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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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The Principle The Principle The Principle The Principle
of Health. of Ecology. of Fairness. of Care.
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1. Principle of Health

Principle of Health in organic plant breeding:
* serving the wholeness and integrity of living
systems (immunity, resilience, regeneration,

sustainability):

P robust and dynamic/flexible varieties

> weed suppressive and disease tolerant

- varieties that can benefit from interactions
with beneficial soil organisms

> and that are able to produce seed under
organic management.
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l. Principle of health

Risk management model Resilience model
@ Risk oriented @ System oriented

@ Eliminate variability @« Make use of variability

@ Continuous monitoring @ Enhance self-regulating capacity
and direct intervention and indirect management

@ High long-term risk ® Low long-term risk
@ Static equilibrium ® Dynamic equilibrium

(After Ten Napel et al. 2006)

Varieties that allow the organic
system to work!
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2. Principle of Ecology

Principle of Ecologyin organic plant breeding:
+ contribute to optimally functioning of a diversity
of site specific ecological production systems:

> breeding for regional adaptability
» regional, decentralized breeding

> enhancing genetic diversity

> making use of ecological principles:
e.g. by not only focusing on genetic
resistances, but on a multi level approach
and also include morphological and
physiological characteristics.
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3. Principle of Fairness

Principle of Fairness in organic plant breeding,
* serving equity, respect, justice and
stewardship of the shared world:

- free accessto genetic resources
> no patents on life

- participatory breeding approaches
> equal benefitsharing
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4. Principle of Care

The principle of Care in organic plant breeding:

* enhance efficiency and productivity in a
precautionary and responsible manner,

» refrain from NBTs and related techniques
» no cell fusion
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Summary of goals for organic breeding

Principle of health
Develop varieties respecting plant integrity
as part of the whole agricultural-ecosystem

Principle of ecology Principle of fairmess
Develop Develop

multi-level breeding new socio-economic
roaches structures

Principle of care
Within the organic framework there Is plenty of
unexplored (and forgotten) knowledge for
new multi-faceted breeding strategies!
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Summary table of traits for adaptation to
low-external input systems

No mineral, but lower level of Nutrient efficiency
organic, slow releasing fertilizers Early vigor
Explorative root system
No herbicides and need to reduce | Weed suppression and weed
weed control labor 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 Required varietal characteristics:
environmental variation Yield stability, Robustness, flexibility
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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 supplled
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Below-ground traits:
Diverse concepts of breeding for NUE
(nutrient uptake and utilisation)

Growth patterns

Plant processes and
characteristics influenced by N

Above ground environmental factors (e.g. light intensity. lemperature, rainfall)

Critical factors contributing to NUE

—» Reproductive growth
and development

I

Late vegetative growth
and development

I

and development

Root growth and
development

N assimilation

Early vegetative growth

No. of ears/plant

No. of grains/ear

Grain filling

Thousand-grain weight

Grain yield/plant
Carbon:nitrogen ratio grain
Harvest Index, N harvest index

I.eaf senescence
Leaf life span
Head formation
N remobilisation
Harvest index

N harvest index

7] 1.eaf appearance
Leaf expansion
Specific leal area
Leaf photosynthesis

Genotype (G). Environment (E). Management (M), and GExM

Root formation

g_ Root branching
=

Root absorption capaci
Production of root exudalgs

Root:shoot ratio

pecilic leal area
Declayed leaf senescence
(harvest window)
C/N ratio outer leaves

Maturity
Harvest index
Leaf N

remobilisation

Carly root formation
FFlexible root formation
Root depth

Root biomass

Root length density

Harvest Index. N Harvest index
Carbon:nitrogen ratio grain
Prolonged photosynthesis
§ -'? f )
N reallocation
Stay green

; ) index flag leaf

lsatlon
,, nesuence

~
\

Root exudates

Root depth

Root length densuty at larger depth
Root colonisation by rhizobia

Below ground environmental factors (e.g. soil type, dyi

ics of N availability, activity gfmeso-, micro-fauna and -flora,
il resources)
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N utilisation
efficiency

(Lammerts van Bueren & Struik 2017)




Below-ground traits:
Diverse concepts of breeding for NUE
(nutrient uptake and utilisation)

Leaf area

Specific leal area

Declayed leaf senescence
(harvest window)

C/N ratio outer leaves

Maturity
Harvest index

Carly root formation
IFlexible root formation
Root depth

Root biomass

Root length density
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Canopy
development
Maturity

N remobilisation to

R A

Soil NO+
and NH."
uptake

(Lammerts van
Bueren & Struik
2017, in
Agronomy for
Sustainable
Development)
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QTL analysis identified genetic differences
in lettuce for nitrate capture in different
soil layers

[NO3] left in the layer (mg kg-1)
50 100

««@--Group of 11 —8—Rest of the population
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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 & Dry & Cold Humid &

Warm Cool

Sampling # Inter Final Inter Final Inter Final Inter Final
All NO3 in 32
profile 135
[NO3] in L1
[NO3] in L2 461;-46 146
[NO3] in L3 ~ 80
[NO3] in L4 '~ 80

QTL potentially involved in Nitra
with root elongation by Johnson

b , Kerbiriou et al., 2016,
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Below-ground traits:
Selecting for improved interaction with
mycorrhiza’s

Adaptation to organic soil fertility management,
also requires:

,
+ Varieties capable o
cooperating with e
beneficial soil g Y
micro-organisms,
such as

mycorrhiza’s (AMF) '

EL AME i+ AVEASS. + AMEDS

(Scholten et al., 2005)
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Weed suppressive ability:
But sometimes erect types are required...

Leek and onion
need erect
plant types
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Traits for reduced susceptiblity to pest

and diseases

Downy mildew
resistance urgently
needed

in onion production

T
£
=
=
=

«year effects
+yariety effects

CV = Coefficient of variation (%) is the variability
over years (standard deviation/average yield)
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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 4? 3
reducing trips damage %
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Secundary metabolites
Physiological response to nutrient
availabilit

(Net Assimilation Rate)

(Relative Growth Rate)

Y g , .
lam Subsistencefarming

Organic/lowinput

U Conventional
/high input

High
Resource availability

(N. Stamp, 2003)
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Innovative ways of enhancing plant
defense mechanisms

Correlation of disease severity and content

of phenolic acids in barley leaves
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(Aaboer er af. 2003)
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Changes in ranking between conv and

organic, in spring vs autumn broccoli

Table 7a Ranking of Average head weight (g) of 23 cultivars grown under organic (O) and conventional (C) conditions in Maine in two seasons (Fall

and Spring) from 2006-2008 (Top 5 ranking per production system and rank performance in inverse system).

Maine

Fall 2006-2007

Spring 2007-2008

c

o]

Cc

0

1
2
3
4
5
6
7
8

Packman
Fiesta
Everest
Green Goliath
Belstar
Batavia
Diplomat
Patriot

B1 10
Green Magic
Nutribud
Patron
Marathon
Maximo
Gypsy
Premium Crop
Early Green
Imperial
Arcadia
USVL 093
OSU OP
USVL 048
Beaumont
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Green Magic”
Packman
Fiesta
Everest
Green Goliath
Batava
Belstar
B110
Marathon
Maximo
Patron
Patriot

Eary Green
Premium Crop
Gypsy
Imperial
Arcadia
Nutribud
Diplomat
USVL 048
Beaumont
USVL 093
OsU OP
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Marathon
Nutribud
Imperial
Early Green
Batava
Belstar
Fiesta
Green Magic
B1 10
Maximo
Premium Crop
OsuU OP
Patriot
Green Goliath
Packman
Beaumont
Diplomat
Ewerest
Arcadia
Gypsy
Patron
USVL 093
USVL 048

243.23
243.03
240.58
240.03
232.21
226.65
22418
219.09
218.68
214.99
211.52
202.65
200.32
199.09
190.28
189.08
187.54
182.25
180.48
177.61
163.93
156.48
138.98

251.22
251.01
247.13
240.54
228.09
221.99
217.02
212.09
207.44
205.29
204.94
202.50
201.68
195.29
191.08
185.53
180.03
167.44
167.12
166.27
156.96
146.78
103.29

Fiesta
Green Magic
Imperial

B1 10
Belstar
Batavia
Arcadia
Gypsy
Green Goliath
Maximo
Marathon
Nutribud
Patriot

OSuU OP
Premium Crop
Beaumont
Diplomat
Eary Green
Packman
Patron
Everest
USVL 048
USVL 093

W~ oW =

(Renaud et al. 2014, Crop Science)
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Yield stability ranking versus head weight
of broccoli under organic conditions




Overlap between conventional and organic
varieties

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

e the crop requirements
e the growing conditions (high or low input)
® applied breeding techniques or strategies

conventional

varieties
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Future challenge: plant breeding for

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

Principle of health
_.-_—.__ __

Principle of ecology
develop
multilevel approaches

develop

new SoCio-economic |
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Recent development in the Netherlands

De Beersche Hoeve &=

T Biodynamic Seed & Vegetable
| - Farm De Beersche Hoeve,

T )
| - S 100% daughter of
458 ‘ K Food Cooperative Odin (25
o R T organic food stores)
PO
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https://www.debeerschehoeve.nl/index.php?
https://www.debeerschehoeve.nl/index.php?
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