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Context 

•  Globalization and the cropping system dynamics 

–  Species adoption/abandon, climate variability, … 

•  Smallholder agricultural systems remain crucial 

–  80% of African farmers (Altieri 2009) 

•  In-Situ conservation of crop genetic diversity 
must be encouraged 



General questions 

•  What is the spatio-temporal dynamics 
of both species and farmers’ varieties 
diversity? 

•  How to develop a scientific basis of in 
situ conservation… 

•  While strengthening the inter-
disciplinarity and the international 
cooperation, including training, with 
developing countries? 
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Scientific and social context 

•  The Genetic Resources (GRs) do not have any 
value per se 

•  The values hold in the network of ecological and 
social constraints that shaped them over time 

•  The GRs thus cannot not be considered only as 
material resources, … 

…Need to consider the historical and socio-cultural 
dimensions, notably, the farmers’ knowledge and 
practices, and farmers’ social organization 
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Scientific and social context 

•  Crop genetic diversity result from 
–  Many domestication events (not one) 
–  Gene flow between wild and crop relative  
–  Natural selection 
 

•  But also, from temporal and spatial process 
mainly oriented by human societies 
–  Farmer selection 
–  Seed dispersion 

–  Past and current uses of crop GRs, including international and 
national rules, which influence the way of conservation, 
exchanges and uses 



 

LANDRACES 
ARE NOT ONLY 

BIOLOGICAL 
BUT ALSO 

SOCIAL OBJECTS 

Need of interdisciplinarity 



Can we 
work 
together ? 

Can social and biological  
sciences  
work together? 



Complementarity 

•  Using similar method for studying cultural 
and biological domains 

•  Favoring quantitative and individual 
based approach in order to allow 
variability within the compared social 
communities, or compared environments 

•  Considering the historically close relations 
between farmers and their landraces 

 



Outlines 

A.  Skill diversity for studying hybrid 
objects 

B.  Snapshot diversity monitoring 

C.  Backward and forward diversity 
monitoring 



A. Skill Diversity 
 

Morphological  Charactrization 

Genetic  characterization 

Variety  Inventorization 

Seed  Exchange  Systems 

Social  Organization 



Know-how: realistic workplan 
 

 
 
 

Nov. 
2010 

Janv. 
2011 

Inventory Sampling 

May 
2011 

Inventory 

Juil. 
2011 

Sampling 

Aug. 
2011 

Phenotyping 

Oct.
2011 

Sowing 

Janv.
2012 

Harvest 
Anthropol. 
survey. 

March–May 
2012 

Phenotyping Genotyping 

Data Analysis 

Sept.-Oct 
2012 

Feb. 
2012 

Aim oriented 



Our option: Individual based 
 approach 

Indirect Estimation  
of Cultivated Areas 
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list of variety names 

Surveying farmer individually 
and not in a group setting 

(S Caillon, 2008) 
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Leclerc et al. 2009. Workshop ATP, 
September 30th, Nairobi, Kenya 

0 
20 
40 
60 

80 
100 
120 
140 
160 
180 
200 

0 
20 
40 
60 

80 
100 
120 
140 
160 
180 
200 

0 
20 
40 
60 

80 
100 
120 
140 
160 
180 
200 

0 
20 
40 
60 

80 
100 
120 
140 
160 
180 
200 

Spelling 
harmonization 

Synonymous 

Covert 
categories 

Varietal 
structuration 

1 

2 

3 

4 

50.4 % 14.7 % 10.1 % 24.8 % 

Varietal richness 

Varietal richness 

Steps of varietal inventory 



Morphology under a name : 
Phenotyping 

Which traits ?  
How many ?  
Quantitative traits ?  
Qualitative traits ? 
According to farmers ?  



Trials implemented  
with the Primary School 



Anthropological Issues 

Naming System 
Consistency 
(D’Andrade 1981, Boster 1985) 

Seed exchange 
System 
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Cultural Consensus Survey 
(V. Labeyrie) 
 



Feedack to communities 



Backward and forward 
diversity monitoring 

PRESENT PAST 

Retrospective 
survey 

Iterative survey 

FUTURE 

Forward monitoring 

Snapshot 



A. Snapshot 
diversity 
monitoring 



Local scale 
Snapshot 



The social organization of crops. Impact of 
exchanges, representations and practices on 

sorghum diversity (Mont Kenya) 

 
Vanesse LABEYRIE 

Ecole Doctorale SIBAGHE- SupAgro 

The cropping 
systems differ among 
residence groups 
(Labeyrie et al. 2013)  

The crop genetic diversity is 
shaped by social factors 
(Labeyrie et al. 2014)  

!



Linguistic contact zone 

Dialectal Groups 
 

CHUKA 
 

THARAKA 
 

MBEERE 
 

Is there a relation between Farmer social 
organisation and the Crop Genetic diversity?   

130	
  households	
  
297	
  individual	
  plants	
  
16	
  variety	
  names	
  
18	
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  molecular	
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Spatial/social distribution of 
diversity 

Influence of Ethnolinguistic Diversity on the Sorghum
Genetic Patterns in Subsistence Farming Systems in
Eastern Kenya
Vanesse Labeyrie1*, Monique Deu1, Adeline Barnaud3, Caroline Calatayud1, Marylène Buiron1,

Peterson Wambugu2, Stéphanie Manel4,5, Jean-Christophe Glaszmann1, Christian Leclerc1
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Marseille/IRD, Marseille, France, 5UMR AMAP, CIRAD, Montpellier, France

Abstract

Understanding the effects of actions undertaken by human societies on crop evolution processes is a major challenge for
the conservation of genetic resources. This study investigated the mechanisms whereby social boundaries associated with
patterns of ethnolinguistic diversity have influenced the on-farm distribution of sorghum diversity. Social boundaries limit
the diffusion of planting material, practices and knowledge, thus shaping crop diversity in situ. To assess the effect of social
boundaries, this study was conducted in the contact zone between the Chuka, Mbeere and Tharaka ethnolinguistic groups
in eastern Kenya. Sorghum varieties were inventoried and samples collected in 130 households. In all, 297 individual plants
derived from seeds collected under sixteen variety names were characterized using a set of 18 SSR molecular markers and
15 morphological descriptors. The genetic structure was investigated using both a Bayesian assignment method and
distance-based clustering. Principal Coordinates Analysis was used to describe the structure of the morphological diversity
of the panicles. The distribution of the varieties and the main genetic clusters across ethnolinguistic groups was described
using a non-parametric MANOVA and pairwise Fisher tests. The spatial distribution of landrace names and the overall
genetic spatial patterns were significantly correlated with ethnolinguistic partition. However, the genetic structure inferred
from molecular makers did not discriminate the short-cycle landraces despite their morphological distinctness. The cases of
two improved varieties highlighted possible fates of improved materials. The most recent one was often given the name of
local landraces. The second one, that was introduced a dozen years ago, displays traces of admixture with local landraces
with differential intensity among ethnic groups. The patterns of congruence or discordance between the nomenclature of
farmers’ varieties and the structure of both genetic and morphological diversity highlight the effects of the social
organization of communities on the diffusion of seed, practices, and variety nomenclature.
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Introduction

Identifying factors involved in crop evolution is of great
importance for genetic resource conservation and crop improve-
ment. Crop genetic diversity patterns result from selection,
migration and genetic drift processes which are strongly influenced
by human action. Recent studies combining linguistic, arche-
ological and genetic data have unraveled the past domestication
and diversification processes of crops such as banana [1] and
sweet-potatoes [2], on a large time-space scale, by linking global
diversity patterns to human migrations. However, the evolution of
crops is still ongoing in smallholder farming systems under the
pressure of agro-ecological conditions and farmers’ management
practices [3]. The study of these processes at the community scale
is complementary to large time-space approaches and contributes
to the general understanding of the in situ genesis of crop genetic
patterns.

Social boundaries contribute to the evolution of crop popula-
tions both directly, by determining seed flows, and indirectly, by
inducing the divergence of seed selection practices [4]. Previous
studies notably showed that the ethnic organization of farming
communities plays an important role in differentiating the
domesticated populations of allogamous crops [5], vegetatively-
propagated crops [6] and animals [7].
Sorghum (Sorghum bicolor L. Moench) is an annual cereal

extensively cultivated in smallholder farming systems because of
its ability to grow under harsh climatic conditions. De Wet and
Huckabay [8] and Harlan et al. [9] suggested that the spatial
distribution of sorghum botanical races in Africa was related to
that of the ethnic groups, but this hypothesis was not further
tested. In a study undertaken in Niger, Deu et al. [10] suggested
that human ethnic diversity has probably a greater impact on
sorghum diversity than recent environmental constraints. Howev-
er, the authors were not able to assess this hypothesis as the spatial
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Regional scale 
Snapshot 



 Combined data analysis 
 

 Climatic 
and social 
gradient 

 

Genetic  

Spatial 

ecologyi 

Ethnobo
tanic 

Documenting crop genetic diversity  
in Guinea 

840	
  farmers	
  in	
  60	
  
villages	
  



Data base management : a first step 
toward long term monitoring 



C.	
  Backward	
  and	
  
forward	
  
diversity	
  
monitoring	
  



Backward	
  
Monitoring	
  



 
Caroline MWONGERA 

Ecole Doctorale SIBAGHE- SupAgro 

 
 

 
 
   

Hom smallholder farmers cope with climate variability. 
Case study of the Eastern slope of Mont Kenya 

Correlate climatic changes, notably rainfall variability,  
with seed loss and crop adaptability  

Camberlin al. 2012 Leclerc et al. 2014 



Cropping system dynamics over time Modeling the dynamics  
with climate data 

Crop adaptability in 
retrospect 

The evenness of drought sensitive  
crop increased while it decreased  
for drought resistant crops Leclerc et al. 2013. Ecol. Soc (18) 

Leclerc et al. 2014. Wea Clim Soc 6(3) 



Forward 
Monitoring 



Isohyètes 1950 to 1976 

Isohyètes 1977 to 2003 
1976 

2003 

Spatio-temporal dynamics of 
millet diversity in Niger  

50-55 d 
55-60 d 
60-65 d 
65-70 d 
70-75 d 

75-80 d 

80+ days 

1976 2003 

90.1% 

9.9% 18.3%  

 81.7% Saïdou et al. 2009; Mariac et al. 2011, Vigouroux et al. 2011  

Selection for earlier flowering 
crop associated with climatic 
variations in the Sahel. 



Discussion points 

•  Individual or groups based approach? 
•  Morphological characterization ?  
•  Genetic characterization ?  

•  Naming system consistency ?  
•  Both backward and forward monitoring ? 
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