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centuries-old tradition of state and corporate efforts at
drastic simplification of large wooded |andscapes for
specialized purposes. Fraught with internal contradictions, this
tradition is under challenge from interests defending local
diversity. An effective response to the dangers of genetically
modified (GM) trees will go beyond exposes of their biological
effects by contributing to alliance-building among theseinterests.
Most contemporary forest stewardship systems of established
and sustained productivity, fertility and value to local people are
based on diversity. Such systems, which outsiders usually find
difficult to interpret or administer, often include a mixture of
forests, woodlands, agricultural fields, and gathering or hunting
grounds arranged in changing and seemingly-irregular patterns
matching local topography tolocal conceptsor convenience. They
typically feature trees planted or maintained for a variety of
purposes including food, shade, erosion control and protection
for livestock; fruit, vegetables and wood for humans; and water,
nutrientsand protection for crops. Thisdiversity of usesgenerally
reflects alocal politics in which no single production interest is
ableto exclude all others. It hasanumber of beneficial effects—
for example, shielding insect speciesfrom the monolithic selection
pressures they would encounter in a monoculture, which often
turn them into devastating pests.! (See Box: “A Contemporary
Diversity-Based Forestry System”, p.2.)

In enduring tension with such systems (and with itself) isa
forestry tradition, at |east two centuriesold, of centralized control
which attempts to create large, simplified wooded landscapes.
These are designed to be easy to administer from possibly distant
officesfor single, specialized purposes.2Thistradition stemsfrom
the efforts of both early modern European states and large
commercia concerns to calculate probable yields from timber
extraction, using technigques such as statistical field surveys of
the species and sizes of forest trees. This narrow focus on
quantifying sustainable wood volume led naturally to attemptsto
create, asif from ablueprint, amore uniform forest that was both
more legible to bureaucrats and their employees and more
“efficient” in producing asingle commodity. Systematic seeding,

The attempt to engineer trees genetically belongs to a
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planting and cutting brought into being the ideal bureaucratic or
commercia “forest”, with itsgrid pattern of similar trees supposedly
manageabl e according to globally-applicable techniques and free of
“extraneous’ vegetation or human activity. Such “forests’ — and the
industrial plantations which followed on became rigidly separated
off from agriculture (see Box, “The Industrial Pulpwood Plantation
Tradition”, right) The multiple functions of ordinary forests were
reconceptualized as symptoms of untidiness and disorder. Non-wood
uses of forestswererecast as, at best, “minor forest products’, while
trees whose growth rates had ceased to justify their survival in
economic terms were dismissed as “overmature”’. Flora and fauna
which reduced timber output were classified as weeds or pests.
This redefinition of forests was accompanied by aredefinition of
rights, asforest societieswere also partly disassembled. Complicated
webs of local rights of access to woods and their varied contents —
firewood, mushrooms, fodder, nuts, gravel, peat, game, poles, moss
and so on — were curtailed as authorities and firms sought to gain

A Gont enpor ary DO versi ty-Based Forest System

Among at | east 400 noder n
“communi ty forest” systens inthe
hi 11y upper Northern regi on of
Thailand i s that of Mae Khong
Saal villageinChiang Drodistrict
of Chiang Mai province. The

syst emf eat ures 57 hect ares of
agricultural fieldsinwhichat |east
10 different types of paddy rice
aregrowninsteppedfieldsinthe
val | ey bottons. Sone 10 vari eti es
of drylandriceareal socultivated
inhill fields, wichrotateona
cycl e of 3-5years.

Sone 643 hect ares of comu-
nity useforest arecarefully
di sti ngui shed from980 hect ar es of
protected forest, betweenthem
enconpassi ng si x different native
forest types. Sone 58 her bal
nedi ci nes on whi ch vi | | agers
depend are |l ocal |y cul ti vat ed, sone
i naprotected phar naceut i cal
gardeninthe mdd e of the forest.
Atogether, forest food and
nedi ci ne yi el d t he equi val ent of
US$700 per year for each of the
village's 22 househol ds. As wel |l as
provi di ng wood for |ocal use, the
forests al so hel p preserve the
nature of the streans that | acethe
area, whi ch provide water for
agricul ture and drinki ng as vell as
the 17 caref ul | y- conser ved speci es
of fish which suppl enent the | ocal
food suppl y.

Al aspects of the system—
agri cul ture, conmunity-use forest,
protected forest, fisheries —are
i nt er dependent . The whol e pattern,
nearvhi | e, reliesfor itssurvival on
local villagers' pratection. For

exanpl e, theuseof fireiscarefully
controlled by | ocal s sothat devastat -
i ng bl azes don't strikethelocal
forest, as they oftendothe sur-
roundi ng regi on’ s nonocul ture tree
plantati ons. Regul ar nonitoring,
together with a newy-fornal i zed
systemof rul es and fi nes covering
forest, streamand sw dden use,
hel ps @i ntaintheloca biotic
nesaic. Rolitica vigilanceisa so
crucial . 1n 1969, | ocal s teaned up
w t h concer ned gover nnent of ficials
tostave of f athreat by conmercial
| oggers to devastat e the area. Today,
Mee Khong Saai vil | agers are fighting
a 1993 gover nnent decr ee orderi ng
themout of the Wi dlife Sanctuary
whi ch was est abl i shed i n 1978 on
thel and they i nhabit and protect.

Mae Khong Saai ' s i nsi st ence on
| ocal stewardshipis obviously good
for the area s bi odi versity. Arecent
rapidw | dlife survey inand around
thevillageresultedinsightings of
nany speci es —i ncl udi ng a fl ock of
Oiental HedHornbills
(At hracoceras a birostris) —that
indicatethat the areais oneof the
nost bi ol ogi cal |y di verse i n Thai | and.
Ani nal s i ncl udi ng bear, dear, gi bbon,
boar and various wldcats, as wel |
as over 200 speci es of birds, take
advant age of the tapestry of | ocal
ecosyst ens.

Inconstant interactionwth
| owt and econonies, polities and
cul tures, Mae Khong Saai coul d not
be further fromthe ronantic cliché
of aconpletelyisolated, self-
sufficient coomunity. As well as
nar keting forest products, nany

communi ty nenber s periodi cal | y
take jobs far outsi de t he commu-
nity, soneindistant cities. Intheir
defence of | ocal |ivelihoods and
the biodiversity they rely on,

nor eover, Mae Khong Saai ' s

resi dents depend partly on

al | i ances t hey have f ashi oned not
only wth sinilar conmunities
across Thail and’ s nort hern
nount ai ns but al so w t h ur ban-
based N@Onoverents. It isin
fact through t he experi ence of

al liances attenptingto defend
local forest stewardshipinfront of
state official sthat thetermof art
“communi ty forest”, which | unps
together avariety of | and-use
systens, has been i nvent ed.
Arguabl y, Mae Khong Saai owes
evenits current identity and way
of lifeonthe periphery partlyto
the history of uneasy rel ati ons
bet ween t he Karen peopl e who
inhabit it andthe nodern, nation-
aistic, raciaist Thai statewhich
has devel oped over t he past
century. \Mat ever successesits
forest stewardshi p system
achieves w || owe nuch tothe
way it is ableto converse and
negotiate wth | ow and and
international powers inrenew ng
itsstrategiesfor loca contral .

Sour ces: Envi ronnental | nprovenent
Departnent et al ., Raayngaan Phol
Kaan Wj ay Rueang Khwaam Laakl aai
Thaang Chi i waphaap | ae Rabop N vet
nai Khat Paa ChumChon Phaak Nuea
Tawn Bon, Chi ang Mai, 1997; Turton,
A (ed.) Qvility and Savagery: Social
IdentityinTai Sates, Qurzon, London,
2000.
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Thefactory-likeorder of industrial
pul pwood pl antations, wththeir
ranks of even-aged trees of the
sane speci es nar chi ng over | arge
| andscapes, iscloselytiedtothe
political devel opnent of the
factoryitsel f. The basi c designfor
t he paper nmachi ne used t oday was
devel oped i n the 1790s | argel y as
anattenpt totransfer control over
paper - naki ng know edge from
restive artisans tofactory owners.
The new devi ce encour aged

i ncreased pl ant scal e, i ncreased
consunpt i on and i ncr eased
physical centraization It dso
encour aged t he use of wood —
vhi ch was nore easi | y stored,
nor e avai | abl e and nore easi | y
transportabl e than agricul tural
wastes or rags, as well as bei ng

| ess | abor - i nt ensi ve —as raw
naterial . Reliance onwoodinturn
encour aged t he al ready- exi sti ng
trendtoward state control over
forests. It al sohel pedfoster
reliance onlarge, heavily-necha-
ni zed and - capi tal i zed, water- and
energy-intensive mlls. Qe

out cone was | ar ge- scal e def or -
estation andthe creation of vast,
sinplified catchnent areas of

uni formrawnat eri al s — ndustri al
plantations, or “fieldsof fibre'.
Increasingly sitedinthe South,
where | and i s cheaper, growh rates
faster, andregu ationlessrestrictive,
such encl aves areintol erant of ot her
| and uses such as agri cul ture,
gathering, grazingor wldlife preser-
vation. Requiringcentralized|egd ,
poitical andhidogica contra, they
al so provi de fewj obs for | ocal peopl e
and have provoked | ocal resistancein
countries rangi ng froml ndonesi a and
Thai l and to Portugal and Ghi l e.

The grand scal e of pul p and
paper operati ons nakes state
subsi di es i ndi spensi bl e, whether in
theformof freeinfrastructure, tax
breaks, cheap | and, suppressi on of
| ocal opposition, or | owcost univer-
sity research servi ces. The enor nous
si ze of each factory added tothe
sector, neanvhi | e, fosters savage
boom and- bust cycl es whi ch encour -
age peri odi c i ncreases i n denand.
Paper executivesinsist that this
scal eis necessary for “effici ency”.
But evenif one disregards the i ssue
of whether or not any i ndustry so
subsi di zed can be regar ded as
“efficient”, obvious questions
remai n. Wo or what isthis

The Industria Rul pwood H antation Tradition

“efficiency” for? Atypica B
citizen uses 60 tines nore paper
t han an aver age M et nanese, yet
theliteracy rates of thetwo
countries arevirtua ly the sane.
(See Tabl e: “For Wioml s Paper
Produced? | s Paper Gonsunpti on
QrrelatedwthLiteracy?’ p.4.) In
fact, sone 58 per cent of current
wor | d paper producti on has
nothingtodowthwitingand
printing, but isusedinsteadin
packagi ng, tissues, and ot her
uses; and even a |l arge proportion
of witingandprinting papers go
toward junk nai | and ot her types
of advertising. The scal e of the
industry and i ts associ at ed need
tosinplify | andscapes and

ent rench hi gh denand ar e prod-
ucts not of sone di senbodi ed
need for “efficiency” but of a
wder politicsandculture.

Sources: CGarrere, R and Lohnann, L.,
Ril pingthe South: Industrial Tree

A antations and t he Vir| d Paper
Econony, Zed Books, London and New
Jersey, 1996; Kerski, A, “Rulp, Paper
and Power: Howan | ndustry Reshapes
Its Social Environnent”, The Ecol ogi st
25 (4) 1995, pp. 142-9; Pul p and Paper
International, August 2000; Verl d-
Vétch, ital Sgns, Véshington, 1994.

more sweeping legal controls over their productive domains. As seed-
ing, planting, nutrients, growth rates, dates of harvest and accessto the
land itself came increasingly under the control of landowners and in-
dustry, abacklash, both biological and social, became evident. Growth
rates dropped after first rotations of trees had been harvested; pest
infestations increased as genetic diversity dropped; wildlife vanished,
and local farmers deprived of part of their livelihoods resisted. In
Prussia, the birthplace of scientific forestry, afull 150,000 of 207,478
prosecutions brought in 1836 were for wood-stealing and other forest
offences.® After second rotations of conifers had been planted, pests
proliferated and thinner and less fertile soils and reduced mycorrhizal
interactions led to production losses and increased storm damage.

All of these, however, were played down as problems which could
be “mitigated” through the application of further centrally-adminis-
tered techniques. Examples included chemical fertilizer and pesticide
application; distribution of nesting boxes to replace the hollow trees
which birds had previously used; and state and corporate repression.

Enter Genetically Modified Trees

Politically and institutionally, the genetic engineering of trees is di-
rected mainly at shoring up this beleaguered tradition of giant-scale
industrial operations, corporate power over the countryside, and bio-
logically homogenized landscapes.
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3. Linebaugh, P, “Karl Marx, the Theft of
Wood, and Working-Class Composition:
A Contribution to the Current Debate”,
Crime and Social Justice, Fall-Winter
1976, p.13.




4. Fernandez Carro, O. and Wilson, R.A.,
“Quality Management with Fibre
Crops,” TAPPI Journal, February 1992,
pp.49-52.

5. Most high-quality wood pulp is
manufactured by boiling wood chipsin
a caustic soda solution to separate
lignin from cellulose. Making one tonne
of bleached chemical pulp requires
120,000 or more litres of water. See
Grant, J., Young, J.H. and Watson,
B.G., Paper and Board Manufacture,
British Paper and Board Industry
Foundation, London, 1978.

Two trends arein evidence. Thefirst aimsat industrial quality con-
trol at a new, molecular level. Papermaking offers one example. As
long as papermakers were dependent on diverse types of wood waste
for raw materials, they had to rely mainly on manufacturing processes
to ensure uniform paper quality. With pulpwood plantations, however,
variability in the raw material itself could be reduced through choice
of species, site, inputs, spacing, and breeding techniques encompass-
ing provenance, hybridization, cloning, macro- and micro- propaga-
tion, and DNA analysis. The genetic engineering of trees is merely
another step in this standardizing “process of linking genes to tree,
pulp and paper characteristics’.# Robotics systems developed by the
Australian biotech company ForBio (currently in liquidation) provide
oneway of producing the large numbers of cloned GM trees necessary.
Pulp and paper industrialists now envisage vast plantations of trees not
only of single species, but also genetically identical.

One of the most important targets of current research is lignin —
the strengthening and protective substance of woody plants. In the pro-
duction of high-quality paper from cellulose fibres, lignin gets in the
way and must be removed with a high expenditure of chemicals and
energy. By manipulating the geneswhich instruct woody plantsto manu-
facture the building blocks of lignin, biotechnologists hope to reduce
the proportion of the substance in pulpwood trees, or changeit to aless
“troublesome” type. Reducing lignin by aslittle as one per cent would
result in savings of many millions of dollarsfor theindustry and would
also be useful environmental public relations, since less water, energy
and chemicals could be used in pulp recovery.® Several US patents
have been taken out on GM low-lignin trees.

For Wioml s Paper Produced?
| s Paper Gonsunption Qorrel ated wth Literacy?
Country Apparent Paper Pulp Approximate
Consumption 1999 Production 1999 Literacy Rate
kg/person kg/person
USA 347 209 95
Japan 239 87 100
Taiwan 231 17 95
Italy 179 10 95
Malaysia 107 7 90
Portugal 98 176 85
Chile 53 193 95
South Africa 40 49 80
Thailand 31 14 95
China 28 13 80
Bulgaria 19 6 100
Indonesia 15 18 85
Egypt 15 1 50
Viet Nam 6 2 95
Nigeria 4 <1 55
Nicaragua 3 0 65
Sources: Pulp and Paper International, Asia Week, UNESCO
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Genetic engineers also aim to increase the wood density of trees
destined for construction materials or paper pulp manufacture; to curb
the tendency to branch in trees grown for furniture; to boost growth
rates in fuelwood trees; and to engineer fruit trees for altered taste,®
different ripening characteristics’ or pharmaceutical production.t One
biotech company has been set up to market a caffeine-free GM coffee
bush which is billed as a means of avoiding certain industrial proc-
esses in the manufacture of decaf coffee.®

The second tweak which tree bi otechnol ogi sts give the monoculture
tradition isto try to repair some of its inherent contradictions without
guestioning its nature or the power relationships that sustain it. For
example, large monoculture plantations are notoriously vulnerable to
insect and disease infestations, since they offer a gigantic feast all in
one place to any insect or microorganism able to evolve to exploit
them. Applying pesticides may ultimately make the problem even
worse, since they cull the target organism’s natural enemies while si-
multaneoudly causing it to evolve resistance.’’ Instead of addressing
these problems at their root, however, genetic engineers are applying
the Band-Aid of trying to make trees manufacture their own insecti-
cides.

Among thefirst genesforest biotechnol ogists expl oited were those
encoding insecticidal toxins from the soil bacterium Bacillus
thuringiensis (Bt). Bt genes have been engineered into awide range of
species, including poplar, European larch, white spruce and walnut.
Other genes that have been selected to confer insecticidal properties
on trees include protease inhibitor genes from rice and potatoes that
result in disruption of insect digestion.'* In order to counter diseases
that cut into the yield of fruit tree plantations, meanwhile,
biotechnol ogists are attempting to engineer resistance to plum pox and
papaya ringspot viruses.'? Researchers are al so exploring the possibil-
ity of creating GM trees that are resistant to fungal disease, such as
leaf rust and leaf spot diseases that affect poplar and white pine plan-
tations.*®

In the same way, genetic engineering is being applied to the prob-
lem of soil salinisation associated with industrial plantations, particu-
larly thosein Australia Instead of attempting to decrease salinisation,
scientists are adjusting plantation trees’ genomes in a way which al-
lows them to survive on the spoiled land.*

One of the areas of greatest current interest for forest
biotechnologists, finally, is the engineering of broad-spectrum herbi-
cide resistance. Industrial tree monocultures are typically established
by ploughing up existing vegetation —an expensive process which also
results in soil erosion. If broad-spectrum herbicides could be used to
clear land without affecting plantation species, and to keep it free of
understorey, business could save an estimated US$975 million per
year.’® Biotechnologists are thus racing to create herbicide-friendly
plantation trees, particularly hardwoods, which tend to be more vul-
nerable to herbicides commonly used in forestry than pines. Among
the trees that have already been grown in field trials are chestnut,
sweetgum and poplar engineered with genes to confer resistance to
glyphosate, chlorosulfuron and glufosinate-ammonium. A number of
patents have also been taken out.

Promising to bypass the need for conventional breeding (a
particularly long and costly process with trees due to their long life
cycles), genetic engineering is also attractive to wood industries in
that it extends the breeder’s palette to include a range of previously-
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Tree biotech is biased
in favour of
monocultures.

16. Canovas, R.F., Gallardo, A.F. and Kirby,
E.G., “Transgenic trees having improved
Nitrogen metabolism”, patent WO
0009726 (2000).

17. Independent on Sunday, London, 16
May 1999.

18. Carrere, R. and Lohmann, L., Pulping
the South: Industrial Tree Plantations
and the World Paper Economy, Zed
Books, London and New Jersey, 1996.

19. Genesis web site: http://www.genesis.
co.nz/science3.ast.

20. Wright, L. L. and Berg, S., “Industry/
Government Collaborations on Short-
Rotation Woody Crops for Energy, Fiber
and Wood Products’, Proceedings of the
Seventh National Bioenergy Conference,
Nashville, 1996. See also http://
www.agenda2020.org/sustain.htm.

unavailabletraitsfrom other species. Genesfrom bacteria, for example,
can be used to boost trees’ resistance to insects, and genesfrom pineto
increase nitrogen uptake and growth rates in poplar.l® This is ancther
reason why genetic engineering is biased against biodiversity: it may
lead to the conclusion that native genetic resources traditionally used
by breeders areinessential. This argument could cut support for forest
conservation.

Following the Money

A glance at who is ingtigating, funding, patenting and testing the ge-
netic modification of trees confirms that the technology is strongly
biased in favour of the conflict-plagued industrial monoculture tradi-
tion — and against more progressive diversity-based systems of forest
livelihood and stewardship.

Some research isbeing carried out directly by transnational corpo-
rations committed to theindustrial plantation tradition. One of the big-
gest efforts toward making genetic engineering in forestry a reality
was a US$60 million joint venture announced in April 1999 between
Monsanto and pulp and paper manufacturers International Paper,
Westvaco and Fletcher Challenge.r” The last three companies al have
miserable reputations, particularly among environmentalists and af-
fected people, for their forestry operations, toxic releases, or both,8
while Monsanto is a well-known promoter of large agribusiness
monocultures worldwide. The objective of their alliance was to make
wood easier to pulp. Although Monsanto, plagued by European hostil-
ity to genetically-modified crops and afalling share price, backed off
six months later, restricting its role in the deal to that of atechnology
provider, the other partners remain in the hope that the new “ designer
trees” will reduce mill costs. In January 2000 they were joined by the
New Zealand company Genesis Research and Development (which
specializesin pharmagenomic drug discovery and therapeutic vaccines
as well as forestry genomics). Fletcher Challenge and Genesis have
been in partnership for five years to develop herbicide tolerance in
plantation trees such as eucalyptus, poplar and pine.’ The two firms
have also been granted a US patent to alter the lignin content of trees.
Japanese paper and car firms are also carrying out research into the
genetic manipulation of trees. In addition, transnational corporations
are stumping up money to pay university researchersin a number of
countriesto carry out investigations into tree biotech.

The bulk of basic research, however, islikely to be funded by cor-
porate-friendly government agencies working together with industry
associations and universities. This better suits the conservative orien-
tation of many wood industries, who favour the time-tested corporate
strategy of shifting research costs off on the public sector wherever
possible.

In the mid-1990s, for example, the American Forest and Paper As-
sociation, an industry group dominated by giant transnationals with
control over vast areas of land, launched a “collaborative research ef -
fort” with the United States Department of Energy toincrease USwood
production.?® Under the scheme, the US government provides tax dol-
lars to government laboratories or universities for genetic engineering
research which the corporate sector can then take advantage of, with
supplementary support from companies such as Georgia-
Pacific, Rayonier, Union Camp and Westvaco.
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Researchers at the Tree Genetic Engineering Research Coopera-
tive (TGERC) based at Oregon State University are responsible for
researching and testing trees genetically modified for improved fibre
production, herbicide tolerance and resistance to fungus and insects.
They receive funding from the US Department of Energy Biofuels Pro-
gram, the US Department of Agriculture, and the US Environmental
Protection Agency; paper and timber companies such as | nternational
Paper, Weyerhaeuser, Boise Cascade, Georgia-Pacific, Union Camp
and MacMillan Bloede!; the Electric Power Research Institute, a util-
ity industry association; other firms such as Monsanto and Shell; and
Oregon State University itself. Providing technical and logistical sup-
port are the US and Canadian Forest Services, Mycogen, the Univer-
sity of Washington, and Washington State University. This wide col-
laboration, in TGERC's own words, results in a “leverage factor of
nearly 40-fold for individual industrial members’ .2

Tree biotechnol ogistsat Michigan Technical University, meanwhile,
have benefited both from money from the state of Michigan and from
collaboration with plantation companies such as Champion.? Their
colleagues at the University of Washington have received funding from
not only the US Departments of Agriculture and Energy but also the
National Science Foundation, as well as various wood corporations
and universities.” The Department of Energy and the National Sci-
ence Foundation are also bankrolling research on genetic manipula-
tion of organisms to alleviate global warming® and a Plant Genome
Research Program which could lay the groundwork for GM pines.® In
Canada, too, although ajoint venture called Arborgen has been formed
by transnational forestry companiesto work on GM trees, the govern-
ment is playing a central role in developing tree biotech through the
Canadian Forest Service.®

The more money is available for tree biotech research, of course,
the less incentive foresters will have to study other areas — a heavy
irony, given that while the complexity of forest ecology and tree ge-
netics is well recognised, they are poorly understood and starved of
research funding.

Genetic Colonisation

Nowhere are the contradictions of the GM “fix” clearer than in the
controversy over how to prevent genetic modificationsfrom spreading
from industrial to neighbouring ecosystems.

The need to prevent GM trees and their genes from invading native
ecosystems is clear. Low-lignin trees have the potential to disrupt the
forest composting cycle responsible for unique soil structures and nu-
trient cycling systems. Aninflux of low-lignintreesvulnerableto dam-
age from insects and other herbivores, moreover, could result in pest
population explosions. Insect-resistant GM trees have the potential to
disrupt insect population dynamics and also are likely to enjoy anin-
vasive advantage over forest tree species. More generally, invasions of
GM trees could threaten the diversity of the forest gene pool from
which trees are selected for conventional breeding — a reservoir al-
ready reduced by selective logging practices.?” Because trees are even
more genetically compatible with their wild relatives than highly-bred
agricultural crops, GM “escapes’ are especially worrisomeinforestry.

Although the need to separate GM and non-GM trees meshes neatly
with industrial incentives for simplifying land use to a single species
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The Technofi x D | emma

The geneti ¢ engi neeri ng of new
traitsintotrees can be expected
only to deepen the famliar

envi ronnental and soci al
contradictions of theindustria
nonocul ture tradition:

Li gni n-reduced trees

Ligninreducedtrees arelikely to
have mil ti pl e del eterious effects
giventhat ligninfunctionsin
forests in so nany ways. Lignin
reduct i on may weaken trees
structural |y (al thoughit nay
alsoleadtoanincreasein
strengtheni ng cel | ul osefi bre),
and sone resear cher s have
reported stunted grow h and
cal | apsed vessel s, | eaf
abnornal itiesor anincreasein
wdnerabilitytovird infection
Because | i gnin protects trees
fromfeed nginsects, | owlignin
treesarea solikelytobenore
suscepti bl e toi nsect danage,
| eading to pressures to i ncrease
pestici de use. Low|ignintrees
wll alsorot norereadily —
dfectingsal structure, fertiliser
use, and forest ecol ogy —and
w || rel ease carbon di oxi de nore
qui ckl y i nt o t he at nospher e.

I nsecti ci de- produci ng
trees

GVtrees that produce their own
insecticidearevirtua ly certain
t 0 cause non- pest speci es to
evol ve i nto pests as GV
pesticides eradicatetheir
conpetitors. Thetarget insects
t hensel ves, neanvhile, w |
evol ve resi stance to the GV
pestici de, | eadi ngstrai ght back
tothe application of
conventional pesticides. In
addi ti on, sone new y-resi stant
i nsect s coul d si nul t aneousl y
evol ve a capabi l ity t o expand
their feedi ng range to previousl y
| ess-suscepti bl e pl ant speci es.
Lhexpect ed pesti ci de
cont ami nati on of ecosystens is
al so possi bl e. Theinsecticida B
vhi ch certai nagricul tural crops
have been engi neered t o
produce, for exanpl e, has
unexpect edl y been found to be
capabl e of bei ng exuded t hr ough
roots and bi ndi ngwth soi |
perticles, persistinginthesal
for 243 days and renai ni ng

toxicfor verylong periods. Non-
target insects essentia tohea thy

ecosyst ens nay al so be vul nerabl e

to the GVl nsecti ci des.

Fnally, aslongasthey enoy an

advant age over trees suscepti bl e
toinsect feeding, insecticide
producingtreeswl!| beableto

i nvade w | der systens w th ease,
di sruptingtheir insect popul ation
dynami cs.

O sease-resi stant trees

Trees geneti cal | y engi neered for
resi stance to di sease, especialy
when depl oyed i n si npl i fi ed

| andscapes, arelikely to cause
fresh epi denmics. For one thing,
genetic diversitywthinstandsis

wel | -recogni sed as essentia totree

heal thin sustai nabl e forestry. Yet
w th the advent of cl oned GV
trees, geneticdversitywll be

| over than ever i n conmerci al
plantati ons. Extrene vul nerability
i s bound t 0 engender extrene
net hods of di sease control .

Second, fungi ci de production
engi neered i nto GQVitrees to hel p
themcount er such afflictions as
| eaf rust and | eaf spot di seases
nay dangerousl y al ter soi|l ecol ogy,
decay processes and the abi lity for
the GMtrees to formnycorrhi zal
interactions essentia for nutrient
upt ake and soi | structure.

Third, GVvirus resi st ance nay
accel erat e t he evol uti on of new
di seases. B ot echnol ogi sts have
engi neered several tree Speci es,

i ncl udi ng pl umand papaya, wth
genes fromvi ruses whi ch i nstruct
thetreestonakevira proteins.
For reasons not ful |y under st ood,
these proteins confer sone

resi stancetoinfection by that
particul ar virus and oftenits cl ose
relatives. Yet infectingviruses can
acqui re and use viral genetic

i nformation carri ed on sone GV
pl ant chronosones i n a process
known as viral reconbi nation. In

t he absence of genetic

engi neering, vira reconi nation
wll occur only ontherare

occasi ons when two si nil ar

vi ruses have i nf ect ed an or gani sm
si mul t aneousl y, but because every
cell of GWvirus resistant plants
containsviral genetic nateria, any

viral infection can be consi dered as

ineffect asimitaneous infection.
Labor at ory experi nents have

confirnedthat viral
reconi nati on i nvol vi ng
engineered viral genesinplants
can i ndeed i ncrease vi r uses’

vi rul ence and expand t he range
of hosts they are capabl e of
attacki ng.

Herbi ci de-resi stant trees

Trees geneti cal |y engi neered t o
be tol erant of herbicides wll
further entrench the use of the
chenical sincorporate and state
attenpts to creat e wooded

| andscapes free of “extraneous”
Speci es.

The consequences wi | | be
ml tiply detrinental . Broad
spect rumher bi ci des danage soi |
structureand fertility through
changes i nroot systens, soil
i nsect popul ations and soi | food
webs. As bact eria and f ungi
whi ch pronot e soi | heal th
decl i ne, vegetation-danagi ng
bacteria and fungi nove in.
Utinately, the use of ot her
pesti ci des t o confat fungal
di seases may i ncr ease.

Her bi ci des are al so
danger ous t o bi rds and ot her
aninal sthat rely onadiversity
of plants for food and shel ter.
Thei r use over prol onged peri ods
di mni shes food sources for the
speci es dependent on t hemand
provi des i deal conditions for the
evol ution of herbi ci de-tol erant
pl ants and t he need for hi gher
doses and even nor e hazar dous
chenical s.

Her bi ci de use has al so been
shown to i ncrease agri cul tural
crops’ susceptibility to di sease.
Despi t e nanuf act urers’ cl ai ng of
“ervironnental friend iness',
nor eover, gl yphosat e, the active
ingredi ent of favoured plantation
her bi ci des (i ncl udi ng Round- Lp) ,
bi nds to soil s inthe same way
as i nor gani ¢ phosphat es and
nay renai n undegr aded f or
years, endangering, through
rucff, aqueticlife

G yphosat e al so di srupts the
heal thy bal ance of soil |ifeand
kills beneficia insectsincludng
wasps, | acew ngs and | adybi rds.
QVigl yphosat e-t ol erant trees
have beengromninfieldtrias
throughout the 1990's, in USA
Eur ope and Sout h Afri ca.
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Faster-grow ng trees

Trees genetical | y nodi fi ed for
faster grontharelikely to use up
water even faster thanthe fast-
growngtrees currently usedin
industria plantations,
exacer bat i ng probl ens of dryout
and sal i ni ficationwhi ch
undernine the agri cul tural or
fisheries|ivelihoods of peopl e
l'i ving on adj acent | and. Such
treeswll al sosuck up nutrients
at ahigher rate, necessitating
the application of anever-
i ncreasi ng vol une of chenical
fertilisers. Hence fast-grow ng
GMitrees nay speed up t he
process by whi ch previously rich
land i s i npoveri shed —t hus
i ncreasi ng, not reduci ng,
plantations’ denand for | and and
their threat bothtoagricul tural
livelihoods andto native forests.
Trees geneti cal |y nodi fied for
fast gromhw | al sobe highly
i nvasi ve of ecosystens for whi ch
they were not i ntended, quickly
overt aki ng sl ower - gr ow ng non-
GMtrees inthe conpetition for
light and nutrients. They wll
thus threaten not only wldand
endanger ed tree popul ati ons but
asotheplants, insects, fungi,
ani nal s and birds that have
evo vedtofill specialist niches
dependent on t hose popul ati ons.
For exanpl e, Saedi sh
resear cher s engi neer ed aspen
wi th a gene fromoat s whi ch
control s the response of plants
today length. Theresultingtree
was abl e to growin w nter
dayl engths (wthaslittleas six
hours of daylight daily) as well
as summer (when dayl i ght nay
extend to 15 hours or nore).
Had t he GVlaspen not | ost its
abilitytowthstandcd d, it
woul d have had a huge
advant age over other treesin
extrene | ati t udes where day
lengthlinits tree growth.
Fast-grow ngtrees wth
inproved ability totake up
ni t rogen conpounds fromsoi |
can al so be an i nvasi ve
ecol ogi cal threat. A(non-GV
nitrogen-fixingtreeintroducedto
Havai i provi des one cauti onary
exanpl e. The tree has punped a
nornal |y nutri ent-i npoveri shed
| ava ecosystemso ful | of
nutrients that a nunber of
di ver se and speci al | y- adapt ed
native pl ant communi ti es have
been dri ven out .

Car bon- absor bi ng t rees

Recent proposal s by the US
Depart nent of Energy and ot hers
t o use car bon-di oxi de absor bi ng
QMitrees to counter clinate

di sruption hi ghl i ghts i n anot her
way t he conpl ex connecti ons

bet ween genet i c engi neeri ng and
the attenpts of central authorities
tore-engi neer | arge | andscapes for
si ngl e purposes. A their nost
grandi ose, such proposal s call for
genetical |y “nani pul ati ng”
terrestrial ecosystens sothat they
cantenporarily store several tinges
nor e carbon than at present, in
order to nake possi bl e “conti nued
| arge-scal e use of fossil fues”.

Qre resul t coul d be the creati on of
vast plantations of trees
genetical | y engi neered for both
faster grow h (to absorb nore

car bon di oxi de fromt he

at nosphere) and hi gher lignin
content (for nore stabl e st orage of
t he sequest ered carbon). The
consequences woul d i ncl ude not
only the soci a effects associ at ed
w t h t he sei zure and degr adat i on
of huge areas of forest | ands and
their soils, but alsothe
entrenchnent of awasteful energy
econony el sewhere. If allowed to
decay or used for fuel or paper, of
course, the trees woul d qui ckly

rel ease t he carbon t hey had
tenporarily sequest ered back to

t he at nospher e.
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Pollen and seeds from
GM trees can travel
long distances.
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or variety of tree, the problem is that isolation is virtually impossible
in practice. For one thing, plantations often border wild forest sys-
tems, and indeed are often set up on land cleared of old-growth forest.
For another, tree pollen can travel vast distances. On the treel ess Shet-
land Islands, pollen was found from forests more than 250 kilometres
away acrossthe sea.®In Northwest India, windborne pollen wasfound
600 kilometres from the pine trees where it had originated.* Crucial
forest pollinatorsincluding flies, butterflies, ants, beetles, aphids, bum-
blebees and honeybees are also notably indifferent to posted bounda-
ries between GM and non-GM domains. Seeds are equally difficult to
limit to asingle geographical area, some being carried around by fruit-
eaters while others are wind-borne or water-borne. Infact, it is seed or
vegetative fragments which feature in the best-documented cases of
long-distance gene flow, for example the establishment of plants on
new continents.®! Many trees can also spread through the distribution
of broken twigs, while others send suckers up from their root systems.
A single aspen in Utah, for example, boasts 47,000 trunks springing
from its root system, and covers 42 hectares.* Trees can aso grow
from stumps left after felling.® In sum, trees may be even more adept
at spreading their progeny than crops, and once in the wild, a single
GM tree could survive for hundreds (perhaps thousands) of years.

A Cascade of Higher-Order Technical Fixes

One measure of the power of the tradition of industrial landscape sim-
plification is that for each fresh contradiction created by attempts to
“fix” one of its problems, there is always funding to research yet fur-
ther, higher-order fixes. The result is a continuous cascade of ingenu-
ity-absorbing technical tweaksfated to generate still further contradic-
tions.

Thus one “solution” to the dilemma of genetic invasion is to at-
tempt to engineer trees for sterility (see Box “GM Sterility”). Making
GM trees sterile, the reasoning goes, will prevent gene flow. Predict-
ably, however, this second-order fix leads immediately to difficulties
requiring a third-order fix, and so on. GM sterility, for example, can-
not be guaranteed to be permanent over generations and through envi-
ronmental changes and disease stresses.® Nor does engineered steril-
ity prevent gene flow through horizontal transfer (for example to bac-
teria and fungi), or through vegetative propagation, such as twig and
stump re-growth or suckers. Moreover, stands of sterile trees devoid
of birds, insects or mammals that rely on tree seeds, pollen or nectar
for food could disrupt population dynamics (pollinators are of particu-
lar concern), with severe repercussionsfor neighbouring wild systems.

Current regulatory requirements for risk assessment constitute a
further example of an attempt at a higher-order technical fix. This fix
is, once again, quickly beset by its own limitations and dilemmas.

First, much of the datawhich adequate risk assessment of GM trees
demands is unobtainable. For instance, in practiceit is not possible to
measure accurately to what extent GM plants or their genes might
spread, ssimply because of the sheer size of the areawhich would need
to be thoroughly examined for migrants. Studying small-scale, short-
term experimental GM releases, moreover, holds few lessons for the
large-scale, long-term releases to which GM forestry is committed,
and long-distance migration and its effects will be different for every

release.
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Second, seriousrisk assessment would exclude GM treesfrom pre-
cisely those uses for which they are being principally developed.
Kenneth Raffa at the University of Wisconsin's Forestry Department
suggests, for example, that risks of evolution of insect resistance can
be limited if large or homogenous plantations are avoided. But this
recommendation is inherently at odds with the requirements of the
large-scale forestry industry.® Raffa's team also recommends close
monitoring of plantationsfor ariseininsect resistance, but such moni-

It is unlikely that
risks can be
contained.

toring is expensive and difficult in the remote locationsin which plan-
tations are often established.

Third, the long life cycles of trees and the range of seasonal and
other environmental stresses that they have to withstand entail that
any genetic modifications made to them may be unstable. This too
militates against reliable risk assessment.® Each stage of atree'slife
cycle sees previously unused genes or gene combinations being acti-
vated — those that act in concert to direct flower formation or fruit
ripening, for example. Determining how these interact with the engi-
neered gene could take severa years to ascertain — entailing delays
unacceptable to sharehol ders or even many risk assessors. Unforeseen
results are common. Aspen, for instance, will usually not flower be-
fore its seventh year, and German authorities gave consent for afive-
year open field trial of GM aspen trees on the assumption that they
would not flower during thetrial. Yet one of the GM trees started flow-
ering initsthird year, despite pre-tria findings hinting that GM aspen
would grow even more slowly than non-GM aspen. Although all the
trees were derived from the same gene clone, in other words, they did
not all flower at the sametime.®” Evenin agricultural crops, engineered
genes have been shown to be less stable than originally expected.*®

Given thethreat to the development of forestry biotech which thor-
oughgoing and rational assessment would posg, it is small wonder that
proponents such as Simon Bright of Zeneca Agrochemicalsaredriven
on occasion to articul ate the defensive, unscientific demand that ques-
tions about GM trees be “framed in away that gets a positive answer,
or that a positive answer is allowed” .* The agencies currently under-
taking risk assessment of GM trees are often the ones with a vested
interest in supplying just that “positive answer”. Thus in Canada the
Canadian Forest Service both promotes GM research and checks for
risks, while Oregon State University’s TGERC program, whose future
liesin promoting GM trees, is precisely the body the US Environmen-
tal Protection Agency has chosen to assess the dangers of the technol-
ogy.® This pattern hardly bodes well for forest ecosystems and the
people whose livelihoods depend directly on them.
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Oxon, UK, 2000, p.15.
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I erility

Tree sterility can be engi neered
insevera ways: nani pul ating
hor nonal nessagi ng syst ens,
altering flover- and pol | en-

rel at ed enzyne product i on,
usi ng cel | abl ati on technol ogy,
and so forth. For exanpl e,
genetic triggers can be

engi neered t oget her with a gene
for, say, diphtheriatoxin, under
the control of a pronoter that
instructsthetreetousethe

geneonlyincells destinedto
becone reproduct i ve st ruct ures.
Production of thetoxininthese
cellsleadstotheir death.

(ne happy si de ef fect of
preventing fl owering and seed
producti on, biotechnol ogi sts
suggest, mght be todivert trees
energy and nutrients to ti niber
producti on, thus increasing
financial returns. Another effect
woul d be to reduce t he cost s of

renovi ng seedl i ngs of unwant ed
plants. Athirdwoul d beto
prevent the tinber of sone
commerci al |y i nportant pi ne
speci es frombei ng nar ked by

i ndentati on and fornati on of
cone st ens.

Sour ce: Mburadov, A and Teasdal e, R
D, “Gneti c engi neering of reproducti ve
i nconpet ence i n radi at a pi ne”,

Protopl asna 208, 1999, pp. 13-17.
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Conclusion

The processes through which genetically engineered trees are being
developed are profoundly biased against social arrangements which
promote and rely on biological diversity. These processesare alsoriven ;
by dilemmas and destructive tendencies which chains of technical re- Prudence requires an

finements, no matter how long, are likely to be powerless to over- immediate halt to
come. Tackling the challenge GM trees pose meanstackling theindus- GM t |
trial and bureaucratic tradition which seeks the radical simplification ree releases.

of landscapes. That entails alliance-building with groups working
against or outside that tradition, from seed saversto communities bat-
tling encroachment of industrial tree farms on their land.

In these respects, theissues raised by GM trees are similar to those
raised by GM crops. Yet in many ways, genetic modification in for-
estry isan even more seriousissue than genetic engineering in agricul -
ture. Trees' long lives and largely undomesticated status, their poorly
understood biology and lifecycles, the complexity and fragility of for-
est ecosystems, and corporate and state control over enormous areas
of forest land on which GM trees could be planted combine to create
risks which are unique. The biosafety and social implications of the
application of genetic engineering to forestry are grave enough to war-
rant both animmediate halt to rel eases of GM trees and renewed atten-
tionto the social, historical and political roots of the tree biotech boom.

The Corner House is aresearch and solidarity group which aims to support the growth of a democratic, equitable
and non-discriminatory civil society inwhich communities have control over resourceswhich affect their livesand
livelihoods, aswell as power to define themselvesrather than be defined only by others. Contact detailsareon p. 1.
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