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Five global 
problems

Water

Poverty
Hunger and Malnutrition

Climate Change

Biodiversity
Obesity and Diabetes 

.. actually 
six
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FOOD HEALTHSEED



Seed and Water

Irrigation accounts for about 70% of global water 
withdrawals



Seed and Water

Cotton and Sugarcane, occupy 3% of the area and 
use 20% of the total irrigation water 

Rice, 
Wheat, 
Corn

Other



Poverty



Five global problems: poverty

Poverty

Infant 
Malnutrition

Mental 
Retardation



Too much and too little

1.5 billion overweight, 
500 million obese

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

Hunger and Malnutrition



Overweight, 
obesity, diabetes 
and Nonalcoholic 
Fatty Liver



Increase in overweight and obesity 
from 1980 to 2013
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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 22.3 billion





What do we die of?
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Estimated number of 
adults with diabetes by 
age-group in developed 
and developing countries 
and in the world

Diabetes by 2030



Sub-Sahran Africa

Urbanization

More processed food

obesity, heart disease, 
cancer, and type 2 diabetes

Source: The Lancet Diabetes & Endocrinology, July 2015



Increasing evidence that is not a problem of 
production but a problem of availability and/or 
accessibility

Hunger and Malnutrition



1.3 billion tons of food
(≈30% of production)



Not all garbage bins are the same size
(kg of waste per person)

Europe/N. America

Sub Saharan 
Africa/South East Asia



Climate Change

How much hotter?

How much drier?



cooler

hotter



drier

wetter



Climate Change: a moving breeding 
target, and could be a different          

target in different locations 



How much hotter?

How much drier?



Who is feeding the world?

Small farmers
Industrial 
agriculture

Nomads 70%

30%



Climate Change and Nutrition

Zinc and Iron Deficiency Loss of 63 millions life-years 
annually

CO2

Fe and Zn









Global Crop Yield Trends
Data from ≈2.5 million census 
observations across the globe 
extending over the period 
1961–2008

Never Improved Stagnating

Collapsing Still IncreasingStill Increasing

Never Improved Stagnating

Collapsing



Soybean

Never Improved 1.1%

Stagnating 23.0%

Collapsing 0.2%

Still Increasing 75.7%



Maize

Never Improved 0.6%

Stagnating 26.1%

Collapsing 3.2%

Still Increasing 70.1%



Rice

Never Improved 1.0%

Stagnating 35.1%

Collapsing 1.4%

Still Increasing 62.5%



Wheat

Never Improved 1.3%

Stagnating 36.8%

Collapsing 0.8%

Still Increasing 61.2%



Four crops ≈ 54% calories

In between 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

Schematic view of Cooksonia Fossil of Cooksonia

No Leaves

450 millions year ago the CO2 content 
in the atmosphere was 15 times higher 
than 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 

Between 400 and 350 millions year ago 
the CO2 content started to decrease to 
the level of today



A superb example of adaptation: 
response to decrease CO2 content



Decrease of stomata as a response 
to an increased CO2 content



Biodiversity





 75% of genetic diversity of agricultural 
crops has been lost

 75% of the world’s fisheries are fully or over 
exploited

 Up to 70% of the world’s known species risk 
extinction if the global temperatures rise by 
more than 3.5°C

Source: International Union for Conservation of 
Nature (IUCN) 

Reduction of biodiversity
Biodiversity

It has been recognized that biodiversity 
is key to securing global food supply

Source: Thrupp LA (2000). Linking agricultural biodiversity and food security. 
The valuable role of agrobiodiversity for sustainable agriculture. Int. Affairs 76:  
265-281



A contradiction

Biodiversity

Food security

Uniformity

Plant Breeding





These 10 Corporations Control Almost Everything You 
Buy



Who decides what you will have for 
dinner tonight? 



A uniformity-
dominated 
agriculture



The percent share of the global 
seed market

Monsanto

Syngenta
Vilmorin

Other 6 DuPont

63%73%



The percent share of the global 
pesticides market

Monsanto

Syngenta

BASFDow

DuPont
Bayer

62.1%76.1%



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





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.



FOOD HEALTHSEED



Water

Poverty
Hunger and Malnutrition

Climate Change

Biodiversity

Obesity and Diabetes 

WHAT 
SOLUTION?
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Because they ignore the Fundamental 
Theorem of Natural Selection (FTNS)

GM crops 
can not be 
the solution



The fundamental theorem of 
natural selection (FTNS)

Predicts the increase in a population’s mean 
fitness as the ratio of its additive genetic 
variance in absolute fitness, VA(W), to its mean 
absolute fitness, W 

(Fisher, 1930)

In simpler terms it says that when the 
environment surrounding a living organism 
changes, that organism evolves to adapt to a 
new environment

The speed of adaptation depends of 
the amount of additive genetic variance 
for fitness



In 1997 GM cotton resistant to Roundup 
is introduced in USA

In 2004 a farmer reported that few plants of the 
weed “pigweed” was resistant to Roundup
In 2012, 92% of farmers in 
Georgia handweeded 54% the 
GM cotton

Source: Crop Science Society of America News



In the best of the hypothesis GMOs 
can only be a temporary solution 
which creates another problem



A big commercial 
success

Corn and Soybean in USA

A commercial success



A big commercial 
success

Monsanto controls 80 percent of the 
GM corn market, and 93 percent of 
the GM soybean market.

...or a problem of choice?



Substantial increases in the number 

and volume of herbicides applied

Use of Pesticides



Organic Agriculture can be the 
solution
 minimizes soil erosion

 reduces water loss

 uses organic fertilizers and green manures

 uses crop rotations to minimize buildup of 
weeds, diseases and insect populations

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

Organic Agriculture: the problem

Yields under organic conditions are lower 
than under conventional

Is a case of specific adaptation

Organic Agriculture: the solution



How did we go from 
here to…………



…….to here?



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

Landraces

Diversity within and
between landraces

Resilience at farmer 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

Displacement of 
landraces

Selection for wide 
adaptation



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:

 New varieties

 Irrigation

 Fertilizers

 Pesticides

 Mechanization

The Green Revolution

Plant Breeding and Wide Adaptation



Conventional Breeding

Research 
Station
Wide 

Adaptation



The Green Revolution

Food Security > Food Safety



Production
Energy

Protein -4%

Iron -19%

Zinc -5%
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file:///C:/Users/sceccarelli/My Presentations/2015/NAVDANIA 2015/NAVDANIA_2015_2.ppt#1. A fundamental problem in plant breeding 


Seeds of Future



Production of 
Certified Seed

Variety Release
Adoption

Selection of 
new varieties

Making 

crosses

A Plant Breeding Program

New

parents

Molecular Breeding

Genomic Selection



Return to Diversity through 
Participatory Plant Breeding



Crosses
Segregating 
populations

On-station 
trials

On-farm 
trials

Stages on station
Stages in 

farmers’ fields

A Plant Breeding Program

All the decisions are taken by the breeder’s team

Is always partly decentralized

New genetic materials



Crosses
Segregating 
populations

Yield Trials

Stages on station
Stages in farmers’ 

fields

Participatory Plant BreedingParticipatory Variety Selection

All the decisions are taken jointly by the breeder and the farmers’ 
community
Decentralized

New genetic materials

All the decisions are taken jointly by the breeder’ and the farmers’ 
community
There are much less choices to be made



Conventional Plant 
Breeding

Production of 
Certified Seed

Variety Release

Adoption

Selection of new 
varieties

Supply 
Driven

Variety Release

Participatory Plant 
Breeding

Adoption

Production of 
Certified Seed

Selection of new 
varieties

Demand 
Driven

?

Mugulat, Tigray, 2400 m asl

Pure lines, clones, populations, 
landraces collections, hybrids

Farmers’ evaluation

Inclusiveness

Initial adoption during the process

Local Seed Production

Hundreds or thousand crosses
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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independently in each target 
environment



Year 1 Stage 1

Year 2 Stage 2 

Year 3 Stage 3

Year 4 Stage 4

Stage 1

Stage 1

Stage 1

Stage 2 

Stage 2 Stage 3 

One Type of Participatory Plant Breeding 
Program

22.5 m

1.6 m

Repl 1

Repl 2

22.5 m

Repl 1

Repl 2

3.2 m

Variety

Stage 1 Stage 2 Stage 3 Stage 4



A Simplified Type of Participatory Plant Breeding 
Program

Year 1

Year 2 

Year 3

Year 4

Stage 1

Stage 2

Stage 3

Stage 4

Year 5 Stage 1
Variety



In each stage and in addition to the usual 
data collected in a breeding program a 
group of farmers score all the plots

Syria Algeria 

Syria Eritrea

Iran

Jordan



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

High plateau in Ethiopia

Under irrigation in Iran

Small fields in Eritrea

Large fields in Algeria

Organic tomato in 
Italy

A village in East Uganda

Dry Areas in Syria



wheat chickpeafaba bean

lentil

barley oniontomato

sorghum

cowpea



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. PLoS
Biol 12(6): e1001883. doi:10.1371/journal.pbio.1001883



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. PLoS
Biol 12(6): e1001883. doi:10.1371/journal.pbio.1001883



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. PLoS
Biol 12(6): e1001883. doi:10.1371/journal.pbio.1001883

Who identifies?

Where?
Superior where? For what?

Best lines for 
whom and where?



Genomics Assisted Breeding

PPB

?



Moving from conventional to 
participatory plant breeding

Dangerous

ImpossibleLong

Seeing the light

Full of sigh



Farmers depends on external sources (usually the 
breeder) for the continuous flow of germplasm

Participatory Plant Breeding: 
the weakness of the model

The attitude of Institutions and 
researchers towards PPB is generally 
negative, unpredictable and mutable

Research Station

Farmers’ Fields



The rise and the fall of PPB in Kermanshah, Iran
Turkmenistan
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WHICH FUTURE ?

Research Institute

Breeding Material

Farmers

PPB



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 
mixing new and old varieties 
left evolving in the target 
environments



Evolutionary-Participatory Plant Breeding

PPB program

PPB program

PPB program
PPB program

PPB program

Original 
Population

Dry and hot sites 

Salt affected

Organic

Cold Pest and Diseases

Because of natural crosses, the seed which is 
harvested is never genetically identical to the 
seed which was sown  

……….. therefore, the population evolves 
becoming progressively adapted to the 
conditions in which is grown

……….. including climate changeswithout knowing now what the climate will be
……….. With evolutionary populations we 
exploits the Fundamental Theorem of Natural 
Selection to our advantage 



Iraq

Kazakhstan

Tajikistan
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Turkmenistan

Evolutionary Plant Breeding

One evolutionary population of barley
(1600 F2’s)
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Evolutionary Plant Breeding

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





An evolutionary barley 
population in the Fars province 
(Iran) under rainfed organic 
conditions



An evolutionary population of barley 
in Garmsar, Iran



An evolutionary population of barley in 
Kermanshah, Iran

An evolutionary population of bread 
wheat in Kermanshah, Iran



 The evolutionary participatory 

breeding program EPPB

Outcomes

2012/2013 Growing season

EPPB  implemented   in  7  provinces as:

 14 evolutionary barley: In total land 20 dunum

 12 evolutionary wheat: in total land 5 dunum

2103/2014 Growing season

EPPB  implemented   in  8  provinces as:

 16 evolutionary barley: in total land 73 dunum

 9 evolutionary wheat: in total land 14 dunum

The evolutionary populations of wheat and 
barley in Jordan

barley

wheat



A barley evolutionary population in 
Tigray, Ethiopia



A barley evolutionary population at 
2400 m elevation in Tigray, Ethiopia



An evolutionary population of 
rice in Behshahr, Iran



An evolutionary population of maize in 
Marvdasht, Iran

EPB HYBRID



An evolutionary 
population of rice 
in Dehradun, 
India



A winter wheat evolutionary population at 
Washington State, USA



Zucchini
Tomato

Corn

Beans

Local wheat

Barley and Wheat



A barley evolutionary population

in Molise, Italy



The evolutionary population of bread 
wheat in Sicily, Italy



A new evolutionary population of durum 
wheat (locally made) in Sicily, Italy





The evolutionary population of bread 
wheat in Toscana, Italy



……………where a farmer helped by a 
student is selecting heads



Base Population

Population Year 1

To different farmers

Year 0

Population Year 2

Population Year 3

Population Year  n

Year 1

Year 2

Year 3

Year n

Population Year 4Year 4

…. thus Conserving Evolution

Spike or plant 
selection New variety

Spike or plant 
selection New variety

Spike or plant 
selection New variety

Samples of the evolving population can 
be stored in a gene bank
A living and evolving gene 
bank in farmers’ hands



Evolutionary Populations

Breeding Material

Farmers

PPB

WHICH FUTURE ?

Research Institute

Breeding Material

Farmers

PPB



Evolutionary Populations

PPB

Breeding Material

Farmers

Crop

The case of 
Iran



A Bread Wheat Evolutionary 
Population in Iran (> 100 
varieties mixed together)



Evolutionary Populations

Crop

The case of 
Iran

Higher yields

Better weed control

Better control of pests and 
diseases

Cultivating diversity can 
be economically profitable







Take home messages



Conclusions

Institutions could do plant breeding in a way that 

addresses some of the major global issues such 

as: 

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

 Different from country 
to country

 Different from village to 
village within a country

 Different within the 
same village

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



Split tree obtained with the SSR data 
for 83 PPB varieties



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 
Agriculture

Evolutionary 
breeding

Mitigation

Climate 
Change

Adaptation

Conclusions: Organic Agriculture



From Global to Local

Global Solutions to Global Problems



From Global to Local

Locally-Shared Solutions to Global Problems



Las poblaciones evolutivas 
no pueden ser patentadas

Evolutionary Plant Breeding

Decreases crop vulnerability by cultivating 
and generating new diversity

Brings back in farmers’ hands the control of 
seed

Inexpensive and dynamic 
way of adapting crops to 
climate change

Conclusions

Evolutionary populations 
cannot be patented



Thank you


