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Taxa with recalcitrant 
seeds constitute  between 
0.5-1.0% of the Greek 
Flora. 
 
Projected value of seed 
recalcitrance occurrence in 
the flora of the 
Mediterranean Rim: 1-2% 



25,000 – 30,000 plant taxa 
Endemism ca. 50%  





 
DURING THE LAST 3 DECADES: 
 
AN IMPRESSIVE INCREASE OF 
RESEARCH GROUPS WORKING 
ON SEED GERMINATION (AND 
SEED BIOLOGY IN GENERAL) 
AROUND THE MEDITERRANEAN. 
 
ACCOMPANIED BY AN 
EXPLOSIVE SURGE OF 
PUBLICATIONS (RESEARCH 
PAPERS, REVIEWS, MSc & PhD 
THESES, PAMPHLETS, MANUALS, 
TECHNICAL REPORTS, BOOKS 
etc) 
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Dormancy types 

Dormancy classification is 
an endless source of 

confusion and 
misunderstandings 



Germination Characters 
The distinctive types of germination behaviour 

Germination Functional Types 



“Theophrastus 
is the 

father of 
Botany” 

Carl von Linnaeus 
(1707-1778) Θεόφραστος ο Ερέσιος 

(371-286 πΧ) Historia Plantarum 
HP 

Causes of Plants 
CP 





 
 
 

 1. Ironical  
2. Flatterer  
3. Garrulous 
4. Boor  
5. Reckless 
6. Chatty 
7. Gossip 
8. Shameless 
9. Penurious 
10. Gross 
11. Unreasonable 
12. Officious 
13. Stupid 
14. Surly 
15. Superstitious 

 

 
 
 

16. Grumbler 
17. Distrustful  
18. Offensive 
19. Unpleasant 
20. Of Petty Ambition 
21. Mean 
22. Boastful  
23. Arrogant  
24. Coward  
25. Oligarch 
26. Late Learner 
27. Slanderer  
28. Patron of Rascals 
29. Avaricious 
30. Shabby Profiteer 

CHARACTERS OF THEOPHRASTUS 



Peter Thompson 
(P.A. Thompson) 
died Dec. 2008 
 

Pioneer of 
germination 
ecophysiology 
(& seed 
banking) 

2010 



Journal of Ecology, Vol. 58, No. 3 (Nov., 1970), pp. 699-711 



5 Germination Characters 
 

Postdevelopers 
Hardcoaters 

Afterripeners 
Stratificationers 

Temperature(and light)-probers 
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Postdevelopers 
 

Seeds with underdeveloped or undifferentiated embryos 



Bupleurum kakiskalae 
(Apiaceae) 
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Postdevelopers 
Considerably determined by phylogeny 
 
Plus the undifferentiated embryos: 
Orchidaceae c. 500 spp. 
Orobanchaceae c. 150 spp. 
 
c. 5-10% of the Mediterranean Flora 
 
Seeds with underdeveloped or undifferentiated 
embryos are associated with delayed, 
WINTER or SPRING germination 

Apiaceae 52

Asparagaceae 10

Campanulaceae 13

Gentianaceae 15

Liliaceae 11

Papaveraceae 12

Ranunculaceae 45

158

total number 209

37 Families / 200 



Hardcoaters 
 

Seeds with water impermeable seed coats 



Σκληροπεριβληματικός 

The frequency of 
LEGUMES tends to 

increase along decreasing 
altitudinal and latitudinal  

gradients. 
In drier Mediterranean 

environments, 
therophytes (and among 
them annual papilionoid 
legumes) dominate the 

local floras 



Ebenus cretica 



0

20

40

60

80

100

5 10 15 20 25

TEMPERATURE, 
ο
C

F
IN

A
L

 G
E

R
M

IN
A

T
IO

N
, 
%

0

3

6

9

12

15

Τ
5
0
, 
d

a
y

s

Intact seeds Scarified seeds Τ50, scarified

Doussi & Georghiou 1994 

Ebenus cretica 



Ebenus sibthorpii 
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9 Cistaceae spp. 

Thanos et al. 1992 



GREECE
Anacardiaceae 5
Biebersteiniaceae 1
Bixaceae

Cannaceae

Cistaceae 28
Convolvulaceae 41
Cucurbitaceae

Dipterocarpaceae

Fabaceae 441
Geraniaceae 43
Malvaceae 28
Nelumbonaceae

Rhamnaceae 1
Sapindaceae

Sarcolaenaceae

Sphaerosepalaceae

Surianaceae

588

Hardcoaters 
Strongly determined by phylogeny 
 
10.4%  of the Greek Flora 
c. 11% of the Mediterranean Flora 
 
Hard (water-impermeable) coats are affiliated to: 
EPISODIC  (postfire) or 
ERRATIC germination (after animal consumption, 
drought, freezing/thawing, weathering …) 
 
USUALLY indifferent to temperature and light 

9 Families / 200 



Afterripeners 
 

Seeds require a few months at dry, warm conditions 



C. nivalis 

http://e-monocot.org/taxon/urn:kew.org:wcs:taxon:327117 

C. pallasii subsp. pallasii 

Crocus 

C. biflorus subsp. nubigena 

C. chrysanthus 

C. cartwrightianus 
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Skourti & Thanos, 2015 



Sesleria doerfleri 
(Poaceae) 

Fournaraki 2010 
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Threatened plants 
of Crete 



Afterripeners 
Considerably determined by phylogeny 
(very INCOMPLETE data) 
 
c. ??% of the Mediterranean Flora 
 
Usually manifested by plants with ‘early seed 
maturation’. AR is believed to safeguard seeds 
from untimely summer/early autumn germination. 
 
Quite common in the south of Europe.  

27 Families / 200 

Asteraceae 11

Brassicaceae 32

Caryophyllaceae 20

Iridaceae 37

Poaceae 48

148

total number 194



Stratificationers 
 

Seeds require a period of weeks or months at wet, cold conditions 
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CRITICALLY 
ENDANGERED (CR) 

Aesculus 
hippocastanum 



s 
Germination in the Lab 
Dormancy is fully 
released after a period 
of 4-5 months of 
stratification at 5 °C 

Aesculus 
hippocastanum 



8%

18%

35%

39%

Germination characters

Hardcoaters Temperature (and light)-probers Stratificationers ? unavailable information

169 TREES OF THE GREEK FLORA169 TREES OF THE GREEK FLORA  
Daskalakou et al. 2018 



Stratificationers 
Weakly determined by phylogeny 
 
c. ??% of the Mediterranean Flora 
 
A requirement of cold stratification is associated 
with: 
LATE WINTER or 
SPRING germination 
 
Increasingly more common with 
increasing altitude and latitude 

Amaranthaceae 19

Asteraceae 76

Betulaceae 10

Boraginaceae 12

Brassicaceae 39

Caryophyllaceae 27

Cyperaceae 46

Ericaceae 28

Lamiaceae 42

Orobanchaceae 10

Plantaginaceae 14

Poaceae 39

Polygonaceae 14

Rosaceae 69

445

total number 605

65 Families / 200 



Temperature/light-probers 
 

Seeds germinate under specific, optimal conditions of temperature and/or light 
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Erica αrborea 

Dark 
Germination 
(5-25 C) 
is nil 

Doussi 2000 

1. Absolute Light Requirement 



0 

20 

40 

60 

80 

100 

0 5 10 15 20 25 

G
e

rm
in

at
io

n
, %

 

Time, days 

Intermittent R 
(5 min/h) 

20 °C 

Erica αrborea 

Doussi 2000 

Germination in cD 
0% 



0

20

40

60

80

100

So
le

n
o

p
si

s 
m

in
u

ta
 s

u
b

sp
. a

n
n

u
a

C
am

p
an

u
la

 d
ra

b
if

o
lia

 I

C
am

p
an

u
la

 r
am

o
si

ss
im

a

Lo
b

el
ia

 d
ju

re
n

si
s

C
am

p
an

u
la

 e
ri

n
u

s 
I

Tr
ac

h
el

iu
m

 c
ae

ru
le

u
m

Ja
si

o
n

e 
m

o
n

ta
n

a 
II

M
o

n
o

p
si

s 
d

eb
ili

s

C
am

p
an

u
la

 e
ri

n
u

s 
II

C
am

p
an

u
la

 m
o

lli
s

Lo
b

el
ia

 o
ah

u
en

se

W
ah

le
n

b
er

gi
a 

p
re

is
si

i

C
am

p
an

u
la

 s
p

at
u

la
ta

 s
u

b
sp

. s
p

ru
n

er
ia

n
a 

II

W
ah

le
n

b
er

gi
a 

u
n

d
u

la
ta

C
am

p
an

u
la

 d
u

lc
is

Lo
b

el
ia

 s
eg

u
in

ii

C
am

p
an

u
la

 d
ra

b
if

o
lia

 II
I

M
u

ss
ch

ia
 a

u
re

a

P
et

ro
m

ar
u

la
 p

in
n

at
a

W
ah

le
n

b
er

gi
a 

p
er

ro
tt

et
ii

C
am

p
an

u
la

 c
re

u
tz

b
u

rg
ii

C
am

p
an

u
la

 s
p

at
u

la
ta

 s
u

b
sp

. s
p

at
u

la
ta

C
am

p
an

u
la

 s
p

ar
sa

 I
I

C
am

p
an

u
la

 a
sp

er
u

lo
id

es

C
am

p
an

u
la

 s
p

ar
sa

 I

W
ah

le
n

b
er

gi
a 

lu
te

o
la

C
am

p
an

u
la

 t
o

p
al

ia
n

a 
II 

(O
LD

)

Lo
b

el
ia

 g
ra

ya
n

a

Lo
b

el
ia

 h
yp

o
le

u
ca

C
am

p
an

u
la

 s
p

at
u

la
ta

 s
u

b
sp

. s
p

ru
n

er
ia

n
a 

I

C
am

p
an

u
la

 t
o

p
al

ia
n

a 
I

D
o

w
n

in
gi

a 
cu

sp
id

at
a

C
am

p
an

u
la

 a
n

d
re

w
si

i 
su

b
sp

. a
n

d
re

w
si

i 
II

C
am

p
an

u
la

 p
er

eg
ri

n
a

C
am

p
an

u
la

 c
el

si
i 

su
b

sp
. 

ce
ls

ii 
I

C
am

p
an

u
la

 c
el

si
i 

su
b

sp
. 

ce
ls

ii 
II

C
am

p
an

u
la

 r
ap

u
n

cu
lu

s

C
am

p
an

u
la

 c
el

si
i 

su
b

sp
. 

ca
ry

st
ea

C
am

p
an

u
la

 l
yr

at
a 

su
b

sp
. l

yr
at

a

Lo
b

el
ia

 i
n

fl
at

a

D
o

w
n

in
gi

a 
b

ic
o

rn
u

ta

C
am

p
an

u
la

 a
n

d
re

w
si

i 
su

b
sp

. a
n

d
re

w
si

i 
I

C
am

p
an

u
la

 g
o

u
lim

yi
 I

I 
(O

LD
)

Lo
b

el
ia

 s
im

p
lic

ic
au

lis

C
am

p
an

u
la

 m
er

xm
u

el
le

ri
 

II 
(O

LD
)

Ja
si

o
n

e 
h

el
d

re
ic

h
ii 

II

C
am

p
an

u
la

 g
o

u
lim

yi
 I

C
am

p
an

u
la

 p
er

si
ci

fo
lia

 I
I

C
am

p
an

u
la

 s
p

at
u

la
ta

 s
u

b
sp

. f
ili

ca
u

lis

C
am

p
an

u
la

 t
u

b
u

lo
sa

 I

Lo
b

el
ia

 s
ip

h
ili

ti
ca

Ja
si

o
n

e 
o

rb
ic

u
la

ta

C
am

p
an

u
la

 c
am

p
to

cl
ad

a

C
am

p
an

u
la

 m
er

xm
u

el
le

ri
 

I

C
am

p
an

u
la

 p
el

vi
fo

rm
is

 I
II 

(B
G

)

C
am

p
an

u
la

 t
u

b
u

lo
sa

 II
 (

B
G

)

C
am

p
an

u
la

 p
el

vi
fo

rm
is

 I
I

Ja
si

o
n

e 
h

el
d

re
ic

h
ii 

I

Lo
b

el
ia

 c
ar

d
in

al
is

C
le

rm
o

n
ti

a 
o

b
lo

n
gi

fo
lia

D
o

w
n

in
gi

a 
el

eg
an

s

W
ah

le
n

b
er

gi
a 

lin
ar

io
id

es

C
am

p
an

u
la

 p
el

ia

C
ya

n
an

th
u

s 
in

fl
at

u
s

C
am

p
an

u
la

 p
an

ge
a 

I

A
sy

n
eu

m
a 

ch
in

es
e

C
am

p
an

u
la

 v
er

si
co

lo
r 

II

C
am

p
an

u
la

 r
o

tu
n

d
if

o
lia

 I

C
am

p
an

u
la

 c
er

vi
ca

ri
a

D
o

w
n

in
gi

a 
b

ac
ig

al
u

p
ii

C
am

p
an

u
la

 s
ax

at
ili

s 
su

b
sp

. s
ax

at
ili

s

C
am

p
an

u
la

 i
n

cu
rv

a 
II

H
ip

p
o

b
ro

m
a 

lo
n

gi
fl

o
ra

C
am

p
an

u
la

 b
ar

b
at

a

C
am

p
an

u
la

 c
o

ch
le

ar
if

o
lia

 
II

C
am

p
an

u
la

 c
ym

ae
a

C
am

p
an

u
la

 i
n

cu
rv

a 
I

C
am

p
an

u
la

 p
u

n
ct

at
a

C
le

rm
o

n
ti

a 
ka

ke
an

a

C
am

p
an

u
la

 t
ra

ch
el

iu
m

 s
u

b
sp

. a
th

o
a 

I

Lo
b

el
ia

 p
h

ys
al

o
id

es

C
am

p
an

u
la

 c
re

ti
ca

 I
I 

(B
G

)

M
ic

h
au

xi
a 

ca
m

p
an

u
lo

id
es

C
ya

n
ea

 a
n

gu
st

if
o

lia

C
am

p
an

u
la

 c
re

ti
ca

 I

C
am

p
an

u
la

 c
re

ti
ca

 I
II

C
am

p
an

u
la

 t
h

yr
so

id
es

C
am

p
an

u
la

 l
in

gu
la

ta
 I

C
am

p
an

u
la

 p
yr

am
id

al
is

C
am

p
an

u
la

 f
o

rm
an

ek
ia

n
a

Le
go

u
si

a 
fa

lc
at

a 
I

Le
go

u
si

a 
fa

lc
at

a 
II

D
el

is
se

a 
rh

yt
id

o
sp

er
m

a

A
sy

n
eu

m
a 

lim
o

n
iif

o
liu

m
 s

u
b

sp
. l

im
o

n
if

o
liu

m

C
am

p
an

u
la

 r
ap

u
n

cu
lo

id
es

A
d

en
o

p
h

o
ra

 r
em

o
ti

fl
o

ra

A
sy

n
eu

m
a 

gi
ga

n
te

u
m

C
an

ar
in

a 
ca

n
ar

ie
n

si
s

G
e

rm
in

at
io

n
, %



Origanum 
dictamnus 

Thanos & Doussi 1995 

2. Partial Light Moderation  
promotion by R, inhibition by FR 



Origanum 
dictamnus 

FR 

B 

R 

D 

Thanos & Doussi 1995 



Thanos & Daskalakou unpub. 

3. Photoinhibition  
germination in D, inhibition by White Light 



301 photoinhibited taxa 
vs 

15311 taxa in SID 

An estimated 2% of the World Flora show 
PHOTOINHIBITED SEED GERMINATION 

4-5% in the Mediterranean Rim 





Temperature/light-probers 
Weakly determined by phylogeny 
(INCOMPLETE data) 
 
c. ??% of the Mediterranean Flora 
 
Temperature (and light) detecting mechanisms are 
associated with TIMING OF GERMINATION in: 
Autumn (cool T, mediterranean) 
Winter (cold T, temperate and mountainous) 
Spring (warm T, alpine and arctic) 
Summer (hot T, mostly immigrants) 

Amaranthaceae 7

Asteraceae 37

Fagaceae 8

Pinaceae 9

Poaceae 15

Polygonaceae 7

Salicaceae 16

99

total number 155

31 Families / 200 



5 Germination Characters 
Estimate for the MEDITERRANEAN 

PD

HC

AR

ST

TLP

8% 45% 12% 

20% 

15% 



Thank you! 

http://www.prasinotameio.gr/index.php

