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Combining Humanities, Sciences and 
Medicine

In Education:

55,300 students, 

of which 10,800 are international

53 bachelor’s degrees 

of which 19 are bi-disciplinary

33 master’s degrees

with more than 39 international specializations

In Research:

3,400 academic researchers

3,000 partner researchers

135 research structures

3,900 doctoral students 

• ENGAGING WITH SOCIETY BY ASKING THE BIG QUESTIONS



World-Class Science and Engineering

 1,560 professor-researchers

 19,600 students 

 +85 laboratories

 Polytech-Sorbonne 
engineering school

 4 oceanic observatories 
on three coasts and in Paris

 2 institutes: Astrophysics of Paris 
and Henri Poincaré

• Both basic and applied research: 

• Mathematics, Computer Sciences 

and Engineering

• Energy, Matter and the Universe

• Living Earth, Oceans & the Environment

• Life Sciences

• PUSHING THE BOUNDARIES OF WHAT WE KNOW



Seed Biology Team

Head : Christophe Bailly

Staff: 8 permanent positions

6 PhD

Created in the 70’s

Species studied: wheat, corn, rapeseed, sunflower, barley, oat, 

tomato, pepper, bean, lettuce, pea, carrot, leek, onion,…. 

More than 500 publications in seed biology

Actual research:
Signaling role of reactive oxygen

species

&

Role of post-transcriptional

mechanisms

in the regulation of seed germination 

and dormancy



Seed germination: the 

most critical stage in 

plant life ?



Daszkowska-Golec (2011)

Seed germination:

- Major developmental change in plants, permits obtaining a young growing plant from a quiescent seed

- Completed with the appearance of the embryo through the seed surrounding structure(s)

- Tightly regulated by external (light, temperature, oxygen) and internal (plant hormones: abscisic acid (ABA) and 

gibberrelins (GA)) factors
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Seed dormancy: a beneficial

trait that alters ability to 

germinate



Temperature

Oxygen

Water
(soil water potential)

Light

Environmental factors

Dry seed

Germination

Quiescence: impossibility to

germinate because environmental

conditions are unappropriate (not

enough water, temperature too low

or too high, anoxia,)..

Endogenous factors

Dormancy: impossibility to germinate

even when environmental conditions are

apparently favourable.

Germination is possible, but in narrow

conditions

Dormancy

Embryo Envelopes



Dormancy regulates germination, but it can led to false 

interpretations of seed batch quality

Dormancy, whether it comes from the embryo or the envelopes, 

is most often a relative phenomenon, expressed or not 

depending on the conditions under which the seed is placed.

A dormant seed germinates only in very specific conditions, 

while a non-dormant seed is much less sensitive to 

environmental factors.

The elimination of dormancy results in an enlargement of the 

conditions which ensure good germination.

Seed dormancy characteristics



Embryo dormancy alleviation:

Cold stratification (imbibition at low temperature)  

Dry after-ripening

Warm stratification  (imbibition at high temperature) 

Widening of the range of temperature and oxygen

content of the atmosphere allowing germination

Treatment of imbibed seeds with with GA, ethylene, cyanide, alcohol, smoke…, 
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Seed quality and success 

of germination: a challenge 

for seed industry



GoodBad

WHAT ARE HIGH QUALITY SEEDS ?

They are seeds :

1 - which germinate all
2 - which germinate quickly

3 - which give rise to normal and vigorous seedlings
4 - which are little sensitive to external factors (temperature, 

oxygen availability, water potential of the soil, …), 
and then which germinate

in a wide range of environmental conditions
5 - which can be easily stored

For seed companies a major 
challenge toward improving crop 
yield is a better control of seed 

vigor



Pre-

harvest

factors

Factors

at

harvest

Post-harvest

factors

- Developmental

conditions

- Health treatments

- Position on the plant

- Maturity state

- Dormancy

- Size

- Health state

- etc

Environmental 

factors at sowing

- Drying

- Cleaning, sorting

- Health treatments

- Storage conditions

- etc

GENES

QUALITY

- Species

- Variety



- Germination in optimal conditions 

(ISTA tests)

- Germination rate (homogeneity, T50, …)

- Germination in non optimal conditions :

Germination at non optimal temperature
Germination in hypoxia
Sensitivity to water potential of the  medium

Sensitivity to various stresses (chilling, cold test, ….)

VIABILITY

VIGOR

HOW TO EVALUATE SEED QUALITY ?

- Sensitivity to ageing (accelerated ageing  or 

controlled deterioration)
STORABILITY



Challenges of seed biology

in a changing climate



Climate change: impacts are diverse

IPCC, 2021



Average growing season temperatures are modified by climate change 



Projected climate change 2040-2069 in Europe

Winter Winter

Summer Summer



2030-2060



Climate change and seed biology

Erratic precipitations

Drought

Flooding

Thermal stress

Lower yield and  TSW, 

increased pests, 

alteration of reserve 

composition,…

Flowering phenology

Seed development

Seed physiology:

Vigour

Dormancy

Longevity

Seed germination

Poor stand establishment



Temperature

Oxygen

Water
(soil water potential)

Light

Climate change will directly trigger the regulation

of seed germination factors

Dry seed
Germination

During germination:

But also before germination…. because seed germinability results from a multifactorial

combination of G X E cues



Temp. Water O2:

G x E

Germinability: a multifactorial combination of G X E cues



Temp. RH:

E

Temp. Water O2:

G x E

Germinability: a multifactorial combination of G X E cues



ABA level:

G x E Temperature:

E

Dehyd. rate:

E

Temp. RH:

E

Temp. Water O2:

G x E

Germinability: a multifactorial combination of G X E cues



Environmental effects on seed development



European Project EcoSeed
Impacts of Environmental conditions on Seed Quality

Dedicated to unravelling the effects on seed quality of the stresses predicted to occur more frequently due to 

climate change: 

ELEVATED TEMPERATURE AND DROUGHT



Arabidopsis mother plant treatments: temperature

Standard conditions: plants were grown at 18/22 °C (8 h night / 16 h day)

 Elevated/lower temperature: plants were grown at 18/22 °C (8 h night / 16 h day) until flowering, then the

temperature regimes were changed to lower or higher temperatures than the controls (14/16 or 25/28°C)

Effect of temperature regime on Arabidopsis thaliana seeds



Effect of temperature regime on Arabidopsis thaliana seeds

✧ Plant stature, silique size and seed yield decrease with increasing temperature
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Effects of increasing temperature on seed quality 

 With increasing temperature: (less seeds per silique), lower yield, fewer useable seeds (seeds < 250 

mm produced at 25/28 °C were misshapen and not viable)

 At the highest temperature, less but larger seeds were produced

Effect of temperature regime on Arabidopsis thaliana seeds



Temperature effect on germination and hormone contents

Germination at 25°C of freshly harvested seeds
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For the same genetics, lower dormancy in Andalusia

Establishment	of	sunflower seed dormancy	on	the	mother plant	
as	related to	environmental factors

Anne-Sophie	Lachabrouilli,	PhD	in	« Seed	Biology »	Team
Supervisors :	Christophe	Bailly	and	Françoise	Corbineau	(Sorbonne	Université),	Kareine	Rigal (Limagrain	Europe)

CONFIDENTIAL

23	– 01	- 2018

One genetics, several batches, two locations

Andalusia Navarra

Environmental effect on sunflower seed dormancy

A study in two spanish areas



Environmental effects on seed germination
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Effect of water stress on seed germination
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Effect of thermal (cold) stress on seed germination

There is a strong genetic component in seed response to water and thermal stress 



Effect of hypoxia (flooding) on seed germination

Gay et al., 1991

Achene Seedling

root

hypocotyl10 %



Environmental factors altered by 

climate change are the ones that

regulate germination

Expected: poor stand 

establishment, low yields



How to address negative effects of 

environmental changes on seed 

germination?



Genetics: identify the responsible genetic factors or underlying genes

associated to seed dormancy and germination under adverse environmental

conditions 

Review Article

Impact of climate perturbations on seeds and seed

quality for global agriculture
Christophe Bailly and Maria Victoria Gomez Roldan

Sorbonne Université, CNRS, Laboratoire de Biologie du Développement, F-75005 Paris, France

Correspondence: Christophe Bailly (christophe.bailly@sorbonne-universite.fr)

In agriculture, seeds are the most basic and vital input on which croplands productivity

depends. These implies a good starting material, good production lines and good

storage options. High-quality seed lots must be free of pests and pathogens and contain

a required degree of genetic purity. Seeds need also to be stored in good condition

between harvest and later sowing, to insure later on the field a good plant density and

higher crop yield. In general, these parameters are already widely accepted and consid-

ered in many countries where advanced technologies evaluate them. However, the more

and more frequently devastating climate changes observed around the world has put

seed quality under threat, and current seeds may not be adapted to hazardous and

unpredictable conditions. Climate-related factors such as temperature and water availabil-

ity directly affect seed development and later germination. For these reasons, investigat-

ing seed quality in response to climate changes is a step to propose new crop varieties

and practices that will bring solutions for our future.

Int roduct ion
For many centuries, humans have domesticated plants to improve several traits that are adapted to

specific agroecological environments. Many of these traits are related to seeds, such as productivity

and uniformity, but also loss of dormancy, reduction in seed coat thickness, increased seed size, peri-

carp density, and nutritional composition, as examples [1]. These substantial morphological and

physiological changes of domesticated crops, allowed the sedentary lifestyle of humans and the estab-

lishment of modern societies. In the last decades, crop production under altered environmental condi-

tions has open new question about how to adapt the genetic material so far used, to increase tolerance

against climatic perturbations affecting agronomic traits such as seed development, dormancy and

germination.

Seed germination is a key phenological step in plant life, because it permits the survival of plant

species in natural environments and influences crop yield in agriculture. Shifts in germination phen-

ology and early seedling growth resulting from climate changes, in particular drought and high tem-

perature episodes, will strongly influence all agrosystems’ productivity. Seed germinative properties are

acquired during their development on the mother plant [2]. Climate change will modify the intrinsic

physiological seed properties through an effect on the seed developmental pattern. The seed ability to

germinate in a large range of environmental conditions, usually referred to vigor [3], will be modified

by higher temperature and/or drought stress that are expected to prevail during seed development.

Similarly, dormancy, an endogenous blockage of seed germination, is also likely to be altered by a

changing maternal environment [4]. These two traits acquired on the plant, i.e. vigor and dormancy,

are major regulators of seed germination and they act in concert with the environmental conditions at

the time of sowing for regulating germination [4–6]. In particular sub- or supra-optimal conditions of

temperature, water and oxygen availability during seed imbibition can dramatically inhibit this
Version of Record published:

7 February 2023
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Accepted: 16 January 2023
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Changes to production methods : date of sowing , shift of crops northward



Noblet et al. Scientific Report 2017
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How to address this issue ?
An example of strategy to stimulate maize

seed germination in cold conditions

Identification of markers of tolerance/sensivity of maize seeds to 

cold conditions at the germination stage 



23 hybrids / 3 qualities (Q1, Q2, Q3) : a genetic component in seed tolerance to 
cold

jours jours jours

V8.Q1 V14.Q1 V11.Q1 V12.Q3 V9.Q1 V13.Q1 V1.Q1 V7.Q1 V10.Q1 V19.Q1

ϕ(T)(50%) 
(°h) 988 893 872 814 740 694 664 637 635 573

vigour



Metabolomics
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Context: Sunflower a strategic crop in France and Europe

Climate change: - 20 % yield in 2100 in France

SUNRISE: effect of drought stress on sunflower

Our objectives: Investigate the effects of drought stress during

sunflower seed development on seed vigour of the progeny

Seeds produced on Heliaphen (INRAe Toulouse)

Sunflower seed vigour: SUNRISE project

Changes to production methods : irrigation
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Vancostenoble et al (2022) Env Exp Bot



Cold Stress

Salt stress
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Controlled drought stress on the mother plant can induce higher seed

vigour

A key role of the developmental stage for the transmission of seed

vigour traits

Induction of stress memory by priming
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Biostimulants of seed germination to improve stand establishment 

in adverse conditions

Ex: sunflower, germination under cold and water stress



Endophytes as sources of novel biostimulants 

Microorganisms (fungi, bacteria) living in tissus of the host plant without causing apparent damages

(≠ epiphytes, pathogens)

Positive effects on plant fitness

• Plant growth promotion

• Enhanced tolerance to diseases

• Mitigation of abiotic stresses

Chemical mediation (bioactive metabolites)

• Exploitation of new biologically-active 

molecules

• Identification of new modes of action

Promising and currently under-explored sources for innovative solutions in agriculture

Investigating the potential of fungal endophyte and their derived for seed trait 

improvement



Arabidopsis thaliana as a model 

(dicot weed/rapeseed relative)

Identifiying fungal endophyte bioactive chemicals impacting seed germination 

Fungal endophyte extract (FEEs) collections
Search for FEEs improving or 

inhibiting of seed 

germination
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Fungal extracts

• 72 FEEs analyzed 

• 15 exhibit stimulatory activity

• 4 exhibit inhibitory activity

 Effect on crop or weed seed germination

 Effect on germination under penalizing 

conditions

Collaboration

Pr S. Prado

MNHN, Paris



Seed technology: seed priming



Novel methods for improving seed germination: use of cold-plasmas in 

seed biology



Cold atmospheric plasma (CAP), “dry” approach

Duration the treatment: 15 min, dry seeds

Peak amplitude of the voltage : 7kV at 145 Hz

Power 11.6 W

Patented, 2022

Thierry Dufour
Physics of Plasma Lab



CAP treatment stimulates seed vigour

22 d after sowing in water stress conditions 
(30 % field capacity, greenhouse)

control plasmas

Léna Taras, PhD



Sunflower

Control
(t= 0 min)

Plasma
15 min

Décontaminer les semences

Plasma
30 min

White cabbage

Control
(t= 0 min)

Plasma
15 min

CAdditionnaly Plasmas eliminate seed pathogens and are an alternative to chemicals



Expected consequences of climate change on seed physiology

• Alteration of dormancy at 

harvest

• Changes in kinetics of 

dormancy release

• Poor stand establishment

• Modification of soil seed

bank dynamics (weeds)

A better understanding of seed biology

is required to insure crop productivity

and dynamics of plants populations in 

ecosystems under a changing climate
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