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Context

Why alfalfa matters : biodiversity, nitrogen fixation, soil health, and farmer sustainability

= Increased demand from the animal feed industry and the growing livestock population are estimated to drive the expansion of forage
cultivation.

» The total forage cultivation area in Europe reached 9.1 million ha in 2022, which increased by 4.6% between 2017 and 2022. Forage alfalfa have
the 2nd largest area under cultivation, accounting for 35.4% of the overall European forage cultivation area in 2022.

Biodiversity

Sustainable rotations

Soil quality

Moving from Research to Market : to support both Productivity and ecological goals

- breeders and developers need a new way to manage data, traits, and feedback across the pipeline.
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How to Breed Alfalfa ?

“As an alfalfa breeder in France, | want to develop new varieties that respond to the needs of the European
livestock farmers”

"As an alfalfa breeder, | need to know what alfalfa phenotypic traits will be valued by the livestock farmers in
Europe.”

"As an alfalfa breeder, | also need fo know the strength and weaknesses of the compeling varieties in the market in
order to compare my material fo them and decide which one to advance as a candidate for sales launch*

As an alfalfa breeder, | want to develop a breeding program that will produce a succession of new varieties
matching with Product Design in order to satisfy the European livestock farmers"
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— S —

CTUSE BB o Variety A > 45 % ol

content % ' :

Yield T/ha Must have Variety B > 1.5

Verticillium _ Beneficiaries: Livestock farmers
wilt resistance  Added value  Variety C > 2 in Europe who use alfalfa as
(Rating 1-9) fresh feed for cows
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The Complexity of Alfalfa Breeding and Mix Development

1. Breeding perennial crop
« Evaluate performances over several years.

« to study the homogeneity of harvests depending on the period of harvest and the differences of performance
among the different harvests

« Each harvest will come with a list of observations (yield wet and dry, digestibility, biomass etc) that will be then
compared among the different harvests for the different varieties

«  With all the data collected over years (e.g. 3 years, with 5 harvests each) the breeder wants to : Compare the
general performance of the varieties (during all the trial duration) ; Compare the seasonal performance of the
varieties (early and late cuts) ; Compare the stability of performances (e.g. by excluding one or several frial years)

Charts (1) . : = . Chicrophyll content & Kinalic  :
U
Aggregatad 2022 Results 2023 Results 2024 Resulls
L Line (1/1) Vi (]  ceeE 162 163 165 157
@oad Al
CABE 1.58 1.63 1.52 159
166
()  carc 163 154 165 17
164
g CARIC 158 152 162 154
E 162
FR (0 wmaLe 157 156 159 154
z
g
s 158 / MALB 1.58 159 152 157
a
g
§ 156 ] MEBE 162 1.63 16 1.63
154 NEBE 162 166 181 153
152 I ] PINOT 18 161 158 162
2022 Resulls 2023 Resulls 2024 Resulls
® Vi V2 ® V3 [] rnOT 18 1.61 165 154
® V4
[]  syra 161 165 181 157
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The Complexity of Alfalfa Breeding and Mix Development

2. Breeding populations

« Setup abreeding scheme to increase genetic variability (polycrosses) and stabilize improved populations

* no possibility to have pure lines 2 increase genetic variability with “populations” (Polycrosses and Synthetics).

« Setupinfield: cagesisolated from outside pollen.

« The seeds harvested can be bulked (population) or harvested as half-sibs 2 Define codification rules

Cagel

1 6 11 16

2 7 12 17

3 8 13 18

4 9 14 19

5 10 15 20
Polycross Harvested on each plant — with or without aut pollinisation Synthétique Harvested on all the plants of the cage — with or without autopollinisation

F M F M
PYO1 1 0,1*1/0,1*2/0,1*3/0,1*4/0,1*5/0,1*6/0,1*7/0,1*8/0,1*9/0,1*10 SY01 0,1*1/0,1*2/0,1*3/0,1*4/0,1*5/0,1*6/0,1*7/0,1*8/0,1*9/0,1*10
PY02 2 0,1*1/0,1*2/0,1*3/0,1*4/0,1*5/0,1*6/0,1*7/0,1*8/0,1*9/0,1*10 SY02 0,7*11/0,1*12/0,1*13/0,1*14/0,1*15/0,1*16/0,1*17/0,1*18/0,1*19/ 0,1*20
PY10 10 0,1*1/0,1*2/0,1*3/0,1*4/0,1*5/0,1*6 /0,1*7/0,1*8/0,1*9/0,1*10
d L]
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The Complexity of Alfalfa Breeding and Mix Development

3. Commercializing mixes
« Forages are also “services crops” that can be planted in groups of varieties.

 Product development department can study the effect of different crop mixes.
« How to decide which mix you would like to do ¢
« How to qualify each component of mixe

« The Mixis evaluated like a new product (with specific protocols as less variables can be evaluated together e.g.
biomass, digestibility, yield, nb of plants)

« Theresultisreverted to the components of the mix (e.g. Clover 1 — High capacity to combine with alfalfa)

(Bloomeo Playground) @ tduminil tduminil

¢ Trials list / & Variety Mix Ago-testing  ® In configuratien Y @
Factors &
General* Observation* 4 Locati
[] al (] rvatior e modalities 4 Location
Add treatments X
-
Genatype (Mix) (6) + Add factor
Treatment code Label # Replications #  Conlral Genalype
) Gl ARTESIA x PME357 1 a ARTESIA x PME357
Modality label Genotype m
ARTESIA x PME357 0 ARTESIA (1) PME3S? G2 CATURRA x ARTESIA x LIMU 1 CATURRA x ARTESIA % LIMU
a2 CATURRA x ARTESIA x LIMU 1 CATURRA () ARTESIA (1) LMU G3 ETINGELLE 1 ETINCELLE
ETINCELLE N ETNCELE o
G4 EUREKA 1 EUREKA
G4 EUREKA LN
] LiMu 1 LIMU
LIMU LA
G6 PME357 1 PME357
GG PME357 .M PME3S? (@
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The Complexity of Alfalfa Breeding and Mix Development
4. lIdentifying new traits for agroecology
« Alfalfa are also services crops that can be planted into a rotation and in cover crop.

 New breeding and testing strategies should measure the effect of varieties and mixes on new
agroecological factors (water use, soil quality, biodiversity)

¢ Harvest visit (47/100)

& Last sync 10min ago. m

Precocity [g»,

28 | variety v

* AVALANCHE

Precacity

Low (1)

4 High (4]

: Medium (3)
AZUREC prev. Medium (3}

Earliness Hight (5)
MAS B0O30 OL
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Structuring the breeding program with Market Segment and Product Design

Traits

Segment

Market
Segment

Market Product
Segment Design4

Product
Designd

Market
Segment

Product
Designé

Breeding

Product
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Market segmentation is the process of defining the criteria
spliting the different customers and opportunities

It is a powerful tool to align all the strategy : each market
segment need to get a prioritization, based on the
potential or on the historic profitability.

For one market segment, there is a unique value
proposition : products, marketing support and sales
approach.

A Product Design is created for a defined set of
beneficiaries who represent the market segment

A Product design is a fechnical specification of a new
variety using a detailed set of technical attributes with
quantitative measures and qualitative descriptions

The Product Designs are translated into breeding
objectives.

The Product Design should be a communication tool for
technical and non-technical audiences to win their support

doriane
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Digitalizing Product Developement pipeline

Product
Design
Market 9
Segment
Product
Design

Discovery

Phenotypic
and genotypic
Characteristics

Crosses
progenies,
collections,
accessions

Material in
collection
nursery

Breeding phase Product Development Phase Registration

Stabilization

Clone GCA
Evaluation

Starting cross

Evaluation frial
in small plots

Population
improvement
through
evaluation,
selection and
Cross

pollin

Genetically Selected
stable material product
(SYN) prototypes

digital product development pipelines

Lafe dev

Pre
commercial

Wider
Evaluation trial

Registration
trials

Demonstration
trials

Agronomical trials
(mixtures, chemical, etc)

Seed production

Breeder seeds
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Tracking KPIs along the Product Developement Pipeline

1.

Product market fit

Product design

Product design

A4

Genotypes

& Import  Add variable + m

Defines the ideal product profile by specifying target variables and values, with options to rank variables by importance, set benchmarks for
comparison, and add an operator column to indicate if values should be greater than, equal to, or less than the target.

Variables Priority

Classification

Should be Benchmark Target perf value

Essential

:

Essential -

:
I

Niche

:
I

Winning -

Avalanche hd

Other

il

Essential v

12 8

]

- - Alaranta -
E [ Top varieties ® Micro o Yield ® Dry resist ® Rusticity -+ ® Color  Digitibility
Target ap 12 12 12 12 12
I i Varietyl Pre com 12 8 25 25 25 25
I i Varietyl Pre com 12 8 25 25 25 25
l i Varietyl Pre com 12 8 25 25 25 25
iy &
Over time evolution of top varieties for a given variable ® Micro -
100
%0
80
70
60
50
40
30

2019 2020

201

2022

2023

2024
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Tracking KPIs along the Product Developement Pipeline

2. Breeding Program efficiency

Genotype number per stages for each program m

Breeding Development Registration

10 000 16 16

9000 14 14

8000 13 13

7 000 n 1"

6 000 10 10

5000 8 8

4000 7 7

3000 5 5 Registration: Launch

2000 3 3 ® Program A : 2 genotypes

1000 2 2 .

0 - S 0 0 -
Discovery POC Early m T2 T3 Launch
advancement

@ Program A Program B @ Program A Program B @ Program A Program B selection over breeding staged
100%
90%
80%
70%
60%
50%

Seasonal Multiannual 40%

30%

Multiannual dashboard 0% / o~
10% = \,74

Year* is 2026 Species is TomatoDel. X  Programis is ALL X + 0%

x Clear filters
Discovery POC Early stages Development Registration

Evolution over time of number of genotypes by stages @ Program A Program B @ Program C

2022 2023 2024 2025 2026 (this year)
Discovery 10000 9856 10000 11000 9562
POC 750 750 750 750

1 Early stages 250 250 250

<

E Development 10 10

a

T Registration 3
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Three Key Insights from Digitalizing Alfalfa R&D

1. Technical Insight : Field to Data Integration
« Using mobile tools for real-fime trial data and grower feedback.

« Enables the study of environmental x management x genetic interactions.

"I © B

Mandatory (4] - STORM, DRIFTEE, SURGE, FROST, ECHO, WAVE
Benchmark

FROST x

S5art done® End dyte®
Variety evolution over time by start date Date range: | 01/05/2024 6 01/08/2024 6 Variable [y axis): | Fruit weight (g) -
25
- @ STORM

225 ® DRIFTEE
g 2009 \ ® SURGE
:w: a v75g ® FROST

® ECHO
1509

%008 e —T—— X

May June July August

Observation round dates
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Three Key Insights from Digitalizing Alfalfa R&D

2. Strategic Insight : Connecting Market Needs to Traits

« Data-driven assessment of whether a breeding line meets market and sustainability goals (e.g., water use,
soil benefit).

« Supports trait prioritization for agroecological performance, not just yield.

Top varieties target fit over time
Today 2023 2022
Target fit : Micro Target fit : Micro Target fit : Micro
73 % 73% 73%
B65% 652
Dry Dig Dry 4 Dig Dry Dig
6 60 : Recommendation : Local stage : Decision : ® Selection : Digestibility
——— — 60 ——— D ) 7 Stage 6 - Testing o Stay NaN 0.75
Color Rust Color Rust Color Rust
m 7 Stage 6 - Testing Not set NaN 0.74
I 1 ) 7 Stage 8 - PD Not set NaN 075
\
GHT267 9 1 D 2 7 Stage 7 - PD Not set NaN 0.73
SLAY28 9 1 e ] 7 Stage 7 - PD Not set NaN 0.74
TYPicA B 9 1 » 2 ] 7 Stage 10 - Com Not set NaN 074

CARTESY

Recommendation

High Digestibility x  High 1st harvest weight x

Y o V3
" 5 Nk T . Count >
X A ~ =
alable : K A G High purple flower x \ )
22FOR-NorthernEurope-001_Trial_002 ~gll \ e\
4 » \
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Three Key Insights from Digitalizing Alfalfa R&D

3. Organizational Insight : Multidisciplinary Collaboration
« Shared database and unified dictionaries break silos between breeding and product development.

« Facilitates integrated innovation with connected systems.

(Doriane Company) . John Snow-Last

blI29meo
Projects . . 9:41 i p—
) {3} Create custom variable “Mildew” X
Ontology < B How to measure?
Dashboard 1. General 2. Input parameters 3. Notation guidelines
Ontolog —————— S B

Experiment Sy Fxpectedvalue Expected Min -~

_ - ‘ Medium (3) - 27.25 5.68 3714
] Variety list | . ‘
D Type Unit General instructions
Instructions Excepteur sint occaecat cupidatat non
Growing area earlinese dec proident, sunt in culpa qui officia deserunt
. | . \ mollit anim id es
ructior
eyespot dec i :
Picture gallery Critical trait Vv
harvestD date
Configuration helminth ) i
soilAppli Photos dec
sowingD ; date =
Extremely low (1) 9:41 all T -
sproutDc ! dec

< [ How to measure?

femperar Low (2) : o =
tomatoM o ' . :
| Oidium variable Extremely high (5) K

vigor Medium (3) j dec
| Drag and drop a image here or Choose image Expected
brownRu i dec Extremly low (1)
High (4) i N .
color ! dec General instructions
cy\indros ) ' dec Exc.epteur sint'occaecat c.upu:.iavtat non
Extremely high (4) proident, sunt in culpa qui officia deserunt
elongatic Supported formats: JPEG, PNG Maximum size: 25MB dec mollit anim id es
i Critical trait
glucosin dec
juiceCon “ancel Create variable "
tion name
oilContent Qil content OILCON Describes the Qil content, consist... dec
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Three Key Insights from Digitalizing Alfalfa R&D

f?fv(l hiphen o\

/, sencrop ArABLE

TYWEENAT o
Alteia

.

Drones, Sensors,
Satellites

Specirophotometry

Seed Weighing Genetic/Marker

Laboratory system

Forage Quality
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How to maximize the ROI of your Alfalfa R&D investments?

Make sure the

addressable market Increase the variety
for each market is launch success rate

Reduce the time to
get a new variety into

Streamline processes,
increase

collaboration the market
relevant

Digitalization Market Segments Market Segments Digitalization
Breeding Stages Product Designs Product Designs Analytics

Benefits expected from Digitalization

= |Improved fraceability and reproducibility of experiments.
=  Easier integration of field and grower feedback (participatory breeding).

= Data standardization to support multi-disciplinary research (geneticists «» agronomists < marketers).
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Thank you for your atiention!

s~amrorid Alfalfa
477 alfalfa,  toget back
congress into planetary

FRANCE REIMS-CHALONS boundaries

November 6th 2025

Tristan Duminil

Innovation Director
+ 33609 637 254
L tristan.duminil@doriane.com
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