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From genebanks tbo farms: how ctz”science IS transorming
crop variety evaluation through the tricot approach
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In this presentation

* Challenges that drive our research
* The tricot approach
* Five case studies and lessons

Some slides borrowed from Jonathan Steinke and Jacob van Etten,
the forerunners in this approach



Challenges that we want to address...



Challenge #1: Loss in agrobiodiversity
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9,538 %e,maize and wheat
ose — currently provide >50% of the

a3 .
soecse. world’s calories from plants

35588

Number of crops use

for food by humans
throughout history

12

12 crops that together
with 5 animal species provide
75% of the world's food today



Challenge #2: Climate Change

Challinor et al. (2016) Nat. Clim. Change 6:954-958
Tollenar et al. (2017) Nat. Clim. Change 7:275-278
Deutsch et al. (2018) Science 361(6405):916-919



Challenge #3: Data capturing

Geographically dispersed trials | N ‘/\}' \ - ?
with limited opportunity to | —) g —) (\'a
aggregate and repurpose data — &S

Knowledge

Little long-term focus on the “data-driven”: means that progress
opportunity that well structured in an activity is compelled by data,
data can provide

rather than by intuition or by
personal experience.

van Etten et al (2024) PNAS https://doi.org/10.1073/pnas.2205771120 6



https://doi.org/10.1073/pnas.2205771120

Increased agrobiodiversity is part of the solution
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* Different varieties have different climatic adaptation
* Weather extremes will not affect all varieties equally

* Growing multiple varieties together = climate resilience

Vermeulen et al. (2012) Environ Sci Policy 15(1):136-144
Waha et al. (2018) Global Change Biol
Willet et al. (2019) The Lancet 393(10170):447-492



How can we support farmers to find varieties that match the
conditions at their farm?

Can there be a “best” variety for all?
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Fig. 4. Participation by gender in key crop stages in three participatory trial sites of western Kenya.

Misiko (2013)

Rhoades and Booth (1982) Agricultural Administration _https://doi.org/10.1016/0309-586X(82)90056-5
Misiko (2013) Agricultural Systems https://doi.org/10.1016/j.agsy.2013.04.004
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Why do farmers lack easy access to diversity?

Seed producers
Incentives to produce only few varieties at large scale
Lack of information on variety demand

Farmers
Lack of information about available varieties
“Seeing is believing” / Learning-by-doing approach

Possible solution: Farmer-managed variety trials powered by citizen
science

Thiele et al. (2020) Int. J. Food Sci. https://doi.org/10.1111/ijfs. 14684
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Triadic comparison of technologies (tricot) is a
citizen science approach that can help bringing
diversity to farms...



Citizen science — high volume of

data generated by citizens (not
formally trained in the topic) performance of tested technologies

under real conditions

Digital agriculture — trial design,
management, data collection and
analysis supported by novel digital tools
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Participatory research — farmers as

active participants (user-centred desing)

de Sousa et al. (2024) Agronomy for Sustainable Development https://doi.org/10.1007/s13593-023-00937-1
van Etten et al. (2016) Experimental Agriculture https://doi.org/10.1017/50014479716000739
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Experimental Technology ‘Blind" trial Farmer On-farm Farmer observations Data aggregation Overall analysis
design options packages registration trials and rankings
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Balanced
randomization

de Sousa et al. (2024) Agronomy for Sustainable Development https://doi.org/10.1007/s13593-023-00937-1
van Etten et al. (2016) Experimental Agriculture https://doi.org/10.1017/50014479716000739
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Incomplete block design
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de Sousa et al. (2024) Agronomy for Sustainable Development https://doi.org/10.1007/s13593-023-00937-1
van Etten et al. (2016) Experimental Agriculture https://doi.org/10.1017/50014479716000739
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Tricot in practice
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Trial setting
* Side by side
* On the same day
* Small to allow comparison
* Same management as the main plot (preferably)

A Mainplot .
9. - e O - ot )
” " (local variety) - '
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Farmers make simple observations for different criteria

Photo: Jonathan Steinke/Bioversity International
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Farmers make simple observations for different criteria

Package number:

|Step #1  After 30 Days

¢ Date:

Best leaf Worst leaf
development development
(A[B|C A|lB C

Best in Worst in
winding winding

(a]B]|C

AlB|[cC)




Farmers make simple observations in different criteria

Package number: FR-25
pate: 10 November 2019

Step #1  After 30 Days

Best leaf Worst leaf
development development

{ (A B|C A A B C

: A
Bestin Worst in

winding winding
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Data collection

1. ODK App (only Android phones)
2. Data collected on paper and
submitted via Enketo




Data workflow

A : ] : (A) Multiple participants contribute by
;:' H ;!’ performing small, decgntralized tasks

& . . (e.g., ranking three options).

M n :.;, J!L (B) Supplementary data are integrated from
external sources (e.g. weather, socio-
economic, breeding data).

(C) Aggregated and enriched data are
ASC>D C D analyzed using the ClimMob platform.
(D) Automated reports are generated and

C>D>B-—p A>SC>D>B

_

=

A>D>B ‘ o delivered to trial managers and
> Q? , participants.
Iﬁ (E) Trial managers can request additional
analysis to test new hypotheses, try new
B E analytical approaches and produce

scientific papers. Validated innovations

51 | : I E from (E) are integrated back into the main
W: o : H H 1
° i} analysis pipeline (C), continuously
-‘h”"'I ﬁ —EE@ ’ : @ ' enhancing automation and scalability.
11

Quirds et al. (2024) Computers and Electronics in Agriculture https://doi.org/10.1016/j.compag.2023.108539 25
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Feedback to farmers

It is an integral and important step on tricot. It needs to
be on your budget from the beginning.

Photo: Jonathan Steinke/Bioversity International
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Feedback to farmers

Nov 2024 NOSSOMBOUGOL

| Nov 2024 g Zoumana Diarra i Nossombougou, Kodian

Your Rankings Traits Rankings
= Yield : 1]

CERTIFICATE Option A Option A

OF PARTICIPATION : | 1
Option C .
s 2 Option B Disease il
AWARD TO 3 Resisiance Option A | Option B

. = Pest il
Nossombougou Rankings i
Zioumana Diarra : . Res90S  Opiion A | Opton €
FOR YOUR PARTICIPATION IN THE DEVELOPMENT OF C!J
2

-
NEW VARIETIES OF AMARANTH OpIionA Dloughf

Tolerance x )
T . Wwr Option B | Option €
I'HANK YOU Option B | 1 .

Option C
2 ﬁ Marketability = 1) D@

3 Option € | Option B
7 T, 7. rd

100 Farmers participated Recommendations

Option A [ 1 1 I JTeleleleleleloly (R Make furrows ocross the slope fo help waier sook
! into the soil and stop erosion,
Mix erop stubble inte the soil te keep more maisture.
BREEDER Options @@@OCOC0O0O0OO0O 35 Votes Plant affer thie rains have started and are steady.
Do net burn crop residues becouse it couses erasion,
dries out the soil, ond reduces its quality.

Option¢ @@QOQO0QOO0O 25Votes

might take a while or not happen at all.
Thank you for being part of a scientific testing

mail@exaomple.com

+60 505 555 555

@ EE', CROP
,f,,l','ﬂ:‘l'-"u?“\, TRUST o5 @ % This trial tested varieties that are not yet released and & Ph:f: mare Info,

Schumann et al. (2024) https://hdl.handle.net/10568/169094
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Built on a multi-institutional partnership

i [\I I\l U Norwegian

“ A e \\ ['A CI P :’ | ' | iversi
. . University of
BlovLIr!sﬂ:'&%l \ Transforming African Agrizaltare INTERNATIONAL CIMMY University of o o Scie:ces
B POTATO GENTER tlonal Maize and Wt Inland Norway waseningen N —

UNIVERSITY & RESEARCH

4\
KALR

" Kenya Agricultural & Livestock l‘dl\u (:!JH |&| 10|<

\§

NIBIO

NORWEGIAN INSTITUTE OF
BIOECONOMY RESEARCH

™\ | insTiTuT NATIONAL POUR
L’ETUDE ET LA RECHERCHE
./ | AGRONOMIQUES Tnn I

ONE ACRE FUND

DARS
C l ra DEPARTMENT
OF AGRICULTURAL

LA RECHERCHE AGRONOMIQUE RESEARCH SERVICES
POUR LE DEVELOPPEMENT

NRCRI O\m\( i an>> e

"CENTRE NATIONAL DE RECHERCHE AGRONOMIQUE

SEED

Ministry of Foreign Affairs of the ;ﬁ%ﬂo‘ U S A I D %L J?

3
Netherlands %"::@"‘g FROM THE AMERICAN PEOPLE CGIAR

THE Deutsche Gesellschaft
Gat’es o qz Norwa The Re'SGarCh MCEKNIGHT I Z fur Internationale
ouncil o orwa FOUNDATION Zusammenarbeit (G1Z) GmbH
Foundation nimm C lof N y

28



\
g . gronomy
The tricot approach: an agile framework for

decentralized on-farm testing supported by
citizen science. Aretrospective

Review Article | Openaccess | Published: 25 January 2024

Volume 44, article number 8,(2024) Cite this article

Agronomy for Sustainable Development
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#1 Variety portfolios

16°N -
Common beans
Central America (4 countries)
17 genotypes -
12 seasons
3,550 farmers (~250 per season)
12°N
18c @-204 8RT @182
sro@al ‘
,,.pN"_,:,; 429 DESZB094-39-4
sJciiio 7o , 10°N -
SX 1&;7'1 Ms‘az.e y.pe Experimental line
'BC‘29 . Released Vanety
18C @e-24 e @
mis@-72
i BCrge-74 -
703-SM 158§6-11-4-VB e @o-ss il

Brown et al. (2022) Crop Science https://doi.org/10.1002 /csc2.20817

Organization

¢ bon

CATIE
FIPAH
FIPAH-PRR
INTA-UCR

Trial ID

®
®
[
@
®

CRI_05_2018
CRI_10_2017
CRI_12_2017
CRI_12_2018
HND_05_2017
HND_06_2017
HND_10_2016
HND_10_2017
HND_SLV_09_2015
NIC_06_2016
NIC_09_2015
NIC_09_2016
NIC_12_2015
NIC_12_2016
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#1 Variety portfolios

Location-specific insights on genotype
performance and environmental interaction.

12°N-

<4 >4
10°N
&N- N 5 G ¥ ¥ = = 8N- + v B v = T ¥V
90°W  89"W  E8°W 87°W  86'W 85w  g4'w  83'W 90°W  BW  88'W  8T'W 86w 85'W  Bd'W 83w
'N-
Node 2 (n = 1264) Node 3 (n = 607) Normalized Entropy ACA o 0
429 DFSZ 15094-39-4 —— . 014016018020
703-SM 15216-11-4-VB = S &N~
ALS 0532-6 =] —t— o'W A o 754 5o 4 = 53
BCR 122-74 1 | - o20°W 89w B8°wW 8w 86°W B85*W 84w BIW
BFS 471 —+—— e
BRT 103-182 Sy g Top-3 Genotypes
EAP 9508-93 [l ) R SRC 2-18-1 > ALS 0532-6 > EAP 9510-77 SX 14825-7-1 > BCR 122-74 > EAP 9508-93
e B i SRC 2-18-1 > ALS 0532-6 > MHC 21349 SX 14825-7-1 > BCR 122-74 > SRC 2-18-1
1BC 302.29 4 o SRC 2-18-1 > ALS 0532-6 > SX 14825-7-1 [l SX 14825-7-1 > SRC 2-18-1 > BCR 12274
IBC 308-24 —— —— SRC 2-18-1 > SX 14825-7-1 > ALS 0532-6
MHC 2-13-49 —_— T
MIB 397-72 —_— g
MPN 103-137 — — i . . . . . .
e —F o FIGURE 4 (a) Map of genotypes with the higher probability of being in the top three across the study region for the Primera season. (b)
sas— PR —— P Normalized entropy (0-1) of the genotypes with higher probability of being in the top three; the legend scale is constrained to easily visualize the
log(worth) differences. (c) Area of applicability (AOA) for the Primera season; areas in red denote no applicability of the model
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#2 Locally adapted genotypes

43°
Durum wheat i
Ethiopia i
41 genotypes
3 seasons .
1,100 farmers (~330 per season) |
k100
-g°
-8°
A e e A i/ -7°
(125 ) /[ 280
ok

Supplementary Figure 15. Location of origin of the top 41 durum wheat ( Triticum durum Desf.) genotypes
selected for the decentralized trials.

Mancini et al. (2017) Scientific Reports https://doi.org/10.1038/s41598-017-07628-4
de Sousa et al. (2021) Comm:s Biology https://doi.org/10.1038/s42003-021-02463-w 33
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#2 Locally adapted genotypes

Selection of durum wheat
genebank accessions with higher
local adaptation in Ethiopia.
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#3 Consumers’ preference

Cassava (gari-eba)
Nigeria

10 genotypes
1,001 participants

Linking farmers socio-economic

data with breeding data

Hausa Ibo Igbira Tiv

EthnicGroup
p=T.1e05

N\

Idoma lgede Yoruba

Node 2 (n=204) Mode 3 (n=396)
Akpu — - -
TMEB1_MS6— - -
TMEB2 — - -
TMEB3— —— -
TMS13F1160P0004 — > .
TMS13F1307P0016+ - .
TMS13F1343P0022 . ¢
TMS13F1343P0044 - .
TMS14F1278P0003 - L
TMS30572 -
I I | | | |
-4 82 -1 2.81 -4.82 =1 2.81

Figure 6. Plackett—Luce tree of consumers' preference for Eba samples derived from ten cassava genotypes (Experiment 3). Splitting covariate selected
by the model-based recursive partitioning approach applied to ethnic group. The x axis shows log-worth with genotype Akpu as reference (log-worth set
to 0). Intervals are based on quasi-variance estimates.

Alamu et al (2023) JSFA https://doi.org/10.1002/jsfa.12518
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#3 Consumers’ preference

Node® Feature Estimate

Standard error

z value

Table 6. Effect of genotypes' biophysical features on the consumers' preference for eba samples and consumers' ethnic groups

Pr (=|z|)

2 = 1M

Solubili
L* gari 0.335
a* gari 1.482
b* gari 0.076
Cohesiveness —43.119
Gumminess 0.096
Chewiness 0.130
Hardness —0.078
Adhesiveness —0.019
3 (Intercept) 0.000

ohesiveness R
Gumminess —0.068
Chewiness —0.094
Hardness 0.026
Adhesiveness —0.030

130.407

0.793
0.467
0.281
0.165
NA

0.044
0.067
0.012
0.021

—1.568
—1.398

2.289
—-1.441

7.65E-01
7A1E-0
9.04E-01
7.81E-0
7.83E-N
9.07E-0
NA

3.79E-07

1.35E-07
5.72E-10
. k-
1.17E-01
1.62E-01
2.21E-02

1.50E-01

Probability.

“ Node 2 includes participants from Hausa, Ibo, Igbira, and Tiv groups. Node 3 has participants from the groups Idoma, Igede, and Yoruba. Pr =

Alamu et al (2023) JSFA https://doi.org/10.1002/jsfa.12518
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#4 Market segments in traditional vegetables

Amaranth

Table 4. Demographic and sociceconomic characteristics of farmers segments in amaranth production in Benin, Mali, and

. . . Tanzania.
Benin, Mali, Tanzania
Segments
14 WO rI d Veg ge ne ba n k ge n Oty p SN Older Women Young Women Older Men Young Men
Generalists Specialists Generalists Specialists
A
verage Age 43 35 a5 34
lyears)
Dominant Gender Woman Woman Man Man
N Who Controls Sale Woman Woman Man Man
Who Control
° n ros Woman Woman Man Man
Production
1N Avg. Income Crop
21.58 35.42 14.17 29.01
Share (%)
o Aug. Experience 1.18 6.2 5.52 8.95
with Crop (years)
Characteristics Women with Younger women highly | Predominantly Younger men with
10°8 significant involved in both men with high experience,
control over both | production and sale, considerable significant income
sale and highest income share experience in share from
20°8 production, from amaranth, and amaranth amaranth, control
moderate income | substantial experience | farming, control owver both
share from growing amaranth, over both production and
08 amaranth, indicating production and sale, indicating
relatively less specialization. sale, but the specialization.
20°W 10°W 0° 10°E 20°E 30°E 40°E 50°E experience in lowest average

Voss et al. (2025) Plants People Planet https://doi.org/10.1002/ppp3.70035

amaranth
farming.

income share
from the crop.
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#4 Market segments in traditional vegetables

(C) Older Men Generalists, n = 462

Farmers’ socio-economic data
reveals different segmentsto .-~
inform participatory crop
improvement 5.
< oo
£
3
-2.51
: Leaf sige 4th harv
-5.0 25 0.0 2.5

Voss et al. (2025) Plants People Planet https://doi.org/10.1002/ppp3.70035 Comp.1 (30.7%)
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In summary

* Tricot is a citizen science approach built on a multi-institutional
partnership.

* |t enables scaling of decentralized trials by offering a robust
experimental design and straightforward data capturing approach.
 Farmers are exposed to crop diversity and assess it under their local

conditions.
* On-farm/consumer preference data can be linked to several other

datasets to explain how and why farmers/consumers take decisions.



Thousands of farmers
doing research together

oh'
the

tricot
approach

Cuide for large-scale participatory experiments

Further reading

https://1000farms.net

https://community.1000farms.net

https://climmob.net/blog/wiki/?post type=st faq

https://climmob.net/blog/wiki/climmob-and-tricot-resources/
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Thank you!

R
" Alliance SZ

Bioversity & CIAT CGIAR Kaué de Sousa, Ph.D.

k.desousa@cgiar.org

[? TRusT = Norway

Gates
Foundation
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