erosion are derived from model calculationgyop |eaf surfaces could increase if postemer-
which disregard the high fluctuations of naturajence, contact herbicides are applied. It is not to
events. It is, therefore, questionable whether th@ys expected, however, that this factor would
could be demonstrated in real practice. They aggmpletely outweigh the advantages from a

in any case significantly smaller than changegduction in the amounts of herbicides used.
due to normal practices in agriculture, like

variations in crop rotation or tillage techniquesl3: A possible ecological risk is that herbicides
Any positive effect the app"cation of nonse|ec].eaCh|ng into surface waters could induce the
tive herbicides might have for soil protection is
negligible compared to the improvements that In Germany mulchseed is practised on no more than 1-

would be achieved through proper, site-specifigy, of the total area of row crops. However, in sites
which are particularly prone to erosion mulchseed may
mount to 30-50% (personal communication Dr. Reschke,
flanzenschutzamt Hannover).

% Expert report commissioned from Prof. K. Auerswalqi
(Institut fir Bodekunde, Technische Universitat Min-
chen): "Auswirkungen des Anbaus von Kulturpflanzen® Expert report commissioned form Prof. G. Klein
mit gentechnisch erzeugter Herbizidresistenz auf dd#stitut fir Wasser-, Boderund Lufthygiene, Bundesge-
Ausmall der Bodenerosion und der Pestizidabschwesundheitsamt): "Auswirkungen der HR-Technik auf
mung”; commentary by Dr. L. Ebner (Ciba-Geigy, Basel)aquatische Okosysteme”; commentary by Dr. E. Dorn
Materialien zur Technikfolgenabschatzung, Hef(sge (Hoechst AG, Frankfurt), invaterialien zur Technikfol-
appendix). genabschatzung, Heft(8ee appendix).
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selection of herbicide-resistant mutants ofveed control can affect the phytocoenotic

aquatic organisms. If these organisms spreattucture in agricultural ecosystems, that is, it

they could disturb the biocoenosis of an aquatxan induce changes in dominance (numbers of
ecosystem, for example, by disrupting existinghdividuals) and diversity (number of species),

food chains. This could only happen, however, ivhich extend beyond the vegetation period. The
the herbicides exert selection pressure on theechanisms for such changes could be reduction
nonresistant variants of the aquatic organismf seed banks in the soil and spread of weed
that is, if they reduce the fithess of these variangpecies that remain unaffected by nonselective
or are toxic for them. Such effects should, iterbicides (incomplete spectrum).

principle, be excluded by the required testing fo{?. Nonselective herbicides will change the

herbicide approval. These tests may not elimj: S :
nate all uncertainty with respect to the effects O%pectrum of weed species in the field. They

L , : . ress weeds which may previously have been
heybmdes On aquatic ecosystems, since test ﬁgfated because they arg IC;;oor con¥petitors for
relies on model systems and indicators. Neve, “e crop blants. and thev favour weed species
theless, herbicide leaching into surface waters |£ PP ! y P

I general, b and concentratons are very ol SEIeCUte er 1 e vegetaion porid,
(in micrograms per litre). It is therefore not

. . : . ..~ orin all crops of a rotational sequence, they are
Ir”etilgt a;[r?t v%g/fe rr(I)SrZ aﬁsr‘%ssmead of herb|C|de-"ker to cause irreversible reducti_on_s in 'the_

' weed seed bank and eventually eliminate indi-
14. Drift response of water organisms to herbiwidual species from the normal weed community
cides is possible and can lead to (presumakdyd, hence, the agricultural habitat. On the other
temporary) changes in aguatic ecosystems. Suahnd, if a nonselective herbicide is only used
a response has also been observed with noneeee in the crop rotation sequence, then the
lective herbicides like glyphosate. Drift responsspecies spectrum of the weed community ought
can occur even when herbicide concentratiorte be sustained (perhaps at a lower population
are several orders of magnitude below the levigvel) or it should be able to restore itself.
controlled by ecotoxicological testing. The us
of nonselective herbicides could, however, als
have a positive effect insofar as the number
treatments per year and, hence, the number
leaching events could be reduced.

8. From the point of view of agricultural
oduction a reduced weed seed bank in the soil
?uld seem to be a positive rather than a nega-
tive factor. It would lower the weed pressure in
the field and, when fewer weeds appear, then
15. It can be concluded that problems of watdess herbicide treatment is needed—also an
pollution will at least not be aggravated, anddvantage in ecological terms. On the other
possibly even slightly improved, if there is ahand, increased selection and spread of weed
shift from selective to nonselective herbicides ispecies which are not controlled by those herbi-
weed control. With respect to ecotoxicology theides may confront the farmer with additional
nonselective herbicides generally come off asgronomic problems.
well or better than herbicides used up to nov%
e

C . 19. The spectrum of weed control is not extra-
Whether a reduction in the amount herbicid rdinary with nonselective herbicides compared

P tank mixtures or successive treatments of
elective herbicides. Such treatments, routinely
applied in sugar beet, for instance, also keep

tive herbicides change phytocoenotic struc-  @dditional impacts on the phytocoenosis of an

leached to surface waters of 10-30% represe
a real improvement in ecological terms is %
matter of debat&.

tures in agricultural ecosystems? agricultural ecosystem should be expected from
nonselective herbicides. The same may even be
Conclusions from the discussion % true if one compares use of these herbicides with

o _ o very thorough manual weeding (which was
16. The appllcatlon of nonselective herbicides |app||ed previous|y when labour costs were still
extremely low).

% See section Ill C3 below. 20. Changes in the agricultural phytocoenosis,
® Expert report commissioned from Prof. E. Mahn (Instiincluding shifts of dominance and weed spec-
tut fir Geobotanik und Botanischer Garten, Martintrum biodiversity are implied in many agricul-

Luther-Universitat Halle): "Zu den Auswirkungen dertyral practices, such as different tillage schemes
Einfihrung herbizidresistenter  Kulturpflanzen aufyr variations in the crops grown. Such effects
Okosysteme”; commentary by Dr. M. Reschke (Pflanzen- . iy .
schutzamt, Hannover), inMaterialien zur Technikfol- are, therefore, in no way SpeCIfIC to the intro-

genabschatzung, Heft 18ee appendix). duction of nonselective herbicides.
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IMPACTS ON AGRICULTURE | the protection of species,
¢ the development of plant breeding,

¢ good field practice in agriculture.

This part deals with the indirect consequences gfjle these problem areas do overlap to some
transgenic herbicide-resistant crops. It reachggient within each of them, loss of diversity has
beyond the issues of biosafety and considets gitferent meaning and implies different con-

possible impacts on the structure and perforignis of damage. The following table tries to
ance of modern agriculture. In Germany suc8,mmarise these differences.

impacts are, as a rule, not accounted for in

regulatory frameworks for state approval of &n our technology assessment, all of these issues
new technology. They are nevertheless crucisiere invoked in the discussions of whether the
for the political judgement and public accepintroduction of transgenic herbicide-resistant
tance of a technology and, therefore, an essenti@nts might cause a loss of biodiversity; how-
topic in a technology assessment. We consider@der, the arguments were varied. All the partici-
the impact of transgenic herbicide-resistarfants did agree that we are experiencing a
crops on biodiversity in breeding and cultivationgramatic, world-wide loss of biodiversity and
on the practice and the economy of weed contr@énetic resources. The on-going destruction of

DEFINITIONS OF GENETIC EROSION CONCEPTS OF DAMAGE

Reference: Diversity of Species

extinction of wild plant species nature conservation; loss of genetic resources for plant
breeding

elimination of weed species from agricultural habitats nature conservation; loss of useful organisms depending
on such weeds

reduction in the number of crops grown in agriculture food supply becomes increasingly dependent on fewer
crop species

reduction in the number of crops in the crop rotation increased susceptibility to pests and phytopathogens,
sequence increased use of pesticides, environmental damage

Reference: Diversity of Plant Varieties

extinction of local cultivars (land races) at centres of loss of genetic resources for plant breeding
genetic diversity

fewer crop varieties cultivated in fields increased susceptibility to pests and phytopathogens;
monopolising the seed market

reduction in the number of registered (marketed) crop same as above plus loss of options for farmers
varieties

elimination of cultivars from breeding programmes loss of genetic resources for plant breeding
and on food gpply. tropical rain forests, for instance, probably
o ] ] eradicates thousands of species per week. While
Issues of biodiversity: Will the expansion of modern agriculture has indeed
transgenic herbicide-resistant added considerable negative impacts as well, it
crops accelerate genetic is not likely that herbicide-resistant plants will
erosion in plant breeding and play a significant role in this respect.

agricultural habitats? Arguments were raised that genetic engineering

fpight reduce the level of variability within

The term "genetic erosion” is used to designate ~. . .
various forms of loss of biological or geneticcultlvars, thereby destroying genetic resources

diversity. Its definition remains vague sincd®’ Plant breeding. Other arguments addressed
reference is made to heterogeneous issues: peSiPle l0sses of diversity in the system of crop
loss of wild species in nature, the loss of cultituSPandry at large. Key questions were whether,

vars in plant breeding, the genetic uniformity 0\,rvith the introduction of herbicide-resistant

crops actually grown in the fields, lack of crogP!@nts, tr][ﬁ sfpelgtrum (I); grop Species actual(ljy
rotaton and monocultures. Broadly, thredfOWN !N the NIEIAS would become narrower an

problem areas should be distinguished: he number of cultivars for each crop smaller. It
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was further assumed that herbicide-resistaektinct.
crop varieties monop_ollse the seed market_, .e'th " Genetic resources for plant breeding are lost
because of economic advantages or privileg ?1 a massive scale because, in the Third World
resulting from patent law. The main objection ocal, traditional cultivars (Iénd races) of im- ’
such scenarios was that lack of diversity withi ' . .

—_ . ortant crops grown in the centres of genetic
the spectrum of crops e_1r_1d varieties cultivat versity are now increasingly displaced by
was the result of the political, legal and, abov odern, high-yield varieties. Although the
all, economic conditions of modern agrlculture,globa”’saﬁon" ' agrioulture .prevalent ! he
and not the result of any particular breedin '

technique. A good test would be to ask wheth dustrialised countries, is a driving force behind
the problems would, in fact, be avoided if th lis process, her_b|C|qe-reS|stant plants are not a
technique were changed, i.e. if conventiona ignificant factor in this respect.
breeding techniques were used instead of geneficMaintaining the level of biodiversity in plant
engineering* breeding does not seem to be a problem in
_ , ) . _ Central Europe at present. In contrast to nature
Question 1: Will transgenic herbicide-resistant conservation, the protection of genetic resources
crops cause further losses of biodiversity and can be adequately ensured by gene banking and
genetic resources? cultivation at breeding stations. Moreover, the
continuity of genes from older cultivars is
guaranteed through their inclusion in the gene
1. The main reason for global loss of planP0ols of new varieties from which old traits can
biodiversity is continued extinction of wild P€ retrieved through suitable crossing. It is true
species in natural ecosystems. This implies tHat, in this case, older cultivars will no longer
dramatic loss of genetic resources for plar€ grown and developed in the fields;
breeding. The introduction of transgenic herbit€Vertheless, this is an unavoidable price to pay,
cide-resistant crops will not have a significan§ince breeding is by definition designed to
impact on this process. Some key factors are tfPlace old varieties with new ones in the field.

political and economic pressures to harness evr' The fact that transgenic varieties are derived
more land for agricultural and industrial usefrom a few transformed cells identically repli-
high population growth, rapid climate changegated (cloned) in cell cultures does not imply a
ill-conceived nature conservation policies, anghss of biodiversity. The development of trans-
the displacement of local, traditional cultivargyenic varieties has no influence on the amount of
(land races) still used in the Third World bygenetic variability within the cultivar. The
newly developed, high-yield varieties. cloned cells still contain all the genetic variabil-

2. Extensive use of nonselective herbicides # Which is, in turn, expressed when these cells
conjunction with transgenic herbicide-resistar@’® crossed with others in the process of devel-
crops could lead to the elimination of rare wee@Ping & new variety. The genetic variability

species from the local seed banks and, hen&&tween varieties is, in contrast, quite limited

from the local agricultural habitats. Although(S€€ below). However, this indicates, a lack of
the effect would be local, it would nevertheles8liversity in agriculture and not a loss of genetic
constitute a loss of biodiversity in terms of €SOUICES.

gii'gﬁ csor:ascet:\lj?;loor} SWZ';ZS ri(?]ql;llrleﬁ aéﬂgf[s tB uestion 2: Will transgenic herbicide-resistant
9 sp P rops reduce the diversity of crops and varie-

reserved. In terms of genetic resources, ho . .

gver, even the eliminatior%, for instance, of a ra\lﬁzeS grown in agriculture?

imply any permanent loss. For breeding pur-

poses, it is sufficient if a species continues t6. Diversity in crop varieties has increased
exist in any other site or nature reserve. Genetiather than decreased over the last decade, both
resources are lost, however, when ecotypes ofraterms of number of varieties registered by
species, i.e. regionally adapted variants, becorp&ant breeders and number of varieties actually
grown in the fields. There is, nevertheless,
¢ Expert report from Dr. H. Umbach, Dr. J. Zeddies an§€ason tO_ infer geneti_c ,erOSion _Since_’ for e_aCh
Dr. R.von Broock (Kleinwanzlebener Saatzucht AGCTOP Species, few varieties dominate in cultiva-
(KWS) Einbeck): "Auswirkungen der Herbizidresistenz-tion and all varieties are closely related. Culti-
Technik auf die Ziichtungspraxis und die genetischewars that are closely related genetically (i.e.
Ressourcen”; commentary by C. Freudling (Saatguhomogeneous) imply higher risk of yield loss

Aktions-Netzwerk, Firth), inMaterialien zur Technik- ~
folgenabschatzungHeft 11 (see appendix). through pressure from pests and phytopatho

Conclusions from the discussion




Part 1l: Empirical Findings— Impacts And Consequences 47

Yooy oy e ecranams o veree?) GG i sessan
P y crops: technical gains,

mutation in the pest organisms. ! .

resistant weeds, and integrated
7. The low number of varieties actually culti- crop protection
vated in the fields results from economic and
agronomic considerations which bear no relatiohhe application of nonselective herbicides with
to herbicide-resistant plants or genetic enginegirfansgenic crops is still at the beginning stage in
ing in general. The best available varieties a@ermany. Although the number of field trials
usually also the most successful on the marketrried out under practical conditions is growing
And, farmers prefer homogeneous stocks dést, few herbicide-resistant crops have been
plants because these are easier to cultivate gidced on the marké&. Therefore, judgements
harvested crops easier to process. about the agronomic advantages nonselective
herbicides may have for the farmer are provi-
"Sional and subject to further demonstration in

gens. This certainly applies if the plants arz Agronomic effects of

8. The current law of plant variety protectio
(Saatgutverkehrsgeseiz Germany) reinforces practice
the trend towards homogeneity, because it '
requires a test of "uniformity” before a varietyln our technology assessment various advan-
can be registered and marketed. The aim of tHgges were claimed

test is to ensure the quality of the seed a farmerWeed control would become easier and more
purchases, and to guarantee that all plants offlexible. The underlying assumption was that,
variety are suitable for a designed purpose, favith nonselective, broad spectrum herbicides.
instance, wheat for baking bread or potatoes fthe application of tank mixtures herbicides could
making chips. In addition, registration procebe spared, that problem weeds would be effec-
dures require that new plant varieties meet thiyely controlled and that the opportunities for
legal test of "value for cultivation”. This makespostemergence treatment would increase.

the market for seed products highly transparert, The farmer can use a wider range of herbi-
so that farmers can easily and shift en masseadles and avoid one-sided (nonrotational) appli-
the varieties they find most suitable for theications. This is the minimum advantage claimed
area. Finally, the legal privilege of free use ofor nonselective herbicides, since it would be
available plant varieties for breeding, initiallyvalid even if these herbicides were otherwise not
designed to preclude commercial monopolies arsdiperior to the selective ones used up to now.
promote diversity on the seed market, paradoxt- With postemergence, nonselective herbicides,
cally encourages technical uniformity of see¢conomic threshold criteria can be applied, i.e.
products: Since all breeders use the best avdierbicide treatment can be spared if the
able varieties for further development, they atnticipated costs of yield loss from weeds are
end up with very similar products. less than the costs of the herbicide needed to

16. Economic calculation and political regula-fOntrOI those weeds.

tion (quotas) determine which crop specie
farmers choose to cultivate on their land. Th

The farmer has more options to shift to new
§ystems of crop husbandry, such as direct

. ; . !N illing, conservation tillage mulch cropping and
particular crop rotation sequence is Olec'deﬁdixed cropping, because these systems will be
within the constraints of agronomic needs—;

Iy Iona bofora. & o of crop, £asier to manage when postemergence, nonse
sually long Specilic variety of crop 'iective herbicides can be applied.

chosen and irrespective of whether special trai SEarmers gain flexibility with respect to which

such as herbicide resistance are available in 'Eg b species he can grow in the rotational se-

cultivars. Herb|C|de-reS|star_1t varieties coul uence, since the nonselective herbicides have
attract farmers, however, if they offer clear

technical and economic advantages. This is
probably the case for sugar beet, at present. Beibccording to reports from AgrEvo, over 1700 field

any further expansion of the area of sugar belsigls have been carried out with oilseed rape, maize,
cultivation would be prevented by quota restricsoybean and sugar beet resistant to glufosinate (autumn

. . ot 996). Resistant oilseed rape was approved in Canada in
tions in Europe. In general, the availability Of?[995. Approval of glufosinate resistant maize is expected

herbicide-resistant varieties is not likely tQq pe granted in the U.S. in 1997, soybean and sugar beet
determine farmers’ decisions about crop speci@s 1998; see Raschet al (1996). Monsanto achieved
to be grown; it will therefore have no significantU.S. approval of its glyphosate resistant soybeans in

impact on the level of diversity in crop hus-1994. These soybeans have been cultivated on 1-2% of
bandry the soybean area in the U.S. in 1996 (Monsanto, press

release Information Sojabohne).
8 See also Wilcuet al (1995); Burnside (1996: 400).




48 Herbicide-Resistant Crops

low persistence and no carry-over effects to tHeerbicides does not meet the standards of inte-
next vegetation peridd. grated crop protection. The idea that priority
must be placed on preventive measures, imply-

Most of these claims were controversial. It wa M )
argued that the advantages, although possibl g a revision of current crop rotation sequences

theory, could not be achieved in actual practicé:d cultivation systems, breaks down in the face

) : f economic constraints. Nonselective herbicides
and that they were outweighed by disadvantage e should not change this situation profoundly.

In particular, doubts were raised whether th€he question is, rather, whether they would
nonselective herbicides currently under discusmprove it slightly or make it even worse. Two
sion would not also have incomplete spectra andsues were discussed in this respect: Are eco-
therefore, not be clearly superior to the selectiveomic thresholds more likely to be observed if
herbicides already in use. On the other hand nbnselective herbicides are applied? Can the
was argued that selective herbicides could lagronomic functions of residual weeds in culti-
driven off the market, leaving the farmers withvated fields be maintained?

fewer rather than more choices of herbicides for _ . o

weed control. In general, it was conceded th&uestion 1: Do nonselective herbicides pro-
nonselective herbicides increase the technicéide more flexibility and new options in weed
options to shift to new systems of crop huscontrol and crop management?

bandry. However, the practical relevance o

such options was denied, since under existin%onclusmns from the discussion

economic conditions there would be little scopg Nonselective herbicides applied in conjunction
for implementing these systems. with transgenic herbicide-resistant crops provide

Arguments over possible agronomic disadvar@dditional options for postemergent weed con-
tages focused mainly on the emergence of her[yi.ol. They extend the range of choice for herbi-
cide-resistant weeds. Are nonselective herbicidéile rotation.

particularly likely to produce resistant weed actually, nonselective herbicides could reduce
populations when they are extensively applieqpe total number of herbicides applied in agri-
Were this the case, then these herbicides woWdjiure. If they have significant advantages over
become useless for agriculture. Resistant weeg herbicides currently used, they could replace
can evolve through gene flux from the crop planfhese in many areas. This could occur even if
(hybridisation); however, the most relevanhonselective herbicides were applied only once
mechanism would be spontaneous mutations R the crop rotation sequence, for instance, when
individual weeds and selection of the mutantgsistance to one and the same nonselective
through herbicide application. herbicide were engineered into the common

A long debate in the technology assessmefiltivars of all row crops.

addressed the question of whether or not the Usewnile new and better products can always
of nonselective herbicides would be compatiblgrive older ones off a market, there is no reason
with the standards of integrated crop protectiorg suppose that thisiWbe the case for nonse-
These standards require that the farmers mimisctive  herbicides. Selective herbicides are
mise pesticide use and try instead to SUppregfjely used with many crops at present and they
weeds indirectly through preventive cultivationy| keep a share of the market; it is unlikely that

measures and good agronomic management, {3y would completely disappear as options for
increasing the number of crops in the rotational _ o
sequence, or using ground cover or mulch CrOﬂS POStemergence, nonselective herbicides can
to suppress weed growth. Direct measures,
including treatment with herbicides, should bes Export report on organic impacts commissioned from
adopted only when weed problems are So sevef@f. K. Hurle (Institut fir Phytomedizin, Universitat
that the cost they might incur (in terms of yieltHohenheim): "Mdgliche Verénderungen in der land-
loss) would surmount the economic threshold dfirtschaftlichen Praxis durch die HR-Praxis”;, commen-
the cost for additional weed control; residuaf’y by Dr. P. Niemann (Biologische Bundesanstalt fir
. . . %ﬁnd- und Forstwirtschaft, Braunschweig), Materi-

weed populations below this level are viewed NQliien zur Technikfolgenabschatzung, Heft(k2e appen-
merely as tolerable, but also as desirable. dix). Expert report on integrated crop production com-

mjssioned from Prof. R. Heitefu3, Dr. B. Gerowitt and
There was agreement that the current use O H. Steinmann (Institut fur Pflanzenpathologie und
Pflanzenschutz, Universitat Gottingen): "HR-Technik und
integrierter Pflanzenschutz”; commentary by A. Gnekow-
% 0On the discussion of possible cost benefits for farmeidetz, in: Materialien zur Technikfolgenabschatzung,
see section Il C3 below. Heft 13(see appendix).
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improve weed control. They allow more thor-This assumes that nonselective herbicides indeed
ough elimination of problem weeds and reduceeed not be applied in herbicide combinations
the risks of yield loss through herbicide applicaand that they do less damage to crops than the
tion, since the crop plants are insensitive. Sigelective, postemergence herbicides currently
nificant advantages might be expected particavailable.

larly for those row crops with wide row distanc : . . .
such as sugar beet or potatoes, but also ?7 Theoretically, transgenic herbicide-resistant

: . ops extend the range of technical options for
gﬂi‘jaeeg {:E?gr?r\:\?een&agzrgss%?l*em these crops ag stems of crop husbandry, such as direct

drilling, mulchseed or intercropping, which
5. These advantages may not materialise, hownply more effective soil conservation. Practi-
ever, if nonselective herbicides also have incongally, however, transgenic herbicide-resistant
plete spectra and must therefore be applied @anops will do little to enhance a shift to such
combination (tank mixtures) with other herbi-systems. Ground cover to prevent weed growth
cides or in a series of repeated treatments row crops, for instance, was possible before
Although glyphosate and glufosinate have &erbicide-resistant crops were available; but, for
broader spectrum than most other herbicidesgconomic reasons, it has been little used. Tech-
their spectrum is by no means compféte. niques of minimal tillage (direct driling) are
Hgore often cost-effective and could be boosted
somewhat by the introduction of herbicide-

span availa_ble for postemergence treatment. rﬁiﬁ'srtlg?élyc?gsé cg#;mli?:g?l?/ s\c/:iglbel e'%ﬁﬁ??ﬁgg
necessary, i.e. when unexpected weed problewﬁ mework of conventional agriculture

arise, a treatment that was spared previously ca '

be recovered later without harming the crops. With transgenic herbicide-resistant maize, a
monoculture could possibly be better managed.
But monocultures are never advisable anyway,
According to the principles of good field prac-
tice.

6. With transgenic herbicide-resistant crops, t
farmer gains flexibility with respect to the time

% Reschke (1996) summarises findings from field trial
with transgenic herbicide-resistant sugar beets:

"Two applications of three litres of BASTA per hec-

tare (one at the four-leaf stage, the other at the eight- 9. The use of glyphosate and glufosinate can
leaf stage of the sugar beet) provide good control of ihili ; ; ;

nearly all weeds. If weather conditions are favourable aIIOW. greater ﬂeXIb”Ity In crop rotation . in

and plant growth enhanced, two applications of 1.5 Certain cases, because they have low persistence

litres per hectare (plus an additive of oil) provide suf- and are unlikely to have carry-over effects to the

ficient coverage, even for fool's parslepdthusa next vegetation period. However, the choice of
cynapium which is otherwise difficult to control. An- . o
nual nettles Yrtica ureng which occur in rare in- crops to be grown is above all contingent upon

stances are somewhat less sensitive if weather condi- economic factors, and the applicability of non-

tions are not favourable; the same applies (although to - selective herbicides will hardly be a decisive
a lesser degree) to cleavé@alium aparine)and field

pansy Viola arvensiy. These require higher dosage, factor for this choice.
as a rule, or a supplement of one litre of GOLTIX per . . .
hectare. This supplement also prolongs the herbicidal Question 2: Are nonselective herbicides par-

S S T T i o o o e e
p weed populations?

weed control.”

Crop tolerance to glufosinate has been ranked very highonclusions from the discussion
(9.45 of 10 points) by farmers who cultivated transgenic

herbicide-resistant oilseed rape in Canada, according toj@) There is a certain risk with any herbicide of
survey by AgrEvo (Raschet al, 1996: 10). Reschke . - . . -

(1996))/ re):)ortgs com;garable results with the)application (Qecommg mef_fectlve with time because Of the
glufosinate in transgenic herbicide-resistant sugar beéiPread of resistant weeds. The problem is not
With glyphosate-resistant sugar beet sufficient control caspecific to herbicides which are applied in
be achieved with two applications of three litres of th@onjunction with transgenic herbicide-resistant
herbicide (Reschke, personal communication). crops. Resistant weeds presuppose that resistant
% 1n herbicide-resistant sugar beet appreciable reductionsutants evolve which are fit enough to survive
in the rate of herbicide application can be achieved eveind reproduce. The rate of spread will then
totl of e 1o Si lires per hectare (in two appiicationsylcPend on the selection pressure exerted on the
versus eight to nine litres per hectare (in three to fo&’ryeed population. Selectlorj p_ressure, in turn, wil
applications); see Reschke 1996. Reductions witHepend on the characteristics and management
glyphosate in sugar beet will be comparable. In soybe@f the herbicide, e.g. its spectrum, phytotoxicity,

glyphosate can replace a combination of five differenthe rate and frequency of its application, or
herbicides and reduce the amount of herbicides by 30%+grbicide mixtures.

from 1.13 to 0.74 kilogram per hectare (Monsanto, press

release Information Sojabohne, December 1996). 11. Since nonselective herbicides with a broad
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spectrum and high phytotoxicity exert a greateQuestion 3: Is the application of nonselective
pressure on weed populations than conventioniarbicides in transgenic herbicide-resistant
herbicides, they will, in principle, increase therops compatible with the standards of inte-
risk that resistant weeds would be selectedrated crop protection?

provided that suitable mutants exist. ) ) )
- ] _ Conclusions from the discussion
12. The probability of resistant mutants evolving

with sufficient fitness depends on the target5. Nonselective herbicides improve and extend
enzyme of the herbicide. In the case of sulfonythe options for herbicide treatment. As a result,
urea, resistance can evolve easily because sintgley will probably stabilise herbicide treatment
mutations in the target enzymes of weeds suffi@es a strategy of weed control. The current use of
to render the herbicide ineffective. On the othdrerbicides does not comply with the standards of
hand, this risk seems to be relatively small in thaetegrated crop protection. Existing options for
cases of glyphosate and glufosinate. Thesadirect control through preventive management
herbicides have a long history of extended ug@ particular, through appropriate cultivation
(not involving transgenic plants), yet no resistanheasures) are neglected because herbicides
weed mutants have been observed. Neverthelggsvide a more attractive alternative. Preventive
such mutants may still be possifildhe risk of weed management not only implies increased
spontaneous mutations conferring resistance fbour input and investment costs for new
weeds may be further reduced if the mechanismachinery, but also technical difficulties, such
of herbicide resistance in crop plants is deriveds increased dependency on the weather, unpre-
from bacterial genes. dictable effectiveness, or management problems
ith ground cover etc. To the extent that these

assessment to support the hypothesis that n nstraints would also apply for nonselective

selective herbicides would be routinely misuse f;?ég%erg’ ﬂ}i’{ eg%snsifk\)/!ﬁ b(;o::gggsntogt é%s'tnte'
and that they are therefore more likely to lead % PP '

the selection of resistant weeds. Rising cosis. In theory, postemergence, nonselective her-
provide an incentive to reduce the rate of herbbicides are more in line with the ideas of inte-
cide application and avoid excessive treatmergrated crop management because they improve
Crop sequences may not always correspond ttte prospects for cultivation with direct drilling
the rules of good field practice, but this is beand mulch cropping, as well as the feasibility of
cause of economic considerations and not tleonomic thresholds to be observed in herbicide
options for weed control. use. In practice, however, nonselective herbi-
ﬁides will probably have little effect in this

14. The use of nonselective herbicides wit : :
monocultures or without herbicide rotation coPECt Economic thresholds are not widely

through all stages of a crop sequence is nr@cognised by farmers in weed control, and the

: : . . : vailabili f nonselective herbici will
advisable, since it clearly increases the risk rgbggl tywotomaké)aserggtt d?ffereeﬁgec des
herbicide-resistant weeds. Furthermore, volur?: y 9 '
teer plants from the previous vegetation period
V.\"" be difficult to Cont.rOI if all crops in a rota_-_ "The risk of selecting herbicide-resistant weeds in a
tion sequence are resistant to the same herbicide. herbicide-resistant crop] is no greater than using a
These disadvantages could probably be avoided selective herbicide in a naturally tolerant crop. In ei-

i i ici in ther case repeated use of the same herbicide or herbi-
If nonselective herbicides were used only once in cides with the same mode of action will eventually se-

a rotational sequence. lect for herbicide-resistant weed biotypes. This can be
prevented or greatly delayed by using effective inte-
grated weed management strategies in all parts of the
crop producvtion system. Most importantly, avoid
using the same herbicide or herbicides with the same

% Rascheet al. (1996: 9) emphasise that any mutation in site of action routinely in any cropping system.”

the target enzyme of glufosinate (the glutamin synthetas®)as one participant in the technology remarked, the
would be lethal for the plant, and hence the spontaneoygroduction of conservation tillage (minimal tillage) has
development of herbicide resistance in weeds is unlikelyeen thwarted by the fact that, without the use of the
Consequently resistant weeds have never been observggygh, new seed-drilling techniques are required to cope
despite wide ranging application of glufosinate over @in the mulch and surface weeds. "This means the

period of more than 10 years. On the other hand, glyphgymer has to buy a second drilling machine.”
sate resistance has apparently been detected recently in

Lolium rigidum This weed has accumulated several This tentative conclusion was criticised by one partici-
resistance mechanisms; an Australian biotype showstnt, who claimed that herbicide-resistant crops are a real
multiple resistance to at least nine dissimilar herbicid&tep towards integrated crop protection,

chemistries, according to Prestenal. (1996). "because for the first time a herbicide will be available

69 ; . . which is effective against all weeds, including the
See also the summary of Thill996: 336): large ones. The biggest barrier to observing economic

13. No reasons were given in the technolo
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17. Even if economic thresholds are nothey occur in practice, has yet to be demon-
observed, farmers have better opportunities witlirated. Residual weeds, on the other hand, can
postemergence, nonselective herbicides to redumiso serve as habitats for plant pests and they
the rate of herbicide application, depending omcrease the risk of transmission of plant dis-
actual weed infestation in the field. This couldase.

lead to appreciable reduction in the amount of ) )
herbicides applie. Economic effects of transgenic

18. Herbicide treatments which leave fields herbicide-resistant crop plants:

completely void of any residual weeds ("clean pr%fltsht(io?sr,l and
weeding”), contradict the standards of integrated concentrations

crop protection. Itis doubtful, however, whethep;scyssionsabout the economy of transgenic
nonselective herbicides would have such afrpicide-resistant plants used the current sys-
effect. Glyphosate and glufosinate, for examplge of intensive agriculture as the frame of
although they have a broad spectrum and afgrerence, and considered possible impacts of
more effective than previously available seleGhgge plants on the economic situations of indi-

tive herbicides, are far from leaving fields ;qya| farmers and the structure of seed produc-
permanently free of weeds. As systemic (9lyphQion and market&.

sate) or contact (glufosinate) herbicides, they act

on plants which appear in the field, i.e. they onlj¥leasuring costs and benefits in terms of prices
control those weeds which have alread9f agricultural inputs and products is a standard
emerged. Weeds can grow up again immediateypproach in economics. But it disregards
after herbicide application, from the seeds in thexternal” costs, in the case of herbicides,
sail. In crops which had previously been treatepossible damage to the environment, or the costs
with combinations of herbicides, nonselective@f developing and testing herbicides. This may

herbicides will not mean increasedppression be methodologically justifiable, if conventional
of weeds’ agriculture is chosen as the frame of reference.
. . Since the evidence presented in our technology
19. Weed stocks which re-emerge after applicggsessment suggests that the ecological and
tion of nonselective herbicides may not bgncial consequences of nonselective herbicides
sufficient to fulfil the agronomic functions \yi| not differ significantly from the conse-
ascribed to residual weeds as a factor in intgyences associated with current herbicide use,

grated crop protection, namely, diverting pestgyieral costs should be comparable and may,
from crops or harbouring beneficial organismsyerefore. be disregarded.

What would certainly not be compatible with the
principles of integrated crop protection would b&omparison to the status quo in conventional
if, due to the loss of residual weeds, more inse@griculture and current practices of herbicide
ticides had to be applied to fields already treatéés€ was not accepted by all participants as a
with nonselective herbicides. As yet, there are nelid approach, however. The dispute over this
signs that this is in fact the case. Moreover, tHint notwithstanding, there was agreement that
so-called positive agronomic functions of residit would indeed be reasonable and legitimate to
ual weeds are largely a matter of theory; whethétclude the external costs of herbicide applica-
tions in conventional agriculture as part of a
comprehensive economic assessment of herbi-
thresholds in weed control has been the fear of not cide-resistant crops. To that extent it was at
being able to deal with large weeds with certainty.” least implicitly conceded that market prices for
?The standards of integrated crop protection are nfarmers and consumers are not the sole criteria

clearly defined. It would be inappropriate to reject currenfor economic costs and benefits.
practices solely because they do not comply with the

concept of economic thresholds. As a participant writes, Nevertheless, calculations of external costs raise
"Instead of adopting the economic thresholds pro- Unresolved methodological problems. There is
posed by the scientists, farmers have frequently re- no way to monetarise ecological, social and

duced the amounts of herbicide they apply by up to a  pgjitical consequences without making arbitrary
half if weed cover is low, with the same result, namely
that a residual weed population remains which does

no economic damage.”

73 As one particinant notes: "In view of the lower ersis-74 Expert report commissioned from Prof. V. Beusmann
p pa . P EFSP Biotechnik, Gesellschaft und Umwelt, Universitéat

tence of nonselective herbicides, residual weeds are m e mbura): " b d volkswirtschich X
likely to be in the fields than previously.” mburg): "Betriebs- und volkswirtsc e Auswir-

) kungen des Einsatzes herbizidresistenter Nutzpflanzen
This argument fails, however, if glufosinate is applied ifHR-Technik)”; commentary by Prof. R. Miiller (Institut
a tank mixture with a herbicide which is explicitly addedfiir Agrardkonomie, Universitat Kiel), ivlaterialien zur
in order to prolong herbicidal effects. Technikfolgenabschétzung, Heft (sée appendix).



52 Herbicide-Resistant Crops

assumptions. The technology assessment dib, have incomplete spectra and, therefore, have
not, therefore, try to provide such calculationdp be applied in combination (tank mixtures)
and the results remain a matter of speculation.With other herbicides or in repeated treatments in
was clear, however, that there was no agreemantler to be fully effective. For glyphosate and
among the participants about whether or not glufosinate, however, gaps in the spectrum will
comprehensive balance of all costs and benefitst totally rule out all the calculated benefits.
would show, in the final analysis, that the use
herbicides in modern agriculture was not ec
nomical.

Oét:. Given the competition on agricultural mar-

cf<ets, it is to be expected that financial benefits
for the farmers would have to be passed on to
Calculating the economic gains individuakthe consumers in the form of lower product

farmers might harvest from using nonselectivprices sooner or later.

herbicides involves a high degree of uncertain%
at present. Since transgenic herbicide-resistaf
crops have hardly arrived on the market, se
prices have not yet been established. Nor are

prices for nonselective herbicides constant. T
report delivered in the technology assessme,
based its calculations on 1992 market prices.

addition, it made assumptions about reductio
in the rate of herbicide application and furtheh
advantages from nonselective herbicides th
are, in part, controversial.

In many cases nonselective herbicides will
obably not offer tangible price advantages
mpared with those herbicides used at present.
nselective herbicides will only add to the
mber of postemergence herbicides from which
rmers can choose, and they must face compe-
ition from products already established on the
arket. Under such conditions, nonselective
rbicides may have a competitive edge, if it
rns out that they do indeed mean easier man-
agement and greater flexibility of weed control
With respect to possible impacts from transgenfor the same price.

herbicide-resistant crops on the seed business, ) ) o )

the main point made was whether concentratiofguestion 2: Will transgenic herbicide-resistant
among breeding companies, and between breggltivars gain a monopoly on the seed market
ers and herbicide manufacturers become mod8d make farmers more dependent on herbi-
likely, and whether herbicide-resistant crogide manufacturers?

varieties could be pushed to gain a monopoly ?¢ nclusions from the discussion
the seed market. In this context, the discussio &

also considered the argument frequently ad: No single crop variety will come to dominate

vanced in public debates that farmers woulghe seed market just because it has been com-
become economically more dependent becausgmented with transgenic herbicide resistance.
they would be forced to buy herbicide-resistarnt nerpicide resistance constitutes a real eco-

seeds together with the matching nonselectiv@ymic advantage, then it is rather to be expected
herbicide in a "package”.

Question 1: Are transgenic herbicide-resistant " According to calculations by Reschke (1996), maxi-

crops and nonselective herbicides more cost- mum costs for weed control in sugar beet would be
. DM 250 per hectare (two applications each of tHitees
effective for the farmer?

of Basta (glufosinate) plus one kilogram of Goltix); this
implies a savings of DM 100 (30%) compared to the cost
for current applications of selective herbicides (DM 350).

. .. . Savings increase up to 45% if fields are infested with
1. The use of nonselective herbicides in CORgors  parsiey or if mulchseed has been applied

junction with resistant crop cultures benefitgpm 450).

farmers econom'ca"Y _mSOfar as it reduces thﬁ1e figures may be even more favourable with glypho-
total amount of herbicides used at present _arldate-resistant sugar beet: about DM 100 for two applica-
through postemergence treatment, minimise®ns with two to three litres each (Reschke, personal
yield loss from crop damage. CalcuIation§0mf?#nlca§!?n)- ACCOV?I{;}Q tto IHE (19961 42/44)t tdats%

; e notifier suggest that savings could amount to 50-
Squesé th?t the;;e IS a Clear. COStfadva?ta%%O % (75 ECU per hectare instead of 150-250 ECU); if
sugar beet, perhaps a saving ol up 10 ‘Oroblems with nettles are taken into account the savings
Smaller advantages can be_expected for Malgfyht still be 30%. On the other hand, Meisser and
and soybean, followed by winter rape and pasuenat (1996: 27) estimate a gain of no more than 2-7%
tato. If fields are heavily infested with problempn gross margin for sugar beet in Swiss agriculture. With

W m nefits m riv for dpspect to glyphosate-resistant soybeans herbicide costs
Creoepis’ some benefits may be derived fo ef";lre reduced from $54.42 per hectare (1993/94) to $23.30

U.S. (1996). Although the seeds are 25% more expensive
2. The calculated savings will become less (gmers still gain from the reduction in the amounts of

: : - e erbicides used (Monsanto, press release Information
disappear altogether if nonselective herbicide bjabohne, December 1996).

Conclusions from the discussion
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that it would be engineered into all the majofact, what is being doré.

cultivars which have a significant market share o

at present. This will also apply to the cultivars /] Food supply: Is a contribution
of sugar beet currently grown. to be expected from transgenic

AN 5
6. Economic concentration is likely to continue herbicide-resistant crops

in the seed business, as indicated by trends in fla&js not particularly sensible to ask whether
US and many European countries. The chronigansgenic herbicide resistance is an innovation
economic crisis in agriculture is the main drivingyhich can contribute significantly to solving the
factor behind this trend. To a certain exteniyrohlems of world food woply. This is obvi-
modern  biotechnology could accelerate thigysly not the case. In our technology assess-
process, if it renders competitive breeding mor@ent, the question was therefore broadened to
capital intensive. Whether the number of varignciude the possible contribution of herbicides in
ties marketed would decline as concentratiofeneral as a strategy for weed control. Discus-

increased is an open question. Economic theokipns focused on agriculture in Third World
does not warrant a prediction of that kind. countries”

7. The assumption that chemical companigsyrticipants had no doubts that world food
which become involved in the seed bu5|ne55,°upp|y is clearly both a social and political
would try to force farmers to buy "packages” ofyyestion of distributive justice, and a technical
herbicide-resistant  cultivars and matchingestion of increased production in agriculture.
nonselective herbicides is not realistic. In ecorpey thus by-passed much of the ill-conceived
nomic terms, it would be definitely more prOﬁt'poIemics in the public debate, which tended to
able to sell the seed and the herbicide separatelyay the need for political reform off against the

A crop variety which can only be purchasegeed for technological innovation and vice versa.
together with a herbicide is by definition at a

disadvantage compared to a variety which ¥é/hereas all the participants agreed that food
available without an additional product insepaProduction in the countries of the Third World
rably linked to it. The same applies in reversBUst be increased, the strategy to be chosen
for the herbicide, if it could only be sold togethefémained a matter of controversy. Some placed
with some specific crop variety. For the herbitheir hopes on the development of smallholder
cide manufacturer, the "package” would, in anfa2rming and the improvement of indigenous,
case, only be conceivable if the herbicide had ngPPropriate” agricultural technology. Propo-
application other than that associated with tHeents of this scheme excluded any use of
company’s own herbicide-resistant crop varigerbicides. Others, in contrast, argued that a

ties, and this is obviously an absurd assumptigi!bsistence economy of smallholder farmers
for all herbicides. would not feed urban masses and that therefore

) industrialised, high-input agriculture is indis-
8. Seed companies, on the other hand, coyldnsaple in the Third World as well. From their
indeed expect extra profit if they were able tQerspective, herbicides and also herbicide-
monopolise herbicide resistance genes for thgisistant crops were a possible technical option.
own crop varieties. This is true, however, irreThere was further disagreement about whether
spective of whether a company offers @erpicides could be considered a useful option at
"package” including the nonselective herbicidey| for weed control under the natural, social and
or Whethel‘ the herb|C|de IS fl‘ee|y ava"able Oﬁconomm: Conditions Of agriculture in Thn‘d
the market. World countries (tropical climates, large sectors

9. For herbicide manufacturers, in contrast, Rf subsistence economy, and cheap labour).
would be sheer economic nonsense to restrict

sales of nonselective herbicides to exclusive - N _ _
paciages wth @ Iied mumber of anageny 1225 At o s monesin ey
Va”e_tle_s' They_ are bound to eXpIO_It to the fli” return on investment from Iicenéing the herbicide
the limited period of patent protection for theifesistance gene, if the herbicide is off patent, which is
herbicides. Therefore, if herbicide manufacturersiready the case for glyphosate and will be the case for
own resistance genes, they must have an interglsfosinate in a few years.

in haVlng them transferred to as many V_ar!etlggExpert report commissioned from S. Neubert and
as possible, whether they own these varieties arknirsch (Pestizid-Aktions-Netzwerk, Hamburg): "Der
not. From their perspective, it might even pb8eitrag des Anbaus herbizidresistenter Kulturpflanzen fiir
economical to provide the herbicide resistané%? Eg”ag:gfngés'fgim”gr”(‘C?te); [ggite” X"g“éaioer{;mﬁ;"
genes freely, i.e. without license fees for breedf oo o J gy A M

bl e aterialien zur Technikfolgenabschétzung, Heft(s6e
ers. There are some indications that this is, Kppendix)
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It was not possible to deal with these issudarming would produce sufficient food surpluses
adequately in our technology assessment . The feed the masses of people in the expanding
following conclusions are preliminary remarksurban agglomerates of the Third World.

to an ongoing discussion. The controversy ov o . . —_—
policies for agricultural development in  th eq' A dramatic increase in Third World agricul

Third World reflects the general battle ov e|tural productivity is indispensable. One possible

: L . , .~ solution might be a "dual system” of agriculture
whether industrialised farming with chemlcal\?vhich relies, on the one hand, on a sector of

inputs or organic farming with appropriate mallholder farming producing mainly for self-

technology Sh.OUId constitute the model for th§ubsistence in rural areas and, on the other hand,
future of agriculture. It became clear in the ™ high-input, industrialised farming sector

technology assessment, however, that both sg% vducing for urban populations. However, a
d

face a battery of unresolved problems. F ” :
instance, it has yet to be demonstrated ho ual system” of this nature would only be able

extonded industrialised. high-nput agriculturd® avoid Breakdowns in food production and
can be ecologically stabilised in tropical climate urrép 3(/: ;':1 t;ee nr%] rgn, ! |n| us ”?I IS€ a,?r.'ﬁut;l
and whether it would constitute a sustainablg_ & = T a el ﬁ;o ?glca y sustanable,
basis for increasing food production. On th ularly opical climates.

other hand, it is not clear how the productivity o6. Furthermore, a "dual system” policy would
farming systems which rely on "appropriate’seem to tolerate Third World agriculture’s
technology and reject any chemical inputs can lalisintegration into separate sectors, a traditional
increased to such a degree that foaghpyy one and a modern one. The effect might well be

would be guaranteed in the future. that the rural areas become even more margi-
_ _ _ nalised. In fact, it might be preferable to mod-
Question 1: What type of agriculture isre-  ernjse agriculture and develop the infrastructure

quired in Third World countries to guarantee  throughout all rural sectors and areas. Under
food supply for a growing number of people?  thjs option smallholder, labour-intensive farming

Should smallholder farming and industrial- ~ would be guaranteed a significant place in
ised agriculture be played off against one agricultural production and it would have to be
another? promoted. In general, the development of rural

areas will be the key factor for comprehensive
economic progress in many countries of the

1. Hunger is endemic in many countries of th&hird World.

Third World, not bef:ause there.is a lack of fOOCB_ It must be emphasised that increased agricul-
but because there is a lack of income. Domestigral production is a necessary but not sufficient
production of food has increased considerably gpndition to guarantee foodigply. Problems of
recent years because of the "green revolutionst distribution must be solved by political
among other factors. Foodpply is nevertheless means. This includes no discrimination and a

not guaranteed since poor people, especialifair share” for Third World countries within
those in underdeveloped rural areas, cann@fe international trade system.

afford to buy food.

Conclusions from the discussion

. uestion 2: Can herbicides and hence nonse-
2. At present, hunger is more a problem q%ctive herbicides in combination with trans-

inadequate distribution than of inadequatg . e :
production. To solve this problem, politicalgegéﬁlre{:{?ﬁredr\?\?c')srfgn; Crriglrj)ﬁuk?:’)apphed
reform and economic development are needed? y 9 '

and not just new technology, and transgenieonciusions from the discussion
herbicide resistance engineered into crop plants
is certainly not part of the solution. On the other. Whether or not herbicides are a useful option
hand, given continued growth of the worldfor weed control in Third World countries will
population, food @pply will again become a depend on regional and sectoral factors, farm
problem of absolute, available quantities of foodize, cultivation systems and crops. Herbicides
products. Therefore, technological innovationwill not, as a rule, be used by smallholder farm-
which increase agricultural productivity will ers because they lack cash income to buy com-
continue to be crucial for future foodply. mercial inputs, such as chemicals or transgenic
eeds. And, since unemployment is high in rural
3. Problems of hunger are most severe fgrreas of the Third World, manual weed control

eople living in rural areas. To feed these peo- . ;
Ble psmallhglder farming is an important bapsi ould_ appear to be a swta_ble alternatlve. The_re-
’ ore, if subsidies for chemical inputs are avail-

and should be further developed. On the oth : .
hand, it cannot be expected that smallhold le, they should be invested in pest control
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(insecticides or fungicides) rather than in weelly making mixed cropping in large, monocul-
control (herbicides). Manual weed control igural fields a feasible technical option. Opinions
rational in economic terms, despite the fact thatere divided over this point. In any case, there
it may be otherwise undesirable to use much aire no indications that such a strategy would be
the labour force in rural areas, especially womesdopted in practice. Nonselective herbicides do,
and children, to do the hard work of hoeing.  however, improve the prospects for shifting to

8. On the other hand, herbicide use can be frﬁl" protecting methods of conservation tillage

option for middle to large-sized, intensive farm
whose production is based on chemical inputs
and machinery. Whether or not herbicide use
would be profitable, and would in fact increase
yields and income, must assessed case by case.
This assessment will rest with the individual
farmer in the final analysis.

inimal tillage).

9. Technical specifications for herbicide appli-
cation (dosage, effectiveness) are different for
tropical climates than for more moderate climate
zones. Some of the most urgent weed problems
in tropical zones, such as parasitic weeds, can
hardly be controlled by herbicides, since damage
to crop roots will have already occurred before
the weeds appear in the fields. For many crops
which are highly infested by parasitic weeds,
like sorghum or millet, herbicide use is also out
of question for another reason: since these crops
are typically grown by smallholder farmers who
cannot afford chemical inputs. On the other
hand, a number of important crops to which
herbicides are applicable, in principle, are also
less susceptible to parasitic weeds. Therefore, a
general argument that herbicides, including
nonselective herbicides, cannot be used effec-
tively for weed control in tropical climates is not
warranted?

10. Yield increases which result from high
chemical and modern machinery inputs can only
be sustained in the long run, however, if the
severe ecological problems in tropical agricul-
ture can be resolved—problems of soil fertility
and soil erosion above all. It is mainly in terms
of large-scale monocultures that herbicide
application will be technically and economically
viable. But exactly these cultures are the ones
which cause the most severe problems of soil
erosion. Our technology assessment considered
the question whether or not transgenic herbicide-
resistant crops and nonselective herbicides could
be used to improve this situation, for instance,

8 Gressel (1996) provides a much more optimistic
assessment of the possible role of herbicide-resistant
crops in Third World countries. He reports efficient
control of parasitic weeds, such as broomrapeo-(
banché and witchweed $triga), as well asCyperus
through glyphosate, because the herbicide is translocated.
"At present the only cost-effective control f@yperus
andStrigais the too-commonly practiced abandonment of
farms.” (243)



PART Ill:  NORMATIVE EVALUATIONS —
ETHICS, LAW AND POLITICS

Our technology assessment was a pluralistimportant points in the conflict over herbicide

procedure. The participants represented a broesbistant crops. Apparently no side was prepared
spectrum of political interests and frequentlyo make such a declaration.

held contradictory views. Nevertheless, ou
numerous discussions concentrated on scienti
controversies rather than political or ethic
differences. Participants argued more about t
relevant empirical facts than the criteria o
e oous & BT broo or rsks whch may be dden o ur
be blamed on the procedure of the technolo? pown? Is it legitimate to compare the risks

Scientific discussions leave the problems of

brmative evaluation unresolved. Is the genetic

anipulation of plants morally acceptable?
ould the spread of herbicide resistance to wild

lants count as damage? Who bears the burden

Y ' ' 2
assessment athr, 1 13 & consequence of (8 [SPSOENEC A5G noaneoene panis? W
way in which the conflict over herbicide resis- '

weighed against each other? Should socio-
tant crops had been framed by opponents aﬁ onomic need be a prerequisite for the approval

{)hrg%%r;)e”rétzrg]n;he assessment procedure ando _ransgenic p_Iants? These are the ques'giqns to
' which discussions will shift once empirical

Within this framing opponents claimed thatcontroversies are either resolved or reach an
herbicide resistant crops imply considerablanpasse.

risks for human health or the environment, an,
yield no appreciable benefits. The proponents,
contrast, denied that there are any specific ris
and envisaged clear benefits from the technolo
because weed control in agriculture will becom
environmentally more friendly, more flexible an
more profitable. Both sides in this conflict
appeal to political and ethical values (especiall
health, ecological stability, foodupply) which .

ormative discussions do not start at zero. All
e issues mentioned have already been covered
existing regulations in one form or another.
ut, existing law is only the starting point; it is
ot the ultimate criterion of normative evalua-
ion in a technology assessment. The very fact
hat a technology assessment operates at some
istance from the true process of decision mak-

are enshrined in social consensus and theref pgumeans that it can and should be used as a

cannot really be disputed. Dispute arises ov %n ;]itl\j\tlirl)enrael gﬁgngaen J?'Sﬁ);g;etz t%felfg%l”?]g(_j
the empirical statements on which both sides’ " | standards if that is d q i
base their claims: Can unexpected toxic su on Of mora_san_?]r ﬁ' ablls eeme dnke)ces
stances be metabolised in transgenic planftéz\rz te%rhﬁggng V(;'Lt” ttecehr?(glc()) er;:sgggrenentngs
Could the same also occur with conventionallg onall %y' f d i tgy h f
bred plants? If herbicide resistance genes esc geasionally transformed into- such a forum,
to wild populations, will this have impacts or?‘)’ﬁﬁﬁough consensus was rarely achieved.
the natural ecosystem? Will the total amount dFhe basic normative problem underlying all the
herbicides used decrease when nonselectigiscussions is how to deal with new technolo-
herbicides are available? Andsoon. .. gies. What is the appropriate response to the
hallenges of technical innovation? This is by no
ans a new problem. Since the advent of
dern societies, people have been continually

It was agreed among all participants in th
technology assessment that answers to su

guestions (including the question whether a : . °
answer is at all possible) would not depend o urdened with having to adapt to new technolo

" , .~ .. _gles. In every epoch, resistance was endemic;
political or moral evaluation but on scientific y epoch, !

ople have always complained that the speed of
argument. In accordance, expert reports arEgchnological change and the pressure it imposes

discussions centred on these arguments; therg:-
fore, preoccupation with scientific issues wa le. However, the fact that a problem is old

Qﬁ;‘tﬁgl\?embzheenteo(;ﬂgfvl\?gg erl]sasdestzrgeggrtlite(s:og oes not mean that it has beer] resolved in_ any
clared right at the beginning, that, contrary t ay. There is no reason to belittle the worries,

. I . ncertainties, and objections which new tech-
what they say in public, risks and benefits are blogies generate today. Solutions which may

their way of living has truly become unbear-
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if innovation is piled upon innovation. The
guestion whether modern societies have alrea TION OF PLANTS ETHICALLY

developed appropriate methods and regulations PERMISSIBLE?

for dealing with the technological dynamics the _ : .

have unleashed can never be put at rest. Tﬁgere is consensus in our society that we have a
current controversies surrounding genetic endinoral obligation towards nature. Technological

neering may be taken as evidence of this. intervention should not call into question the
"sustainable” use of nature, or threaten the

If the discussions in our technology assessmesirvival of human beings. Nature conservation,
are taken to reflect the level of awareness @fotection of species diversity and commitment
people in general, they reveal that the range @ the long-term stability of ecosystems are not
views on how society should react to the chajust arbitrary political preferences. They are
lenges of a new technology is really not veryecessary conditions for the survival of human-
broad. This range includes outright moral rejegind and, therefore, have the status of moral
tion, regulation of tangible risks, questioning th@nperatives. Moral obligation is based on human
social need for a new technology and the demafiflerests and rights for the present and for future
that decisions on major innovations be trangenerations. This is an anthropocentric view: We
ferred to democratically controlled political must respect nature "for our own sake”.

bodies. These positions correspond broadly to

what will be considered in detail beld. Anthropocentric  ethics  represents  the
uncontested minimum of moral standards in our

A correct account of the normative discussionsociety. It rules that we are responsible for the
in our technology assessment must document thénsequences of our actions; "Do not harm!” is
differences in judgement among participantghe prime duty. On this view, genetic manipula-

This will not exclude a critical analysis of thetion of plants is not morally permissible if it

implications and problems associated witlntails unacceptable risk for humans and the
various stances: What are the criteria for thgatural resources on which we depend. On the
judgements? Are they consistent with othesther hand, in the absence of such risk, genetic
accepted values? What are the implications f@hanipulation becomes morally neutral. On the
comparable cases? What else would need to |gsis of anthropocentric ethics, then, there can

regulated if the proposals were adopted? Ife noa priori moral objection to transgenic crop
contrast to the scientific claims raised by thgjants.

participants, no attempt has been made to inte- _ _ .

grate the various normative claims and deriveUPlic debate on genetic engineering has, how-
overall "conclusions”. Participants agreed tha§Ver, thrown up more radical moral issues. Is it
the final judgement of transgenic herbicidé’e_rm'ss'ble to engineer living belngs like ma-
resistant crop plants should be left to observef&lines? Should humans have the right to break
of the technology assessment and to politicgl‘e barriers natural evolution has erected for the
decision makers. And one can foresee thigProduction of organisms? Do we owe respect
normative disagreements which were irreconcif® nature "for its own sake™ If substantive
able in our technology assessment will be miffioral objections to genetic engineering can be
rored in the on-going public controversy in ouf&iSed at this level, then the need to examine
society. The technology assessment display8§kS becomes superfluous. Such objections
considerable “judicial restraint”. But therecOncern the very act of intervention into nature,
would seem to be no alternative. Unlike empirifather than its further consequences. Proponents
cal issues, disputes over value judgemenf§ this view sometimes postulate new moral
cannot be said to have one correct solutid#P0ds which demand our unconditional respect,
which must, in principle, be reached by everyorgtCh as the "integrity of evolution”. Ethical
when arguments are exchanged in a true digservations of this kind also had a role in our
course. There remains scope for dissent. THeehnology assessment. In the discussion of the
real issue in dealing with questions of evalug€XPert report on ethical aspects of the genetic
tion, therefore, is not how to produce normativadification of plant$, participants considered
agreement within society, but rather how te
produce legitimate decisions despite disagre&-expert report commissioned from Prof. G. Altner

ment. (Institut fur Evangelische Theologie, Universitat Ko-
blenz): "Ethische Aspekte der gentechnischen
Veranderung von Pflanzen”; commentary by A. Stanger
(Zentrum fir Ethik in den Wissenschaften, Universitat
"Specific recommendations for regulations are dealt witfitibingen), in: Materialien zur Technikfolgenab-
in section Ill E below. schéatzung, Heft 1{&ee appendix).

have been appropriate in the past can fail todayc IS THE GENETIC MODIFICA-
y
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whether the production and release of transger@ne can perhaps apply the moral obligation to
crops would be morally impermissible from thérespect the integrity of plants” to the species
point of view of a "biocentric” ethical view, i.e. level; but even this still fails to reveal a credible
one which demands respect for nature for itsioral objection to genetic engineering in plants.

own sake. The existing spectrum of natural species is
) ) ) clearly not affected by the transfer of genes to

Is genetic engineering of individual crop plants and the propagation of
plants incompatible with the these plants for cultivation. Gene transfer sup-

moral respect we owe nature plements the crop varieties available in agricul-

"for its own sake”? ture. But crop varieties have always been

_ ~ adapted to suit human needs and, to this extent,
Even if one accepts the moral perspective @hey are "unnatural’. Even if one would go so
biocentric ethics, it is still by no means obviousar as to assign crop plants a "right to their own
why the transfer of herbicide resistance genes &olution”, such a right would not be violated by
crop plants should be absolutely unacceptablge introduction of additional crop varieties in
Gunter Altner argues that humans are obliged gyriculture, in this case, resulting from genetic
keep an modification. A "right to one’s own evolution”
"acceptable balance between respecting C¢annot possibly imply the right that no other new
the Se|f-purposiveness of nature and sub- SpeCIeS (CI’Op VaneneS) be Intl’Oduced a|0ngSIde.
jecting nature to human interests”. New crop varieties may displace old ones in

. ._.agricultural fiel nd, in the longer term, per-
He sees four reasons why transgenic herblc@g ultural fields and the longer te be

resistant crops could be ethically unacceptab

and calls for a moral halt to the technology "fo{ye myst proscribe conventional breeding of new

the sake of plants” if gene transfer o : : :
. . varieti much n ngineering.
* has adverse effects on the phyS|oIog|caIa eties just as much as genetic engineering

ps at breeding stations. But if this contravenes
r moral obligations to nature, then, logically

stability of the plants, From a biocentric point of view, a valid moral

e disturbs the normal interaction of genes in thargument against transgenic herbicide resistant
host species, crop plants can be derived if one adopts Altner’s
* causes irreversible changes in communities 6econd criterion: the transfer of genes across
organisms and ecosystems, or species barriers would not be permissible be-
* seriously shifts evolutionary parameters. cause it interferes with the natural balance of

Points 3 and 4 concern the consequences of W& ice that this balance is itself a moral good
introduction of transgenic crop plants; thes§,y that therefore respect for nature would

points must be taken into account on & nonbig oninit us from using human technology re-

centric (anthropocentric) moral view as Wellg,hine \what natural evolution has separated.
under the heading of risk prevention. In anyypether such a premise can in any way be
cas_ei one must bfcfaar n mllnci_ that 4 hertb|C| ounded on ethical principles remained an open
resistance genes olfer no selective atvaniage flastion in the technology assessment. It seemed

natural habitats and hence are not likely to haygay those who adopted this view could only try
noticeable effects on the evolution of species ag -, vince others by appealing to some com-
ecosystems. The first criterion is truly biocentriqnon moral intuition.

since it appeals to the integrity of the plant as a

moral value. We need not discuss whether sudfiany of the participants in the technology
a value should be acknowledged, since it @ssessment could not respond to this appeal.
questionable whether it could at all be violatedhey simply failed to see why a bacterial gene in
in the case of genetically engineered herbicidecrop plant should call the intrinsic value of the
resistant crop plants. Apparently, the transfer ¢fiant into question and, in a way, offend its
resistance genes has no adverse effects on dignity. Undoubtedly, genetic engineering per-
physiological stability of a plant. Field trials mits more genetic variability in plant breeding
show that the transgenic plants clearly "thrivethan would otherwise be available for the natural
under the conditions necessary for cultivatingvolution of the plant. But the same applies for a
crop plants. Of course, it could be argued thawumber of other breeding techniques (e.g. muta-
the plants do indeed lack physiological stabilitgenesis) which have been used without raising
because they cannot survive under naturgioral objections. Why should we adopt a rule
conditions, i.e. without being tended by cultivastating that the natural barriers for the evolution
tion. But were this ethically relevant, one wouldf plants also constitute moral barriers for the
have to reject crop plants in general as moralljreeding of plants? Whether crop varieties are
unacceptable. natural, in the sense that they could also have

g'eP:es in the host species. This view rests on the
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evolved without human intervention, or whetheconcepts of risk or positive legal standards for
they could compete successfully under theature conservation. In ecological terms, human
conditions of natural evolution was never gopulations live and reproduce in nature as the
moral issue. The fact that a technique idominant consumer species, and they will influ-
"unnatural” is not normally a sufficient reasorence the future evolution of other species and

to reject it on moral grounds. ecosystems, whenever they interfere with the
) _ living conditions of other organisms, be it
"Genetic pollution”, through agriculture, industry or the public health
evolutionary impact, and service. Such influence is not only unavoidable.
moral harm Strictly speaking, it is also irreversible. Even if

) ) ) ] some particular interferences can be reversed,
Strictly speaking, the question whether interfefayolution does not return to its former state. No
ence with natural evolution is morally admissiblgthics can demand therefore that we abstain
does not refer to the evaluation of transgenigom interventions in evolution altogether or that

crop plants as such, but rather to the consge denounce these as inherently immoral.
guences the cultivation of such crops could have

on other organisms. It is obvious that the cons# addition, moral evaluations become embroiled
quences must be assessed in terms of imp|i't§b|contradictipn, if impacts on the natural evolu-
risks, for example, to ecological stability or thdion of species are only deemed unacceptable
maintenance of species diversity. Sometime¥hen they result from transgenic crop plants,
however, the fact that such consequences existot aré held to pose no moral problem when they
all is held to be a sufficient ground for moraf€sult from conventional crop plants. There is no
rejection of transgenic crop plants—whether oi€ason to suppose that the spread of transgenes
not any risks are implied. This view is based oWill, in general, have more profound effects on
the premise that any impact on natural evolutiovolution than the spread of endogenous plant
is in itself morally harmful. This position was9€enes or mutant genes from conventionally bred
occasionally adopted in the technology asses¥OP plants. In any case, it is impossible to
ment: for example, a number of participantredict, even remotely, what phenotype of some
believed that relevant damage had alreadigW natural species might result in the distant
occurred if transgenes had escaped from créfure from the propagation of crop plant genes;
plants to other organisms in which they woul@nd it is impossible to predict how this pheno-
not normally be found and to which they couldyPe could interact in a future ecosystem with
not be transferred naturally. This was denounc&@me future existing species unknown at present.
as “genetic pollution”. Furthermore, they con©One could anticipate that genetic traits which
sidered it an unacceptable "evolutionary riskoffer a clear selective advantage would have
should transgenic crop plants in any way changééater consequences than others. This argument
the conditions of future processes of specid§fers solely to the phenotype, however, and it is

formation (e.g. by outcrossing transgenes). ~ Valid irrespective of whether a phenotype has
_ _ _been produced by genetic engineering or con-
These views were contradicted by other particentional breeding techniques.

pants, for whom it remained unclear why it )

would be morally harmful if genes found theirT here was probably agreement in our technology
way into organisms in which they would notdSsessment that it does not make sense simply to
naturally occur. These participants criticised th@duate interventions in evolution with damage to
"genetic pollution” rhetoric because it lackedhature or violation of the natural order. Existing
empirical meaning, and they refused to accepPecies and communities of species in nature
the idea that impacts on natural evolution coriémain subjected to evolutionary change. They
stitute damage. Since any human interventigif€ not in static equilibrium, nor do they repre-
into the living world—in particular, shifts in Sent an optimum which would be jeopardised
selective pressure, which result from environshould evolution continue. Evolution is a ran-
mental change—constitutes an influence on tifomM process (caused by genetic variation and

course of evolution, the concept of "evolutionarghvironmental change), and neither the status
risk” makes no sense. quo nor the direction of future development are

o _ in any way determined or “ennobled” by an
It is indeed true that the moral evaluation Ofinderlying "purpose” or goal. It is therefore
human intervention in evolution faces the probyjfficult to predicate damage from the mere fact
lem of how to distinguish between permissiblgnat the status quo might be changed or the
and impermissible acts. There seem to be Rfrection of future evolution shifted. One par-
clear criteria, if we adopt a biocentric perspegicipant in the technology assessment commented
tive and disregard established (anthropocentrigjat evolution itself must be considered a risk, if
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we adopt the notion that transgenic plantgthical problem when genes are transferred
leading in the long term (hundreds or thousandgross species boundaries to crop plants (nota
of years) to the formation of new species andene: as long as the possible risks involved in
new patterns of coevolution constituteghe transfer are not at issu@here appears to

"evolutionary risk”. be no way to mediate between these conflicting

e o : . ._evaluations. We may well have reached the point
The difficulties in specifying operational criteria here differences in the perception and judge-

to distinguish between morally permissible anﬁgent of moral issues are irreconcilable. What

g:/‘;ﬁﬁg?gn'rgfgrggiﬂgf a?]lémlfnr}egﬁgdengﬂ: t;?i oes this imply for the evaluation of transgenic
i Srbicide resistant crop plants?

does not mean that the underlying questions a
pointless. We usually avoid the problem by he first requirement is that differences in moral
adopting an anthropocentric perspective imiews be taken serious and dealt with properly in
which we refer to the interests and needs abciety. Perhaps the technology assessment we
human beings. Thus intervention in evolution isrganised could itself be a kind of model in this
clearly not permitted, if it would endanger theespect. It proceeded from the assumption that
stability of the global climate, for instance, orthe conflicting judgements had to be discussed
reduce the level of biodiversity which we need tand mutually acknowledged as valid moral
survive (or which we want). Such evaluatiorviews. Indeed, a synthesis of respect and toler-
avoids the more radical moral issue of whethernce must surely be necessary for a plurality of
any intervention in evolution is permissible asrreconcilable ethical convictions to be accepted
long as it does not harm human interests armohd to coexist peacefully in society. Beyond the
rights. This question remained open in ouwell-founded, minimal ethical standards based
technology assessment, but its legitimacy wam the postulate, "Do no harm”, which are
not disputed. No one argued that any and eveggnerally enforced in our society by the rules of
intervention in evolution should be toleratedaw, individuals should be entitled to live their
merely because the moral limits were so difficulown lives according to their own values. What
to define. It may be that fundamental issuethey cannot expect, however, is that their own
about our attitude towards nature come into playoral views be adopted by everybody else. The
in this debate, over which opinions and feelingsnpositions of pluralism are that people must
are deeply divided. What does seem cleaaccept or at least tolerate the fact that, in a
however, is that "respect for nature” is not yetnodern society, values which they consider
an operational criterion, because there is rethically well-founded and absolutely binding
inherent goal of evolution in "nature” to whichare regarded by others as mere preferences to
we could refer for guidance. In the final analysisake or leave according to interest and taste.

it will always remain necessary to resort to-

cultural and political criteria, i.e. to criteria of o ; . .
human choice. The limits to human interv entioformulated from a restrictive biocentric ethical

. : . erspective, is not entirely without public sup-
in nature cannot be derived from nature |tseI§0rt; but it is stil a particularistic or group

he verdict on transgenic plants, which can be

nly from human inter in nature and,, . ; . I
but only fro uman Interests ature a thic. The moral consensus in our society is less

from the standards we set for dealing wit estrictive. When dealing with (nonhuman)
nature properly. Conflicts over these interes Sture. the onlv thinas which are clearly morall
and standards will then reflect the underlyin ! y thing y y

: : . roscribed are interventions with unacceptable
diversity of fundamental moral attitudes toward . .
nature in our society. armful effects for humans (with some extension

to higher organisms in the special case of animal
The impositions of ethical protection). General moral judgement of a
| ; technology is thus based on the direct or indirect
pluralism
consequences for humans, and not on the type or

As soon as ethical criteria above and beyond tHae intensity of the interference with nature, i.e.
prevention of harm to human interests and rightse degree of unnaturalness of the technology.
are applied, there will be as little consensus s long as this remains the dominant view, it is
society at large, as there was among the partigiifficult to imagine that a moral position which
pants in our technology assessment. We mugews the transfer of genes from other species as
expect that moral judgements on the admissibgthically "harmful” and hence strictly illicit
ity of genetic engineering in general—and trangould become the basis for collectively binding
genic herbicide resistant crops in particular—legal regulation. At the level of regulation,
will remain divided. Some people will find thatrestrictive ethical codes which go beyond the
science should not put together what naturdforal, "common sense”, cannot be taken into
evolution has put asunder. Others will see ndccount by appealing to moral grounds. Rather
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they become downgraded, so to speak, to tlefrom the isolated assessment of risk involved
status of legitimate group interests which mush genetically modified plants to a comparison of
compete with other interests, and may or maysk between transgenic and nontransgenic
not find a majority in the political proce$s. plants: Are there specific risks associated with
Redefining and shifting conflicts from the Con_genetlcally mOd'f'ed plants, which do not arise
: , I with conventionally bred plants?
frontational arena of ethical conviction to the f h d b : d risk
competitive arena of group interest is an impor; rom the need to substantiate suspected risk to
the reversal of the burden of proof: Should

tant mechanism for peace-making in d'ﬁerent'ﬁeedom from any and all risk be demonstrated

ated, pluralistic societies. However, this mechg- : o
nism will only work if no values are at stakeaDefore a new technology can be introduced-

which are considered fundamental and sacr.-fr.om arguments over n;ks to arguments over
sanct. In the case of transgenic herbicide res%oual beneflts and needs: Are uncertainties with
tant crop plants, the danger of moral polarisaéeSpeCt to risks only acceptable if there is a real
tion is not particularly great. While a strict
stance against any transfer of genes acroS®ing through these stages of debate is both
species barriers may be morally valid, the engiypical and necessary. It reflects the logical
neering of plants is not exactly predestined asader which the criticism of risk will follow
topic of fundamentalist conflicts of belief. In ourwhen put to the test of argumentation. Through-
technology assessment, no one went so far asoutt the course of the discussions, both propo-
accuse those who did not share their particulaents and critics of genetic engineering were
moral views of being ethically blind and irre-confronted with empirical findings they could
sponsible. Even in a biocentric ethical view it isiot avoid. Empirical findings do not, by them-
still possible to suspend "respect for nature”, ifelves, force a revision of political assessment;
there are good reasons for doing so. In eadtlut they may force people to reconsider and
case, it will be necessary to weigh agriculturadventually modify or replace the reasons for
considerations or economic considerations aribdeir assessments. As a result, new normative
also advances in science, to determine whethissues will be brought into play, which raise the
there is indeed sufficient justification to ignoreconflict onto a different plain. The following
"respect for nature”. And, such deliberationsections summarise the transformation of risk
always tend to work against the rise of fundadiscussion in our technology assessment, start-
mentalism in moral belief. ing from imminent, recognisable risks and
culminating in restrictions based on diffuse,

ARE THE RISKS OF GENETIC unsubstantiated fears that may be induced by the
B ENGINEERING ACCEPTABLE? sheer novelty of genetic engineering.

nd significant social need for the technology?

Recognisable risks of trans-

The novelty of genetic engineering raises fearsl genic plants: unexpected

and criticism of risk is the most common politi- :
cal manifestation of these fears. Discuss?ons in metabo_llc chang_es, feral
our technology assessment over the possible risk ~ POPulations, horizontal gene
of genetically engineered crop plants went transfer

through various stages with which we are a

ready familiar in thepublic debate over geneticlNeW toxic or allergenic substances in plants

X e . : No participant of our technology assessment
engineering in general. The discussions P'ontested the notion that unexpected toxic or

ceeded as follows: . .
¢ from recognisable risk with predictable Consezilergemc metabolic products represent a rele-
5

guences to the hypothetical and to unknown ri ant risk fW hich must be regulated at Ieas_t 'for
with unforeseeable consequences: Should od and fodder crops. For transgenic herbicide-

, . . , Esistant plants three possible risk mechanisms
regulate imaginable risk or risk that we cannol, o ioay identifiable. (1) Detoxification of the
in any case, exclude with certainty?

nonselective herbicide in the resistant crop plant
can result in toxic metabolites of the herbicide
8L|f the law ignores the moral beliefs of some segmenfdeing formed. (2) The gene product introduced
of society, it will only be acceptable if it is based entirelyia gene transfer can itself be toxic. (3) Gene
on the principle of legitimation by majority decision andygnsfer (and the introduction of the gene prod-

if it refrains from any judgement about the validity of . : -
overruled moral beliefs. Political battles neverthelesgCt) can activate or increase the level of toxi-

tend to provoke appeals to moralinfamentalism; Ccants typical for a given crop species (for in-
consider, for instance, the rhetoric used in the referendustance, alkaloids in potatoes). It is also conceiv-
campaigns against transgenic organisms in Austria amble that some known allergenic potential would

Switzerland. increase, i.e. that the host plant could become a
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more potent allergen as a result of plant metathere the matching herbicide is applied.

bolic interaction with the transgenic gene prod-, . . :
uct. And it is conceivable that a known a”erd]—|or|zontal gene transferHerbicide resistance

genic potential in the donor organism be tran genes can be proliferated from transgenic plant

: lls to soil bacteria through horizontal gene
mitted to the host plant through the transgene.8 ansfer. Although such transfer can also occur

While there was consensus that these risks mwgth endogenous plant genes from nontransgenic
be regulated, it was also pointed out that thgylant cells, the transfer rates would be higher
are not specific to transgenic plants: they catheoretically for certain transgenes—depending
also occur in crop plants which have beeon the gene construct. In any case, horizontal
modified using conventional breeding techniquegene transfer will probably occur only rarely. If

(see above, section Il, Al). The real issue was,does, and if the resistance genes find expres-
therefore, how far such the tests should go aisibn in the soil bacteria, a foreseeable conse-
whether there are nevertheless good reasonsqgteence would be selective growth of these
regulate transgenic plants more strictly thabacteria, so long as a matching herbicide is
conventionally bred crops varieties (see belovgpplied; the growth would be confined to those
section Il E1). parts of the soil where the herbicide is effective

Feral populations Much the same arguments(usua"y close to the soil surface). In addition,

were applied with respect to the risk that fer tme tratnsfgrmeld bacterlat %Olf.ld mf(ljuer;ce ﬁoa
populations of herbicide-resistant plants might; demlstry yre ealsmg '.“te@ Ot'ﬁ pro .lIJC.S V,;'h.'c
be formed. There is a recognisable risk that Ir mn803 previously exist inthe soilin this
domesticated transgenic crop could run wild, i.e.” "~
that it "escape” from cultivated areas or that iSince it was agreed that horizontal transfer of
could propagate the transgene to related wilgknes from herbicide-resistant crops cannot be
plants through hybridisation—if suitable reproexcluded, the question whether the effects we
ductive partners were available. But theseould expect should be considered environmental
mechanisms apply equally to transgenic amthhmage became a crucial point of discussion.
nontransgenic cultivars. Furthermore, the posdidany participants denied that any damage
ble harm that could result from feral herbicidewould result. In particular, it was pointed out
resistant plants does seem to be limited. Suthat many farming activities, such as crop
plants could become weeds in agriculturalotation or fallowing, induce significant changes
systems, which would then imply financial lossn soil chemistry, and that mechanical weed
for the farmer and, more significantly, for the
herbicide manufacturer who, in turn, would |OS%Th. ¢ the di ion in the technol
ket for the nonselective herbicide. Ferakepesmont was criticisod bu one of the paricicante:
a mar . . : ssessment was criticised by one of the participants:
populatloqs COUId. _also result in a te_zmporary "The text unfortunately fails to point out that in par-
Increase n herbicide load on th? f'eld__for ticular the nonselective herbicides glufosinate (Basta)
instance, if farmers attempt to kill resistant and glyphosate (Round-up) and their derivatives are
weeds by increasing herbicide dosage or number effective against bacteri_a and fu_ngi, so that horizontal
of herbicide applications. It seems unlikely, Jonedeton mancod s oo Pressure would be
however, that feral populations would pose ani

: . ) hether glufosinate and glyphosate actually do exercise
ecological threat to natural habitats. Wild plant reater selective pressure on bacteria and fungi than other

which develop herbicide resistance througRertified herbicides requires closer examination. The
hybridisation with resistant crops will not beexpert report by Wilke on the effects nonselective

more competitive, since herbicide resistandeerbicides have on the soil concludes tentatively that this

offers no selective advantage outside the aré;%not the case, inMaterialien zur Technikfolgenab-
schéatzung, Heft Tsee appendix); see also the statement

by Dr. J. L. Honneger (Monsanto): "Factors for Consid-
eration Regarding Glyphosate Tolerant Crops”, in:
8 This apparently happens when the gene coding for 28aterialien zur Technikfolgenabschatzung, Heft 6,
albumin in the Brazil nut is transferred to the soybeapp. 90-93; and section Il A2 above. On the basis of this
(Nordlee et al, 1996). It should be noted that thisfinding, it seems reasonable to assume (as in the discus-
finding, although new, has by no means come as sions of the technology assessment) that whether hori-
complete surprise. The Brazil nut is a known allergenizontal gene transfer from transgenic herbicide-resistant
food. That 2S albumin could transfer allergenicity tacrops is more likely than from nontransgenic plants
soybeans is a clearly identifiable risk. It goes withoutlepends primarily on the gene construct. Incidentally,
saying that such risk must be tested for and excluded (ssslective pressure resulting from the anti-microbial
FDA, 1992). In the present case, the tests were carrieffectiveness of nonselective herbicides was one of the
out by university researchers in cooperation with a segatesuppogions in our technology assessment; otherwise
company, Pioneer Hi-Bred, in the early phase of develwe could not have considered the accumulation of
oping the transgenic soybean, i.e. well ahead of thesistant bacteria and changes to soil chemistry as
testing required for the approval of transgenic products. possible impacts of gene transfer.
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control, in particular ploughing, also leads tavith respect to environmental consequences. It is
massive fluctuation among populations of soihot enough to assess the ecological impacts of a
microorganisms. None of these effects have eveingle, transmitted trait (herbicide resistance);
counted as environmental damage. Selectitke transfer of herbicide resistance genes could
growth and temporary increase of herbiciddaave unexpected side-effects on the plant me-
resistant populations of bacteria in soil can aldabolism, which affect the plant phenotype and
be expected when selective herbicides apossibly expand its ecological range, i.e. in-
applied to nontransgenic crops, becausgease its fitness. Such impacts will not neces-
naturally occurring resistant mutants arearily be revealed through the testing required
selectively favoured. That soil functions couldor the approval of new cultivars, so long as
be impaired is not a very realistic expectatiorthey do not impair breeding goals. It is also
The impact of herbicides on soil is tested befolipossible to predict what impacts herbicide
approval of a herbicide is granted. Herbicidesesistance genes transmitted to wild species
which permanently eliminate nonresistant sothrough hybridisation could have on the evolu-
bacteria will not pass these tests; this aldion of natural species and habitats in the long
applies in the case of nonselective herbicides. run and under changing ecological conditions.

The risks from transgenic herbicide-resista r}g‘mally, it is difficult to refute the theoretical

crop plants described 50 far would not seeflSE T T8 BREE IR
dramatic, were they compared to the risks fro

, : . lant cells would release substances into the sail,
conventionally bred crops using well-establlshe%a t cells would relea

techniques and practices. Basically no risk fro r'g;'f'ﬁzwlﬁudb";fgﬁgtesfrevrﬁi Cﬁn?nin;]?rfegaf[n}frlgm
transgenic plants was identified in the techno anaes in crop husbandry or f?om the use of
ogy assessment that was not already know E bicid P y

from nontransgenic plants. Recognised rigkd=W NErbicides.

seem to "normalise” through comparison. AWhile it was generally admitted in the technol-
this point the debate in the technology assessgy assessment that uncertainties exist which
ment moved one stage further, from recognisashnnot be resolved, participants disagreed about
risk to hypothetical (i.e. suspected or unknowr)ow the uncertainties should be dealt with. Do

risk. they constitute a sufficient reason to ban trans-
_ genic herbicide-resistant crop plants? Critics of
Focusing on the lack of the technology deemed this conclusion compel-
knowledge: ling, invoking the principle of precaution which
the risks of ignorance, requires that risk be minimised. For them,
uncertain prognoses and the uncertainty of prognosis was not only an un-
limits of testing avoidable risk, but an unacceptable one. The

proponents of transgenic herbicide-resistant
The main argument against normalising riskerops, on the other hand, rejected this conclu-
through comparison was that an assessmefibn. They argued that unforeseeable conse-
must not be confined to recognisable risk whicuences must always be expected, and that
can be described and tested. The real risk frammcertainty of prognosis also applies to conven-
transgenic plants lies in the fact that we do naionally bred plants, without ever being consid-
yet know exactly what all the risks are. We casred sufficient reason to ban such plants.
neither foresee all the possible consequences é)f ders h in f b bl di
transgenic herbicide-resistant plants, nor contrb) €eders have, in fact, never been able to predict
them through preventive testing. And we cannof'Nat the physiological impact of new genes

therefore, rule out physiological and ecologicillhight be or to control them, given the genetic

impacts of transgenic crops, which are differerffackground of the host plant. "Surprises, i.e.
from those we know from nontransgenic crops. UNexpected or undesirable side-effects (pleio-
tropy) are abundant in conventional plant

The basic premise of this argument wabreeding; they must always be dealt véthpost
uncontested: Our knowledge is limited. There ifacto through testing to select those examples
no way to predict all the possible effects ofvhich are suitable for being further developed
transgenes on plant metabolism nor to rule oifito new crop varieties. The testing process is
the presence of toxic or allergenic substancegcessarily limited. One can never screen all
that we have not or cannot observe in the hoglant substances to detect changes which might
species. Nor can we eliminate these risks corbe toxicologically relevant. Phenotypic changes
pletely by extending the certification tests. Wén new plants will be identified through selection
do not know all the substances in plants, nor cgmocedures only if these changes are undesirable
we test for them all. Similar uncertainties exisin terms of breeding goals. On the other hand,
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other changes which may still be ecologicallguch pitfalls exist when the risks from transgenic
relevant (like increased stress resistance) coudthd nontransgenic crop plants are compared.
go unnoticed. With respect to long-term impactsloreover, in our technology assessment, the
on the evolution of species and ecosystems, olegitimacy of this comparison is confirmed

can only say that they are as indeterminate apdma facieby the fact that it was the critics of

unpredictable for conventionally bred plants agenetic engineering who put it on the agenda.
for transgenic plants. The report commissioned from the Oko-Institut
As a result, comparison to conventionally bre{ile;lfsrs Sei)égl_'g#gcgng nro?%enageegzrfge;hek n%rv(\)/gl?mﬁ;
plants not only tends to "normalise” the reCO9 Hnventional breeding, in order to demonstrate

lants. This approach invites the claim to the

plants and the hypothetical risks that may : e : :
. e ontrary that, if the criticism is valid, then it
derived from the fact that we have limited fore- ows. at the same time, that the risks and

sight of the possible consequences of su ncertainties from transgenic plants are the same
plants. This defeats the main public argume s those from nontransgenic plants. To escape
against transgenic plants, namely, that su is conclusion, critics mgust disIO ute ;che compa-
plants will present us with new, specific risks.abilit of trané enic and nontrgns enic IarE)ts

Not surprisingly therefore, the question of y g 9 P !

: . nd show that genetic engineering makes a
whether the comparison between conven'uonarlgff erence. Two arguments were used in the

bred and transgenic plants is legitimate beca " .
a central focus ?n our%iscussiong chnology assessment to prove the "special
‘ quality” of genetic engineering:

Are risk comparisons (1) Genetic engineering allows the transfer of
legitimate? The "special genes across species barriers. Hence metabolic
guality” of genetic engineering pathways can be introduced into a host plant,

_ _ _that have never belonged to that species and
Risk comparisons were commonly used in thgould not have been acquired through natural
debate over transgenic crdpsThey suggest eyolution or conventional breeding. Such new
themselves as a general method of evaluation f9athways constitute a specific factor of uncer-
normative issues. Since levels of acceptable rigkinty; “therefore the risk of uncontrollable
cannot be objectively determined, an obvioughysiological or ecological side-effects (pleio-
approach would be to refer to what has actualtygpic effects) is higher with transgenic plants

been accepted in comparable cases in the paghn with new conventional plants.
and to consider if there are any reasons to devi-

ate from this model. The underlying assumptiok?) The transfer of genes through genetic engi-
is that comparable risks should be treated comieering disturbs the genomic context of the host
parably, but this need not be the case. It is alf$nt. Transgenes are inserted at random in the
possible to decide that the risks from a nef€nome. Therefore, positional effects (inser-

technology should be regulated more strictijional mutagenesis) must be expected, that can
than comparable risks from a well-establishefiduce changes in the traits of the transformed
technology with which we are already familiar Plant, which are unrelated to the information

In this case, "novelty” would be the main critecoded in the transgene and hence cannot be

rion for such regulation. foreseen.

Comparing risks will in general be regarded al§! our technology assessment and in the German
legitimate as long as the risks are indeed compRublic debate these were the key arguments used
rable. However, the criteria of comparability aré0 Support the claim that transgenic plants pose
controversial. Arguments, for instance, whichigher risks than new plants produced by con-
compare voluntary and involuntary risks are ndtentional breeding techniques. These arguments
considered conclusive. The same holds for tHgfer to the suspected or hypothetical risk that
comparison of dread risks, which could inflicthere might be more severe unexpected side-
sudden catastrophe, and diffuse risks, wheff€cts from transgenic than from nontransgenic
damage slowly accumulates slowly, resultin@'a”ts- There is no empirical evidence as yet that

from a series of scattered evefit®bviously, no more side-effects do in fact occur; nor can
theoretical models be invoked to elaborate this

o hypothesis in any detail. However, as one critic
See OECD (1993). put it, one can infer from the "special quality”
% Even if the absolute amount of damage (in terms @f genetic engineering that a "special type of
lives lost) is the same in both cases; see Slevial. uncertainty” is implied by transgenic plants and,
(1985); Slovic (1987). hence, an additional factor of risk. This argu-
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ment is designed to refute the comparativeected from transgenic than nontransgenic
"normalisation” of risk by claiming that trans- plants, if the gene transfer introduces metabolic
genic and nontransgenic plants are, in fact, npathways which are already established in the
comparable. At the same time, however, tost plant species.

implicitly confirms the validity of the compara- o

tive approach in principle: if the "special qual- Reductionist versus

ity” of genetic engineering cannot be demon synergistic risk philosophy?

strated, then the comparison to conventional _ _

crop plants remains legitimate; the assumptidd Germany, the public debate over genetic

that transgenic plants constitute a specific risgndineering has frequently been framed as a
becomes unfounded. battle of competing risk philosophies. The

_dominant regulatory approach concentrates on
In our technology assessment it was not possikige gene (gene product) to be transferred and
to defend the notion that disturbances in thgonsiders the function of this gene in the donor
genomic context (and positional effects) constorganism in order to assess the risks of the gene
tute a "special quality” of genetically engineeredransfer: "It is the gene that matters”. Critics
plants. Such disturbances also result fromgyve rejected this approach as an unacceptably
conventional breeding techniques or when natweductionist view of the problem. They empha-
rally occurring transposable elements (transp@ise that the effects of transgenes depend on the
sons) move around in the plant genome. Trangenetic background which they find in the host
posons, too, are inserted at random. No reasafigjanism. Therefore the effects cannot be de-
were given why context disturbances in transived from knowledge of the gene sequence and

genic plants should be different. At the end aff the gene function in the donor organism: "It is
the discussions, context disturbances, too, weige context that matters”.86

"normalised” through comparison, and the_ . _ .
argument that these disturbances demonstrgtBiS controversy did not have a prominent role

the "special quality” and special risks of genetid OUr technology assess_ment,_since consensus
engineering was invalidated. was reached on the following points:

* The coding information of a transgene de-
On the other hand, the argument that the intrgends on the gene sequence and not on the
duction of new metabolic pathways unknown igontext of the gene, which means, that the site in
the host plant constitute a special risk factothe host genome to which the gene is transferred
was declared as valid in principle. Once agaimas no influence on the type of gene product that
however, the argument was relativised by congan be formed.
parisons. While it is true that the probability ofe Transgenes coding the information for a gene
side-effects is theoretically higher for transgenigroduct which induces toxic substances in the
plants, whenever new metabolic pathways agnor organism or enhances its fitness pose
transferred, it is also true that the probability ofjreater risks than transgenes for which no such
side-effects is theoretically higher for nontranseffects have been identified.
genic plants because, when these plants arerransgenic gene products can have effects in
crossbred, an uncontrolled number of undetefhe host organism, which result from interaction
mined genes is exchanged, all of which caith the existing plant metabolism and therefore
interact with the existing plant metabolism (incannot be derived from the information encoded
contrast to genetically engineered plants, whejig the transgene or from the gene function in the
only one, exactly identifiable gene product iglonor organism.
transferred). No method exists to balance theseThe locus of integration of the transgene can
two countervailing factors. Since the argumenhfluence the expression of the transgene or of
is about hypothetical but undetermined anfleighbouring endogenous plant genes. This may
unpredictable side-effects, quantitative probalso have impacts on the host organism, which
abilities are unknown. In the final analysis, thergannot be derived from knowledge of the genetic
the claim that there will be more physiologicalnformation of the transgene or its function in
side-effects with transgenic plants is not bettehe donor organism.
or worse than the claim to the contrary that there _ A
will be fewer such side-effects. Neither hypothel €se points shed doubt upon the formula, "It is

sis can be confirmed or refuted. the gene that matters”. While they stillpport
the notion that one must consider whether the

It would seem, therefore, that opting for one ogpecific gene construct to be transferred poses
the other of these hypotheses as a basis of our

risk assessment is merely a matter of political . _ .
preference. It should be noted, however, th3tCf. Kollek (1988). the Oko-Igut Freiburg adopted
theoretically fewer side-effects are to be exthese arguments as the basis of its expert report.
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any known risks in the donor organism, theyproposed for such a risk. The standard argument
also show that such consideration is not enougtivanced in the German debate was the "special
to anticipate the effects the gene might have guality” ascribed to genetic engineering because
the host organism. Therefore, it is not only thef context disturbances and positional effects

gene that matters, the context matters assulting from the insertion of transgenes. If one

well. This conclusion was not controversial in th@accepts that the comparison with transposons,
technology assessment. Participants implicitlghromosome translocations or chromosome
agreed that there are some reasons which sigpeaks occurring in nontransgenic plants refutes
port a synergistic risk philosophy. They disthis argument effectively, it remains a mystery

agreed, however, about whether these reasamBy gene transfer should be able to cause more
warrant specific regulation for geneticallyor different unexpected side-effects in crop

engineered plants. If it is true that all breedinglants than changes induced by conventional
techniques can induce unforeseeable metabaticeeding techniques. The claim that transgenic
changes (pleiotropic effects) and disturbances pfants might involve specific risks is reduced to

the genomic context (insertional mutations) isuspicion without foundation.

crop plants, then reference to synergistic risks ag‘\ our technology assessment discussions, it was
r

transgenic plants is clearly legitimate but not oposed that different risk scenarios be distin-

ﬁgntsrl;frqg'e;;icto |g:l?;kWﬂiCLeila\?éﬁELeennC%;laoi? ished: The term “hypothetical risk” should
9 P ply only if a scenario bases suspected risk on

by conventional techniques. It was the queanﬁnown mechanisms which demonstrate that

Qf whether and hOW a dl_fferenqe can be esta armful effects are possible in principle and
lished, that dominated discussions in the tech-h ow how these could arise. The term
nology assessment, not competing risk philosg- :

: : : : : : speculative risk” should be used when no
phies. And in dealing with this question themechanism is specified or when a scenario

critics had to resort to ever more remote hy:- . . \
e . ssumes that mechanisms might exist or events
potheses about the specific risks of genenoal&ight occur which are not yet known. On the

engineered plants. basis of this distinction, the claim that transgenic
From hypothetical to crop plants could involve specific risks solely
5 speculative risks because they have been genetically engineered
must be classified as speculation, not as hy-

All participants agreed that the assumption d¥othesis.87
specific risks which may be involved in transrhjs resylt tends to justify current trends to-

genic but not in conventionally bred crop plantyards product-based rather than process-based
must be substantiated if it is to be taken Selzgulation of genetic engineering, i.e. where

ously into account. The expert report from thganes and gene products are assessed, not the
Oko-Institut attempts to do just that. In gen.eraﬁethods through which the genes have been
reference to the novelty of genetic engineering {sansmitted. A good case could have been made
not considered sufficient to substantiate susgainst this regulatory approach, if the assump-
pected risk. The critics suggested various risfon that genetic engineeringer se involves
hypotheses which differed in their degrees Qipecific risks were a well-founded hypothesis;

elaboration. the case is much weaker, of course, if it is
The hypothesis that transgenic plants poggerely unfounded speculatlc_)n. It is therefor_e
specific risk in terms of physiological side-understandable that the critics of transgenic
effects seems relatively well-founded. A plausi-
ble mechanism is described for this postulated
risk: It is possible that the transgenic gen8e7 In contrast, the assumption that the introduction of gene
product metabolises other substrates and herﬂ{gducts alien to the metabolism of the host plant species
has a different impact in the host plant than imlght imply additiongllrisk was accepted as a valiq
. P > p ; . H&/pothesis. One participant argued, however, that this
the dOI’lOI’ Ol’ganlsm The prObabIhty Of thIS W|”assumpt|on is also JUSt Specu|ation_
be hlgher in transgenic_than ‘in DontranSgemC "That new toxic or allergenic substances will be
plants if genes are transferred which code for a formed is mere speculation, as long as it is not clear

product that was never in the plant metabolism why one should reasonably expect that substrates
before modified by the gene product could be toxicologically
' relevant.”

On the other hand, the hypothesis that geneiitthe case of transgenic plants with resistance to glufosi-
engineering might involve specific ris@r se nate (introduction of a specific acetyltransferase), the
which exist irrespective of what the gene produ@tispicion would be warranted only, "if there were some

is. seems rather weak. No mechanism Wéryication that acetylated substances are likely to be toxic
' ) or allergenic”. But there are no such indications.
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plants in our technology assessment did neerve any differences, we can assume that they
simply give in at this point. They insisted thaexist and base our risk assessment on this as-
the discussions could, at best, have shown thatymption. Obviously, no one thought this argu-
on the basis of existing scientific knowledge, theent to be sufficient. In sum, therefore, the fact
"special quality” of genetic engineering (andhat transgenes, as far as their impact on the
hence specific risks) cannot be demonstrategenomic structure is concerned, cannot be
They argued further, however, that differencedistinguished from transposons and the recombi-
between transgenic and nontransgenic plantsations that occur in conventional plant breeding
which cannot be demonstrated, can neverthelgs®cludes the hypothesis that specific risks might
exist. be involved just because genetic engineering has

This argument replaces reference to an empiricl%\‘?en applied.

fact, "genetic engineering has a special qual- Hypothetical and speculative

ity”, with reference to a logical possibiljtiit is 6 worst-case scenarios

conceivable that genetic engineering has a

special quality”. It seems that this move is nowhen we consider suspected risks which might
longer an attempt to provide reasons for thexist but have not been experienced, then, by
hypothesis of specific risks, but rather an agefinition, the possible damage from such risks
tempt to avoid the need for further reasons. cannot be foreseen. But is the damage also

In general, the discourse in our technolog" nforeseeable”, in the sense that anything com_JId
assessment proceeded from the premise th _@,ppen’? Should we assume that the hypothetical
whoever makes a claim must substantiate #Sks from transgenic plants could have fatal or
Consequently, those who claimed that the risk@tastrophic consequences?

of transgenic and nontransgenic plants argifferent worst-case scenarios were discussed in
comparable had to deliver the arguments. Whg{e technology assessment. In terms of specific
they did was to show that whatever risk ometabolic risks from transgenic plants, associ-
uncertainty was identified and described fopted with alien gene products, the envisaged
transgenic plants, equivalent risk or uncertaintaamage was that toxic or allergenic plant sub-
can be identified for conventionally bred plantsstances could be formed, making the plants
But they were not supposed to demonstrate th@suitable as food. If reactions to these sub-
impossible, namely, that unknown risks fromstance were severe, the risk would be easy to
transgenic plants, which might exist but have ng§ientify and the respective cultivar could be
been identified and cannot be described, are algfken off the market immediately. If the effects
equivalent. were low-level, however, while they may not

The fact that our knowledge is limited mitigate§i€cessarily be harmless for human health,
against those who claim that differences whicamage would likely go unnoticed or it would be
we do not recognise may nevertheless exigifficult to attribute to the transgenic food crop

Logically, lack of evidence does not prove tha®S the probable cauSe.

the differences do not exist (we may find onghis worst-case scenario uses empirical exam-
tomorrow); practically, however, if we find noples and theoretical models from plant physiol-
difference we treat things as being equal (for thgyy, plant breeding and food toxicology to
time being), not as different. There seems to kgrcumscribe possible consequences. It relies on
no alternative. Where we do not know, We&nown causal mechanisms and does not assume,
cannot distinguish. This makes an easy argfor example, that harmless crop plants would

ment for those who claim that things are compauddenly begin to produce deadly poisons when
rable. On the other hand, the concept of equalifyherbicide resistance gene is added.
would lose all meaning if, in the absence of

observable differences, things must be countéycautious approach was also taken to describe

as different and not as equal, until the contrary'e worst case of environmental damage that
were proven. ould result from transgenic plants: Should

unexpected metabolic changes lead to increased
This rule was apparently accepted, at leagkological fitness then, it was assumed, trans-
implicitly, by all participants in the technologygenic crop plants could invade agricultural
assessment. Otherwise, critics of the technologibitats as weeds and cause agronomic prob-
could have foregone sophisticated arguments f@ms or yield loss for the farmer. Eventually the

show why genetic engineering has a "specigllants (or their hybrids with wild relatives) could
quality” which makes a difference between

transgenic and nontransgenic plants. They could
have argue instead that even if we do not oFFgsee section il E1 below for the testing required.
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become established in natural ecosystems awtiile hypotheses of risk might be a proper
change these. The empirical model for the latteeason for demanding more research, they
assumption was the undesired spread of nonishould on no account be the basis for additional
digenous or poorly domesticated crop plantsegulation. Others felt that even speculative risks
such as the American black cherry in Germawarrant drastic precautionary measures to ward
forests, topinambur along rivers, or rhododersff possible harm from genetically engineered
dron in the British countryside. plants.

Occasionally, however, much more dramati@he first position outlined above is more
images of worst cases were proposed in owvestrictive than current policy and law. It is an
technology assessment. In a kind of "thoughdccepted principle in many fields that precau-
experiment”, one participant developed th#&onary measures can be taken if there are good
following scenario of how horizontal genereasons to suspect risk. It is not necessary to
transfer from genetically engineered crop plantsait until some risk is clearly recognisable and
could result in ecological catastrophe: Trandanger imminent. Effective protection of
formed bacteria could release new metabolimportant goods such as life, health, or ecolog-
products into the soil which induce permanerital stability prespposes some response to
changes in the composition and function of soiincertain risk. This applies in particular when
microflora that differ from and go farther thansuch risks could have catastrophic consequences
the changes normally induced by agriculturadhould they become real. Therefore, it should be
practice. These changes could, if transgenim question that some kind of regulation is
plants became used on a massive scale, affappropriate in dealing with hypothetical ri8k.
the evolutionary balance between bacteria arithe question is, how restrictive can the
plants—the basis of the composition and praegulation be? In general, the assumption of
duction of earth’s atmosphere. As a result, odnidden risk from a new technology will justify
atmosphere and climate could be changed sigdditional safety measures and controls, but not
nificantly. a complete ban on the technology. In the
erman law this rule follows from the principle

This thought experiment is revealing because proportionality. This principle also says that

shows that a catastrophic threat can easily :
hypothesised if logical possibilities are compile e greater the potential damage from assumed

one after the other without identifying any&sekésjtlss rrg:reb erestrlctlve the precautionary
mechanism to explain how events which are y be.
imagined could become real under suitabl&he second position outlined above, that drastic
circumstances. The above scenario for ecologirecautionary measures always be taken, goes
cal catastrophe triggered by horizontal genlgeyond current policy and law in most countries.
transfer must be dismissed as mere specula-implies that any kind of suspected risk is a
tion—it is not a reasoned hypothesis. Thisalid reason to ban a technology, even if that
stands in sharp contrast, for instance, to thisk can only be described as "theoretically not
worst-case scenarios discussed in relation to be excluded” (a formula used throughout the
nuclear power. Here, the causal mechanisms ti@ko-Institut’'s report). In this case it would be
would inevitably lead to catastrophe, providegufficient that there is a logical possibility that
certain initial conditions are met, are known: fothe technology implies hidden risks which we do
example, a permanent breakdown of all coolingot know and hence cannot describe in any way.
systems. No comparable mechanisms are knowwhe German Supreme Court had to deal with
for the case of transgenic plants. One wouldhis kind of uncertainty about risks in the case of
have to postulate them as a hypothesis, that igjclear power plants and ruled that it constitutes
assume that hidden mechanisms exist, of whi¢hesidual risk” which must be tolerated as
we are unaware, but which operate specificallyocially adequate, since the only alternative
and only for transgenic organisms and have theould be that the state had to ban the new
capacity to translate small, immediate conse-

guences into large, long-term catastrophe.

8 The German Federal Administrative Court has ruled

7 Regulating suspected risks that, in designing precautionary measures for nuclear
power,

"also possibilities of harm must be taken into account

There were widely differing views in the tech- which cannot be excluded because, given the present
state of knowledge, certain causal relations can neither

nology assessment about appropriate political he confirmed nor denied and, hence, there is no clear
and legal responses to suspected risk, and thisand present danger, but only suspicion of danger or a

aspect remained controversial. Some argued that potential of worry” (Bundesverwaltungsgericht, Vol-
ume 72, 1985: 315).



70 Herbicide-Resistant Crops

technology completel$f. However, the court did based on speculative risk is limited. But this
decide what the stat@ustregulate in order to may not be a conclusive objection within the
meet its obligation to protect the basic rights afontext of technology assessment. In principle, it
its citizens. What the statman regulate under would be legitimate to argue that proper regula-
the precautionary principle is a different question requires a revision of current legal princi-
tion. There is considerable scope for a mongles, including a redefinition of the balance of
restrictive policy. basic rights between those who want to use new
technology and those who want to minimise its
isks. A more serious objection would be that
eculative risk arguments are inadequate as

The German constitution, for example, certainl
does not rule out precautionary measures agai

speculative risk, or regulations that respond Q.= - :
diffuse public anxiety that some unknown evi riteria of normative assessment because they do

occur if transgenic plants are released. The eaﬂﬁt distinguish between what should be allowed

organisms issued in most countries during t P '
[

late 1970s (after the Asilomar Conference i © mvoked_ against anyth_mg at any time. The
same applies to speculative worst-case scenar-

1975) may be taken as an example for thg

regulation of speculative risk. The guidelineé s. If the fact that we do not know exactly what

‘ could happen constitutes legitimate reason to

\(I:V;rignqroltreﬂzee?;ﬂ\ifgf tﬁléh?;cghtggte ;ﬁgiéuzt:g_ssume _that any imaginable consequence might
e possible, then we would have to expect

neering was a novel technology and that experi- .
ence was lacking with respect to its possibl atastrophes everywhere all the time, and no

consequences. Nevertheless, these guidelinI govation could be approved. There is no way,

would have been permissible as binding la %%tg%blgo kTJO:;I Vi\;hﬁgscabnegnaﬁg;l dW:.t,I?W d?ernre?zgu
under the German constitution, because th 9y

leave some freedom. While they restrict the u Rndltlons. And even then, we cannot be sure
of genetcally engineered organisms, they do i 412 (8 UNPEE TS 08 nologies
exclude them completely; the scope of th 9 X gies,

guidelines envisages that these restrictions co (’:;ﬂg?/a?:\/er Q éi?ﬁ:;;gks. Eﬁs regg, g Wfosgle
be lifted after a period of testing, if there are sti P y polcy PP

no further indications that the suspected risks | ngi\glée%g?ﬂogﬁi \2';2 2%’5’6\: t?ﬁgﬁ rsnag (I:TI:{?ve
fact exist. It was along these lines that mo ! b

. . rst- nari r I riteria.
participants in the technology assessment pro-0 st-case scenarios are useless as criteria

posedltotregTuAate transgenicéI Zerbicide-g%§i§ta Reversing the burden of
crop plants. They recommended some addition proof —in dubio contra
safety measures to be reviewed after a specifi roiectum?

period? Under German constitutional law, proj ’

however, it would bedrmCUIt to sustain abSOIUt@iscussions in our techno|0gy assessment sug-
and complete prohibition of transgenic plants Ofest that unsubstantiated, hypothetical risks and
the ground that this would be the only way tyorst-case scenarios that fail to explicate suit-
elimnate all the conceivable, unknown riskgple mechanisms for how damage might occur
these plants might imply. Such a ban would bgj| have no relevance for the regulation of new
incompatible with the basic rights of the partiegechnology. But is this conclusion compelling? It
with an interest in the technology (manufacturergas, at any rate, rejected by all those partici-
or users). pants who had argued that transgenic herbicide-
Therefore, the legal relevance of argument§Sistant crop plants should be banned, because
the existence of unknown risks could not be
excluded. The underlying rationale of this argu-
% Bundesverfassungsgericht, Volume 49 (1978) 143. Thment seems to be that the burden of proof should

Federal Administrative Court requires under the Federgje placed on claims of safety, not on claims of
Clean Air Act(Bundesimmissionschutzgesetmt "there '

- o risk.
are sufficient reasons to assume that immissions coul
possibly lead to harmful effects on the environmentAg g rule, the relative safety of a new technology
(Bundesverwaltungsgericht, Volume 69, 1984: 43)must be demonstrated by passing it through a

Suspected risk "on the basis of theoretical consideratiorﬁ f - - bef . b
and calculations” may be sufficient reason; it is no'ter of preventive testing before It can be

enough, however, if "small minority opinions in scienceunleéashed on society. But the general legal
propose a theoretical assumption which is falsifiable, iprinciple is that the burden of proof lies with

p_ri_nciple, but untestable with the available meansthose who claim risks. Those who argue that a
(ibid.). technology, although it may have survived the
°! See section Ill E below. testing for approval, is nevertheless still not safe,
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have to prove that there are additional risks. living with the risks and uncertainties of old
they are unable to do so, or if they cannot sulbechnology than with the risks and uncertainties
stantiate suspected risks in plausible hypotheses,new technology.
uthorised. Thi principle favours inovation, [0 COUTSe: this value judgement ias also con
is based upon the value judgement that hidd%rr_]oversml. We are not necessarlly on the safe
e when we opt for the continued use of old
hnology against innovation. Established
actices can also be fraught with unknown
idden risks which we may only recognise later.
ﬁ‘hese, too, could have consequences as severe
s any of those unknown risks from a new

éc’:hnology—for instance, climatic changes
acceptance of innovation nor confidence in o rought about by the continued burning of fossi

ability to repair things if they go wrong can beuels' Iln add't'onblw? ere %N © couolld %Ct’ V\I'e afre
taken for granted in society. And these premis%t only r%spong € _orlw at WE. 0, hUt aiso for
were definitely not shared by the critics of; at we do not. Strictly speaking, the precau-
) X H nary principle would also require that we
transgenic plants in our technology assessment, . der the risks (includina hidd isk
They demanded a complete reversal of t%c nsider the risks (including hidden risks) we

risks and unforeseeable consequences tq
escape our best efforts of anticipation are
worthwhile price to pay for new technology an
the freedom to innovate. Furthermore, it implie
confidence in society to be able to cope wit
such risks and their consequences, should th
occur in the future. Apparently, neither broa

burden of proof. Given the fact that herbicid %kﬁ |f| we forego innovation and stick to old
resistance genes cannot be contained or retrie &gnnoogy.

in nature, the possible harm from hidden riskd remaining argument in this debate was that
could be irreversible once transgenic plants atbose technologies with which we are familiar
released into the environment. Therefore, it waseem less threatening because we have already
argued, the release of such plants should not bad some time to detect their hidden problems
allowed until it is proven that they involve noand to adapt to them. We have extensive practi-
additional risk. cal experience with conventional breeding
echniques, but not with genetic engineering. In

: IS sense, nontransgenic plants indeed fare
becomes a conclusive argument. Remote tter in terms of safety levels than transgenic
speculative scenarios do not have to be justifi cf

by the crcs of a technology; raher they mufl 1, QLU Some soeales comenions)
be refuted by its proponenti dubio contra g 9 y

projectum!Consequently, reversal of the burderﬁorr]e,{Emes‘ht.e d). dThe final _questlofr;_ would then be
of proof suggests itself as an ideal strategy E]f er t 'IS da Vﬂnt?ge Is a sufficient reascc)m_ to
maximise the impact of risk arguments. Th refer an old technology over a new one. Opin-

guestion remains, however, whether this strate ns over this question were indeed d'V'de.d n
is practicable. In particular, two problems wer u? df:g?d?gé gst%egzr?g\?é'rslg dasr;%ga;o?ditli];rggle
raised: (1) Must we not apply the reversal of th P

le would be needed to justify giving the benefit
burden of proof to both old and new technology :
(2) Will any new technology ever be approve f doubt to the older technology. Without such a

: o ule of preference, any technology, old or new,
under this rule? would fall victim to the suspicion of hidden
Why should the reversal of the burden of proafisks.

' 2
i?tglry;ﬁ Z%thi;elfggﬂgg'%? :ﬂdoﬁoi etghr?:)? Ooneisl.he main weakness of regulatory schemes which
iust as much an experiment involving unc e?éi ?_everse the burden of proof to minimise techno-
J P 9 Mlogical risk, is that they are unable to distinguish

ties and unforeseen consequences as the intfoz .
duction of new technology. A pragmatic answe _(gtween acceptable and unacceptable innova-

to this question might be that we also treat olffons- The ‘unsubstantiated assumption that a

and new technologies asymmetrically in othe |\(,:\,gnglog)é (r:r?:clide 'gxglvga#nﬁgfg\(n ggkfefﬁf‘en d
cases. For example, the German law on tox Y y :

substances or medical drugs still allows ol mpirical proof of a negative fact, in this case,

products which would not be approved accor at hidden risks do not exist, is a logical impos-

. PR Sibility. One cannot, in a finite period of time,
ing to current standards. In principle, howeverz\xamine an infinite set of possible facts in order

such asymmetry discriminates against 'nnov%'o? demonstrate that it does not contain some

Under such a rule any kind of risk assumptio

tle?s ?Sng afsivdog;stggev;ﬁjcehﬂﬂggﬁael nf:[[l?;liss ochiIe' ecific element. Consequently, a strict reversal
the burden of proof would exclude all inno-

BI?)S(‘:ILIS(IJIE t:;:gsfhgtm\,cgvg?gn IZnSéIP;YIedbde?'\[lcva? (())r tion. From the perspective of risk prevention,
' 9 y en, no new technology would ever be accept-
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able. not. The main objection in the technology as-
It seems plausible, therefore, to assume thrsjissment was that no difference can be made as
e . r as reversibility is concerned between trans-
those who insist on the strict reversal of th enic and nontransgenic crop plants. As a rule
burden of proof have a moratorium on th e crops developed using conventional breeding

freedom to innovate in mind. They want t : )
replace control of risk as the test for approval %Fchnlques are also able to reproduce; they are

new technology with other criteria such a ust as difficult (or easy) to retrieve as geneti-

socioeconomic need or democratic vote. On t%c‘;@lly engineered crops and they can, under

other hand, if it is accepted that new technolo ﬁrtam _m;ﬁumstanc?s, mdducet: |Irreve|:r?_|ble
should be regulated within a framework of ris anges In the ecosystem and natural evolution.
control, the burden of proof can only be reversdd reversibility were really taken seriously as a
to a limited extent. One must be satisfied witlsondition for approval, then conventionally bred
indicators for relative safety and leave aside riskrops would also not be allowed. This would
scenarios which can neither be tested nor sutlearly be absurd. There is general consensus
stantiated. Then, only doubts justified by goothat such crops be accepted. Lack of reversibil-
reason will count as an argumestintra pro- ity cannot be a sufficient reason to ban any new
jectum and reversal of the burden of prootrop. In the final analysis regulation returns to
comes close to what we have in existing reguléhe issues of risk. The relevant question is

tions under the precautionary principle. whether a crop will have harmful consequences,
o o not whether the consequences will be reversible.

Reversibility as a criterion? Accordingly, possible damage from transgenic
herbicide-resistant plants was the central topic in

.our technology assessment, not whether the

Various efforts have been made to find criterigejease of such plants can be reversed or not.
which take unknown risks into account without

the need to ban new technologies outright. In th Regulatory responses to
public debate, it was proposed that new technoﬂ_ O anxiety

ogy only be permitted if its possible conse-

guences are reversible. In the event of uneXhe assumption that transgenic plants pose new,
pected risks, it must be possible to revoke thenknown risks which, in extreme cases, could
approval of a technology without leaving lastingrove fatal or catastrophic may be arbitrary and
damage. This criterion was adopted by somientifically unfounded and therefore unsuitable
participants in the technology assessment, wias the basis for regulation. However, fear of
argued that genetically engineered organisms-unforeseen consequences is psychologically
in contrast, for example, to chemicals—werglausible and probably widespread. People need
able to reproduce themselves and multiply, antbt have particularly good reasons to be seri-
hence could not be recalled once they have beeusly worried; it may be sufficient that geneti-
released in large quantities. These participantally engineered plants are novel and unfamiliar.
felt that transgenic herbicide-resistant cropAnxieties are a legitimate political signal, even if
should be banned, as a precautionary measurehey cannot be justified on scientific grounds. In
ensure that no irreversible harmful effects oa democracy, citizens’ feelings count; everyone
nature could occur. has, so to speak, the right to choose what he or
she fears and what not. On the other hand, this
oes not imply a right to have one’s fears put at
e basis of collective regulation. Under the
erman constitution it is not possible to ban a

Reversibility or retrievability seem plausible
criteria. Responsible decision making ought t
consider whether and at what cost it would b

possible to reverse a decision, should it turn o
to have been a mistake. However, the questila?f\ChmIOgy merely because some people are

again is whether this is a viable criterion fo raid of it. However, there is no reason why the
precautionary regulation of transgenic plantgaw should not respond to the anxieties of the
We may disregard the philosophical objection'?eoIOIe by imposing additional safety measures
that, strictly speaking, no decision is reversiblghOIrt of a complete ban on the technology.

since historical development and natural evolulBome recommendations along these lines were
tion continue, and the world can never be theaade in the normative discussions in our tech-
same as before. From a practical point of view fiology assessment. It was proposed that addi-
is sufficient to distinguish between consequenceé®nal tests and monitoring be required for
which are more or less irreversible, and in thigansgenic herbicide-resistant crdps.These
sense pharmaceutical products can be recalled,
whereas released organisms and their genes are .

ee section lll E below.
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requirements should apply even if there were moNonselective herbicides such as glyphosate or
reasons to suppose that these plants are in ayhyfosinate are slightly better in terms of envi-
way more dangerous than plants developednmental impact than the herbicides they would
using conventional breeding. This asymmetriceplace. Rapid degradation in the soil and re-
treatment of transgenic plants could be regardedctions in the amount of herbicides used will
as a sort of safety penalty for the novelty of thiheoretically reduce the risk of groundwater
technology. contamination. Measurable effects on levels of
. . : .._,_erosion are not to be expected. The use of only
Regulations which are not based on |dent|f|ab§;e nonselective herbicide with monocultures or

risks but on the novelty of genetic engineerin the all crops of a rotational sequence could
are mcreasmgly denounce_d as antl-modernls_m tesult in the loss of rare weed species from the
the international discussion. Such regulation oed bank

were, however, not really in dispute in ou : - . ,
technology assessment. They representakind'of\lonselect've herbicides improve agronomic

: .conditions by providing new options for flexible
tribute to the lack of acceptance of enetlg LD
engineering among the g energjbli ¢ (alb ei? an ostemergence application and better control of
problem weeds. Nonrotational use of such

$f;r2c'§2itc mlgl#g :rcec ofrroellngerfg tCi:wCerglcv?/?t' erbicides could, however, increase the selection
9 P q y herbicide-resistant weeds. New opportunities

suspicion, whereas new conventional plants a r systems of integrated crop management (e.g.
widely accepted without reservation. This dlveraIi rect drilling, ground cover crops) may remain
gence of opinion will probably not be overcom 9. 9 P y

: , : ) ..?)urely theoretical, since they may not be eco-
in the short term by reiterating that the identifi nomic under present conditions.

able risks for both types of plants are equivalenj. For some crops, nonselective herbicides wil

Additional safety measures seem to be an ap: = . : ,
propriate response. They can be imposed for§ ﬁtr rgrggg}%gglﬁgzgg: farmers because weed

limited period of time. They are open to revision
and they do not represent an unreasonabltese findings were considered provisionary,
restriction as long as they do not in fact amourince they were based on assumptions about the
to an attempt to obstruct the introduction ofise and effects of nonselective herbicides, which
transgenic plants altogether. may have to be modified when more data are
available from field trials and practical experi-
(C NONSELECTIVE HERBICIDES: | £ 2 0 e I L e e
ARE THE BENEFITS The dispute was over the normative evaluation.
APPRECIABLE? Many participants rejected the conclusion while
_ _ _ _ that nonselective herbicides promise only slight
Public debate is preoccupied with the control ofgyantage, they at any rate have no significant
risks involved in genetic engineering. Howevergisadvantage and their use, therefore, constitutes
this is only one of the issues generated by trangs 4cceptable method of agricultural manage-
genic herbicide-resistant crop plants. Anothehent participants disagreed over the assessment
issue is the use of nonselective herbicides §} existing regulations, over the proper criteria
agriculture, which becomes a feasible option Q¢ penefit, and over fundamental issues of future
weed control if herbicide resistance genes apgyelopment in modern agriculture and the role
engineered to crop plants. The risks and benefils technological innovation in our society.
of such a strategy have been dealt with in nu-
merous reports and discussions in the technolo Regulations as a factor in risk-
assessment. The results are, to put it cautiousg_ benefit analysis
nonspectacular. As was shown in sections I
and Il C above, neither grave risks nor dramatit was a common practice throughout the tech-
benefits can be expected: nology assessment to counter arguments about
* Nonselective herbicides will not pose anyossible risks, disadvantages and misuses of
particular problem of residues in food productsonselective herbicides by sayinghe argu-
The situation is basically the same as it is witment is true, in principle, but irrelevant, in
the introduction of new selective herbicides.  practice, because existing regulation is coping
* The overall amount of herbicides used imwith the problem”. This form of counter-
agriculture is likely to decrease; in some cropargument considered "unfair” by some partici-
considerable savings could be achieved. Thepants. Indeed, one can easily make the results of
could be some increase, however, in marginahy risk-benefit analysis positive, by assuming
areas if mechanical methods of weed control ar@eal regulations and controls which will elimi-
displaced. nate all negative factors. At the other extreme,
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however, it would also be misleading if regulaherbicides in general, the debate on the scope
tions were not considered at all. No technologgnd predictive power of preventive testing for

in our society is approved without any restricapproval of herbicides remained a side issue in
tion. Therefore, a risk-benefit analysis of transthe discussions. There was agreement that the
genic herbicide-resistant plants can take intdevelopment of better test methods and models
account legitimately the established regulatoriy toxicology and ecology is desirable. However,
framework (testing requirements, rules of applithe argument that available tests should be
cation, liability etc.), to determine what thedismissed as useless because they have inherent
impacts of such plants would be. Nor would itimitations was clearly rejected: that would
be "unfair” to recommend new regulations aneliminate all objective, reproducible criteria from

to argue that these would solve the problem amaedictive risk assessment.

make the technology acceptable. To the COE%

trary, .SUCh regommendatlon' IS _clear 'eV|denc ind that regulations should not make unrealis-
that risk-benefit analysis will yield different . . :

. : . tic guarantees of safety. No preventive testing
results with or without the proposed regulation an exclude everv risk- it can onlv control a
For example, if nonselective herbicides wer y ; y

. X . : inite set of clearly defined risk assumptions.
continuously applied without rotation, theyTCgere can alwaysybe ks which wi rl'?ot be

ne thing the debate did achieve was to call to

o e o e it because they  are urknown or
P : N testable. Thus, if tests find no risk, this is
counted as negative according to standards ;é}

C . rictly speaking, only an indication of relative
integrated crop protection”. However, if properS ety, and not a proof of full safety. The fact

regulations ensure that these herbicides are USRd: e a ccept such indicators and consider a

\?V“:ypfgggb}';'tg er(z[gltjlt?gﬁl Ofroiﬁs,s ;rl:]?s'rrggggﬁechnology safe (eno_ugh) once it has passec_i the
even positive? ’ Yests for approval, is a political compromise

' between minimising risks and enabling techno-
A risk-benefit analysis may have to disregartbgical innovation.
problems which are dealt with by proper regulaé

tion. But it Is stil a Iegmma'_[e argument that egative effects, any regulation of new technol-
existing or proposed regulation is in fact no y must draw a distinction between possible
@%ﬁ?ﬁaﬁ&t%;%\éietpvic?rﬂb'ega?éethitr tB?ngrilt %ects which can be tested and controlled before

o : pre - V1Y ._fhe technology is approved, and possible effects
on this line were raised against all regulatio hich must be tolerated without being tested.

concerning herbicides by the critics in our . : i
technology assessment. In particular they r “his applies as well to the approval of nonselec

- : : .Tive herbicides and of transgenic herbicide-
ferred to the limits of preventive testing, both i gesistant cultivars. Uncertainties which may still

ince it is impossible to test for all conceivable

terms of size and validity Qf tests (use qf animalse implied by such cultivars but have not been
and model systems). Critics also claimed th Ontrolled by preventive tests will. in  ledal
compliance with existing rules would be Palterms coun}c/ allos residual risk whiéh mayg be
gﬁjuelgrly low in the case of nonselective herblTmposed legitimately on the society. In political

' terms, however, the question of what constitutes
All participants in the technology assessmeran acceptable residual risk when herbicides are
admitted that the tests for herbicide approvalpproved is a highly controversial matter—both
have limitations, but many contested the clairim the public debate, in general, and in our
that, because of these limitations, existingechnology assessment. While it is true that tests
regulations could not guarantee the safety @fhich prove, to the negative, that no risks exist,
health and environment. They pointed out inare impossible, it is always possible to test more
stead that the regulations had apparently betran has been done up to now. Therefore, there
sufficient in the past to prevent damage. Wil always be room for new demands to tighten
unexpected harmful effects from herbicideshe conditions for herbicide approval.
occurred, the regulations could be tightened
approvals for the herbicides withdrawn, as in th
case of the ban on atrazine and paraquat

his dispute is not likely to be resolved because
f the underlying disagreement over whether

Germany (becase of grounduler contamindg S ST be sppioved 3 i 1 e o
tion or lasting soil impacts). Since our technolt '

. demand ever more exacting tests, even if this
ogy assessment was notipposed to judge makes the introduction of new herbicides virtu-
ally impossible or uneconomical. Those who
o , consider the use of herbicides acceptable and

See above section Il C2. necessary in agriculture will advocate limited
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testing programmes and warn against "oveentails some loss of biodiversity. In addition,
regulation”. It would be honest, in this disputelocal or regional biodiversity within agricultural

to do away with the misleading scientific rhetohabitats is in any case contingent upon the
ric that preventive testing will prove the safetychoice of crops to be cultivated. If certain crops
of a new technology; instead one should admitre no longer cultivated (for instance, sugar beet
that some compromise between what is testdd, Central Europe if alternatives become avail-
and what is not, is always implied. Political an@ble), then the weed complexes associated with
moral arguments must then explain why thithese crops will disappear from the fields. The
compromise should be accepted as fair arghme applies if large areas are set aside or
fitting. On the other hand, it is dishonest to driveeforested. Therefore, in contrast to natural
demands for stricter regulation to the extremecosystems, it makes no sense to regulate agri-
those who press for ever more preventive testimgltural habitats with a view to preserving
as a means to exclude all conceivable riskxisting biodiversity. If necessary, reserves
should admit instead that they really seek theould have to be created for rare weeds outside
total rejection of the technology, regardless dgricultural areas.

testing. Some participants concluded from this that

Shifting criteria of evaluation species conservation should have no significant
2 role in the assessment of nonselective herbicides.
The general feeling was, however, that while
Any risk-benefit analysis requires evaluatiorProduction must have priority on farmland, this
criteria. What counts as damage, what as berfé@es not imply aarte blanchefor unrestricted
fit? In many cases the answers are clear. gfadication of weed species. This is in line with
general, there is a social consensus on ba#i¢ GermanPlant Protection Actwhich rules
goals and values (human rights, protection of tiBat herbicides cannot be approved if they
environment, productivity in agriculture). Plu-impair the "household of nature”. However,
ralism does not mean that people live in separdftere was no agreement concerning to what
normative worlds. Disagreement arises ove@xtent species conservation on farmland is
questions of how accepted goals and valué®mpatible with agricultural production. Those
should be realised in concrete situations, a0 considered organic farming as a feasible
how priorities should be set if they are in conand desirable alternative to conventional,
flict. When it comes to these issues, pluralistifitensive agriculture felt that any loss of weed
moral attitudes and political preferences wilPiodiversity from herbicide use was avoidable
prevail. This was especially the case in ouand should therefore count as damage.
technology assessment whenever the develdponsequently, these persons were not impressed
ment of acceptable or desirable forms of agrPy the argument that nonselective herbicides
culture was at issue. The debate over wheth@puld not reduce weed stocks more than would
protecting the diversity of weed species is #e tank mixtures of selective herbicides used at
proper goal when we consider agriculturapresent; they demanded instead that weed
farmland, can serve as an example. control be carried out in general at much lower
. leyels. A common ground for evaluation
We can assume that the widespread use §fcented by all participants was the notion of

nonselective herbicides will reduce weed se tegrated crop protection”, with the objective
banks and occasionally eliminate rare weeg) requce the chemical load on agricultural
species from the areas treated. Is thlsanegath@ds’ if possible. The majority accordingly

factor in the risk-benefit analysis? If we applyeiected permanent, nonrotational applications of

the criterion of nature conservation, then the l0§g)nselective herbicides because this is likely to
of a rare species in a region constitutes signifiaaq o extreme depletion of weed seed banks.
cant damage; this criterion demands that the

existing spectrum of species be preserved ov Are small benefits
the widest possible range of sites. But is this 3 appreciable?

proper criterion for evaluating a method of wee

control? Evidently, where farmland is concernedylost of the participants in the technology as-
some aspects of biodiversity will give way tossessment felt that transgenic herbicide-resistant
aspects of productivity. Agriculture gives, bycrops did not represent a major technological
definition, preferential treatment to crops ovebreakthrough in chemical weed control. These
other plant species. All forms of agriculturecrops contribute to innovations that were already
including organic farming, attempt to eliminaten place before, like shifting to postemergence
most weeds from the fields and reduce theeatment using split doses of herbicides. Tech-
pressure from weed seed banks. Weed contratally speaking, nonselective herbicides are
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equivalent to new postemergence, selectiveent® In the discussions on soil erosion it was
herbicides. They will offer some advantageargued that any improvements that might result
with respect to flexibility and cost of weedfrom a shift to postemergence, nonselective
control, and with respect to more effectivénerbicides should be ignored because, on the one
elimination of problem weeds (especially in rowhand, they were in ho way adequate to compen-
crops). However, most participants saw littlesate for existing losses from erosion and, on the
reason to vest great hopes of agronomic benefa@ther hand, they would be superfluous if proper
in them? site-specific crop management were observed.

This assessment raised some basic questionsAofeduction in the amount of herbicides used
evaluation to be dealt with in any risk-benefitvas generally booked as an ecological benefit.
analysis: Are small benefits appreciable? Is However, participants in the technology assess-
technology acceptable if it improves the statusient, who rejected herbicides in principle, did
gquo moderately, or must the status quo hmot find them more acceptable or ecologically
evaluated as well? Will any improvement to théeneficial just because they would be used in
status quo suffice to "really” solve the probsmaller quantities. With respect to the economic
lems? Should alternatives to the technology kevaluation, some participants criticised that
assessed in comparison? reduced cost of agricultural inputs and products
. as taken as the criterion of benefit, because
There was broad agreement that risk-bene is implicitly accepts the status quo, namely,

analysis implies a limited frame of reference. | . . . ; _
makes little sense to extend the evaluation Qe practices of intensive farming, as the starting

. . int. Th r hat if external wer
technology in general, if we are to assess tra oint. They a gued t at I external costs were
: : : il cluded in the economic assessment—especially
genic herbicide-resistant crops. There wil egative environmental effects and also social
always be some innovations which are mor 9

worthwhile to pursue. And there will always b roblems—then conventional, intensive farming

other problems_against. which the possibifS 2 "eZE BT BE TS ETe o e
harmful effects from herbicide-resistant crop ! P

appeat 1o be nedlible. Therfore, opportuntiSL® [ 1 Frmer coud oo orger be coreie
costs (i.e. how the resources necessary for t

development, introduction and regulation of ' OPS:

herbicide-resistant crops could be put to bettdihis pattern of argument repeated itself
use) should not be considered. Conversely, tlleroughout the discussions in our technology
fact that destruction of tropical rain forests is thassessment. While some individuals emphasised
primary cause of loss of genetic diversity canndhat relative ecological or technological im-
be used as an argument to ignore the negatpmmvements were to be expected, others argued
impacts herbicide-resistant crops might contrithat such “improvements” should not count
ute to that problem. because, in absolute terms, they merely amend a

Even so, the choice of reference level remainedslé"’lte of affairs which was not acceptable from

problem in the technology assessment. F gs?uéi?th;h,e%g;?kgntg'?hges Jgsso?iﬂér:fgﬁge
example, participants agreed that herbici ’ g ’ Yy ' )

leaching into groundwater must be preventec?"Ioresent any real benefit.
and that savings in the amounts of herbicidddow the frame of reference for evaluation is
used in agriculture are desirable. But views aselected, is itself a matter of evaluation. The
differed over whether a reduction of 10 to 20%choice cannot, in the final analysis, be refuted
expected with nonselective herbicides, constbut merely laid open. It then becomes apparent
tuted any real improvement. Some took currenbat such choices need not be consistent. People
levels of groundwater pollution as the point ofound it convenient to shift the frame of refer-
reference, others the optimum of zero pollutioence to suit their interests in the argument. For
required by the precautionary principle. The&xample, in our technology assessment, changes
latter would only accept reductions in herbiciden the amounts of herbicides used were valued
use of at least one order of magnitude (i.e. @msymmetrically by many participants: a 10%
one-tenth or one-hundredth) as a real improveeduction was not considered an improvement at
all, but a 10% increase would clearly have been
rated as a change for the worse. In the latter

*This rather tentative assessment may have to BExpert report of G. Klein: "Auswirkungen der HR-
modified in view of the results from recent field trials; Technik auf aquatische Okosysteme”, Materialien zur
see above section Il B2. Technikfolgenabschétzung, Hef(s®e appendix).
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case, the status quo of herbicide inputs is tibe frame of reference. The question was
starting point of reference for evaluation; in thevhether or not we can expect relative improve-
former case, it is not. Similarly, a slight reducments compared with current weed control
tion in water pollution, which might result if practices. The context of these practices—
nonselective herbicides are applied in lesseultivation of high-yield crops, small crop
amounts, was not considered a real benefit; brdtations, and high chemical inputs of fertilisers
an equally small increase which might result i&nd pesticides—were taken as given.

more herbicides were washed off leaves w.

considered to represent real harm. Bur technology assessment was niimsed to

engage in a systematic, comparative evaluation
Nevertheless, there is still scope for a balanced alternative farming systems. However, par-
political assessment of herbicide-resistant cropsgipating environmental groups operated on the
irrespective of the frame of reference adopted f@remise that were such a comparison to be
evaluation. Even if one concedes that any inmade, organic farming would come out ahead,
provements achieved through such crops weasd that it could (and should) replace conven-
only variations of a status quo which itself mustional farming on a broad scale. This view was
be regarded as problematic, one could still argwentradicted by others whose main argument
that we ought to do what we can to improve thigas that organic farming could not ensure food
status quo step by step. The counter-argumentsispply for the world population. Nor was it
that this is treating the symptoms but not curingccepted unconditionally that organic farming
the disease. Although this may be true, it is stitepresents the superior model in terms of envi-
not a sufficient reason to reject herbicideronmental impacts and sustainability.

resistant crops altogether. Why should a positi -
development be rejected just because it does%?ﬁ1 ereas no participant would probably have

enied that organic farming has a better envi-
go far enough and cannot solve all the proble Bnmental record than conventional agriculture,
at once? It is possible to justify herbicide-

resistant crops as an option that offers moderac ?ﬂé’ F;?S\',Séeg n tg%tu a(l:lom\l/ieanl;llgnﬂlt e?ggtci\ljguirﬁ
agronomic and environmental benefit and, at th Xironmental terms if yit were developed ac-
same time, emphasise that these crops represegﬁ : L

no significant contribution to the more ambitiou% aglng to the principles of "integrated crop
goal of making modern systems of agricultur
sustainable. This argument will, however, not b
acceptable to those who oppose the use

herbicides as a matter of principle.

agement”. Opinions were divided over this

uestion. However, even the advocates of or-
nic farming did not rule out that, with appro-

iate  management, conventional agriculture
could be continued indefinitely and also fulfil the
Reference to intensive criterion of sust_ainability. They dipl not claim

4 agriculture or to organic that present agriculture would inevitably lead to
farming? the ecologlc_al collapse of food productl_o_n and

that, for this reason alone, the transition to

Normative discussions in the technology aserganic farming was indispensable. The question
sessment frequently ended up with more fund¥hether organic farming could completely

mental questions of how agriculture should bEePlace conventional agriculture as the basis of
developed in the future. If the prevalent systefyorld food production was not extensively

of intensive agriculture is considered to béliscussed. This issue is mainly of "academic”

neither worthy nor capable of being reformednterest since even the advocates of organic
then virtually no improvements to this systenf@rming did not assume that the phasing out of
would count as real benefits. Accordingly, it wagonventional agriculture was a realistic political

argued by some that the technology assessm@f@l for the near future. It is obvious that any
dealt with the wrong issues. Instead of assessifignsformation to organic farming would not

only transgenic herbicide-resistant crops, #nply an abrupt switch from one system to the
comparative assessment of alternative systefder; but at best it would mean a slow, progres-
of agriculture (intensive versus organic farming§ive shift in emphasis between two co-existing
would be needed. Strategies.

Our technology assessment indeed only poséde dispute over which form of agriculture we

limited questions and can therefore only givehould develop was in many ways the real core
limited answers. In deriving conclusions withof political disagreement over transgenic herbi-
respect to pOSS|bIe ecolog":al, agronomic arfade'reS|Stant CI’OpS. Nevertheless it W0u|d not
economic benefits of herbicide-resistant crop®€ appropriate to evaluate these crops solely

conventional, intensive agriculture was taken a#ithin the broader framework of alternative
systems. Even advocates of organic farming
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would have to admit that improvements irsis required by the German law (article 16 o
conventional agriculture could be highly releGenetic Engineering Acarticle 15 of theCrop
vant, since this form of agriculture is what idProtection Act In part, they were concerned
practised on almost the total area of farmland inith more radical demands to extend the politi-
the industrialised countries and much of theal control of innovation in our society.

Third World, feeding billions of people. Thanks ] ] )

to increased yields in conventional agricultur Risk-benefit analysis under
(including the so-called Green Revolution), food the German Genetic

production has been able to keep up with popu- Engineering Act

lation growth in recent decades. At least for the ] ) ) )
time being, therefore, hunger is more a problefccording to article 16 of thé&enetic Engi-
of distribution than of production. A realistic, "eering Act transgenic herbicide-resistant crops
short-term alternative to replace the presefay only be released or placed on the market if
system is not in sight. Despite all their differ-  »according to the available scientific evi-
ences, participants in our technology assessment dence no effects are to be expected which
would not have disputed that organic farming are unjustifiably harmful in view of the
methods could not take over the role of ensuring purpose of the releasé”.

food supply on a global scale in the foreseeabh'%he elements to be considered for such a deci-

future; nor perhaps would it ever be able do SQion were brought together in our technology

on the basis of its present level of productivity. -
One must therefore concede that— Olrama,[assessment. Most participants assumed that

olitical and technological revolution notwith-t?ansgenic herbicide-resistant crops would pass
POIItC 0log utions "this test and could be approv&dHowever,
standing—a growing world population will

. ; : several aspects need to be clarified: When is a
continue to depend on conventional agriculturgyy honefit analysis necessary (admissible)?
and steady agronomic, ecological and econory hat effects have to be taken into account in
improvements in this type of agriculture are, ssessing damage?
absolutely indispensable. 9 ge:

One question is whether a release can at all be

USEFULNESS AND justified by weighing the risks against the pur-
SOCIOECONOMIC NEED AS pose, if harmful effects are not only a possibility
CRITERIAFOR APPROVAL: 2 L o o P rat is, for harm that
A"FOURTH HURDLE” FOR would result from tran’sgenic or’ganisms if some
INNOVATION? unfortunate circumstances occur? Or can bene-

_ _ _ fits also compensate for imminent danger, that
What benefits might be obtained from transgenig for damage inherent in the application of such
herbicide-resistant crops is, without a doubt, Brganisms? The European law seems to rule
central topic in a technology assessment. Byt in the latter case, approval must always be

how relevant is it for decisions ab_out the teC'benied without any consideration of benefits.
nology? Seed producers and chemical companies

will try to estimate the economic advantages
befpre they invest in tfa”SQG’?'C herbicides Harm is defined in terms of impacts on life and health

re_S|stant_crops, and public fundlng should b@‘ humans, on animals and plants, as well as other
withheld if these crops do not promise a benefiispects of the environment and its fabric of interaction,
for the community® But to what extent should a and on material goods. See article 1.

legal test for benefits become a criterion for thes in Germany, releases of glufosinate-resistant oilseed
approval of new technology? Could/shouldape and maize were approved (for field trials only) in

transgenic herbicide-resistant crops be banné#94. On the European level, herbicide-resistant oilseed

because they offer no real benefits or becautare and chicory were authorised for being placed on the
market as seeds for breeding purposes (but not for food or

we aCtua"y dO_ not need th,em as equa"y gOOd fged) in 1996 (Official Journal, 1996 L, Nos. 37/30 and
better alternatives are available? 175/25). Monsanto’s glyphosate-resistant soybean was

. . uthorised for food purposes in April 1996&fficial
These questions were the subject of Controvergé(urnalL 107/10). Transgenic pest-resistant maize with a

in our technology assessment. DiscUsSiOngrbicide resistance gene as a marker was finally ap-
centred in part on the limited risk-benefit analyproved on the European level without restrictions for
marketing in December 1996. France refused, however,
to register the variety, which is a precondition for grow-
% probably because of public criticism sumding the ing it (seeNature Biotechnologyl5, 1997: 308). Thus,
project, the German Ministry for Research and Technothe maize is not yet grown in Europe; import has been
ogy decided not to become involved in the funding of thapproved in all EC countries except Austria and Luxem-
development of transgenic herbicide-resistant crops.  bourg (May 1997).
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Directive 90/220 on the deliberate release rehemical industry, but the protection of these
guires measures "to avoid adverse effects” dnterests is not covered by tleenetic Engi-
human health and the environment (article 4heering Act The same applies for negative
This question is controversi@lbut it appears to consequences attributable not to the transgenic
have no particular significance for transgeniberbicide-resistant crops themselves, but to the
herbicide-resistant crops since these pose nee of the nonselective herbicides introduced
specific risks for human health or the environwith these crops. An example would be envi-
ment. The risks discussed in our technologyonmental damage that might result if nonselec-
assessment all referred to possible harm that wiage herbicides were used particularly recklessly.
more or less remote and the probability of whicBuch problems concern the use of herbicides and
could be further reduced by appropriate safefgre a matter for the plant protection law rather
measures. Harm may nevertheless be possildlean the law for genetically modified organ-
but that possibility can be compensated legitisms!®

mately by the purpose (the benefits) of thﬁ

technology. is generally agreed that so-called residual

risks, that is, uncertainties about hidden risks, do
On the other hand, weighing the risks and thaot have to be compensated in a risk-purpose
purpose of a release is only necessary (amgsessment under the German law. Conse-
hence only admissible) according to the Germaguently, harmful effects which cannot be pre-
law if adverse effects are to be expected wittlicted or described because they are not known
some degree of probability. Therefore, consere not taken into account, even if they remain a
guences which are possible or probable but niiteoretical possibility. Many of the assumed
harmful need not be justified by the purpose aisks which were the subject of controversy in
the technology. This would probably apply, forour technology assessment fall under this cate-
example, to horizontal gene transfer from crogory, for example, the assumption that herbi-
plants to soil bacteria. Should herbicide resisside-resistance genes which had been outcrossed
tance genes be transferred, the effect to b@ wild plants or transferred to soil bacteria
expected would be a temporary increase itould have unforeseen environmental or other
numbers of transformed herbicide-resistamovel effects not previously observed, or that
bacteria near the soil surface while the herbicidbey could initiate evolutionary developments
is active. Whether this in itself represents ahich could prove harmful after many years. It
harmful effect is questionable. For similaris questionable whether any of the scenarios
reasons the possibility that transgenes for herldiscussed in our technology assessment substan-
cide resistance are outcrossed from crops tiated sufficient risk to warrant an assessment of
related wild species will be irrelevant. Sincgpurpose as a condition for the approval of
herbicide resistance does not represent atnansgenic herbicide-resistant crops under arti-
selective advantage in natural habitats, one

cannot envisage ecological damage from occg; .

sional wild plants which might have taken up the This is also the standard rule in the European law. The
transgene. Nor can the disadvantages resultigg)act of transgenic herbicide-resistant crops on the

. . . ctice of herbicide use in agriculture is outside the
from the selection of herbicide-resistant weeds Kope of Directive 90/220; see, for example the decision

agricultural fields be brought forward as damagey the Commission on herbicide-resistant chicddyfi¢
in a risk-benefit-analysis. They constitute reatial Journal 1996 L, No. 175/25). Such arguments may

harm to the economic interests of farmers or tHEvertheless be used to block decisions in the respective
committees (see IHE, 1996: 5). The legal separation of

safety issues from socioethical problems runs counter to
the mood of public debates and policy advisory bodies
9 Expert report commissioned from Prof. E. Rehbindewhich represent a broad range of interests. The excluded
(Fakultat fur Rechtswissenschaft, Universitat Frankfuraspects must either be dealt with in other legal arenas or
am Main): "Rechtsprobleme gentechnisch verandertdre taken up in informal deliberations and dialogues
herbizidresistenter Pflanzen”; commentary by Dr. Jsurrounding” decision making on genetic engineering;
Steinberger (Bundessortenamt Hannover)Materialien  see, for the Netherlands, Schomberg (1996). However, a
zur Technikfolgenabschétzung, Heft (e appendix). number of countries (Denmark, Austria) explicitly refer
Were the EC Directive to be applied strictly, then théo social criteria in their gene technology laws; see
need for revision would arise as soon as it would bkeevidowet al (1996: 148) and below. On the other hand,
necessary to consider a really useful application withny risk-benefit-analysis under tligenetic Engineering
unavoidable harmful effects. It would hardly be appropriAct would have to include agricultural disadvantages and
ate if it were not even possible to consider whether, fgroblems related to the use of nonselective herbicides as
example, the use of genetically modified microorganismsegative factors in assessing the benefits of herbicide-
against the malaria mosquito might not warrant certairesistant crops; these factors reduce the benefits to be
levels of water pollution or a shift in the species spectruti@aken into account. But benefits would only be assessed
of the food chain. See the official commentary on artiafter it has been decided that harmful effects must be
cle 16 in Hirsch and Schmidt-Didczuhn (1991, No. 17). expected.
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cle 16 of the Germaenetic Engineering Act trols than conventionally bred plants. The Ger-
Perhaps one could argue that the risk of unemian law requires safety measures corresponding
pected metabolic side-effects in food crops is a@o the state of scientific knowledg&tand der
example. This risk must be tested in every cas@/issenschaft which generally means a par-
but it still cannot be completely ruled out. If it isticularly high standard of precaution. However,
not classified as a residual risk, it would have tif, despite the safety measures transgenic crops
be balanced by the purpose (the benefits) of tkéll involve risks, and if these risks are compa-
release. Moreover, the definition of what conrable to those normally accepted with conven-
stitutes harm is not a mathematical exerciséonally bred plants, then a moderate benefit
And with no established jurisdiction in this field,should suffice to outweigh them in the risk-
it is difficult to predict whether the judgementpurpose assessment. It can be assumed that
that horizontal transfer or outcrossing of herbitransgenic herbicide-resistant crops would meet
cide resistance genes does not constitute hartiis requirement®

will finally be accepted by the courts. It seems

advisable, therefore, to consider what benefit Have _alternatives to
could be pointed out to compensate for suc genetically engineered crops
risks. to be taken into account?

Insofar as only field trials are concerned, thgyhenever risks and benefits have to be balanced
benefits to be considered are increases in knowhe question of alternatives comes to the fore.
edge about the performance and the effects @hn the benefits of transgenic herbicide-resistant
transgenic herbicide-resistant crops under fielgiops justify the risks when other options are
conditions. When transgenic crops are placed @Rajlable for weed control, with the same or
the market, the benefits to be considered Wilhwer risks? Can approval be denied if these
include reductions in the amounts of herbicidegyops, although useful when viewed in isolation,
used, better control of problem weeds, greatgfe not better than what we already have? There
fIEX|b|I|ty and hlghel‘ CrOp y|e|dS. Sma” Im- iS no provision in ar“cle 16 of the German
provements relative to the status quo must Rfenetic Engineering Adhat alternatives have
taken into account (with appropriate weightingo pe taken into account. This may nevertheless
There seems to be no legal basis for the demagd required under the general principles devel-
raised by some participants in our technologyped by the German Federal Administrative
assessment that a reduction in herbicide ug&uyrt in the paraquat ca¥&However, the law
amount to at least one order of magnitude (onRyses tight restrictions here.

tenth) less before it could really count as a ) ]

benefit. Any reduction in the use of chemicaldf is uncontested that the risk-benefit assessment

for crop protection is a legal objective accordingnder article 16 may not be used to test for
to the GermaiPlant Protection Actarticle )t Socioeconomic need nor to enforce political

In balancing the risks and purpose of transgenjg
herbl.glde_reSIStﬁn}: cr%ps _ItkseerES legitimate Certain harmful effects are possible if we release
consider as well that the risks to be compensat nsgenic herbicide-resistant crops. (2) The possibility of

(like uncontrolled metabolic changes or insuch effects will be outweighed legally by the benefits of
creases in fitness) also exist for conventionaliyiese crops. This interpretation would not be valid if the

bred plants. It is true that comparability of riskdaw really required that "harmful effects on the environ-
does not imply acceptability. The very fact thafent must be excluded” (see Rehbinder, p. 25). Strictly

ial leqislati h b ted f Eeaking, this formula would bar any approval of trans-
Special legisiation has been enacted 1or genez 2nic herbicide-resistant crops, irrespective of purpose or

Ca")_’ modified organisms 'suggests th_at trangrenefit. According to the results of our technology
genic crops could be subjected to stricter comssessment, harmful effects cannot be excluded. This
does not just mean that it is logically impossible to
exclude unknown risks: it is also not possible to reduce

101 O the other hand, it is questionable whether it can 5 alistic, |dent|f|gble risks to zero. It is only possible to
- . > . ... show that the risks are very small or that they can be
considered a benefit that, with transgenic herbicide: . . .
made very small by appropriate precautions. If there is an

resistant crops, farmers have better options for the . - . .
. plication for the risk-purpose assessment of article 16,
management of monocultures (as concluded by Rehbindet

in his report, p. 27). Such options are hardly compatiblI should lie here.

with the rules of "integrated crop protection”. In our'®Judgement by the German Federal Administrative
technology assessment, they were considered as a dis@durt, 10 November 1988, Volume 81, p. 12: Approval of
vantage and as abuse of herbicide-resistant crops, evem ifierbicide which has considerable effects on the house-
farmers could benefit economically in the short termhold of nature may be denied, because substitutes are
Like other agronomic disadvantages, they do not add &vailable that have fewer effects and that are suitable for
the risks of transgenic crops; rather, they reduce thbe farmer in agronomic and economic terms. See also
benefits which can be taken into account. Rehbinder, p. 40.

This conclusion is based on two assumptions:
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choices of the technology on which agricultur@authorisation when new and better products are
should be based. Competent authorities have ioought onto the market, and new herbicides can
examine whether transgenic herbicide-resistabe launched even if existing ones are as good or
crops are useful, but not whether they are actbetter. Consequently, it would not be legitimate
ally needed. And it is not an admissible legab reduce the benefits of transgenic herbicide-
argument that herbicides and thus herbicideesistant crops to zero just because nonselective
resistant crops can be spared altogether if agherbicides may not be better than already exist-
culture were shifted to organic farming. Altering selective herbicides.
natives that mlght_ have to be taken into accou rg evaluating risks, alternatives may have
are technical options for weed control withou ianifi . di to th
transgenic herbicide-resistant plants. Mechanicd]cater _ significance since, according to  the
. . araquat ruling, environmental impacts of
methods will not usually be considered becauge

they have agronomic and economic disadvara—erb'c'des may be unjustifiable if suitable alter-

tages and are not an equivalent optérBut atives are available. This ruling presupposes

selective herbicides with comparable perfor that the impacts exceed the levels normally to be

ance and equal or less risks than nonselecti%peded from herbicide use. In line with this

herbicides would provide a suitable alternative, aslon:jng, one coulpl %erl;apds argue that risks
Such alternatives might in fact be available, pvoved 1 transgenic herbicide-resistant crops

least for some crops. Has this any legal implic _reigfriljsu)sgl)ail?Itehéandozaenggti%%?ﬁg:][?%r:ﬁtg? tt(;y
tions for the risk-benefit balance of transgeni yp 9

- : otected legal goods and (2) if selective herbi-
- n ?2 7 m
herbicide-resistant crops? Two arguments COUCI{ r vailable fr which harmful effect

be made in this respect. The first is that, becau e less probable. Our technology assessment

alternatlve_s_ are a_vallable, no benefit accru ggests that the possible risks from transgenic
from herbicide-resistant crops. The second %rbicide-resistant crops do not meet condi-
[

that, because alternatives are available, the ri
posed by herbicide-resistant crops are unacce
able. Both arguments are to the same point b\W/
with a slightly different focus.

n°l. They refer to possibilities of damage,
hich are either remote or "normal” in dealing
th crop plants. Therefore, it should be legiti-
mate to compensate them with possible benefits.
When we compare benefits of different techThere is no established rule under the precau-
nologies, we may find that one is more usefulonary principle that alternatives must be taken
than the other. However, we would not normallynto account in order to minimise risks, and that
conclude from this that only the best one isvshen alternatives are available, only the tech-
really useful and that the others offer no benefitology that implies the least risk can be ap-
at all. The very fact that we do have differenproved. Such a rule does not even apply for
versions of a technology, in our case, that weuclear energy. If it were adopted then, in the
have more options for herbicide use, can itsetiase of transgenic herbicide-resistant crops, the
represent a benefit. In general, the approval ofaternatives to be taken into account would be
new technology is not contingent upon its represonventionally bred plants (and not selective
senting real progress compared to an oldé&erbicides). However, on the basis our technol-
technology’® Older herbicides do not lose theirogy assessment, it is questionable whether less
harmful effects are to be expected from conven-
tionally bred plants than from transgenic ofies.

104 Eollowing the “paraquat” ruling they would neverthe-In  conclusion, any suggestion that transgenic
less have to be considered if severe impacts on tigerbicide-resistant crops should only be ap-
household of nature were to be expected from nonsel roved if they offer clear advantages over previ-

tive herbicides, which exceed those levels usually caus . .
by herbicides. Having to tolerate such impacts would b sly applied strategies of weed control would

unjustifiable, if mechanical methods were an availabl®€ treading new legal ground. It advocates the
and suitable alternative. However, no evidence was
produced In our technology assessment that SeVelCpected (article 34, Saatgutverkehrsgesgtzsee also
impacts must indeed be expected. Therefore, as long BRhbi
A : .Rehbinder, p. 8.
the availability of mechanical methods of weed control is
not a sufficient reason for denying the approval of®It would seem that there is also little scope for taking
herbicides in general, it will also not be possible to use #lternatives into account in herbicide approval. Nonse-
as a legal argument against the approval of transgeréctive herbicides tend to have less and not more impact
herbicide-resistant plants. on the household of nature than commonly used herbi-
105 e S ._cides. The risk that rare weed species could be eliminated
The certification of new plant varieties is an exception . . . -

) - - . - by excessive reductions in weed seed banks may require

to a certain degree; new varieties only get listed if they’, ;.. S e X
dditional regulation; it hardly justifies denial of approval

pass the test of "value for cultivation and use” which . o !
. - . r nonselective herbicides because alternatives are
according to the German law, requires that a nOtlceab[elgvailable

improvement” compared to existing varieties is to be
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rule that old technology should be given preceejected by mainstream policy and, as was to be
dence over new, and that "novelty” is sufficienexpected, met with opposition in our technology
reason for rejecting a technology if no additionadassessment as weél. The objections were in
benefit can be demonstrated. It was surely npart pragmatic and in part a matter of principle.
E;hei e't?égﬂgor?] Ogli‘ﬁetgeo rg:m;‘?s It?)wsutgh S:brjjl?ragmatic arguments considered problems of
That would have been expressed clearly in t@ellmltatlon.What counts as needire trans-

e . L. .
Genetic Engineering ActThis rule cannot, enic herbicide-resistant crops only needed when

therefore, be introduced through the back do rX'St'nP herbmde; hh ave galpsb n Ithelr dwe_erc]i
of the risk-purpose assessment required un ntrol spectra which can only be plugged wit
article 16 of the acf” However. particioants in nselective herbicides? Or, is there also a need
: » P P ar additional herbicides even if they are not
the technology assessment discussed whether. h h e 2 s the f ;
such a rule was desirable, in principle, an etter than the existing ones? Is the farmer's

: . : . terest in cutting costs an acceptable need? And
whether it should be included in the law in th hat about lower food prices, or jobs created in

future. the breeding sector? Obviously, the assessment
Socioeconomic need as a of social need depends on which short and long-
3 criterion for technological term effects of new technology are taken into

consideration. One could solve this problem by
taking only direct effects of the new technology

In a way, the postulate that new technolog9" product into account. T_hl_s is the_pract_lce
should only be approved if it is shown to bémder current Iaw, in deteymmmg benefits which
socially useful and to fulfil a real need, was th&1ght balance risks. In this case, the assessment
logical endpoint of the risk debate in our techwould have to be confined to the intended appli-
nology assessment. It refers to residual (hiddef§tion of transgenic herbicide-resistant crops
risks and implicitly admits that no conclusive@nd consider the need for technically reliable,
argument could be formulated against transgerf@vironmentally  friendly and economically
herbicide-resistant crops within the commonfiable weed control. This proposal does not
framework of risk regulation. The central argu
ment is simple: If no innovation can escape the for example, to make sure that a particular product

: : will not exacerbate existing agricultural surpluses or
risk of harmful effects which we do not know result in further decline in small farming operations”

and therefore cannot test in advance, then we (1992: 8).
should take this risk only if the innovation iswsrhe  commission of the European Communities

really worth it. A technology which, strictly jntends to assess products only under the conventional
speaking, is superfluous because it serves B@eria of safety, efficacy and quality. "By their nature,
acceptable need or because appropriate altersesio-economic aspects need to be considered in a
tives are available, does not even justify residudifferent way. It is not the intention to have another

: - : systematic assessment in addition to the three criteria”
risks being imposed on the society. (CEC 1991: conclusion); see also Cantley (1995: 639).

This is a standard argument of the critics ofhe US Office of Science and Technology Policy has
modern technology in many areas. It Wa§1r_npha5|sed that regulation should be confined to risks.

. he risk-based approach is scientifically sound, properly
brought before the European Parliament by @otects public health and the environment against risk,

member of the Green Party, who advocated sad avoids hindering safe innovations. . . . Determining
"fourth hurdle” in the regulation of innovation. the scope of oversight on grounds other than risk would
New technologies or products should not onl Iso tend to discourage useful innovations” (OSTP 1992).
pass tests of safety, efficacy and quality, b pe German government followed that reasoning when it

also the test of socioeconomic n&&dt was propogeq to amend tt@enetic Engineerir)g Adp 1993.
- "Restrictions of the use of genetic engineering are only

warranted to the extent that they are justified to protect
humans and the environmentBundestagsdrucksache
7 Nor can it be read from the European law. 12/5145: 10. The AustrianGene Technology Acf 1994

198 Breyer (1992), as rapporteur of a draft report for thg]dUd%S’ howe:j/er, brtc))lz?lder_ criteria. The govgrlnmen} has
Committee on ~Energy, Research and Developmerf Mandate (and an obligation) to issue special regulation

Hiltrud Breyer, member of the German Green Part))n order to prohibit products if they "could lead to a

criticises the intention of the Commission of the Europurden on society or social groups, which cannot be

pean Communities (CEC991) to exclude socioeconomic compensated and if the burden on the society appears

- : table for economic, social or ethical reasons”
and need criteria from the regulation of products Orlnacpep e
genetic engineering. section 63). The Norwegiaene Technology Aobf

1993 requires "that in deciding whether or not to grant
"This position runs counter to that repeatedly taken the application significant emphasis shall be placed on
by the European Parliament in its recommendations \hether the deliberate release represents a benefit to the

on genetically engineered Bovine Growth Hormone  community and a contribution to sustainable develop-
(BST) and to the views of numerous public interest ment” (section 10): see Backer (1995)
organisations. Such a stance will make it difficult . . . ’ ’

innovation
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answer the question, however, how alternativés very broad. These questions were not dis-
have to be taken into account in the assessmentssed a length in our technology assessment.
of social need. Is need to be denied if suitablehe main objection was that a legal test for
selective herbicides or nonchemical methods sbcioeconomic need would replace market
weed control are available? Is it a valid neethechanisms with political decision making and
argument that herbicide-resistant crops andtimately lead to a planned economy.
superfluous because crop sequences could

changed or organic farming methods u8&d? lglgrkets have become the decisive mechanisms

in our society in determining whether a new
These questions indicate that more fundamentaichnology or product is needed, and economic
problems are involved in the proposal to introdemand is normally taken as the irrefutable
duce "need” as a legal prerequisite for innovandicator of real need. The state may control the
tion: Who decidesvhether there is a proper neednarket to protect the moral order and minimise
for a new technology? Acceptable social demanikk, but it may not try to "educate” market
is not an operational legal criterion. To deteractors by deciding which economic demand
mine such demand (particularly if availableconstitutes a proper need and which does not.
alternatives have to be weighed against onWWhether video recorders, mountain bikes, in-
another) implies wide-ranging political choicedustrial robots or holidays on the Mediterranean
and this is the prerogative of the legislatorare superfluous (because we could live just as
Therefore, normal standards of the rule of lawyell or better without them) is not a legitimate
which establish a separation of powers in afitate concern. Full political control over the need
democratic societies, seem to exclude th&r a technology is confined to decisions on
decision making be relegated to regulatorgubsidising the technology or to cases where the
agencies. A "fourth hurdle” which implies astate has a virtual monopoly on demand, such as
mandate for regulatory agencies to determirfer military or infrastructure technology. In line
whether the society really needs some newith this reasoning the political majority could
technology would be out of the question. In angtill implement a preference for nonchemical
case, it could not be upheld under Germameed control, but only through subsidies or tax
constitutional law** incentives, not through a ban on the use of

Determination of socioeconomic need by par”at_ransgenlc herbicide-resistant crops.

ment or referendum would be a different quesviost of the participants in our technology
tion. Even then one would have to considegssessment defended the established institutional
under the German constitution, whether sudbalance between markets and political decision
determination violates basic individual rightsmaking™? They pointed out that the decline of
that guarantee economic freedom and freedomthie socialist countries had demonstrated that no
research. However, the mandate of the legislatorodel for an efficient economy exists in which
decisions on innovation and investment are the
"9The Norwegian Ministry of the Environment Wasdomaln of poliics. Moreover, whether  the

! , ~“results were always convincing in those cases
confronted with these problems when it had to decide on
the release of Christmas begonia which had been en&\’-he_re the need for technology had aCtu_a”y been
neered with antisense ACC-synthase to make the flowe@ecided by the state may be a moot point: some
more durable. The applicants referred to savings iexamples are the Euro-fighter, the Transrapid
chemical sprays normally used to make the flowerghonorail project, the use of nuclear energy and

durable as the "benefit to the community”; they alsqne continued use of subsidised coal burning for
mentioned export opportunities for Norwegian gardeners, .
ower generation.

The Department of Agriculture supported the argument o

export opportunities. A dissenting opinion in the Norwe-rhe critics conceded the problems but insisted
gian Biotechnology Advisory Board denied any benefit;

the flowers could be preserved without genetic modificar:_'evertheless that some revision of the__lnstltu-
tion or spraying if they were removed from warm roomdional balance between market and politics was
overnight. The competent authority finally granted thénecessary, and that the question of whether we
approval; it did not consider the export opportunities, buteally need a new technology must be put on the
saw a "benefit to the community” in the gain of knowl-p litical agenda. The controversy over this point

edge to be expected from the project and in the saving . . }
chemical sprays (from the files of the Ministry of theIp mained unresolved in our technology assess

Environment). The Austrian "social compatibility” clauseMeNt, as it has in the rest of the society. Opin-
has not yet been applied, see Martinsen (1997).

1 Similar arguments apply to the broad mandate givel? They opted instead for a regulation that genetically

the government in section 63 of the Austri@@ene modified products be labelled so that consumers can
Technology Actto restrict products if they imply an choose (see section Il E below). Labelling and consumer
unjustified social burden. These are value decisiorzhoice are, so to speak, the conformist response to the
which must be left to the legislator (Waldhausl, 1995). radical demand for a "fourth hurdle”.
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gains and losses of modern technology ar metabolic changes and food
balanced. Those who see mainly losses wi safety

plead for the political control of needs in order
to limit the dynamics of technology develop-The approval of nonselective herbicides implies
ment; those who see mainly gains will rejecfoutine testing to determine whether metabolites
such controls and defend the principle of freesf the herbicide formed in transgenic herbicide-

ions will depend among other things on how thj- Testing for unexpected
e

dom of innovatiort resistant crops could pose health risks for the
consumer. Similar testing of other metabolic

SPECIFIC PROBLEMS, changes that occur in such crops, apart from
RECOMMENDATIONS FOR herbicide metabolism, is or should be required in
REGULATIONS the law governing the introduction of genetically

engineered plant varieties or food products.
In the course of our technology assessmemests should be designed particularly to control
recommendations were made on the regulatiemintended or unexpected side-effects of the
of various points. Most of these were controvergene transfer and the transgenic gene prdéiuct.
sial. Critics of transgenic herbicide-resistan

crops had fundamental reservations, becau&@St participants in our technology assessment

they felt that the regulations implied acceptancianted to confine the testing to problems which
of the technology, even with limitations. Advo-ar€ known to be characteristic for the species

cates of the technology were worried that adgfivolved in the gene transfer. For instance, it
tional bureaucratic hurdies might be added opj'0uld be controlled whether toxicants known to

top of existing rules making the introduction ang*/St In the host plant species would be activated

use of new technology practically impossibleor increased (e.g. alkaloids in tomatoes or pota-

Nevertheless, the disputing parties did establidf€S); this includes control of whether silent or
some kind of lowest common denominator fof'YPC metabolic pathways characteristic to the

various points. The critics were probably awarB/aNt SPECies are activated, that have the poten-
that a complete ban on transgenic herbicid jal to synthesise toxicants. The tests should also

resistant crops was not a realistic politica‘f’nsure that toxicants or allergenic determinants

option. The supporters felt that some kind O(fharactenstlc of the donor species have not
additional regulation was the price to be paid iff2dvertently been transferred to the host
order to gain acceptance of such crops amoRbant'

the wider public.

Stricter regulations for genetically engineered@t*as a rule, food products from transgenic crops are
plants were justified as precautionary safetyubjected to stricter controls than products from conven-
measures that take the novelty of the technologjgnally bred crops. The latter do not have to be reviewed

into account and should be implemented for d approved prior to marketing, in most cases; how they
est for the safety of their products, to avoid injunction or

Im_mted period of time. Suc_h regulations could b%.rosecution and damage claims under productliliab
withdrawn subsequently if no problems arosaw, is left to the producers. A shift to premarket controls
otherwise it would be necessary to consideii the case of transgenic food is common policy in all

whether these regulations should be extended d@intries and in 1997 this policy was enacted in the

cover conventionally bred plants as w#il. Novel Food Regulation in Europe (EC 258/97). The US
Food and Drug Administration considers a transgenic

gene product that differs significantly in structure,
113 . . . function, or composition from substancesirid currently
The question is by no means settled. While thg, t554 a5 a food additive that is not generally recognised
exclusion of need criteria from administrative regulations g g5fe (GRAS) and, therefore, requires premarket review
may become common practice in almost all countries, it {§ 992) The FDA considers substances that occur unex-
not uncontested in the general public. The argument thgléctedly in the food as a result of pleiotropic effects as
decisions on whether "we really need” biotechnologicalyqqed” substances” which require formal premarket

innovations should not be relegated to scientists, privajg,iey if they occur at a level which may be injurious to
investors and markets may well win the case throughy,ih

referenda—for instance, in Austria and Switzerland16 ’ . . . .
where the requisite initiatives have been taken; see The FDA (1992) includes toxicants, antinutrients and
Schweizer Bundesrat (1995). allergens in the list of potentially harmful constituents

that must be tested if they are known to be present in the

" Some of the additional safety measures discussed hefsst or donor organism or related species. On the other
would not be merely possible but necessary conditions 5 4 “transgenic nucleic acids are not as such considered
the release of transgenic herbicide-resistant cropgs potentially harmful; since nucleic acids occur in all
Article 16 of the GermaiGenetic Engineering AQUIES i they are "generally recognised as safe”. In line with

that "all safety measures must be adopted which atgis grgument the Administrative Court of Berlin ruled in
necessary according to the current state of science aj§lgs that the mere presence of a "foreign” nucleic acid

technology”. does not yet constitute a "harmful effect” on the legal
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Even limited tests such as these go beyond whatts were to show that a transgene-coded prod-

was hitherto required for the registration of newct could change substrates; further metabolic

conventionally bred crop varieties. Metabolidesting of the transgenic plant would probably be

changes were only tested in special cases whexgpropriate in this casé.

increased risk was indicated—for example, if thgl
|

r h ncr with poison non .
crops had been crossed with poisonous, none ants and allergens are available. However, tests

I?el\?elvsv"i?w rglgt'ggz'wigu;ge tggt;ﬂgGgingﬁalgéd%v ich screen the complete plant metabolism for
P PP Y y unintentional or undesirable change induced

decades ago (althou_gh It applle_s in the US a the gene transfer are technically not possible.
has recently been reintroduced in Holland). Th he chances are low that unknown harmful
testing should be stricter for transgenic plan onstituents could be identified, which were

varieties met with opposition from some partici- , , o :
pants in the technology assessment. They arg r@ver associated with the species involved in the

that the risks of metabolic side-effects wer 0tnzfe}:a. aiﬁ)elglg%lj:i%ﬂe'\i?\ vr;/:rnwlgglseesplagéscairsee
exactly the same for conventionally bred plant y '

and had been tolerated without testing. This h en:i?wissttgrne;g]?lgse V(Vgxuclgsg'ise?e&cgrsi tgfeyl gr?tuﬁ a?g-
never led to identifiable problems. However, th b

point in designing additional tests for transgeni 'alstnuefgte‘:iﬂz t%é)tfgéfce ttgs)‘(,['i?logé%ﬂlgat?é\zgg
varieties is not so much that these varieties po 9 P

specific risks, but rather that they raise specifi ﬁchtlsetsv oﬁ?ﬂﬂeeog bﬁ)(;)cslf |Iglne Q :vré? éulmesrlge(;f
public concern. Whereas new conventiong ' y b

etabolic tests which control for known toxi-

plants are easily accepted, transgenic plants Fog:jlggpolcscri?‘\?vsdulrdlt ‘theg}neé(rggn%edlgtcggsg:
widely met with scepticism. This should beI hal in ge n% ral P P
sufficient justification for special regulatio. "9 " 9 '
For most of the proposed tests standardiséthcertainty about possible harmful side-effects
protocols are available. Moreover, since tranghat are unknown and untestable, are a normal
genic varieties are still largely experimental irproblem of food safety. It is not possible to
character, it can be assumed that a wide rangecoimpletely eliminate such uncertainty, either for
testing is being carried out in any case by theonventionally bred or transgenic plafts.
laboratories and companies that develop theS&erefore, it is questionable whether the fact
varietiest®® Therefore, to formally require addi-
tional testing is not likely to represent an undug, . .
burden. The FDA also gives no clear answer. With respect to
intentional changes in biochemical pathways, it uses the
Along these lines, it was recommended in ouprmula that the metabolic effects on the host plant
technology assessment that the substrate Spééh_ould be considered at the conceptual stage of devel-

- : ment and monitored, when appropriate and feasible”
ficity of the transgenic gene product be tested DA, 1992). Substrate changes that testing has shown to

a metabolic function is transferred which is ne ccur can be viewed as analogous to intentional changes.

in the recipient plant. Little or no Substratqonhis applies also to the question whether new proteins

specificity indicates _a h!gher prObab_lhty thator new plants could themselves be (or contain) allergens.
unexpected metabolic side-effects will occurthe FDA recognises that routine procedures for testing

Tests could be carried oint vitro on substrates foods derived from new plant varieties for the presence of
that have been selected according to biochemigaknown allergens are not currently available. If the

theory. In addition. somia Vvivo testing could be donor has no history of food use, the issue of allergenicity
carried out on selected model plants. DiscuﬁamﬂOt be addressed at this time” (FDA, 1992). The

. . . Eoblem is the same, if a nontransgenic plant variety with
sions in our technology assessment did N@b history of food use is introduced. Whether in vitro

substantiate what the consequences would bediiestibility assays are a valid method to exclude un-
known allergens (see Astwood et al., 1996) remains to be
seen. Monsanto used (among other indicators) an amino
goods protected by the German ladeitschrift fir acid similarity analysis to known allergens for its assess-
Umweltrecht 3 (1996: 150). ment of the allergenic potential of the transgene product
bconferring glyphosate resistance to soybeans. "The
aotein expressed was shown to be derived from a

" To that degree, the regulation should indeed
process-based, which means that formal review
triggered by the fact that the plant has been geneticall
engineered. This is the regulatory approach underlyi

onallergenic source, to have no significant amino acid
mology to known allergens, to be rapidly degraded in a

n . ; .
the European directives. It does not imply that risk i@gestlon model and to be present in low levels relative to

assigned just because the plant has been geneticéi?ymrgon dallerge.:nl.c Frotellns.l MSSL |rr:'1portantly,” thed
engineered. introduced protein is closely related, both structurally an

functionally, to the corresponding soybean protein. Based
118 Extensive testing will be needed, in addition, toon this information, it was concluded, that this introduced
comply with the legal obligation to ensure that foodprotein posed no significant allergenic concern” (Fuchs
products brought to the market are safe and wholesome1995: 212).
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that no tests exist to ensure complete control aflvantage outside agricultural areas, it may be
such side-effects in the case of transgenic herlbbeduced sooner or later in those cases where no
cide-resistant crops is sufficient reason to rejestlective advantage is to be expected, and per-

such crops. haps it could be confined to highly competitive
) _ plants with a low degree of domestication (such

Ecological testing and as woody perennials). Highly domesticated
monitoring of genetically annual or biennial crops are not likely to regain
engineered crops the ability to survive outside cultivation as a

] ) _ result of side-effects from gene transfer. Testing
Environmental risk assessment has to considgfy increased fitness in transgenic crops is a
case by case whether transgenic crop plants, g¥ecautionary measure which could, in principle,
the respective transgenes, could possibly escape dropped “after a certain period of time, if
from cultivation and spread to natural habitatgxperience shows that it is not necessary. But, it
or wild species. Since the risk depends on the also conceivable that experience would show
phenotype, the criteria for transgenic plantfhat such testing is appropriate for transgenic
must be the same as those for nontransgepj@ints in certain cases and that it should be

plants. The following criteria were used in oulextended to conventionally bred plants as well.
technology assessment: _
* the degree of domestication of the crop plant,!n our technology assessment, it was argued that

e the presence of related wild species witfe Proposed testing could not, in fact, remove

Wh|Ch the Crop plant can CrOSsbreed, dOUth about the eCOIOg|CaI Safety Of transgenic
e the selective advantage that might be comants. Testing will be performed on model

ferred by the transgenic trait, and plants at selected sites, and the results can only
* the frequency of the releake. be extrapolated to other plants and locations to a

_ o very limited extent. It does not seem to be
On the basis of these criteria it was concludgstydent, however, to set test requirements that
that the herbicide-resistant crop plants consignnnot be met on the basis of our scientific
ered in this technology are not likely to invadgnowledge at present. Predictions about the
natural habitats and that the herbicide-resistanggder ecological effects of new crop plants
gene is not ||k6|y to prOIiferate in wild SpeCieS’emain uncertain—this app"es to both

(even if it would be captured occasionally as ifransgenic and conventionally bred plants.
the case of oilseed rape). The main reason was

that herbicide resistance does not confer amfyWwas proposed in our technology assessment
selective advantage beyond the agriculturdat the limits of ecological prediction and

fields that are treated with the matching nonséreventive testing be compensated by a more
lective herbicide. It was nevertheless proposetystematic postmarket monitoring of transgenic
that routine testing for increased fitness bETOPS. If uncertainties about risks are inherent in
included in the regulation of transgenic crop€W technology, and if these uncertainties must
plants, even if the transgenic trait confers nBe accepted because otherwise all innovation
selective advantage, since an unexpected ifyould be blocked, then it seems good policy to
crease in fitness could occur as a result &hsure that harmful effects of the technology can
synergistic impacts or side-effects from th&e identified and regulated "after the fact”. The

long-term, i.e. beyond the period required for

Tests usually performed in plant breeding argeld experiments under the law of genetic engi-
not designed to identify whether fitness in natuneering.

ral habitats has inadvertently changed. Test . _

requirements for transgenic plants are mordonitoring of transgenic plants would have to

justified. In many cases an investigation oyvhere these exist or are planned. Most partici-
fithess change will already have been included PANts in our technology assessment felt that
the experiments carried out for developing neWroper ecological monitoring must be organised
transgenic crop varieties. They should be en@? @ permanent basis through government
bodied in the step-by-step procedures currelftstitutions or agencies, and_ that it coulpl not 'be
regulations require for the release of transgerfiélegated as research projects to universities.
organisms. While such testing seems indispedhey referred here to the testing of fertilising

sable if the transgenic traits confer a selectigehemes, that has been carried out continuously
for more than 80 years by experimental agri-

o - cultural stations in Germany. In the case of
These are standard criteria; see, for example, ERferbicide-resistant plants, this monitoring should
(1994: 60512), "Environmental Fate Analysis”. cover not only the escape and uncontrolled




Part Ill: Normative Evaluations—Ethics, Law And Politics 87

spread of the crop and the transgene, but alsmps will remain a matter of controversy for the
the early recognition of the selection of herbiforeseeable future. Whether approval testing can
cide-resistant weeds. It was further reconprovide sufficient safety is not, in the final
mended that the long-term effects of nonselectianalysis, a scientific question; it implies political
herbicides on agrophytocoenosis and weatkcisions on the level of residual risk that can be
diversity should be monitored. However, therémposed legitimately onto society. Under
are pragmatic limits to any ecological monitordemocratic rule such decisions have to be
ing. No programme can guarantee with certaintplerated by those who disagree. It is therefore
that all possible consequences will be discoveredl the more important that the procedure for
in time. This will not, as a rule, be an argumergpproval be as transparent as possible and that
to forego as well the knowledge that could bthe reasoning behind decisions be explained to
gathered with reasonable effort. It was suggestéue public.

that the ecological monitoring of transgeni 6iticism was directed against current practice
plants should correspond in scope and methodi Germany for herbicide approval because of its
the respective programmes carried out in tl]g ck of tr a>r/15 | PP lar i fel
field of nature conservation. parency. In particular, it was felt

that the relevant toxicological and ecological
Monitoring is not the answer for all ecologicaldossiers should be made available not only to the
issues at state with transgenic herbicide-resistasumpetent authorities, but also to the public, so
crops. Specific programmes of safety researd¢hat they could, if necessary, be controlled and
will be necessary, for instance, to clariffreproduced by independent scientists (for in-
whether soil functions would be impaired bystance from universities). The point was not that
horizontal gene transfer from the transgenithe investigations should actually be repeated—
crops. The importance of funding such researchis would, in many cases, amount to a waste of
was emphasised in the technology assessmentpuiblic money and, with respect animal testing,
was further stressed that field trials with transalso violate existing law. However, it would
genic organisms should be designed and evalucrease transparency and trust in the procedure
ated more often as ecological experiments, th in principle, the investigations could be
ensure that these trials can really demonstrateepeated.

history of safe use of such organisiis. It is unclear whether EC Directive 91/414 goes

Increasing the transparency of far enough in this respect. It allows access only
3 herbicide approvals to the summaries produced by the competent

authority of the dossier provided by the appli-

The approval of transgenic herbicide-resista@@nts (test protocols that have to be applied are
specified in the annex to the directive). Freedom
of information concerning the complete dossiers

122 The question of postmarket monitoring should not be

confused with the question of whether the monitoring thap at odds with the commercial interests of the

(according to existing regulations) should be inherent igPplicant, since competitors (second applicants)
the step-by-step approach when releasing transgenic pasuld then "save” the costs of repeating the
ducts is properly done. There is evidence that the fiellequired investigations. On the other hand, one
testing of transgenic plants has been inadequatehgn ask if it makes sense to force second appli-

designed and evaluated from the perspective of safe : s o
issues (see Wrubel et al., 1992; Mellon and Rissle nts to repeat all investigations. The legitimate

1995; Riidelsheim, 1995). Limited trials in small fieldsiterests of the first applicant could be protected
under conifions of reproductive containment cannot bewithout denying public access to relevant infor-
conclusive evidence that large-scale commercial releasgsation, for example, by having second appli-
are harmless. Regal is more critical: "Yet this sort oggnts contribute to the cost of approval, or by

nondata on nonreleases has been cited in policy circles : : .
though 500 true releases have now informed scientis@aendIng patent protection. With respect to

that there are no legitimate scientific concerns@nimal testing, cost sharing with second appli-

(1994: 11). But even if field trials are better designed an@ants is already provided for in the law (for
linked to safety research (see also Neemann and Braunstance, article 13 of the GermBlant Protec-
1997) proceeding to commercial releases wiltion Ac.

nevertheless, in any case, remain a step beyond existing

knowledge. Such steps must be based on the politiced order to increase transparency, it was also
assessment that one feels "safe enough” to go ahegiémanded in our technology assessment that
Whether this assessment is correct should be ControII?gasons for refusing or withdrawing the approval

by postmarket monitoring. The competent authority in th .- . .
United Kingdom explicitly requires the applicant "to?Or herbicides be disclosed. The public has a

keep himself informed of any damage to the environmed@gitimate interest in and a right to be info_rr_ned
caused by the release or marketing [and] notify if there @bout the harmful effects or abuse of herbicides,
any information which would indicate a change in theyhich may constitute grounds for rejecting them

level of risk” (Deliberate Release Regulation). or withdrawing the approval for their use.
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herbicide certification: Zero not easy to argue for a relaxation of the zero

contamination as goal? contamination standard for groundwater.

_ The tolerance limits set for herbicide residues in
There is probably general agreement that herljrinking water by EC Directive 80/778 of 0.1
cide residues in food or elsewhere in the envinicrograms/litre for individual substances and
ronment are undesirable. However, existing 5 micrograms/litre in total are coming under
regulations permit certain levels of residuepressure because, on the basis of normal toxi-
where it can be guaranteed that they will not beyjogical criteria, they are some orders of mag-
harmful for the consumer or the household diitude below the limits necessary to protect
nature. Only in the cases of drinking water anfuplic health. This is probably correct, but it
groundwater are tolerance limits set to a level qaﬁay not be an objection. The extremely low
zero - contamination. Existing regulations fokolerances (at the sensitivity limits of existing
herbicide certification were criticised in thegetection methods) have been set to ensure that
technology assessment from opposing perspegater is measurably free of pesticides. Such
tives. On the one hand, it was argued that copsgulation can be justified for reasons other than
sumer protection was inadequate because Ve protection of human health, namely, as a
nerable groups (small children, the physicallyyeasure of food hygiene (since drinking water is
frail or Sle) mlght still suffer harm from herbi- a very Specia| fOOdSﬁ), and as an incentive for
cide residues in food products. On the othe_getter protection of groundwater, the most
hand, tolerance levels close to zero were consighportant source of drinking water in Germany.
ered as "overregulation” and unjustified inThe objective to achieve zero groundwater
tOX|CO|Og|Ca| terms. The discussions relat|V|Seeontamination was accepted in the techno|0gy
both views. assessment; at least, there was no open dissent.

Whether herbicide residues in foodstuffs reprd¥0 one advocated that the precautionary stan-
sent a health risk depends not only on toxicitdards enacted in existing regulation be weak-
but also on dosage. Most food plants contae€d; the need was rather to ensure their proper
natural substances which would have to bEWwlementation.

classified as toxicants (or mutagens or carcmot5 Compliance with the

ens) were they tested according to the standar - L
gens) y g conditions of herbicide

of toxicology. The tolerance limits set for herbi-

cide residues in food products are well below approval, integrated crop
those levels which produce toxic effects (usually protection, site-specific
a hundredth of the so-called no-effect level). regulations

These limits are rarely exceeded; usually herbi- = _ . -
cide residues only amount to a fraction of whapPinions remained divided among the partici-

would be permissible; often they are belo/#2NtS in our technology assessment whether
detection levels. Under these conditions, the calficter requirements should be set for the ap-
for zero contamination is hardly justifiable onProval of herbicides in general, or nonselective
the grounds of preventing human health risk erbicides in particular. This was no doubt due
Zero contamination could perhaps be justifiel the deep split of opinion over the question
by consumer's expectations that food producfghether the agricultural use of pesticides is
should satisfy certain standards of naturalne€Sceptable at all.

(absence of foreign substances). Such expec@part from this controversy there was, however,
tions, while undoubtedly legitimate, do notsome agreement that where the use of herbicides
necessarily warrant additional regulation. Corhad caused obvious problems (e.g. groundwater
sumers might instead be advised to turn tgontamination, selection of resistant weeds)’, the
markets of food products which meet particumain reason was not inadequate regulation, but
larly high standards of "naturalness”, likerather inadequate implementation of the regula-
organic farming products. tion. Therefore, instead of adding further condi-
With respect to water protection standards, thefnS for herbicide certification, the proper way
was, first of all, consensus among the particf® @void problems resulting from lack of herbi-

pants in our technology assessment that ag}ﬂe rotation, excgs_sive applications or improper
discharge of herbicides into groundwater i§isposal of herbicides would probably be to

highly problematic. Herbicides are an agricullMProve monitoring of compliance with the
tural technology, and it would be reasonabl gulations and to raise the standards for how

policy therefore to try to confine the impacts of2fMers handle herbicides.
herbicides to the fields on which they are apwhile the argument that nonselective herbicides
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are particularly likely to be abused because thélgat are not ecologically sustainable. Whether
do no damage to crops was rejected in thegal regulation of integrated crop protection
technology assessment, it was generally admittechs a viable alternative remained an open
that the application of herbicides often fails ta@uestion in our discussions. It was generally
meet the standards of "good field practice” anddmitted that, in view of the inevitable regional
the rules of integrated crop protectiéhThere- differentiation of farming practices, it would be

fore, the demand that compliance with existingery difficult to formulate plausible general

rules be better monitored seemed plausible. Qules’® Therefore, one would have to rely

the other hand, it raises considerable problemslatgely on proper counselling to specify the
a pragmatic level. One can hardly imagine thamplications of integrated crop protection for

the actual practice of farmers can be "policedlbcal conditions.

gggﬁ?%?:qes'\\//v%ﬁl daﬂgvgf{gc?\e’syb nTr% e‘?h O'j‘srg long these lines it was also suggested that

. : . Nerbicide use in particularly vulnerable areas—
counselling and education to improve compliz L

. for example, where groundwater pollution i
ance with the rule. or example, where groundwater pollution is to

be expected because of soil conditions—be
Moreover, it was pointed out that the standardegulated more often by negotiating the appro-
of good field practice and integrated crop propriate, site-specific precautionary measures with
tection are fairly vague and, unless they arnhe farmer. It would also be much easier to
further specified, do not entail particularly cleamonitor adherence to additional regulations if
guidance as to how herbicides should actually ltkey were confined to restricted areas. This
applied practically on the farm. Consequenthsuggestion marks a break from conventional
the legal status of these standards remainsgulatory approaches and puts emphasis on
ambivalent. The GermaRlant Protection Act more cooperative, persuasive policy instruments.
imposes them as a goal, but implies no sanctiogser stricter conditions for herbicide approval
if they are violated® However, the idea that theand more bureaucratic control of all farming
rules of good field practise be specified andctivities may not be the best way to improve the
enforced as legal regulation was also not welevel of precaution. On the other hand, coopera-
comed by all the participants. The regulation dive, site-specific arrangements will only be
crop rotation sequences met with particulasuccessful, if they are negotiated "in the shadow
opposition, since this might force farmers tmf the law”, that is, if general regulations impose
adopt cultivation systems that are not economsufficiently strict tolerance limits to force
cal for them. Instead of encouraging the furthesomething to be done in the area concerned.
bureaucratisation of agriculture, it would be

better, on this view, to rely on proper counsel Specific regulation for
ling and education of farmers, and on the effec nonselective herbicides
of good examples to demonstrate that integrated rotation

crop protection does in fact pay off in economic o _

terms. Falling prices for agricuitural products irfill participants in the technology assessment,

the European Union provided sufficient incenéven the advocates of transgenic herbicide-
tives to reduce herbicide use and, therefore, f@sistant crops, operated on the assumption that
further regulation or additional incentives, suclf iS advisable to use nonselective herbicides only
as a herbicide tax, would be needed. The prin@nCe in a crop rotation sequence and not with
ple of relying on economic constraints andnonocultures. The reasons given were that
market controls was rejected by other particponunuous use of nonselective herbicides WOUId

pants as completely unsatisfactory. The ecd-Select problem weeds, because all herbicides
nomic interest of farmers is clearly no justifical@ve gaps in their weed control spectra,

tion for engaging in systems of crop husbandry increase the risk that herbicide-resistant weed
populations spread,

* make the herbicide inapplicable for the control

12 A number of participants have objected to the impre®f volunteer crops from the previous vegetation
sion created in the discussions that the standards of gqodriod,

field practice were widely neglected in the use of herbie haye more serious environmental impacts,
cides. It is indeed true that the discussions focused on
examples of such neglect and that no data were available
to show how representative such examples might be. Ths
point here is, however, that the situation is at any rate n
different for nonselective than for selective herbicides.

The amended GermarNature Conservation Act
&997) exempts agriculture from the liliiies of nature
conservation if the "rules of environmentally friendly
124 Article 6 "Pesticides may only be used in accordancagriculture” are observed (article 2a). Accordingly, there
with good field practice. Good field practice implies thais a need now to develop these rules into an explicit and
the principles of integrated crop protection are observedstandardized code (Bundestagsdrucksache 13/19930).
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because a small number of herbicides would lpgotection and therefore a matter of public
applied over larger areas, concern. A regulation which specifies where and
* lead to excessive elimination of weeds fronmow often nonselective herbicides may be ap-
agricultural habitats and to irreversible reducplied in the crop rotation sequence should be
tions in weed seed banks—a practice incompafeasible in principle. There are examples of
ble with the objectives of integrated crop proteadetailed regulations of this kind. For instance, in

tion, Germany atrazine (before being banned) could
¢ violate the rules of good field practice (espeenly be used in conjunction with one crop,
cially in the case of monocultures). namely, maize, only once in the vegetation

Not all participants found all these argumen
equally compelling, but it was agreed that the
was sufficient reason to reject the use of one aidhether such regulation could be established on
the same nonselective herbicide without rotatiom Europe-wide basis is an open question. A
That resistant weed populations had to be priirther issue is how compliance with the regu-
vented was probably considered as the mdsttion could be monitored once herbicide-
compelling reason for herbicide rotatiBh. resistant cultivars and matching nonselective
Different views were held as to whether rotatioherbicides become readily available for all the
of nonselective herbicides with different modesrops farmers grow. Finally, it was argued that
of action was advisable. While some particigeneral regulations make no allowances for
pants pointed out that, in agronomic terms, thiggional differences, but that local conditions
would be equivalent to the current situation ifmave a crucial influence on whether and how
which all crops in a rotation sequence are treatedpidly nonselective herbicides can lead to
with different selective herbicides (often used iproblems. Proper site-specific choice of crop
combinations of tank mixtures), others insistetbtation sequence and herbicide management can
that weed elimination would still be more radicaperhaps be better ensured by counselling than by
with nonselective herbicides. If the threat ofdditional regulation. On the other hand,
genetic erosion of weed species is taken sedeunselling may not be enough to exclude
ously and the principles of integrated crogractices which, although disadvantageous in the
protection strictly observed, one could probabliong run, appear economically attractive for the
argue that, even with rotation, nonselectivearmer in the shorter run, as illustrated in the
herbicides should not be applied exclusivelgase of maize monoculture and the nonrotational
throughout the whole crop rotation sequenceise of atrazine.

The question was considered to be "academic” ] )

for agriculture in Central Europe, since for Labelling of genetically

cereal crops, an element in every crop rotatio engineered food

sequence, the use of herbicides is declining and

the development of herbicide-resistant cultivar8it€r lengthy discussions in the technology
is apparently not being pursutd. assessment all participants, including those from

o industry, agreed that genetically engineered food
Should the restrictions to be observed for propejught to be labelled as such. The rationale for
management of nonselective herbicides hgpelling is consumer sovereignty, not protection
legally regulated? This would not be necessary ¢ human healtf?® Health issues should be dealt
bad management were purely a private matt@fith by testing for food safety before products
and if farmers alone would have to bear thgom transgenic crop plants are placed on the
costs of the mistakes they made. But, this is nffarket. Consumer sovereignty brings completely
the case. Unnecessary or pointless herbicidgnher aspects into play. While regulatory deci-
applications are, by definition, incompatiblesions about whether transgenic food products
with the legal objectives of integrated cropgan be placed on the market must be based on
accepted criteria and sound reasoning, decisions
126 |t must be noted, however, that rotation while, a mearl® Uy such products or not can be based legiti-
to contain the problems that might result from herbicidemately on individual (even idiosyncratic) mo-
resistant weed populations, may not be a means to get tiges, interests and preferences. Freedom of
of resistance in weeds again, since resistance will nghgice means that consumers can follow subjec-

necessarily imply a fitness penalty in absence of herbici . :
application (see Gliddon. IHE, 1994: 14). fve fears, fundamental ethical reservations or
2 The situation may of course be different in othef
countries; weed grasses may have to be controlled 1ff See also Rehbinder 1994: 99; health protection would
wheat by herbicides, and cross-resistance to whedte implied in the labelling, if transgenic food crops were
selective herbicides is quickly developing. See Gresseler approved that have been transformed with genes
(1996: 240). from a donor plant which is a known allergen.

t eriod, with a maximum dose of one kilogram
|_%er hectare in postemergence treatment.
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political goals without asking whether their fear&Vhy should they not be allowed to express their
are well-founded, whether their ethical judgerejection of genetic engineering in their choice of
ments are based on common sense or whetlieods! Thus, there is no reason to dispense with
their political goals are supported by the majodabelling requiremenbecauseat makes political

ity. In order to guarantee freedom or choice&yoycotts possible.

transgenic food products must be clearly laq, o other hand. it is doubtful whether label-

belled. ling is requiredin order to make political boy-
This principle was only reluctantly accepted irtotts possible. This view was propagated by
our technology assessment. It was argued thatme participants in our technology assessment.
labelling would However, the sovereignty of the consumer is an
¢ deceive customers by creating a false impreseonomic right, not a political one. It is a fact
sion that the labelled products were dangerous that individuals may rely as much on political
¢ discriminate against genetic engineering, sinqareference as on economic incentive when they
other products of modern food technologiescalculate” the usefulness of a product. They
would not be labelled accordingly, may, therefore, be really interested to learn
* be abused, or instance, to organise boycotts whether the product comes from an automated
transgenic food products for purely politicafactory or from labour-intensive production,
reasons, what the company’s policy is with respect to
* be impractical if food products were procdabour organisation or nondiscrimination of
essed further or mixed with other nontransgeniwomen, whether the firm is involved in the arms
products. business or invests in low-wage countries, etc.
Up to now, however, such information has not
een required for product labelling. If consumers
ant this kind of information they must seek it

The first three objections were found untenabl
with respect to the fourth objection a pragmati
compromise was proposed. The very fact th . ;
food products from transgenic plants must b om other sources. Obviously, it cannot be the

labelled might be misunderstood by a sceptic #g?%saﬁigg Q,rogﬁfctislzlé?"::ngn;%ﬁg\gdﬁ];v h%\tlg\r/]?r
public or deliberately misinterpreted in political h pott Y

. : n - when they consider what to buy or not. But
rhetoric as a signal of danger (... otherwis here do the limits lie?
they wouldn’'t have put a label on it!"). This '
does not remove the rationale for labellingThe participants agreed that not only food
Consumers have a right to be informed irrespecensisting of or containing genetically engi-
tive of whether they have a true understanding okered organisms should be labelled, but also
genetic engineering or whether they realise th&tod containing transgenes (and transgenic gene
transgenic and nontransgenic foods are comparoducts). This would, for instance, apply to
rable in most respects. Prejudice and misinfopotatoes from herbicide-resistant potato culti-
mation are surely factors of legitimate concernjars. The same would apply if genetic engineer-
but they can only be a reason for improving thieg is used to remove or suppress a gene that
level of information, but never a reason fonormally occurs in the food. In this case the
withholding information. product is also "modified by genetic engineer-
ing”, even though the modification may be

: ndistinguishable from a natural deletion muta-
products be labelled can hardly be consider ffn. There was also consensus that products

discriminatory and unfair. The fact that geneti hould be labelled even if they only contain

gzggteeegﬂgd Q:usr Cge(;ogﬁxi ea}[n Slﬁglljﬁj (S)Lﬁfclébl%bstances (enzymes) from recombinant genes.
y %ne example is the use of rennin (chymosin)

justify extra regulation. The same reasoning w. om . . .
o . genetically engineered bacteria for cheese

fil\lls“a% applied in the case of labelling food add'r'naking. Although such rennin may be indistin-

' guishable from the one that has been extracted
If transgenic food products have to be labelledrom calves, it nevertheless remains a "product
they can indeed more easily become the targetaifgenetic engineering”. Drugs must be similarly
politically motivated consumer boycotts. Suchabelled, and there seems to be no grounds why
boycotts are not in any way illegitimate orthis should not apply to foodstuffs as well. The
illegal, unless the declared goals are unconstitneed to be informed could, of course, disappear
tional. In the past, consumers have used thance it becomes generally known that all cheese
freedom of choice to express opposition ts made with chymosin from genetically engi-
apartheid in South Africa, to support Thirdneered bacteria.
World cooperatives, or to criticise the eNViron= . \12< 1o agreement about whether products

mental behaviour of multinational companieSg,, 14" e labelled that contain neither trans-

A specific requirement that transgenic foo
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genes nor their products, but that have beéorced to buy on alternative markets.
derived from transgenic crops. Sugar fro . ,
herbicide-resistant sugar beet or oil from herl;’?-t may be true that widespread labelling re-

. . irements would be difficult to enforce in
cide-resistant soybeans are examples. In thel ernational trade. This does not mean, how-

cases genetic modification leaves no trace in tté er, that we can dispense with an examination

2?§gsp;?guigte;n§g§|a:0 aSr:Jd a?" aggrg”t;?g;gﬁgﬁgf whether such labelling is not in fact advisable
transgenic crops Currengc labelling procedurég view of the manifest lack of public confidence
provide only information about product proper in genetically engineered food in most countries.

ey ol s rcepon s aemsoLop | OUTLOOK: THE POLITICS OF
but not information on the mode of production if TECHNOLOGICAL

this does not affect the final product. Some DEVELOPMENT

participants argued, however, that in the case of _ i i

genetic engineering the mode of productiodNe discussions in our technology assessment
should also be labelled since the consumers magewed that the participants had widely differing

want to opt against the use of this technology WS about the direction in which society
general. should develop and the role which modern

_ technology can play. These differences cannot
It was pointed out that consumers could alsgot be dealt with on the level of risk regulation,
exercise their sovereignty by choosing productsut they may help us to understand why risk
which are explicitly declared to beot derived regulation tends to polarise people and involve
from transgenic cropsWhile it was not sug- them in never-ending controversy. The differ-

gested that this option could replace labellingnces can be summarised as follows.
requirements altogether, it might be considered

for those cases in which the use of geneti Diverging views of the social
engineering in production has no effect on the role of technology
product. Consumers who nevertheless wish to
avoid such products would then have to turn tf our technology assessment, one side saw
organic farming products or other alternativegechnology in modern society as an essential
No consensus was reached on this point in thesource for solving problems. New technologies
technology assessment. It seems, however, tifdter new opportunities, and the increase in
both solutions are compatible with the recogepportunities must itself be considered a clear
nised principle of consumer sovereignty; there @ain (provided the risks are under due control).
scope for political compromise here, which cafrrom this point of view, the fact that transgenic
be determined legitimately by majority decision. herbicide-resistant crops play a pathfinder role,
contributes to their usefulness. While they may
ot offer spectacular benefits by themselves,
ey help to break the ground for genetic engi-

It was admitted that labelling requirement
involve pragmatic problems if they are extende
to the entire processing chain of transgeniGearing in agriculture and clear the way for other
products. Would any food pro_ducts containing, e important applications.

flour or potatoes (or, according to the more
radical proposals, even sugar) from transgenide other side, in contrast, did not see modern
crops also have to be labelled? What abotgchnology as part of the solution but as part of
mixtures of products from transgenic and northe problem. They emphasised that current
transgenic crops? The critics of genetic engBnvironmental and social problems were in many
neering pleaded for maximum declaration of alvays attributable to the technological dynamics
secondary products. They denied that this wouléhleashed in our society, and that it was time to
entail insurmountable practical problemshalt these dynamics. New high-tech opportuni-
pointing to the German system of waste recyies will only continue the trends that have got us
cling labelled (the green dot) a vast number dfto the present mess. On this view transgenic
products. Others felt that the pragmatic limits oferbicide-resistant crops were the initial step
labelling and compromises should be acceptedown a slippery slope. While they may be

The idea of labelling will indeed be refuted if itrelatively harmless when viewed in isolation,

is carried to the extreme. The larger the range tfey herald developments which will make our

products labelled, the sooner it will become @roblems worse.

normal expectation of the consumer that geneitig gifficult to see how these divergent perspec-
engineering is somehow involved in food pProgyes could be mediated. In our technology

duction; then one could do without labelling.;ssessment it was at least possible to get rid of

Consumers who oppose such food would & me of the clichés which abound in the public
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debate over these issues. Consensus was readhedvery fabric of industrialised societies was
among the participants about the followinggenerally accepted by all participants. What was
points: not accepted was the negative view of this
* Modern societies face ecological and socidifestyle and the assumption that industrial
problems which cannot be overcome withousocieties are inherently unable to achieve re-
structural reform. Even unambivalent supporteferms which would make the use of high tech-
of modern technology did not claim that thenology ecologically and socially acceptable.

world is in order or could be put in order by . . : i
"business as usual’. What is wrong with a lifestyle based on “high

_ 5o : o
« General goals such as sustainable develo%-Ch ? The pursuit of the domination of nature,

ment, fair distribution between North and South ar ; a\('jvih'rcnh g::ﬁgtc beengmgenr;gblggreiimiv a‘;‘
and responsibility for future generations wer ointeélg iﬁ the discussions thl?s pursdit is by no
not in dispute. The dispute referred to the strate- ans unique to recent dévelo ments in tec):mol-
gies needed to reach these goals and the spec% é 9 P

o . It is already a feature of traditional agri-
B?ggleeri that could and should be adopted Itural techniques and is just as much inherent

* No advocate of transgenic herbicide-resista%n the alternative approaches of organic farming

t. > :

. s in the most advanced strategies of genetic

crop proceeded from the assumption that tecfi, .ooring This argument was not discussed at
nological development would automatically Ieaﬁ%ngth in the technology assessment, but it seems

to social progress, or that a technological fi . . -
could be found for every social problem. Witrit(hat integrated ecological management coordi

respect to world foodupply, for example, there hating the biological feedback mechanisms that

was general agreement in the discussion t@ECC. 7 UL MO T G
famine was at present primarily a problem o 9 9

distribution, and that therefore the solution coul@f order to obtain high yields and optimal control

. o : environmental impacts, comes much closer to
g?é dzlgt]iglz lie in new technology to mcreasqhe Baconian ideal of the domination of nature

han a method which simply transfers single
* On the other hand, opponents of transgené:e nes from one organism to another,

herbicide-resistant crops did not blindly oppos
all new technology. They accepted that new is to be expected that alternatives to current
technologies might be needed to cope witlifestyles will also be variations of a high-tech
existing problems. Thus it was clear that faminkfestyle. For example, an economy based on
would again become a problem of production asolar energy would hardly be possible without
the world population continued to grow, and thatobilising the entire repertoire of modern tech-
new technology would be needed to increaswlogy and further innovations. Therefore the
productivity—either in conventional or organicobjections to a modern high-tech lifestyle cannot
farming. be based on the degree of control we exert over

A key objection by the critics was that neWnatural processes, but only on the ends to which

technologies can never be judged in isolatiorshIS control! IS '?Ut_hWhl'Ch |mDpI|C|tI3t/h_r ecognlstehs t
but must be viewed in the context of the socié‘ﬁe neutrality of technology. Does this mean tha
o : nder different social conditions and with other
structures and ways of life in which they ar : N ; : ,
. s als for its application, genetic engineering
embedded. It is indeed true that supporters te V\%ul d then also be accentable for its critics?
to conceive of new technologies as a relatively P ’
neutral instruments which could be used fofhe general assumption that new technologies
better or worse; they could be abused but, undeill always have negative effects as long as they
suitable conditions, they could also help to solvare embedded in industrial societies can hardly
our problems. In contrast, critics routinely denype defended, as evidenced by advances in
that new technologies can ever be neutral in amyedical technology and plant breeding
way. New technologies are bound to have negtechniques that have played a major role in feed-
tive ecological and social effects under théng the world population. These are undisputed
existing social and economic regime because ttechnological achievements of the industrial
conditions under which the technologies wouldocieties which one would not want to forego
really be useful simply cannot be established. under any alternative social conditions. On the
) ) other hand, critics may still have a point in
"High tech” as a lifestyle claiming that the dynamics of technological
innovation in industrial societies tend to over-

load the environment, deplete natural resources

The point that "high tech” is not so much anyg widen the gap between the world’s haves
instrument but more a lifestyle which is part of ;4 nave-nots. It was not the purpose of our
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technology assessment to discuss basic isswstgategy. Since no single technology can be
such as what kind of production and economiexpected to represent the "best” solution to a
regime we would need to protect the world’problem for all times, it is advisable to ensure

resources and ensure that available goods weleralism and avoid the emergence of techno-
divided more equitably, whether economidogical monostructures in society. This would

growth could be maintained much longer, oimply that alternatives to or variations of the

how industrial societies can function withoutdominant technology must at least be preserved,
growth. It is certain that opinions were aso that they can be resumed and further devel-
divided among the participants of the technologgped if the need arises in the future.

assessment as they are in the public debaﬁﬁs

pursued over these issues the case of weed control, technological plu-

ralism means that sufficiently large niches must
In the end basic political divisions among thée maintained for the use and innovation of
participants remained unaltered in our technothechanical methods, even if herbicides represent
ogy assessment. The critics of genetic engineex- superior technology according to received
ing felt that society would gain if it were possi-criteria. Going one step further, one recommen-
ble to halt the further growth of the technologydation was that organic farming as a whole
They also claimed that organic farming represhould receive extensive support to develop it
sented a viable alternative to conventionanto a viable alternative, on the assumption that
agroindustrial techniques. The supporters df is undesirable to be entirely dependent on
genetic engineering, on the other hand, wedemically based agriculture as the only system
convinced that none of the obvious problems thisf large-scale food production. In Central
society is facing could in any way be alleviatedEurope a considerable increase of the area of
by suppressing thelynamics of technological organic farming could be achieved if subsidies
innovation. Nor did they accept, as a rule, thavere reallocated. This would create a
organic farming was a better alternative for th8aboratory” in which organic farming methods
environment in all respects or that it couldcould be improved and evidence collected to
provide the yields needed to ensure food supetermine whether organic farming could be
plies. Many participants were of the opinion thatleveloped into a realistic alternative to conven-
an ecologically sustainable agriculture of thé&onal farming, producing comparable yields at
future, that would ensure foodugply for a reasonable costs.

growing world population, would have to be a . :
improved version of the present system of higLé-UCh ideas were a concession to the advocates of

organic farming, but required in return the

tech agriculture, and that new technology, 7. __ = "
including genetic engineering, would be nece idmission that it is also legitimate to adopt new

. . echnologies, including genetic engineering
sary to achieve this goal. (provided risks are properly controlled). Organic

The compromise of farming is thus regarded as an option in technol-
3 technological pluralism ogy, not as a way of life. The discussion of these
points was not brought to a conclusion in the

There seems to be no middle ground for medigechnology assessment, and there was no op-
ing a dispute in which one side argues for morortunity to establish whether a consensus
modern technology because it provides optiorould have been reached.

to solve pressing problems, while the other side . .

argues for less modern technology because \A The political function of

would only make the problems worse. We ha participatory technology

incompatible political visions and strategies assessment

between which we must choose. Voting o

referendum would suggest itself as a legitimaty/ "3t was the political significance of our
method to reach a decision in this case. participatory procedure on transgenic herbicide-
resistant crop plants? Can such procedures serve

To a certain extent, it should be possible to hawg a model for future technology assessment?
it both ways by combining some aspects of eadban it resolve conflicts over the acceptance of
conflicting view of the proper role of technologynew technology? These questions were not
in modern agriculture. Society could, for in-discussed during the procedure itself; they are
stance, opt to introduce genetic engineering anstill under investigation at the Wissen-
at the same time, provide additional support tschaftszentrum Berlin (WZB). A few remarks
improve organic farming methods. Occasionallgre given here.

it was argued in the technology assessment that

technology policy should be based on a doubfs 2 Procedure of participatory technology

assessment may be suitable to restore the credi-
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bility of the experts. As an instrument of expertion which operate under "ideal” conditions of
advice for policy making, it has probably less teymmetry, fairness and mutual respect. It is not
offer. In our case the procedure just repeatéd be expected that political conflicts that are
and confirmed the knowledge that was availableught in the public domain could be translated
in the international discourse. It would probabland transformed fully to the level of argumenta-
have been possible to document this knowledgien in such a procedure. Nor can one expect
without a participatory procedure simply bythat the parties involved would really offer to
commissioning reports from the respectiveelinquish their strategic interests in a process of
experts. What would not have been achieved laygumentation. Acceptability conflicts are
such reports is the concurrent public demonstréierefore not likely to be resolved in a partici-
tion of the credibility of experts. Credibility is anpatory technology assessment; they will at best
important and scarce resource in expert advite redefined. Many of the rationalising effects of
for policy making. It can be stabilised wherthe procedure will only occur with those who
experts are exposed to the critical questions antserve the process of argumentation and not
objections of "counter-experts” in a symmetricaith the participants who actually pursue that
and fair participatory procedut@. process¥®

2. Argumentation is a medium for rationalisings. Participation is not democratisation. Political
conflicts. While conflicts in public arenas are aslisputes about new technologies will seldom be
a rule "framed” as battles of arguments, theesolved by consensus. The real question is,
conflicting parties are mostly involved in thetherefore, how legitimate decisions can be taken
political mobilisation of thgublic rather than in despite the conflicting views. Participation in a
the examination of arguments. A participatoryechnology assessment operates at a distance
technology assessment provides a social modedm the political decision. It is advice not
of how the frame of argumentation can be takesecision making. Participation ensures the
seriously and how conflicting parties can bénclusion of a plurality of views in a process of
effectively committed to engage in true dispolitical communication, but it is not a demo-
course. The procedure ensures that all relevasratic transformation of political decision mak-
points will be brought together, that claims béng. The participants do not need a democratic
substantiated and justified, and that objectiomsandate, but they also do not have a democratic
be heard and answered. If there is any room toandate. Whether participation will enhance the
"rationalise” political conflicts and explore thelegitimacy of decision making and increase the
chances for consensus, it should become appailingness to accept majority votes remains an
ent under these conditions. open question. It is a plausible assumption,
however, that the refusal to grant participation

3. Participation is a political goal in itself.  : : e :
Experiments are being conducted in manW|II make it ever more difficult to arrive at

. A
modern societies with new patrticipatory an(%g't'mate decisions:

cooperative forms of politics. To assess the€e Technology assessment may function as
experiments the question is not only whethdorum of constitutional debate. Conflicts over
they are necessary in order to resolve conflictthe acceptability of new technology often imply
but also whether they represent the kind gdolitical demands which simply cannot be
political culture one wants to promote in therocessed by the established procedures of
society. Discursive models like the participatorglecision making, such as the demand for politi-
technology assessment are superior (both @al planning and democratic control of techno-
normative and functional terms) to "one-sided’logical and social change. The political system
forms of participation like the right to be in-must somehow “return” such demands to the
formed or to give comments, or to ob-=society. For that matter social forums of com-
serveftestify in hearings. Inclusion in a discourseunication are needed which can deal convinc-
has a price, however, because it involves thiegly with the interests, needs, hopes and fears
conflicting parties in a process of argumentatioreflected in such demands, even if they cannot
which they cannot control and where they catmanslate them into effective regulation. Discur-
never be sure that they will "win” their case.  sive technology assessment may be one example
of such a forum, if it is extended into an organ-

4. Conflicts over the acceptability of a r‘emfsed discussion about how useful a new technol-

technology are not likely to be resolved in par: . s ; -
ticipatory procedures. Discursive technolog)? gy really is and what direction social develop

assessments are social constellations of interac-

130 see Holzinger (1996).
129 5ee van den Daele (1996). 131 See van den Daele and Neidhardt (1996).
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ment should take.
7. Participatory procedures cannot replace

standard procedures of technology assessment.

The participatory procedure initiated by the
WZB was too costly in terms of time and money
for all those involved to become incorporated in
the routines of giving expert advice to political

decision makers. The procedure would either
have to be simplified drastically or confined to

selected conflicts which are particularly signifi-

cant.

Herbicide-Resistant Crops
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