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Preface
Members of the Independent Science Panel (ISP) Mnh@ve had the opportunity to review extensive rdifie and other
evidence on genetic engineering over the past éscadany are among the more than 600 scientists #® countries who have
signed an "Open Letter from World Scientists to @vernments' [1], initiated in 1999, which callest i moratorium on the
environmental release of genetically modified orgars (GMOSs), a ban on patents on living processgmnisms, seeds, cell lines
and genes, and a comprehensive public enquinthietéuture of agriculture and food security.
Scientific and other developments since 1999 hawdirened our concerns over the safety of genetigirexering, genetically
modified (GM) crops and food security. At the satimae, the successes and benefits of the differemhd of sustainable
agriculture are undeniable. The evidence, now adseinimakes a strong case for a worldwide ban oeralironmental release of
GM crops to make way for a comprehensive shiftgmacology, sustainable agriculture and organimifag.
The evidence on why GM crops are not a viable odtiora sustainable future is presented in Partsdl2a while Part 3 presents
evidence on the successes and benefits of sudigticultural practices.
Note
This Report is a summary of a vast amount of litematWe have included as much of the primary ssuasepossible, but many of
the papers cited in the list of references are Hedves extensive reviews of scientific and otherditure, submitted to various
national and international bodies that have cdtea@vidence.
In producing the ISP Report, ISP members are resiplenfor those areas where they have specific etpemge, while giving
overall endorsement to the report as a whole. EaBmiember also recognises the expertise and aytbbather ISP members in
those areas where they themselves do not havdispeehpetence.
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Executive Summary
Why GM Free?

1. GM crops failed to deliver promised benefits
The consistent finding from independent researchamthrm surveys since 1999 is that genetically iffextl (GM) crops have
failed to deliver the promised benefits of sigrafitly increasing yields or reducing herbicide aedtigide use. GM crops have
cost the United States (US) an estimated $12 biliio farm subsidies, lost sales and product recdlls to transgenic
contamination. Massive failures in insectresisBintotton of up to 100% were reported in India.
Biotech corporations have suffered rapid declimeesi2000, and investment advisors forecast noditurthe agricultural sector.
Meanwhile, worldwide resistance to GM has reachelinaax when Zambia in 2002 refused GM maize (camrfpod aid despite
the threat of famine.

2. GM crops posing escalating problems on the farm

The instability of transgenic lines has plaguedititeistry from the beginning, and this may be resjima for a string of major
crop failures. A review in 1994 stated, "While thare some examples of plants which show stableession of a transgene these
may prove to be the exceptions to the rule. Inrdarimal survey of over 30 companies involved in dwenmercialisation of
transgenic crop plants....almost all of the respoisl indicated that they had observed some levélaotgene inaction. Many
respondents indicated that most cases of transgactvation never reach the literature.”

Triple herbicide-tolerant oilseed rape (canola) wbtders that have combined transgenic and non-tartsdraits are now
widespread in Canada. Similar multiple herbiciderant volunteers and weeds have emerged in thdruBe US, glyphosate-
tolerant weeds are plaguing GM cotton and soyadieand atrazine, one of the most toxic herbicitlas, had to be used with
glufosinate-tolerant GM maize.

Bt biopesticide traits are simultaneously threatgrio create superweeds and Bt-resistant pests.

3. Extensive transgenic contamination unavoidable

Extensive transgenic contamination has occurred arzenlandraces growing in remote regions in Mexdespite an official
moratorium that has been in place since 1998. Highls of contamination have since been found inada. In a test of 33
samples of certified canola (oilseed rape) seatks{@2 were found contaminated.

New research shows that transgenic pollen, windabland deposited elsewhere, or fallen directhhodround, is a major source
of transgenic contamination. Contamination is gelemacknowledged to be unavoidable, hetttere can be no co-existence of
transgenic and non-transgenic crops.

4. GM crops not safe

Contrary to the claims of proponents, GM crops hastebeen proven safe. The regulatory framework fatadly flawed from the
start. It was based on an anti-precautionary agprdasigned to expedite product approval at thersg of safety considerations.
The principle of “substantial equivalence’, on wirisk assessment is based, is intended to be \aagliél-defined, thereby giving
companies complete licence in claiming transgeradupcts “substantially equivalent' to non-transgg@noducts, and hence “safe'.

5. GM food raises serious safety concerns

There have been very few credible studies on GM &addty. Nevertheless, the available findings alyegive cause for concern.
In the still only systematic investigation on GMbtbever carried out in the world, “growth factdeli effects were found in the
stomach and small intestine of young rats that wetdully accounted for by the transgene prodant] were hence attributable to
the transgenic process or the transgenic constmdtmay hence be general to all GM food

There have been at least two other, more limitediis$ that also raised serious safety concerns.

6. Dangerous gene products are incorporated into ops

Bt proteins, incorporated into 25% of all transgeaiops worldwide, have been found harmful to ayeaaf non-target insects.
Some of them are also potent immunogens and atlsrgeteam of scientists has cautioned againsaselg Bt crops for human
use.

Food crops are increasingly used to produce phautiaals and drugs, including cytokines known tppess the immune
system, induce sickness and central nervous sytstanity; interferon alpha, reported to cause detimemeurotoxicity and mood
and cognitive side effects; vaccines; and virauseges such as the 'spike' protein gene of theguanavirus, in the same family
as the SARS virus linked to the current epidemia Glycoprotein gengpl120o0f the AIDS virus HIV-1, incorporated into GM
maize as a cheap, edible oral vaccine', servgstanother biological time-bomb, as it can interfeith the immune system and
recombine with viruses and bacteria to generatear@wnpredictable pathogens.

7. Terminator crops spread male sterility

Crops engineered with “suicide' genes for maldlisgenave been promoted as a means of “containiry, preventing, the spread
of transgenes. In reality, the hybrid crops soldiatoners spread both male sterile suicide genegelisherbicide tolerance genes
via pollen

8. Broad-spectrum herbicides highly toxic to humansnd other species

Glufosinate ammonium and glyphosate are used Wwéhherbicide-tolerant transgenic crops that culreattcount for 75% of all

transgenic crops worldwide. Both are systemic nwialpoisons expected to have a wide range of hdreffects, and these have

been confirmed.

Glufosinate ammonium is linked to neurological,piestory, gastrointestinal and haematological tities, and birth defects in

humans and mammals. It is toxic to butterflies amtimber of beneficial insects, also to the lanfadams and oyster8aphnia

and some freshwater fish, especially the rainbawtirlt inhibits beneficial soil bacteria and fungispecially those that fix

nitrogen.

Glyphosate is the most frequent cause of complants poisoning in the UK. Disturbances of many bagyctions have been

reported after exposures at normal use levels. lBlyate exposure nearly doubled the risk of latentspeous abortion, and
2



children born to users of glyphosate had elevagdabehavioral defects. Glyphosate caused retateeelopment of the foetal
skeleton in laboratory rats. Glyphosate inhibits glynthesis of steroids, and is genotoxic in marapfash and frogs. Field dose
exposure of earthworms caused at least 50 percerality and significant intestinal damage amongvising worms. Roundup

caused cell division dysfunction that may be linkethuman cancers.

The known effects of both glufosinate and glyphosagesufficiently serious for all further uses loé therbicides to be halted.

9. Genetic engineering creates super-viruses

By far the most insidious dangers of genetic ergjing are inherent to the process itself, whichatlyeenhances the scope and
probability of horizontal gene transfer and recamation, the main route to creating viruses and drictthat cause disease
epidemics. This was highlighted, in 2001, by theithental' creation of a killer mouse virus in tteicse of an apparently innocent
genetic engineering experiment.

Newer techniques, such as DNA shuffling, are allmmjeneticists to create in a matter of minuteth@alaboratory millions of
recombinant viruses that have never existed ifoh#l of years of evolution.

Disease-causing viruses and bacteria and theitigenaterial are the predominant materials andstéml genetic engineering, as
much as for the intentional creation of bio-weapons

10. Transgenic DNA in food taken up by bacteria imnuman gut

There is already experimental evidence that transd@NA from plants has been taken up by bacterito@soil and in the gut of
human volunteers. Antibiotic resistance marker geten spread from transgenic food to pathogenitebiac making infections
very difficult to treat.

11. Transgenic DNA and cancer

Transgenic DNA is known to survive digestion in the and to jump into the genome of mammalian cedlising the possibility
for triggering cancer.

The possibility cannot be excluded that feeding Gidpcts such as maize to animals also carries, ngksjust for the animals
but also for human beings consuming the animalypetsd

12. CaMV 35S promoter increases horizontal gene trasfer

Evidence suggests that transgenic constructs wihtCaMV 35S promoter might be especially unstabbk @none to horizontal
gene transfer and recombination, with all the aléem hazards: gene mutations due to random insertencer, reactivation of
dormant viruses and generation of new viruses. fitimoter is present in most GM crops being groammercially today.

13. A history of misrepresentation and suppressioaf scientific evidence

There has been a history of misrepresentation appression of scientific evidence, especially onizwral gene transfer. Key
experiments failed to be performed, or were perémtrhadly and then misrepresented. Many experimeaits not followed up,

including investigations on whether the CaMV 358moter is responsible for the “growth factor-likéfects observed in young
rats fed GM potatoes.

In conclusion, GM crops have failed to deliver thepromised benefits and are posing escalating problems on tHarm.
Transgenic contamination is now widely acknowledgetb be unavoidable, and hence there can be no cosgence of GM
and non-GM agriculture. Most important of all, GM crops have not been proven safe. On the contrary, fficient evidence
has emerged to raise serious safety concerns, th#étignored could result in irreversible damage to lealth and the
environment. GM crops should be firmly rejected now

Why Sustainable Agriculture?
1. Higher productivity and yields, especially in tke Third World
Some 8.98 million farmers have adopted sustainateulture practices on 28.92 million hectared\sia, Latin America and
Africa.
Reliable data from 89 projects show higher proditgtiand yields: 50-100% increase in yield for faith crops, and 5-10% for
irrigated crops. Top successes include Burkina Rabah turned a cereal deficit of 644 kg per yeaah annual surplus of 153
kg; Ethiopia, where 12 500 households enjoyed 6Q&ease in crop yields; and Honduras and Guatemwalare 45 000 families
increased yields from 400-600 kg/ha to 2 000-2 lgf)Ba.
Long-term studies in industrialised countries shdeldg for organic comparable to conventional adnire, and sometimes
higher.

2. Better soils

Sustainable agricultural practices tend to rededessosion, as well as improve soil physical stowe and water-holding capacity,
which are crucial in averting crop failures duriperiods of drought.

Soil fertility is maintained or increased by varsosustainable agriculture practices. Studies shaw goil organic matter and
nitrogen levels are higher in organic than in coriiemal fields.

Biological activity has also been found to be higineorganic soils. There are more earthworms, apibds, mycorrhizal and other
fungi, and micro-organisms, all of which are beciefifor nutrient recycling and suppression of dse

3. Cleaner environment

There is little or no polluting chemical-input witkustainable agriculture. Moreover, research suggistt less nitrate and
phosphorus are leached to groundwater from orgsmils.

Better water infiltration rates are found in orgasystems.

Therefore, they are less prone to erosion andilesdyg to contribute to water pollution from surfageoff.

4. Reduced pesticides and no increase in pests

Organic farming prohibits routine pesticide appgiima. Integrated pest management has cut the nuwibpesticide sprays in

Vietnam from 3.4 to one per season, in Sri Lankenf2.9 to 0.5 per season, and in Indonesia fronto2191 per season.

Research showed no increase in crop losses duestodpmage, despite the withdrawal of synthetiedtisides in Californian
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tomato production.

Pest control is achievable without pesticides, r&ng crop losses, as for example, by using “trap< to attract stem borer, a
major pest in East Africa. Other benefits of avogdpesticides arise from utilising the complex lisationships between species
in an ecosystem.

5. Supporting biodiversity and using diversity

Sustainable agriculture promotes agricultural hiedsity, which is crucial for food security and aliivelihoods. Organic farming
can also support much greater biodiversity, bengfipecies that have significantly declined.

Biodiverse systems are more productive than moha@d.

Integrated farming systems in Cuba are 1.45 to 8m8@s more productive than monocultures. Thousafh@hinese rice farmers
have doubled yields and nearly eliminated the rdestastating disease simply by mixed planting of wadeties.

Soil biodiversity is enhanced by organic practid®ging beneficial effects such as recovery aftthbilitation of degraded soils,
improved soil structure and water infiltration.

6. Environmentally and economically sustainable

Research on apple production systems ranked ttamiorgystem first in environmental and economidanability, the integrated
system second and the conventional system lasar@rgpples were most profitable due to price puemsi quicker investment
return and fast recovery of costs.

A Europe-wide study showed that organic farmingfqrens better than conventional farming in the migjoof environmental
indicators. A review by the Food and Agricultureg@mization of the United Nations (FAQO) concludedttwell-managed organic
agriculture leads to more favourable conditionalleénvironmental levels.

7. Ameliorating climate change by reducing direct ad in direct energy use

Organic agriculture uses energy much more effijeahd greatly reduces carbon dioxide (CO2) emissioompared with
conventional agriculture, both with respect to direnergy consumption in fuel and oil and indirechsumption in synthetic
fertilisers and pesticides.

Sustainable agriculture restores soil organic matatent, increasing carbon sequestration belaurygt, thereby recovering an
important carbon sink. Organic systems have shagmifeant ability to absorb and retain carbon,siag the possibility that
sustainable agriculture practices can help redueépact of global warming.

Organic agriculture is likely to emit less nitrooside (N20), another important greenhouse gas @udaacause of stratospheric
ozone depletion.

8. Efficient and profitable production

Any yield reduction in organic agriculture is mdtean offset by ecological and efficiency gains. éd&sh has shown that the
organic approach can be commercially viable inding-term, producing more food per unit of energyesources.

Data show that smaller farms produce far more pérarea than the larger farms characteristic ofveational farming. Though

the yield per unit area of one crop may be lowea@mall farm than on a large monoculture, thd tmigput per unit area, often
composed of over a dozen crops and various anirodlpts, can be far higher.

Production costs for organic farming are often Iottan for conventional farming, bringing equivalen higher net returns even
without organic price premiums. When price premiwarefactored in, organic systems are almost alway® profitable.

9. Improved food security and benefits to local comunities

A review of sustainable agriculture projects in @leping countries showed that average food prodngier household increased
by 1.71 tonnes per year (up 73%) for 4.42 milliamiers on 3.58 million hectares, bringing food siéggand health benefits.
Increasing agricultural productivity has been shdwralso increase food supplies and raise incotheseby reducing poverty,
increasing access to food, reducing malnutritiosh iamproving health and livelihoods.

Sustainable agricultural approaches draw extensimeltraditional and indigenous knowledge, and @lamphasis on the farmers'
experience and innovation. This thereby utilisesreypiate, low-cost and readily available local w@ses as well as improves
farmers' status and autonomy, enhancing sociataltaral relations within local communities.

Local means of sale and distribution can generate money for the local economy. For every £1 spé&an organic box scheme
from Cusgarne Organics (UK), £2.59 is generatedHerlocal economy; but for every £1 spent at aeguprket, only £1.40 is
generated for the local economy.

10. Better food quality for health

Organic food is safer, as organic farming prohibistine pesticide and herbicide use, so harmfehtbal residues are rarely
found.

Organic production also bans the use of artifiéd additives such as hydrogenated fats, phosplemid, aspartame and
monosodium glutamate, which have been linked tdtihgaoblems as diverse as heart disease, ostesippmigraines and
hyperactivity.

Studies have shown that, on average, organic fagchigher vitamin C, higher mineral levels and kigplant phenolics — plant
compounds that can fight cancer and heart diseawk,combat agerelated neurological dysfunctionad significantly less

nitrates, a toxic compound.

Sustainable agricultural practices have proven berfieial in all aspects relevant to health and the environmentn addition,
they bring food security and social and cultural wé-being to local communities everywhere. There ian urgent need for a
comprehensive global shift to all forms of sustairtale agriculture.

Part 1: No Future for GM Crops
One
Why Not GM Crops?
GM crops are neither needed nor wanted



There is no longer any doubt that genetically medi{GM) crops are not needed to feed the world,taat hunger is caused by poverty and inequalityg, not by
inadequate production of food. According to estesaby the Food and Agriculture Organization of théted Nations (FAO), there is enough food produted
feed everyonesing only conventional cropand that will remain the case for at least 25yead probably far into the future [2].

Furthermore, as Altieri and Rosset have arguedh éveunger is due to a gap between food productioth human population growth, current GM cropsrexe
designed to increase yields or for poor small fasmeo they are unlikely to benefit from them [Bgcause the true root cause of hunger is inequality method
of boosting food production that deepens inequaityound to fail to reduce hunger [4]. A recemqia’ by ActionAid concludes that, "The widespreadgtion of
GM crops seems likely to exacerbate the underlgagse of food insecurity, leading to more hungrypte, not fewer" [5].

More importantly, GM crops are not wanted, anddood reasons. GM crops have failed to deliver tioenfsed benefits, they are causing escalating pnablon
the farm, and evidence of the worst hazards hasnagiated despite the notable lack of research fBtysat the same time, extensive evidence has gedeon
the success of sustainable approaches to agriepttdnich makes clear what the rational choiceHerrtation ought to be.

The world market for GM crops has been shrinkimyudianeously as the acreage increased sharply $iadest GM crop - the Flavr Savr tomato - waantéd in
the United States (US) in 1994, a product soondséivn as a commercial disaster. During the sevan-yeriod from 1996 to 2002, the global acreag&ef
crops increased from 1.7 million hectares to 58illian hectares. But only four countries accounted99% of the global GM crop acreage in 2002. TU&grew
39.0 million hectares, (66% of global total), Ar¢gjea 13.5 million hectares, Canada 3.5 million hee$ and China 2.1 million hectares [6].

Worldwide resistance to GM reached a climax lasiryehen Zambia refused GM maize (corn) in food dégpite the threat of famine. Zambia has since
reaffirmed its decision after a high-level delegativas invited to visit several countries includthg US and the United Kingdom (UK). As we wereftilng this
report, a hunger strike was in progress in theifiiies, in protest of the commercial approval afidanto's Bt maize.

Citizens' juries and other participatory democracyl socialinclusion processes have been used in, IZimbabwe and Brazil, to allow small farmers and
marginalised rural communities to assess the dgkisdesirability of GM crops, on their own termsl atcording to their own criteria and notions oflviaeing.

The results show that when and where these evamesiieen facilitated in a trustworthy, credible aniased manner, small farmers and indigenousleebave
rejected GM crops on the grounds that they do eetirthem, and that the GM technology is unprovehdaes not meet their needs [7, 8].

The agricultural sector led the dramatic declin¢hef biotech industry, before the industry peakedd00 on the back of the human genome project.Ifi$téute

of Science in Society (ISIS) has summarised thdende in a special briefing to the UK Prime Ministé&trategy Unit on GM, submitted in responsedgublic
consultation on the economic potential of GM crfjsThings have got worse since for the entiraustdy [10].

A report released in April 2003 by Innovest Strageyalue Advisors [11] gave Monsanto the lowest glioie rating with the message that agricultural
biotechnology is a high-risk industry not worth @sting in, unless it changes its focus away from(@dhetic engineering, synonymous with GM). Theorep
states,

"Money flowing from GE companies to politiciansasll as the frequency with which GE company empésytake jobs with US regulatory agencies (and vice
versa) creates large bias potential and reducealttiey of investors to rely on safety claims mdaethe US Government. It also helps to clarify whg US
Government has not taken a precautionary appraa@gttand continues to suppress GE labelling infabe of overwhelming public support for it. With i6n
and other financial disasters, the financial comitywuapparently bought into company stories withimatking much below the surface....."

"Monsanto could be another disaster waiting to keadpr investors", the report concludes.

GM crops failed to deliver the benefits

GM crops have simply not delivered the promisedefies1 That is the consistent finding of indepertdexsearch and on-farm surveys, reviewed by agr@tom
Charles Benbrook in the US since 1999 [12, 13]athér studies have borne this out [14].

Thousands of controlled trials of GM soya gave iSigemtly decreased yields of between 5 to 10%, iargbme locations, even 12 to 20% compared withrGM
soya. Similar reductions in yield have been regbineBritain for GM winter oilseed rape (canolapasugar beet in field trials.

GM crops have not resulted in significant reduciam herbicide and insecticide/pesticide use. Raprideady (RR) soya required 2 to 5 times more bieldi
(measured in pounds applied per acre) than othedweanagement systems. Similarly, US Departmemtgoiculture (USDA) data suggest that in 2000, the
average acre of RR maize was treated with 30% mentgicide than the average acre of non-GM maize.

Analysis of four years of official USDA data on @wdicide use shows a pretty clear picture [13]. l&/Bit cotton has reduced insecticide use in sestaabs, Bt
corn (maize) has had little, if any, impacts onncmsecticide use. USDA data show that corn insilgtiapplications directly targeting the Europeamadiorer
increased from about 4% of acres treated in 19@Howt 5% in 2000.

The greater cost of GM seeds, the increased hddpmsticide use, yield drag, royalties on seedraddced markets, all add up to lost income fom&s. The
first farm-level economic analysis of Bt maize e tUS revealed that between 1996 and 2001, thHessto farmers was $92 million or about $1.31gm=e.

A UK Soil Association report [15] released in Sepber 2002, estimated that GM crops have cost theet)i$tates $12 billion in farm subsidies, losesand
product recalls due to transgenic contaminatiosufbmed up as follows:

"The evidence we set out suggests that....virtuallgry benefit claimed for GM crops has not ocaliriestead, farmers are reporting lower yields,ticoing
dependency on herbicides and pesticides, loss a#sacto markets and, critically, reduced profitgbileaving food production even more vulnerablethe
interests of the biotechnology companies and inl mésubsidies.”

These studies have not taken into account cropréailelsewhere in the world, the most serious dieltast year [16]. Massive failures of GM cottop, to 100%,
were reported in several Indian states, includaityufe to germinate, root-rot and attacks by theefioan bollworm, for which the Bt-cotton was supgds$o be
resistant.

Two
Escalating Problems on the Farm
Transgenic instability
The massive failures of GM cotton in India, andtifer GM crops elsewhere are most likely due tdalethat GM crops are overwhelmingly unstablpr@blem
first highlighted in a 1994 review by Finnegan ancElroy [17]:
"While there are some examples of plants which sht@lile expression of a transgene these may poobe the exceptions to the rule. In an informal/eyrof
over 30 companies involved in the commercialisatibriransgenic crop plants....almost all of thepoeslents indicated that they had observed somé ééve
transgene inaction. Many respondents indicatedntiost cases of transgene inactivation never réezliterature.”
There is, nevertheless, a substantial scientticdiure on transgenic instability [18, 19]. Wheerethe appropriate molecular tools have been applienvestigate
the problem, instability is invariably found, arttht is so even in cases where transgstability has been claimed. In one publication [20] statimghie abstract
that "transgene expression was stable in lined dierice genotypes", the data presented actsalbwed thaat most 7 out of 40 (18%) of the lines may be stabl
to the R3 generatiof21]. This paper, like many others, also misuseel fdilure to deviate significantly from arbitrariget "Mendelian ratios' as a sign of
Mendelian inheritance, or genetic stability. TEsuch an elementary mistake in statistics andtigsrtbat students could fail an exam for it.
There are two major causes of transgenic instpbilihe first has to do with the defence mechanipnasecting the integrity of the organism that sde’ or
inactivate foreign genes integrated into the genosoethat they are no longer expressed. Gene Bsilprveas first discovered in connection with intdgoh
transgenes in the early 1990s, and is now knovire tpart of the organism's defence against virakitdns.
The second major cause of instability has to dd wie structural instability of the transgenic constructs themselthsir tendency to fragment, to break along
weak artificial joints and to recombine incorrectbften with other DNA that happens to be arourtehtTis perhaps the more serious from the safetyt pbiview,
as it enhances horizontal gene transfer and recatibn (see later).
Yet another source of instability has been morentg discovered [18]. There appear to be cert@neptive hotspots' for transgenic integrationathkthe plant
and the human genomes. These receptive hotspotals@ipe ‘recombination hotspots', prone to brepiimd rejoining. That, too, would make insertedsgenes
more likely to come loose again, to recombinepdnvade other genomes.
Investigations also show that transgene instahitiy arise in later generations, and are not natgssselected out' during early generations avgh. This can
result in poor and inconsistent performances of@h& crops in the field, a problem likely to be un@ported by farmers who settle for compensatiotin \ai
gagging clause.

Stop Press
A newly published report (Makarevitch I, Svitaste® and Somers DA. Complete sequence analysismggeme loci from plants transformed via micropridec
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bombardmentPlant Molecular Biology2003, 52, 421-32) reveals that the problem assatiaith the uncontrollable and unpredictable ira¢ign of transgenes is
even worse than it seems, and GM can in no wayjbated with conventional breeding or mutagenesis.

The authors point out that the majority of transgdines produced by microprojectile bombardmenteh&complex transgene loci composed of multipleiespf
whole, truncated, and rearranged delivered DNAgueatly organized as direct or inverted repeats$ #na interspersed with variable-sized genomic DNA
fragments" and that the delivered DNA is integrat@d plant genomes primarily through “illegitimatecombination (IR) associated with double-stranehk
(DSB) repair, a process also involved in integratsd T-DNA into yeast and plant genomes."

"The hallmarks of IR in transgene loci produceddii@ct DNA delivery include scrambling of transgesequences through recombination of both largesaradl
noncontiguous fragments of the delivered DNA, fresgfuincorporation of genomic DNA sequences intotthesgene loci and rearrangement in the genomié DN
flanking the transgene locus."

The target sites frequently cannot be fully chamased because of translocations and deletiortseimdjacent genomic DNA. That means it is not exessible to
tell where in the genome the transgene has inedjraten if the entire sequence of the host genekm®own.

The researchers have completely sequenced a fasgae loci in transgenic oat that appear to b#lsl, and hence may be closer to having the ezgagene
order and normal flanking genome sequences.

Unfortunately, all three 'simple' loci possess aagiof small scrambled fragments of delivered agwbgiic DNA. All loci also exhibited either scramtbléller
DNA (unknown origin) flanking the transgene DNA, eridence of deletion of the target site DNA.

One of the transgenic lines studied was previookbracterized, and shown to have a single majarsiestimated to be about 15 kb in length. Howether,T1
progeny analyzed by southern blot with longer expesimes and more genomic DNA gave two additionialor transgene loci.

Southern analysis showed that the genomic DNA ftapboth sides of one of the loci was highly regpedi Aligning PCR product of transgene locus withd
type showed that 845 bp of genomic DNA were deldteth the wild type genome during transgene intégmnaand that pieces of genomic DNA of unknown
origin were integrated into the locus as filler DA both sides of the transgene DNA.

The target sites of the other two loci could notdentified on account of extensive scramblingha genomic DNA. The authors also point out, "itdsv accepted
that transgene locus number estimations based emop}pic segregation ratios are inaccurate duettugbations of transgene expression via transgieecing

or rearrangements of transgene loci." Dependinthemprobe used, small, nonfunctional loci are synmait detected.

Integration sites are worse than random. Thergideace that transgene DNA often gets into gene4ggjions and regions prone to double strandeckbrddne
former increases the potential of activating/inaating genes, and the latter increases the staldhstability of transgenes and transgenic lines.

Volunteers and weeds

Triple herbicide-tolerant oilseed rape volunteeeranfirst discovered in Alberta, Canada in 1998t jwo years after single herbicide-tolerant GMpsravere
planted [22]. A year later, these multiple herbécilerant volunteers were found in 11 other fig3]. The US only started growing herbicide-toler&M
oilseed rape in 2001. Research in Idaho Universipprted that similar multiple gene-stacking haduoed in experimental plots over two years, andnduthe
same period, weeds with two herbicide tolerantsnaiere also found.

Many other problems with weeds have been identiade (summarised in ref. 24). Glyphosate-resistarestail infested over 200 000 acres of cottowest
Tennessee, USA in 2002, or 36% of all cotton aeréaghe state, and some 200 000 acres of soyas lveame also affected. The problem with herbicidersmt
volunteers and weeds is such that companies hae leeommending spraying with additional herbicidéS agricultural experts reveal that between 75 a
90% of GM maize growers are using a product cdliedrty ATZ - a mixture of Aventis' weed killer diosinate ammonium and Atrazine, the traditionabiede
used on maize crops that has been a problem miestimi decades [25]. Atrazine is on Europe's Ratldmd Priority List for hormone disrupting effegtsanimals.
Glufosinate itself is far from benign (see later).

Bt crops are also experiencing problems with rasist very likely to develop in target pests (sdevibe A new patent application from Monsanto is déxa®n
using two insecticides with their Bt crops, on grds that Bt-crops could produce resistant strafriasect pests and "numerous problems remain..ruacteial
field conditions".

Recent research shows that transgenes from Btosumflcrossing into wild relatives made the lattardier and more prolific, with the potential of beung
super-weeds [26].

Bt resistance

Bt crops are genetically engineered to producectitsdal proteins derived from genes of the baatarBacillus thuringiensi¢Bt). The likelihood of target pests of
Bt crops developing resistance to Bt toxins rapiglgo great and real that in the US, resistanaeagement strategies are adopted, involving plantiefygia’ of
non-Bt crops and developing Bt crops with high Iea expression, or multiple toxins in the samapcr

Unfortunately, pests have developed resistanceultipte toxins, or cross resistances to differendris [27], and recent research reveals that eetistrains are
even able to obtain additional nutritional valuenfrthe toxin, thus possibly making them more serioests than before.

Extensive transgenic contamination
In November 2001, Berkeley plant geneticists lgodhapela and David Quist published a repoNature[28] presenting evidence that maize landraces, igigpw
in remote regions in Mexico, were contaminated witinsgenes, despite the fact that an official tooitam on growing GM maize has been imposed in the
country.
This sparked off a concerted attack by pro-biotsgibntists, allegedly orchestrated by Monsanto. [R@furewithdrew support for that paper in February 2002, a
act unprecedented in the whole history of scienpfiblication, for a paper that was neither wrarg, challenged on its major conclusion. Subseqresgarch by
Mexican scientists confirmed the finding, showihgttthe contamination was much more extensive pieviously suspected [30]. Ninety-five percentldd tites
sampled were contaminated, with degrees of contiom varying from 1% to 35%, averaging 10 to 15Pke companies involved have refused to provide
molecular information or probes for research, whiebuld sort out which are the liable parties foe thamages causeblature refused to publish these
confirmatory results.
Indeed, one main factor considered by the Innonegstrt (see above) that would damn Monsanto istifistantial investor losses that could arise frotended
transgenic contamination.
Contamination is inevitable, the report states, @odld bankrupt Monsanto and other biotech compareaving the rest of society to deal with thebpem.
According to Ignacio Chapela, who finds himself glauup in the ensuing controversy with his Univigrdenure still hanging in the balance, transgenic
contamination in Mexico is still growing.
The extent of contamination of non-GM seeds isnailag. A spokesperson from Dow Agroscience was itepgoas saying that "the whole seed system is
contaminated" in Canada [31]. Dr. Lyle Friesentad tUniversity of Manitoba tested 33 samples repriirsg 27 pedigreed canola (oilseed rape) seed stacl
found 32 contaminated [32].
Tests on pollen flow found that wheat pollen wiliysairborne for one hour at the minimum, which nee# could be carried huge distances dependinf@mwind
speed. Canola pollen is even lighter, and can memaborne for 3 to 6 hours. A 35 mile/hour windnhist atypical, which "makes a real mockery of aasafon
distance of tens or even hundreds of metres", Baidy Schmeiser, celebrated Canadian farmer whoondesed by the Canadian court to pay ‘damages' to
Monsanto, despite his claim that his neighbour's &bp had contaminated his fields. Schmeiser lssappeal in the Federal Court, but has just warright to
be heard in the Supreme Court of Canada. Organieefa in Saskachewan have also started legal mmcgeagainst Monsanto and Aventis for contamigatin
their crops and ruining their organic status.
The European Commission ordered the study on thexistence of GM and non-GM crops in May 2000 fribra Institute for Prospective Technological Studies
of the EU Joint Research Centre. The study was tieghand delivered to the European Commissioraimudry 2002, with the recommendation thatat be
made public. The suppressed study, leaked to Geaeep[33], confirmed what we already knaweexistence of GM farming and non-GM or organiafarg
would be impossible in many casEsen in cases where it is technically feasilileyduld require costly measures to avoid contannaand increase production
costs for all farmers, especially small farmers.
Transgenic contamination is not limited to cros#ipation. New research shows that transgenic polleind-blown and deposited elsewhere, or thatfabsn
directly to the ground, is a major source of tramsg contamination [34]. Such transgenic DNA wasrefound in fields where GM crops have never beewn,
and soil samples contaminated with pollen was detnated to transfer transgenic DNA to soil bacté&see later).
Why is contamination such a big issue? The immediaiswer is that consumers are not accepting @.riibre important reason is there are outstandifegysa
concerns.
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Part 2: GM Crops Not Safe
Three
Science & Precaution
Precaution, common sense & science
We are told there is no scientific evidence that GMarmful. But is it safe? That is the questiom should ask. Where something can cause seri@weigible
harm, it is right and proper for scientists to dethavidence demonstrating that GM is dadégond reasonable doulfhat is usually dignified as 'the precautionary
principle’, but for scientists and for the publtds just common sense [35-37].
Scientific evidence is no different from ordinamidence, and should be understood and judged isahe way. Evidence from different sources andftérdnt
kinds has to be weighed and combined to guide pdicisions and actions. That's good science dsawgood sense.
Genetic engineering involves recombining, i.e.nijeg together in new combinations, DNA from diffetesources, and inserting them into the genomes of
organisms to make “genetically modified organisors’GMOs' [38].
GMOs are unnatural, not just because they have petuced in the laboratory, but because manyeahthanonly be made in the laboratory, quite unlike what
nature has produced in the course of billions efg®f evolution.
Thus, it is possible to introduce new genes anc gegnducts, many from bacteria, viruses and otheciss, or even genes made entirely in the labgraittto
crops, including food crops. We have never eatesgmew genes and gene products, nor have thegwebeen part of our food chain.
The artificial constructs are introduced into célsinvasive methods that result in random intégrainto the genome, giving rise to unpredictabdedom effects,
including gross abnormalities in both animals alah{s, unexpected toxins and allergens in food <rtpother words, there is no possibility for dtyatontrol.
This problem is compounded by the overwhelmingaibiéity of transgenic lines, which makes risk assesnt virtually impossible.

Anti-precautionary risk assessment

Many of the problems would have been identifiece@ulators had taken risk assessment seriouslya8pointed out by Ho and Steinbrecher [39], theree fatal
flaws in the procedure of food safety assessmemt fihe start, as laid down in the Joint FAO/WHO tBahnology and Food Safety Report resulting from an
Expert Consultation in Rome September 30 to Octdb&896, which has served as the main model évee.s

That Report was criticised for:

Making contentious claims for the benefits of teetinology.

Failing to assume responsibility for, or to addresgjor aspects of food safety, such as the usead trops for producing pharmaceuticals and indistr
chemicals, as well as issues of labelling and rooinig.

Restricting the scope of safety considerationsctbuele known hazards, such as the toxicity of brseictrum herbicides.

Claiming erroneously that genetic engineering daediffer from conventional breeding.

Using a 'principle of substantial equivalence'rfek assessment that is both arbitrary and unsfient

Failing to address long-term impacts on healthfand security.

Ignoring existing scientific findings on identifiEbhazards, especially those resulting from thézbatal transfer and recombination of transgenicADN

All that makes for amnti-precautionary “safety assessment' designed talégpggoduct approval at the expense of safetyiderations.

The principle of “substantial equivalence' is a sha in terms of risk assessment

The biggest faults are in the principle of “subB#&mquivalence' that is supposed to serve abadbkbone of risk assessment. The Report stated,

"Substantial equivalence embodies the concepifthatew food or food component is found to be samigally equivalent to an existing food or foochgmonent,
it can be treated in the same manner with respesafety (i.e., the food or food component can decluded to be as safe as the conventional fodaxt
component).”

As can be seen, the principle is vague and illmeefi But what follows makes clear that it is intettdo be as flexible, malleable and open to intgtion as
possible.

"Establishment of substantial equivalence is ngafety assessment in itself, but a dynamic, amalygxercise in the assessment of the safety avafood
relative to an existing food. The comparison maysmple task or be very lengthy depending uperathount of available knowledge and the naturbefaod
or food component under consideration. The referesi@mracteristics for substantial equivalence coispas need to be flexible and will change overetiim
accordance with the changing needs of processdrs@rsumers and with experience."

In other words, there would be neither required spacified tests for establishing substantial egjaivce (SE). Companies would be free to compargewvbais
the most expeditious for claiming SE, and to cauythe least discriminating tests that would cahe®y substantial difference.

In practice, the principle of SE has allowed thepanies to,

Do the least discriminating tests such as crudepesitions of proteins, carbohydrates and fats, aragids, selected metabolites.

Avoid detailed molecular characterization of thenggenic insert to establish genetic stability,egexpression profiles, metabolic profiles, etcat tvould have
revealed unintended effects.

Claim that the transgenic line is substantiallyiealent to the non-transgenic line except for tresgene product, and to carry out risk assesssadgly on the
transgene product, thereby, again, ignoring anyadinghintended changes.

Avoid comparing the transgenic line to its non-ggenic “parent' grown under the same range of @mviental conditions.

Compare the transgenic line to any variety witthie $pecies, and even to an abstract entity madé tpe composite of selected characteristics frimaaieties
within the species, so that the transgenic lindcthave the worst features of every variety antltsi considered SE.

Compare different components of a transgenic liite different species, as in the case of a trarisggmola engineered to produce lauric acid. Bthiéiofatty acids
components are Generally Recognized as Safe (GRA&) evaluated individually because they are ptegesimilar levels in other commonly consumed.bils

No wonder the Report could go on to state,

"Up to the present time, and probably for the rfature, there have been few, if any examples ofi$oor food components produced using genetic nuadiéin
which could be considered to be not substantiallyivalent to existing foods or food components."

Transgenic instability makes regulation based amphinciple of SE even more ridiculous. A papezganted a year earlier at a WHO workshop [40] dtdfehe
main difficulty associated with the biosafety assesnt of transgenic crops is the unpredictableraaifitransformation. The unpredictability raishe toncern
that transgenic plants will behave in an inconsisteanner when grown commercially." ConsequentBnggenic potatoes, that on field trials "showedkeh
deformities in shoot morphology and poor tuberdielolving a low number of small, malformed tubemenetheless gave "virtually no changes in tuhslity"
under the tests applied, and was therefore passeuilstantially equivalent'.

Contrary to what has been widely claimed, therefGid foods have never passed any required testedhiéd have established they are safe. The Foddang
Administration (FDA) in the US had decided backlBB2 that genetic engineering was just an extensi@onventional breeding, and hence safety asssgsm
were unnecessary.

Although the first transgenic crop, Flavr Savr teonevent through a nominal safety assessment (wihifdiled, see later), all subsequent crops wernduph a
voluntary consultation procedure.

Belinda Martineau, the scientist who conductedstifety studies on Flavr Savr tomato at the comp@2adgene, has published a book [41] in which shieedtthat
"Calgene's tomato should not serve as a safetglatdrfor this new industry. No single geneticalhgimeered product should." She strongly decriedable of
data on health and environmental impacts of tramisggops. "And simply proclaiming that “these feate safe and there is no scientific evidenchdaaontrary'
is not the same as saying “extensive tests havedmelucted and here are the results.™

The US National Academy of Sciences (NAS) releaseebort in February 2002 criticizing the USDA foadequately protecting the environment from tis&gi
of GM plants [42]. It said that the USDA review pesses lack scientific justification and are nagplig@l uniformly; the assessment of environmentskg;
particularly from plants genetically engineeredbminsect resistant, was "generally superficiaij #he process "hampers external review and traespg' by
keeping environmental assessments confidentiataate tsecrets. The report calls on the USDA to nikeeview process "significantly more transparent
rigorous", to seek evaluation of its findings fromtside scientific experts and to solicit greagit from the public.

There are, indeed, very few independent studiescaed to the safety of GM crops to health and éhgironment. Nevertheless, sufficient evidence has
accumulated to indicate that GM crops are not safe.

We are definitely well into the early warning petiat which common sense, or the application ofpiteezautionary principle, can still avert and anmelie the
disasters that are likely to occur in the longemt§43].



Four

Safety Tests on GM Foods
Paucity of published data
There is a distinct scarcity of published datavafe to the safety of GM foods. Not only that, Hugentific quality of what has been published fismiost instances,
not up to the usually expected standards of gomhee.
In responding to the Scottish Parliament's recewgstigation into the health impacts of GM crop4][46tanley Ewen, histopathologist at Grampian Ersity
Hospital Trust, and leader of the Colorectal Car®eneening Pilot in Grampian Region, summed upsthugtion, "It is unfortunate that very few anintals of
GM human food are available in the public domairsaientific literature. It follows that GM foods V& not been shown to be without risk and, indebd, t
available scientific experimental results demortstcause for concern.”
Two reports prior to 1999 revealed harmful effemisanimals fed GM foods. The first was a reportnsittied to the US FDA on Flavr Savr GM tomatoes ted
rats. Several of the rats developed erosions (egehrs) of the lining of the stomach similar tmgke seen in the stomach of older humans on agpirgimilar
medication. In humans, substantial life threatetiagmorrhage may occur from these early ulcers.
The second paper, published in a peer-reviewed@uwas on feeding raw GM potatoes to month-oléemace. The results revealed proliferative growthhe
lower small intestine [45].

The study by Pusztai and co-workers

No substantive studies on the health impacts onf@id had been carried out, until the then Scoftiiffice of Agriculture, Environment and Fisheriesdaetment
(SOAEFD) funded the project headed by Arpad Pusttdhe Rowett Institute, to undertake a major dtigation into the possible environmental and Ihealt
hazards of GM-potatoes that had been transformegfitigh scientists using a gene taken from snowdralbs [46].

The studies revealed that the two transgenic lofeSM-potatoes, which originated from the same sfarmation experiment, and were both resistantptuica
pests, wer@ot substantially equivalent in composition to paréme [potatoes, nor to each other. The crude, pat@fined and unscientific concept of “substantial
equivalence' that regulators rely on in risk agsess has been criticised from its conception (&E@). It has certainly outlived its usefulness.

More importantly, the results showed that dietstaiming GM potatoes had, in some instances, intedfevith the growth of the young rats and the dgwelent of
some of their vital organs, inducing changes inguicture and function, and reducing their immeesponsiveness to injurious antigens. In contthstanimals
fed on diets containing the parent, non-GM potatmethese potatoes supplemented with the gene grdd no such effects. Some of the results haee be
published since [47-51]. The latest paper [51] isoaprehensive review on safety tests involving &ldds, including the unpublished experiments on GM
tomatoes submitted to the FDA, described earlier.

The findings of Pusztai and colleagues have beeckad by many within the scientific establishmédmntt never disproved by repeating the work and iphisig
the results in peer-reviewed journals. They haearty demonstrated that it is possible to perfasricblogical studies, and that the safety of GMdstiffs must
be established in short- and long-term feedingabwic and immune-response studies wittunganimals, as these are most vulnerable and the likebt to
respond to, and show up, any nutritional and méimbtresses affecting development, a view shayeother scientists.

Multivariate statistical analysis of the resultsrizad out independently by Scottish Agriculturab@ttics Service suggested that the major poténtiedrmful
effects of the GM potatoes were only in part causgdhe presence of the snowdrop lectin transgané,that the method of genetic transformation, @ntie
disturbances in the potato genome also made majurilsutions to the changes observed. Ewen andt&lisspaper, published ifihe Lance{48] aroused much
controversy, and it seems that attempts to discRediztai by members of the Royal Society contiouéis present day.

Ewen and Pusztai measured the part of the smalebbming that produces new cells and found tha length of the new cell compartment had increased
significantly in GM fed rats, but not in controltsgfed non-GM potatoes. The increased productioceti$ had to be due to a growth factor effect aetliby the
genetic modification within the potatoes. (Growttttbrs are proteins that promote cell growth anttiptication, that, if uncontrolled, results in azer.) Similar
effects were observed in the stomach lining [51].

Statistical analysis further revealed that the ghofactor effect was not due to the expressed gemis protein, the snowdrop lectin, but was thecfbf the gene
construct inserted into the DNA of the potato geaom other words, non-GM potatoes spiked with strow lectin simply did not have the same effect.

The construct includes not only the new gene, aat marker genes and a powerful promoter from thdiftower mosaic virus (CaMV), which is at the ¢enof a
major debate concerning its safety (see later).

Ewen [44] pointed out that although the whole artddt virus appears to be harmless, as we havedagiry cauliflower type vegetables for millenriithe use of
the separate infectious part of the virus has penliested in animals".

Further possible undesirable effects may invohe thhman liver's response to hepatitis virus, as¢hdiflower mosaic virus and hepatitis B virusdrgg to the
same family of pararetroviruses, with closely santjenomes and a distinctive life cycle.

That and other potential hazards of the CaMV premwill be dealt with in more detail later.

Five

Transgene Hazards
Bt toxins
The most obvious question on safety is with redarthe transgene and its product introduced into @&ps, as they are new to the ecosystem and ttotioe
chain of animals and human beings.
The Bt toxins fromBacillus thuringiensisincorporated in food and non-food crops, accdan@about 25% of all GM crops currently grown waride. It was
found to be harmful to mice, butterflies and laaeys up the food chain [27]. Bt toxins also act aghinsects in the Order of Coleoptera (beetlegwile and
styloplids), which contains some 28 600 speciespfare than any other Order. Bt plants exude tkétthrough the roots into the soil, with potentidarge
impacts on soil ecology and fertility.
Bt toxins may be actual and potential allergenshiiman beings. Some field workers exposed to Btysprperienced allergic skin sensitization and peed IgE
and IgG antibodies. A team of scientists has caeticagainst releasing Bt crops for human use. T@eeyonstrated that recombinant Cry1Ac protoxin fi®is a
potent systemic and mucosal immunogen, as potestiasra toxin [52].
A Bt strain that caused severe human necrosisiétigeath) killed mice within 8 hours, from clinidakic-shock syndrome [53]. Both Bt protein andftato
harmed mice in feeding experiments, damaging fleim (part of the small intestine) [45]. The miigowed abnormal mitochondria, with signs of degetian
and disrupted microvilli (microscopic projections e cell surface) at the surface lining the gut.
Because Bt oBacillus thuringiensindBacillus anthraciganthrax species used in biological weapons) sely related to each other and to a third bacteri
Bacillus cereusa common soil bacterium that causes food poigpriey can readily exchange plasmids (circular DiNdlecules containing genetic origins of
replication that allow replication independent loé tthromosome) carrying toxin genes [54]Blfanthracispicked up Bt genes from Bt crops by horizontal gene
transfer (see later), new strainsBofanthraciswith unpredictable properties could arise.

‘Pharm’ crops

Other hazardous genes and bacterial and viral segaare incorporated into our food and non-foog&®as vaccines and pharmaceuticals in “next ggm@r&M
crops [55-62]. These pharm crops include thoseesgimg cytokines, known to suppress the immunesyshduce sickness and central nervous systeruitixi
as well as interferon alpha, which is reportedaose dementia, neurotoxicity and mood and cogndiie effects. Some contain viral sequences sutteaspike’
protein gene of the pig coronavirus, in the samegilfaas the SARS virus linked to the current globgidemic [63, 64].

The glycoprotein gengp1200f the AIDS virus HIV-1, incorporated into GM maias a “cheap, edible oral vaccine', is yet andiftdogical time-bomb. There is
a lot of evidence that this gene can interfere whithimmune system, as it has homology to the entlinding variable regions of the immunoglobuliasd has
recombination sites similar to those of the immuabglins. Furthermore, these recombination sitesadso similar to the recombination sites presemmany
viruses and bacteria, with which tgp120can recombine to generate deadly pathogens [65-68].

Bacterial and viral DNA

A hitherto neglected source of hazard - in GM crapsugh not in gene therapy where it is recogneedomething to avoid - is the DNA from bacterid ¢eir
viruses, which have a high frequency of the CpGuidenotide [24]. These CpG motifs are immunogenid @ cause inflammation, septic arthritis and poton

of B cell lymphoma and autoimmune disease [69-Y8}.many genes introduced into GMOs are from bactand their viruses, and these pose other riskgells
(see below).



Six

Terminator Crops Spread Male Sterility
“Suicide' genes for sterility
In the interest of avoiding tedious semantic argutsie terminator crops' here refer to any transgerop engineered with a “suicide' gene for mamdle or seed
sterility, for the purpose of preventing farmemnfr saving and replanting seeds, or protecting pedemaits.
The public first became aware of terminator techgglin patents jointly owned by the USDA and Deltad Pine Land Company. There were massive protests
worldwide, and Monsanto, which acquired the Deltd ®ine Land patent rights, backed down from depietpthe terminator cropdescribed in that particular
patent However, as Ho and Cummins were to learn, thererany ways to engineer sterility, each the sulyta separate patent.
It transpired that terminator crops have been fiekted in Europe, Canada and the US since thg #3900s, and several were already commerciallyaselé in
North America [74]. The GM oilseed rape, both sgramd winter varieties, which form the main partraf Farm Scale Evaluations in the UK, are engettés be
male sterile.

GM oilseed rapes are terminator crops

The male sterility system in these GM oilseed rajesists of three lines.

The male sterile lineis maintained in a “hemizygous' state, i.e., witlycne copy of the “suicide' gengarnase joined to a glufosinate-tolerance gene. The
barnasegene is driven from a promoter (gene switch) thettsze only in the anther or male part of the flowThe expression of thmrnasegene in the anther
gives rise to the protein barnase, an RNAse (enzpatebreaks down RNA), which is a potent cell paisThe cell dies and stops anther developmentpgmlien

is produced. This male sterile line is perpetratethe hemizygous state by crossing to a non-GMetsgrand using glufosinate-ammonium to kill offlfhtne
plants in the offspring generation that do not hawepy of theH-barnasetransgene joined to it.

Themale restorer lings homozygous (with two copies) for the “steriligstorer' geneyarstar, also joined to the glufosinate-tolerance gene ldrstargene too,

is placed under the control of the special promtiat's active in the anther. Its expression gihesbarstar protein that's a specific inhibitolbafnase, thereby
neutralising the latter's activity.

Crossing the male-sterile line to the male-restbner produces &1 hybrid in which the barnase is neutralised by barskars restoring anther development to
produce pollen.

It can be shown that the F1 hybrid actually sprdaath the herbicide tolerance gene and the sugade for male sterility in its pollen, with poteaily devastating
impacts on both agricultural and natural biodivgrsit makes a mockery of the UK and US governmegmtsmotion of these plants as a way to “contain' o
“prevent the spread of transgenes. The real perpioshis kind of terminator engineering is to gaitcorporate patents.

Seven
Herbicide Hazards
Herbicide profits
More than 75% of all GM crops currently grown wavide are engineered to be tolerant to broad-spechrerbicides manufactured by the same compani¢s tha
make most of their profits from the sales of theblwdes. These broad-spectrum herbicides not @illyplants indiscriminately, they are also harmtol
practically all species of animal wildlife and tarhan beings.

Glufosinate ammonium

Glufosinate ammonium or phosphinothricin, is linkedheurological, respiratory, gastrointestinal &iagmatological toxicities as well as birth deféntbumans
and mammals [75]. It is toxic to butterflies anduamber of beneficial insects, also to the larvaelafs and oysterBaphniaand some freshwater fish, especially
the rainbow trout. It inhibits beneficial soil bada and fungi, that fix nitrogen.

The loss of insects and plants would have knockftetts on birds and small animal life.

In addition, some plant pathogens were found tdighly resistant to glufosinate while organismsagohistic to those pathogens were seriously andradly
affected. This could have catastrophic impactsgritalture.

The glufosinate tolerant plants contain the (phosphinothricin acetyl transferase) gene, whidciivates phosphinothricin by adding an acetyluprto it, to
make acetylphosphinothricin. The latter accumulatehe GM plant, and is a completely new metabalitthe crop, as well as for the entire food cheauing up
to human beings, the risks of which have not besrsidered.

Data supplied by AgrEvo, which became Aventis and iBayer CropScience, show that micro-organismghéngut of warm-blooded animals can remove the
acetyl group and regenerate the toxic herbicidesphinothricin inhibits the enzyme glutamine sytdke, which converts the essential amino acidaglig acid

to glutamine. The net result of the action of ghifiate is that ammonia and glutamate accumulateeagxpense of glutamine. It is the accumulatioaromonia
that is the lethal action in plants.

In mammals, the consequences of inhibition of ghite synthetase are more associated with the isedelavels of glutamate, and decreased levelsutdmine.
Circulating ammonia is removed in the liver by tirea cycle. However, the brain is highly sensitwvehe toxic effects of ammonia and the removaéxdess
ammonia depends on its incorporation into glutamiBleitamate is a major neurotransmitter, and seofel disturbance to its metabolism is bound to ohpa
health.

These known effects are sufficient to halt alldiglials of GM crops immediately, until critical gstions about the metabolism, storage and recdoness the N-
acetylphosphinothricin have been fully answeredafbpat gene-containing products.

Glyphosate

The other major herbicide used in conjunction V@M crops, glyphosate, is no better [76].

Glyphosate kills plants by inhibiting the enzymeerolpyruvyl-shikimate-3-phosphate synthetase (EF)Séritical for the biosynthesis of aromatic amamids
such as phenylalanine, tyrosine and tryp-tophamamins, and many secondary metabolites such ame$olabiquinone and naphthoquinone [77]. The stakem
pathway takes place in the chloroplasts of greamtpl The killing action of the herbicide requiteat the plant be growing and exposed to light. Gigps
modified to be tolerant to Monsanto's formulatidrgtyphosate, called "Roundup Ready', are modifigti two main genes. One gene imparts reduced tsgtysi
to glyphosate and the other enables the plantdcade glyphosate. The expression of both geneseisteld to the chloroplasts, the site of the hédeiactivity, by
adding the coding sequences of a plant-derivedsitrgpeptide’. The first gene encodes a bacterniaatk version of the plant enzyme involved in tiéksnate
biochemical pathway. Unlike the plant enzyme, whilsensitive to glyphosate, resulting in suppressif growth or death of the plant, the bacteriayene is
insensitive to glyphosate. The second gene, alstefial, codes for an enzyme that degrades glypeosad its coding sequence has been altered @neah
glyphosate-degrading activity.

The shikimate-chorismate pathway is not found imaos and mammals, and therefore represents a tergelt; though it is present in a variety of micro-
organisms. However, glyphosate acts by preventthiedyinding of the metabolite, phosphoenol pyre&EP) to the enzyme site [78]. PEP is a centedhbolite
present in all organisms including humans. Glyptestherefore, has the potential to disrupt mangartant enzyme systems that utilise PEP, inclugingrgy
metabolism and the synthesis of key membrane ligdsired in nerve cells.

Glyphosate is the most frequent cause of complainispoisoning in the UK [79]. Suicide attemptsénaeen successful with as little as 100 millilitodsa 10 to
20% solution. Widespread disturbances of many tsydyems have been reported after exposures at hasmdevels. These include balance disorder, g@rti
reduced cognitive capacity, seizures, impairecbmissmell, hearing and taste, headaches, dropeaul Ipressure, body-wide twitches and tics, mupelalysis,
peripheral neuropathy, loss of gross and fine meidls, excessive sweating and severe fatigue [80]

An epidemiological study in Ontario farm populatoshowed that glyphosate exposure nearly doubkedshk of late spontaneous abortion [81]. Childbenn to
users of glyphosate were found to have elevatetbbebhavioral defects [82]. Glyphosate caused rethddvelopment of the foetal skeleton in laborataty [83].
Other experimental and animal studies suggestllgphosate inhibits the synthesis of steroids [&4[] is genotoxic in mammals [85, 86], fish [87] 88d frogs
[89, 90]. Field dose exposure of earthworms cawgddast 50 percent mortality and significant itited damage among surviving worms [91]. A receapgr
reported that Roundup caused cell division dysfondhat may be linked to human cancers [92].

As reviewed in reference 76, the nitrogen-fixingnfyont in transgenic and non-transgenic soya isitea to glyphosate, and early application of dlgpate led
to decreased crop biomass and nitrogen.

Glyphosate application at elevated temperatureuta®5°C) to Roundup Ready soya resulted in menistemage, which is related to increased transgdten
herbicide to the meristem.

Glyphosate application in conventional weed corigdIto destruction and local extinction of endardeplant species. In forest ecosystems, it redogaphytes
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and lichens significantly.

Glyphosate treatment of bean seedlings resulteant-term increases in dampening-off pathogenieated soil.

Glyphosate application to control invasive speeilesg tidal flats gave unexpected secondary effédter spraying, the herbicide in sediment deditgy 88%,
while in the target perennial grass, the herbigidecased 591%, and was stored in the rhizomeghBbate persists in soil and groundwater and wasdfin well
water in sites adjacent to sprayed areas.

There is a wealth of published scientific studiesveing that the massive increase in use of glypieasaconjunction with GM crops poses a significtireat to
human and animal health as well as to the envirothme

Eight

Horizontal Gene Transfer
Horizontal gene transfer & epidemics
Horizontal gene transfer, the direct transfer afejiz material into the genomes of organisms, wdretii the same or totally unrelated species, isabyhe most
serious safety issue that's unique to genetic eergimg [93].
The world has been whipped up into hysteria oveotist attacks and 'weapons of mass destructiooéSeptember 11, 2001.
Governments want to ban publication of sensitiviergific research results, and a group of maja $i€iences editors and authors has concurred. ScieTists
even suggest an international body to police rebeand publication [65].
But few have acknowledged that genetic engineeitsglf is inherently dangerous, as first pointed by the pioneers of genetic engineering in thelohsar
Declaration in the mid- 1970s, and as some of ue baen reminding the public and policy-makers mecently [94, 95].
But what caught the attention of the mainstreamianegs the report in January 2001 of how reseascineAustralia “accidentally' created a deadly neovisus
that killed all its victims in the course of manigting a harmless virus. "Disaster in the making: éngineered mouse virus leaves us one step awaytfre
ultimate bioweapon”, was the headline in tew Scientisarticle. The editorial showed even less restrdifitie genie is out, biotech has just sprung a nasty
surprise. Next time, it could be catastrophic.”
That, and the current SARS epidemic, remind ushbérzontal gene transfer and recombination create viruses and bacteria that cause diseasesf gaddtic
engineering does anything, it is to greatly enhaheescope and tendency for horizontal gene traasfg recombination.

Genetic engineering enhances the scope and tendeffiayhorizontal gene transfer
In the first place, genetic engineering involves thmpant recombination of genetic material frordedy diverse sources that would otherwise have litthy
opportunity to mix and recombine in nature. Someeretechniques, for example, "DNA shuffling' [967] vill create in the matter of minutes millions wéw
recombinants in the laboratory that have neveteatim billions of years of evolution. There islimit to the sources of DNA that can be shuffledhiis way.
In the second place, disease-causing viruses aidrizaand their genetic material are the predontinaaterials and tools of genetic engineering, asthas for
the intentional creation of bio-weapons. And thisliudes antibiotic resistance genes that maketiofexmore difficult to treat.
And finally, the artificial constructs created bgrgetic engineering are designed to cross specieigrisaand to jump into genomes, i.e., to furthehance and
speed up horizontal gene transfer and recombinatiow acknowledged to bibe major route to creating new disease agents, pgssibth more important than
point mutations which change isolated bases ifDIHA.
Add to that the inherent instability of transgeBiNA mentioned earlier, which makes it more liketylireak and recombine, and we begin to realisewsdgon't
need bio-terrorists when we have genetic engineers.
Nine

The CaMV 35S Promoter'Recombination hotspot'
Some transgenic constructs are less stable thanspuch as those containing the cauliflower ncogais (CaMV) 35S promoter.
The CaMV infects plants of the cabbage family. @héts promoters, the 35S promoter, has been widsd in GM crops since the beginning of plant ene
engineering, before some of its worrying featurase to light. The most serious is its possessioa @&combination hotspot', where it tends to rdziom with
other DNA,; although definitive evidence for thatldiot appear until much later.
Since the early 1990s, major doubts have arisentheesafety of viral genes incorporated into GMps to make crops resistant to viral attack. Mainthe viral
genes tended to recombine with other viruses tergée new and at times super-infectious viruses.
In 1999, definitive evidence for the recombinatimwtspot in the CaMV 35S promoter came from worklishled independently by two research groups. Tlais w
highly significant in view of the findings of Eweand Pusztai reviewed earlier, suggesting that #made to young rats fed GM potatoes could be dubeto
transformation process itself or to the transgenitstruct.
Ho et al. reviewed the safety implications of the CaMV 358meter, pointing out that its recombination hotsoflanked by multiple motifs known to be
involved in recombination, which are similar to ethrecombination hotspots, including the borderthefAgrobacterium T-DNAvector most frequently used in
making transgenic plants. The suspected mechanfsmcombination - double-stranded DNA breaks fokaWwby repair - requires little or no DNA sequence
homologies, and recombination between viral transgeand infecting viruses has been amply demoedtrdt addition, the CaMV 35S promoter functions
efficiently in all plants, as well as green alggeast ancE. coli. It has a modular structure, with parts commonrataj interchangeable with promoters of many
other plant and animal viruses.
These findings suggested that transgenic construitts the CaMV 35S promoter might be especially tabhke and prone to horizontal gene transfer and
recombination, with all the attendant hazards: gengations due to random insertion, cancer, reatitim of dormant viruses and generation of newsés) some
of which could account for the observations desctiby Ewen and Pusztai [44, 46, 48, 51].
When Hoet al.'spaper [98] was accepted for publication, the JduiMarobial Ecology in Health and Diseasput out a press release on its website, labeiling
“hot topic'. Within a day, someone by the name laluk Amman appeared to have organised at leastritigries that rebounded around the Internet,irenfyom
the abusive and condescending to the relativelyaraid. It later transpired that Klaus Amman is g pkayer in establishing (or, as we perceive, untieing)
biosafety standards on the international scenehalttd many posts in organizations funded by théh industry.
Ho et al.answered all the criticisms in a paper that wasutated on the Internet, and subsequently publigihéite same scientific journal. The critics hasged
to respond to this day.
Unfortunately, the most outrageous and abusive nesnaere incorporated into one “analysis' piecétemiby an editor oNature biotechnologynder "Business
and regulatory news' [99]. That “analysis', conedantirely of hearsay and opinions, contained sleftamatory, libellous statements that the jouhzal to give
Ho et al.a right to reply when challenged. The reply wasnéwally published several months later [100], alavith the editor's “apology' that he had failectite
their rebuttal, but was actually another attacktmm. This timeNature biotechnologyefused to let them reply.
All of the substantive scientific criticisms eveally turned up in a paper published in the joumshére the original paper appeared, coauthored lyeRdull and
Phil Dale, a member of the UK Advisory CommitteeMovel Foods and Processes (ACNFP) [101]. Theinmaticisms boiled down to the following.
First, people have been eating the virus in inftctabbages and cauliflower for many years witharh so why should they worry about the CaMV 35S
promoter? Second, plants are already loaded witir@@oviral sequences, not unlike CaMV, so whyusththere be any risks?
The criticisms were thoroughly rebutted in a pagpet was longer than the original, which appearethe same journal soon afterwards [102]. And rthér
response followed. In fact, critics were carefulereto mention the rebuttal.
It was pointed out, among other things, that pedyleenot been eating CaMV 35S promoter plucked from its r@tgenetic and evolutionary context and
incorporated into transgenic DNA.
The fact that plants are “loaded' with pararetad\sequences similar to CaMV and other potenti@bpile elements can only make things worse. Pamaietses
are viruses that use reverse transcriptase, bnbtddepend on integrating into the host genomedplication. Pararetroviruses include a family tbamtains the
human pathogen, hepatitis B virus. The CaMV 353noter could activate dormant viruses like hepaBtisvhich was also known to have integrated intmao
human genomes, and appeared to be associatechwitlisease.
Most, if not all, of the elements integrated intte genome would have been “tamed' in the courseaiition and hence are no longer mobile. But irstgn of
transgenic constructs containing the 35S promoty mobilize the elements. The elements may in puovide helper-functions to destabilize the tramsge
DNA, and may also serve as substrates for recortibmto generate more exotic invasive elements.
Evidence has emerged, since, that integration @figo genes into the genome associated with thetgemodification can indeed activate transposams$ a
proviral sequences, leading to destabilisatiohefgenome [103]. So Het al.were not wide off the mark.
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In the course of debating with the critics, Ho amdworkers found even more damning evidence [1@4lrns out that although the CaMV virus infectdyo
plants in the cabbage family, its 35S promoterr@pscuously active in species across the livingldvanot just bacteria, algae, fungi and plantd,dso animal
and human cells, as they discovered in a sciemijger dating back to 1990. Plant geneticists wh@hncorporated the CaMV 35S promoter into pradgicall
GM crops now grown commercially were apparentlywa® of that, and are still not admitting to itgablic.

The UK Advisory Committee on Releases to the Emritent (ACRE) has no excuse for omitting the infdforain its latest Report [105] reiterating "no @ésnce
of harm", as Ho has drawn attention to it many simeoth in written submissions and in oral evidepoesented at several open hearings. Behind theesce
however, the CaMV 35S promoter has been quietlgduétwn. It no longer appears in most of the GM sropder development.

The controversy surrounding the transgenic contatiun of Mexican landraces is not so much thattitamination had occurred, rather, it is the fmktsi that,
because the transgenic constructs were unstablectiuld be, according to a critic [106], "fragmagtand promiscuously scattering throughout gench#dkthe
transgenic maize constructs that might have besporsible for the contamination contained the Ca3%% promoter, which was why the promoter could $edu
to test for transgenic contamination. Such fragetion and scattering of unstable DNA throughout geeome are known to activate dormant proviruses an
transposons (see above), causing DNA rearrangepgittions, translocations and other disturbanetsch could destabilise the genomes of the larerac
driving the landraces towards extinction.

Ten
Transgenic DNA More Likely to Spread
Transgenic DNA versus natural DNA
Transgenic DNA is different from natural DNA in mamespects, all of which contribute to its increhgopensity for horizontal transfer into genomés o
unrelated organisms, where it may also recombitie méw genes (Box 1) [93].

Box 1

Transgenic DNA more likely to spread horizontally

 Transgenic DNA often contains new combinationgefietic material that have never existed.
 Transgenic DNA has been designed to jump into g&so

» The unnatural gene constructs tend to be struturastable and hence prone to break and join upecombine with othef
genes.

e The mechanisms that enable foreign gene consttagtsmp into the genome enable them to jump oatiragnd reinsert
another site or in another genome. For examplegtizgme integrase, which catalyzes the insertioniraf DNA into the host
genome, also functions asdisintegrase, catalyzing the reverse reaction. Theswgramses belong to a superfamily of similar
enzymes that are present in all genomes, fromedrasd bacteria to higher plants and animals. Reicases of transposons
similar.

» The borders of the most commonly used vectorrimsgenic plants, thE-DNA of Agrobacterium are recombination hotspots
(sites that tend to break and join). In additione@ombination hotspot is also associated wittcthdiflower mosaic virus (CaMV
promoter and many terminators (genetic signalsefating transcription), which means that the whal@arts of the integrate
DNA will have an increased propensity for second@sizontal gene transfer and recombination.

» Recent evidence indicates that foreign gene oactsttend to integrate at recombination hotspothé genome, which agai
would tend to increase the chances of transgeni& Bisintegrating and transferring horizontally.
e Transgenic DNA often has other genetic signalshsasorigins of replicationleft over from the plasmid vector. These are also
recombination hotspots, and in addition, can entifdetransgenic DNA to be replicated independeaslya plasmid that's readily
transferred horizontally among bacteria.

e The metabolic stress on the host organism dudeocontinuous over-expression of the foreign gdimé®d to aggressiv
promoters such as the CaMV 35S promoter will atmoease the instability of the transgenic DNA, ¢tsrfacilitating horizontal
gene transfer.

e Transgenic DNA is typically a mosaic of DNA seqoes from many different species and their genetiagites; thes
homologies mean that it will be more prone to relsmm with, and successfully transfer to, the germofemany species as well
as their genetic parasites. Homologous recombimagipically occurs at one thousand to one millimness the frequency of non-
homologous recombination.

Evidence that transgenic DNA is different

There has been only one experiment ever carriedotgst the hypothesis that transgenes are the gamnot) as mutants induced by conventional means
(mutagenesis), such as exposure to X-rays and chémutagens, which cause changes in the basersegaEDNA.

Bergelson and colleagues [107] obtained a mutartiddbicide-tolerance by conventional mutagenesis laboratory strain girabidopsis and created transgenic
lines by introducing the mutant gene, spliced mtgector, into host plant cells.

They then compared the rate at which transgenicnandtransgenic mutant plants spread the herbicigeance trait to normal, wild type plants growearby.
They found that the transgenes from transgenidplaare up to 30 times more likely to escape ameaspthan the same gene obtained by mutagenesis.

The results are difficult to explain in terms ofdimrary cross-pollination. Was it because introdgcthe transgene by means of a vector led to aliskiof
unexpected effects? Did the transgenic plants m®duore pollen, or more viable pollen? Was thegooliom transgenic plants more attractive to bees?
Another possibility for the increased spread ofisgenes is horizontal gene transfer, via insesiting the plants for pollen and nectar, or simfggding on the
sap or other parts of successive transgenic arttyyple plants. Bergelson said they had no evidémrckorizontal gene transfer, but could not rulelit. But they
have not gone on to investigate that possibiligg&dless of the manner in which the transgenes@éd, the experiment did demonstrate that teamsdNA
does not behave in the same way as non-transgé&iic D

Eleven

Horizontal Transfer of Transgenic DNA
Experiments demonstrating horizontal transfer of transgenic DNA
Horizontal transfer of transgenes and antibiotgistant marker genes from genetically engineereg ptants into soil bacteria and fungi had beenafestrated in
the laboratory by the mid-1990s. Transfer of trameg to fungi was achieved simply by growing thegfwith the GM plant, and transfer to bacteriaiactd by
applying total DNA from the GM plant to culturesludcteria.
By the late 1990s, successful transfers of a kanammgsistance marker gene to the soil bacterhaimetobactemwere obtained with total DNA extracted from
homogenized leaves in a range of transgenic p[a08&]: Solanum tuberosurfpotato),Nicotiana tabacunftobacco),Beta vulgaris(sugar beet)Brassica napus
(oilseed rape), andycopersicon esculentuftomato). It was estimated that about 2 500 copfeke kanamycin-resistance genes (from the sam#auof plant
cells) were sufficient to successfully transformedacterium, despite the fact that there was al®6dfold excess of plant DNA present. Positive resolts
horizontal gene transfer in this system were okthieven with just 100 microlitres of ground-up pleaf added to the bacteria.

Obfuscation & misrepresentation
But from the beginning, obfuscation and misrepresémn reigned supreme. Despite the misleading ititla paper by Schluter, Futterer and Potrykuschvétates
that horizontal gene transfer in their experimacurs, if at all, at an extremely low-frequenc$09], the data demonstrated a high frequency o¢ gemsfer of
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5.8 x 102 per recipient bacterium under optimum conditions.

But the authors then proceeded to calculate a ¢tieal gene transfer frequency of 2.0 110 or close to zero, under extrapolated natural itiemg'. That, they
have done by assuming that different factors actdependently, and by inventing the “natural caodd', which are largely unknown and unpredictabted, by
the authors' own admission, synergistic effectmfommbinations of factors cannot be ruled out.

This paper was subsequently widely cited as showtiaghorizontal gene transfer does not happen.

Field experiment providesprima facie evidence

In 1999, researchers in Germany [110] had alreaggrted the first, and still only, field-monitorirexperiment in the world, that providgdima facieevidence
that transgenic DNA had transferred from the GMasuzeet plant debris to bacteria in the soil. Houtated a detailed review of this evidence, anlgt dubmitted
it to the UK government's science advisors.

They dismissed that evidence, and worse, citesl @viadence that horizontal gene transfer did notindNA not only persists in the external envir@mt) both in
the soil and in water; it is not broken down suéitly quickly in the digestive system to prevematnisgenic DNA transferring to micro-organisms residn the
gut of animals.

Transgenic DNA transfer in the mouth

Such transfer could start in the mouth. Mereal. reported in 1999 [111] that a genetically engindgriasmid had a 6 to 25% chance of surviving ingditetr 60
minutes of exposure to human saliva.

Moreover, the partially degraded plasmid DNA wagatde of transformin@treptococcus gordonione of the bacteria that normally live in the lmmmouth and
pharynx. The frequency of transformation droppeploaentially with time, but it was still significaafter 10 minutes. Human saliva actually contaattdrs that
promote transformation in bacteria resident inrtizaith.

This research was done in the test-tube, and ttheisuclearly stated that, "further investigatiane needed to establish whether transformatiomadfoacteria can
occur at significant frequenciés vivo." However, no such studies have been carried imgeswhich is difficult to understands the original research was
commissioned by the UK government, as part of theeNFoods Programme

Another group in Leeds University, however, gotrang from the then newly established Food Standagisicy (FSA) to investigate the possibility of izontal
gene transfer in the stomachs of ruminants [11Bgre food remains for long periods of time. Theeaeshers found that transgenic DNA was rapidly brotown
in the fluids from the rumen and the silage, bat tievertheless, horizontal transfer could takeepleefore the transgenic DNA was completely degtade

They also found that transgenic DNA was very slovbteak down in saliva, and therefore, the mouthiccde a major site for horizontal gene transférisT
confirmed the results obtained by Meregtral. [111]. But once again, no follow-up work was dondive animals. Was it a case of avoiding doing eh&ious
experiments for fear of finding positive resultattvould be more difficult to dismiss?

Transfer of transgenic DNA through the wall of theintestine & the placenta

There's more to the scope of horizontal gene tearss$ revealed in the existing scientific literatubderfler's group in Germany have carried oueres of
experiments on the fate of foreign DNA in food, ipeing in the early 1990s.

They fed mice DNA, either isolated from the bacterirus M13, or as the cloned gene for the gregoréiscent protein inserted into a plasmid. Theydbthat a
small, albeit significant percentage of the viratlaolasmid DNA not only escaped complete degradatidhe gut, but could pass through the wall &f ititestine
into the blood stream, to get into some white bloels, spleen and liver cells, and become incaigar into the mouse cell genome [113]. When fegrégnant
mice, the foreign DNA could be found in some cefishe foetuses and the newborn animals, showiagithad gone through the placenta [114].

This work underlines the hazards of all kinds dtethDNA, including viral genomes, created by theeji engineering industry, that Norwegian virokigind
science advisor to the Norwegian government, T&rgavik [115], and others [94, 95] have drawn ditento. In a paper published in 1998, Déerfler and
Schubbert stated [114],

"The consequences of foreign DNA uptake for mutagen[generating mutations] and oncogenesis [cguesincer] have not yet been investigated”. Thevaslee
of this remark is striking with regard to the cancases identified among the recipients of geneafiyein the latter part of 2002 [116]. It makes pwnt that
exposures to transgenic DNA carry the same riglgandless of whether it is from gene therapy amf@@M foods. Gene therapy is just the genetic medlifon of
human beings, and uses constructs very simildraset for the genetic modification of plants andveais.

Avoidance of definitive experiments

In a report published in 2001 [117], the fate ofipary soybean DNA from soybean leaves was compartdthat of transgenic plasmid DNA. It confirmed
earlier findings. Transgenic plasmid DNA invaded tells of many tissues.

But like most of the research projects reviewed; time too, seemed to have stopped short of atiegnfut obtain clearer, definitive results, whichutth easily
have been done by feeding mice transgenic soyaremmitoring for the fate of both the transgenic DISAd the plant's own DNA. That would have gone some
way to settle the issue Ho and Cummins have reglgatgised: that transgenic DNA may be more invagif cells and genomes than natural DNA.

Indeed, as Ewen points out [44], the possibilityreat be excluded that feeding GM products such @igarto animals also carries risks. Cow's milk roagtain
GM derivatives and even a fillet steak may contaitive GM material, as DNA is extraordinarily s&band is often not destroyed by heat. DNA has &esm
recovered recently from soil sediments 300 0000 @00 years old [118]. The lead researcher Profesisn Cooper of Oxford University, in his recesisit to
New Zealand, is reported to have said [119], "Thititg of DNA to persist in soils for so long wasmpletely underestimated . . . and illustrates Hitle we
know," and "a great deal more research is neededebee could predict the effect of releasing Ganps."

Transgenic DNA in food transferred to bacteria in tuman gut

The UK government eventually commissioned resetrdbok for horizontal gene transfer into bacténizhe gut of human volunteeasd found positive results
The research in question is the final part of tlieRSA project on evaluating the risks of GMOs imtan foods [120]. Transgenic DNA transferring totbaa in
the human gut is not at all unexpected. We alrdambyv that DNA persists in the gut, and that baatedn readily take up foreign DNA, from previousearch
reviewed here. Why had our regulators waited sg loncommission the research? And when they dilsthientists appeared to have designed the expersoe
as to stack the odds heavily against finding atppesiesult [121].

For example, the method for detecting transgeni@REpended on amplifying a small part - 180bp thef entire transgenic DNA insert that was at leastor
twenty times as long. So, any other fragment ofitisert would not be detected, nor would a fragntieat did not overlap the whole 180bp amplifiedttat had
been rearranged. The chance of obtaining a posimat is 5% at best, and likely to be much, miesis.Thus, a negative finding with this detection mettraxbt
probably would not indicate the absence of trangg®NA Despite that, they still found a positive resulhich the FSA immediately dismissed and obfuscated
The FSA was reported to have claimed, "the findimad been assessed by several Government expertsaghruled that humans were not at risk." In testant
on its website, the FSA said that the study hadlcoled it is "extremely unlikely" that GM genes @rd up in the gut of people who eat them.

Agrobacterium vector a vehicle for gene escape

That is not all. Recent evidence strongly suggéststhe most common method of creating transgglaicts may also serve as a ready route for hodt@ene
transfer [122, 123].

Agrobacterium tumefacienghe soil bacterium that causes crown gall diselaae been developed as a major gene transferriectmaking transgenic plants.
Foreign genes are typically spliced into T¥®NA - part of a plasmid of. tumefaciensalled Ti (tumour-inducing) - which ends up integdhinto the genome of
the plant cell that subsequently develops intonaotur. That much was known, at least since 1980.

But further investigations revealed that the preceterebyAgrobacteriuminjects T-DNA into plant cells strongly resemblesnjugation or mating between
bacterial cells.

Conjugation, mediated by certain bacterial plasmidguires a sequence called the origin of trangféf) on the DNA that's transferred. All the other ftios
can be supplied from unlinked sources, referreastdirans-acting functions' (bm). Thus, “disabled' plasmids, with no trans-acfimgctions, can nevertheless be
transferred by “helper' plasmids that carry germating for the trans-acting functions. And that's thasis of a complicated vector system devisedhing
Agrobacterium T-DNAwhich has been used for creating numerous tramsgéants.

But it soon transpired that the left and right lewedof theT-DNA are similar tooriT, and can be replaced by it. Furthermore, the atiediT-DNA, lacking the trans-
acting functions\(irulencegenes that contribute to disease), can be helpeintijar genes belonging to many other pathogeaitdsia. It seems that the trans-
kingdom gene transfer éfgrobacteriumand the conjugative systems of bacteria are bethived in transporting macromolecules, not just Db also protein.
That means transgenic plants created byTH2NA vector system have a ready route for horizontalegescape, vi@grobacterium helped by the ordinary
conjugative mechanisms of many other bacteriaghase diseases, which are present in the envirdnmen
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In fact, the possibility thaf\grobacteriumcan serve as a vehicle for horizontal gene escazefivst raised in 1997 in a study sponsored bylteGovernment
[124], which reported it was extremely difficult ¢et rid of theAgrobacteriumin the vector system after transformation. Treatméth an armoury of antibiotics
and repeated subculture over 13 months failed toig®f the bacterium. Furthermore, 12.5% of #grobacteriunremaining still contained the binary vectdr (
DNA and helper plasmid), arvdere hence fully capable of transforming other damhis research was later published in a scierjtficnal [125].

Several other observations make gene escapegrizbacteriumeven more likelyAgrobacteriurmot only transfers genes into plant cells; therpassibility for
retrotransfer of DNAfrom the plant celto Agrobacteriunj126].

High rates of gene transfer are associated witlplduet root system and the germinating seed, wben@igation is most likely [127]. Therdgrobacteriumcould
multiply and transfer transgenic DNA to other baeteas well as to the next crop to be planted s€hossibilities have yet to be investigated ermgliy.

Finally, Agrobacteriumattaches to and genetically transforms several hurehli lines [128]. In stably transformed HelLa sd€k human cell line derived originally
from a cancer patient), the integrationTeDNAoccurred at the right border, exactly as would leapphen it is transferred into a plant cell genoffités suggests
thatAgrobacteriuntransforms human cells by a mechanism similar ab which it uses for transforming plants cells.

Twelve
Hazards of Horizontal Gene Transfer
A summary
As is clear from the past chapters, the hazardsthdd arise from the horizontal transfer of tigersic DNA are unique to genetic
engineering, and are summarised in Box 2.

Box 2

Potential hazards of horizontal gene transfer from gnetic engineering

» Generation of new cross-species viruses thatcdisease.

» Generation of new bacteria that cause disease.

 Spread of drug- and antibiotic-resistance genesng the viral and bacterial pathogens, makingciidas untreatable.
« Random insertion into genomes of cells, resulimigarmful effects including cancer.

« Reactivation and recombination with dormant \@sigpresent in all genomes) to generate infectiouses.

» Spread of dangerous new genes and gene condtrattsgave never existed.

« Destabilisation of genomes into which transgéras transferred.

« Multiplication of ecological impacts due to afithe above.

Experiments that appear to have been avoided so far

These critiques have been communicated to ACRE and&Ctogether with a series of obvious experimérasthe FSA should
commission, in a paper tabled at an open meetiggnised by ACNFP [129]. These are described inghtbfi revised form in
Box 3.

Box 3

Missing experiments on the safety of GM food and ops

The following are some definitive experiments thatutd inform on the safety of GM food and crops. Tisegm to have bee

intentionally avoided so far.

1. Feeding experiments similar to those carried ouPbygztai's team, using well-characterized transgemya and/or maize meal
feed, with appropriate, unbiased monitoring fomsgenic DNA in the faeces, blood and blood celts] @ost-mortem
histological examinations that include trackingnster of transgenic DNA into the genome of cells.a&h added control, non
transgenic DNA from the same GM feed sample shaldd be monitored. In addition, the role of the GaBbS promoter in
producing the “growth factor-like' effects in yourags should be investigated.

2. Feeding trials on human volunteers using well-ctierized transgenic soya and/or maize meal feddl, agipropriate, unbiase
monitoring for transgenic DNA and horizontal geransfer in the mouth and in the faeces, blood dmaidhcells. As an adde
control, non-transgenic DNA from the same GM feathgle should also be monitored.

3. Investigation on the stability of transgenic plantsuccessive generations of growth, especiatigetrontaining the CaMV 35S
promoter, using appropriate quantitative molectdahniques.

4. Full molecular characterisation of all transgeriiee$ to establish uniformity and genetic stabilitfy the transgenic DNA
insert(s), and comparison with the original datapsied by the biotech company to gain approval ffeld trials or for
commercial release.

5. Tests on all transgenic plants created byAbeobacterium T-DNAvector system for the persistence of the bacterihthe
vectors. The soil in which the transgenic plantgehbeen grown should be monitored for gene esaapeit bacteria. The
potential for horizontal gene transfer to the ra®p via the germinating seed and root system shmeilcarefully monitored.

>
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Thirteen
Conclusion to Parts 1 & 2
Our extensive review of the evidence has convineedhat GM crops are neither needed nor wanted thleg have failed to
deliver their promises, and instead, are posinglasng problems on the farm.
There is no realistic possibility for GM and non-Gadriculture to coexist, as evident from the leved @xtent of transgenic
contamination that has already occurred, everciouatry like Mexico where an official moratoriumshleen in place since 1998.
More importantly, GM crops are unacceptable becdabsg are by no means safe. They have been intrddwithout the
necessary safeguards and safety assessments thaodgéply flawed regulatory system based on a iptmof “substantial
equivalence' that is aimed at expediting produpt@yal rather than serious safety assessment.
Despite the lack of data on safety tests of GM $pdide available findings already give cause farceons over the safety of the
transgenic process itself that are not being addces
At the same time, gene products introduced intalfand other crops as biopesticides, accountind?®86 of all GM crops
worldwide, are now found to be strong immunogend allergens, and dangerous pharmaceuticals andnescare being
introduced into food crops in open field trials.
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Under the guise of transgene containment, crops hagn engineered with “suicide genes' that makepinale-sterile. In reality,
these crops spread both herbicide tolerance gendsnwmle sterile suicide genes via pollen, with ptédly devastating
consequences on agricultural and natural biodiyersi

About 75% of the GM crops planted worldwide areetaht to one or the other of two broad-spectrunbibigles, glufosinate
ammonium and glyphosate. Both are systemic metapolsons expected to have a wide range of hareffetts on humans and
other living organisms, and these effects have be@n confirmed.

Glufosinate ammonium is linked to neurological,piestory, gastrointestinal and haematological titieis, and birth defects in
humans and mammals.

Glyphosate is the most frequent cause of complaindspoisoning in the UK, and disturbances of maagy functions have been
reported after exposures at normal use levels. Blyate exposure nearly doubled the risk of latentspeous abortion, and
children born to users of glyphosate had elevagdabehavioral defects. Glyphosate caused retateeelopment of the foetal
skeleton in laboratory rats. It inhibits the syrsiiseof steroids, and is genotoxic in mammals, distl frogs. Field dose exposure of
earthworms caused at least 50 percent mortalitysagrificant intestinal damage among surviving weriRoundup causes cell
division dysfunction that may be linked to humanazrs.

These known effects are sufficient to call a haliltaises of both herbicides.

By far the most insidious dangers of genetic ergging are inherent to the process itself, whichatlyeenhances the scope and
probability of horizontal gene transfer and recamation, the main route to creating viruses and drectthat cause disease
epidemics.

Newer techniques, such as DNA shuffling are all@veneticists to create in a matter of minutesha laboratory millions of
recombinant viruses that have never existed. Déseagsing viruses and bacteria and their genetterrahare the predominant
materials and tools of genetic engineering, as nagclor the intentional creation of bio weapons.

There is already experimental evidence that transd@NA from plants has been taken up by bacterignésoil and in the gut of
human volunteers. Antibiotic resistance marker geten spread from transgenic food to pathogenitebiac making infections
very difficult to treat.

Transgenic DNA is known to survive digestion in the and to jump into the genome of mammalian cedising the possibility
for triggering cancer.

Evidence suggests that transgenic constructs watiC#iMV 35S promoter, present in most GM crops, trighespecially unstable
and prone to horizontal gene transfer and recortibmawith all the attendant hazards: gene mutatidne to random insertion,
cancer, reactivation of dormant viruses and geiogratf new viruses.

There has been a history of misrepresentation appression of scientific evidence, especially onizumtal gene transfer. Key
experiments failed to be performed, or were peréatrinadly and then misrepresented. Many experinfeites to be followed up,
including investigations on whether the CaMV 358moter is responsible for the “growth factor-lieéfects observed in young
rats fed GM potatoes. For all those reasons, Gsshould be firmly rejected as a viable optiontl@r future of agriculture.

Part 3. The Manifold Benefits of SustainabléAgriculture
Fourteen
Why Sustainable Agriculture?
Alternative agriculture needed
‘Modern' agriculture is characterised by extendage-scale monoculture, and depends on high daniputs and intensive mechanization.
Although productive as defined by the one-dimersianeasure of “yield' of a single crop, its ovdiarece on chemical pesticides, herbicides and sfitth
fertilisers comes with a string of negative impaets health and the environment: health risks tonfavorkers, harmful chemical residues on food, reduc
biodiversity, deterioration of soil and water qoigliand increased risks of crop disease. ‘Modeomiaunulture also often marginalizes small farmesstigularly
those in developing countries, who are the majodtyfarmers worldwide. GM crops, now thrown intoetlpackage, are threatening further health and
environmental hazards (see Part 2).

Many different sustainable agricultural practices

In contrast, sustainable agricultural approachasepthe emphasis on a diversity of local natursdueces, and on local autonomy of farmers to dewioat they
will grow and how they can improve their crops dimdlihood.

Agriculture is sustainable when it is ecologicallyund, economically viable, socially just, cultlyappropriate, humane and based on a holisticoambr. A brief
summary of key criteria, as elaborated by Pretty ldime [130], is presented in Box 4.

Sustainable agricultural approaches may come umdgry names - agroecology, sustainable agriculangganic agriculture, ecological agriculture, bidkzd
agriculture - but have these criteria in common.

For example, organic farming largely excludes sgtithpesticides, herbicides and fertilisers. Indtétis an ecosystem approach that manages ecalognd
biological processes, such as food web relationsjemt cycling, maintaining soil fertility, naturgest control and diversifying crops and livestoltkrelies on
locally or farm-derived renewable resources, whel@aining environmentally and ecologically viable.

While many in developed countries may be familigthwertified organic production, this is just ttie of the iceberg in terms of land managed orgalhjidut not
certified as such.

De factoor non-certified organic farming is usually prevdlén resource-poor and/or agriculturally margimegions where local populations have limited
engagement with the cash economy [131]. Farmers tedy on local natural resources to maintain ilility and to combat pests and diseases. Thes ha
sophisticated systems of crop rotation, soil mansg#, and pest and disease control, based onidraaliknowledge.

Likewise, agroecology relies on technologies tmatcheap, accessible, risk averting and produativearginal environments; that enhance ecologiodl fluman
health; and that are culturally and socially acablet [132]. It emphasises biodiversity, nutriemy@ing, synergy among crops, animals, soils atheobiological
components, as well as regeneration and consemvafisesources. Agroecology relies on indigenousniiag knowledge and incorporates low-input modern
technologies to diversify production. The approacmbines ecological principles and local resouncgnanaging farming systems, providing an environtaky
sound and affordable way for small farmers to istigrproduction in marginal areas.

These agroecological alternatives can solve thécwdgmral problems that GM crops claim to solve,tlllo so in a much more socially equitable and
environmentally harmonious manner [3].

There are countless studies as well as scienéfiearch papers documenting the successes andtberefiistainable agricultural approaches, inclgdirose of
organic farming, which have been reviewed recdmnglyhe FAO [133] and ISIS [134].

We summarise the evidence on some of the benéfitgroecology, sustainable agriculture and orgéariming for the environment and health, as wellcafood
security and the social well-being of farmers archl communities. It makes the case for a compighershift to these sustainable agriculture apgresdn place
of GM crops.
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Box 4

Sustainable agriculture

» Makes best use of nature's goods and servicestbgrating natural, regenerative processes euitient cycling, nitrogen
fixation, soil regeneration and natural enemiepests.

« Minimises non-renewable inputs (pesticides amtilifers) that damage the environment or harm huhealth.

* Relies on the knowledge and skills of farmergnoving their self-reliance.

» Promotes and protects social capital - peopégadities to work together to solve problems.

« Depends on locally-adapted practices to innoiatke face of uncertainty.

« Is multifunctional and contributes to public gepduch as clean water, wildlife, carbon sequéstrah soils, flood protection
and landscape quality.

Fifteen

Higher or Comparable Productivity & Yields
A closer look at “yields'
Organic agriculture is often criticised for havilogver yields compared to conventional monocultiile that may be the case in industrialised caestrsuch
comparisons are misleading because they discoentdhts of conventional monoculture in degraded,lavater, biodiversity and other ecological sersiom
which sustainable food production depends [133].
And merely looking at yields for single crops -agics often do - misses other indicators of sastiaility and higher actual productivity per uniea, particularly
with agroecological systems that often have a dwenixture of crops, trees and animals togethetherland [135] (see "Efficient, Profitable Prodoat). It is
often possible to obtain the highest yield of @yErcrop by planting it alone - in a monocultureit Brhile a monoculture may allow for a high yieldame crop, it
produces nothing else of use to the farmer [136].
In any case, because of the damage done by coomehfarming, a transition period is usually reqdirtto restore the land for the full benefits oftaimable
farming. After the system is restored, comparabléigher yields are obtained. With low-input, tié@hal agriculture, conversion to sustainable apphes is
normally accompanied by immediately increased gield
In fact, just reducing average farm size in mosintdes would stimulate increases in productionbfayond the most optimistic biotech industry proets for
GM crops. Small farms are more productive, morécieffit, and contribute more to economic developntkah the large farms characteristic of conventiona
monoculture [136]. Small farmers are also bettewatds of natural resources.
Research from around the world shows that smadlens are from two to ten times more productive hpatare than larger farms, which tend to be inieffic
extensive monocultures. Yield increases are acHidyeusing technological approaches based on agjamgcal principles that emphasize diversity, sgyer
recycling and integration; and social processeséhghasize community participation and empowermistaverage farm sizes are usually in the langeme
inefficient range, genuine land reform offers apanunity to boost production while lessening pdoyer

Outstanding successes in developing countries

The success of sustainable agriculture has beecratety demonstrated in a review of 208 projectd @uitiatives from 52 countries [130]. Some 8.98liom
farmers have adopted sustainable agriculture pegctin 28.92 million hectares in Africa, Asia aradih America.

Reliable data on yield changes in 89 projects stiawfarmers have achieved substantial increase®thproduction per hectare, about 50-100% farfeal crops,
though considerably greater in a few cases, an@b{br irrigated crops (though generally startinonfi a higher absolute yield base). These projectsded both
certified and non-certified organic systems, artdgrated as well as near-organic systems. In abavhere reliable data were available, there wereases in
per hectare productivity for food crops and maiatere of existing yields for fibre [133].

Some specific examples of increased yields arelbms:

Soil and water conservation in the drylands of Bwak-aso has transformed formerly degraded lans.alverage family has shifted from a cereal defit644
kg per year (equivalent to 6.5 months of food sige) to producing an annual surplus of 153 kg.

Through the Cheha Integrated Rural DevelopmenteRBtay Ethiopia, some 12 500 households have adaptstainable agriculture, resulting in a 60% iaseein
crop yields.

In Madagascar, a system of rice intensification inggroved rice yields from some 2 t/ha to 5, 1A 6rt/ha, without recourse to purchased inputs sfigiees or
fertilisers.

In Sri Lanka, some 55 000 households on about 8hathave adopted sustainable agriculture, witlstamkial reductions in insecticide use. Yields himeeeased
by 12-44% for rice and 7-44% for vegetables.

45 000 families in Honduras and Guatemala haveeasad crop yields from 400-600 kg/ha to 2 000-2 Kf)Ba using green manures, cover crops, cont@ssgr
strips, in-row tillage, rock bunds and animal masur

The states of Santa Caterina, Parana and Rio Gam@&®l in southern Brazil have focused on soil eder conservation using contour grass barrienstour
ploughing and green manures. Maize yields have tige67% from 3 to 5 tonne/ha, and soybeans by 886 2.8 to 4.7 t/ha.

The high mountain regions of Bolivia are some @&f thost difficult areas in the world for growing peo Despite this, farmers have increased potatdsylgy three
fold, particularly by using green manures to enthu soil.

Other case studies of organic and agroecologieaitiges show dramatic increases in yields as veeliemefits to soil quality, reduction in pests digbases and
general improvement in taste and nutritional confte81]. For example:

In Brazil, use of green manures and cover cropeased maize yields by 20-250%.

In Tigray, Ethiopia, yields of crops from compost#dts were 3-5 times higher than those treatey with chemicals.

Yield increases of 175% are reported from farmideépal adopting agroecological practices.

In Peru, restoration of traditional Incan terraciras led to increases of 150% for a range of uptaops. Farmers are able to produce bumper crogsitddloods,
droughts and the lethal frosts common at altitiafesearly 4 000 meters [135].

Projects in Senegal involving 2 000 farmers promiatiall-fed livestock, composting systems, greenumes, water harvesting systems and rock phosplidtet
and peanut yields increased dramatically, by 754 86d 75-165%, respectively. Because the soils beseger water retaining capacity, yield fluctuaiare less
pronounced between high and low rainfall years.

In Santa Catarina, Brazil, focus has been on sdilveater conservation, using contour grass barmerstour ploughing and green manures. Some 66rdiit crop
species, leguminous and non-leguminous, have lerdropped or planted during fallow periods. Ehbave had major impact on yields, soil qualityels of
biological activity and water-retaining capacityalde and soybean yields have increased by 66%.

In Honduras, soil conservation practices and ogtettilisers have tripled or quadrupled yields.

Planting themucunabean has improved crop yields on steep, easilyeerdullsides with depleted soils in Honduras [13drmers first planmucuna which
produces vigorous growth that suppresses weedsn \ttieebeans are cut down, maize is planted indbelting mulch. Subsequently, beans and maizerareng
together. Very quickly, as the soil improves, yiehlte doubled, even tripled (see "Better Soil$ip fieason mucunaproduces lots of organic material, creating
rich, friable soils. It also produces its own figsir, fixing atmospheric nitrogen (N) and storib@ the ground for other plants.

This simple technology has also been adopted iardgua, where more than 1 000 peasants recovegeddeel land in the San Juan watershed in just eae y
These farmers have decreased the use of chemitifisées from 1 900 to 400 kilograms per hectatailevincreasing yields from 700 to 2 000 kilograpesr
hectare. Their production costs are about 22% Idkaaar that for farmers using chemical fertilisemsl anonocultures [135].

Phosphorus (P) is the most important nutrient (&fethat is most frequently deficient in soilstodpical Africa. Unlike N, P cannot get into thelday biological
fixation. Therefore, the availability of P from angic and inorganic sources is essential to maxiamskesustain high crop yield potential.

Studies in western Kenya compared the impact adriegand inorganic fertilisers [138]. The sciergtisbncluded that reasonable maize yields couldchieeed in
smallholder systems if adequate amounts of higlitgumganic materials were used as P sources.
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Comparisons in industrialised countries

Organic farming also compares favourably againeventional monoculture in industrialised countriésreview of scientifically replicated researchuks from
seven different US universities and data from tweearch centres over 10 years shows that yielas énganic systems and conventional monoculture are
comparible [139].

Corn: With 69 total cropping seasons, organic weleére 94% of conventionally produced corn.

Soybeans: Data from five states with 55 growingssaa showed organic yields were 94% of conventigiedds.

Wheat: Two institutions with 16 cropping years skdwhat organic wheat produced 97% of the conveatigields. Tomatoes: 14 years of comparative resea
on tomatoes showed no yield differences.

Vasilikiotis reviewed recent studies comparing fireductivity of organic practices to conventiongrieulture [140], including the Sustainable Agricuk
Farming Systems (SAFS) and Rodale studies discumded, and concluded that "organic farming metheafs produce higher yields than conventional mesfiod
Furthermore, "a worldwide conversion to organic thespotential to increase food production leveist-to mention reversing the degradation of adjical soils

- and increase soil fertility and health."

Results from the first 15 years of a long-termgéascale experiment carried out by the Rodaletiristshowed that after a transition period of fpears, crops
grown under organic systems (animal- and legumed)agelded as much as and sometimes better tharentional crops [141]. Moreover, organic systems o
produced the conventional system when conditiorre ess than optimal, for example during drougbe (Better Soils').

Initial lower yields were attributed partly to ineguate availability of N, the time taken for soicrobial activity to stabilise (soils generally ¢amed enough total
N but not yet in a usable form) and heavier weenvghi. These could be addressed by appropriate reamag and given time for the system to adjust ¢osthift
to organic farming. A four-year study, part of theger, longer-term SAFS project at the UniversifyCalifornia, Davis, compared conventional an@émlative
farming systems for tomatoes [142]. Results indiddahat organic and low-input production gave comapie yields to conventional systems. N availapiltas the
most important yield-limiting factor in organic $gms, but could be addressed by appropriate marageAdditional N, when associated with high carbguts,
built up soil organic matter, enhancing long-tesntifity. Eventually, soil organic matter levelabtlised, requiring less N input.

Results from the first eight years of the SAFS @rbghowed that the organic and low-input systeaasylields comparable to the conventional systenadl icrops
tested - tomato, safflower, corn and bean - andpme instances, the yields were higher than cdiorext systems [143]. Tomato yields in the orgasystem
were lower in the first three years, but then caughwith the conventional system, overtaking ithe last year of the experiment (80 t/ha compé&wetB t/ha in
1996). Both organic and low-input systems increasgldorganic carbon content and stored nutridyagh critical for long-term soil fertility. As sodrganic matter
levels stabilised during the last two years of éliperiment, resulting in more N availability, highgelds of organic crops were observed. The ogagstems
were found to be more profitable in both corn ammidto, mainly due to higher price premiums. Anotiasgseriment compared organic and conventional pesat
and sweet corn over three years [144]. No diffeesrin yield and vitamin C content of potatoes wetend. While one variety of conventional corn oubguced
the organic, there was no difference between cdioreal and organic in the yield of another variaty,in vitamin C or E contents of corn kernels. Thsults
suggested that long-term application of compostslyces higher soil fertility and comparable plarmivgh.

Sixteen

Better Soils
Soil conservation
Most sustainable agricultural practices reduceeision and improve soil physical structure, oigamatter content, water-holding capacity and eatrbalances.
Soil fertility is maintained on existing lands are$tored on degraded lands.
A powerful example is that of farmers along the 8ats edge, in Nigeria, Niger, Senegal, BurkinaoFasl Kenya, farming productively without destraysoils,
even in dryland areas. Integrated farming, mix@gping and traditional soil and water conservatitethods are increasing per capita food produceéwersl fold
[145, 146].
Sustainable agricultural approaches help consergénaprove the farmers' most precious resource tdhpsoil. To counter the problems of hardeningrient loss
and erosion, organic farmers in the South are use®s, shrubs and legumes to stabilise and fegddsag and compost to provide nutrients, andaigng or
check dams to prevent erosion and conserve grouadia1].

Restoring soil fertility

Plantingmucunabeans in Latin America has restored soil fertitity depleted soils [137Mucunaproduces 100 tonnes of organic material per hectaeating
rich, friable soils in a few years. It producesatsn fertiliser, fixing atmospheric N and storirigri the ground for use by other plants. As thé isgproves, yields
are doubled, even tripled. One of the longest moigricultural trials on record (more than 150rgeés the Broadbalk experiment at Rothamsted Ewygartal
Station. The trials compare a manure-based fetiliarming system to a synthetic chemical fertilisgstem. Wheat yields are on average slightly drigh
organically fertilised plots than in plots receiginhemical fertilisers. More importantly, soil fility, measured as soil organic matter and nitrolgewels, increased
by 120% over 150 years in the organic plots, coegbarith only a 20% increase in chemically fertitiggots [147].

Another study compared ecological characteristiws groductivity of 20 commercial farms in Califaanj148]. Tomato yields were quite similar in orgaand
conventional farms. Insect pest damage was alspamhle. Significant differences were found in $mhlth indicators such as N mineralisation po&trand
microbial abundance and diversity, which were highehe organic farms. N mineralisation potentias three times greater in organic compared to exional
fields. The organic fields also had 28% more orgam@Erbon. The increased soil health resulted irsidemably lower disease incidence. Severity of rtiest
prevalent disease in the study, tomato corky risgtabe, was significantly lower in the organic farm

Improving soil ecology

The world's longest running experiment comparingaaic and conventional farming pronounced the forasuccess [149, 150]. The 21-year Swiss studydou
that soils nourished with manure were more fedild produced more crops for a given input of niérogr other fertiliser.

The biggest bonus was improved soil quality undganic cultivation. Organic soils had up to 3.2d8ras much biomass and abundance of earthwornee, asi
many arthropods (important predators and indicadbisoil fertility) and 40% more mycorrhizal fungelonising plant roots. Mycorrhizal fungi help reatbtain
more nutrients and water from the soil [151]. Theréased diversity of microbial communities in arigasoils transformed carbon from organic debris inio-
mass at lower energy costs, building up a higharahial biomass. Hence a more diverse microbial roanity is more efficient in resource utilisationhe
enhanced soil fertility and higher biodiversitydrganic soils is thought to reduce dependency tereal inputs and provide long-term environmentalidfits.

Field experiments conducted at three organic arebtbonventional vegetable farms in 1996-1997 emadhthe effects of synthetic fertilisers and aliirre soil
amendments, including compost [152]. Propagule ileasof Trichodermaspecies (beneficial soil fungi that are biologicahtrol agents of plant-pathogenic
fungi) and thermophilic micro-organisms (a majonsiituent of which was Actinomycetes, which suppes®hytophthora were greater in organic soils. In
contrast, densities #thytophthoraandPythium(both plant pathogens) were lower in organic soils.

While the study recorded increased enteric bactertaganic soils, the scientists stressed thatwhs not a problem, as survival rates in soilnairégmal. (Critics
of organic farming disingenuously point to the poleshealth effects of using manure. But untreatethure isnot allowed in certified organic agriculture, and
treated manure (known widely as compost) is sélifiés-is what is used in organic farming. Unlike eentional regimes (where untreated manure mighideel),
organic certification bodies inspect farms to eastandards are met [153].)

Few significant differences in yields were obserbetlveen soils with alternative amendments andethoth synthetic fertilisers, regardless of produetsystem.
In 1997, when all growers planted tomatoes, th&lgigrere higher on farms with a history of orgapioduction, regardless of soil amendment type, tduie
benefits of long-term organic amendments. Mineaaloentrations were higher in organic soils, andl aality in conventional farms was significantipproved
by organic fertiliser. The researchers concludéug ‘argument [of critics] that organic farming guévalent to low yield farming is not supported byr data"
(p.158).

Overall improved soil quality, averting crop failure during drought

The 15-year study carried out by the Rodale Institompared three maize/soybean agroecosystems1[341155]. One was a conventional system usimgral
N fertiliser and pesticides. The other two systevese managed organically. One was manure-basedewgnasses and legumes, grown as part of a crapamot
were fed to cattle. The manure provided N for mammuction. The other system did not have livdstmat leguminous cover crops were incorporated swibas
a source of N.

Organic techniques were found to significantly ioy® soil quality, as measured by structure, tatédlarganic matter (a measure of soil fertility)dabiological
activity [141]. The improved soil structure createtietter root-zone environment for growing platd allowed the soil to better absorb and retairstue. Apart
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from the benefit during low-rainfall periods, ithéced the potential for erosion in severe storms.

Organic soils showed a higher level of microbiahaty and a greater diversity of micro-organisr8sich long-term changes in the soil community cquitzmote
plant health and might positively affect the wayrimnts such as carbon and nitrogen are made blatia plants and cycled in the soil.

Amazingly, 10-year-average maize yields differedldss than 1% among the three systems, which weadynequally profitable [154, 155]. The two organi
systems showed increasing levels of available Nlewhlevels declined in the conventional systemisTindicates that the organic systems are motaisable, in
terms of productivity, over the long-term [141].

The soybean production systems were also highlgymtdve, achieving 40 bushels/acre. In 1999, dudng of the worst droughts on record, yields ofaoig
soybeans were 30 bushels/acre, compared to onbudiéels/acre from conventionally grown soybeang.dwdy did organic practices encourage the sohdta
moisture more efficiently than conventionally maedgsoil, the higher organic matter content alsoena@anic soil less compact so that roots coulccpate
more deeply to find moisture.

The results highlighted the benefits to soil qyaditganic farming brings, and its potential to aweop failures. "Our trials show that improvingethuality of the
soil through organic practices can mean the diffeeebetween a harvest or hardship in times of diugaid Jeff Moyer, Farm Manager at Rodale Iosti{156].

Seventeen

Cleaner Environment
Less chemical input, less leaching and run-off
Sustainable agriculture systems that use no, tte, lithemical pesticides or herbicides are clearlyenefit to the environment (see next sectionpv@ntional
farming systems are moreover often associatedpwithlems such as nitrate leaching and groundwalértipn.
Application of P fertilisers in excess of plant deeesults in accumulation of available P in tolss@ind increased losses to surface water.
Water eutrophication is one of the starkest resfitsl and P pollution. The high nutrient conceritnas stimulate algal blooms, which block sunligtapsing
aquatic vegetation to die and in the process dgaggoraluable habitat, food and shelter for aqukfic When the algae die and decompose, oxygesesl up, to
the detriment of aquatic life.
Four farming systems - organic, low-input, convendil four-year rotation and conventional two-yesation - were evaluated for tomatoes and corn ft884 to
1998 in California's Sacramento Valley [157]. Thganic and low-input systems showed 112% and 368atgr potentially mineralisable N pools than the
conventional systems, respectively. However, ag tised cover-crops, there was a slower, more aontis release of mineral N throughout the growirasee.
In contrast, conventional systems supplied minkrah intervals from synthetic fertilisers, and Nmaralisation rates were 100% greater than in tgaroc and
28% greater than in the low-input system. This igghk greater likelihood of N leaching and assedigtollution problems in conventional systems.
Average tomato and corn yields for the five-yeariquk were not significantly different among therfang systems. The researchers concluded that ther lo
potential risk of N leaching from lower N minerai®n rates in the organic and low-input farmingteyns appear to improve agricultural sustainabdity
environmental quality while maintaining similar prgields to conventional systems.
The 21-year Swiss study [149, 150] also assesse@xtent to which organic farming practices wouiiéa the accumulation of total and available Psail,
compared to conventional practices [158]. Soil dampvere taken from a non-fertilised control, twaneentionally cultivated treatments and two orgaliyc
cultivated treatments.
Average annual P budgets of both organic farmirgiesys were negative for each single rotation pesiod for the 21 years of field experimentation.sThi
indicated that P removal by harvested products edes the P input by fertilisers. The conventionalljtivated soil, receiving mineral fertilisers afetmyard
manure, showed a positive budget over all thregtimsts. Furthermore, the inorganic P availabilitythe topsoil decreased markedly in all treatmenting the
field trial except in the conventional treatmertiu$ the potential for P pollution from organic gyss was reduced.
The 15-year trials carried out by the Rodale lntitshowed that the conventional system had greme@ronmental impacts - 60% more nitrate leachd i
groundwater over a five-year period than in theaaig systems [154, 155]. Soils in the conventi@yatem were also relatively high in water-soluldebon,
hence vulnerable to leaching out. The better wiafdtration rates of the organic systems made thess prone to erosion and less likely to contehiot water
pollution from surface runoff.

Eighteen

Reduced Pesticides & No Increase iRests
Less pesticides
Organic farming prohibits routine pesticide appiima. According to the Soil Association, in the Udout 430 synthetic pesticide active ingrediergsatiowed in
non-organic farming, compared to seven in orgaamiming. The pesticides used in organic farming oy be used as the last resort for pest contr@nadther
methods fail. They are either natural or simplencicals that degrade rapidly. Three of these reduitber authorisation for use.
Many sustainable agriculture projects report laeguctions in pesticide use after adopting integratest management. In Vietnam, farmers have eutdimber
of sprays from 3.4 to 1.0 per season, in Sri Lania 2.9 to 0.5 per season, and in Indonesia fr@®1.1 per season. Overall, in South-east A€18,000 small
rice farmers involved in integrated pest managersebstantially increased yields while eliminatiresficides [130].

Pest control without pesticides, no crop losses

Because organic procedures exclude synthetic mesticcritics claim that losses due to pests waisle. However, research on Californian tomato petida
contradicted this claim [159]. There was no sigaifit difference in levels of pest damage in 18 cenaial farms, half of which were certified orgasigstems and
half, conventional operations.

Arthropod biodiversity was on average one-thirdagge in organic farms than in conventional farmeere was no significant difference between the iwo
herbivore (pests) abundance.

However, the natural enemies of pests were moredsn in organic farms, with greater species risknef all functional groups (herbivores, predators,
parasitoids). Thus, any particular pest speciesganic farms would be associated with a greateetyaof herbivores (i.e. would be diluted) and jeabto control
by a wider variety and greater abundance of paibpéirasitoids and predators. At the same timeares shows that pest control is achievable witpesticides,
actually reversing crop losses. In East Africa,zaand sorghum face two major pests - stem boreB#iga, a parasitic plant. Field margins are fgdmwith ‘trap
crops' that attract stem borer, such as Napiesgmag Sudan grass. Napier grass is a local weedendtour attracts stem borer. Pests are lured fiaraythe crop
into a trap - the grass produces a sticky substtratekills stem borer larvae [160]. The crops iater-planted with molasses grageémodium uncinatunand
two legumes: silverleaf and greenleaf. The legubired N, enriching the soiDesmodiunalso repels stem boreasd Striga.

In Bangladesh, a project began in 1995 to promoteahemical means of pest control in rice, thaesebn natural enemies and on the ability of the plant to
compensate for insect damage. There have beengativeeimpacts on yields [161]. On the contrarypfars using no insecticide consistently enjoy highelds
than those using insecticide. As project participatso modify other practices besides foregoisgdéticides, it cannot be said that the yield ineeda due entirely
to the absence of insecticides. It does show, hewehiat insecticides are not needed to obtairdyiereases. Project participants enjoy higherretetrns than
insecticide users: the 1998 average net returpddicipants was Tk 5 373 (US$ 107) per farmersgaison compared to Tk 3 443 (US$ 69) for inseetiogkrs.

Other benefits of avoiding pesticides

Besides the obvious benefit of not using harmfigtipeles, Korean researchers have reported thadiagopesticides in paddy fields encourages thedyudach
fish, which effectively control the mosquitoes teatead malaria and Japanese encephalitis [162fisHn which no insecticides were used had a righgety of
insect life. However, the fish are voracious predabf the mosquito larvae.

In Japan, an innovative organic farmer has piomkeargce growing system that turns weeds and pestsesources for raising ducks [163]. The ducksiesect
pests and the golden snail that attack rice plamd,also eat the seeds and seedlings of weedssiBy their feet to dig up the weed seedlingsdilneks aerate the
water and provide mechanical stimulation to malee ribe stalks strong and fertile. This practice haen adopted by about 10 000 farmers in Japanpwand
farmers in South Korea, Vietnam, the Philippinezo$, Cambodia, Thailand and Malaysia. Many farrireneased their yield 20 to 50% or more in thet fjesar.
One farmer in Laos increased his income three-fold.

Systems such as these, which are characterisgosthinable agricultural approaches, make useeotdmplex interactions of different species, anomshow
important the relationship between bio-diversityl @ayriculture is (see next chapter). The healttefisnof avoiding pesticides are discussed brigflyOrganics
for Health'.
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Nineteen

Supporting Biodiversity & Using Diversity
Agricultural biodiversity crucial for food security
Maintaining agricultural biodiversity is vital t@hg-term food security. Pimbert reviewed the migtifunctions of agricultural biodiversity and itaportance for
rural livelihoods [164]. Agricultural biodiversitgontributes to food and livelihood security, effist production, environmental sustainability andaku
development; it regenerates local food systemsaradl economies. Rural people have dynamic and nijvelihoods, which usually rely on a diversif plant
and animal species, both wild and domesticatedeity within species (i.e. farmers' varieties or landraceslsis i@markable among the species domesticated for
crop and livestock production, and results fromakpeople's innovation. Such agricultural diversityital insurance against crop and livestock aigeoutbreaks,
and improves the longterm resilience of rural itvebds to adverse trends or shocks. Agriculturafliviersity is increasingly threatened by the adoptf high-
yielding, uniform cultivars and varieties in “modemonoculture.
The proceedings of a 2002 FAO meeting on 'Bioditseend the Ecosystem Approach in Agriculture, Btmg and Fisheries' highlighted the inter-connentss
of biodiversity and agriculture [165]. It gave sifiecexamples of how farmers' innovations enhancglibersity, and the importance of biodiversity fgriculture.
One paper reviewed 16 case studies from 10 coaritridsia, Latin America, Europe and Africa, shogvimow organic farming increases the diversity aigie
resources for food and agriculture [166]. In aBes, there is a close relationship between orgasiems and the maintenance of biodiversity, aqtarement in
the farmers' socio-economic conditions.
Case studies of a community-based organic farmystes in Bangladesh, thadangcultivation of organic spices in Indonesia and aigaoffee production in
Mexico show how traditional and community-based agament can rehabilitate abandoned and degradescagystems. These polyculture systems are
characterised by highly diversified ecosystems agucultural biodiversity, which provide not onlpdd, but also further community services. Caseistudf
organic cocoa farming in Mexico and organic, ndtynaigmented cotton in Peru are examples of swsfoé®rganic agriculture that have contributedricsitu
conservation and sustainable use in centres ofradiye while providing economic benefits for locadmmunities. Traditional and under-utilised speces!
varieties in Peru (gluten-free quinoa), Italy (®&rmo grain, Zolfino bean, spelt wheat) and Indanésical varieties of rice) have been rescued fextinction,
thanks to organic agriculture. Four case studiesn iGermany, Italy, South Africa and Brazil, illcete how organic farming has restored many trautioarieties
and breeds that are better adapted to local eealbgonditions and are resistant to disease. Asthiors conclude, organic agriculture contributes situ
conservation, restoration and maintenance of agui@l biodiversity.

Conserving and supporting biodiversity

Sustainable agriculture plays a further importate in conserving natural biodiversity. Organicnfiaroften exhibit greater natural biodiversity tliamventional
farms, with more trees, a wider diversity of crapsl many different natural predators, which corpests and help prevent disease [131].

Research carried out in Colombia and Mexico fou@éhJewer bird species in sun-grown coffee plantaias opposed to shade-grown organic coffee, which
mimics the forests' natural habitat [167]. Shadkivation is recommended by organic standards amitances soil fertility, controls pests and diesaand
expands crop production options. Another study hmy British Trust for Ornithology found significapthigher breeding densities of skylark (an endasder
species) on organic farms, compared to conventifarads. Floral diversity, which has also been tteead by the increasing use of herbicides in afjual
production, stands to benefit from organic systémas do not allow the use of chemical herbicidgadi®s in Greece and England show that floral dityerand
abundance is indeed higher in organic than in cothwmeal systems. Other studies show increased tielvete diversity and abundance in organic systemeport
from the Soil Association [168] comprehensivelyiesved the findings of nine studies (seven fromlitke two from Denmark), and summarised the key firgdi
of fourteen additional studies, on the biodiversitypported by organic farming. The report conclutthed organic farming in the lowlands supports aimhigher
level of biodiversity (both abundance and diversifyspecies) than conventional farming systemduding species that have significantly declinedisTivas
particularly true for wild plants in arable fieldsirds and breeding skylarks; invertebrates inclgdarthropods that comprise bird food; non-pestebilies; and
spiders. Organic farms also showed significantets® in pest aphids and no change in pest bugterfiabitat quality was more favourable on orgéenims, both
in terms of field boundaries and crop habitats.

Many beneficial practices were identified with angaagriculture, such as crop rotations with griess, mixed spring and autumn sowing, more permianen
pasture, no application of herbicides or synthgéisticides, and use of green manure. These pracicereverse the trends in the decline of biodityeassociated
with conventional farming. Generally, the improvensein biodiversity were found across the croppezhs as well as at the field margins. The repat al
suggested that major benefits are likely in thengs.

The reduced or non-use of agrochemicals in orgamitsustainable farming will also allow wild plaptecies to flourish, among which are an increasingber
of herbs used in traditional medicines. The Workhlth Organization estimates that 75-80% of thddi®population use plant medicines either in pagntirely
for health care. Some of these wild plant speciesfacing extinction, and concerted effort is nekfte their local conservation, while ensuring thatvesting
from the wild is sustainable and continues to dbate to local people's livelihood [169]. Wild ptarand animals are also part of an important reperbf food
and medicines for many farming communities [164].

Diversity increases agricultural productivity

Biodiversity is an important and integral part astinable agricultural approaches. Each specias iagroecosystem is part of a web of ecologidatiomships
connected by flows of energy and materials. In g@nse, the different components of agrobiodivesie multifunctional, and contribute to the resitte of
production systems while providing environmentalvies, although some species may play key drivivigs [164]. The environmental services provided by
agricultural biodiversity include soil organic nettdecomposition, nutrient cycling, biomass promuctand yield efficiency, soil and water conservafipest
control, pollination and dispersal, biodiversitynservation, climate functions, water cycling, anfitience on landscape structure.

Empirical evidence from a study conducted since4188ows that biodiverse ecosystems are two to timess more productive than monocultures [170, 1]
experimental plots, both aboveground and total b&srincreased significantly with species numbee High diversity plots were fairly immune to the/aision
and growth of weeds, but this was not so for motiomes and low diversity plots. Thus, biodiverssteyns are more productive, and less prone to waeedell!
Proving with stunning results that planting a dsitgr of crops is beneficial (compared with monowtés), thousands of Chinese rice farmers have ddufélds
and nearly eliminated its most devastating disedageut using chemicals or spending more [172, 188]entists worked together with farmers in Yunnaho
implemented a simple practice that radically retd the rice blast fungus that destroys milliohgoas of rice and costs farmers several billiofiads in losses
each year.

Instead of planting large stands of a single tyfpéce, as is typical, farmers planted a mixturewd varieties: a standard hybrid rice that doesusaally succumb
to rice blast and a much more valuable glutinousticky' rice known to be very susceptible. Thaa&ally diverse rice crops were planted in adl tice fields in
five townships in 1998 (812 hectares), and ten shps in 1999 (3 342 hectares).

Disease-susceptible varieties planted with resistarieties had 89% greater yield, and blast w&$ 8%6s severe than when grown in monoculture. Battinous
and hybrid rice showed decreased infection. Theotigsis is fairly clear for glutinous rice. If arigty is susceptible to a disease, the more coretewnt those
susceptible types are, the more easily diseasadgprét is less likely to spread when susceptilid@tp are grown among plants resistant to the siséiee. a
dilution effect occurs). The glutinous rice plantdiich rise above the shorter hybrid rice, als@gedl sunnier, warmer and drier conditions thataliseged fungal
growth. Disease reduction in the hybrid variety nbaydue to the taller glutinous rice blocking tidarne spores of rice blast, and to greater induesistance
(due to diverse fields supporting diverse pathogeitls no single dominant strain). The gross valee pectare of the mixtures was 14% greater thamidiyb
monocultures and 40% greater than glutinous moto@s.

In Cuba, integrated farming systems or polycultusesh as cassava-beans-maize, cassava-tomatg-araizeweet potato-maize have 1.45 to 2.82 timester
productivity than monocultures [135]. In additidegumes improve the physical and chemical charatity of soil and effectively break the cycle n§éct-pest
infestations. Integrating vegetables into rice fiagrsystems in Bangladesh by planting them on dilessnot affected rice yields, despite the areztdodike crops
[161]. Instead, the vegetables provided familiethwinore nutrients. The surplus was shared withhimgrs, friends and relatives or sold, providingaalded
value of 14%.

Integrating fish into flooded rice systems alsosglino significant decline in rice yields, and @me cases increased yields. Net returns from gellie fish
averaged Tk 7 354 (US$ 147) per farmer per seasorg than the returns from rice. As with vegetabliee-fish farmers ate fish more frequently anaated
much of it to their social networks.

Soil biodiversity also plays a crucial role in proting sustainable and productive agriculture, amghoic practices help enhance this [174]. Organitchy applied
judiciously to degraded and crusted soil surfacethé Sahelian region of Burkina Faso, triggerecthite activity, promoting the recovery and rehdhtion of
degraded soils. Termites feeding on or transposinmace-applied mulch improved soil structure w@deer infiltration, enhancing nutrient release itite soil. The
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growth and yield of cowpeas were far better onleith termites than on plots without. In Indiaganic fertilisers and vermicultured earthworms &zbin
trenches between tea rows increased tea yield§43389%, compared to conventional inorganic festiisn.
Profits increased accordingly.

Twenty

Environmental & Economic Sustainability
Sustainable production
Research published iNature investigated the sustainability of organic, coni@ml and integrated (combining both methods) agpteduction systems in
Washington from 1994-1999 [175, 176]. The orgay&team ranked first in terms of environmental andneic sustainability, the integrated system secordi
the conventional system last. The indicators usexwoil quality, horticultural performance, oraharofitability, environmental quality and energdficency.
Soil quality ratings in 1998 and 1999 for the origaand integrated systems were significantly higthen for the conventional system, due to the amdiof
compost and mulch. All three systems gave compargklds, with no observable differences in physjatal disorders or pest and disease damage. Trene
satisfactory levels of nutrients for all. A consuneste test found organic apples less tart atdsarand sweeter than conventional apples afteapipées were
stored for six months.
Organic apples were the most profitable due toeppiemiums and quicker investment return. Despit&l lower receipts in the first three years, doghe time
taken to convert to certified organic farming, fiwice premium in the next three years averaged &b&ve conventional prices. In the long term, thgaoic
system recovered costs faster. The study projehtedhe organic system would break even afterd@syébut that the conventional system would dorgy after
15 years, and the integrated system, after 17 years
Environmental impact was assessed by a rating itgleletermine potential adverse impacts of pedtciand fruit thinners: the higher the rating, theater the
negative impact. The rating of the conventionatayswas 6.2 times that of the organic system. Despgher labour needs, the organic system expeledsd
energy on fertiliser, weed control and biologicahtrol of pests, making it the most energy effitien
Another study evaluated the financial and enviromi@easpects of sustainability of organic, integda&nd conventional farming systems by applyinqhtegrated
economic-environmental accounting framework togHi@ms in Tuscany, Italy [177]. In terms of finalgerformance, the gross margins of steady-stajanic
farming systems were higher than the correspondamyentional farming systems' gross margins. Tlgawtc systems performed better than the integraed
conventional systems with respect to nitrogen spesticide risk, herbaceous plant biodiversity amost other environmental indicators. The respits/ided
evidence that organic farming potentially improvke efficiency of many environmental indicatorsveall as is remunerative. While not fully conclusitreat
organic farming is more sustainable, nonetheléssperformance of organic farming systems was ibiitéen conventional farming systems.

Environmentally sustainable

A Europe-wide study assessed environmental andiresaise impacts of organic farming, relative tavemtional farming [178]. The study showed thatamig
farming performs better than conventional farmimgélation to the majority of environmental indioegt reviewed.

In no category did organic farming show a worsdqgrarance when compared with conventional farming.

For example, organic farming performed better tobanventional farming in terms of floral and faumiVersity, wildlife conservation and habitat divigys
Organic farming also conserved soil fertility angtem stability better than conventional systemsttfermore, the study showed that organic farmesylts in
lower or similar nitrate leaching rates than ingggd or conventional agriculture, and that it doespose any risk of ground and surface water fotiufrom
synthetic pesticides.

The FAO review [133] concluded, "As a final assesstnit can be stated that well-managed organiceture leads to more favourable conditionsaht
environmental levels" (italics added, p.62).

Its assessment showed that organic matter corgeuguially higher in organic soils, indicating higffiertility, stability and moisture retention cajtsic which
reduce the risk of erosion and desertification.adig soils have significantly higher biologicaliaity and higher mass of micro-organisms, makingrfmre rapid
nutrient recycling and improved soil structure.

The review found that organic agriculture posesisio of water pollution through synthetic pesticgdend that nitrate-leaching rates per hectareignifisantly
lower compared to conventional systems. In termenefgy use, organic agriculture performs bettan g¢tonventional (see next section).

The review established that genetic resourcesydimng insects and micro-organisms, all increaserwlaad is farmed organically, whilst wild flora afauna
within and around organic farms are more diversg @pundant. By offering food resources and shéttebeneficial arthropods and birds, organic adtice
contributes to natural pest control. It also cdnités to the conservation and survival of pollingto

Twenty-One

Ameliorating Climate Change
Energy efficient, reduced direct and indirect energ use
“Modern' agriculture has a lot to answer for imtsrof contributing to climate change, which is lay the most daunting problem that humankind has eve
encountered. It has increased emissions of nitbaide and methane, potent greenhouse gassedpssit fuel energy intensive and contributes toltes of soil
carbon to the atmosphere [179].
Sustainable agricultural practices can provide mgyisc benefit towards ameliorating climate chandée FAO believes that organic agriculture enables
ecosystems to better adjust to the effects of ¢énshange and has major potential for reducingcaljural greenhouse gas emissions [133]. Its revdencluded
that, "Organic agriculture performs better thanwantional agriculture on a per hectare scale, both respect to direct energy consumption (fuel aifgand
indirect consumption (synthetic fertilizers andtedes)", with high efficiency of energy use (p)61
The Rodale Institute's trials found that energy imsthe conventional system was 200% higher thaeitimer of the organic systems [141]. Researchintafd
showed that while organic farming used more machimgrs than conventional farming, total energy comstion was still lowest in organic systems [188].
conventional systems, more than half of total epeansumed in rye production was spent on the naauife of pesticides.
Organic agriculture was more energy efficient tikanventional agriculture in apple production systd@i’5, 176]. Studies in Denmark compared organit a
conventional farming for milk and barley grain poation [181]. The total energy used per kilogramnufk produced was lower in the organic than in the
conventional dairy farm, while the total energydise grow a hectare of organic spring barley we 3&wer than used to produce conventional sprintgpan
the same area. However, organic yield was lowers &nergy used to produce one kg of barley wasrmatginally lower for the organic than for the centional.
Carbon dioxide (CO2) emissions were calculatedeat8-66% lower per hectare in organic farming systén Europe [133, 178], and were attributed to the
characteristics of organic agriculture, i.e., npunof mineral N fertilisers with high energy congution, lower use of high energy consuming feedstubéwer
input of mineral fertilisers (P, K) and eliminatiof pesticides.
Furthermore, because of sustainable agricultucgasf on local production, consumption and distidnytless energy is wasted on transportation ofipets,
particularly by air. According to a study carriedt@n 2001, greenhouse gas emissions associatadhttransport of food from a local farm to a farts market
were 650 times lower than emissions associatedtivitlaverage food sold in supermarkets [cited B].17

Greater carbon sequestration

Soils are an important sink for atmospheric CO2 this sink has been increasingly depleted by cotioral agricultural land use.

Sustainable agriculture approaches, however, lelpotnteract cli-mate change by restoring soil viganatter content (see “Better Soils'), as theseease
carbon fixation below ground. Organic matter igoesd by the addition of manures, compost, mul@mescover crops.

Pretty and Hine suggest that the 208 projects #ssgssed accumulated some 55.1 million tonnesrbbredC) [130]. The SAFS Project found that orga@ic
content of the soil increased in both organic awa-ihput systems [143], while the study of 20 comera farms in California found that organic fieldad 28%

more organic C [148].

This was also true in the 15-year study by the Rotiestitute, where soil C levels increased intifie organic systems, but not in the conventionatey [141].

The researchers concluded that organic systemseshsignificant ability to absorb and retain C, irsthe possibility that sustainable agriculturagtices can
help reduce the impact of global warming.

Less nitrous oxide emissions
The FAO also estimated that organic agricultudéely to emit less nitrous oxide (N20) [133], ahet important greenhouse gas and also a causetdsgtheric
ozone depletion. This is due to lower N inputssIBisfrom organic manure due to lower livestock déss higher C/N ratios of applied organic manarel less
available mineral N in the soil as a source of tifigiation; and efficient uptake of mobile N inikodue to cover crops.

19



Twenty-Two

Efficient & Profitable Production
Productivity enhanced
Any yield decrease in organic agriculture is mér@ntmade up for by its ecological and efficiencingaand lower costs, making it a profitable veatdrhe Swiss
study found that input of fertiliser and energy weduced by 34-53% and pesticide input by 97%, ed®emean crop yield was only 20% lower over thgezis,
indicating efficient production and resource usé9[1150]. The organic approach was commerciallpleian the long-term, producing more food per ofit
energy or resources.
Data show that smaller farms produce far more pétr area than larger farms (which tend to be motiomes characteristic of conventional farming) [136
Though the yield per unit area of one crop maydweet on a small farm than on a large monocultdre total output per unit area, often composed akertlzan a
dozen crops and various animal products, can bleiglier. Small farms are also more efficient thangé ones in terms of land use and “total factodyetivity',
an averaging of the efficiency of use of all théfadent factors that go into production, includiagd, labour, inputs, capital, etc.
Studies in Bolivia show that though yields are tgean chemically fertilised and machinery-prepapdato fields, energy costs are higher and neh@oa
benefits lower, than where native legumes have lsed as rotational crops [135]. Surveys indichte farmers prefer the latter alternative systecabse it
optimises the use of scarce resources, labouraithble capital, and is accessible to even poodpeers.

Lower costs, higher profits

Two trials in Minnesota evaluated a two-year casgbgan rotation and a four-year corn-soybean-dalfi@lalfalfa crop rotation under four management
strategies: zero, low, high and organic inputs [18&eraged across a seven-year time frame fron811®®9, corn and soybean yields in the four-yegaoic
strategy were 91 and 93%, and 81 and 84%, respégctof the two-year high input strategy. Howewaat yields were similar with either the four-yeaganic or
high input strategies. Alfalfa yields in the fougay organic strategy were 92% that of the four-yegin input strategy in one trial, and in the settnel, yields
were the same.

Despite the slight reduction in corn and soybeatdgi the organic systems had lower productionsctie&tn the high input strategy. Consequently, eetrns,
without considering organic price premiums, for thwe strategies were equivalent. The scientistgesigd that organic production systems could bepetitive
with conventional ones.

A comprehensive review of the many comparison stidif grain and soybean production conducted bySixMidwestern universities since 1978 found tiat i
general, organic production was equivalent to, iarebme cases better than, conventional [183]. @c¢gsystems had higher yields than conventiongksys that
featured continuous crop production (i.e. no crofations), and equal or lower yields than converaicsystems that included crop rotations. In decienates,
organic systems had higher yields, as they were miarught-hardy than conventional systems.

The organic cropping systems were always more tatgé than the most common conventional systerosgiénic price premiums were factored in. When the
higher premiums were not factored in, the orgagitesns were still more productive and profitablehaif the studies. This was attributed to lowerdorction
costs and the ability of organic systems to oufeper the conventional in drier areas, or duringedperiods. The author concluded, "organic prodactystems
are competitive with the most common conventiorrabpction systems”, and suggested that, "if farnodtsin current market premiums for organic graind
soybeans, their organic production generally dediveégher profits than non-organic grain and sogh@duction” (p.2).

The 15-year results from the Rodale Institute shbtimat after a transition period with lower yieldse organic systems were competitive financiallthvthe
conventional system [141]. While the costs of trangition are likely to affect a farm's overall dirtial picture for some years, projected profitsgead from
slightly below to substantially above those of tmaventional system, even though economic analggbsot assume any organic price premium. The hmighe
profits for the organic farms came largely fromHeg corn yields, which nearly doubled after thesion period. When prices or yields were low,anig farms
suffered less than the conventional and had feme@me fluctuations, as they had a diversity of srofher than corn to sell. Expenses on the organies were
significantly lower than on the conventional - thtter spent 95% more on fertilisers and pestici@aerall production costs on the organic farmsen26% lower.

Twenty-Three
Improved Food Security & Benefits toLocal Communities
Increased local food production
Despite adequate global food production, many gtillhungry because increased food supply does utotnatically mean increased food security. What is
important is who produces the food, who has actes$ise technology and knowledge to produce it, @hd has the purchasing power to acquire it [130prP
farmers cannot afford expensive ‘modern’ technebtfiat theoretically raise yields.
Many farmers show “lagging productivity', not besauihey lack “miracle’ seeds that contain their avgecticide or tolerate massive doses of herbjdide
because they have been displaced onto marginatfedilands, and face structures and macroeconpatficies that have built on historical inequalitesd that
are increasingly inimical to food production by diffiarmers [184].
As such, their agriculture is best characterisedcamplex, diverse and risk prone' [185], and thaye tailored agricultural technologies to theiriafale but
unique circumstances, in terms of local climatpptyraphy, soils, biodiversity, cropping systemspreces, etc. It is these farmers, already riskg@ravho stand
to be harmed most by the risks of GM crops [184].
Sustainable agricultural approaches must thus diéomers to improve local food production with l@est, readily available technologies and inputgheuit
causing environmental damage. This was indeed dBe, as reviewed by Pretty and Hine [130]. Mostasn@ble agriculture projects and initiatives repdr
significant increases in household food productisame as yield improvements, some as increasgsjping intensity or diversity of produce.
The evidence showed:
« Average food production per household increasetl. b1 tonnes per year (up 73%) for 4.42 milliomfars on 3.58 million hectares.
« Increase in food production was 17 tonnes per (@ increase of 150%) for 146 000 farmers on 8d@ hectares cultivating roots (potato, sweet posaid
cassava).
« Total production increased by 150 tonnes per @looisl (an increase of 46%) for the larger farmisatin America (average size 90 hectares).
The review found that as food supply increased, eftim consumption also increased, with direct heaknefits, particularly for women and children.
Furthermore, 88% of the 208 projects made betterafidocally-available natural resources, and 9&%roved human capital through learning programrires.
more than half the projects, people worked together

Learning from farmers

Sustainable agricultural approaches recognise ahee\of traditional and indigenous knowledge, ahfaamers' experience and innovation. The importaacd
value of learning from farmers, and of farmer-ledgitigipatory agricultural research, are well essdigd in concepts such as “farmer first' [185, 186]

Case studies and experiences of successful agomgeal innovations from Africa, Latin America andsid [187] provide evidence that low-external-input
agriculture using agroecological practices couldkeran important contribution to feeding the wonléothe next 30 to 50 years. Relying on mainly leeaources
and knowledge, farmers are able to increase ygllistantially, sometimes doubling or tripling outou

To cite one example, in Mali's Sahelian Zone, and water conservation practices and agroforestve increased cereal yields, in some cases fronk@b@ to 1
700 kg/ha, about twice the level needed to meethiasd needs. Emphasis has also been placed ®ewang traditional varieties of seeds and biodiitgr
through farmer-based evaluation and community callgene banks.

The FAO review highlights the important contributsoof resource poor farmers worldwide [133]. Nontified organic agriculture, practiced by milliored
indigenous people, peasants and small family famake a significant contribution to regional foodwéty: in Latin America they account for more tha®% of
the maize, beans, manioc and potatoes producédrioa, most of the cereals, roots and tubers; sleAmost of the rice.

Case studies from India, Brazil, Iran, Thailand &ghnda show how traditional knowledge, innovation agroecological approaches have brought numerous
benefits: increased productivity, better environtakhealth and soil fertility, improved biodivessiteconomic benefits, food security, enhanced soelations
within communities, and revival of traditional, aisable agricultural practices [133].

Farmers in Ethiopia are taking steps to ensure thed security by relying on their knowledge [18B] Ejere, farmers have reclaimed their own vagebf local
wheat,teff (an Ethiopian staple cereal) and barley, afterated ‘'modern high-yielding varieties' actually uttsd in lower yields and other problems. In the
Butajira area, farmers are demonstrating that jtoissible to farm intensively and sustainably tovjite enough food to meet population needs. Thethidoby
using indigenous crops selected for resistanceideades, drought tolerance and many other desifahtares, by intercropping and by integrating steek
management. In Worabe, farmers are maintainingnapbx, sustainable and indigenous agriculturalesysthat ensures food security. The system is based
enseta very drought resistant, multiple- use indigenorop.
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Better incomes, increased food security

Evidence from hundreds of grassroots developmesjegts shows that increasing agricultural prodistiwith agroecological practices not only increaseod
supplies, but also increases incomes, thus redysivgrty, increasing food access, reducing malmariand improving the livelihoods of the poor [189
Agroecological systems lead to more stable levetstal production per unit area than high-inpusteyns; they give more economically favorable rafegturn,
provide a return to labour and other inputs foivalihood acceptable to small farmers and theirifi@as They also ensure soil protection and coretéoa, and
enhance agrobiodiversity [190].

Integrated production systems and diversified fanage helped farmers in south-central Chile reaedr-yound food self-sufficiency while rebuildingettand's
productive capacity [135]. Small, model farm systdmve been set up, consisting of polyculturesratading sequences of forage and food crops, fenegdtfruit
trees, and incorporating livestock.

Soil fertility improved, and no serious pest oredise problems have appeared. Fruit trees and forags achieved higher than average yields, ank anitl egg
production far exceeded that on conventional higiut farms. For a typical family, such systems pizdi a 250% surplus of protein, 80 and 550% sueplo$
vitamin A and C, respectively, and a 330% surpliusatcium. If all the farm output were sold at wesdle prices, a family could generate a monthlyineme
1.5 times greater than the monthly minimum wag€file, while dedicating only a few hours per weekthie farm. The time freed up could be used foewoth
income-generating activities.

Organic agriculture could improve income, profitipiand return on labour by removing or reducitg theed for purchased inputs; by diversificatioftefo
adding a new productive element) and optimisingdpotivity; by maintaining or improving on- and d#irm biodiversity, allowing farmers to market non-
cultivated crops, insects and animals; and by salagpremium market [191]. A case study from Sehebowed that yields could be increased manitohd, were
less variable year on year, with consequent imprarés in household food security. Likewise, a paoéitory fair-trade coffee cooperative in Mexicohieh
adopted organic practices, allowed smallholderezfirowers to overcome soil degradation and loWdgi@nd to gain access to a speciality market.

Generating money for the local economy

Money flows of an organic box scheme from Cusgadnganics (UK) showed the benefit of buying locally,the community at large [192]. The economic
analysis followed the trail of the farm box scheim@me, monitoring exactly where the money was sg@w much of it was “local' expenditure, and thraicked
that money to the next layer of spending.

It estimated that for every £1 spent at Cusgarrgadics, £2.59 is generated for the local economyohtrast, a study involving supermarket giantdaAand
Tesco found that for every £1 spent at a supermaokdy £1.40 is generated for the local economntye $tudy concludes, "The figures demonstrate tranet
effect of spending at Cusgarne Organics to the lecanomy is nearly double the effect of the sameuwnt spent with out-of-county and national buséess (p.
16).
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Organics for Health
Less chemical residues
A comprehensive Soil Association review of scigatiesearch has shown that, on average, organétifobetter than non-organic food [193]. Firsisisafer, as
organic farming prohibits routine pesticide andbigide use, so chemical residues are rarely folmdontrast, non-organic food is likely to be coniaated with
residues that often occur in potentially dangeroombinations. The British Society for Allergy, Emmimental and Nutritional Medicine, commenting twe t
report, states: "We have long believed the micnoent deficiencies common in our patients havertieots in the mineral-depletion of soils by intees
agriculture, anduspect that pesticide exposures are contributirtié alarming rise in allergies and other illnessétalics added).
The negative effects of pesticides on health irelndurotoxicity, disruption of the endocrine systearcinogenicity and immune system suppressioa §so
“Herbicide Hazards'). The impacts of dietary expego pesticide residues at levels typically fouménd on food are less easy to establish, buteaptionary
approach is necessary. While there are recommesafety levels for pesticides, the UK governmeni/s dests have shown that average residue levelsaats
may be under-reported.
Research has also suggested that pesticide expeffects male reproductive function, resulting iacrkased fertilising ability of the sperm and restlic
fertilisation rates [194]. Correspondingly, membefs Danish organic farmers' association, whoskéeof organic dairy products was at least 50%o@ intake
of dairy products, had high sperm density [195Jatiother study, sperm concentration was 43.1% higmeng men eating organically produced food [196].
Children, in particular, may stand to benefit frmrganic food. Scientists monitored preschool ckiidin Seattle, Washington to assess their expadsure
organophosphorus (OP) pesticide from diet [197F Tdtal dimethyl metabolite concentration was apjpnately six times higher for children with conviemtal
diets than those with organic diets. The calculalese estimates suggest that consumption of ordaunis, vegetables and juice can reduce childrerfsosure
levels from above to below the US Environmentaltt&rtion Agency's guidelines, thereby shifting expes from a range of uncertain risk to a rangeeofligible
risk. The study concluded that consumption of oigamduce could be a relatively simple way forgrds to reduce children's exposure to OP pesticides

Healthier and more nutritious

Additionally, organic food production bans the wéertificial food additives such as hydrogenatetsf phosphoric acid, aspartame and monosodiurargaie,
which have been linked to health problems as dévassheart disease, osteoporosis, migraines amdduyjvity [193].

Furthermore, while plants extract a wide range femals from the soil, artificial fertilisers regkaonly a few principal minerals. There is a cleag-term decline
in the trace mineral content of fruit and vegetaplnd the influence of farming practices needsetinvestigated more thoroughly. The Soil Associatieview
[193] found that on average, organic food has higitamin C, higher mineral levels and higher plmyttsients - plant compounds that can fight cansee (ater) -
than conventional food.

Conventional produce also tends to contain moremifian organic produce, which contains more dritandon average, 20% more) for a given total weigh
[193]. Thus, the higher cost of fresh organic pamlis partly offset by purchasers of conventiorradpce paying for the extra weight of water andiggtonly
83% of the nutrients, on average, available in wigproduce. The higher water content also tendsltde nutrient content.

Tests with people and animals eating organic fdmhsit makes a real difference to health, and météve cancer therapies have achieved good reslyisg on
the exclusive consumption of organic food. The eevi[193] cites recent clinical evidence from dost@nd nutritionists administering alternative cance
treatments, who have observed that a completelgnicgliet is essential for a successful outcometifiinal cancer therapies avoid pollutants andrtexas much
as possible, and promote exclusive consumptiorrgdrocally grown foods and increases in nutrietakes. Animal feeding trials have also demonstrateiter
reproductive health, better growth, and bettervegpfrom illness.

A literature review of 41 studies and 1 240 conmgrars [198] found statistically significant diffes in the nutrient content of organic and conweerati crops.
This was attributed primarily to differences inldettility management and its effects on soil egyl and plant metabolism. Organic crops containgaificantly
more nutrients - vitamin C, iron, magnesium and gptorus - and significantly less nitrates (a tostenpound) than conventional crops. There were non-
significant trends showing less protein in orgasriops. However, organic crops were of a betteritjuahd had higher content of nutritionally signédnt minerals,
with lower amounts of some heavy metals comparediwentional ones.

Helping fight cancer

Plant phenolics (flavonoids) are plant secondarjabwites thought to protect plants against ingeetlation, bacterial and fungal infection and pkmt@ation.
These plant chemicals have been found to be eféedti preventing cancer and heart disease, anarhat agerelated neurological dysfunctions. A recen
scientific paper [199, 200] compared the total jienTP) content of marionberries, strawberried aorn grown by organic and other sustainable nusthvath
conventional agricultural practices. Statisticdiigher levels of TPs were consistently found inamigally and sustainably grown foods as comparethdse
produced by conventional agriculture.

An earlier study comparing antioxidant compound®iiganic and conventional peaches and pears esdtablithat an improvement in the anti-oxidant defenc
system of the plants occurred as a consequencegahic cultivation practices [201]. This is likely exert protection against fruit damage when grawthe
absence of pesticides. Hence organic agricultunghweliminates the routine use of synthetic pédic and chemical fertilisers, could create cooddifavourable
to the production of health-enhancing plant phesoli

These and many other health benefits of organidddmve been brought to the attention of the Ukeguwient [202, 203]. Among the issues raised ardittaen
costs of conventional agriculture, which are netdeed into the price. If hidden costs were tak&n iaccount, conventionally produced food wouldveranore
expensive than organic food. For example, avoidafi¢he BSE (‘mad cow disease') epidemic througjamic farming would have saved £4.5 billion. Noraali
born and raised on an organic farm developed BSEeitUK.
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Conclusion to Part 3
Sustainable agricultural approaches can delivestantial increases in food production at low cdtey can be economically,
environmentally and socially viable, and contribygesitively to local livelihoods. They are also ketfor health and the
environment.
Because the true root cause of hunger is inequalfitpngst nations and peoples, any method of bgpftiod production that
deepens inequality is bound to fail to reduce hungenversely, only technologies that have positiffects on the distribution of
wealth, income and assets can truly reduce hureFrtunately, such technologies already exissustainable approaches to
agriculture.
Agroecology, sustainable agriculture and organimiiag work, not just for farmers in the developedrid, but especially for
farmers in developing countries. As the FAO revi@&3] shows, there is a good existing base to baild scale-up efforts for
both certified and non-certified organic agricuituThe technologies and social processes for logalovements are increasingly
well-tested and established, and already delivebieigefits in terms of increased productivity. Tharagles reviewed here are
only a foretaste of the myriad successful expeasnaf sustainable agricultural practices at thalldevel. They represent
countless demonstrations of talent, creativity sidntific capability in rural communities [132].
There is thus an urgent need to concentrate efeségarch, funds and policy support on agroecolsgstainable agriculture and
organic farming, particularly strengthening prodiorctby farmers themselves for local needs. Thelehgé is to scale-up and
multiply the successes, as well as to make thentadaiy and broadly accessible. The model of "modagniculture, so often in
the hands of a few large corporations, must beleigéd, as must be GM crops. Existing subsidies @olidy incentives for
conventional chemical and GM approaches need tdidreantled, and brakes applied on the drain ofuress away from the
alternatives [4]. We also need to guard againsamicgagriculture being taken over by powerful iat#s, and support all kinds of
sustainable agriculture, especially that on snaaihf.
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Statement of the Independent Science Panel

Launched 10 May 2003, London

The Independent Science Panel (ISP) is a panelaftsts from many disciplines, committed to thkdwing.

1. Promoting science for the public good, independénf commercial and other special interests, or ajovernment control

We firmly believe that science should be accousetablcivil society; that it should be accessiblalipregardless of gender, age,
race, religion or caste; and that all sectors wil society should participate in making decisiarsall issues related to science,
from scientific research to policies regarding sce2and technologies.

We believe that accurate scientific informationwdddoe promptly accessible to the public in unbieaed uncensored forms.

2. Maintaining the highest standards of integrity ad impartiality in science

We subscribe to the principles of honesty, openaadspluralism in the practice of science. Themughbe open peer-review for
published work, and respect and protection for ehwhose research challenges the conventional ganadi majority opinion.
Scientific disagreements must be openly and derticalig debated.

We are committed to upholding the highest standafdsientific research, and to ensuring that netefunding is not skewed or
distorted by commercial or political imperatives.

3. Developing sciences that can help make the worlsustainable, equitable, peaceful and life-enhananfor all its
inhabitants

We respect the sanctity of human life, seek to misé harm to any living creature, and protect therenment. We hold that
science should contribute to the physical, socidl spiritual well-being of all in all societies.

We are committed to an ecological perspective thiats proper account of the complexity, diversitg anterdependence of all
nature.

We subscribe to the precautionary principle: whend is reasonable suspicion of serious or irréerdamage, lack of scientific
consensus must not be used to postpone prevenaation.

We reject scientific endeavours that serve aggresailitary ends, promote commercial imperialisndamage social justice.

The Genetic Modification Group of the ISP

The Genetic Modification (GM) Group of the ISP catsiof scientists working in genetics, bioscientesicology and medicine,
and other representatives of civil society whoamecerned about the harmful consequences of gemetidications of plants and
animals and related technologies and their rapidnsercialisation in agriculture and medicine withalute process of proper
scientific assessment and of public consultatich@msent.

We find the following aspects especially regrettadohd unacceptable:

« Lack of critical public information on the scienaed technology of GM

« Lack of public accountability in the GM sciencercaunity

* Lack of independent, disinterested scientific agsk into, and assessment of, the hazards of GM

« Partisan attitude of regulatory and other pulsiformation bodies, which appear more intent oreaging corporate propaganda
than providing crucial information Pervasive comai@rand political conflicts of interests in bothsearch and development
and regulation of GM Suppression and vilificatiohsaientists who try to convey research informatiorthe public that is
deemed to harm the industry

e Persistent denial and dismissal of extensivensifie evidence on the hazards of GM to health #@né environment by
proponents of genetic modification and by suppgsédiinterested advisory and regulatory bodies i@airtg claims of GM
benefits by the biotech corporations, and repeitiof these claims by the scientific establishmanthe face of extensive
evidence that GM has failed both in the field amthie laboratory

« Reluctance to recognize that the corporate fundinacademic research in GM is already in declmel that the biotechnology
multinationals (and their shareholders) as welhasstment consultants are now questioning theamsdf the "GM enterprise'
Attacks on, and summary dismissal of, extensivdexie pointing to the benefits of various sustdeafricultural approaches
for health and the environment, as well as for feedurity and social well-being of farmers andrthegal communities.
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Dr. Vyvyan Howard

Medically qualified toxico-pathologist, Developmehfoxico-Pathology Group, Department of Human Anat and Cell Biology, The University of Liverpool;
member of the UK Government's Advisory CommitteePesticides

Dr. Brian John

Geomorphologist and environmental scientist; Fouade long-time Chairman of the West Wales Eco féemne of the coordinating group of GM Free Cymru
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the Polish Academy of Science
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Independent Science Panel websiteaw.indsp.org

The Independent Science Panel (ISP) on GM - launctid.0 May 2003 at goublic conference in
London attended by the then UK environmentminister Michael Meacher and 200 other
participants - consists of dozensf prominent scientists from seven countries, spammg the
disciplines ofagroecology, agronomy, biomathematics, botany, checal medicine,ecology,
histopathology, microbial ecology, molecular genets, nutritional biochemistry, physiology,
toxicology and virology.

As their contribution to the global GM debate, thelSP has compiled thiscomplete dossier of
evidence on the known problems and hazards of GM ops as well as on the manifold benefits of
sustainable agriculture.

Read it to make the right choice for the future ofagriculture and food security.
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