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What is Plant Breeding?
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Breeding Cycle – Main Stages

Social targeting and 
demand analysis

Setting breeding 
priorities/objective

Generation/Identification 
of new variation
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Testing experimental 
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Releasing new 
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distribution
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Breeding for whom?

Breeding what type of variety?

Product Profile:

Customer Profile



Breeding Efficiency

1. Number of varieties released
2. Response to Selection = (i σp h2)

1. Number of varieties adopted/number 
of crosses made

2. Response to Selection = (i σp h2)/t
3.  Benefit/Cost Ratio
4.  Increase in agro biodiversityGenetic Gain The breeder’s equation



Why Participatory Plant Breeding?

Increases breeding 
efficiency



Increase Response to 
Selection Increase Adoption Increase 

Benefit/Cost Ratio

Farmers’ (clients’) 
participation

Plant Breeding Efficiency

Reduce cycle time(SSD, 
off-season nurseries, 

DH, molecular 
breeding)

Increase heritability 
decentralized selection, 

selection for specific 
adaptation) Ceccarelli S, 2015. Efficiency of Plant Breeding. Crop 

Science 55: 87-97 



History of Participatory Plant Breeding (PPB)

Begins in the early eighties (Rhoades and Booth, 
1982)

Rhoades RE and Booth RH (1982) Farmer-back-to-farmer: a model for generating 
acceptable agricultural technology. Agricultural Administration, 11: 127-137



……. it actually started 
from here!!!!

No farmer, however, is so poor 
that he cannot have his breeding 
patch of maize, wheat or potatoes. 
Indeed, if they but knew it, they 
can ill afford not to have such a 
breeding patch to furnish seed for 
their own planting”.



Wallace encouraged farmers to experiment with 
crossing varieties of corn, a process that involved 
collecting pollen from the tassel in a bag and tying 
the bag on the desired ear. 

For Wallace, the only way for breeders to discover 
new strains was to rely on the expertise of the 
knowledgeable corn farmers themselves

It was 1918



At the University of Illinois, reliance on farmers was to some 
extent a necessary evil. In their own breeding work, university 
researchers were hampered by a lack of fields for trials and 
literally "farmed out” their inbreds for crossing to farmers who 
volunteered for the task. This did not sit well with the 
commercial breeders, who felt that farmers could not be relied 
on to maintain accurate records or keep the lines pure. At issue 
was the question of whether ordinary farmers were competent 
to manage the crossing of corn. 

Twenty years earlier this was a task that Wallace had claimed 
"anyone" could do

It was 1938



Breeding Cycle – Main Stages

Social targeting and 
demand analysis

Setting breeding 
priorities/objective

Generation/Identification 
of new variation

Selection in 
segregating 
populations

Testing experimental 
varieties

Releasing new 
varieties

Seed 
production and 

distribution

Customers’ 
participation in the 
entire process

Participatory Plant Breeding



Breeding Cycle – Main Stages

Social targeting and 
demand analysis

Setting breeding 
priorities/objective

Selection in 
segregating 
populations

Testing experimental 
varieties

Releasing new 
varieties

Seed 
production and 

distribution

Generation/Identification 
of new variation



Selection
on

station

Large genetic variabilityClients’ 
participation

Participatory Plant Breeding (PPB)

Less and less genetic 
variability

Clients’ 
participation

Participatory Variety Selection (PVS)

Selection on
station

Farmers’
fields
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Selection moved from 
Research Station to 
Farmers’ Fields

Decisions shared 
between breeder 
and farmers



1995: our beginning



Jurn El-Aswad

1995 Jurn
El-Aswad
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Farmers + Public Institution

Genetic Diversity

Genetic Diversity in farmers’ 
fields

New varieties

Seed production

On Station

Selection in the field (men and 
women)



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 Model of Participatory Plant Breeding 
Program (one village)

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



The village IS the research station



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

Algeria 

Syria Eritrea

Iran

Jordan

Ethiopia 



Data collection





After the statistical analysis of the trials, the final 
selection for the following stage is done in a joint 
meeting with farmers





Experimental designs Type of trial

Experimental designs in PPB trials 

Stage 1 (several entries, little seed per 
entry)

Un replicated with systematic checks or
partially replicated in rows and columns or 
incomplete blocks in two reps  use of 
optimized randomization

Stage 2 (less entries, more seed per 
entry)

Incomplete blocks in two replications in 
rows and columns

Stage 3 (few entries, much more seed 
per entry)

Incomplete blocks in two replications in 
rows and columns

Stage 4 (2-4 entries, large amount of 
seed per entry)

Incomplete blocks in two replications in 
rows and columns or RBD with farmers as 
replications

Parents for crosses

Precision and 
Relevance







LATAKIA

TARTUS

1000

200

500
600
800

1200

1000

1400

PALMYRA

DEIR EZZOR

HASSAKEH
ALEPPO

HAMA

HOMS

DAMASCUS

RAQQA

PPB in barley covered 
90% of the production 

area in Syria

TH

300 300

350400

150

200

250 300
350

400

500
500

100

IDLIB

SUWEIDA

Research sites

Research Station of the Ministry 
of Agriculture

ICARDA headquartersTH

DARA'A

The process is conducted 
independently in each 
target environment

93 varieties adopted on 
between few hectares 
and 50.000 ha 
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Difference between official variety trials 
and PPB trials in Syria

+3.4% +1.5%

+14.8% +13.0%

Official tests: average of 26 trials in 4 years
PPB trials: average of 55 trials in 3 year

kg/ha



……..or here?It is possible to do it here?





Rice in Bhutan







durum wheat

chickpea

faba bean

lentil

barley

oniontomato

sorghum

cowpea

bread wheat

bean



Average grain yield (t/ha) of farmers’ (FS) and 
breeder’s selections (BS) in Syria

Ibbin
Ebla
Tel Brack
J. Aswad
Bylounan
Al Bab
Melabya
Bari Sharki
Suran

Loc.        Mean   FS BS prob

4.6***
3.5*
4.2
2.0*
0.5*
0.7***
0.9 ***
1.4*
2.6

3.2
2.9
3.7
1.4
0.3
0.4
0.7
1.0
2.5

4.0***
3.2**
4.0*
1.7**
0.3
0.5***
0.9***
1.1
2.6

n.s.
n.s. 
n.s.
n.s.
n.s.
***
n.s.
n.s.
n.s.

Ceccarelli S, Grando S, et al. 2000. A Methodological Study on Participatory Barley Breeding. I. 
Selection Phase. Euphytica 111: 91-104.



On farm performance of bush bean varieties 
selected on station by farmers and breeders in 
Rwanda 

1989A
1989B
1990A
1990B

% of trials where
selections out 
yielded the local

Yield increase (%) 

1987A
1988A
1988B

73 ns
89  **
64 ns
83 **

3.9 ns
33.4  **
12.9 ns
38.0  **

Farmer Selection

Breeder Selection
51 ns
50 ns
50 ns

6.7 **
2.6 ns
7.6  **

Sperling et al. 1993. Rethinking the farmer's role in plant breeding: local bean experts and on-station 
selection in Rwanda. Experimental Agriculture 29: 509-519



Farmers Selection Criteria 

Farmers are interested in a wider range of traits 
than commonly expected

Although yield is quoted as the most important 
criterion, they in fact select also for several 
other traits

Farmers’ selection criteria vary with the 
environment



Tall or short?  Plant height of barley lines selected by a 
breeder and a farmer in a research station (favorable 
environment) and in the farmer field in a dry area

Farmer
Breeder
Pop. mean

Selected by Selected at
Res. Station Farmer’s field

71.1*
71.8*
77.5

45.1***
42.8*
39.6

*,****,
***

Differences significant at P<0.05 and P<0.001, respectively



PPB and Diversity



PPB and diversity

Decentralized 
participatory

dry

modern
landraces

Centralized non participatory
selection in a wet Research 
Station

wet



PPB and in situ conservation

Through PPB several farmers are becoming aware 
of the value of landraces and more interested in 
their conservation



PPB is not revolutionary. It recognizes that 
ultimately are the farmers who decide 
whether or not to grow a new variety

PPB is not a competition or a comparison  of 
skills: it is merging two types of knowledge

Participatory Plant Breeding



Fits crops to the physical and agronomic 
environments and to different uses

Adapts crops to evolving agronomic practices

It may be the only possible breeding for 
remote areas and minor crops 

Participatory Plant Breeding



Women Participation





Seeds or Leaves?

The case of Cowpea in Uganda



Improving Food Security Through Participatory 
Development Of High Yielding And Pests Resistant 
Cowpea Varieties In Uganda

McKnight Foundation, 
NaSARRI-NARO and 
Makerere University





57

Design the trials together



58

Leaves Seeds

Listen, listen, listen



Redesigning the trials

59



Genomic Assisted Breeding

PPB

?

Varshney et al, 2014. Harvesting the Promising Fruits of Genomics: Applying Genome Sequencing
Technologies to Crop Breeding. PLoS Biol 12(6)



Farmers depend 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

Many scientists cannot accept, even if they do 
have proof of the contrary, that farmers can 
make selection 





69 countries have or have had PPB programs on 47 crops



Examples of varieties bred with participatory plant 
breeding and grown by farmers

Durum wheat

Rice
Machhapuchhre-3
Machhapuchhre-9
Jethobudho

Cassava

Barley
Lentil

Cauliflower

Maize

Maize
Rice
Sweet potato
peanut

Sorghum

Pearl millet
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254 publications

60 Universities

151 (59.4%)

20 countries

Mostly in USA, UK 
and Italy

…. BUT, THEN IT IS NOT A SCIENTIFIC 
ISSUE!



From farmers

Seed laws

To Institutions/Corporations



Progressive corporate concentration of the 
seed market

Kloppenburg J, 2010. Impeding Dispossession, Enabling Repossession: Biological Open 
Source and the Recovery of Seed Sovereignty. Journal of Agrarian Change, 10: 367–388



Participatory Plant Breeding
Enabling Repossession

Kloppenburg J, 2010. Impeding Dispossession, Enabling Repossession: Biological Open 
Source and the Recovery of Seed Sovereignty. Journal of Agrarian Change, 10: 367–388

Participatory Plant Breeding
From Dispossession



to Farmers from
Corporations/Institutions



Power, Authority and Control

Deskilling

Chemicals
Food

Seed



Evolutionary (participatory) plant breeding may 
offer a solution as in this case institutions are no 
longer indispensable



Thank you

Thank you
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