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1. Introduction

Sand Dunes Chipaya, Oruro-Bolivia
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Figure 1 Map of Lake Titicaca Basin

(Bruno and Whitehead 2003)

Picture 1. Chiripa Aschelogical site. Bolivia es Turismo. Oct, 2018

https://historiaperuana.pe/wp -content/uploads/mapa -cultura-tiahuanaco.jpg

Chisiway mama quinoa quinua     inca rice
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colourbox

Å A dycotiledonous herbaceous plant with edible seeds.

Bbelonging to Order Cariophylialles and Amaranthacea family.

As a chenopod (goose foot) closely related to beets, chard and spinach 
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Å Polyphenols, 

phytosterols, and 

flavonoids with 

possible nutraceutical 

benefits

Å Iinteresting proportions 

of omega-6 and 

vitamin E

Why an exceptional food ?

Protein å15% 
ÅLlysine, 

isoleucine
ÅMinerals and 

vitamins

Å Polyphenols, 
phytosterols, and 
flavonoids with possible 
nutraceutical benefits

Å Good proportions of 
omega-6 and vitamin E

Quinoa is the grain crop with most nutrients per 100 calories. It has no 
cholesterol and does not cause allergies (FAO, 2013)

Toralapa experimental Station, INIAF Cochabamba Bolivia
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Tahua, Salinas de GarciMendoza.Oruro, Bolivia (Shores of salt flat)

Resilient crop

Able to survive high altitudes, thin and cold air, hot sun, salty or sandy soil, little 
rainfall, and sub-freezing temperatures. 
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Figure 2. Quinoa growing countries timeline and quantity of produce (compiled by 
author from Public science and (Bazile et al., 2016) (Bazilie, D., Baudron, F., 2015).

Quinoa world expansion

Fig. 3. Quinoa worldwide development 1973-2013 
(Bazilie, D., Baudron, F., 2015)
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Quinoa Production, area and yield

11

Figure 4 Quinoa production area and yield for Bolivia (Blajos, J. Et al. 2014)

Abiotic stressor

Å Agricultural Practices
Å Little or no replacement 
Å of soil fertility

Biotic Stressor
Å Climate change negative 

effects
Å Population dynamics of 

pests and diseases
Å Lack of seed production



2. Aims

1. Find genetic resourceswith resistance to the main pathogen
(Peronospora variabilis) infecting quinoa worlwide

2. Characterisenew emerging diseasesin the foliar/seed pathobiota 
system In Denmark.
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Hypotheses

üGenetic variation of downy mildew disease resistance could be 
observed among the 124-Bolivian quinoa accessions. Based on this 
well-differentiated genetic populations and admixtures could be 
postulated

üA number quantitative trait loci (QTLs) could be be associated with 
downy mildew resistance. These markers may provide a tool to be 
utilized in molecular quinoa breeding as marker -assisted selection
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3. Materials and Methods



Self polinated genotypes
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Pathogen isolation propagation
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Chenopodium album or flat hen
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Choi, et al 2008. Mycopath 165
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Measuring porcentage of pathogenicity
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Severity=% adaxial side 
with lession

Sporulation=% lession
covered by spores in the 
abdaxial side
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4 Results

PatacamayaLa Paz, bolivia



Data set
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Distribution of germplasm bank accessions across south America by country (A) 
and by elevation (B) according to the passport data. Source: Bolivian National 
Germplasm Bank (http://germoplasma.iniaf.gob.bo) 



Measuring interactions genotype vs environment
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Variance components estimates and their standard errors for incidence GLMMs with and 
without checks. �•2G:E, �•2E; �•2E:B: Variance components for the genotype-experiment 
interaction, experiments and blocks nested within the replicates, �•2e : Residual variance. 


