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before we can build
a sustainable world,
we must
1. redefine sustainability
and
2. free agriculture
from ideology and myth

Free agriculture from ideology and my



Sustainable World




What Is needed Is a serious reevaluation
of the existing regulatory framework in
the light of accumulated evidence and
experience.

An authoritative assessment of existing
data on GM crop safety Is timely and
should encompass protein safety, gene
stability, acute toxicity, composition,
nutritional value, allergenicity, gene flow,
and effects on nontarget organisms.

Fedoroff, N.V., Battisti, D.S., Beachy, R.N., Cooper, P.J.M., Fischhoff, D.A., Hodges, C.N.,
Knauf, V.C., Lobell, D., Mazur, B.J., Molden, D., Reynolds, M.P., Ronald, P.C., Rosegrant,
M.W., Sanchez, P.A., Vonshak, A., & Zhu, J.-K.

Radically Rethinking Agriculture for the 21st Century. Science, 327, 5967, pp 833-834
Podcast http://www.sciencemag.org/cgi/content/full/sci;327/5967/833/DC1 AND
http://www.botanischergarten.ch/Reqgulation/Fedorof-Radically-Rethinking-2010.pdf



http://www.sciencemag.org/cgi/content/full/sci;327/5967/833/DC1�
http://www.botanischergarten.ch/Regulation/Fedorof-Radically-Rethinking-2010.pdf�

Molecular processes
IN Genetic Engineering
and Natural Mutation:

there I1s no difference



Werner Arber, Nobel Laureate 1978:

Interestingly, naturally occurring molecular evolution,
l.e. the spontaneous generation of genetic variants has
been seen to follow exactly the same three strategies
as those used in genetic engineeringl4. These three

strategies are:

(a) small local changes in the nucleotide sequences,

(b) internal reshuffling of genomic DNA segments, and

(c) acquisition of usually rather small segments of DNA
from another type of organism by horizontal gene
transfer.

Arber, W. (2002)
Roots, strategies and prospects of functional genomics. Current Science, 83, 7, pp 826-828
http://www.botanischergarten.ch/Mutations/Arber-Comparison-2002.pdf

Arber, W. (2002)
Roots, strategies and prospects of functional genomics. Current Science, 83, 7, pp 826-828
http://www.botanischergarten.ch/Mutations/Arber-Comparison-2002.pdf



http://www.botanischergarten.ch/Mutations/Arber-Comparison-2002.pdf�
http://www.botanischergarten.ch/Mutations/Arber-Comparison-2002.pdf�

However, there Is a principal difference between
the procedures of genetic engineering and those
serving In nature for biological evolution. While
the genetic engineer pre-reflects his alteration
and verifies Its results, nature places its genetic
variations more randomly and largely
iIndependent of an identified goal.

And after ca. 10 years of safety assessment
transgenic crops are distributed to the millions

In a short time.

Arber, W. (2002)
Roots, strategies and prospects of functional genomics. Current Science, 83, 7, pp 826-828
http://www.botanischergarten.ch/Mutations/Arber-Comparison-2002.pdf

Arber, W. (2002)
Roots, strategies and prospects of functional genomics. Current Science, 83, 7, pp 826-828
http://www.botanischergarten.ch/Mutations/Arber-Comparison-2002.pdf
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Concepts of Intrinsic Value and Integrity of Plants
in Organic Plant Breeding and Propagation

E. T. Lammerts van Bueren.® P. C. Struik. M. Tiemens-Hulscher., and E. Jacobsen

The natural approach taken by organic agriculture obviates the
use of synthetic agrochemicals and emphasizes farming in accordance
with agmemlugical’—principtes. Also implicit in this approach is an
appreciation for the in regrfrEE.THiﬁTrgﬂFarm organisms, with the integ-
rity being evaluated from a biocentric perspective. The ethical value
assigned to integrity of organisms has challenged us to develop criteria
for evaluating both integrity and breeding techniques. For cultivated
plants, integrity refers to their inherent nature, their wholeness, com-
pleteness, species-specific characteristics, and their being in balance
with their (organically farmed) environment. We exﬁlﬁte—iﬁle—griﬁ
USing criteria derived from four different perspectives: integrity of life|
%Iant-speciﬁc Infegrity, genofypic infegrity, and phenofypic infegrity.
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Gamma Field
for radiation
breeding

Co-60

source at
the center
Shielding
dike 8m
high

Better
institute of spaghettis; Whisky

Radiation Breeding

Ibaraki-ken, JAPAN
http://www.irb.affrc.go.jp/ 1800 NEVV p|antS
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Chordates
Plants
Molluscs
Crustaceans
'Protozoa’
Insects
'‘Algae’
Arachnids
Nematodes
Fungi
Viruses
Bacteria

Others



http://www.botanischergarten.ch/biodiversity/Purvis-Nature-Biodiv-Measure-2000.pdf�
http://www.botanischergarten.ch/biodiversity/Purvis-Nature-Biodiv-Measure-2000.pdf�
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Natures Crop Flelds

cereals often grow In
monodominant populations

barley, rice, wheat, sorghum
were choosen by first farmers
for their simple natural models

Wood, D. & Lenne, J. (2001)
Nature's fields: a neglected model for increasing food production. Outlook on Agriculture, 30, 3, pp 161-170

http://www.botanischergarten.ch/Organic/Wood-Natures-Fields-2001 .pdf
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Nature’s fields: a neglected model
for increasing food production

D. Wood and J. Lenné

). Wood is based in ICRISAT in Andhra Pradesh, India. [. Lenné is Deputy Direcior
Ceneral — Besearch, ICEISAT, Paotanchern 502 324, Andkrg Pradesh, India. E-mail:

- lemne@cgiar org.

[ [). Wood s an imdspeedent oorsuliznt
speciaizing in genefic rescurce poticy and
erolegical approeches to ggricefture. He mes
formerly botamist af e East Africa Herbariwn,
Nirirobi; lectirer im acclogy im Hee Uriversity of
the West [ndiss, Trimidad; [Mrector of the Emypal
Socicty Fesearch Station, Aldsbra Atoll; plant
arplorer i Ethispin med Yemeen; ond Head of
the Genefic Besource Unit in CIAT, Colomb.
¥ |. Lemné is fee Depuity Divector Gemeral —
Kesegrch, Intermational Crops Resesrch
Imstitute for the Semi-Arid Tropics and Visiting
Professor of Agrobiod iversity 2t the University
of Greemwich. She mwes formely Prograreme
Leader — Stratepy for DD Orop Proteckon
Programme; Dhrector, Crop Frotection
Mimision, [CRISAT, India; ard Principal Plant
Pathologist, (TAT, Colowehia. Roth outhors beee
recently edifed 2 book on Agrobindiversity for
CAB Imtermetional.

MNatural ecosystems can offer attractive models for sustainable crop

production, but hitherto only relatively complex vegetation has been
considered. This review focuses on simple vegetation with a single
dominant species. There are many reports of wild relatives of rice,
sorghum and wheat insimple, extensive, often annualand apparently
stable natural stands. These ‘wild fields’ could provide appropriate
models for the ecologically sound management of cereal fields. The
authors suggest that early farmers had a working knowledge of the
ecology of wild cereal vegetation: this was important during cereal
domestication and subsequently in crop management. There isa need
for field research on monodominant wild cereal vegetation to confirm
the value of simple natural models and to provide an ecological pedigree
for the sustainable management of fields for food production.




Fig. 1. Distribution of the wild varieties of Sorghum
bicolor: var. aelhiopicum @ ; var. arundinaceum O : var.
verticilliflorum @ ; var. virgatum (J . Each dot represents
a collection.

Fig. 72 Distribution of the wild varieties of Sorghum bicolor, original caption from [De Wet =t al_, 1970) caption see sbowe.
See the full list of the taxa in the previous figure. The wild varieties in this map comprise S5orghum race cethiopicum,
erundinaceum, verticillifforvm snd wirgatuem.
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The conceqguences: we should forget
about the sterile ideological

warfare on organic farming

versus high tech farming.

Lets integrate those two agricultural
strategies for the benefit of all farmers

Ammann, K. (2008)
Feature: Integrated farming: Why organic farmers should use transgenic crops. New Biotechnology, 25, 2, pp 101 - 107
http://www.botanischergarten.ch/NewBiotech/Ammann-Integrated-Farming-Organic-2008.publ.pdf

Ammann, K. (2009)
Feature: Why farming with high tech methods should integrate elements of organic agriculture. New Biotechnology, 25, 6,

pp 378-388
http://www.botanischergarten.ch/Organic/Ammann-High-Tech-and-Organic-2009.pdf

deRenobales-Scheifler, M. (2009)

More sustainable food: Genetically modified seeds in organic farming Junta General del Principado de Asturias Sociedad
Internacional de Bioética (SIBI), Gijon, Basque, Spain, pp 119

http://www.sibi.org/ingles/jgp/p2009.htm English, AND http://www.sibi.org/jgp/p2009.htm Spanish AND
http://www.botanischergarten.ch/Organic/DeRenobales-Scheifler-GM-Seeds-Organic-2009.pdf AND http://www.araba.ehu.es/p208-

content/eu/contenidos/noticia/20100211 mertxe renobales/eu np/20100211 mertxe renobales.html
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Ammann, K. (2008)
Feature: Integrated farming: Why organic farmers should use transgenic
crops. New Biotechnology, 25, 2, pp 101 - 107

http://www.botanischergarten.ch/NewBiotech/Ammann-Integrated-
Farming-Organic-2008.publ.pdf

Ammann, K. (2009)

Feature: Why farming with high tech methods should integrate elements
of organic agriculture. New Biotechnology, 25, 6, pp 378-388

http://www.botanischergarten.ch/Organic/Ammann-High-Tech-and-
Organic-2009.pdf
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Old Order Amish Farmer in Lancaster, Penssylvania




Agricultural eco-systems
are very dynamic, contrary
to natural ecosystems,
evolving on a slower pace



Grass
Corn residues
Potatoes by products
Cabbage biomass
nutrients Grapes
Hemp
Cows
Sheep
Ponds )
(water plants, Rabbits
fish) Chickens
Ducks
excreta fuel
excreta
nutrients
Biodigester
&

Vermicomposter



http://tclocal.org/2009/09/visioning_county_food_2.html�

Sylvo-pastoral Subsystem:
- hay and pasture supporting multi-
species grazing animals
- trees and hedges for food, forage,
fertility, shade, shelter belts, etc.

Rotating Crop
Polycultures
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Myths about centers of
(crop)-biodiversity 1

Centers of origin not
more susceptible to
Invasive disturbance
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Vavilov Centers of Crop Diversity

14. Vavilov, N.I. 1949. Chronica Botanica: An International Collection
of Studies in the Method and History of Biology and Agriculture.
Vol. 13. Waltham, MA



Sunflower




WuLsr 1235 Leg=un 1280 CizEMDS 1082
I 4000 - 5000
I - 5000

BarTHLOTT 2t al.
2005

BarRTHLOTT 2t al. 1009
modified afier BaRTHLOTT 1094

KiEr 192&
{unpullished)

Fig 1: Historical evolunon of maps displaying plant species richness patierns m Afnca. Apart from the map of WULFF
(19535), which indicates the total species nchness of the displaved areas, the maps show species nchness per standard area of
10,000 lan?. All maps are inventory-based and to a varying degree rely on expert-opinion. The same legend of ten classes

as dizplayed was applied to all maps
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The original Vavilov centers j)



ttp://www.botanischergarten.ch/Genomics/Hawkes-Vavilov-Man-Work-1990.pd�
http://www.plantsciences.ucdavis.edu/gepts/PB143/lec02/pb143l02.htm�

Alterations ——
Additions ===



http://www.plantsciences.ucdavis.edu/gepts/pb143/lec10/pb143l10.htm�
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http://www.botanischergarten.ch/Invasive/Fridley-Invasion-Paradox-2007.pdf�

Myths about centers of
(crop)-biodiversity 2
example of center of
origin for sorghum In
Africa, traditional and
novel views
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Ejeta, G. & Grenier, C. (2005)
Sorghum and Its Weedy Hybrids.
In Crop Ferality and Volunteerism
(ed J. Gressel). CRC Press, Boca
Raton

http:/iwww.botanischergarten.ch/
Africa-Harvest-Sorghum-Lit/Ejeta-
Feral-Chapt8-Sorghum.pdf

Fig. 13 Pattern of Domestication and Spread of the Genus Sorghum. From (Ejeta & Grenier, 2005)
see chapter on Centers of Origin of the Genus Sorghum for more comments.
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http://www.pbs.org/newshour/indepth_coverage/science/stoneage_slideshow/index.html?page=2�

More than
1000 metres



http://web.me.com/uriarte/Earths_Climate/A_wetter_Africa.html�
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Main topic of the lecture:

Biotechnology contributes
to biodiversity
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Figure 3.5: Evolution of the area planted with no-till farming and type of herbicide used
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Figure 28 Survival curves for monarch larvae placed in and near B and non-8¢ com fields. (2) lowa. (D) New York.
The survival curves of larvae pooled over the three Bt corn sites were not significantly difierent from thoze in non-Bt
(Fig. 13a). In New York, trends in survivorship were also statistically the same for cohorts of larvae feeding for

22 ¢ays on milkweeds in Bt and non-Bt fields (Fig. 13b). (Stanley-Hom et al_, 2001)
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No statistically significant differences
between treatmemts and control for

Geometric Mean of Abundance +1

FIGURE 6. Population density of Alopeosa sp (Araneas: Lycosidas). Plotted are the prometric means of
abundance + 1 per trap against time: (@) untransformed corn (contml); (4) Br-corn; (4
untransformed com treated with Delfin; (@) untransformed com treated with Karate X press;
Day 0, spray day. No statistically significant differences between treatments and the con trol were
observed (Tukev test, P = 0.05).
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orary impact of pesticide Karate
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FIGURE 2. Population density of Orius sp. (Hetem plera: Anthocoridae). Plotted are the geomelne means
of abundance + 1 per trap against time: (@) untransformed com {(control); (¥) Bt-com; { &)
untransformed com treated with Delfin; (@) untransformed comn treated with Karate Xpress;
Day 0, spray day. Statistically significant treatment effects when compared to control are circled
(Tukey test, P = 0.05).
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comn treated with Karate Xpress; Day 0, spray day. No statistically significant (Crossvalidatons

Jacknile) treatment effects were observed.
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Bt Crop Effects on Functional Guilds of Non-Target
Arthropods: A Meta-Analysis
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redator-nontarget herbivore relations hips.

ecxamined community level responses using predators prey ratios
to provide an alternate measure of Impact on pest management
sermvices. To estimate predator to prey rados, we identfied sooadies
n our database m which both predator and herbavore funcoonal
groups were measured. We then summed the mean abundance of
predators Cal pe oty And  herbivores  (Aeanpg pon. for cach
relevant study and used these measores o estimate the gQuotient
of predators over herbivores (prey). The variance of this quotent is
gIven as

Meanpredator . Q¥ Herbivores Varpredators
—_— %y | _—
Mearn grorbivare J'v' Meangy, g o Mean, ainwors

where  Fargosioer and Farpogee. arc the som of variances of
individual herbivores or predators in a green study. We assamed
that the covariance berween predators and herbivores was zero,

and  thus this varnance cstimate 13 conscrvative.  Species of



(A) Cotton

Effect size

(B) Potato

Figure 5. Effect of insecticide-treated Bt crops vs. insecticide-
treated non-Bt control field on non-target functional guilds.
Bars denote the 95% confidence intervals, asterisks dencte significant
heterogeneity in the observed effect sizes among the studies (* <005,
w007, #H =20.001), and Arabic numbers indicate the number of
observations included for each functional group.
doii10.1371/journal.pone 0002118.g005
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THIRSTY WORK
It takes staggering quantities of water to grow some common crops - water that many countries cannot afford to lose
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Table 2

Relevant examples of genes conferring drought tolerance

Genes

Function

Mechanism of action

References

DREBs/CBFs; ABF3

SNACT
OsCDPK7

Farnesyl-transferase (£RAT)

Mn-SC0
AVPYI
HVAL: OsLEA3

ERECTA

otsA and otsB

P5CS

il

G145

NADP-Me

Stress induced transcription factors

Stress induced transcription factor
Stress induced Ca-dependent
protein kinase

Negative-regulator of ABA sensing
Mn-superoxide dismutase

Vacuolar H' -pyrophosphatase
Stress induced LEA proteins

A putative leucine-rich repeat
receptor-like kinase is a major
contributor to a locus for A on
Arabidopsis chromosome 2
Escherichia coli trehalose
biosynthetic genes
&-Pyrroline-5-carboxylate synthetase

Mannitol-1-phosphate dehydrogenase

14-3-3 protein

NADP-malic enzyme

Enhanced expression of downstream

stress related genes confers drought/cold/salt
tolerance. Constitutively overexpression can
lead to stunting growth

SNACT expression reduces water loss
increasing stomatal sensitivity to ABA
Enhanced expression of stress responsive genes

Down-regulation of farnesyltransferase

enhances the plant’s response to ABA and
drought tolerance reducing stomatal conductance
Overexpression improves stress tolerance

also in field conditions

Owverexpression facilitate auxin fluxes

leading to increased root growth
Over-accumulation of LEA increases

drought tolerance also in field conditions
ERECTA acts as a regulator of transpiration
efficiency with effects on stomatal density,
epidermal cell expansion, mesophyll cell
proliferation and cell—cell contact

Increased trehalose accumulation correlates

with higher soluble carbohydrate levels, elevated
photosynthetic capacity and increased tolerance
to photo-oxidative damage

Enhanced accumulation of proline

leads to increased osmotolerance

Mannitol accumulation leads to

increased osmotolerance

Lines overexpressing G /4N have a “stay green’
phenotype, improved water stress tolerance and
higher photosynthetic rates under water

deficit conditions

The overexpression decreased stomatal
conductance and improves WUE

-

Oh et al. (2005),
Ito et al. (2006)
Hu et al. (2006)
Saijo et al. (2000)

Wang et al. (2005)

McKersie et al. (1996)

Gaxiola et al. (2001 ),
Park et al. (2005)
Bahieldin et al. (2005),
XNiao et al. (2007)
Masle et al. (2005)

Garg et al. (2002)

Kawvi Kishor et al. (1995),
Zhu et al. (1998)
Abebe et al. (2003)

Yan et al. (2004 )

Laporte et al. (2002)
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Figure 1.
Monthly Prices of Select Commodities on World Markets, Jan. 1980 - May 2008
(Nominal U.S. dollars, indexed to January 2000 = 100)
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Biodiesel crop species

Oil palm

Jatropha
Rapeseed (canola)
Sunflower

Soybean

Oil (L/ha)

2,400
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400

Data: United Nations Development Program/World Bank




Laminaria
hyperborea

1000 fields
3km long
0.6km broad

harvested
every third year

replaces the

production of
Saudi Arabia
in crude oil

figures from a
prelimininary
project of the
Delft University
of Technology
and Shell
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PERSPECTIVE

Radically Rethinking Agriculture
for the 21st Century

N. V. Fedoroff,'* D. S. Battisti,” R. N. Beachy,> P. ]. M. Cooper,® D. A. Fischhoff,”
C. N. Hodges,® V. C. Knauf,” D. Lobell,® B. J. Mazur,” D. Molden,*® M. P. Reynolds,**
P. C. Ronald,™® M. W. Rosegrant,*® P. A. Sanchez,™* A. Vonshak,*” ].-K. Zhu®¢

Population growth, arable land and fresh water limits, and climate change have profound
implications for the ability of agriculture to meet this century’s demands for food, feed, fiber,
and fuel while reducing the environmental impact of their production. Success depends on the
acceptance and use of contemporary molecular techniques, as well as the increasing development
of farming systems that use saline water and integrate nutrient flows.
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Fig. 1. Saline farming. Upper and lower right, brackish-water agriculture and tomato farming,
Negev desert, Israel; center, saline farming of the halophyte salicornia, Eritrea.
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Salicornia

with great
potential

in coastal
situations
of desert
countries
like the
Gulf States
and Israel

several
annual
and
perennial
species
and other
genera
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sustainable solutions for ending hunger and poverty

THE WORLD FOOD SITUATION

New Driving Forces and Required Actions

Joachim von Braun




Prometheus Unbound: Revolutionary Advances in
Biological Technologies
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1,800  CEREAL PRODUCTION

1950 650 million tonnes
2000 1,900 million tonnes

1,400 LAND SPARED
E 1.1 billion ha
m
£ 1,000
=
S
= 600

LAND USED

660 million ha
200

1950 1960 1970 1980 1990 2000

* Uses milled rice equivalents
Source: FAQ Production Yearbooks and AGROSTAT
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Extreme environmental elitists seem to be
doing everything they can to derail scientific
progress.

Small, well-financed, vociferous, and
antiscience groups are threatening the
development and application of new
technology, whether it is developed

from biotechnology or more conventional
methods of agricultural science.

Borlaug, N.E. (2000)
Ending world hunger. The promise of biotechnology and the threat of

antiscience zealotry. Plant Physiology, 124, 2, pp 487-490
http://www.botanischergarten.ch/Developing/Borlaug-Antiscience-2000.pdf
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Those of us on the food front still have a big
job ahead of us.

So let’s get on with the job. Most of those who
are in attendance today will face the
challenge of producing the science and
technology to increase world cereal
production by at least 50% over the next

two decades, and to do so in environmentally
more sustainable ways. There is no room for
complacency.

Borlaug, N.E. (2007)
Sixty-two years of fighting hunger: personal recollections. Euphytica, 157, 3, pp 287-297
http://www.botanischergarten.ch/Developing/Borlaug-Sixtytwo-Years-2007.pdf
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