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Seed and Water

Irrigation accounts for about 70% of global water
withdrawals




Seed and Water

48.3%

Cotton and Sugarcane, occupy 3% of the area and
use 20% of the total irrigation water
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Too much and too little

1.5 billion overweight,
500 million obese

842 million extremely
undernourished, 165 million
children stunted, 1.2 billion
malnourished



Clinical Impact of Diabetes Mellitus

The leading cause ‘ A 2-to 4-fold
of new cases of r increase in
end-stage ‘ cardiovascular risk

renal disease \ /
-

The leading cause of
nontraumatic lower
extremity amputations

Diabetes

The leading cause
of new cases of
blindness in
working-aged adults
Harris MI. In: Diabetes in America. 2 ed. 1995. Washington, DC: National Institutes of Health;

1995. NIH publication 95-1468. Wingard DL et al. In: Diabetes in America. 2% ed. 1995. NIH
publication 95-1468. Kuller LH. In: Diabetes in America. 2% ed. 1995. NIH publication 95-1468.
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Increase in overweight and obesity
» from 1980 to 2013
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Number of fithess center in the US
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Health Club Industry in the US
(2007 data in USD)

Total Revenues 17.6 billion
Equipment Sales 4.7 billion

Total
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What do we die of?

Diabetes
+89.7%

®1990 2013
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Sub-Sahran Africa

‘

Urbanization

'

More processed food

L> obesity, heart disease,
cancer, and type 2 diabetes

Source: The Lancet Diabetes & Endocrinology, July 2015



Hunger and Malnutrition

Increasing evidence that is not a problem of
production but a problem of availability and/or
accessibility
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Not all garbage bins are the same size
(kg of waste per person)

Sub Saharan
Africa/South East Asia

Europe/N. America






Figure | —Change in average maximum temperature (°C), 2000-2050

CLIMATE CHANGE




Figure 2—Change in precipitation (mm), 2000-2050




Climate Change: a moving breeding
target, and could be a different
target in different locations
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Who is feeding the world?

Nomads 70%
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Climate Change and Nutrition
Loss of 63 millions life-years

Zinc and Iron Deficienc —¥% !IZ,n

co,

LETTER

Increasing CO, threatens human nutrition

Samuel S. Myersl’g, Antonella Zanobetti', Itai Kloog3, Peter Huybers“, Andrew D. B. Leakeys, Arnold J. Bloom®, Eli Carlisle®,
Lee H. Dietterich’, Glenn Fitzgerald®, Toshihiro Hasegawa’, N. Michele Holbrook'?, Randall L. Nelson'', Michael J. Ottman'?,
Victor Raboy', Hidemitsu Sakai”®, Karla A. Sartor'*, Joel Schwartz', Saman Seneweera®, Michael Tausz'® & Yasuhiro Usui”

doi:10.1038/naturel3179

=~ Dietary deficiencies of zinc and iron are a substantial global public  exper™mqnts contribute more than tenfold more data regarding both
health problem. An estimated two billion people suffer these defi- the zigednd iron content of the edible portions of crops grown under

sloc! ing a loss of 63 million life-years annually>’ Most=e ACE conditions than is currently available in the literature. Consistent

these people depend-on-foprame—and=tegumes=as=their prima with earlier meta-analyses of other aspects of plant function under FACE

dfetary source of zinc and iron. Here we report that C; grains and — COMmtsags'*", we considered the response comparisons observed from

legumes have lower concentrations of zinc and iron when grown different spgries, cultivars and stress treatments and from different years
nder field conditions at the elevated atmospheric CO, concentra- _tg he=rfependent. The natural logarithm of the mean response ratio
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Stewart’s wilt (tfransmitted by the corn flea beetle) frequency may be increased by climate change
(flea beetle from Shelton - http://www.nvsaes.cornell.edu/ent/factsheets/pests/cornfb.html;




found in eastern North America,

is one of about 250 bumik ‘ :
species worlkimige % -

CLIMATE CHANGE

Bumblebees aren’t keeping up
with a warming planet




Your produce choices
without bees
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1.1%
23.0%
Collapsing 0.2%
Still Increasing 75.7%

Stagnating




Maize

Never Improved
Stagnating
Collapsing
Still Increasing 70.1%




Never Improved
Stagnating
Collapsing

Still Increasing

1.0%
35.1%
1.4%
62.5%




Never Improved
Stagnating
Collapsing

Still Increasing

1.3%
36.8%
0.8%
61.2%




In betweer(24 -39% )of the area planted with
those 4 crops, yields never improved, or are
stagnating or are collapsing



Adaptation to Climate Change

Adaptation has emerged as
a central area in climate
change research

IPCC WGII AR5 Technical Summary, March 2014



The first vascular plant: Cooksonia

450 million years ago

NoO Leaves

P :
Between 400 and 350 millions year ago
the CO, content started to decrease to
the level of today

W.H. Lang published the first species of Cooksonia in 1934. He gave the genus name
Cooksonia in honor of the Australian paleo botanist Isabel Cookson



A superb example of adaptation:
response to decrease CO, content

P
Overtopping Planation Webbing
380 Myrago ——> 370 Myr ago
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Simple branching Main stem bearing Side branches Infilling between side

(e.g.) Rhynia

side branches
(e.g.) Psilophyton

dividing in the
same spatial plane
(e.g.) Actinoxylon

branches to produce
a true leaf
(e.g.) Archaeopteris




Decrease of stomata as a response
to an increased CO, content

— 140k
f o
8> L n
e
@ g
© P a0k
worn
Z®
o E a
o O
o =
= B0
&
{!;,1 L1 J
ac 1700 1800 1800 an 2000
Dale
L 1 § i ] 11
280 300 420 340

20y mole traction tpmcl mal )

Fig. 1 Abaxial stomatal densities of herbarium stored leaves of
Acer pyeudoplatanus, Carpinus betulus, Fagus sylvatica, Populus
nigra, Quercus pefraea, (). robur, Rhamnus catharticus and Tilia
cordata. Leaves had been stored in the herbarium in the Department
of Botany, University of Cambridge. Gnly leaves on reproductive
shoots were sampled, with the assumption that these leaves had
developed in full irradiance. Five leaves of each species were
sampled from different dates, back to Ap 1750, and [fom collections
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Biodiversity







Reduction of biodiversity
igdiversity

'»ﬁSburcﬂe: International Uion for Conservation f
Nature (IUCN)




doi:10.1038/naturel11148
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H. Charles J. Godfray

Density-yield curves help evaluate whether land sharing or land sparing most benefits biodiversity.
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High plant diversity is needed t¢ maintain ecosystem

services
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Protecting crop genetic diversity for

food security: bﬁ&l Igléitaeﬁ,l

technical chall

José Esquinas-Alcdzar

Natural immunity,

Biodiversity loss and inflammatory diseases are tffo global megatrends that might be related

Leena von Hertzen, Ilkka Hanski ¢ Tari Haahtellp

Biodiversity can support a greener revolution
in Afrlca

e e wins P B QEE G

2The Kellogg Biclogical Station, Department of Crop and Seil Sciences, Michigan State University, Hickory Corners, MI 49 Farmhouse, Cringleford,
Norwich NR4 6TR, United Kingdom; “Everglades Research and Education Center, University of Fiorida, Belle Glade, FL 33430; “Department of Geography,
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EMBO

reports

Natural immunity

outloo

Qiodiversity loss and inflammatory diseases are two global megatrends that might be rela@

Leena von Hertzen, Ilkka Hanski & lari Haahtela

e are witnessing two global and

deeply worrying trends that, at

first glance, seem unrelated.
The first trend is the ongoing decline in bio-
diversity, which is caused by human actions.
It could well become the sixth mass extinc-
tion of animal and plant species on Earth,
comparable in magnitude with the fifth mass
extinction at the end of the Cretaceous,
65 million years ago. The second trend is a
rapid increase in chronic diseases that are
associated with inflammation, especially in

st il I N e M

microbiota? What is the relationship of
the microbiota living on our skin, in our
respiratory system and in our gut, with
the environmental microbiota? What are the
effects of any changes in human bacterial
communities on human health?

Our proposal would expand the ‘hygiene
hypothesis’, which posits that environments
rich in microbial diversity confer protection
against allergic and autoimmune diseases
(Rook, 2009). While the hygiene hypo-
thesis mainly focuses on microbes in the

bt e e df Nl o
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Overall, one-third of the 56,0
animal and plant species that
are sufficiently well known to
allow the evaluation of their
status are threatened

decline shows no signs of slowing down;
various pressures on biodiversity continu
increase (Butchart et al, 2010). On the b
of figures from the Millennium Ecosys
Assessment, the pre-human backgro
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These 10 Corporations Control Almost Everything You

Buy
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Who decides what you will have for
dinner tonight?




A uniformity-
dominated
~ agriculture

————




The percent share of the global
seed market




The percent share of the global
pesticides market




Out of the 12 most dangerous
chemicals in the world, 9 are
pesticides
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Smarter Pest Gontrol

Www.sciencemag,org/special fpesticides

Growing Up With Pesticides

Long-term studies of the effects of pesticides and other environmental chemicals
on the very young brain are coming up with worrisome results

SALINAS VALLEY, CALIFORNIA—Its a sunny
July day, sweltering by midmorning. Fields
with meticulously maintained rows of lettuce
and bushy, berry-laden strawberry plants

ings | remember | would ask my husband,
‘What's that smell?’ ” Aguilar recalls. But
they became accustomed to it. “That was nor-
mal for us at that time.” Aguilar says. Today

ences in certain brain regions during early
childhood development.

A main culprit in the Columbia study,
chlorpyrifos, was phased out in 2001 for
most residential use, and urban exposure in
the United States has dropped dramatically—
but it’s still widely used in agriculture. And
a whole generation may already be suffering
subtle but prolonged effects, says epidemi-
ologist Virginia Rauh, deputy director of the
Columbia Center for Children’s Environ-

«o1TY 1a

wnloaded from www.sciencemag.org on August 16, 2013



Are pesticides inevitable?

Approximately 99% of pests are controlled

by natural enemy species and host plant
resistance

Each insect pest has an average of 10-15
natural enemies that help control it

Source: Pimentel, D., Wilson, C., McCullum, C., Huang, R., Dwen, P.,, Flack, J.,
Tran, Q., Saltman, T., Cliff, B. Economic and Environmental Benefits of
Biodiversity, 1997 BioScience 47: 747-757.
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Clinical Impact of Diabetes Mellitus

The leading cause - A 2-to 4-fold
of new cases of P W increasein

end-stage j ol u cardiovascular risk
renal disease u /

Diabetes

The leading cause =)\ The leading cause of
of new cases of 3 nontraumatic lower
blindness in . ~ extremity amputations
working-aged adults
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FEEDING
THE WORLD
WITHOUT GMOS
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the solution




The fundamental theorem of
natural selection (FTNS)
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(Fisher, 1930)
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OPEN a ACCESS Freely available online

*PLoS o]

Field-Evolved Resistance to Bt Maize by Western Corn

Rootworm

Aaron J. Gassmann*, Jennifer L. Petzold-Maxwell, Ryan S. Keweshan, M

_\(l;apt;mun and Invasiveness

of \\.L'>I'&‘I’i] ( :( )1 I\)f YOTworim:

Critical Reviews in Plant Sciences, 32:458-482, 2013
Copyright & Taylor & Francis Group, LLC
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trade-offs | t'echnology: reduced
REE,RIRDIGT Bt cotto
benefits aphids

Mind Bug Outbreaks iIn MUItiple cropSWéckersz, Felix E. Wettstein', Dawn M. Olson?,
Correlated with Wide-Scale Adoption [™"

of Bt Cotton in China

Yanhui Lu,* Kongming Wu,™* Yuying Jiang,” Bing Xia,” Ping Li,” Honggiang Feng,’

Kris A. G. Wyckhuys,*t Yuyuan Guo*




Adoption Rate (Percent)

100

A commercial success

- = = Maize Soybean



Adoption Rate (Percent)

100

_...ora probl em of choice?

- = = Maize Soybean



Use of Pesticides

Table 1 Projected rates of change in herbicide use since

the most recent USDA survey, relative to recent annual
percent changes in rates

2010-2011 2005-2010 Per Year 2005-2010

Corn

Substantial increases in the number
anchrolumezof herlmeides applied

Soybeans 2007-2011 2000-2006 Per Year 2000-2006
Total Herbicides 3.2% 35.2% 5.5%
Glyphosate 3.3% 53.4% 8.9%

Cotton 2010-2011 2007-2010 Per Year 2007-2010
Total Herbicides 2.2% 3.1% 1.0%
Glyphosate -1% -103% -3.4%




Organic Agriculture:cdve petiliiem
solution

O minimizes soil erosion

. e r ‘-
VieldS it dhemnditignane lower

than under conventional . ~ .
QO uses crop rotations to minimize buildup of

weeds, diseases and insect populations

O promotes evenness among natural enemies
and this avoids the selection of new, often
more aggressive strains of fungi, insects or
weeds
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The Evolution of Plant Breeding

For millennia plant breeding has been done by farmers

Many different farmers
in very many places

Selected for specific
- adaptation __

Resilien@ndtdeemer and
at global level




The Evolution of Plant Breeding

With the beginning of Genetics plant breeding was taken
away from farmers and started being done by very few
people in very few places

Selection for wide
adaptation

|

Displacement of
landraces



Plant Breeding and Wide Adaptation

The Green Revolution

A definition used for the first time by William Gaud, the then
Director of USAID to indicate a movement to increase agricultural
production based on:

O New varieties
Irrigation
Fertilizers
Pesticides
Mechanization

O 0O 0O O



Con
venti
ntional Br
eedi
ng

RE‘X‘AV 7:" “
Ty & T

Statq:




The Green Revolution

Food Security > Food Safety
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Amount (g) of cereal needed to fulfil the
requirement of Protein, Iron and Zinc

1200

+23%

1000

800

600

400

200

1961 2011

@ Protein ®lron ®Zinc ®energy


file:///C:/Users/sceccarelli/My Presentations/2015/NAVDANIA 2015/NAVDANIA_2015_2.ppt#1. A fundamental problem in plant breeding 

Seeds of Future




A Plant Breeding Program

Molecular Breeding

Making ' Genomic Selection
ﬁ Crosses
New Selection of
parents new varieties
Adoption

Variety Release

L Production of ' ,
Certified Seed



Return to Diversity through
Participatory Plant Breeding




A Plant Breeding Program

New genetic materials

Stages in

& Stages on station farmers’ fields

All the decisions are taken by the breeder’s team

Is always partly decentralized



Prerttdenodcayy RidatyBreiitign

New genetic materials

Stages in farmers’

& Stages on station fields

1 Segregating : :
Crosses — ' populations — Yield Trials

———

the breeder’ amdi tire fenmens”’

All the decisions ar
community
Decentradi

dch less choices to be made




Participatory Plant

Hundreds or thousand crosses




PPB changes the temporal
relationship between release
and adoption



Participatory Plant Breeding

Scientifically Conventional and
Participatory Plant Breeding are
identical processes with three
organizational differences:




Trials moved from Research
Station to Farmers’ Fields

Decisions shared between
breeder and farmers
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One Type of Participatory Plant Breeding
Program

Year 1

Year 2

Year 3

R W Lt

Variety



A Simplified Type of Participatory Plant Breeding

Program
Year 1 Stage 1
\
Year 2 Stage 2
\
Year 3 Stage 3
\
Year 4 Stage 4

\.
\

Year 5 Stage 1
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In each stage and in addltlon to the usual
data collected in a breeding program a
group of farmers score all the plots
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At the end of the analysis the final selection for
the following stage is done in a joint meeting
with farmers



Terraces in Yemen Mountains in Tigray  Organic tomato in




Moy

Fh 2
el




Genomics Assisted Breeding

Varshney, R.K., Terauchi, R., McCouch, S.R., 2014. Harvesting the Promising Fruits
of Genomics: Applylng Genome Sequencmg Technologies to Crop Breeding. PL0OS
Biol 12(6): e1001883,_dek+6- oekRal, pbio.1001883
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Genomics Assisted Breeding

Varshney, R.K., Terauchi, R., McCouch, S.R., 2014. Harvesting the Promising Fruits
of Genomics: Applying Genome Sequencing Technologies to Crop Breeding. PL0OS
Biol 12(6): e1001883. doi:10.1371/journal.pbio.1001883
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Genomics Assisted Breeding

Varshney, R.K., Terauchi, R., McCouch, S.R., 2014. Harvesting the Promising Fruits

of Genomics: Applying Genome Sequencing Technologies to Crop Breeding. PL0OS
Biol 12(6): €1001883. doi:10.1371/journal.pbio.1001883
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Improved varieties for farmers




Genomics Assisted Breeding
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Moving from conventional to
part|C|patory plant breeding
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Participatory Plant Breeding:
the weakness of the model

Farmers depends on external sources (usually the
breeder) for the continuous flow of germplasm
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Combining Participation and Evolution



Coit Suneson: 1940's — 1960’s

Suneson (1956) — An evolutionary
plant breeding method

Agronomy Journal 48:188—-191




Populations obtained from
thousand of crosses or from {5
mixing new and old varieties g
left evolving in the target N
environments




Evolutionary-Participatory Plant Breeding

.......... . With evolutionary populations we E
.exploits the Fundamental Theorem of Natural
Selection to our advantage
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Evolutionary Plant Breeding

One evolutionary population of barley
(1600 F2's)

Kazakhstan

Uzbekistan

s A ; Kyrgyzstan
Turkmenistan s
T Tajikistan
Morocco Afghanistan
: Pakistan
Algeria Kuwait
Bahrain

Saudi Qatar
Arabia UAE

Mauritania

w  Yemen

Ethiopia

Somalia



Evolutionary Plant Breeding

One evolutionary population of durum wheat
(700 F2’s) and one of bread wheat (~2000 F3 and F4)

Kazakhstan
Georgia Uzbekistan
Armenia Azerbaijan _ Kyrgyzstan
Turkmenistan .
Tajikistan
c—occ;‘s K-’ Iraq Afghanistan
- i Iran Pakistan
Algeria Kuwait
Bahrain
Saudi Qatar
Arabia UAE
Mauritania Oman
Sudan Eritrea Yermen
Ethiopia

Somalia
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Participatory Plant Breeding (PPB) in Iran (2006-2012) Year of Sowing




An evolutionary barley
population in the Fars province
(Iran) under rainfed organic
conditions
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An evolutionary population of
rice in Behshahr, Iran
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winter wheat evolutionary population at
ashington State, US
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A new evolutionary population of durum
wheat (locally made) in Sicily, Italy
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where a farmer helped by a

student is selecting heads




Year O

Year 1

Year 2

Year 3

Year 4

Year n

To different farmers

Population Year 1 P
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selection
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Evolutionary Populations
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A Bread Wheat Evolutionary
Population in Iran (> 100
varieties mixed together

. HEALTHY FOOD, i
{[IONAL. KNOWLEDGE .
S




I0NS

ijonary Populat

Evolut

l@c!se of

Iran

profifgb










Take home messages



Conclusions

Institutions could do plant breeding in a way that
addresses some of the major global issues such

dsS.

Hunger
Biodiversity
Climatic changes
Water

Poverty




Conclusions: Hunger

Is now recognized that there is enough food but
the problem is its availability and accessibility

Participatory plant breeding;
increases crop production |
directly in the hands of the
farmers :




Conclusions: Biodiversity

Being a highly decentralized process participatory
plant breeding produces varieties which are:

B Different from country
to country

B Different from village to
village within a country

B Different within the
same village




Split tree obtained with the SSR data
for 83 PPB varieties

14

I
--:-T._i,;_ - 11

I.E:!f’%-,.,"\w \! i‘_‘j ,Jﬁf" , »
et N e

20

a1

&4 70
7B 53




Conclusions: Organic Agriculture

Fits crops to the environment rather than
modifying the environment, and therefore is ideal
for organic conditions




Conclusions: Organic Agriculture

Combining the strength of organic agriculture and
evolutionary plant breeding

Organic Evolutionary
Agriculture breeding

N\ /

Mitigation Adaptation

\ 7/

Climate
Change



From Global to Local
Global Solutions to Global Problems




From Global to Local
Locally-Shared Solutions to Global Problems




Conclusions

Evolutionary Plant Breeding ; M

Brings back in farmers’ hands the control of
seed

Decreases crop vulnerability by cultivating
and generating new diverSi Salvatore Ceccarelli

Inexpensive and dynamic Pl 1., |
way of adapting crops to "
climate change

A BIOLOGY HANDBOOK

i pl‘Opfi Semi FOR FARMERS

Evolutionary populations
cannot be patented
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