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Introduction

Organic and low-input farming are a cornerstone of fair, healthy and en-
vironmentally-friendly food systems, as recognised by the European Com-
mission in the EU Farm to Fork Strategy1. Organic systems tend to involve 
smaller farms than conventional operations, to be more diversified and mul-
tifunctional and to be managed with more sustainable practices, responding 
to the needs and preferences of consumers on local markets. Often, a great-
er variety of crops is grown over smaller areas. This further complicates the 
requirements for organic post-registration cultivar trials, as greater diversity 
of both species and cultivars should be tested.
Expanding the current infrastructure and logistics for organic post-regis-
tration trials would require large investments which are not justified by the 
current size of the organic market, even under EU policy support. Besides, 
on-station trials would be unlikely to provide realistic cultivar information for 
the varied range of environmental conditions experienced on organic, low 
input farms. However, more organic seed will have to be produced in the 
near future, calling for the registration of new varieties, as the derogations 
currently allowing organic farmers to use non-treated conventional seed 
(when no organic seed is available) will be completely phased out by 2036. 
Cost-effective, innovative and decentralized models for cultivar evaluation 
under organic conditions are thus urgently needed. The LIVESEED project 
offered the opportunity to co-design effective and innovative cultivar eval-
uation models, applicable even to those European countries with limited or 
no infrastructure in place. Such models are based on:
1.	 on-farm decentralised evaluation, by which a diversity of crops can be 

tested in a range of real-life conditions;
2.	 participatory approaches that make the most of farmers’ knowledge of 

their environmental and value-chain needs and characteristics.
The models recognise that farming encompasses both social and technical 
dimensions, they therefore include a variety of stakeholders in multi-actor 
networks, applying frugal innovation principles2 to address the issue of lim-
ited resources.

Cultivars for organic agriculture:
The new Organic Regulation EU 848/2018 recognizes the need for developing 
cultivars3 suitable for organic agriculture. Such cultivars should have:
•	 enhanced genetic diversity
•	 disease resistance or tolerance
•	 adaptive potential to diverse local soil and climate conditions
•	 the ability to produce high-quality food to meet the expectations of organic 

consumers

1 EU Farm to Fork strategy https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0381
2 “We define three criteria for frugal innovation: substantial cost reduction, concentration on core

functionalities, and optimised performance level.” (Weyrauch & Herstatt, 2017)
3 The term (organic) cultivar is used as the generic term of reference for (organic) varieties, breeding 

lines, landraces, populations and ‘heterogeneous cultivars’ that fall into the category of Organic 
Heterogeneous Material (cf. the new Organic Regulation 2018/848/EU).

The crucial need for on-farm 
cultivar trials in the organic sector

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0381
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At the very heart of farming lie seed and plant reproductive material. These 
derive from cultivars which were bred to meet the needs of farmers and the 
value-chains in which they participate. Farmers can choose among culti-
vars that originate from different breeding strategies. Those most suited to 
organic farming pursue resilience to biotic and abiotic stresses through the 
maintenance of high levels of genetic heterogeneity in the resulting cultivars 
(Table 1). 
However, most seed on the market derives from cultivars bred for the needs 
of conventional farming, centered on high productivity and on the use of 

FIGURE 1. Genotype x Environment interactions
Growing conditions vary from place to place and from year to year. 
Under conventional management, environmental variations are buffered by chemical in-
puts: plants benefit from uniform conditions and the same uniform variety can suit many 
different environments.
Under organic or low-input conditions, the plants need to make the most of the envi-
ronments in all their complexity and variability. Genetically diverse plants can adapt to 
these environments and ensure stability of production. This can be achieved by deploying 
locally adapted varieties in different environments, or heterogeneous populations that can 
adapt/evolve to specific conditions (Adapted from P. Rivière “L’interaction génotype en-
vironnement GxE: sélection centralisée versus décentralisé”  Licence CC BY NC SA 2015).

chemical
inputs

environmental
conditions

LOW INPUT

CONVENTIONAL ORGANIC

Procedure for registering a new variety:
Registration of a variety is required if it is to be put on the market. Registration 
implies that the variety is tested, both pre- and post-registration, for compliance to 
given criteria4: the DUS/UPOV requirements of Distinctness, Uniformity and Stabili-
ty5, and, for most agricultural crops, the Value for Cultivation and Use (VCU). 
DUS and VCU trials are carried out under the responsibility of national registration 
bodies. Varieties that have passed the tests are registered in the official National 
Variety List and the EU ‘Common catalogue of varieties of agricultural plant spe-
cies’, which is a precondition for the marketing of seed and, where relevant, for 
the attribution of Plant Breeders Rights (PBR), a form of Intellectual Property Right 
applicable to plant varieties.
However, for so-called conservation and amateur varieties, registration require-
ments are less strict and do not require DUS or VCU testing in light of the higher 
genetic diversity of these materials6. For Organic Heterogeneous Material (OHM) 
a simple notification process has been introduced by the new Organic Regulation 
2018/848/EU and associated Delegated Acts7. As part of the Temporary Exper-
iment on Organic Varieties (2022-2028), DUS testing and registration protocols 
adapted to the lesser uniformity of this material are being developed8.

EU plant propagation material marketing legislation https://ec.europa.eu/food/plant/plant_propagation_
material/legislation/eu_marketing_requirements_en
See https://www.upov.int/resource/en/dus_guidance.html
EU conservation varieties derogations https://ec.europa.eu/food/plant/plant_propagation_material/
legislation/conservation_varietes_en
EU Organic regulation 2018/84/EU: https://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=CELEX%3A32018R0848 and Delegated Acts C(2021)3163: https://ec.europa.eu/
transparency/documents-register/detail?ref=C(2021)3163&lang=en
See LIVESEED project deliverable: Guidelines for adapted DUS and VCU testing of organic varieties 
https://www.liveseed.eu/wp-content/uploads/2021/02/D2.4-LIVESEED-Guidelines-for-adapted-DUS-
and-VCU-testing-of-organic-varietie.pdf
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https://ec.europa.eu/food/plant/plant_propagation_material/legislation/eu_marketing_requirements_en
https://ec.europa.eu/food/plant/plant_propagation_material/legislation/eu_marketing_requirements_en
https://www.upov.int/resource/en/dus_guidance.html
https://ec.europa.eu/food/plant/plant_propagation_material/legislation/conservation_varietes_en
https://ec.europa.eu/food/plant/plant_propagation_material/legislation/conservation_varietes_en
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32018R0848
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32018R0848
https://ec.europa.eu/transparency/documents-register/detail?ref=C(2021)3163&lang=en
https://ec.europa.eu/transparency/documents-register/detail?ref=C(2021)3163&lang=en
https://www.liveseed.eu/wp-content/uploads/2021/02/D2.4-LIVESEED-Guidelines-for-adapted-DUS-and-VCU-testing-of-organic-varietie.pdf
https://www.liveseed.eu/wp-content/uploads/2021/02/D2.4-LIVESEED-Guidelines-for-adapted-DUS-and-VCU-testing-of-organic-varietie.pdf


6

synthetic inputs (i.e. pesticides, herbicides and fertilisers), and produced un-
der large scale operations. The dominant agro-food system requires culti-
vars with a high degree of uniformity, to the extent that such criterion has 
become a pre-condition for registering varieties within the current seed 
market regulations. 
Hence, conventional varieties rarely meet the needs of organic and low-in-
put agriculture, where environmental variation and stressors such as pests 
and diseases cannot be mitigated by synthetic inputs. Under those con-
ditions, farmers must rely on the crop’s own disease and pest resistance, 
weed suppression capacity and stability of production under low or irregu-
lar levels of soil fertility (Figure 1).  Uniformity becomes a shortcoming in this 
context, while genetic diversity provides an advantage.
When the use of external inputs is excluded or limited, as in organic sys-
tems, cultivar choice is a key crop-specific decision farmers can make to 
improve the outcome of their farming system. In order to make informed de-
cisions, organic farmers need information about cultivar performance under 
organic conditions. Such information is generated through post-registration 
cultivar evaluation.
The current trial system predominantly carries out tests under ‘conventional’ 
conditions. This provides information of limited relevance to organic farmers 
since the performance of cultivars under conventional farming as compared 
to organic conditions may differ considerably.
To ensure that a given variety performs well under low input conditions and 
farmers are provided with quality information to make informed choices, it 
is essential that organic cultivars are tested under organic conditions (i.e. in 
organic plots and with organic methods). Only few EU countries, however, 
have the infrastructure for organic post-registration cultivar trials, and even 
then, only a few commercially relevant crop species are tested.

Cultivar 
typology

Developed and 
Sourced

Legal 
requirements for 

marketing

Level of 
genetic 

diversity

Varieties Conventional breeding Marketing after 
registration (DUS, VCU) 

IPR/PBR applies

Very low

Varieties Conventional breeding 
for organic farming

Marketing after 
registration (DUS, VCU) 

IPR/PBR applies

Very low

Organic varieties Organic Plant Breeding 
(OPB). Organic breeding  
under organic conditions

Marketing after 
registration (adapted 
DUS & VCU). IPR/PBR 

under discussion

Medium

Conservation and 
amateur varieties 
(Landraces, local 

and heirloom 
varieties)

Traditional, locally 
adapted cultivars with 
historical/cultural value

Simplified registration 
process (No DUS/

VCU). Territorial and 
quantitative restrictions 

for seed production

High

Heterogeneous 
populations, OHM 
(dynamic mixtures, 

cross composite 
populations)

(Organic) breeding 
under organic or low-

input conditions

Registration through 
notification process. 

Traceability of seed lots 
onus of the producer

Very high

TABLE 1.  Breeding strategy,  official status and genetic diversity of different 
                     cultivar types available to organic farmers
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The “Frugal” strategy
Increased testing efforts for organ-
ic varieties call for a flexible, partic-
ipatory, decentralized and low-cost 
structure, which builds on the ca-
pacities of farmers and food chain 
actors to meet a wide range of needs 
at different scales. Trials that meet 
these requirements are difficult to 
standardise. LIVESEED project part-
ners have worked on a methodology 
to enable stakeholders to approach 

a programme of cultivar trials re-
gardless of the specific situation and 
scale of the project (small to large, 
local to international).
The methodology tackles four key 
aspects of participatory on-farm 
trials described in the figure below, 
and offers a strategy for working 
through them.
The frugal strategy applies to each 
of the four aspects (more details in 
the following sections) and consists 
of three steps:

FIGURE 2. The four key aspects of participatory on-farm cultivar trials
for organic and low input systems

Setting up and optimising 
organic on-farm cultivar trials

Network creation 
and facilitation 

A social organisational process 
aimed at ensuring the long term 

engagement of participating 
farmers and successful outcomes. 

Shared objectives motivate 
stakeholders with different 
backgrounds to cooperate.

Data collection 
and management 

The quality and integrity 
of the data generated 

and collected within the 
network, and processed by 
researchers, underpins trust 

in the trials.

Economic 
sustainability 

A network with a stable 
source of funding to ensure 

sustainability is capable 
of delivering successful 
cultivar trials overtime.

Experimental design
Only a scientifically sound 

experiment can provide reliable 
results and deliver relevant 
information about cultivars, 

for all network members and 
beyond. 

Define 
objectives

Identify 
constraints

Apply an appropriate 
methodology
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Clearly defining the objectives in ad-
vance enables assessing and iden-
tifying any constraints which may 
hinder their achievement and which 
may arise from the specific circum-
stances of the trial (e.g. lack of spe-
cific resources or information). Us-

ing a constraint-focussed strategy 
from the start enables a multi-actor 
network to operate more effective-
ly; indeed, once the constraints are 
clear, one can develop tailor-made 
methodologies that yield adequate 
results with the available resources.

General 
objectives Constraints Methods

Network 
facilitation and 

coordination 

•	 Ensure active 
participation and 
achievement of 
agreed objectives

•	 Size of the network
•	 Coordination 

burden
•	 Communication 

skills and tools

•	 Participatory 
approaches

•	 Facilitation skills 
and tools

Economic 
sustainability

•	 Self-sufficiency
•	 Value creation
•	 Viability in the 

long term

•	 Fixed costs
•	 Labour costs

•	 Public support
•	 User subscription 

models
•	 Value-chain 

collaborations
•	 Hybrid models

Experimental 
design 

•	 Balance reduction 
in cost and effort 
with robustness 
and reliability of 
results

•	 Resources and 
information, farm 
size, machinery 
and resources

•	 A decision tree 
of experimental 
designs and 
analytical 
packages targeted 
to different 
contexts and 
constraints

Data quality 
management

•	 Relevance
•	 Usability
•	 Accessibility of the 

information

•	 Decentralised on 
farm collection vs 
number of research 
variables

•	 Balance between 
farm-specific 
and common 
information

•	 Protocols for 
different data 
types, data 
documentation, 
data storage, data 
ownership and 
governance

TABLE 2.  Examples of specific objectives, constraints and methods for each aspect 
of on-farm participatory trials
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Network  facilitation and coordina-
tion are cornerstones of participa-
tory and decentralized on-farm cul-
tivar testing. The facilitator’s role is 
complex: he/she takes care that the 
distribution of roles and responsibil-
ities within the network is well-bal-
anced, ensures internal communi-
cation, makes sure the network’s 
objectives are upheld, supports the 
dissemination of results back to the 
network, and encourages collective 
reflexivity. A complex set of soft and 
technical skills9 is required: investing 
in a trained facilitator, or in training 

for those that are to become one, is 
a priority.
An issue often affecting facilitation 
in the context of participatory trials 
is the lack of skilled professionals, or 
of dedicated training for those who 
need to perform this role. 
Depending on the skills available 
and the set-up of the trial network, 
the facilitation role can be staffed in 
a number of ways (e.g. a volunteer, 
an employee of a network partner, 
an external professional), each with 
different pros and cons. 

Operational 
ability 

Participation 
and 

decentralisation

Financial 
resource 
intensity

Challenges

Volunteer 
facilitation (e.g. 

association 
of volunteer 
citizens and 

farmers)

Limited Strong Low

•	 Volunteer 
exhaustion

•	 Turnover and 
consequent 
loss of skills

Facilitation by 
paid staff (e.g. 

employee of 
a producers’ 

group) 

Strong to 
medium Medium to low Medium

•	 Agree on  a 
common goal 
to mobilise 
diverse 
partners 

•	 Find the 
balance 
between 
objectives 
and resources

External 
facilitation 

(e.g. staff from 
a national 
or regional 
network) 

Strong to 
medium Low to very low Strong to 

medium

•	 Distance from 
farms

•	 Centralisation 
and poor 
dissemination

TABLE 3. Some pros and cons of staffing choices for the facilitator’s role

9 Soft skills, such as sociability, active listening, autonomy, impartiality, ability to work in a team,  
   mediation, conflict management, adaptation and flexibility. Technical skills, such as in participatory 
   approaches and tools, ability to choose the most appropriate methods according to the contexts 
   and objectives, communication and project management capacity. Both sets of skills are crucial for 
   successful network facilitation.

Enabling the network setup
In the context of multi-actor net-
works for post-registration cultivar 
trials, and depending on the objec-
tives and the strategy of the trial, 
actors involved may include: farm-
ers, seed companies, researchers,  
agricultural public bodies, breeders 
and value-chain actors (processors, 

retailers etc.).  
In a wider citizen-science approach, 
students, chefs and the wider con-
sumer community can participate. 
These actors should be involved in 
the management and be given oper-
ational roles: the facilitator will have 
to oversee the organisation and the 
clear definition of tasks, in order to 
minimise conflict.

Network facilitation and coordination
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In some contexts, it may be difficult 
to get a research team on board to 
support the network with scientif-
ic methodologies and tools for trial 
design and accurate data manage-
ment and analysis. The facilitator 
will have to take appropriate meas-
ures in these cases and, at times, 
self-train to fill the gaps or adapt the 
experimental design to his/her skills.
Network size impacts how activities 
are carried out. In particular, the lev-
el of participation is often inversely 
proportional to the size of the net-
work. The facilitator will have to op-
timise  effectiveness of the network 
by striking a balance between the 
minimum size necessary to achieve 
the goals and a maximum manage-
able size. For this task, one of the 
main challenges is to preserve the 
positive qualities of small, local  net-
works, such as direct relationships 
and communication, regular meet-
ings (some of which on farms) and 
buying-in to shared rules, even when 
the network extends further and re-
quires a more hierarchical structure.

Network governance
Network governance will differ with 
the size and type of network, but it is 
essential to ensure trust and collab-
oration, to balance power relation-
ships and resolve any conflicts that 
may arise. 
One successful model of shared gov-
ernance is  the creation of a board 
representing the different network 
actors.  
As cultivar testing through multi-ac-
tor networks is decentralised, the 
decision-making process must also 
be decentralised, while being based 
on shared goals. To ensure all actors 
buy into these, they need to be in-
volved in the objective setting exer-
cise and in the development of strat-
egies; they also have to feel person-
ally responsible for the success of 
the trial, regardless of their roles.

Enabling and stimulating 
active participation
With members dispersed geograph-
ically and engaged in different activ-
ities over a long period of time, it is 
essential to make sure that they are 
kept engaged. 
Multi-actor endeavours are based 
on continuous and iterative process-
es of mutual learning, the results of 
which are in the process (such as 
trust developed among participants) 
as much as in the end products10. 
Therefore, carefully encouraging re-
lationships and exchanges, best if 
supported by in-person meetings, 
is an important part of motivating 
and making sure everyone is aligned 
and clear on the state of the trial and 
where it is going. Workshops and 
field visits empower participants to 
express their views, sparking new 
ideas, and often revealing group dy-
namics that should be managed and 
directed towards the achievement of 
the shared objectives. 
Network members may also be 
called to actively participate in de-
cisions regarding technical and op-
erational aspects of the trial, for 
instance to choose the best suited 
tools for gathering and sharing trial 
information (i.e. physical or digital 
fieldbook; spreadsheet or database), 
depending on the needs and abili-
ties of the network. According to the 
choice made, any issue that might 
affect motivation and participation 
in the use of the tool needs to be ad-
dressed (e.g. uneasiness with tech-
nology). Including network members 
in methodological and operational 
decisions will boost motivation and 
prevent dropouts.

10  Serpolay, E., et. al., 2018. Toolkit to foster multi-actor research on agrobiodiversity. Available from: 
https://orgprints.org/38153/

https://orgprints.org/38153/
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SEEDLINKED: 
technology to support facilitation of a large network

CASE STUDY 1

SeedLinked (www.seedlinked.com) is a crowdsourcing platform created 
to address the sharing of information about varieties suitable for organ-
ic and low-input agriculture. The platform is meant to connect researchers 
and breeding companies with  farmers who seek varieties adapted to their 
farming context, as well as with consumers interested in food that is both 
tasty and traceable. 
Like all crowdsourcing tools, SeedLinked is built to harness the wisdom of a 
vast network. Large networks are complex to manage and usually require a 
hierarchical structure. Crowdsourcing uses technology to turn such a struc-
ture upside down. Project quality control and participation motivators (i.e. 
live sharing of pictures and comments, chat facility, reward systems) are 
built into the platform. There are currently some limitations to the experi-
mental designs available (only non replicated) and data collection features 
(only scoring), which should be addressed in updated versions of the Seed-
Linked platform and mobile app.

Network size

Costs

Research 
support required

HIGHLIGHTS

•	 Decentralised and virtually 
self-run

•	 User friendly interface lowers 
barriers to entry and dropout 
rates

•	 Simple cultivar trial designs 
and dedicated tasting trial 
feature

•	 Instant data sharing and 
visual analytics

2021 SeedLinked Network (2700 growers)

http://www.seedlinked.com
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Participatory cultivar testing re-
quires continuity over several years, 
hence long-term investments. To en-
sure success, a suitable economic 
sustainability model for cost man-
agement and value creation has to 
be put in place.
Cultivar testing has related costs 
(e.g. facilitation, coordination, field 
trials, quality and organoleptic  tests 
and physical facilities) that cannot 
be reduced below a certain thresh-
old, even in the context of frugal on-
farm trials.
The main income driver in a conven-
tional breeding model is the acreage 
which will be occupied by a single 
variety; large cropping surfaces al-
low an efficient cost recovery from 
royalty fees (plant breeders’ rights) 
and seed sales combined. The aim 
of Organic Plant Breeding (OPB) is 
on the contrary to breed for many 
different crops (including minor and 

neglected ones) and to produce 
highly diverse, locally adapted cul-
tivars, each of which is likely to be 
grown on relatively small areas. 
Several OPB initiatives also reject 
the application of variety protection, 
since their vision is to maximise free 
access to cultivars.
From research across 15 countries in 
Europe conducted by the LIVESEED 
project, it emerged that the currently 
existing organic cultivar trials cover 
such costs with one or - more com-
monly - a combination of financing 
strategies11.

•	 Public financing (general oper-
ating grants or, more often, pro-
ject-based funds);

•	 Private financing (operating 
funds of private agricultural or-
ganizations or funds from pri-
vate donors and foundations);

•	 User financing (farmers mem-
berships, voluntary work by dif-
ferent actors, breeders’ and seed 
companies’ contributions);

•	 Value-chain based financing 
(contributions by food manufac-
turers, wholesalers, retailers).

In order to successfully select for cul-
tivars and traits that suit the needs 
of all actors, a promising funding 
strategy for organic on-farm trials 
would see all actors of the organic 
value-chain take a share of respon-
sibility for organic breeding. A stra-
tegic solution could be the estab-

lishment of an overarch-
ing funding pool for the 
whole organic breeding 
sector. Within such a 
model, different ac-
tors of the downstream 
value-chain would be 
asked to contribute di-
rectly to the common 
challenge of providing 
farmers with adapted 
cultivars, as they also 
partake of the benefits.

Farmers are essential contributors 
of the financing strategy, as both 
co-creators and users of the value 
created by the cultivar trials. As the 
results from field-scale use of culti-
vars and the visibility of such results 
to farmers are important to the busi-
ness model of breeders and seed 
producers, supplying seed and tech-
nical assistance for on-farm trials is 
in their interest too (see case study 
1).

ENGAGEMENT.BIOBREEDING EUROPE
Read more: www.biobreeding.org
Engagement.biobreeding Europe is an initiative 
dedicated to inspiring and engaging the whole 
organic value chain with organic breeding, in 
order to develop  strategies  to make organic 
plant breeding self-sustaining in Europe.

11 Kovács, T.,  Pedersen, T. M., 2019. Overview on the current organizational models for cultivar testing
for Organic Agriculture over some EU countries. Available from: https://orgprints.org/id/eprint/37818/

Economic sustainability

http://www.biobreeding.org
https://orgprints.org/id/eprint/37818/
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ON-FARM APPLE TRIALS IN SWITZERLAND: 
a resource intensive project funded 
by stakeholders

CASE STUDY 2

Fruit breeding requires long-term trials (up to 10 years) and consequently 
implies high costs over time. As apple is the most produced fruit in Switzer-
land, retailer Coop, with its focus on organic food, has taken an active role 
and financially supported apple cultivar trials for a number of years, co-or-
ganized by organic control body BioSuisse and organic research institute 
FiBL. 
To make available a broad range of apple varieties for the organic sector, 
matching the diverse agroecologies of organic farms, the initiative devel-
oped the innovative “flavour group concept”: instead of being referred to 
by variety name, apples are marketed according to flavour groups, so that 
consumers do not get attached to a specific brand or variety, hence do not 
drive over-simplification of production systems, while satisfying their need 
to shop for apples they like.
The strong network established by FiBL involves, besides Coop, apple breed-
ers, license holders, organic apple growers, storage keepers, and fruit tree 
nurseries. All partners collectively plan and organize trials and take care of 
disseminating the results.

Network size

Costs

Research 
support required

HIGHLIGHTS

•	 Long-term investment en-
sured within the supply chain

•	 Combination of on-farm tri-
als (by apple growers) and 
on-station trials (replicated 
and under two different pest 
management regimes)
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Frugal, decentralized on-farm tri-
als under organic conditions require 
adapted experimental designs. As 
previously described, the constraints 
affecting the working context drive 
the choice of the best suited meth-
odological approach, including the 
experimental design. In this section 
we describe how to choose a design, 
and indicate which statistical analy-
ses work best under each option.

Setting the objectives
The general objective of a cultivar tri-
al is to assess “which cultivar(s) per-
form(s) well/best for one or more cho-
sen traits, at farm or regional level”. 
This objective can be detailed on the 
basis of three main decisions:
•	 Trial scale

‐‐ farm level - identify the best 
cultivars relevant to the very 
specific context of an individ-
ual farm (this format is more 
suitable for Participatory 
Plant Breeding projects than 
post-registration trials)

‐‐ network level - identify the 
best cultivars relevant to a 
network of farms in a given 
region (we will focus on this 
format here)

•	 Number of cultivars tested
‐‐ screening many cultivars for 

few key traits
‐‐ testing few cultivars for 

many different traits
•	 Choice of traits

‐‐ agronomic (e.g. yield, disease 
resistance)

‐‐ qualitative  (e.g. protein con-
tent, shape, colour)

In an organic cultivar trial conducted 
under a “frugal” framework, the size 
of the trial and the number of traits 
evaluated are often inversely corre-
lated and have a direct effect on the 
number of cultivars included.
The final balance between desired 
objectives and trial implementation, 

which will determine the number of 
locations (network size), the number 
of cultivars tested and the traits of 
interest assessed, will emerge from 
the analysis of constraints.

Identifying the constraints
Constraints of particular relevance to 
post-registration on farm trials are:
•	 #1 Resource availability. Labour 

force and other resources to car-
ry out the trials will impact its 
size: sowing and harvesting are 
particularly resource-intensive. 
It will also impact what data is 
collected.

•	 #2 Number of locations. This is 
directly related to the number 
of participants and depends on 
the coordination infrastructure. 
In decentralised evaluation, it 
is essential that real-life condi-
tions are reproduced as far as 
possible, including the size and 
environmental conditions of the 
growing area, as well as the 
management practices utilised. 
A mix between research stations 
and experimental gardens and 
farms is a possible option.

•	 #3 Seed availability (and relat-
ed information). Depending on 
the crop species, the required 
amount of seed varies: for ex-
ample, less seed is needed for 
tomato trials than for wheat, 
and seed availability has an im-
pact on the number of plots, their 
size, the number of replications, 
etc. Seed can be sourced from 
genetic resource centres, local 
farmers’ groups such as commu-
nity seed banks, or on the market 
(national or foreign). Collecting 
and screening available cultivar 
information in advance avoids 
wasting resources on less prom-
ising varieties12. 

•	 #4 Number and size of plots per 
location. These are directly cor-
related to the area available for 

12 Information can be retrieved through bibliographical research or by organising structured peer-to-
peer exchanges where experienced farmer-breeders share their knowledge and know-how.

Experimental design
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the trial and total seed availabili-
ty. Farmers may not have a lot of 
space or time to devote to trials, 
especially when limited technical 
support is available. The size of 
the plots (and the number of lo-
cations) will also depend on the 
amount of available seed and 
the availability of farming equip-
ment (such as sowing and har-
vesting machines). The latter is 
particularly relevant for cereals 
where it can be a major limiting 
factor.

•	 #5 Duration of the trial. Yearly 
variations and interactions be-
tween varieties and years are 
important factors, so trials over 
multiple years are preferable. 
However, limited resources may 
impose a shorter time frame. Re-
sults from one-year trials cannot 
lead to definitive results but can 
raise hypotheses for future years. 
A large number of locations can 
however provide enough in-
formation to compensate for a 
shorter duration of the trial.

BEAN VARIETY TESTING IN NICARAGUA

The initiative conducted TRICOT13 trials for assessing bean varieties in 
farmers’ fields. Participants were assigned a random combination of three  
bean varieties among those selected for the experiment. The trial was set 
up and managed using the Climmob platform (https://climmob.net/blog/) 
and communication with the project team occurred mostly through digital 
tools. Physical meetings were arranged at the start, during and at the end of 
the growing cycle (for distributing the seed and setting up the experiment, 
for collecting evaluation data, and for the final dissemination of results).

Network size

Costs

Research 
support required

HIGHLIGHTS
•	 Trial setup & management 

through a dedicated online 
platform

•	 Data collection directly by 
farmer on Open Data Knowl-
edge (ODK) app

•	 Ranking by farmers based on 
a key traits of interest (best/
worst variety)

CASE STUDY 3

13 See Experimental design section page 16.

https://climmob.net/blog/
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Selecting the appropriate 
methodology

Based on the objectives and con-
straints identified, we propose the 
following decision tree as a tool for 
choosing the most appropriate ex-
perimental design for cultivar trials 
at network scale. The level of detail 
required to discuss each design can-
not be exhausted in this booklet: the 
reader is encouraged to delve further 
in the technical aspects through the 
references available in the resources 
section.
The navigation within the tree is 
related to the objectives and con-
straints highlighted in the previous 
sections. The first two steps in the 
process are dependent on network 
size (1) and number of cultivars (2). 
These two factors determine which 
experimental design (3) is best suit-
ed for the trial. Depending on the tri-
al’s objectives (what kind of output 
data and information are desired) 
and constraints (how much data can 
be collected and by whom), a deci-
sion needs to be made in relation 
to data collection and protocols (4 
- see the following chapter). Finally, 
for each experimental design, one 
or more statistical analyses will pro-
vide the desired results (5).
Traditionally, cultivar trials are con-
ducted in a Randomised Complete 
Block Design (RCBD), partially or 
fully replicated. Data originating 
from this design is processed using 
the Analysis of Variance (ANOVA), 
followed by other statistical visual 
tests known as Principal Compo-
nent Analysis (PCA). To better un-
derstand which cultivars showed 
an overall best performance and 
stability across locations, or within a 
single location, either the Genotype 
+ Genotype x Environment model 
(GGE Biplot), or the Additive Main 
Effects and Multiplicative Interac-
tion (AMMI) model can be used.
If farm sizes are a constraint, an al-
ternative to the RCBD is the Incom-
plete Block Design (IBD), where a 

complete RCBD trial is split up in 
sub-blocks, which are assigned to 
participating farms. The number of 
farms will be dictated by the num-
ber of cultivars tested; each farm is 
assigned a block with no option to 
choose the cultivars within it. The 
statistical analysis used for this de-
sign is the ANOVA Mixed Model.
The quantity and quality of infor-
mation generated with the RCBD 
design is considered by many the 
gold standard of cultivar trials, how-
ever its main downside for an or-
ganic “frugal” context, are the rel-
atively large area required and the 
resource-intensive technical infra-
structure needed for setting up the 
trials, and for collecting and manag-
ing data.
A more flexible alternative is repre-
sented by the Regional and Satellite 
farm design, whereby participants 
within the same trial network can 
choose which cultivars to test on 
their farm (from a minimum of 2 on a 
“satellite farm”, to a maximum of the 
complete trial on a “regional farm”). 
The statistical analysis used here is 
Bayesian Genotype x Environment 
model. This system requires at least 
20 farms in the network in order to 
generate meaningful information: 
replication of some popular cultivars 
across participating farms is recom-
mended to increase precision.
For very large networks of 100 or 
more farms, a novel Citizen Science 
approach known as “Triadic Com-
parisons of Technologies” or Tricot 
can be successfully implemented. 
This experimental design assigns 
groups of 3 cultivars to each farm 
and relies on their ranking based on 
key traits (from best to worst). It has 
been successfully implemented in 
various contexts (see the Nicaragua 
bean and SeedLinked case studies) 
and be can easily managed remote-
ly via dedicated apps14, thus keeping 
facilitation and technical support to 
a minimum. Ranking analysis is per-
formed with the Plackett Luce mod-
el and can be integrated with pedo-
climatic variables (as covariates).

14 For more information visit: https://climmob.net/blog/

https://climmob.net/blog/
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Cultivar trial at network level 
Agronomic evaluation

few
 cultivars

>100 
locations

>20 
locations

m
any cultivars

>2 
locations

few
 cultivars
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TRIADIC DESIGN

•	 3 cultivars for location
•	 Local check in all locations
•	 No common control 

needed
•	 Farmers cannot choose 

which cultivars to trial
•	 All cultivars are equally 

represented in the trial

REGIONAL/SATELLITE FARMS DE-
SIGN – BAYESIAN GxE

•	 Two types of farms: Regional 
(large) and Stellite (small)

•	 >2 cultivars per Satellite Farm
•	 Number of cultivars can vary 

among locations
•	 No common control needed
•	 Farmers can choose which culti-

vars to trial
•	 No replication within location 

needed

INCOMPLETE 
BLOCK DESIGN

•	 No replication within 
location

•	 Blocks of cultivars are 
independent units and can 
be allocated to any farm

•	 Farmers are assigned 
one block without the 
possibility of choosing the 
cultivars

•	 Ranking of cultivars from 
best to worst for each trait 
evaluated (farmers)

•	 Possibility to include 
climatic and soil variables 
(researchers/facilitators)

•	 Quantitative data         
(yield, protein content, plant 
height, etc)

•	 Qualitative evaluations with 
a likert scale (e.g. 1 to 5)

•	 Quantitative data          
(yield, protein content, plant 
height, etc)

•	 Qualitative evaluations with 
a likert scale (e.g. 1 to 5)

•	 Quantitative data         
(yield, protein content, plant 
height, etc)

•	 Qualitative evaluations with 
a likert scale (e.g. 1 to 5)

FULLY REPLICATED 
BLOCK DESIGN

•	 All cultivars replicated 2  
or 3 times in each location

•	 Same cultivars in all 
locations

Plackett-Luce model

It models rankings’ data 
and determines subgroups 
of rankings based on pedo-

climatic covariates

Bayesian hierarchical 
G × E model

The model assumes that each 
effect (G, E and G × E) is taken 

from a common distribution

ANOVA or Mixed Model

Analysis of Variance
(ANOVA) followed by

•	 GGE Model. A Principal 
Component Analysis (PCA) 
on Genetic plus Genotype x 
Environment interaction (G 
+ G × E) effects matrix

•	 AMMI Model (Additive Main 
effects and Multiplicative In-
teraction) model. A PCA on 
Environment x Interaction 
(G × E) matrix

1
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N
r locations in the netw
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ata collection and protocols
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Statistical data analysis

FIGURE 3. Decision tree for choosing the best suited experimental design at 
network scale15

15 Adapted from Pierre Rivière (2019). Technical details available at 
https://priviere.github.io/PPBstats_book/ & Goldringer I., Rivière P., 2018. “Methods and Tools for 
decentralized on farm breeding”. Booklet #3. Diversifood Project.

https://priviere.github.io/PPBstats_book/
https://priviere.github.io/PPBstats_book/ & Goldringer I., Rivière P., 2018. “Methods and Tools for decentralized on farm breeding”. Booklet #3. Diversifood Project.
https://priviere.github.io/PPBstats_book/ & Goldringer I., Rivière P., 2018. “Methods and Tools for decentralized on farm breeding”. Booklet #3. Diversifood Project.
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Data collection is the heart of a tri-
al. It must produce the most trusted 
data given the constraints affecting 
each situation. In an on-farm par-
ticipatory cultivar trial, where data 
collection is decentralised, the quali-
ty of data depends to a great extent 
on the clarity of the process and the 
trust among  participants. It is there-
fore important to agree upon and 
clarify in advance both how meas-
urements must be taken and how 
data will be managed. 
The following aspects of data collec-
tion require special attention:

•	 The variables must be relevant, 
i.e. useful to reach the objectives 
of the trial

•	 The data must be measured ac-
curately with rigorous methods 
and protocols

•	 The data must be processed 
and stored in a consistent way 
throughout the trial.

Regarding protocols, also with rela-
tion to potential constraints, it is es-
sential to take into account:
•	 Who collects the data. Agree-

ing to protocols in advance with 
the collaboration of the farmers 
makes it clear whether data col-
lection skills and workforce are 
covered or lacking.

•	 Which data is collected. 
Well-chosen, relevant variables 

Data collection and management

ON-FARM TESTING 
FOR ORGANIC WHEAT VARIETIES IN THE UK

The initiative, funded by the LIVESEED project, aimed at optimising varietal 
choice of wheat cultivars for organic farms. It tested 11 wheat varieties, 
chosen using information from experimental organic plot variety trials and 
based on farmers’ experience. The varieties were grown on 11 farms, in 
two blocks using different sowing and harrowing practices, with extensive 
support from the research team. A balanced incomplete block design was 
adopted for the first year, while in the second year the team chose an un-
balanced incomplete block design. The common parameters were that all 
varieties were first drilled then harvested on the same day, and their man-
agement was identical at farm level; other than that, farmers were able to 
use their own farm machinery and follow their own management practices.

Network size

Costs

Research 
support required

HIGHLIGHTS

•	 The trial was run under re-
al-world organic conditions, 
following local practices

•	 The varietal strips in each 
farm were harvested and sold 
or, on one farm, used within 
its home/small-scale milling 
operation

•	 Trial coordination and data 
collection were shared be-
tween the research team and 
local field agents

CASE STUDY 4
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FIGURE 4. A useful workflow for high quality data collection16

can produce  a comprehensive 
assessment of a cultivar’s “val-
ue for cultivation”, which in turn 
contributes to meaningful overall 
ranking of the trial entries. The 
measures to be taken should fo-
cus on the most important pa-
rameters in line with the trial’s 
objectives agreed by all partici-
pants, and be easily measurable, 
regardless of the specific circum-
stances.

•	 How data is collected. In order 
to meet scientific standards, it is 
important to decide on appro-
priate measurement and evalu-
ation protocols and to ensure all 
participants understand them.

The type of data collected in a tri-
al depends on the traits being as-
sessed. Combining various methods, 
it’s possible to gather both data of 
scientific quality and access local 
and empirical knowledge, which is 
equally relevant for successful culti-
var evaluation. The main methods to 
consider are:

•	 Measuring (quantitative data). 
A quantitative trait is measured 
for all the trial varieties, based 
on an agreed protocol and with 
an agreed method. This method 
provides the most homogene-
ous data (e.g. plant height, fruit 
weight, yield).

•	 Scoring (visual evaluation). 
Each trait of interest of each va-
riety is rated based on agreed 
protocols, usually using a likert 
scale (e.g. from 1 to 5). Scoring 
for specific traits can be done ac-
cording to a guide with pictures, 
colour charts or other media as 
a reference for different users 
(e.g. ground cover, leaf colour, 
lodging). Scoring for qualitative 
traits such as vigour, disease re-
sistance, or general appearance, 
is usually done through visual 
evaluation, exploiting the experi-
ential knowledge of participants.

•	 Ranking. Each variety is ranked 
based on the traits of interest 
or for an overall evaluation (i.e. 
which variety do I like the most? 
Order varieties from best to 
worst). This approach does not 
need detailed protocols or spe-
cialised tools.

•	 Description (text).  This meth-
od can be used to capture addi-
tional observations not foreseen 
in the protocol. It can be difficult 
to process because of its hetero-
geneous nature, however it can 
form the basis for useful and 
stimulating group discussions.

Besides the raw (or processed) data 
collected in the field,  trial metada-
ta need to be considered too. These 

16 Based on Berti-Equille (2004) - see resources section.
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include trial information which is 
useful for contextualizing the re-
sults of the evaluation (location, soil 
type, meteorological records, crop 
rotation, fertilization, plot size, plant 
density, sowing dates, cultivar and 
seed lot information as well as per-
sonal details of those involved in the 
evaluation such as age, gender, and 
profession)17.
Data storage also deserves a men-
tion. Data deposited in an accessible 
and interoperable way makes anal-
ysis and information sharing easier. 
When organised and harmonised 
data is collected over time, a data-
base is created that stakeholders 
can go back to, and find important 
historical information. Accessing 
data and visualising it interactive-
ly in a clear and coherent way can 
support evaluation and encourage 
participation.
Several databases to manage net-
work trials exist such as SHiNe-
MaS18, ClimMob (see case study 4) 
and SeedLinked (see case study 1). 

These can be linked to other data-
bases for climate19 or soil data20 and 
combined with often more accurate 
information on local conditions pro-
vided by farmers.

17 it is essential that the EU data protection regulation (GDPR) is complied with, and that good
practices such as informed consent are used. https://gdpr.eu/

18 https://plantmethods.biomedcentral.com/articles/10.1186/s13007-020-00640-2
19 https://cds.climate.copernicus.eu/#!/home and https://www.worldclim.org/
20 https://esdac.jrc.ec.europa.eu/resource-type/european-soil-database-soil-properties

SENSORY EVALUATIONS
Read more: 
https://seedtokitchen.horticulture.
wisc.edu/ and https://orgprints.org/
id/eprint/38095/

The organoleptic and culinary 
qualities of organic varieties are of 
great importance to stakeholders 
in shorter food chains (i.e. bakers, 
consumers). Methodologies are be-
ing developed for the evaluation 
of those qualities alongside agro-
nomic traits. As an example:
•	 hedonic evaluation to detect 

different preferences between 
products

•	 napping test to detect sensory 
differences between products

FIELD BOOK: 

An Open-Source Application 
for Field Data Collection on Android
A useful tool for cultivar trial data collection has 
been developed by Trevor W. Rife and Jesse A. Po-
land at Kansas State University. The app is open 
source and available free of charge on the Goog-
le Play store and other online repositories. The app 
turns an Android phone or tablet into a data cap-
turing device, with the possibility of importing .CSV 
files (field map, traits), exporting them via online 
sharing channels (cloud, email, instant messaging) 
or integrating them into a database using the BrAPI 
protocol. Field Book can also be operated complete-
ly offline. Data is always saved on the device’s in-
ternal memory and can be manually transferred to 
a computer simply through a USB cable.

https://gdpr.eu/
https://plantmethods.biomedcentral.com/articles/10.1186/s13007-020-00640-2
https://cds.climate.copernicus.eu/#!/home
https://www.worldclim.org/
https://esdac.jrc.ec.europa.eu/resource-type/european-soil-database-soil-properties
https://seedtokitchen.horticulture.wisc.edu/ and https://orgprints.org/id/eprint/38095/
https://seedtokitchen.horticulture.wisc.edu/ and https://orgprints.org/id/eprint/38095/
https://seedtokitchen.horticulture.wisc.edu/ and https://orgprints.org/id/eprint/38095/
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Increased testing efforts for organ-
ic cultivar evaluation have an out-
standing potential in enabling the 
success of organic farming and sup-
porting the agroecological transition. 
However, current infrastructures are 
not fit for purpose in most European 
countries21 and new models need to 
be designed to address the needs of 
a rapidly growing organic sector.

This booklet summarises the re-
sults of a collaborative effort among 
LIVESEED partners and stakehold-
ers of several European countries, to 
address these needs and co-design 
the pillars of “new models of culti-
var testing for organic agriculture” 
based on the analysis of objectives 
and constraints22.

Some key elements emerge from this 
analysis and modelling work.

•	 On-farm decentralised cultivar 
trials require a well established 
and functioning network. Inno-
vative cultivar trial models, free 
from the constraints of classical 
experimental designs (fully rep-
licated RCBD/ANOVA), require 
networks from a minimum of 20 
farms to well over 100, which 
represents an ambitious target 
in many European regions.

•	 Thriving cultivar trial networks re-
quire skilled facilitators, capable 
of motivating and engaging net-
work members and drawing from 
participatory techniques to make 
the most of farmers’ and stake-
holders’ knowledge of their envi-
ronment and specific value-chain 
needs. 

From an experimental design and 
data analysis perspective, the vol-
ume of information needed for 
meaningful organic cultivar testing is 
often higher and more nuanced than 
in a conventional setting. Yet, the or-
ganic sector is still too small to sup-
port the consequent additional costs, 
calling for innovative approaches to 
respond to the challenge. Alterna-
tive experimental designs and col-
laborative digital platforms exist 
(such as SeedLinked and Climmob, 
presented in this publication), which 
offer some insight into what a future 
European model of organic cultivar 
testing may look like.

The concept of “frugality” is key to 
develop a relevant, cost-effective 
and financially sustainable infra-
structure through mobilisation, redi-
rection and optimisation of availa-
ble resources. However, to meet the 
ambitious target of 25% agricultur-
al land under organic management 
by 2030 (as called for in Europe’s 
Farm to Fork Strategy), the issue of 
economic sustainability for Organic 
Plant Breeding and Organic Culti-
var Trials will need to be addressed 
at systemic level. 
The methodology and examples 
presented in this booklet indicate 
that decentralised organic on-farm 
cultivar trial networks offer a cost ef-
fective solution to this problem and 
could play a pivotal role in boosting 
the organic sector, with targeted in-
vestments from both the public and 
private sectors.

Conclusions and
recommendations

https://www.liveseed.eu/wp-content/uploads/2020/11/LIVESEED-D2.1_Overview-of-the-
organisational-models-of-cultivar-trials-for-organic-agriculture_corrected-version_TMP.pdf
https://www.liveseed.eu/wp-content/uploads/2021/02/21-01-29-LIVESEED_D2_3_final-compressed.pdf
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https://www.liveseed.eu/wp-content/uploads/2020/11/LIVESEED-D2.1_Overview-of-the-organisational-models-of-cultivar-trials-for-organic-agriculture_corrected-version_TMP.pdf
https://www.liveseed.eu/wp-content/uploads/2020/11/LIVESEED-D2.1_Overview-of-the-organisational-models-of-cultivar-trials-for-organic-agriculture_corrected-version_TMP.pdf
https://www.liveseed.eu/wp-content/uploads/2021/02/21-01-29-LIVESEED_D2_3_final-compressed.pdf
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