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SEED: the most tolerant
stage in the life cycle of 
a plant

SEEDLING: the most 
vulnerable stage in the 
life cycle of a plant
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Dormancy types vs
Germination strategies

Instead of studying 
Dormancy Types

we should concentrate on
Germination Strategies
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The GERMINATION STRATEGY
is a long term plan of action 

designed to achieve the 
particular goal of the 

successful transition from the 
seed stage to the seedling 

stage.
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A GERMINATION STRATEGY 
encompasses various adaptations (or 
adaptive traits) at the structural and 

physiological level during:

seed maturation
post-dispersal / pre-germination

germination (s.s.)
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GERMINATION ADAPTIVE TRAITS I 
(MATURATION)

•Life history of seed maturation
•Conditions of seed maturation
•Desiccation tolerance
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GERMINATION ADAPTIVE TRAITS II 
(POST MATURATION)

•Dispersal
•Predation
•Soil and canopy seed banks
•Seed viability
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GERMINATION ADAPTIVE TRAITS III 
(PREREQUISITES)

•An undeveloped (or underdeveloped) 
embryo
•An ‘after-ripening’ requirement
•Hard (water-impermeable) seed/fruit 
coats
•Chemically inhibiting substances in the 
germination unit
•A (cold or warm) stratification need
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GERMINATION ADAPTIVE TRAITS IV 
(GERMINATION s.s.)

•Temperature range
•Light quality and quantity
•Speed (rate) of germination
•Osmotic and salinity stress
•Promoting or inhibiting chemicals
•Season of field germination
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Une traité récente synthétique du sujet (Fenner & Thompson 
2005) a conclut que les conséquences du changement climatique 
sur la régénération par semences sont probablement très 
compliquées. Quelques aspects de la biologie reproductive que 
puissent être impliquées et influencées sont: l’augmentation ou la 
diminution de la régularité de la production des semences aux 
plantes alpines ou maritimes, respectivement, des types altérés 
de ‘masting’ aux arbres et arbustes, l’augmentation ou la 
diminution de la production des semences aux limites extrêmes de 
la distribution d’un espèce avec une changement parallèle de la 
distribution, le délai ou l’inhibition complète de la germination et 
de l’émergence de la plantule aux conditions de plus en plus arides 
de la saison de la recrutement habituelle (automne ou printemps), 
l’échec (ou timing inapproprié) de recevoir des ‘doses’ suffisantes 
des exigences climatiques spécifiques, comme post-maturation, 
stratification etc que induisent la germination.
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Effects of climate change on:

•Flowering and reproduction (in general)
•Seedling survival and establishment
•Seed yield and maturation (incl. masting)
•Soil seed banks
•Seed germination requirements
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Effects of climate change on
Seed germination requirements:

•Underdeveloped embryo
•Afterripening
•Hard seed coat
•Soil moisture (for recalcitrant seeds)
•Stratification
•Rate (speed) of germination
•Temperature
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CASE STUDY I

Cistus spp.
(fire-adapted rockroses)
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Cistus creticus

Cistus salvifoliusCistus parviflorus
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Moreover, (in Cistus creticus) the promotive 
effect caused by fire or thermal shock seems to 
be clearly different from that brought about by 
mechanical scarification. 
 
This latter treatment results in an impressive 
enhancement of germination which is completed in 
less than 1 week. On the other hand, a thermal 
pretreatment does allow the penetration of water 
but the eventual germination is markedly slow. 
 

(Thanos & Georghiou, Plant, Cell & Environ. 1988) 
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CASE STUDY II

Coridothymus capitatus
(thyme)
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Coridothymus capitatus
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Coridothymus capitatus

Satureja thymbra

Origanum vulgare subsp. hirtum
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Coridothymus capitatus 



12

WORKSHOP
Climate Change Impacts on 

Mediterranean Plant Diversity
Chania (MAICh), Sep. 25-28, 2007

seeds (nutlets)

seeds in calyces

Coridothymus capitatus 

CASE STUDY III

Aesculus hippocastanum
(the Balkan Horse-chestnut)
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Aesculus
hippocastanum
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s

Water content of 
seeds: 52.3 % (fwb)

Seeds can germinate 
without any external 
water supply after a 
period of 6-month 
storage at 5 °C

Aesculus hippocastanum
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CASE STUDY IV

Anthemis glaberrima
(an endangered Cretan endemic annual)
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Anthemis glaberrima
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Anthemis glaberrima
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May 26, 2006

WORKSHOP
Climate Change Impacts on 

Mediterranean Plant Diversity
Chania (MAICh), Sep. 25-28, 2007



17

December 3, 2006
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Anthemis glaberrima PMR
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Anthemis glaberrima PMR
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Anthemis glaberrima
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Anthemis glaberrima (isolated embryos)
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June-August 2006, surface
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? The role of high, summer 
temperatures
? Presence of inhibitors in the 
seed coat
? A persistent soil seed bank

Anthemis glaberrima
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UNANSWERED QUESTIONS
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CASE STUDY V

Phoenix theophrasti
(Theophrastus’ palm, a Cretan subendemic)
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Phoenix theophrasti
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Phoenix theophrasti
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Phoenix theophrasti
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Phoenix theophrasti
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Phoenix theophrasti 
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Phoenix theophrasti , Preveli 02/2001
at mid-April conditions (bench) - 13-19 C
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Phoenix theophrasti (Vai 10/2000)
at mid-April conditions (bench, 13-19C)
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Phoenix theophrasti PMR

Temperature
at -1 cm

open space

shaded

Seeds mature in autumn 
(October)

Germination occurs late in 
winter (January-February)
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CASE STUDY VI

Nepeta sphaciotica
(an endangered mountainous labiate)
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Nepeta
sphaciotica
P.H. Davis
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Nepeta sphaciotica
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2350 m asl

Nepeta sphaciotica PMR

Lefka Ori (Crete)
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Une population seule,
ca. 30000 individus

à une surface
moins de 4 ha

Critically Endangered: CR

Nepeta sphaciotica P.H. Davis

Nepeta sphaciotica
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Nepeta sphaciotica

WORKSHOP
Climate Change Impacts on 

Mediterranean Plant Diversity
Chania (MAICh), Sep. 25-28, 2007

WORKSHOP
Climate Change Impacts on 

Mediterranean Plant Diversity
Chania (MAICh), Sep. 25-28, 2007



33

WORKSHOP
Climate Change Impacts on 

Mediterranean Plant Diversity
Chania (MAICh), Sep. 25-28, 2007

WORKSHOP
Climate Change Impacts on 

Mediterranean Plant Diversity
Chania (MAICh), Sep. 25-28, 2007



34

WORKSHOP
Climate Change Impacts on 

Mediterranean Plant Diversity
Chania (MAICh), Sep. 25-28, 2007

WORKSHOP
Climate Change Impacts on 

Mediterranean Plant Diversity
Chania (MAICh), Sep. 25-28, 2007

Snow cover duration
(Svourichti, Lefka Ori)

2006-7
(at -1 cm below surface)

Nov 3, 2006 – May 18, 2007
195 days
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GERMINATIONMATURE SEEDS
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Nepeta sphaciotica

Soil Water Content, 2006-2007
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Nepeta
sphaciotica
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Conditions de Phytotron
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Conditions de Phytotron
Scenario B2a
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Nepeta sphaciotica
(conditions: September 1-7)
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Nepeta sphaciotica
(conditions: September 1-7)
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GERMINATION
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Technical and practical aspects
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EXPERIMENTATION sur la GERMINATION

•en conditions de culture simple (températures 
et photopériodes d’essais habituels) et

•en conditions de culture en phytotrons que 
simuleront les scénarios climatiques sélectionnés

•en conditions du terrain qu’on monitorage

BUT: la connaissance de l’écologie de
germination pour les espèces choisis
Très important de savoir la saison de
germination!
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Climate Change Impacts on 
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?Comment?

on peut simuler des conditions 
environmentaux
en phytotrons

conditions actuelles et
conditions qui simulent les scénarios 
climatiques sélectionnés
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Phytotron GB48
CONVIRON
(CONTROLLED 
ENVIRONMENTS, 
Canada)

WORKSHOP
Climate Change Impacts on 

Mediterranean Plant Diversity
Chania (MAICh), Sep. 25-28, 2007



44

WORKSHOP
Climate Change Impacts on 

Mediterranean Plant Diversity
Chania (MAICh), Sep. 25-28, 2007

WORKSHOP
Climate Change Impacts on 

Mediterranean Plant Diversity
Chania (MAICh), Sep. 25-28, 2007



45

WORKSHOP
Climate Change Impacts on 

Mediterranean Plant Diversity
Chania (MAICh), Sep. 25-28, 2007

WORKSHOP
Climate Change Impacts on 

Mediterranean Plant Diversity
Chania (MAICh), Sep. 25-28, 2007



46

WORKSHOP
Climate Change Impacts on 

Mediterranean Plant Diversity
Chania (MAICh), Sep. 25-28, 2007

WORKSHOP
Climate Change Impacts on 

Mediterranean Plant Diversity
Chania (MAICh), Sep. 25-28, 2007



47

WORKSHOP
Climate Change Impacts on 

Mediterranean Plant Diversity
Chania (MAICh), Sep. 25-28, 2007

WORKSHOP
Climate Change Impacts on 

Mediterranean Plant Diversity
Chania (MAICh), Sep. 25-28, 2007

La température

La lumière
• photoperiode
• qualité
• quantité
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U.S. Naval Observatory
Astronomical Applications Department

Table of Sunrise/Sunset,
Moonrise/Moonset,
or Twilight Times
for an Entire Year

http://aa.usno.navy.mil/
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September 2006, surface

0

400

800

1200

1600

2000

2400

00
00

01
00
02

00
03

00
04

00
05

00
06

00
07

00
08

00
09

00
10

00
11

00
12

00
13

00
14

00
15

00
16

00
17

00
18

00
19

00
20

00
21

00
22

00
23

00

PA
R

WORKSHOP
Climate Change Impacts on 

Mediterranean Plant Diversity
Chania (MAICh), Sep. 25-28, 2007

3 niveaux d’intensité lumineuse
N1, N2, N3

September 2006, surface
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N1:  5 h
N2: ~3 h
N3:  5 h

(N3=3×N1; N2=2×N1)

2,5 h N1 – 1,5 h N2  - 5 h N3 – 1,5 h N2 – 2,5 h N1
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under a hellebore leaf

inside an oak forest

in the open
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SVOURICHTI, 2280 m asl
PRESENT CONDITIONS (1-7 September)
at 1 cm below soil surface

Light
time Temperature Light Temperature

(controller) Fluorescent Incandescent (in Petri dish)
5:00 6,7 0 0 7,3
6:00 6,2 0 0 6,8

TWILIGHT 6:31 6,2 0 1 7,2
SUNRISE 6:57 6,0 1 1 7,1

8:00 9,2 1 1 10,2
9:00 12,0 1 1 13,0
9:27 11,5 2 2 13,1

10:00 13,8 2 2 15,3
11:00 14,2 3 3 16,2
12:00 15,1 3 3 17,1
13:00 15,6 3 3 17,6
14:00 15,9 3 3 17,9
15:00 15,6 3 3 17,6
16:00 15,4 2 2 17,0
17:00 13,4 2 2 15,0
17:25 13,4 1 1 14,4
18:00 11,3 1 1 12,4
19:00 9,8 1 1 10,8

SUNSET 19:48 9,8 0 1 10,8
20:00 8,3 0 1 9,4

TWILIGHT 20:14 8,8 0 0 9,4
21:00 8,3 0 0 8,9
22:00 7,7 0 0 8,3
23:00 7,3 0 0 7,9
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SVOURICHTI, 2280 m asl
B2a CLIMATE CHANGE SCENARIO (1-7 September) [+4 DEGREES]
at 1 cm below soil surface

Light
time Temperature Light Temperature

(controller) Fluorescent Incandescent (in Petri dish)
5:00 10,7 0 0 11,2
6:00 10,2 0 0 10,7

TWILIGHT 6:31 10,2 0 1 11,1
SUNRISE 6:57 10,0 1 1 10,9

8:00 13,2 1 1 14,1
9:00 16,0 1 1 16,8
9:27 15,5 2 2 16,8
10:00 17,8 2 2 19,0
11:00 18,2 3 3 19,6
12:00 19,1 3 3 20,6
13:00 19,6 3 3 21,1
14:00 19,9 3 3 21,5
15:00 19,6 3 3 21,1
16:00 19,4 2 2 20,6
17:00 17,4 2 2 18,6
17:25 17,4 1 1 18,3
18:00 15,3 1 1 16,2
19:00 13,8 1 1 14,6

SUNSET 19:48 13,8 0 1 14,6
20:00 12,3 0 1 13,3

TWILIGHT 20:14 12,8 0 0 13,3
21:00 12,3 0 0 12,8
22:00 11,7 0 0 12,2
23:00 11,3 0 0 11,7
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