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1. The Issue
Genetically engineed crops are often taken automaticaftyr the main reason of biodiversity loss.

There are numeroufalse claim®f this kind, such as VandaBhiva gives in her frequent world tours
Shiva, V., Emani, A., & Jafri, A.H. (1999)

Globalization and threat to seed securit€ase of transgenic cotton trials in India. Economic and Political Weekly,-34, fp
601-613 http:// www.askforce.ch/webCotton/ShivaGlobalisatioAThreatSeedSecurity1999.pdf
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the costlier GE seeds will offer no guarantee for whether they perform well or not. This will lead to complete erosion of the

agricultural biodiversity and adversely affect the samionomic status of the farmers. Thisl\wi further aggravated since GE
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And another citatiorfrom Greenpeace Great Britain, downloaded from their website November 12,
20091

GThe introduction of genetidlg modified (GM) food and crops has been a disaster. The science of taking genes from one species
and inserting them into another was supposed to be a giant leap forward, but instead they pose a serious threat to tyiodiversi
and our own health. In addin, the real reason for their development has not been to end world hunger but to increase the
stranglehold multinational biotech companies already have on food production.

The contrary is true, GM crops can help reduce the application of herbicides arbighoblematic for

the environment, and a plethora of hdidata proofs that noriarget insects often survive quite well in

Bt maize fiads, whereas in no&M crop fields, often the netarget organisms suffer from massive
sprayingof chemicals problemat to the environmenand life Another set of hard facts has been
generated from the ndillage culture of herbicide tolerant soybeans, where it is proven that soil fertility
is greatly enhanced.

2. Summary
The need for biodiversity on all levels is madecIBiodiversity provides a source of significant
economic, aesthetic, health and cultural benefits (3.). Relationsships between biodiversity and
ecosystems is given in a table (3.1.) and a new concept of sustainability with more emphasis on
development ad progress is given (3.2.)

Types of biodiversity are often used without clear definition: genetic biodiversyigcies diversity and
ecosystem diversity are all part of biodiversity (4.).

A short chapter on global distribution on biodiversity closesgbreral part (5).

1 Greenpeace, statement on GM cropisp:// www.askforce.ch/wellFundamentalists/GreenpeaeBiodiversityGBwebsite
20091112.pdANDhttp://www.greenpeace.org.uk/gm
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The loss of biodiversity has one main reason: habitat destruction through urbanization, land use and
agriculture (6.1.). Another threat to indigenous biodiversity is invasive species and species migration due
to human activities (6.2.).i&diversity is a kind of biological insurance for ecosystem processes (6.3.).

In chapter 7 crop biodiversity gets a closer look: the genome of transgenic crops is not basically different
from nontransgenic crops (7.1.).). Strikingly enough, the ancestogl species chosen by the first

farmers have lived in monodominant stands (7.2gricultural biodiversity is characterized through high
dynamics of all processes (7.3 and 7.4).

Chapter 8 deals with a series of proposals on how to enhance agricultodaldrisity through

(landscape) management (8.1.), mixed cropping (8.2.), enhancing crop diversity through fostering orphan
crops (8.3.) varietal mixture of genes and seeds of the same crop (8.4.), allow indirectly more diversity of
non-target insects witlthe use of pest resistant transgenic crops and by reducing pesticide use and
through notillage (8.5.), pustand-pull technologies (8.6.), better plant breeding (8.7), enhancing natural
resistance with biotechnology (8.8.).

In an interlude chapter 9 on #hactivities of the protest industry and opponent scientists it is explained
why the obvious success of GM crops is not really making progress in Europe.

In chapter 10, two case studies on GM crops are given with some detail on how those crops with
widespread commercialization are helping efficiently to regain biodiversity in regions with intensive and
industrial agriculture: Herbicide tolerant crops (10.1.) and pest tolerant Bt crops (10.2.)

In a final chapter 11, the health benefits of Bt maize are doeuetk transgenic Bt maize has much
lower mycotoxin levels than nemansgenic maize.

3. The needs for biodiversity z the general case
Biological diversity (often contracted tmodiversity has emerged in the past decade as a key area of
concern for sustaint@e development, but crop biodiversity, the subject of this bookaisly considered.
The authof contribution to the discussion of crop biodiversity in this volume should be considered as
part of the general case for biodiversity. Biodiversity presid source of significant economic,
aesthetic, health and cultural benefits. It is assumed thatthe@&lA y 3 | Yy R LINR & LISNA G &
ecological balance as well as human society directly depend on the extent and status of biological
diversity (Table X1 Biodiversity plays a crucial role in all the major biogeochemical cycles of the planet.
Plant and animal diversity ensures a constant and varied source of food, medicine and raw material of all
sorts for human populations. Biodiversity in agriculttepresents a variety of food supply choice for
balanced human nutrition and a critical source of genetic material allowing the development of new and
improved crop varieties. In addition to these diracte benefits, there are enormous other less tangibl
benefits to be derived from natural ecosystems and their components. These include the values attached
to the persistence, locally or globally, of natural landscapes and wildlife, values, which increase as such
landscapes and wildlife beconsearce.

.



Biological diversity may refer to diversity in a gene, species, community of species, or ecosystem, or even
more broadly to encompass the earth as a whole. Biodiversity comprises all living beings, from the most
primitive forms of viruses to the most sopticated and highly evolved animals and plants. According to
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living organisms from all sources including, terrestrial, marine, and other aquatic ecosystdrtiwe
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scaledependent perspectives of biodiversity, thés can lead to many misunderstandings in the debate
about biosafety. Itis not a simple task to evaluate the needs for biodiversity, especially to quantify the
agro ecosystem biodiversity vs. total biodiverg®yrvis & Hector, 2000; Tilman, 2000)

One example may be sufficient to illustrate thiéficulties: Biodiversity is indispensable to sustainable
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organize proper health care for the poor. This last task is of utmost importance and had&danced

against biodiversity per se, such as in the now classic case of the misled total ban on DDT, which caused
hundreds of thousands of malaria deaths in Africa in recent years, the case is summarized many
publications, here a small selectiqdttaran & Maharaj, 2000; Attaran et al., 2000; Curtis, 2002; Curtis &
Lines, 2000; Horton, 2000; Roberts et al., 2000; Smith, 2000; Taverne, 1999; Tren & Bate, 2001; WHO,

2005)

3.1. Relationship between biodiversity and ecological parameters
The relationships between biodiversity and ecological parameters, linking the value of biodiversity to
human activities are partially summarized in Table 1.

Table 1Primary goods and services providég ecosystems

Ecosystem Goods Services
Agro ecosystems Food crops Maintain limited watershed functions (infiltration, flow
Fiber crops control, partial soil protection)

Forest ecosystems

Freshwater
ecosystems

Crop genetic resources

Timber

Fuel wood

Drinking and irrigation water

Fodder

Nontimber products (vines,

bamboos, leaves, etc.)

Food (honey, mushrooms,
fruit, and other edible
plants; game)

Genetic resources

Drinking and irrigation water

Fish

Hydroelectricity

Genetic resources

Provide habitat for birds, pollinators, soil organisms
important to agriculture

Build soil organic matter

Sequester atmospheric carbon

Provide employment

Reduce abpollutants, emitoxygen

Cycle nutrients

Maintain array of water shed functions (infiltration,
purification, flow control, soil stabilization)

Maintain biodiversity

Sequester atmosph& carbon

Generate soll

Provide employment

Provide human and wildlife habitat

Contribute aesthetic beauty and provide recreation

Buffer water flow (control tintig and volume)

Dilute and carry away wastes

Cycle nutrients

Maintain biodiversity

Sequester atmospheric carbon

KI a



Grassland
ecosysems

Coastal and marine

Livestock (food, game,
hides, fiber)

Drinking and irrigation
water

Genetic resources

Fish and shellfish

Provide aquatic habitat

Provide transportation corridor

Provide employment

Contribute aesthetic beauty and provide recreation
Maintain array of watershed functions (infiltration, purification, flow
control, soil stabilization)

Cycle nutrients

Reduce a#pollutants, emit oxygen

Maintain biodiversity

Generate soll

Sequester atmospheric carbon

Provide human and wildlife habitat

Provide employment

Contribute aesthetic beauty and provide recreation
Moderate storm impacts (mangroves; barrier islands)

ecosystems Fishmeal (animal feed) Provide wildlife (marine and terrestrial) habitat
Seaweeds (fofood Maintain biodiversity
and industrial use) Dilute and treat wastes
Salt Sequester atmospheric carbon
Genetic resources Provde harbors and transportation routes
Petroleum, minerals Provide human and wildlife habitat
Provide employment
Contribute aesthetic beauty and provide recreation
Desert Limited grazing, hunting Sequester atmospheric carbon
ecosystems Limited fuelwood Maintain biodiversity
Genetic resources Provide human and wildlife habitat
Petroleum, minerals Provide employment
Contribute aesthetic beauty and provide recreation
Urban space Provide housing and employment
ecosystems Provide transportation routes

Contribute aesthéic beauty and provide recreation
Maintain biodiversity
Contribute aesthetic beauty and provide recreation

3.2. A new concept of sustainability
With this introduction, the following sustainability scheme can easily be understood: The left column is
really the most important one when it comes to necessities of mankind: But in order to reach
sustainability in agriculture, we must adopt progressive management strategies, it will be necessary to
combine the most efficiendnd sustainable agriculture producin systemsDetails can be seen in the fig.
1.1t should be made clear that agriculture needs to become highly competitive, innovative and there is
an urgent need to produce more on a smaller surface. But all efforts will be in vain, if we do not succeed
to make substantial progress in the fields of seemonomics and’echnology.

Unfortunately, the concept of sustainability is often seen in combination with an extremely defensive
O2y OSLIi 27F (KS LINGvithdmiuallg yas thlie callddisdstly tBekptdtaltibnary
approach(Bdschen, 2009it is often abused as a defence against the introduction of GM crops.

If we want to aim at a more sustainable world, it needs more than defensive measures usually
advocated.



Sustainable development has been defined in many ways, but the most frequentldodefinition is
from Our Common Futur@lso known as the Brundtland Rep@uN-ReportCommonFuture, 1987)

"Sustainable development is development that meets the needs of the present without compromising the
ability of future generations to meet their own needs. It contains within it two key concepts:

the concept oheeds in particular the essential needs oéttvorld's poor, to which overriding priority
should be given; and

the idea oflimitations imposed by the state of technology and social organization on the environment's
ability to meet present and future needs

Sustainability is usually understood as aiiébn with a rather defensive spirit, but if one reads it in its
original content, then the words envision uncompromisingly the way forwaasking not only for
conservation, but also fatevelopmentaind managemenbf patterns ofproductionand consumpion.

The declaration of the OECD, authored by Y (kokoi, 2000¢atalogues a range of concrete measures
and rules in order to achieve a more sustainable agriculture. It is remarkable, that the proposed
indicators do not distinguish between farming with or without transgenic crops.

The scheme in Figuremieets those needs and asks for an intransigent view of the future. The three
column model has been chosen with care, and as one can see,

1 the most important column to the left isagriculture.L & RSYlF yRa a2 F2aiGSNI NBy
knowledge based agriculturéTrewavas, 2008nd with some additionéSwaminathan, 2001)
(Ammann, 2007b, 2008dThe rather provocative word h NBH I yA O t NSOA&A2Yy . A2
' AINROABG ¢gz8B ¢ O2AY SR | AK2NISNI 2yS YAIKG 0SS az2N
St SAl yi (GreseEH2DGAP ubfbrtunately already lost to other purposes. By no means
does this want to suggest that the mistakes of organic farming or exaggerated industrialisation
of production shald be included; those mistakes in organic farming are dealt with properly in
my previous article in New Biotechnolo@ymmann, 2008d)The most dramatic mistakes in
organic farming are the low yield, documented in many long term monitoring experiments and
the ecaeimperialist attitude towards farmers of the developing wb(Paarlberg, 2000, 2009;
Paarlberg, 2001; Paarlberg, 2000n the positive side is some pioneering work in developing
recycling loops in agricultur@lbihn, 2001; Ernsf002; Granstedt, 2000a, b; Kirchmann et al.,
2005; Korn, 1996; Srivastava et al., 2084d also in better landscape managemdi@elfrage et
al., 2005; Boutin et al., 2008; Clemetsen & van Laar, 2000a; Fier2202; Hadjigeorgiou et
al., 2005; Hendriks et al., 2000; Holst, 2001; Jan Stobbelaar & van Mansvelt, 2000; Kuiper, 2000;
MacNaeidhe & Culleton, 2000; Norton et al., 2009; Potts et al., 2001; Rossi & Nota, 2000;
Schellhorn et al., 2008; Skar et al.p80Stobbelaar et al., 2000yor more documentation see
the previous paragraph on landscape management and organic farming. To balance local
production against global trade will not be easy, since the equilibrium between the demands
and perils of presge to produce for global trading and local food production must be found.
The economic basis should be important, but local social networking and life need to be taken
into account as well.



1 Middle column: SocieEthics:It is of utmost importance to reachrgater equity, especially in
these difficult times of the credit crunch 2009. It will be imperative to reduce the huge
agricultural subsidies paid to the farmers in the developed world, a kind of protectionism which
needs to be questioned. Access to glatmarkets is important, but should not hamper local food
production and social structures in the developing world. The myth that developing countries are
in the tight grip of multinationals can be debunked with some publicatifhkinson, 2003;
Beachy, 2003; Chrispeels, 2000; Cohen, 2005; Cohen & Galinat, 1984; Cohen & Paarlberg, 2004;
Dhlamini et al., 2005)A new creative capitalisqa novel discussion which would have been
totally utopic before the global ecamic crisi; heeds our attention. It will be a demanding
process to reconcile traditional knowledge with modern science; the IP system is up to how
completely unilateral, and no wonder since it has been created by the developed world. In the
IP handboolof Krattiger et al. (accessible over the internet),there are nhumerous contributions
offering innovative solutions to reconcile this contrast; the author also contributed and offered
some solutions(Ammann, 2006) This contribution made it clear that we need a big boost in
breeding science, but also a new focus on emerging fields in science: biomimetics (formerly
bionics) could be a promising area of research, whegh technology equipment is certainly
helpful, but not indispensable, and agriculture needs new research goals for new production
lines. Hygroscopic mechanisms are offered within the plant kingdom and also abundantly with
insects, but the details, oftefunctioning for 200 years beyond the organismal death, need
clarification; maybe in some future days we will be able to use the adiabatic moisture
differences of our daily climate fluctuations to produce power.
1 Right column on evolutionThe most audaous third column questions our view of evolution in
the biological and in the general sense of the word. Evolution deplorably still coqtaften
not conscioug; some elements of creationisgMayr, 1991); and this not only with opponents
of gene splicing. It will be important to emapate these views and make clear, that for many
years we have taken human evolution into our own hands through modern medicine, and we
need to deal with the problemand prospects of a new evolutionary view. Modern breeding has
the potential to enlighten tk population, if done in an ethically acceptable way and if
communicated properly. The tasks will grow over the next decades, and in many fields of science
S INB It NBIFIRe y2¢ KSIFI@Afte RSLISYRSydG 2y OFff Odz
mathematial algorithms can be translated into useful artificial intelligence in the service of
mankind. We need the help of all new and emerging technologies (of course regulated in a
sensible way) in order to enhance food production and the livelihood of mankirelstatement
az2yfte 2yS LXFySd¢e Aa 4 GKS aryS GAYS I NBYAYR
responsibility to take evolution as a whole into our own hands. This can only be achieved if we
have a close and conscious look at the cultural sideinfdan evolution as a whole with all its
O2yaSljdsSyO0Sa T2NJ 2dzNESf @gSad ¢KAa ogAff 0S Ly 2
YR 0S&82yRQ: (KS RS@OSt2LISyd 2F (GKS S@g2tdziazyl
molecules to culture, ivill need historical and philosophical scrutiny, going far beyond the usual
disputes on technologie$Azzone, 2008; Mesoudi & Danielson, 2008)



Sustainable World

Fig.1 A new concept of a sustainable world, in AGRICULTURE based on renewable natural resémmeledge based
agriculture and organic precision bioteeagriculture, in SOCIEECONOMIClsased on equity, global dialogue, reconciliation
of traditional knowledge with scienceseduction of agricultural subsidies and creaéwcapitalism, in TECHNOLOGIE
(Ammann, 2009c)

3.3. Crop biodiversity has not been reduc ed in the twentieth century
according to a new meta analysis

According tolvan de Wouw et al., 201®he agricultural crop biodiversity trends are not as negative as
common sense would suggest: Although there waigaificant reduction of crop biodiversity of 6% in
the 1960s compared to 1950, the data indicate that after the 1960s the trend was positively reversed.

van de Wouw, M., T. van Hintum, et al. (2010¥%enetic diversity trends in twentieth century croptodrs: a

meta analysis.TAG Theoretical and Applied Genefi@§(6): 12411252.

http://dx.doi.org/10.1007/s00122009-1252-6 http:// www.askforce.h/web/Biotech-Biodiv/vande-WouwGenetieDiversity
Trends2010.pdf In recent years, an increasing number of papers has been published on the genetic diversity trends in crop
cultivars released in the last century using a variety of molecular technijoedear general trends in diversity have emerged
from these studies. Meta analytical techniques, using a study weight adapted for use with diversity indices, were applied to
analyze these studies. In the meta analysis, 44 published papers were usedsmgdaéersity trends in released crop varieties

in the twentieth century for eight different field crops, wheat being the most represented. The meta analysis demonsttated th
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overall in the long run no substantial reduction in the regional diversityopf varieties released by plant breeders has taken

place. A significant reduction of 6% in diversity in the 1960s as compared with the diversity in the 1950s was observed.
Indications are that after the 1960s and 1970s breeders have been able to agaasthe diversity in released varieties. Thus,

a gradual narrowing of the genetic base of the varieties released by breeders could not be observed. Separate analgaés for wh

and the group of other field crops and separate analyses on the basis afs@dlishowed similar trends in divergitgn de
Wouw et al., 2010)
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Fig.2 Crop genetic diversity in the twentieth century based on anweighted (a) and a weighted (b) meta analysis of 44
publications. The diversity in the decade with the lowest diversity was set to 166m (van de Wouw et al., 2010)
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3.4. Biodiversity is better served by conventional agriculture compared to
organic production
According to

Gabriel, D., S. M. Sait, et 42010) "Scale matters: the impact of organic farming on biodiversity at different

spatial scales.Ecology Letters --.

http://dx.doi.org/10.1111/j.14620248.2010.01481.x ANM@tp:// www.askforce.ch/wellOrganic/GabrielScale
Matters-Organic.2010.pdAND comment in TIMEBttp:// www.askforce.ch/webOrganic/Webster
StudySpikesorganicTimes201005.PDF

GThere is increasing recognition that ecosystems and their services need to be managed in the face of environmental change.

However, there is little consensus as to the optimaoatesfor management. This is particularly acute in the agricultural

environment given the level of public investment in-&gniironment schemes (AES). Using a novel multiscale hierarchical

sampling design, we assess the effect of land use at multiplebpeales (from locatiewithin-field to regions) on farmland

biodiversity. We show that efarm biodiversity components depend on farming practices (organic vs. conventional) at farm and

landscape scales, but this strongly interacts with-farel coarsescale variables. Different taxa respond to agricultural practice

at different spatial scales and often at multiple spatial scales. Hence, AES need to target multiple spatial scalesze maximi

effectiveness. Novel policy levers may be needed to encoomaljple land managers within a landscape to adopt schemes that

create landscapéevel benefit€
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Fig.3 Farmland biodiversity components in relation to landscageale management (C: coldspot vs. H: hotspot), farm
management (Conconventional vs. Org: organic), locatiemithin-field (centre vs. edge vs. margin) and crop type (arable vs.
grass fields). Mean species density + SEM of (a) forb plant species per transect and survey, n = 3456; geometric mean number
of individuals + SH of: (b) epigeal arthropods per sampling station and survey, n = 5139; (c) butterflies per transect and
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survey, n = 856; (d) hoverflies; (e) bumblebees; and (f) solitary bees per sampling station and survey, n = 4354, regpectivel
From(Gabriel et al., 2010)

From the discussioRlant speciedensity was much higher organic fields than conventional ones
(although differencesvere much lower for margins), and there were additioteddscapdevel effects

but mainly in organic fields. Tlasence of a landscape effect in conventional cereal fieldisago

farmers using more chemicals to suppress wegitlsin hotspots Similarly epigeal arthropods,

butterflies (and bumblebees in arablields) were more abundant in organic farms and hotspits.
contrast, adult hoverflies (Syrphidae) were more comroarconventional farms, especially in hotspots,
despite theirlarvae beingnore comnon in organic fields-armland bird diversity was also higher on
conventional farmgexcept generalist species and corvidae). In general, the conclusions did not fit the
common views of clear benefits of organic farming related to biodiversity. In a &irtiegls, Ben

Webster, the editor on environment, concluded:

aLy 2NEHIFIYAO FAStRa GKIFIy 2y O2y@SyiGAiz2ylt FINyaz | OOmmRAYy3I G2 |
for wildlife. It concludes that organic farms produce lessithalf as much food per hectare as ordinary farms and that the small

benefits for certain species from avoiding pesticides and artificial fertilizers are far outweighed by the need to maloedand
LINERAzZOGA DS (G2 FTSSR | ANBgAYy3I LRLIZA I GA2Yy DE

4. Types of Biodiv ersity

4.1. Towards a general theory of biodiversity
(Pachepsky et al., 200&8how in a thoughtful publicatiorthat there are still many unknowns in the
equations modeling biodiversity. Thpyesent a framework for studying the dynamicsofnmunities
which generalizes the prevailing speciEsedapproach to one based on individuals that are
characterized byheir physiological traits. The observed form of the abundagtis&ibution and its
dependence on richness and disturbance iegroduced, and can be understood in terms of the trade
off between timeto reproduction and fecundityThis is more or less confirmed (Banaar & Maritan,
2009)with the following caveatA lessorfrom these calculations is that just becaustheory fits the
data, it does not necessarily imglyat the assumptions underlying the theory aserrect.

Whereas Pachepsky et al. emphasize the irtgrece of individual organisms over speciggvine &
HilleRisLambers, 2008pme to the conclusion, that niches play an important role in maintaining
biodiversity, together with sbng evidence, that species differences have a critical role in stabilizing
species diversity.

4.2. Genetic diversity
In many instances genetic sequences, the basic building blocks of life, encoding functions and proteins
are almost identical (highly conserJeakcross all species. The smaloamserved differences are
important, as they often encode the ability to adapt to specific environments. Still, the greatest
importance of genetic diversity is probably in the combination of genes within an organiem (th
genome), the variability in phenotype produced, conferring resilience and survival under selection. Thus,
it is widely accepted that natural ecosystems should be managed in a manner that protects the untapped
resources of genes within the organisms neédo preserve the resilience of the ecosystem. Much work
remains to be done to both characterize genetic diversity and understand how best to protect, preserve,
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and make wise use of genetic biodivergBatista etal., 2008; Baum et al., 2007; Cattivelli et al., 2008;
Mallory & Vaucheret, 2006; Mattick, 2004; Raikhel & Minorsky, 2001; Witcombe et al., 2008)

The number of metabolites found in one species exceeds the number of genes involved in their
biosynthesisThe concept of one geneone mMRNA one protein- one product needs modification.

There are many more proteins than genes in cells because otqaosicriptional modification. This can
partially explain the multitude of living organisms that diffepirly a small portion of their genes. It also
explains why the number of genes found in the few organisms sequenced is considerably lower than
anticipated.

4.3. Species diversity
For most practical purposes measuring species biodiversity is the most uskdéakor of biodiversity,
even though there is no single definition of what is a species. Nevertheless, a species is broadly
understood to be a collection of populations that may differ genetically from one another to some
extent degree, but whose membease usually able to mate and produce fertile offspring. These genetic
differences manifest themselves as differences in morphology, physiology, behaviour and life histories;
in other words, genetic characteristics affect expressed characteristics (phmEr)otToday, about 1.75
million species have been described and named but the majority remains unknown. The global total
might be ten times greater, most being undescribed wmicganisms and insec{May, 1990)

4.4. Ecosystem diversity
At its highest level of organization, biodiversiycharacterized as ecosystem diversity, which can be
classified in the following three categories:

Natural ecosystems.e. ecosystems free of human activities. These are composed of what has been
ONRIFRf& RSTAYSR I a abl (if dabde whetherRoy @ dyMItvral ezdsystent & A a |
exists today, as human activity has influenced most regions on earth. It is unclear why so many
SOz2ft23Arata asSSy G2 OflaaArfe Kdzylya |a 6SAy3 dadzyyl

Seminatural ecosystemis which human activity is limite These are important ecosystems that are
subject to some level of low intensity human disturbance. These areas are typically adjacent to managed
ecosystems.

Managed ecosystenare the third broad classification of ecosystems. Such systems can beeddnag
humans to varying degrees of intensity from the most intensive, conventional agriculture and urbanized
areas, to less intensive systems including some forms of agriculture in emerging economies or
sustainably harvested forests.

Beyond simple modelsf how ecosystems appear to operate, we remain largely ignorant of how
ecosystems function, how they might interact with each other, and which ecosystems are critical to the
services most vital to life on earth. For example, the forests have a roleén management that is

crucial to urban drinking water supply, flood management and even shipping.
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Because we know so little about the ecosystems that provide ousuifgort, we should be cautious and
work to preserve the broadest possible range of gstasms, with the broadest range of species having

the greatest spectrum of genetic diversity within the ecosystems. Nevertheless, we know enough about
the threat to, and the value of, the main ecosystems to set priorities in conservation and better
managenent. We have not yet learnt enough about the threat to crop biodiversityeothan to

construct gene banks, which can only serve as an ultimate ¢ati® should not indulge into the illusion

that largeseed bankgould really help to preserve crop biedrsity. The only sustainable way to

preserve a high crop diversity, i.e. also as many landraces as possible, is to actively cultivate and breed
them further on. This has been clearly demonstrated by the studieBasthaud and Bello(Bellon &
Berthaud, 2004, 2006; Bellon et al., 2003; Berthaud, 2@n here we have much to learn, as the vast
majority of the deposits in gene banks are varieties and landraces of the four major crops. The theory
behind patternsof general biodiversity related to ecological factors such as productivity is rapidly
evolving, but many phenomena are still enigmatic and far from unders{8otlapfer et al., 2005;

Tilman et al., 2005)ys forexample why habitats with a high biodiversity are more robust towards
invasive alien species.

5. The global distribution of biodiversity
Biodiversity is not distributed evenly over the planet. Species richness is highest in warmer, wetter,
topographically aried, less seasonal and lower elevation areas. There are far more species in total per
unit area in temperate regions than in polar ones, and far more again in thesrtpan in temperate
regions. LatirAmerica, the Caribbean, the tropical parts of Aesid the Pacifiall togetherhost eighty
percent of the ecological meegdiversity of the world An analysis of global biodiversity on a strictly
metric basis demonstratethat besides the important rain forest areas there are other hotspots of
biodiversity, related to tropical dry forests for exampl€ier et al., 2005; Kuper et al., 2004; Lughadha et
al., 2005)

Within each region, every specific type of ecosystem will support its own unique suite of spedies, wit
their diverse genotypes and phenotypes. In numerical terms, global species diversity is concentrated in
tropical rain forest@nd tropical dry forests Amazon basin rainforests can contain up to nearly three
hundred different tree species per hectaredagupports the richedfoften frugivorous¥ish fauna known,

with more than 2500 species in the waterways. The-suintanetropical forests in tropical Asia and

South America are considered to be the richest per unit area in animal species in the(Warékchi,

1980)
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Fig.4 Global biodiversity value: a map showing the digtution of some of the most highly valueterrestrial biodiversity
world-wide (mammals, reptiles, amphibians and seed plants), using fafglel datafor equatarea grid cells, with red for

high biodiversity and blue for low biodiversitgWilliams et al., 2003)
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6. Loss of biodiversity

6.1. Species loss will increase
Box 1: Extinctionsin tropical forests, 2000-2100

Three projections of how
numbers of species extinctions
in tropical forests may unfold
from forest clearance. Curve a is
the extinction curve on current
estimates, not taking into
account biodiversity hotspots.
According to the relationship
5./8,= (AJA )" (see refs 6-8),
as habitat is reduced from an
original area of A, to A, A, will
hold S, viable species in year n
from an original total of 5. The
5,5, doomed species will die
off with a half-life of 50 years’. 2000 2020 2040 2080 2080 2100
With a constant rate of forest

8
8

s
g

2
:

8
8

Extinctions per million species per decade

«c, Extinction curve if
all hotspots are saved

. Decade

clearance, this curve takes
time to peak because of the have already suffered will be lost. The same half-life
nonlinear relationship between disproportionate loss of for currently threatened species
species and area, and the time primary vegetation, meaning is used as in curve a. However,
lags for species to become that the many species they if the hotspots are cleared in
extinct. contain are under particular the next decade to the point

Myers et al.' identify 25 threat of extinction. If all where only currently protected
biodiversity hotspots around remaining habitat in hotspots is areas are saved (curve b) then
the world, of which 17 are in saved (as shown in curve c), the total extinctions will be
tropical forests. These areas some 18% of their species higher. S.LP&P.R

Fig.5 from (Pimm & Raven, 2000gxplanatory text in Box 1 and below

0Applying the speciearea relationship to the individual hotspots gives the predidfia 18% of all their species will eventually
become extinct if all of the remaining habitats within hotspots were quickly protected (curve c in Box 1). Assuming that the
higherthanaverage rate of habitat loss in these hotspots continues for another dagatil only the areas currently protected
remain (curve b in Box 1), these hotspots would eventually lose about 40% of all their species. All of these projeaions igno
other effects on biodiversity, such as the possibly adverse impact of global waamminpe introduction of alien species, which
is a welldocumented cause of extinction of native species.

Unless there is immediate action to salvage the remaining unprotected hotspot areas, the species losses will more than
double There is, however, aigimer of light in this gloomy picture. High densities of smallranged species make many species
vulnerable to extinction. But equally this pattern allows both minds and budgets to be concentrated on the prevention of

Yy I Gdz2NEBQa dzy (A YSt &sefaf Rhése aréa®@msiRukeyody aliitte mmré tan one million square kilometres.
Protecting them is necessary, but not sufficient. Unless the large remaining areas of humid tropical forests are alsd,protect
extinctions of those species that atill wideranging should exceed those in the hotspots within a few decades (see8ox 1).
(Pimm & Raven, 2000)

6.2. Agriculture as the major factor of biodiversity loss
Biodiversity is being lost in many parts of the globe, often at a rapid pace. It can be measured by loss of
individual species, groups of species or decreases in nurobérdividual organisms. In a given location,
the loss will often reflect the degradation or destruction of a whole ecosystem. The unchecked rapid
growth of any species can have dramatic effects on biodiversity. This is true of weeds, elephants but
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espeially humans, who being at the top of the chain can control the rate of proliferation of other
species, as well as their own, when they put their mind to it.

Habitat lossdue to the expansion of human urbanisation and the increase in cultivated lafateatis
identified as a main threat to eighty five percent of all species described as being close to extinction. The
shift from natural habitats towards agricultural land paralleled population growth, often thoroughly and
irreversibly changing habitaend landscapes, especially in the developed world. Many from the
developed world are trying to prevent such changes from happening in developing nations, to the
consternation of many of inhabitants of the developing world who consider this to béngoeralism,
promulgated by those unable to correct their own mistakes. A clear decline of biodiversity due to
agricultural intensification is documented figobinson & Sutherland, 2008y the postwar period in
GreatBritain.

Today, more than half of the human population lives in urban areas, a figure predicted to increase to
sixty percent by 2020 when Europe, and the Americas will have more than eighty percent of their
population living in urban zones. Five thousgedrs ago, the amount of agricultural land in the world is
believed to have been negligible. Now, arable and permanent cropland covers approximately one and a
half billion hectares of land, with some 3.5 billion hectares of additional land classed aarngsrm

pasture. The sum represents approximately 38% of total available land surface of thirteen billion ha
according to FAO statistics.

Habitat loss is of particular importance in tropical regions of high biological diversity where at the same
time food curity and poverty alleviation are key priorities. The advance of the agricultural frontier has

tSR (2 Iy 208Nttt RSO{AYS Ay G(KS 62NIRQa FT2NBadao

fairly unchanged, natural forest cover declineg 8% in developing regions. It is ironical that the most
bio-diverse regions are also those of greatest poverty, highest population growth and greatest
dependence upon local natural resourcéisee & Jetz, 2008)
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as the inefficient use of resources (including tresf others), waste generation, pollution from industry, and wasteful
consumption patternsare equally driving us towards an environmental precipice. Fig. 4 indicates the relative importance of
environmental issues within and across regioi$NEP, 1997)

Latin
Pdica Faiz Europe & America Morth izst Polar
Pacific  former LISSR . K} America Asia Regons

Land: degradation -
Farest: loss, degradation -

Biodivers ity: loss, habitat fragmentation -

Fres hwater: scarcity, pollution -

Marine and coastal zones: degradation

Atmosphere: pollution

Urban and industrial: contamination, waste

- Increasing Remaining relatively stable - Decreasing I Mot applicable, not known

Fig.7 Regional environmental trends in habitat log§/NEP, 1997Jeflects trends for the same issues, withouegicting the

rate of changes in these trends. In many instances, although trends are increasing, the rate of increase over the years has
slowed down or was less than the rate of increase in economic growth previously experienced by countries with comparabl
economic growth. This suggests that several countries are making the transition to a more sustainable environment at a
lower level of economic development than industrial countries typically did over the last 50 yeflarsm (UNEP, 1997)
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Fig.8 Changing priority concerndAs nations develop, different sets of environmental concerns assume priority. Initially,
prominence is given to issues associated with poverty alleviatend food security and developmenhamely, natural

resource management to control land degradation, provide an adequate water supply, and protect forests from
overexploitation and coastal zones from irreversible degradation. Attention to issues assodiati¢h increasing

industrialization then follows. Such problems include uncontrolled urbanization and infrastructure development, energy and
transport expansion, the increased use of chemicals, and waste production. More affluent societies focus on wuredigiad
global health and weHbeing, the intensity of resource use, heavy reliance on chemicals, and the impact of climate change
and ozone destruction, as well as remaining vigilant on the lelegm protection needs of natural resources. Figure 3
illustrates the observed progression on environmental priority issuesom(UNEP, 1997)
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The full complexity of factors influencing habitat and species loss is still heavily researched and progress
canbe expected in the next few years. Two examples may suffice to demonstrate on how intricate the
dynamics of habitat and species loss is workfRgeld et al., 2009; Kerr & Deguise, 200)ere is no

doubt, that the situation is bleak, and action is needed, action which realistically will be builffmuldi
decisions on priorities.
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Fig.9 Estimated loss and gain of plant species from 2000 to 2005 interesting to see that in highlgisturbed regions as
Europe, SEsia and North America the number of species has even augmented, but no doubt: always on the cost of the
indigenous flora http://maps.grida.no/go/graphic/estimated-lossof-plant-species2000-2005

(Sole & Montoya, 200&Jemonstrate the dynamics of ecological network meltdown due to habitat loss:
GTheory suggests that the response of communitéekabitat loss depends on both species
characteristics and the extens to which species interaatger bodied and rare species are usually the
first losers in most ecosystems aralithe world(Purvis & Hector, 2000; Woodroffe & Ginsberg, 1998)
Similarly, food web theory predicts that habitat loss and fragtagon reduces population densities of
top predators 13, and therefore species of higher trophic levels are more frequently lostgbeies

from lower levels, se@etchey et al., 2004pr a review In a related context, the consequences of
species loss are highly mediated by the position of such spedigs the interaction network Dunne et

al., 20@; Pimm, 1993; Pimm et al.,

1995; Sole & Montoya, 2001¢ disappearance of preys attacked
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by numerous specialized predators, for example, have larger consequences than the loss oftpreys wi
TSHSNI aLISOALFE AT SR LINBRI (2 NA &€

200

Number of species

0 0,2 0.4 0,6 0.8 1
Habitat destroyed

Fig.10 Number of species in each trophic level for different values of habitat destroyed. Here two different probabilities of
colonization by plats are used: Here two different probabilities of colonization by plants are used: p = 0.15, straight lines
(numbersin the figure). See text for details. Other parameters: C = 0.28 (including competitive interactions among plants).
from (Sole & Montoya, 2006)

Still, more needs to be known about the dynamics of habitat (gesnmott et al., 2006)Habitat
destruction is a collective term for a variety of environmental troubdéegh of which may have different
effects on food web structure and, given ththey often act concomitantly, may also interact with each
other in unpedictableways. While a frequent outcome of habitat destruction is species loss, whether
the different types of habitat destruction lead to different patterns of speciesnesminslargely
unknown.

6.3. Impact of agriculture can also help biodiversity
A casestudy for highkaltitude rice in Nepal bydoshi & Witcombe, 200Bgs demonstrated, that participatory
rice breeding can also result in a positive impact on rice landrace diveitythe exception of two villages,
the varietal richness among adopting farmergseither static or increased, and there was an overall increase
in allelic diversityHowever, this positive picture could change with an unconstdardroduction of modern
traits.
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6.4. Are GM crops responsible for a higher loss of biodiversity?
In a repot (Ammann, 2004aand a summariepublished latefAmmann, 2005i is stated extensively
and clearhwith lots of literature referenceghat biodiversity is not hampered by the cultivation of GM
crops per se, on the contrary, Bt crops iiastance need less pesticide sprays and consequently, non
target insect populations are considerably better off in Bt mgR#zer et al., 2005; Candolfi et al., 2004;
Hails, 2005; Hector et al., 2007; Kalushkbalg 2009; Lozzia, 1999; Robinson & Sutherland, 2002;
Symondson et al., 2006; Trewavas, 20xid in cotton fieldgCattaneo et al., 2006 heirresults
indicate that impacts of agricultural intensification dag reduced when replacement of broapectrum
insecticides by narrowpectrum Bt crops does not reduce control of pests not affected by Bt crops.
Regarding herbicide tolerant crops which allow for a nearly 100% change towatitlag®
management, whichasults in clearly higher soil fertilitgChristoffoleti et al., 2008; Locke et al., 2008;
Norsworthy, 2008; Wang et al., 2008pur major meta studies have proven that biotechnology crops
can help to enhance biaeersity as a wholgDuan et al., 2008; Marvier et al., 2007; Naranjo, 2009;
Wolfenbarger et al., 2008}-or details and discussions see chapter 10 with the two case studies of Bt
crops and herbicide tolerant crops

6.5. Introduced species, another threat to biodiversity
Unplanned or poorly planned introduction of nghl G A S 6 G SE2GA 0¢ 2NJ al t ASy£0
is a major threat to terrestrial and aquatic biodiversity worldwide. There are hundreds ifioasands
of new and foreign genes introduced with trees, shrubs, herbs, microbes and higher and lower animals
each yea(Kowarik, 2005; Sukopp & Sukopp, 19938any of thoseorganisms sometimes baredyrvive
and @n, after years and even many decades of adaptation, begin to be invizsiiie case of exotic
tree species in Central Europe, the average lag time has been calculated to about 15K yearsk,
2005) This might be misconstrued as increasing biodiversity, but the final effect is sometimes the
opposite¢ even though(Landolt, 1994has enumeated after years of inventory work for the town of
Zurich some 2000 higher plant species, a majority of which inhabit disturbed and ruderal habitats. Still, in
natural biota he introduced species often displace native species such that many nativesspecame
extinct or severely limited, such cases are known to be very serious in tropical ighamiehgnn, 1997;
Fowler et al., 2000)An important share of alien species originates from agricultural weeds and as a
result of constant traffic with commercial seeds and plant materials such as cotton.

Freshwater habitats worldwide are amongst the most modified by humans, especially in temperate
regions. In most areas, introduction of naative species is the most eecond most important activity
affecting inland aquatic areas, with significant and often irreversible impacts on biodiversity and
ecosystem function. A classic example is the extinction of half to two thirds of the indigenous fish
population in Lake Vict@ after the introduction of the Nile perdbates niloticusa top predator
(Schofield & Chapman, 1999%eweral species of frefloating aquatic plants able to spread by vegetative
growth have dispersed widely over the globe and become major pests. Water hyggiictihornia
crassipepis a notable example in tropical waters agsarchiscanadensis = Elodeanadensisn
temperate waters of the Northern Hemisphere.



22

6.6. Biodiversi ty as a ®iological insurance 8against ecosystem disturbance
Biodiversity should still act as biological insurance for ecosystem processes, except when mean trophic
interaction strengthnicreases strongly with diversiffhebault & Loreau, 2005)The conclusion, which
needs to be tested against field studies, is that in tropicalrenments with a natural high biodiversity
the interactions between potentially invasive hybrids of transgenic crops and their wild relatives should
be buffered through the complexity of the surrounding ecosystems. This view is also confirmed by the
resuts of DavigDavis, 2003) Taken together, theory and data suggest that compared to intertrophic
interaction and habitat loss, competition from introduced species is not likely to be a common cause of
extinctions in longerm resident species at global, metammunity and even most community levels.

There is a widespread view that centers of crop origin should not be touched by modern breeding
because these biodiversity treasures are so fragile that these centers shoylilestaof modern

breeding. This is an erroneous opinion, based on the fact that regions of high biodiversity are
particularly susceptible to invasive processes, which is wrong. On the contrary, there are studies
showing that a high biodiversity means raatability against invasive species, as well as against genetic
introgression(Morris et al., 1994; Tilman et al., 2005; Whitham et al., 199%e introduction of new
predators and pathogens has caused vagltunented extinctions of longerm resident species,

particularly in spatially restricted environments such as islands and lakes. One of the (in)famous cases of
an extinction of an endemic rare moth is documented from Hawaii, it has been caused by a failed
attempt of biological contro{Henneman & Memmott, 2001; Howarth, 199Bowever, there are

surprisingly few instances of extinctions of resident species that can be attributed to competition from
new species. Th&iggests either that competitiedriven extinctions take longer to occur than those

caused by predation or that biological invasions are much more likely to threaten species through inter
trophic than through intratrophic interactiongDavis, 2003)This also fits well with agricultural
SELISNASYOSs: 46KAOK o6dAf R&E 2y YdzOK FIFadsSNI §02t 23A0I-
lack important instruments for rapid spreading.

There is more evidence, that biologig@/asions, and thus also transgenic hybrids of wild relatives of
GMOs with a potentially higher fitness, are depending on a multitude of factors, some now with recent
research stepwise identified:

(Von Holle & Simberloff, 2008¥tablished thdirst experimentaktudy to demonstrate the primacy of
propagule pressure as a determinant of habitatisbility in comparison with other candidate
controlling factorsThere is more evidence documented that vegetation structure and diversity has
influence on invasion dynamics on various vegetation tyfpes Holle et b, 2003; Von Holle &
Simberloff, 2004; Weltzin et al., 2003)

In a later papefFridley et al., 200&he same author group makes even clearer statements:

0Given a particular location that is susceptible to recurrent exotic invasion, native species richness can contributerto invas
resistance by means of neighborhood interactions and should be maint@imestoredé

See also the caption of the figure frdffaridley et al., 200Ayhere a similar statemens included.



23

Temperate vs

" 9
tropical 10 @

States, 1g7
provinces

Counties 10°

Landscapes, 10°
watersheds

Scale (ha)

10° Observations

Communities /

w Experiments

Neighborhoods ’

02

10-#

Negative 0 Positive

Correlation of native and exotic species richness

Fig.11 Conceptualized diagram of the invasion paradox. Fgmined studies, many of which are experimental, often suggest
negative correlations between native and exotic species richness but are highly varialelariyNall broadergrain

observational studies indicate positive nativexotic richness correlations. Likely exceptions are comparisons between
temperate and tropical biomeswhere preliminary data suggest that biodiversity hotspots have very few exoticaeg From
(Fridley et al., 2007)

The much more dynamic picture on agricultural fields fits well véitmfngexperience, which builds on
much faster ecological processes. It is a widespread error of many ecologists not to take into account the
ephemeral ecological situation of agricultural plant communif@smmann et al., 2004)

Also according t¢Thebault & Loreau, 2008jodiversity should still act as biological insurance for
ecosystem processes, except when mean trophic interaction strength increases strongly with diversity.
The conclusiog which needs to be tgted against field studies, is that in tropical environments with a
natural high biodiversity the interactions between potentially invasive hybrids of transgenic crops and
their wild relatives should be buffered through the complexity of the surroundingystems.

This view is also confirmed fpavis, 2003)Taken together, theory and data suggest that, compared to
intertrophic interaction and habitat loss, competition from introduced species is not likely to be a
common ause of extinctions in lontgrm resident species at global, metacommunity and even most
community levels. It should also be clear that the simple introduction of transgenes to the wild
populations or any kind of preservable landrace would not cause amy teabiodiversity exceptif the
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introduced transgene is changing the population structure due to some considerable change in the
competitiveness of the species or race receiving the transgene. With this caveat it is simply antibiotech
propaganda if onelaims that the introgression with transgenes hges se and automaticallyomething

to do with a reduction of biodiversity. On the contrary, GMO crops oftencaaisely used, be the

source of betterment of biodiversifAmmann, 2005)

Useful for our thesis produced here is the pape(Mbrris et al., 1994)The authors indeed found that
4-8 mofin width may actually increase seed contamination over what would be expected if the
intervening ground were instead planted entirely with a trap crop.

Finally, it should also be made clear that the threat of landraces is not only caused by environmental and
biological agents, but is often the cause of vanishing traditional knowl@@gpta et al.2003)

(Harlan, 1975)vas among the first to state that landraces have come to rely on cultivation for their
survival, active breeding and conscious selection are at the heart of landrace definition, altiaitagh
researchers share this vie@lawkes, 1983tates that the adaptation of the landraces to the
SYGANRYYSYy(l Aa GKS NBadzZ G 2F aStSOlAzy Wt NBSt @
definitions and classifications of landraces is give(Zeyen, 1998)see alsd¢Zeven, 1999, 2000, 2002)

An excellent early, but still valid commemditable summing up advantages and disadvantages-of ex

situ and insitu conservation of landraces is given(b\awkes, 1991)

b2 R2dz G 2 KbS dhhskérdd inaddilion i thas& entioned in Table |.

However, the fact thain-situ and exsitu methods both possess advantages and disadvantages renders it imperative to
scrutinize each with great care. The general conclusions reached up to nolaaieath method is complimentary to the other,
rather than antagonistic. However, the problems continue to confront us, namely, that whexesits storage methods have
been estdlished satisfactorily for at least two decadgsankel & Hawkes, 197&hd are those in common use for "orthodox"
seeds, those foin-situ conservation are only just beginning to be formulated. This is particularly worrying wéeeed to

decide on conservation strategies for "recalcitrant" specjésse whose seeds have no dormancy period and cannot thus be
stored under the reduced temperature and humidity that have proved so satisfactory for orthodox s{iRoiests, 1975)

It is quite clear that much more thought and research initiatives need to be appligx toroblem ofin-situ conservation. The
International Board for Plant Genetic Resources, IBPGR (1985) developedsapablist of species for ecogeographical
surveying andn-situ conservation for fruit trees, forages and a number of other crops, and pointed out the need for
"sufficiently large and diverse" populations asto sustain the levels of allelic frequenciesconserved populations. The
publication called for further research, setting out at the same time a number of useful parameters for genetic conservation.
However, the publication is understandably reticent on hard data involved in setting up resenvih® §imple reason that
KINR RIGF R2 y2( &Si SEA&lDE

Still, it seems that we do not know yet enough to make out of the above thesis a theory which holds up
to all scrutiny, aglves & Carpenter, 200dgevelop with convincing details and an impressive survey of
the existingliterature on biodiversity stability and ecosysten&heir final remarks are rather

inconclusive and call for a case to case perspective:

dFinally, a finding common to many empirical studies is that the presence of one or a handful of species, ratherdherall
diversity of an ecosystem, is often the determinant of stability against different perturbations. We suspect that, depending
the types of stability and perturbation, different species may play key roles.



25

Predicting which species, howevisrunlikely to be aided by general theory or surveys of empirical studies; each ecosystem might

have to be studied on a cabg-case basis. In the face of this uncertainty and our ignorance of what the future might bring, the
safest policy is to preservs anuch diversity as possilde.

6.7. On centers of biodiversity and centers of crop diversity

Centers of biodiversity argtill a controversial matteas was shown b§Barthlott et al., 2007yvith the
example ofvariousAfricanbiodiversity patterns published over decades.

WuLFF 1938 i LEBRLUN 1560 i OPENDA 1982

(unpublished]

WV
:
1 1 1 1 1 3 H

Fig.12 Historical evolution of maps displaying plant species richness patterns in Africa. Apart from theah@fulff, 1935)
which indicates the total species richness of the displayed areas, the maps show species richness per standardlér,ea®f
km2. All maps are inventorpased and to a varying degree rely on exp@pinion. The same legend of teclassess
displayed was applied to all map&om (Barthlott et al., 2007)
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Fig.13 The original eight centers of crogiversity according to Vavilov, N.l(Hawkes, 1983; Hawkes, 1990, 1991, 1999;
Hawkes & Harris, 1990; Vavilov, 1987; Vavilov, 1940; Williams, 1990)

Alsothe definition of centers of crop biodiversity is still débad Harlan(Harlan, 1971)in deviation of

the classic Vavilov centefdawkes, 1983; Hawkes, 1990, 1991, 1999; Hawkes & Harris, 1990; Vavilov,
1926, 1951; Vavilov, 1987, 200®roposed a theory that agriculture iginated independently in three
different areas and that, in each case, there was a system composed of a center of origin and a
noncenter, in which activities of domestication were dispersed over a span of five-tbaesand
kilometers. One system wasthe Near East (the Fertile Crescent) with a noncenter in Africa; another
center includes a north Qfese center and a noncenter i ®heast Asia and the south Pacific, with the
third system including a Central American center and a South American riencéte suggests that the
centers and the noncenters interacted with each other.

The centers of diversity which Vavilov described were not discrete but overlapped for a number of crops,
as regions which have concentrations of variation assessed in tdrrasognizable botanical varieties

and races. But he also included a complex of properties which include physiological and ecotype
charactergWilliams, 199Q)This is why the concept of the biodiversity centers underwent later many
amendments and enlargements, which resulted among others in the mgewén, 1998; Zeven &
Zhukovsky, 1975)
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Alterations ww—
Additions ==~

Fig.14 P.M. Zhukovsky's alterations (solid lines) and additions (broker&hto Vavilovs original concept of crop diversity,
after (Zeven & Zhukovsky, 1978ken from (Harlan, 1971)

Harlan proposes the theory that agriculture originated independently in three diffexerds and that, in

each case, there was a system composed of a center of origin and a noncenter, in which activities of
domestication were dispersed over a span of 5000 to 10000 kilometers. One system includes a definable
Near East center and a noncentarAfrica; another center includes a North Chinese center and a
noncenter in Southeast Asia and the South Pacific; the third system includes a Mesoamerican center and
a South American noncenter. There are suggestions that, in each case, the center aoddieter

interact with each otherCrops did not necessarily originate in the centers of their highest diversity (or

in any conventional concept of the term), nor did agriculture necessarily develop in a geographical
centre.
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Fig. 15 Centers and noncenters of agricultural origins (A1, Near East center; A2, African noncenter; B1, North Chinese center;
B2, Southeast Asian and South Pacific noncenter; C1, Mesoamerican center; C2, South American noncent@iafitam
1971)

7. The case of agro-biodiversity, old and new insights
In many publications about agtmodiversity it is hardly questioned whether biodiversity per se is a good
thing. It is just assumed that we need to strive for as much biodiversity as possible, sometimes on the
cost of simple productionutes. This is why the following subchapters will try to produce a fresh and
more pragmatic look at biodiversity in agriculture. It is scientifically and agronomically not acceptable to
ask for more biodiversity related to nearop species whin the produdion field, this is why the British
Farm Scale Experiments ask basically the wrong ques{i®hassy et al., 2003)

7.1. On the genomic processing level, genetically engineered crops are not

basically different from ¢ onventionally bred crops.
Generally, it should be emphasized, that there is no need to stress too much the difference between
transgenic and noftransgenic crops: It has been confirmed by many authors, that Werner Arbers insight
has proven to be correciArber, 2000, 2002, 2003, 2004; Arber, 2009)

& { «liteGed mutagenesis usually affects only a few nucleotides. Still another genetic variation sometimes produced by genetic
engineering is the reshuffling of genorsequences, e.g. if a given open reading frame is brought under a different signal for
expression control or if a gene is knocked out. All such changes have little chance to change in fundamental waystittee proper
of the organism. In addition, it shoulbde remembered that the methods of molecular genetics themselves enable the researchers
anytime to verify whether the effective genomic alterations correspond to their intentions, and to explore the phenotypic
changes due to the alterations. This formstpzirthe experimental procedures of any research seriously carried out.
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Interestingly, naturally occurring molecular evolution, i.e. the spontaneous generation of genetic variants has beefoleen to
exactly the same three strategies as those use@iretic engineering. These three strategies are:

1 small local changes in the nucleotide sequences,
1 internal reshuffling offenomic DNA segments, and
1 aquisition of usually rather small segments of DNA from another type of organism by horizontal genertransfe

oHowever, there is a principal difference between the procedures of genetic engineering and those serving in nature for

biological evolution. While the genetic engineer-peflects his alteration and verifies its results, nature places its genetic

variations more randomly and largely independent of an identified goal. Under natural conditions, it is the pressure of natural

selection which eventually determines, together with the available diversity of genetic variants, the direction takentlmnevol

It is interesting to note that natural selection also plays its decisive role in genetic engineering, since indeedereflealtted

sequence alterations withstand the power of natural selection. Many investigators have experienced the effectabéitai

F2NOS 6KAOK R28a y2i Fttz2¢ FdzyOlAzylrf RAAKINX2Yy& AY | Ydzil S|

This view has been lately confirmed for a baseline comparison of transgenic attichnegenic crops by
(Batista et al., 2008; Baudht al., 2006; Shewry et al., 200For more detailseep. 28ff andthe ASK
FORCE contribution on this topidtp://www.efb -central.org/index.php/forums/viewthread/58/

(Van Bueren et al., 2008) to explain on the molecular level, why organic farming cannot accept
genetc engineering with a number afguments:

Following(Verhoog et al., 2003})hey state that the naturalness of organic agriculture not only to the
avoidance ofnorganic, chemical inputs and to the application of other agroecological principles, but also
implies integrity. Their definition of intrinsic integrity of plant genomes:

GThe general appreciation for working in consonance with natural systems in ofganiog extends itself to the regard with

which members of the movement view individual species and organisms. Species, and the organisms belonging to them, are
regarded as having an intrinsic integrity. This integrity exists aside from the practioalofdahe species to humanity and it can

be enhanced or degraded by management and breeding measures. This kind of integrity can only be assessed from a biocentric
perspective (see below). Organic agriculture assigns an ethical value to this integrigncantages propagation, breeding, and
production systems that protect or enharfkdi @ £

And further on:

GCNBY | 0A20SYGNRO LISNBLISOGAGSET 2NEHFYAO | INK Odz G dzNyritk Ol y 26t S
of plants as descrilikabove. The consequence of acknowledging the intrinsic value of plants and respecting their integrity in

organic agriculture implies that the breeder takes the integrity of plants into account in his choices of breeding anatipropag

techniques. It imis that one not merely evaluates the result and consequences of an intervention, but in the first place

questions whether the intervention itself affects the integrity of plants. From the above described itself affects titg ofteg

LX | yiaodé

From the &ove described levels of the nature of plants and its characteristics, a number of criteria,
characteristics, and principles for organic plant breeding and propagation techniques are listed by the
authors for exclusion: All breeding methods using chemmatadiation, such as cholchicinizing or
gamma radiation induced mutants, all methods not allowing a full live cycle of the plant, all methods
manipulating the genome of the organisms etc.

Unfortunately, the authors completely miss the point that theustiure and assembly of DNA has been
changed heavily over the deti@s and centuries of conventionaleeding. Modern wheat in all variants
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and traits used today also by organic farmerksare a product oprocesses, where the intrinsic value of

the genomimaturalnesshas been completely ignored and any imaginable change has been successfully
integrated, from adding chromosome fragments to integrating foreign genomes and accepting radiation
mutation in the case of Triticum durum over a long period of tialep chromosome inversions,
translocations are well documented in most major crops. The reality is, whether we accept it for any kind
of definition, that most of the principles advocated @an Bueren & Struik, 2002005; Van Bueren et

al., 2002; Van Bueren et al., 2003; Verhoog et al., 28@3glearly violated by almost all existing modern
crop traits and cannot be redone, unless you could theoretically go back to the ancestral traits (which
have in most cased the major crops not survived the centuries of classical breeding efforts). So, in
NEFfAGeZ GKS LINAYOALX S 27 ( KiRtiowanyrivtédieyick haSed, @ndodzS a 2
be clear: purely politically motivated as a very doubtfulrkeding argument.

The whole concept of violation of the intrinsic naturalness of the genome by inserting alien genes from
other species across the natural species barrier is also falsified by the occurrence of a naturally
transgenic grass: See the casedssed byGhatrekar et al., 20060 chapter 6.2 paragraph 2Have

also a look at David Tribes blog with an impressive list of natural transgenic crops and organisms:
http://gmopundit2.blogspot.com/2006/05/collectetinksand-summarieson.html

It is also questionable to stress the overcoming of natural hybridization barriers by genetic engineering,

since this has been done by traditional breeding methods in former decadesthé¢eegample of

Somatic hybridising (i.e. nesexual fusion of two somatic cells). The advantage of this method is that by

the fusion of cells with different numbers of chromosomes (for instance different species of Solanum)

fertile products of the crossingan be obtained at once because diploid cells are being somatically fused.
Polyploid plants are obtained containing all the chromosomes of both parents instead of the usual half

set of chromosomes from each. For this, cells are required whose cell wadioken digested away by

means of enzymes and are only enclosed by a membrane, (these are then called protoplasts). With the

loss of their cell walls, protoplasts have also lost their typical shape and are spherical like egg cells. This
mixture of cells® be fused is then exposed to electric pulses. In order to get from the cell mixture the
WNRAIKIQ LINBRAzOG 2F (KS Fdzaiz2zy 6aAyO0OS Fdaizy 2F (g
selectable character in each of the original plants is neags Only cells that survive this double

selection are genuine products of fusion. (The easiest way to achieve such selectable markers is by

genetic engineering, for instance by incorporating antibiotic resistance into the original plants.)

Protoplast fugon has been investigated and applied to potatoes, for instance. In the EU regulations

concerning the deliberate release of genetically modified organisms into the environment somatic
KEoNARa NS y20 O2yaARSNBR I & ©mdst@edentldiffoftReEUY 2 0 NB
2NBFYAO NB3AdzZ GA2ya AY 6KAOK GKS AYyGNRRdAzOGAZ2Y 2F
above definition(Karutz, 1999; Koop et al., 1996pmatic hybrids have been experimentally achieved in
hundreds of cases, the publication list in the Web of Science reveals over 3500 references.

This basic insight of a molecular biologist hasmbeenfirmed by analysis of modern breeding processes
and their real products in crops, as an example here a comparison on the genomic level between
transgenic and notransgenic wheat traits done by Shewry et éhewry et al., 2008)
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allows the production of lines which differ from the parental lines in the expression of only single or smbé#ns of genes.

Consequently it should in principle be easier to predict the effects of transgenes than to unravel the multiple differeicbes w

exist between new, conventionaljyroduced cultivars and their parents. Nevertheless, there is considerahtzem expressed

by consumers and regulatory authorities that the insertion of transgenes may result in unpredictable effects on the expressio

of endogenous genes which could lead to the accumulation of allergens or toxins. This is because the aitsgasferinsertion

are not known and transgenic plants produced using biolistics systems may contain multiple and rearranged transgene copies

(up to 15 in wheat) inserted at several loci which vary in location between(Baselo et al., 2001; Rooke et al., 2003)

Similarly, this apparently random insertion has led to the suggestion that the expression of transgenes may be lesastable th

that of endogenous genes between individual plants, between generationbameen growth environments. Although there

is evidence that the expression of transgenes introduced by biolistic transformation is prone to silencing in a smaibproport
wheat(Anand et al., 2003; Howarth et 22005) many recent reviews includinfAltpeter et al., 2005; Jones, 2005; Kohli et al.,

2003; Sahrawat et al., 2008gmonstrate the utility of biolistics transformation (and other methods such as direct innest

5b! F¥NJ}3AYSyida Fa  oFaira FT2N) adlotsS 3ASYySGAO YIFYyALMzZ F GA2y dé

(Baker et al., 2006; Barcelo et al., 208fg confirming the above statementsthey could be extended to

other methods of transformation like dice insertion of DNA fragment®aszkowski et al., 1984hd with

some questions about the long tarstability also to the agrobacterium mediated transformati@aghuly et

al., 2007) But what is really interesting us here is published documented byBaudo et al., 2006 Dverall,
genome disturbances in traditional breeding in comparable cases are measured to be greater than in
transformation.

458GFAf SR Jf26lf 3ISYyS SELINBDAEAA 2rghsgeddBriEl sohvBriionaiyl bisdwheatlifey exigrassing A v S R
additional genes encoding HMW (high molecular weight) subunits of glutenin, a group of endggeeific seed storage proteins

known to determine dough strength and therefore bremdking quality. Differences in endosperm and leaf transcriptome profiles

between untransformed and derived transgenic lines were consistently extremely small, when analyzing plants containing either
transgenes only, or also marker genes. Differences observed in genesixpria the endosperm between conventionally bred material

were much larger in comparison to differences between transgenic and untransformed lines exhibiting the same complenéss of g

subunits. These results suggest that the presence of the traasgdid not significantly alter gene expression and that, at this level of
AYy@SaiaAaaraazyzr N} ya3aISyAaAO LXFyda O02dd R 6S O2yaARSNBR adzomaidl yia

Further confirmings are coming from recent publications (Batista et al., 2008; Shewry et al., 2QQfgy all
come to the conclusion, that at least certain transgenic crops show demonstrably less transscriptomic
disturbances than their netransgenic counterparts.

(Miller & Conko, 2004isein a justified way doubts about the commonly used concept of transgenesis.
In the light of prerecombinant DNA produced in great vayidty conventional breeding with thousands
of foreign genes.

dln these examples of prerecombinddlNA genetic improvement, breeders and food producers possess little
knowledge of the exact genetic changes that produced the useful trait, information abatibitter changes have
occurred concomitantly in the plant or data on the transfer of newly incorporated genes into animals, humans or
microorganisms. Consider, for example, the relatively new-made wheat 'specieJriticum agropyrotriticum

which resuléd from the widecross combination of the genomes of bread wheat and a wild grass sometimes called
guackgrass or couchgragBanks et al., 1993; Sinigovets, 1987agropyrotriticumwhich possesses all the
chromasomes of wheat as well as the entire genome of the quackgrass, was independently produced for both
animal feed and human food in the former Soviet Union, Canada, the United States, France, Germany @nd China.

See also the ASKORCE contributions on the wieyp K. Ammann 2009and?3 on the same subject.

2 ASKFORCE contribution K. Ammann 208 there really a difference between transgenic and-transgenic crops
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The consequences are, that organic farmingsing the argument of artificial DNA breeding disturbance,
should decide for the transgenic crops in many cases. Anodhsequence is that transgermiops ofthe

first generation should never have been subjected to réigulgurely based on the processes invojved

rather it would have been wise to have in each case a close look at the products. In the case of the Golden
Rice this has serious ethical conseqgesnbecause each year lost to unreasonable and unscientific
regulation causes the death of hundreds of thousands of deaths due to severe deficiency in vitamin A,
especially among the children of developing countries of South Eastern Asia. In Europé diis ki

unscientific regulatory basis hinders the development of transgenic crop breeding for the benefit of a

more ecological production. And on top of this the organic farming industry does not shy away from false
and often hypocrite propaganda against ggically engineered crops for the sake of marketing their own
productsC2NJ I O NBIF RSNJ @ASS 2y 4 2WEmhayn22008b; KranBu®y2000@ ¢ | &
Ammann & van Montagu, 2009)

72.. AOOOAG O [EEWY dkap ctlatikds 4rénfofted in
monodominant stands

Species and genetic diversity within any agricultural field will inevitably be more limited than in a natural
or seminatural ecosystemaurprisingly enoughmany of the crops growing in farming systs all over
the world haveraits of ancestral parergwhich lived originally in natural monoculturé#/ood & Lenne,
2001) This is after all most probably the reason why our ancestral farmers chose those majgr cro
There are many examples of natural monocultures, such as the classic stands bfd€etgystis
pyrifera already analyed byDarwin(Darwin, 1845)and more relevant to agriculturdé has now been
recognized bygra-ecologists that simple, monodominant vegetation exists throughaitire in a wide
variety of circumstances. Indee@kedoroff & Cohen, 1999 porting (Janzen, 1998, 1998%e the term
Wy I GdzNIF £ Y2y 2 0dzZ G dzZNSuagh®@onddgminant stands mhay basekténkive ABlE@heJa ®
exampleout of many, Harlan recorded that for the blue grama gr&sufeloua gracilis Y Wa il yRa | NB
often continuous and cover marfgousands of square kilonters of the high plains of central USA. L G A &
of utmost importance for the sustainability of agriculture to determine how these extensive,
monodominant and natural grassland communities peraistwhenand ifwe might expect their
collapse. More exampé$eare given itWood & Lenne 1990Nood& Lenne, 1999)here we cite a few
more casesWild speciesPicea abiesSpartinatownsendii, Pteridium aquilinumvarious species of
BamboosArundinaria sspiGagnon & Platt, 2008lso the related®hragmites communigrow in large
monodominant stands, which contain large clones. They renew after some decades over seeds (just like
the large tropical Bamboos do in amazingly regular periods), altises local temporary breakdowns of
the populations. Still other ancestralitivars are cited extensivefyVood & Lenne, 20015orghumthe
wild varietyverticilliflorumis the widest distributed feral complef the genus with a broad climatic
plasticity, extending almost continuously east of 20° east longitude from the South African coast to 10°
north latitude. It overlaps along its northern and northwestern borders withetgaethiopicumand var.
arundinacem, again hybridizing extensively. It grows over extensive areas of tall grass savannah in the

on the molecular levelfttp://www.efb -central.org/index.php/forums/viewthread/58/

3 ASKFORCE contributiok. Ammann 2009: Regulation: Misconcepts cause high costs and huge delays in regulation of
GM cropshttp://www.efb -central.org/index.php/forums/viewthread/59/
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Sudan(Wood & Lenne, 2001)ypically enougl{Ayana et al., 200Gpund a remarkably narrow genetic
basis for the varietyerticiliflorum in their analysiswild rice:Oryza coarctatas reported in Bengal as
growing insimple, oligodiverse pioneer stands of temporarily flooded riverb@Rkain, 1903)Harlan
ascribedOryza(Harlan, 1989)o0 monodominant populationand illustrated harvests from dense stands
of wild rice in Africa@ryza barthiithe progenitor of the African cultivated ric@ryza glaberrima Oryza
barthiiwas harvested wild on a massive scale and was a local staplacross Africa from the
southern Sudan to the AtlantiGrainyields of wild rice stands in Africa and Asia caxideed 0.6 tonnes
per hectaret an indication of the stand density of wild riEvans, 1998)

Botanists and plant collectors have repeatedly and emphatically noted the existence of dense stands of
wild relatives of wheat(Wood & Lenne, 2001)-or example, in the Near East, massive stands of wild
wheats cover many square kilometdidarlan, 1992)Wild einkorn {riticummonococcunsubsp.

boeoticun) in particular tends to form dense stands, and when harvestegields per square meter

often match those of cultivated wheats under traditional managem&hlimann, 1996)Wild Einkorn

occurs in massivstands as high as 2000 meters altitidesoutheastern Turkey and Irafidarlan &

Zohary, 1966)Wild emmer {riticum turgidumsubspdicoccoidesgrows in massive stands in the
northeastof Israel, as an annual component of the stepike herbaceous vegetation and in the

deciduous oak park forest belt of the Near E@séevo, 1998)Wild wheatwas also recorded to groim

Turkey and Syria in natural, rather pure stands with a density of 30QAn@erson, 1998)

7.3. Extreme plant population dynamics of agricultural systems
Agricultural ecosystems can be dynamic in terms of species diversity over time due to management
practices. This is often not understood by ecologists who involve themselves in biosafety issues related
to transgenics. They still think in ecosystem categories close (or seemingly close) to nature. Biodiversity
in agricultural settings can be considdr® be important at a country level in areas where the
proportion of land allocated to agriculture is high: AmmanWolfenbarger et al., 2004Yhis is the
case in continental Europe for example, where 45% of the land is dedicated to arable and permanent
crops or permanent pasture. In the UK, this figure is even higher, at 70%. Conseduedithgrsity has
been heavily influenced by man for centuries, and changes in agrobiological management will influence
biodiversity in such countries overall. Innovative thinking about how to enhance biodiversity in general,
coupled with bold action, igritical in dealing with the loss of biodiversity

Consequently, biodiversity has been heavily influenced by humans for centuries, and changes in
agrobiological management will influence biodiversity in such countries overall. Innovative thinking
about how b enhance biodiversity in general coupled with bold actiarritical in dealing with the loss

of biodiversity.High potential to enhance biodiversity considerably can be seen on the level of regional
landscapes, as is proposed([Dpollaker, 2006; Dollaker & Rhodes, 20@fd with the help of remote
sensing methods it should be possible to plan for a much better biodiversity management in agriculture
(Mucher et al., 2000)



34

7.4. Agrobiodiversity and the food web of insects also show extreme

population dynamics
In a recent and notable paper Macfayden et al. 2Q@8@cfadyen et al., 2009were able to show in
extensive field studies, focusing on the food web and its ecosystem services, instead of using traditional
biodiversity descriptors, that things are a bit more complex than expected: Although organic farms
supportgreater levels of biodiversity on all three trophic levels, as shown in meta st{Bbegtsson et
al., 2005; Hole et al., 20083hese systems provide greater levels of natural pest control and therefore
also prowde greater resistance towards the invasion of alien herbivaese more parasitoids are
attacking herbivores.. However they also prediMacfadyen et al., 2009as a consequence of higher
species richness, a loweonnectanceand therefore a lower robustness of organic farms to species loss
(Lafferty et al., 2008)

It is amazing to see that there are entomologists who wonder about the slightest detail in insect
population shifts and foodvebs in order to sasify their strife to find negative effects of transgenic crops

on nontarget insects, they often forget some basics about experimentation. This has recently happened
again with a paper from lab entomologigtsovei et al., 2009Wwhich has been refuted justifiably on

multiple grounds by an important consortiuggelton et al., 2009)here only one important reason
mentioned: Feeding experiments have been done in the (difibeck et al., 1998a; Hilbeck et al., 1998b)
with low quality prey, but when you use healthy preye thicewings have a proven extremely high
tolerance for the Bt protein§Dutton et al., 2002; Romeis et al., 200&)ven here as a typical

controversy on experimental details, some of the main influences are coetpletrgotten: Just imagine

the mass extinction effects which happen with certitude, if you change the cropping system, often from
year to year? Interestingly enough, there is literature on the detrimental effects of crop rotation against
pest insectfLandis etal., 2008) 6 dzi A G Q& RATTA Odz dargét hsedigelgtditof A St R 5
crop rotation

Agricultural ecosystems can be dynamic in termgetes diversity over time due to management
practices. This is often not understood by ecologists who involve themselves in biosafety issues related
to transgenics. They still think in ecosystem categories close (or seemingly close) to nature. Byodivers
in agricultural settings can be considered to be important at a country level in areas where the
proportion of land allocated to agriculture is high: AmmanWolfenbarger et al., 2004This is the

case in continental Europe for example, where 45% of the land is dedicated to arable and permanent
crops or permanent pasture. In the UK, thdgire is even higher, at 70%. Consequently, biodiversity has
been heavily influenced by man for centuries, and changes in agrobiological management will influence
biodiversity in such countries overall. Innovative thinking about how to enhance biodpnergieneral,
coupled with bold action, isritical in dealing with the loss of biodiversity.

7.5. The case of organic farming
It is often assumed, that organic farming is automatically helping agrobiodiversity. But is it not that
simple. A comparison to ceantional farming in Switzerland over 21 years has revealed positive effects
of organic farming(Mader et al., 2000; Mader et al., 2008oil fertility, including mycorrhiza data can
be related positively to orgac farming.
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8. Selected proposals for improving high technology agriculture
related to biodiversity

8.1. Biodiversity and the management of agricultural landscapes
High potential to enhance biodiversity considerably can be seen on the level of regional landscapes
(Dollaker, 2006; Dollaker & Rhodes, 20@fAd with the help of remote sensing methods it should be
possible to plan for much better biodiversity management in agriculfiecher et al., 2000)This is
also a good point for organic farming in marginal regions like the Norwegian Sognefjord. An analysis has
shown the positive influence of small scale organic farming in this rq@tametsen & van Laar, 2000b)
Some of the more important papers demonstrate the intensive research activities on the relationship
between landscapeand biodiversityBelfrage et al., 2005; Boutin et al., 2008; Clemetsen & van Laar,
2000a; Filser et al., 2002; Hendriks et al., 2000; Jan Stobbelaar & van Mansvelt, 2000; Kuiper, 2000;
MacNaeidhe & Culleton, 2006lorton et al., 2009; Rossi & Nota, 2000; Schellhorn et al., 2008;
Stobbelaar et al., 2000)Bawa et al., 2007; Brush & Perales, 2007; Bryan et al., 2007; Harrop, 2007;
Heywood et al., 2007; Jackson et al., 200a&zkson et al., 2007b; Pascual & Perrings, 200&)vocate
the many ingeniouagricultural systems that have shaped novel, resillantdscapes for centuries and in
so doing have also sustained high levels of biodityerBhese authors of a speciallume for Diversitas
also critizise intensification of agriculture with the sole target of enhancing production, and want to go
back to traditional managementinfortunately, traditional agricultural systems are no more compatible
gAGK GKS {2dRhighedyieldRri ¥donbiRic ifcentives. It is therefore essential, to search for
innovativecombinations of landscape management focusing on biodiversity and modern agriculture.
Organotransgenic strategies have been analyzed in detaitamtinations argpossible(/Ammann,
2008b; Ammann, 2009¢c; Ammann & van Montagu, 20@%ibliography, containing a total of over 300
papers dealing with the impact of ecological agriculture on landscapes and vice versa candoa foun
(Ammann, 2009a)There is a lot of potential in restructuring landscape in regions with a high yielding
industrial agricultural production. In a thoughtful multivariate scheme Benton €Bahton et al., 2003)
show the highly complex interactions between farmland activities and the diversity of bird species:
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Fig.16 The multivariate and interacting nature of farming practices and sonfelee routes by which farming practice

impacts on farmland birds. Arrows indicate knowoutes by which farming practices (green boxes) indirectly (dditke

boxes) or directly (lightblue boxes) affect farmland bird demography (yellow boxes), and thereftmcal population

dynamics (orange boxes) and finally total population size (red box). The goal of manipulating farming practice is to inmpact o
population size. Rather thaidentifying key routes through this web to change in a pieagse fashion (e.g.rsecticide usage),
we suggest that management designed to increase habitat heterogenisitijkely to benefit the organisms in such a way as to
meet the management goals. The rate at which the birds will feed is determined both by the amount of food (edmoe)

and its accessibility (access) within the habitérom(Benton et al., 2003)

Now that many of the biodiversity myths relatéml agriculture are clarifiedt is becoming obvious, that
one of the prioritiedn fosteringbiodiversity in agriculture, is to take better care of the landscape
structure, and this is where high tech agriculture can learn from organic and integrated farming. But
there arealsoother ways and means to cope up with the demand of eniranbiodiversity in high tech
agriculture.

8.2. More biodiversity through mixed croppi ng
Mixed cropping ystems havdeen proposed for a variety of agricultural management systems. The
bibliography coming from the Web of Science reach nearly 300 items anyl pagers offer a wide
variety of options. There is no reason, why modern croppygiem with industrial automatiooould not
cope up with some specific mixed cropping systems. Mixed cropping offers advantages in pest
management and soil fertilitfVolfe, 2000; Zhu et al., 2000; Zhu et al., 2008} also is subject to
limitations, such as the fight against the maize stem b@®@nga et al., 200,/3till, under low pest
pressure a system of makean intercropping in Ethiopia seems to be succeg¢Bflay et al., 2009)
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A recent publication confirmed the positive effects: A combination of enhanced AMF (Arbuscular
Mycorrhizal Fungi), , EF (Earth Worm datend mixed cropping increased the yield, ogyrrhizal
colonization rate, SMB (soil microbial biomass)d nitrogen uptake of the clover plants, confirming the
positiveeffects of diversity on an agrecosysten{Zarea et al., 2009 ositive reults are also reported
from PakistanA pot experiment was conducted to study the effect of mixed cropping of wheat and
chickpeaon their gowth and nodulation in chickpe@sill et al., 2009)But there are also limits to mixed
croppingprovided you mix crops within the same field without any separati@Paulsen, 2007yorked

on such intricate mixturewith peas,wheat, lupins, false flaand demonstated serious problems wit
reduced yieldthose systems need furthelevelopment.

8.3. On the wish list: more crop diversity, foster orphan crop species.
Another important aspect has been covered by the recently published book of Gf&sestel, 2007)
GAGK |y AydiSNBalAy3d GKSYSY I LINBI OGADBS NBOASH
OSAfAYy3Q I YR Khbds cobld g@rdatfy &nkian thang 8o thet$héy could be
commercializedn a more competitive wain future. It is especially fascinating to see how the author
blends modern molecular biology with a deep insight into agriculture and its forgotten cropss @his
important boundary line, where organic/ecological farming can nvéigt modern biotechnologwand
create considerable synergy. Even within crops with a seemingly low reputation like the herbicide
tolerant soybeans regarding diversity, trends are tiosj as a report from lowa show$ylka, 2002)
Recently there are over 700 nematode resistant soybean traits registered, the majority of them herbicide
tolerant.

8.4. Varietal mixture of genes and seeds
Also on a micro scatef seed production, biodiversity could play a new réteecision Biotechnology
couldalsomean a combination of resistance gendsne either through gene stackiriGressel et al.,
2007; Lozovaya et al., 2007; Taners et al., 2008pr by taking up the idea of artificial gene clusters
(Thomson et al., 2002T his has beethe accepted strategy up to now.

But this goal of introducing more biodiversity in the fields could be achieved in a much sinagler w
Other than complex genstackingt would be easier to create aed mix in which each seed contains a
single resistance, and the appropriate mixture could be adapted to the local pest situation. This would
considerably lower selection pressugmmann, 1999andwould create a situation, which comes close
to nature, where we encounter many genomesthin a square mile and dozené different resistance
genesVarietal mixtures have been proposed by seveuuthors(Gold et al., 1989, 1990; Murphy et al.,
2007; Smithson & Lenne, 1996)

8.5. More biodiversity in the food web including non -target insects by
reducing pesticide use with transgenic crops and other strategie s
If we refrain from heavy pesticide use, l&ficial insects will come backas they do in Bt maize fields,
(Candolfi et al., 2004; Marvier et al., 2007; Naranjo, 2009; Wolfenbarger et al., &tdapapt to
D a h .(Mare comments orbiodiversity and theadvantageous use of biotechnologyaigriculture are
published in the reviews bjAmmann, 2004a, 2005, 2007a, 2008a, 2009b; Ammann et al.,.2005)

2y
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Much has been written on agultural biodiversity; foremost the book of Wood & Len(éood &

Lenne, 19993hould be mentioned here, a refreshing mix of modern agriculture and independent views
on biodiversity. Each chapteryitten by some of the best experts in the field, deserves to be taken up in
the future debate on agriculture and biodiversity. The chapter on traditional management written by
(Thurston et al., 1999)rovides a very enlightening summary. Of course those management details have
to be carefully selected for modern agriculture and where necessany édsbe adapted. As a catalogue

of ideas the tables in this article serve well.

There are also comparative data available on long term development, with organic and conventional
agriculture. The results show positive trends towards more biodivershgyveonventional farms are
converted into organic farms, but the influence of local management habits and also a changing
landscape are very importaitaylor & Morecroft, 2009nd high technology farming could again learn.

See the final chapter on case studies for more details.

8.6. Push- and pull strategy for reducing pest damage in maize fields.
TKS WLldza K Q 2R3 WANINBEE 2 RakegySshedtablBhed by Bxploitigmiochemicals
G2 NBLISt AyasSoOod LSada FTNRBY (KS Ok2DdsnbdilUnddgpK Q0 | YR
which can at the same time prade with bacterial nodules a nitrogdertilizer effect.(Hassanali et al.,
2008) Results of this field trial demonate higher maize yieldthen applying the pustand pull
strategy, when compared with conventional maize cultures in Africa. It would be more interestihg
convincingo see a field trial with a comparison to Bt maize.

8.7. Plant breeding revisited

8.7.1 New biotechnology approaches in plant breeding

In an early paper, Britt et al. give an overview on many molecular possibilities which will develop for new
breeding success€Britt & May, 2003)they addresshe current status of plant gene targeting and what is

known about the associated plant DNA repair mechanisms. One ofthe greatest hurdle that plant biologists face

in assigning gene function and in crop improvement is the lack of efficient and robust technologies to
generate gene replacements or targeted gene kimatg. It seems to be clear that transgenesis will

remain a solid technology for breeding, but new approaches will appaarscience is always open for
progress and new breakthroughBhere are many new biotechnologies enhancing the speed of achieving
targeted breeding successes such\a4ttenberg et al., 2005)ith the high throughput marker finding
technology, only a few can be mentioned here:

8.7.1.1. Cis and Intragenic approaches
A rew technology has now prew to be a successful strategds Romments describe it, cisgenetics is a
welcome way of combining the benefits of traditional breeding with modern biotechnology. It is an
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understandable enthusiasm of the first researchers using this technology to empliasipositive sides

08 lfaz2z O2YLINAYy3d T2 akNRYySROY SENEK2Ra Ay KYVATIA LINRO
certainly not so easy: In chapter 7.1. it is made clear that on the genomic level, particularly on the level

of molecular processes, therg no difference between transgenic and Awansgenic crops (supported

by an important body of scientific literature), and this is certainly also true to cisgenic and intragenic

varieties. This is why it is questionable and based on false grounds toata#iks that those new

methods in transformation would be safer, as Giddings has made it clear in hiq(&iteings, 2006)

and his arguments against the the viewg®€houten & Jacobsen, 2007; Schouten et al., 2006a;

Schouten et al., 2006and later publicationgConner et al., 2007; Jacobsen & Nataraja, 2008; Jacobsen

& Schouten, 2007ould have been targeted as well: they try to demonstrate that the new cisgenics and
intragenics are safer than transgenics, which is not based on any facts, rather it is based on accepting

without scientific scrutiny the negative public perception on transgerops.lt is also wrong to use

gAGK2dzi Of F NAFAOIGAZ2Y (GKS GSNY alfASy 3ISySaé Ay O
DNA and genomic structures.

However, there is nothing to say against the application of such new methods per(3acalssen &
Nataraja, 2008; Jacobsen & Schouten, 2@n) demonstrate:

GThe classical methods of alien garansfer by traditional breeding yielddruitful results. However, modern varietidgsmand

a growing number ofombinedtraits, for which prebreedingmethods with wild species are ofteeeded. Introgression and
translocationbreeding require timeonsuming backcrossasd simultaneous selection stejasovercome linkage drag. Breeding
of crops using the traditiced sources of genetiariation by cisgenesis can spagathe whole process dramatically, alowgh
usage of existing promising varieti@his is specifically the case withmplex (allo)polyploids and with heterozygotegyetative
propagated cropsThaefore, we believe that cisgenesishe basis of the second/ever green revolut@eded in traditional

plant breedingFor this goal to be achieveelxemption othe GMregulation of cisgenes is needéd.

8.7.1.3. Reverse screening methods: tilling and eco-illing

Two rather independent publicatior(Parry et al., 2009; Rigola et al., 20@%h largely incongruent
literature lists promote a new technology of finding useful genes within the genome of the crops
involved: They both promotgowerful reverse genetic strategies that allow the detection of induced
point mutations in individuals of the mutagenized populations can address the major challenge of linking
sequence information to the biological function of gsrmand can also identify novel variation for plant
breeding(Parry et al., 2009]Rigola et al., 2009)evelop everse genetics approaches which rely on the
detection of sequence alterations in target genes to identify allelic variants among mutant eahatu
populations. Current (pr¢ screening methods such tiling and ecctilling are based on the detection

of single base mismatches in heteroduplexes using endonucleases such as CEL 1. However, there are
drawbacks in the use of endonucleases due torthalatively poor cleavage efficiency and exonuclease
activity. Moreover, prescreening methods do not reveal information about the nature of sequence
changes and their podge impact on gene functiorfRigola et al., 2009presenta KeyPointTM

technology, a higithroughput mutation/polymorphism dicovery technique based on massive parallel
sequencing of target genes amplified from mutant or natural populatidhas KeyPointombines
multidimensional pooling of large numbers of individual DNA samples and the use of sample
ARSYGATAOI LM 8y ol NDAa R dge@tisequdndirg teghBolbgiRigola et al.,
2009)can demonstrate first successes in tomateeding by identifying two mutants the tomato

elF4E gene based on screening more than 3000 M2 families in a single GS FLX sequencing run, and
discovery of six haplotyped tomato elF4E gene by-sequencing three amplicons in a subset of 92
tomato lines from the EA$OL core collectiohis technology will prove to be useful and does not need
for its own breakthrough to refer to a scientifically unjustified critique ohtgenesis. Whether the new
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technology will replace the transggén@mfléra potatchas still to be proven by funer scrutinizing of
the results of the equivalent tra{Davies et al., 2008)

8.7.1.4. Zincfinger targeted insertion of transgenes

Plant breeding has gone through dynamic developments, from marker assisted breeding to trarsgenesi
with steadily improved methods to the latest development of the Zink finger enzyme assisted targeted
insertion of transgenes in complex organis{@si et al., 2009; Shukla et al., 2009; Townsend et al.,

2009) Thre development is so rapid, that it is necessary here to make some additional remarks related to
the paragraph in the first of the articles dealing with the topic of orgaiansgenesi¢Ammann, 2008b)
According to the descriptions of the new technology, it will be even more difficult for the breeders of
new organic crops to refusénk finger transgenesis, since it is very likely thattth@scriptomic

disturbances will be even smaller in futureompared to the clumsy and tedious methods of

conventional breeding.

8.7.2. Improvement of conventional breeding

For sure there is alsealue in the development of conventional breeding metbtugjies for organi¢and
non-organic)crops. It is obvious, that also high technology breeding of new crops can learn from the
newly developed organic breeding strategies:

In a recent and comprehensive paper, a consortium lead by V{\l@dfe et al., 2008pive an account on
breeding crops for organic farming. Many of the characteristics required in new varieties are common to both
conventiond and organic agriculture, buhere are &0 a numberof breeding targetsmostly of complex
nature, that must have a higher priority in organic farming. Characters that are important for the farming
system and the crop rotation, weed competitiand adaptation to dousculamycorrhizagor instancehave a

higher priority. To rationalize the long enduring selection process, it is necessary to focus on simultaneous
selection processes such as weed competition, nutrient uptake and disease/pest resistance. It seems, that the
trend to ban any kind dh vitro breeding technology is unfortunately growing and therefitris anticipated,

that bannirg even marker assisted breedimgll deprive the organic community from modern and very
efficient tools to achieve the genomic breeding goals. This way |dia&ewn process cannot be stoppeit

will be very difficult to reach the urgent need of better yiedahd the difficulties will grow with the need to

cope with a considerably higher diversity of environmental factors, which does noi faatralized breding.

The real force of breeding for organic crops comes from the strong link to social structures, as promoted by a
variety of breedig programs, such as the ones &orghum in Western Africa by researchers from
Wageningen(Slingerland et al., 2003; Slingerland et al., 20@&plicitly enforcing participative working
strategies including traditional knowledge. These thoughts and strategies could well also be taken up by
breeding programs using unrestrained allaem DNA related manipulation methods.

8.8. New ways of using biotechnology for enhancing natural resistance
With the pioneering work of Métraux, Boller and Turlings in the mid eighties and early r{iviédsaux
& Bolkr, 1986; Metraux et al., 1990; Turlings et al., 1988)Systemic Acquired Resistance got some
interest: They found that salicylic acid was functioning as internal signal for trigggritemic acquired
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resistancgDangl & Jones, 2001; Metra et al., 2002)There is potential for such strategies for fighting
off pests by employing mechanisms close to nature.
In 1996 amaize (Epeta-caryophyllene synthaseas been discovere@ackson, 1996nplicated in

indirect defense responsegjainst herbivoresThis defenssubstancds no moreexpressed in most
American maize varietiebut there is gossibility torestore the defense by genetic engineering
(Degenhardt et al., 2009; Kollner et alD08; Rostas & Turlings, 20@8another promising pathway in
modern breeding.

8.9. Final remarks on the improvement list related to biodiversity
This cannot be the place to give a comprehensive list of possible improvements which are compatible
with high tecmology agriculture. fiis would fill dozens of pages and could also well be the intellectual
engine fo a long term research progragand it is rewarding to see that major organizati@me active
in this field, suclas CGIAR, IFPRI etc., including soaxing universities such as Cornell, Wageningen,
Hohenheim, Davis etc. etRather, the reader is refeed to some books having been written with the
purposeto improve agricultural biodiversity most of the chaptes cited below do not envisage
improvinghigh technology agriculture per se, rather most of the authors see themselves in opposition to
it. In the eyes of the author this is at least questionable, and it would be much more fruitful to find
opportunities for collaboration and create synergy.

Thereare a number of books, reports and numerous peer reviewed journal articles which deal with all
aspects of ecologicagriculture. The authors comeith proposals on how to enhance sustainability,

how to preserve biodiversity and what can be done so thadittonal knowledge with all its treasures
does not vanish. There are a majority of authors who really do not lose the focus of the developing world
and its dramatic problems, but they avoid topics like modern breeding(@ttieri & Nicholls, 2004;

Altieri, 2002; Scherr & McNeely, 2007; Thurston, 198therr et al. and in particular also Wood &
Lenne(Wood & Lenne, 199%)ffer highly interesting chapters on ttseience and pictice of

ecoagriculture. It iimpressive for the reader to learn about various schemes of integrated farming
systems, and some are really integrative and especially strong on the side of analyzing social dynamics,
history and economy, tops sometimes forgotten by conservationists and certainly by proponents of
high technology agriculture. On the other hand it is striking to see, with a few notable exceptions, that
modern breeding technology and in most cases also high technology manageragtttds like remote
sensing, GIS supported systems aremfbnlybriefly mentioned. In Scherr & McNee($cherr &

McNeely, 2007®ven a meticulous search does not reveal a single sentence on genetically engineered
crops, the otherwise extensive keyword index does not contain such words. On thehatinrit is
rewarding to see in the same book a treatment on remote sendughku et al., 2007¥tating that this

is an important instrument in the landscape planning of epaaulture (Gl$ased decision support).
Nevertheless, thecarcity of such treatmentgrovokes the serious question about bias against modern
agricultural technology. The same can be said from the IAASTD report. In a rebuttal to a [SttEmice
(Mitchell, 2008attacking the views of Fedorafffedoroff, 2008)the author(Ammann, 2008c)

commented about the IAASDD rep@AASTD http://www.agassessment.org/ 2007)

oMitchell referred to the IAASTD report to degrade the importance of transgenic braphis report does not meet scientific
reviewstandards and comes to questionable negativaclusions about biotechnology in agricultukel. Y T2 NY I G A2y I 6 2 dzi
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crops] carbeanecdotal and contradictory, and uncertairdyy’ 6 Sy SFA (& F Yy R KI Ni3dad juliginendighbrés2 A Rl 6 f S
thousands of high qualitgcience papers; it is not surprising timadst renowned experts left the IAASTD panefore the final
report waspublished @

The good thing about all thog#ted publications on ecoagriculture is to see with an open mind, that
transgenic crops and all high technology practices, even the first generation transgenic crops, could very
well fit into ecoagriculture andjice versathat ecoagricultural strategies could very well be introduced

into high tech agriculture. The possible positive role of biotechnology related to ecology and
conservation has been stated as early as 1@6l, 1996)It is fact which has been repetitiously stated

with solidjustification: The present day transgenic crops commercialized are not inherently scale
dependent, which meanshey can, with some adaptation the management, very well be integrated in
small scale farming which has been shown with success in Indid &hina with Bt cottofGruere

Guillaume P. et al., 2008; Herring, 2008; Vitale et al., 2008)

9. Interlude: the role of fundamentalist activists  and scientists with a

strong anti -GMO agendain the dispute about GM crops
New technologies always cause in the introductory pteseae concern, even anxiety amotige
population.Some nice examples from past technology introduction phases are summarized in
a1 @ a i @Ehavaler, 4997)the present situation is probablyebt analyzed byTaverne, 2005nd
KAa traSada o221 2y (Tavérs, 200ad)t IS0 davdstatinyidlded, that y €
development of modern breeding is hindered dramatically in AffRaarlberg, 2000)and it is one of the
perpetuating myths that the multinational companies are taking over in developing countoieshe
O2yGNI NEZ AGQa GKS Llzof A O NB doFAONShsticDRdMDietah,d R2 YA Y
2005)and(Cohen, 2005)The statistics of ISAAA show that the trend in developing countries is very
positivehttp://www.isaaa.org/resources/publications/briefs/37/executivesummary/default.html

Contrary to this constant positive trend in the development and spread of GM crops there is a
widespread activity existing of varioum#és of aniGMO activists, here just a very few typical examples:

There are four maitines of resistance workingantically to reverse thespositive trends:

T Scientists who publish questionable or simply flawed papers, based usually on lab protocols
which do not fit to international standards, such as Irina Ermateorat experimentgMarshall,
2007) for more details go to the ASKORCE of PRRI:
http://pubresreqg.org/index.php?option=com_smf&ltemid=27&topic=13.0

1 Activist websites like the ones of Greenpeggmducing lots of scaremonger material such as
the hoax of the 160@ead sheep in India which afjedly have eaten leaves of Bt cotton and died
afterwards, a story which has been perpetuated on the websites, despite scientific evidence that
the sheep did from infections. Full details on the ABRRCE blog of the European Federation of
Biotechnologyhttp://www.efb -central.org/index.php/forums/viewthread/13/
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1 Lay people like Jeffreyriith, a long time ardent member dfie Maharishi cult and fanatic anti
GMO authorHe publicly claimed there were 500 studies proving that yogic flying and
transcendental meditation cut crime and increasedHii. latest books proof of the contrary:
scae stolies in a professional layoukith very little verifable factsbut written in a brilliant style
in the mode:Throwplenty of dirt andsomewill be sureto stick (Smith, 2007)An excellent
documentation of many of those myths agdi®&M crops has recently been published by Peggy
LemauxLemaux, 2008)getting ®me excellent science into the debate.

1 The most problematic publications stem from scientists who filter facts, give @idee picture
by omitting crucial data, but per se come wittproducibleresults and manage to get them
published in peer revieweajirnals, a typical example comes from a member of GENOEK from
Tromsoe in Norway, a group pretending to have a holistic view in contrast to me&
scientists, but actually just do the exact contrary: Ann Myhre published a paper demonstrating
that the 35S promoter so often used to enhance transgene expression, shows some activity in
cultures of human cells. Thisgper seg a scary story, but in her papéviyhre et al., 20063he
and her ceauthors carefully avoid to tell the read#rat the very same promoter is eaten daily
in quantities by those wheelish vegetables of Brassicaceltare details see in the ASKORCE
text on the critical review ofDona & Arvanitoyannis, 200@hder
http://www.pubresreg.org/index.php?option=com_content&task=view&id=70

10. Two case studies on the impact of transgenic crops on biodiversity

and health
The twocase studies are just samples of an intensive biosafety research with thousands of peer
reviewed puhations, and the positive results from it are well documented. Worldwide, there has not
been a single incident of negative, permanent impact of GM crops, published in a peer reviewed journal,
which caused real problems in environment and food.

10.1. The case of herbicide tolerant crops, Application of Conservation

Tillage easier with herbicide tolerant crops

The soil in a given geographical area has played an important role in determining agricultural practices since

the time of the origin of agriculture in thEertile Crescent of the Middle East. Soil is a precious and finite
resource. Soil composition, texture, nutrient levels, acidity, alkalinity and salinity are all determinants of
productivity. Agricultural practices can lead to soil degradation and thariake ability of a soil to produce

crops. Examples of soil degradation include erosion, salinization, nutrient loss and biological deterioration. It
KFad 0SSy SadAYFGSR GKFG cmr 27F ( KWoriesRedbiirdedstituted NA O dzt
2000)

It may also be worth noting that soil fertility is a renewable resource and soil fertility can often be restored
within several years of careful crop management.

In many parts of the dev@ped and the developing wortidlage of soil is still an essential tool for the control of
weeds.
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http://dict.tu-chemnitz.de/english-german/some.html
http://dict.tu-chemnitz.de/english-german/will.html
http://dict.tu-chemnitz.de/english-german/be.html
http://dict.tu-chemnitz.de/english-german/sure.html
http://dict.tu-chemnitz.de/english-german/to.html
http://dict.tu-chemnitz.de/english-german/stick.html
http://www.pubresreg.org/index.php?option=com_content&task=view&id=70
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Unfortunately, tillage practices can lead to soil degradation by causing erosion, reducing soil quality and
harming biological diversity. Tillage systemsloarlassified according to how much crop residue is left on the
soil surface(Fawcett et al., 1994; Fawcett & Towery, 2002; Trewavas, 2001; Trewawas, Q008 rvation
GAETEF3S Aad RSTAY 8B systein thatlcofars mra than BM6Sof the \EdR sutfatel-wjth crop
residue, after planting, to reduce seilosion bys | i Gakett & Towery, 2002 he value of redudintillage

was long recognized but the level of weed control a farmer required was viewed as a deterrent for adopting
conservation tillage. Once effective herbicides were introduced in the latter half of thee?@ury, farmers

were able to reduce theiregpendence on tillage. The development of crop varieties tolerant to herbicides has
provided new tools and practices for controlling weeds and has accelerated the adoption of conservation
GATEF3AS LINF OGAOSA | yR -l 0O0SE SEINGEOR Fo@SS200R etbiciiieA 2y 2 F
tolerant cotton has been rapidly adopted since its introductiorfHawcett et al., 1994)n the US, 80% of
growers are making fewer tillage passes and &&deaving more crop residy€otton Council, 2003)n a

farmer survey, seventgne percent of the growers responded that herbicide tolerant cottad the greatest
impact on soil fertility related to the adoption of reduced tillage ortifigoractices(Cotton Council, 2003)n
soybean, the gwers of glyphosate tolerant soybean plant higher percentage of their acreage usiitigpno
reduced tillage practices than growers of conventional soybéanmgrican Soybean Association, 200y

eight percent of gyphosatmlerant soybean adopters reported making fewer tillage passes versus five years
ago compared to only 20% of nglyphosate tolerant soybean usgmerican Soybean Association, 2001)

Fifty four percent of growers cited the introduction of glyphosate tolerant soybeans as the factor which had
the greatest impatctoward the adoption of reduced tillage or #iti (American Soybean Association, 2001)
¢2RF&3X GKS &aOA SWIMITFIAIOA @I2AYUESINRIAIdENIS2 y2 yi Ady2 3S¢ Kl a 3|
references, a selection of some 1200 references from the last three years are given in the following link:
http:// www.askforce.ch/weliTillage/BibliographyNo-conservatiorTillage200620080626. pdf

Several important reviews have been published in recent months, the all tell a positive story regarding the
overall impact of herbicide tolerant cropsathe impact on the agricultural environment:

Here just a few examples and statement:

(Bonny, 2008)In a comprehensive revieidonny describes the unprecedented success of the introduction of
transgenic Soybean in the United States.

It is worthwhile to show one of the graphs about the statistics of glgpt®use, thus correcting some of the

legends spread by opponents, sometimes coming in seemingly sturdy statistics like ttB®splwbok, 2004)

stating that the herbicide and pesticide use has grown ever sincatitmeluction of transgenic crops. But a

closer, mordlifferentiatedf 2 2 1 NB @S| f & ( KA &Caipénterc&Siaessi, 200ND | y f SISy F


http://www.botanischergarten.ch/Tillage/Bibliography-No-conservation-Tillage-2006-20080626.pdf
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Fig.17 1. Main herbicides used on total soybean acreage, 12806 (as % of soybean surface treated by each herbicide)
(From USDA NAS®)91-2007). Withthe development of glyphosatdolerant soybean, this herbicide is used far more
extensively. Indeed, it replaces the herbicidesed previously; the Figure shows only a few of the lattétrom(Bonny, 2008)

OA comparison of transgenic versus conventional soybean reveals that transgenic glyjiblesate soybean allows both the
simplification of weed control and greater work flexibility. Cropping transgenic soybean also fits well with conseneaf#on til
Transgenic soybean has an economic margin similar to conventional soybean, despite a highest.s€kd next section

describes the evolution of the use of herbicides with transgenic soybean, and some issues linked to the rapid incraase in the

of glyphosate. At the beginning a smaller amount of herbicides was used, but this amount increase@Dpthdigh not

steadily. Nonetheless, the environmental and toxicological impacts of pesticides do not only depend on the amounts applied.
They also depend on the conditions of use and the levels of toxicity and ecotoxicity. The levels of ecotoxicityaseem

somewhat decreased. The success of transgenic soybeans for farmers has led to a higher use of glyphosate as a replacement for
other herbicides, which has in turn led to a decline in its effectiveness. However, the issue here is not only gjieeetiogim

itself, but rather the management and governance of this innovation.

(Cerdeira et al., 2008)so emphasize the benefidespite some green propaganda from Brazil and Argentina,
but point also to some potential problems with the evoluatiof glyphosate resistant weeds:

GgTransgeniglyphosateresistant soybeans3RS) have been commercialized and grown extensively in the Western Hemisphere,
including Brazil. Worldwide, several studies have shown that previous and potential effects of glyphosate on contamination of
soil, water, and air areninimal, compared to those caused by the herbicides that they replace when GRS are adopted. In the USA
and Argentina, the advent of glyphosatesistant soybeans resulted in a significant shift to reduaad notillage practices,

thereby significantly rducing environmental degradation by agriculture. Similar shifts in tillage practiced with GRS might be
expected in Brazil. Transgenes encoding glyphosate resistance in soybeans are highly unlikely to be a risk to wiléeplant spec
Brazil. Soybean israbst completely seffollinated and is a nenative species in Brazil, without wild relatives, making
introgression of transgenes from GRS virtually impossible. Probably the highest agricultural risk in adopting GRS in Brazil i
related to weed resistanc#/eed species in GRS fields have shifted in Brazil to those that can more successfully withstand
glyphosate or to those that avoid the time of its applicatibhese include Chamaesyce higava-de-Santaluzia), Commelina
benghalensistfapoeraba), Speracoce latifolia érva-quente), Richardia brasiliensis gia-branca), and Ipomoea spftorda
de-viola). Four weed specieSpnyza bonariensi€onyza anadensigbuva),Lolium multiflorum(azevem), anduphorbia
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heterophylla(amendoim bravo), have evolveesistance to glyphosate in GRS in Brazil and have great potential to become
problemsé

These findingsra also published in an earlistudy with a worldwide scope looking at the herbicide tolerant
crops of the Western Hemisphere by some of the saméast(Cerdeira & Duke, 200&)ith the same
outcome as aboveA summary on glypsatetolerant crops is also published (Ammann, 2004b; Ammann,
2005)

More pertinent review papers on soil erosion and other agronomic parameters have been published in
relationship with the new agricultural magement of herbicide tolerant weeds:

(Anderson, 2007; Bernoux et al., 2006; Beyer et al., 2006; Bolliger et al., 2006; Causarano et al., 2006; Chauhan
et al., 2006; Etchevers et al., 2006; Gulvik, 2007; Knapan 2007; Knowler & Bradshaw, 2007; Peigne et al.,
2007; Raper & Bergtold, 2007; Thomas et al., 2007; Thompson et al., 2008; Wang et al., 2006)

10.2. The Case of Impact of Bt maize on non-target organisms
In a study on environmental impact of-Btaize on theenvironment, a book project of now 350 pages,
the author also hasmcluded a commentary chapter for oveé80 scientific studies dealing with non
target organism which could be harmed by the cultivation of Bt maize. Observing strictly the baseline
compari®n with nonBt maize cultivation, it can be said that there is not a single publication pointing to
detrimental effects of Bt maize compared to other maize traits. Four meta studies have been published
recently with more or less stringent selection of datiblished in scientific journals, and all those meta
analysis do not show any sign of regulatory problef@hen et al., 2008; Duan et al., 2008; Marvier et
al., 2007; Wolfenbarger et al., 2008)

(Wolfenbarger et al., 20083 singled out here sinceig the best metaanalysis existing so far, the
selection criteria are clearly defined on all lsvahd based on a carefully filtered dataset, actually a

subset of the database published @yarvier et al., 2007pn the net under
www.sciencemag.org/cgi/content/full/316/5830/1475/DC1

In total, the database usetbntained 2981 observations from 18%periments reported in 47 published
field studieson cotton, maize and pota. Maize has been studied in the following two comparison
categories (including also data on potato and cotton).

9 The first set of studies contrasted Bt with ABhplots, neither of which received any additional
insecticide treatments. This comparisordegkses the hypothesis that the toxins in the Bt plant
directly or indirectly affect arthropod abundance. It also can be viewed as a comparison between the
Bt crop and its associated unsprayed ref(@euld, 2000)

1 The second set of studies contrasted unsprayed Bt fields witiBhpiots that received insecticides.
This comparison tests the hypothesis that arthropodratance is influenced by the method used to
control the pest(s) targeted by the Bt crop. (The third set of studies contrasted fieldsmiBtand
non-Bt-crops both treated with insecticides, a category which did not occur in theimeteled
studies oimaize.)

Great care was taken to eliminate redundant taxonomic units and multiple development stages of the same
species, with a preference of the least mobile development stage, also the datasets are all derived from the
same season.


http://www.sciencemag.org/cgi/content/full/316/5830/1475/DC1
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In contrast to the flowing study byMarvier et al., 2007Ahe statistical analysis was not done with the original

taxonomic units, rather the authors decidedtousé al RRA G A 2 ¥ | functRisgDIOER LAGIKRSNED ASA2ENJ
omnivore, predator, parasitoid, detritivores, or mixedMore details can be read in the original publication, as

a whole, databaserobustnessand sensitivity of the datasets have been thorougfilscussed and careful

decisions have been made in ordeigiet maximum quality of the metanalysis.

dn maize, analyses revealed a large rethrebf parasitoids in Bt fieldJ his effect stemmed from the lepidoptergpecific

maize hybrids, and examimgjrthe 116 obsefations showed that mostere conducted on Macrocentrus grandii, a specialist
parasitoid of the Btarget, Ostrinia nubilalis. There was no sigaificeffect on other parasitoideut M. grandiiabundance was
severely reduced Bt maize Hgher numbers of the generalist predator, Coleomegilla maculata, were associated with Bt maize
but numbers of other common predatory gene@xi(is,GeocorisHippodamia Chrysoperlawere similar in Bt and neBt

maize¢

The conclusion is rather simple: Baize is better for the environmenand in almost all field studies the
non-target insects, including a whole range of butterflies have a better survival chance thanBt non
crop fields.
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Fig.18 The effect of Bt crops onon-target functional guilds compared to unsprayed, naBt control fields. Bars denote the
95%confidence intervals, asterisks denote significant heterogeneity in the observed effect sizes among the comparisons (*
,0.05, ** ,0.01, *** ,0.001),and Arabic mmbers indicate the number of observations included for each functional group.

doi:10.1371/journal.pone.0002118.g00Hg. 1 from (Wolfenbarger et al., 2008)
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Fig.19 The effect of Bt crops on notarget functional guildscompared to insecticiddreated, non-Bt control fields. Bars
denote the 95% confidence intervals, asterisks denote significaeterogeneity inthe observed effect sizes among the

studies (*,0.05, ** ,0.01, *** ,0.001), and Arabic numbers indicate the numlaérobservations included for each functional
group.doi:10.1371/journal.pone.0002118.g00&Fg. 2 fom (Wolfenbarger et al., 2008)
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insecticidesprayed control§Fig. 2b). Significant heterogeneity occurred in predators, indicating variation in the effects of Bt

maize on this guild. For example, we detected no significant effect sizes for the common predator genera Coleomegilla ,

Hippodamia oChrysoperlaput the predator Orius spp. and the parasitoid Macrocentrus were more abundant in Bt maize than
in nonBt maize plots treated with insecticides. Partitioning by taxonomic groupings or the target toxin (Lepidoptera versus
Coleoptera) did not reduce heterogeneitighin predators. However, insecticides differentially affected predator populations.
Specifically, application of the pyrethroid insecticides lamtydelothrin, cyfluthrin, and bifenthrin in nest control fields

resulted in comparatively fewer predatowithin these treated control plots. Omitting studies involving these pyrethroids

revealed a much smaller and homogeneous effect size. Predator abundance in Bt fields was still significantly higher compared
with insecticidereated plots, but the diffeence was less marked without the pyrethroids (Fig. 3). Compared to the subset of
controls using pyrethroids, Bt maize was particularly favorable to Gpjps
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Fig.20 Effects of Bt maize vs. control fields treated with a pyretidl insecticide on predatory arthropod$ars denote the
95% confidence intervals, asterisks denote significant heterogeneity in the observed effect sizes among the

studies (* ,0.05, **,0.01, *** 0.001), and Arabic numbers indicate the number of observat ions included for each
functional group. doi:10.1371/journal.pone.0002118.g003 . Fig. 3 from (Wolfenbarger et al., 2008)

& .-niaize favord nontarget herbivore populations relative to insecticidleated controls, but there was also significant
heterogeneity, some of which was explained by taxonomy. Aphididae were more abundant in insecticide sprayed fields and
Cicadellidae occurred ingher abundance in the Bt maibe contrast to patterns associated with predators and detritivores,

type of insecticide did not explain the heterogeneity in herbivore responses. The pyretatad controls accounted for 85% of
the herbivore records. diividual pyrethroids had variable effects on this group, and none yielded strong effects on the
herbivores.

An underlying factor associated with the heterogeneity of the herbivore guild remained unidentified, but many possisle factor
were eliminated (e.g Cry protein target, Cry protein, event, plot size, study duration, pesticide class, mechanism of pesticide
delivery, sample method, and sample frequency).

An underlying factor associated with the heterogeneity of the herbivore guild remained unidebtifiedany possie factors

were eliminatect
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Fig.21 Effect of Bt crops vs. insecticieleeated, non-Bt control fields on soilinhabiting predators and detritivoresBars
denote the 95% confidence intervals, asterisks denoigrsficant heterogeneity in the observed effect sizes among the
studies (* ,0.05%*,0.01, *** ,0.001), and Arabic numbers indicate the number observations included for each functional
group.doi:10.1371/journal.pone.0002118.g004Fig. 4 fromWolfenbarger et al., 2008)
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with insecticides. The majority of this functional group is comprised of carabids (n= 33), nitidulids (n= 26), and &3j}es (n =

For potatoes, the abundance of predators (E = 0.6960.30, n =38), but not herbivores, was significantly higher iopti{Eigt cr

2c). Responses within each functional group were variable but sample sizes were too low to further partition this significant
heterogeneity.

Predatornon target herbivore ratio analyses

No significant change in predatprey ratios was detected totton or potato; in maize there was a significantly higher

predator prey ratio in Bt maize plots than in the insecticide controls (E = 0.6360.42, n= 15). Significant heterogeneity for the
predator: prey response existed in all three crops, but again lessiges were too small to explore the cause of this variability.
Predatordetritivore analyes.

The higher abundance of detritivores in sprayed-Bbmaize appeared to be drivenprimarily by two families of Collembola with

a high proportion of surfacactive species (Entomobryidae: E=20.2460.15, nS@hthuridae: E=20.2860.23, n= 43, Fig. 4).

Three other families, Isotomidae, Hypogastruridae, and Onychiuridae, with mesaidabe species, were similar in Bt and-non

Bt fields. We would expect surfaaetive collembolans to be more vulnerable to surfactve predators, and we detected a
significantly lower abundance in one predator of Collembola (Carabidae: E= 0.2360.22, n= 43) but not in another (S&phylinida
E=20.2160.23, n = 39, Fig 4). The othw detritivore families occupy different niches than Collembola and responded

differently to insecticide treatments. The abundance of Japygidae (Diplura) was unchanged (E =20.1160.35, n=9), but that for
Lathridiidae (Coleoptera) was higher in Bt mgEe=0.7660.70, n =6), suggesting a direct negative effect of insecticides on this
latter group. Lathridiid beetles, although being surfaaive humusfeeders, are larger and more motile than Collembola and

thus may be less vulnerable to predators and n@azf Y SNI 6t S (2 AyaSOiAOARSaDE
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As a whole, the study of Wolfenbarger et al. et al. did not reveal any negative effects, confirming for a
large amount of data and publications the environmental benefits of the Bt maize tested.

11. Bt corn has less cancer causing mycotoxins than conventional corn
Bt corn is definitely healthier: Many publications have demonstrated that Bt maize has less mycotoxins
with their bad reputation of cancerogeneity.

In a worldwide review(Placinta et al., 199%ummarized the situation on mycotoxmn animal feed
(including a comprehensive list of literature).

G ¢ KNBS Aubatiueh tniatoxidsTnay be considered to be of particular importance in animal health and productivity.

Within the trichothecene group, deoxynivalenol (DON) is widely associated with feed rejection in pigs2udiie Tan

precipitate reproductive disturbances in sows.

Another group comprising zearalenone (ZEN) and its derivatives is endowed with oestpogperties.

The third category includes the fumonisins which have been linked with specific toxicity syndromes such as equine

£ SdzZ] 2SSy OS LKLt 2YFEFOAlF 69[9a0 |yR LR2NDODAYS LizZ Y2yl NBE 2SRSY!I o¢

It is important to know that storage conditions are heavily inficeg the fumonisin content of the

maize cobs, as was shown (BRandohan et al., 2003; Gressel et al., 2004; Olakojo & Akinlosotu,ia004)
Africa: the storage conditions are often poor and foster fungal infection dramatically, also due 1o post
harvest weevils.

It seemdogical to fighttumonisin producing fungi with fungicides, but this is obviously not an easy task

according taD'Mello et al., 1998; D'Mello et al., 2001; D'Mello et al., 1998gre are no fedsie

solutions ready except the ones offered by the Bt crops. Also the use ofitinig sprays does not really

ONAY3d O2yaARSNIOGES NBYSRe® LG Aa AyaSNBadiay3a (G2 y
Fusarium resistant crops, in order to avoid the clearly detrimental effects of pigs reacting on high

fumonisin levels in feed.

Many studies in epidemiological human medicine have proven the clear pathogenicity of fumonisins:
Here the important critical review of many pertinent papegidarasas et al., 2004 hey found and cite
numerous studies which demonstrate that fumonisins are potential risk factors for neural tube defects,
craniofacial anomalies, and other birth defects arising from neural crest cells becausir afpgparent
interference with folate utilization.
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Some closing wordggriculture is in the centre of this text, and rightly so, since we have the urgent
task to feed aillion hungry peopleand there is no time for sterile sophisticated bickerimg

whether some hypothetical negative effects could emerge decades from now, since by then,
hundreds of millions of people will die from hunger and diseases. The case of the golden rice is
symbolic for the situation of mankind: we can develop it as fasta can, unhampered by over
regulation¢ or we may tolerate hundreds of thousands of children dying every year from pro
vitamin A deficiency. It is no coincidence that this article closes with some references essential for
the Golden Rice deba®epee et al., 1995; Humphrey et al., 1998; Humphrey et al., 1992; Mayer et
al., 2008; Miller, 2009; Potrykus, 2003; Stein et al., 2088jually the solution would be extremely
simple and its unconditional support wouldtor all institutions of the United Nations, including the
Convention of Biodiversity which has created the Cartagena Protocol on Biogdfahan beings
should be part of any risk assessment in technology: this is a request with enormous ethical
implications.
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