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Organic agriculture: 4 Basic Principles

Organic agriculture is often known as:

No chem-synthetic fertilisers, pesticides, 
fungicides and herbicides, and no GMOs

But organic is better defined by the 4 basic 
principles:
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1. Principle of Health
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!. Principle of health
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Varieties that allow the organic
system to work!



2. Principle of Ecology
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3. Principle of Fairness
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4. Principle of Care
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Summary of goals for organic breeding
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Summary table of traits for adaptation to 

low-external input systems

Management Breeding 

No mineral, but  lower level of 
organic, slow releasing fertilizers 

Nutrient efficiency 
Early vigor 
Explorative root system 

No herbicides and need to reduce 
weed control labor 

Weed suppression and weed 
competitiveness 
Early vigor 

No pesticides and fungicides High level of resistance 
Induced resistance 
Genetic variation 

No GMOs Advanced classic breeding methods 
in combination of MAS 

Less means to mask 
environmental variation 

Required varietal characteristics: 
Yield stability, Robustness, flexibility 

 



Nitrogen use efficiency (NUE) in cabbage

 Breeders can contribute by improving the nitrogen use 
efficiency (NUE) within a crop species, i.e. by increasing 
the harvest produced per unit N supplied. 

150 kg N/ha (left)

300 kg N/ha (right)



Below-ground traits:

Diverse concepts of breeding for NUE  

(nutrient uptake and utilisation)

● Level 2

 Line 2

● Level 2

● Level 2

● Level 3

● Level 3

 Line 3

 Line 4

11(Lammerts van Bueren & Struik 2017)



Below-ground traits: 

Diverse concepts of breeding for NUE  

(nutrient uptake and utilisation)
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(Lammerts van 
Bueren & Struik
2017, in
Agronomy for 
Sustainable 
Development)



QTL analysis identified genetic differences

in lettuce for nitrate capture in different 

soil layers



Significant genotypic-phenotypic associations found on the 4th chromosome
(Distances in cM) of lettuce (4 trials, 150 genotypes)

Wageningen Voorst

Trial # 1 2 1 2

Conditions Dry & Cool Moist &
Warm

Dry & Cold Humid & 
Cool

Sampling # Inter Final Inter Final Inter Final Inter Final

All NO3 in 
profile

32 ~ 80
135

~80

[NO3] in L1

[NO3] in L2 42-46 

69
146

[NO3] in L3 ~ 80 ~ 80

[NO3] in L4 42 ~ 80
130

All H2O in 
profile

88
144

QTL potentially involved in Nitrate capture were previously associated 
with root elongation by Johnson et al. (2000) in a wild x cultivated cross

Kerbiriou et al., 2016, 
Frontiers in Plant Science



Below-ground traits:

Selecting for improved interaction with 

mycorrhiza’s
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Weed suppressive ability
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Planophile, soil
covering growth types

Erect growth types,
allowing more light 
on the soil



Leek and onion 

need  erect 

plant types

Weed suppressive ability:

But sometimes erect types are required...



Traits for reduced susceptiblity to pest 

and diseases
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Downy mildew
resistance urgently
needed
in onion production

(Lelystad, 2002)



Required traits for reduced susceptiblity to 

pest and diseases 

Or additional morphological and physiological plant 
characteristics that can support reduced 
susceptibility, 

● such as wax layer on leaves                                
reducing trips damage
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Secundary metabolites

Physiological response to nutrient

availability
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Innovative ways of enhancing plant 

defense mechanisms
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Changes in ranking between conv and 

organic, in spring vs autumn broccoli
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(Renaud et al. 2014, Crop Science)



Yield stability ranking versus head weight

of broccoli under organic conditions
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Renaud et al., 2014, Crop Science



Overlap between conventional and organic

varieties

The degree of overlap between conventional 
and organic suited varieties depends on:

● the crop requirements

● the growing conditions (high or low input)

● applied breeding techniques or strategies

conventional 

varieties
organic 

varieties



Future challenge: plant breeding for

ecological and societal resilience!
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(Lammerts van Bueren et al. 2018)



Recent development in the Netherlands 
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Biodynamic Seed & Vegetable
Farm De Beersche Hoeve,  

100% daughter of 
Food Cooperative Odin (25 
organic food stores)

https://www.debeerschehoeve.nl/index.php?
https://www.debeerschehoeve.nl/index.php?


New collaborative models including the

value chain
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 New resistant potato varieties were not adopted by the 
market and continuous copper use and harvest failures 

 In 2017, full commitment of all NL supermarkets achieved to
sell only resistant cultivars for organic potato by 2020



Who owns the seed (company)?
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100% employee owned!
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Thank you 

so much!
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