
Graines, vieillissement et 
dormance

Christophe Bailly
Biologie des Semences

Laboratoire de Biologie du Développement 
CNRS/Sorbonne Université

Paris

Les secrets de la longévité des graines 
Académie d’Agriculture de France

24 juin 2020



La dormance est une stratégie utilisée par divers organismes vivants pour 
surmonter les conditions défavorables:

Une période du cycle de vie d'un organisme où la croissance, le développement 
et (chez les animaux) l'activité physique sont temporairement arrêtés.

Diapause (insectes)
Estivation (contre la sécheresse)
Hibernation (contre le froid)

Chez les mammifères il existe 
une relation positive entre 
hibernation et longévité

Est-ce que la dormance des semences peut jouer un rôle 
dans leur exceptionnelle longévité ?



Et chez l’humain ? Torpeur (léthargie), ralentissement des fonctions vitales



Chez les végétaux: la dormance est la suspension temporaire de la 
croissance de toute structure végétale contenant un méristème

Dormance des bourgeons

An important aspect of dormancy is its quantitative
nature: the intensity can vary with time and conditions,
for example, individual tree buds have different chilling
requirements for dormancy release. Last, but not least,
irrespective of the inability to initiate growth during dor-
mancy, active physiological and molecular changes take
place in the morphologically unchanging dormant struc-
tures [8–10].

We will limit the, by no means exhaustive, discussion to
recent breakthroughs with respect to dormancy regulation
in trees that primarily use photoperiodic signals for growth
cessation and dormancy. We hope to establish new corner-
stones for the processes involved in the recurrent activity–
dormancy cycling in perennials. Because excellent reviews
cover physiological, hormonal and the few molecular
aspects of dormancy in woody plants [9,11,12], our focus
will be primarily on regulatory aspects of dormancy.

Growth cessation: enabling dormancy establishment
The first step towards establishing dormancy is growth
cessation, which is provoked by various informative and,
over the years, stable environmental cues, such as photo-
period, cold or drought. For >60 years, photoperiod
has been known to govern growth cessation of many trees
in temperate climates, including the model tree poplar

(Populus sp.) [13,14] (Figure 1). Leaves perceive
photoperiod and emit a signal to the apex, where inactivity
is installed [15,16]. This stimulus, present in short-day-
exposed leaves, can be transferred by leaf extracts to
actively growing seedlings and via grafts [17,18]. Until
recently, except for phytochrome, the components of the
signal transduction chain acting downstream of the critical
day length were unknown [19,20].

A breakthrough was achieved with the identification of
poplar FT and CONSTANS (CO) as mediators of short-day
signals for growth cessation [21]. When FT1 and CO
homologues of poplar (Populus trichocarpa) were overex-
pressed in transgenic aspen (Populus tremula ! P. tremu-
loides), growth did not stop upon exposure to short days
[21]. Furthermore, in poplar ecotypes originating from
various latitudes and differing in their critical daylength
for growth cessation, the phase ofCO expression relative to
the light period was decisive for its target FT1 to be
expressed and growth to continue. The down-regulation
of FT by interference RNA (RNAi) led to growth cessation
and bud set, independently of day length [21]. This fact and
the absence of FT1 expression after only three short days
argue for an association of FT1 with growth maintenance
rather than for the induction of dormancy. Prior to these
results in poplar, the CO/FT module had been invoked in

Figure 1. Transitions in seasonal growth–dormancy cycling in Populus sp. Poplars synchronize the onset of the dormant period mainly with changes in day length that are
sensed by phytochromes. Bud flush and bud set delimit the growing season. Prolonged exposure to chilling temperatures will release plants from dormancy. Growth
resumes once the temperature passes a critical threshold. Absence of growth before and after endodormancy is caused by different environmental factors. The inner circles
depict the growth–dormancy status and the corresponding meristem stages: I, cessation of cell division; II, establishment of dormancy or loss of responsiveness to growth-
promoting signals; III, maintenance of dormancy; IV, release from dormancy state or cell cycle machinery regaining responsiveness to growth-promoting signals; and V,
resumption of cell division. ‘Gap’ between stage IV and V denotes the phase where growth does not occur because of purely environmental restraints. Additional
morphological events are covered in detail elsewhere [29,74,75].
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Dormance des semences

Impossibilité de germer (ou mauvaise germination) même quand les 
conditions environnementales sont apparemment favorables.

Une dormance est le plus souvent un phénomène relatif, qui s'exprime ou non 
selon les conditions dans lesquelles la semence est placée. 

Peut être liée à l’embryon lui-même ou aux structures qui l’entourent 
(enveloppes de la semences)

Un caractère adaptatif: permet de passer la saison défavorable sous la forme 
de graine (pas de germination à l’automne)

Une dormance s’élimine !

A différencier de la QUIESCENCE: impossibilité de germer parce que les 
conditions environnementales ne sont pas favorables (absence d'eau, 
température trop basse ou trop élevée, absence d'oxygène,…)



Exemple de dormance: les semences de tournesol

Baskin & Baskin:
Temperature range for germination increases during
dormancy release as a continuum from high to low. 
Example: Helianthus annuus
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Les mécanismes de levée de dormance au sec (after-ripening) sont largement 
inconnus…. 
…parce qu’ils se déroulent en l’absence d’eau libre

Vertucci and Farrant, 1995
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Cloetens et al. 2006, PNAS 2006

Tomography of 
Arabidopsis seed:
3D rendering of 
intercellular air space in 
the hypocotyl

L’oxygène peut diffuser dans semences sèches…….

Liu	et	al.	2016,	Plant	Physiol.
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…et générer continuellement des espèces réactives de l’oxygène (ROS)

Durée de stockage après récolte
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levée	de	dormance vieillissement

Sunflower	seed	axes	– CeCl3 staining	of	H2O2

L’accumulation non enzymatique d’espèces réactives de l’oxygène (ROS) est 
associée à la post-maturation des semences…et à leur vieillissement

Levée de dormance au sec et vieillissement font 
partie d’un même continuum, impliquant 

probablement les mêmes mécanismes
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Puisque levée de dormance au sec et vieillissement procèdent du même 
mécanisme, est-ce que la présence d’une dormance confère une 

longévité supérieure ?

Arabidopsis: Analyse de la 
variabilité naturelle chez des 
lignées pures recombinantes (RIL) 

Seed Longevity and Dormancy Are Regulated by One
Gene at the Position of GAAS5/DOG1

The colocation between seed longevity and seed
dormancy QTLs can be caused by a single gene or by
separate linked genes. The genetic nature of the coloca-
tion can only be studied when the genes underlying the
QTLs are identified. So far, the only identified QTL is the
dormancy locus DOG1 (collocating with GAAS5). We
used transgenic lines that carry the DOG1 Cvi allele
in the Ler genetic background to investigate whether
these lines, in addition to their increased dormancy
level, also showed a seed longevity phenotype. The
Gmax of seeds (Ler, NILGAAS5/DOG1-Cvi, and two
independent transformants) that had been naturally
aged for 7 years was still above 70% and did not re-
veal clear differences between any of the genotypes
(Supplemental Fig. S3). In order to accelerate the aging,
we stored these seeds at 75% relative humidity for
59 d and analyzed the Gmax at several time points
during this storage. After 59 d of storage in 75% relative
humidity, all seeds of all genotypes were completely
deteriorated. However, the two transformants were
significantly less storable than the Ler control, which
shows that DOG1 does not only control seed dormancy
but also seed longevity (Fig. 4; Supplemental Fig. S3).
This result supports the negative correlation between
seed longevity and seed dormancy.

DISCUSSION

In order to study natural variation for seed longev-
ity, we used seed batches that had been stored for 4 to
7 years at ambient conditions. Seed longevity had been
analyzed in Arabidopsis populations previously, using
artificial (CDT; Bentsink et al., 2000; Clerkx et al.,
2004b; Joosen et al., 2012) and natural (Bentsink et al.,
2000) aging. Bentsink et al. (2000) showed that naturally
aged seeds of the Ler/Cvi RIL population that had been

stored for 4 years led to the detection of one QTL on
chromosome 1 (GAAS1 region). This locus was also the
major QTL in our experiment here for the Ler/Cvi
population. However, with this long-term-aged seed,
we were able to identify two additional QTLs (GAAS2
and GAAS5) in this Ler/Cvi genetic background. GAAS1
and GAAS2 or colocating QTLs were also detected after
artificial aging in the Ler/Cvi, Ler/Sha, and Bayreuth/
Sha (not for GAAS2) RIL populations (Bentsink et al.,
2000; Clerkx et al., 2004b; Joosen et al., 2012). GAAS5
appears to be specific for natural aging and does not
show a QTL after controlled deterioration in the Ler/
Cvi and Ler/Sha populations, which indicates that the
CDT does not completely mimic natural aging. Overall,
we were able to identify many more loci than in earlier
work (Bentsink et al., 2000; Clerkx et al., 2004b; Joosen
et al., 2012), probably due to the much longer time that
the seeds had been stored and because of the integrated
approach on the multiple populations that was taken.

The parents of every population were grown together
with the RIL populations. Ler differed the most from Fei-0
and Kas-2 accessions for seed longevity (Supplemental
Table S2). In both cases, Ler seeds were better storable,
which might be explained by the fact that the Ler allele
contributes to better storability for almost all GAAS loci
except for GAAS2 (Fig. 2). The seed longevity of Lerwas
not very different from those of the accessions An-1, Cvi,
Kond, and Sha, but transgressions beyond these parents
were identified for those populations (Fig. 1), which
resulted in the identification of seed longevity QTLs
for which alleles of both parents contributed to better
storability (Fig. 2).

GAAS2 and GAAS5 had significant allelic effects in
more than one population (Table I; Supplemental Table
S2), which may indicate the importance of these seed
longevity loci under natural selection. For GAAS1 and
GAAS2, the Ler allele decreased seed longevity, while
the GAAS5 Ler allele increased seed longevity. Epi-
static interactions between the seed longevity loci were
not identified, which indicated that natural variation
for seed longevity in these populations is determined by
additive loci. However, part of the differences might re-
sult from genotype-environment interactions due to dif-
ferences in the growing environments of each population.

Candidate Genes

Several GAAS genomic regions identified here con-
tain genes previously associated with seed longevity.
Most obvious is the colocation of GAAS2 with the
vitamin E locus. Sattler et al. (2004) have shown that
vitamin E (tocopherol) is essential for seed longevity in
an artificial aging assay, as it prevents lipid oxidation
during seed germination. Genetic analysis of seed vitamin
E levels in the Cvi/Ler and Columbia/Ler populations
exhibited a common QTL on the top of chromosome
3 (GAAS2 region), namely QVE7 and QVE8, respectively
(Sattler et al., 2004).

The DNA ligase AtLIG4 coincides within the confi-
dence interval of GAAS6 in the middle of chromosome

Figure 4. Seed dormancy and longevity phenotypes of Ler, NILDOG1/
GAAS5-Cvi, and two independent transformants. Seed dormancy
measured as DSDS50 and longevity after 7 years of storage and 45 d in
75% relative humidity (germination percentage) is shown for Ler,
NILDOG1/GAAS5-Cvi, and two independent transformants (SR3-1
and SR3-2), which contain the DOG1 Cvi allele in the Ler genetic
background.

Plant Physiol. Vol. 160, 2012 2089

QTLs for Seed Longevity after Natural Aging

 www.plantphysiol.orgon March 2, 2020 - Published by Downloaded from 
Copyright © 2012 American Society of Plant Biologists. All rights reserved.

Nguyen	et	al.	2012	Plant	Physiol

Corrélation négative dormance/longévité



« Reduced longevity was shown by mutants with abscisic acid insensitive3 
(abi3) and abscisic acid deficient1 (aba1) mutations that may also be partially
related to the seed dormancy phenotype for those mutants »

Clerkx et	al.	2004	Physiol Plant.	

« In Arabidopsis seeds of mutants affecting testa pigmentation and/or 
structure exhibited both reduced dormancy and faster deterioration
(Debeaujon et al. 2000) »

Arabidopsis: 
Analyse de mutants 
hormonaux

Corrélation positive dormance/longévité

Corrélation positive dormance/longévité



  Results 
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Table 9: Correlations of seed longevity with agronomical traits of genebank collection in 2010 

 IG GAA RGAA GCD RGCD DI PHS Ht Hd Ft 

GAA 0.54**          

RGAA 0.1 0.89**         

GCD 0.54** 0.55** 0.36**        

RGCD 0.27** 0.43** 0.35** 0.95**       

DI -0.51** -0.18 0.05 -0.19* 0.04      

PHS 0.35** -0.01 -0.19 0.01 -0.11 -0.68**     

Ht 0.41** 0.25** 0.09 0.40** 0.29** -0.39** 0.32**    

Hd 0.51** 0.11 -0.13 0.28** 0.13 -0.49** 0.38** -0.39**   

Ft 0.56** 0.14 -0.11 0.26** 0.08 -0.50** 0.41** 0.45** 0.87**  

TKW -0.01 0.00 0.02 -0.10 -0.12 0.00 0.09 -0.13 -0.09 0.15 

IG = initial germination, GAA = germination after AA, RGAA = relative germination after AA, GCD = germination after CD, RGCD = relative 
germination after CD, DI = dormancy index, PHS = pre-harvest sprouting, Ht = height, Hd = heading time, Ft = flowering time, TKW = thousand 
kernel weight, * = correlation significant at p < 0.05 level (2-tailed) ** = significant correlation at p < 0.01 level (2-tailed) 

  Materials and methods 
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3.3.1 Standard germination test  

In the standard germination test, 50 seeds were germinated between two layers of 

moistened filter papers. These were formed to rolls standing on a Jacobsen apparatus at 

25±1°C during day and 23±1°C during the night (14 hours of day and 10 hours of night). The 

number of normal, healthy seedlings (Figure 3) from the proportion of germinated seedlings 

was counted according to ISTA (2008) on the eighth day. Figure 4 shows germinated 

seedlings but only healthy and green seedlings with proper root-shoot ratio (normal 

germination) were taken into account for genetic mapping whereas the rest which were 

germinated were recorded as abnormal seedlings. These were not included in mapping for 

loci related to longevity.  

Figure 3: Wheat seedlings on moistened filter paper during standard germination test (ISTA 
2008) on eighth day 

Figure 4: Wheat seedlings performance after standard germination test (ISTA 2008). X = 
abnormal seedlings; O = normal germination 

 

X         X           X           X                 X              X      O 

Arif	et	al	2017,	PhD	Thesis

Banque de semences (IPK, Allemagne): étude de  96 génotypes de blé (Triticum
aestivum) issus de 21 pays

Pas de corrélation dormance/longévité



Loci for seed longevity: 
chromosomes 2, 4 and 9
QTLs for dormancy: 
chromosomes 1, 3, 5, 7 and 11 

Les QTL de dormance et de longévité localisent à des loci différents: les 
2 caractères sont contrôlés par des facteurs génétiques différents 

QTLs for seed dormancy (qSD)

Five putative QTLs associated with seed dormancy were
detected based on the ANOVA of RFLP results (Fig. 2,
Table 1). These putative QTLs were mapped in the vicinity
of R1613 on chromosome 1 (qSD-1), C25 on chromo-
some 3 (qSD-3), R1838 on chromosome 5 (qSD-5),
R1357 on chromosome 7 (qSD-7) and C189 on chromo-
some 11 (qSD-11). Four putative QTLs, qSD-1, qSD-3,
qSD-5 and qSD-11, were also confirmed by MAPMAKER/

QTL analysis using an empirical threshold of LOD =
2.0. However, qSD-7 was not confirmed based on this
threshold. Kasalath alleles increased the germination
percent in the case of qSD-1, qSD-3 and qSD-11, and the
additive effects of Kasalath alleles in these QTLs were
14.5, 13.7 and 13.3% in the arc-sine transformation of
germination percent, respectively. On the other hand,
Kasalath alleles in the case of qSD-5 and qSD-7
decreased the germination percent and the additive effects
were 13.6 and 10.7%, respectively. The percentage of

983

Fig. 2 Chromosomal locations
of QTLs for seed dormancy and
seed longevity in rice. Striped
and black bars represent puta-
tive regions of QTLs for seed
dormancy and seed longevity,
respectively. A reduction of a
0.5 LOD value from the LOD
peaks was used to define left and
right borders of the confidence
interval in MAPMAKER/QTL.
Arrows and box indicate the
nearest marker locus to the
QTLs for seed dormancy and
seed longevity, respectively, in
markers which were significant
at the 0.01 probability level
based on ANOVA. Chromo-
somes with no QTLs are omitted
from this figure

Table 1 Putative QTLs for seed dormancy and seed longevity in rice

Trait QTL NMLa Chr. GLM/SAS Probability MAPMAKER/QTL

LOD % Variationb AEc DPEd

Seed dormancy qSD-1 R1613 1 0.0006 2.63 11.6 14.5 K
qSD-3 C25 3 0.0014 2.44 11.3 13.7 K
qSD-5 R1838 5 0.0001 3.10 13.6 –13.6 N
qSD-7 R1357 7 0.0076 1.49 6.8 –10.7 N
qSD-11 C189 11 0.0018 2.12 9.7 13.3 K

Totale 41.1
Seed longevity qLG-2 C1470 2 0.0007 2.809 13.4 14.4 K

qLG-4 R514 4 0.0012 2.428 11.6 15.1 K
qLG-9 R79 9 〈0.0001 13.883 59.5 25.5 K

Totale 68.2

a Nearest marker locus of putative QTLs
b Phenotypic variation explained by each QTL
c Additive effects of Kasalath (1/2 weight) alleles by the arc-sine of
germination percent

d Direction of phenotypic effect. N and K indicate that the
Nipponbare and Kasalath allele increased the germination percent
for seed dormancy and seed longevity, respectively
e Estimates obtained from a multiple-QTL model

Miura et	al.	(2002)	Theor appl genet	2002

Les données génétiques ne plaident pas pour une relation 
forte entre dormance et longévité

Recherche de QTL pour les caractères dormance et longévité chez le riz

La relation entre longévité ex-situ et intensité  de 
dormance n’est pas démontrée



Nombre de semences viables de mauvaises herbes trouvées dans les sols cultivés:
• Cultures légumières : 250 à 46 819 au m2

• Cultures céréalières : 4 742 à 73 350 au m2

• Cultures de maïs et de soja : 416 à 26 060 au m2

Banque de semences du sol: Stock de graines dormantes en général

35Pasture Weeds and Pests

results predict 28 - 161 years of viability, which is closer to our prediction (Table 2).
However, in this type of study, the exponential decay rate possibly overestimates the
decay time of the seed as the seed/soil mix was enclosed in a nylon mesh bag and this
would exclude some important predators such as earthworms.

TABLE 2: Predicted time (years) for the seed to reach 1% viability in the four
soil types at three depths._________________________________________________________________

Soil Soil type
depth Horotiu Dunmore Rukuhia Hamilton
(cm) Years R2 Years R2 Years R2 Years R2
_________________________________________________________________

0 - 2 6 0.55 7 0.83 5 0.75 3 0.77
5 79 0.57 35 0.82 22 0.89 14 0.86
20 67 0.91 32 0.79 33 0.95 16 0.88_________________________________________________________________

Of the four soils used in our study, nodding thistle seed retained the greatest
viability in the Horotiu sandy loam soil and least viability in the Hamilton clay loam
soil (Figure 2). The Hamilton clay loam soil has a heavier texture, lower water holding
capacity and is more prone to drying and these characteristics are probably associated
with the more rapid depletion of the weed seed. Closely located sites with virtually
identical climates and similar management histories, but with different soil types, may
yield quite different weed floras and weed densities (Rahman and James 1993).

The weed seed bank normally declines exponentially and this is readily explained
in terms of biological processes (Thompson and Makepeace 1983; Rahman et al.
1998). Therefore this model was used to examine these results and regression lines
were fitted to logarithmic transformed data (Figure 2). The decline in the viability of
the nodding thistle seed differed appreciably between soils. The times for the amount
of viable seed to be reduced to 1% of the original number at various depths were
calculated and are presented in Table 2 along with the R2 of the fit. These data confirm
that in the absence of fresh seed input in the top layer of the soil, it only takes a few
years for the seed bank to decline to 1%. However, if the seed is quickly buried, (by
worms, pugging, falling down cracks or by cultivation), then it could take up to 80
years for seed viability to decline to this level.

FIGURE 1: Percentage of viable nodding thistle seed buried at three depths in
soil (average of four soil types).

© 1998 New Zealand Plant Protection Society (Inc.) www.nzpps.org     Refer to http://www.nzpps.org/terms_of_use.html

James	et	al.	1998	,	Chardon	(Carduus nutans)

Dormance et longévité in-situ: conservation des semences 
au sein de la banque de semences du sol
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Nombre de semences viables de mauvaises herbes trouvées dans les sols cultivés:
• Cultures légumières : 250 à 46 819 au m2

• Cultures céréalières : 4 742 à 73 350 au m2

• Cultures de maïs et de soja : 416 à 26 060 au m2

Banque de semences du sol: Stock de graines dormantes en général



sufficient to induce a secondary dormancy in approximately
40% of the seeds (Fig. 2A). The inductive effect of 308C
increased with the duration of the treatment and was
stabilized after 24 h. Fig. 2B shows, as an example, the time
course of germination at 208C of seeds pre-treated at 308C
for 1 and 2 d. The lag time for germination was 2 d
compared with 1 d for the control non-treated seeds, and
only 9–10% of the seeds germinated within 3 d vs. 80%
for the control seeds.

Fig. 3 allows comparison of the effects of temperature
on the percentage germination obtained after 7 d with
primary dormant, secondary dormant and non-dormant
seeds. Loss of germinability at 208C following exposure
at 308C is due to the induction of a deeper dormancy,
named secondary dormancy, and not to a deleterious

effect since seeds remained perfectly able to germinate
at low temperatures. In the case of secondary dormant
seeds, the temperature range for germination shifts to a
lower temperature range than that shown for primary
dormant seeds.

Induction of secondary dormancy, embryo ABA content and
embryo sensitivity to ABA

ABA content was determined in embryos isolated
from primary dormant grains incubated at 20 and 308C for
various times, and at 208C for 24 h after a 48 h treatment
at 308C which induced a secondary dormancy. In dry seeds,
the embryo ABA content was 429.8 pg mg DW–1. It
remained at a relatively high level at 308C while it decreased
quickly at 208C (Table 1) as already shown by Benech-
Arnold et al. (2006). After 24 h of imbibition at 308C, the
embryo ABA content was 417 pg mg DW–1, i.e. twice as
high as that measured in embryos from seeds incubated for
the same duration at 208C (197.7 pg g DW–1). Induction
of secondary dormancy after 48 h incubation at 308C was
associated with maintenance of embryo ABA content at
a high level (412.8 pg mg DW–1) after seed transfer at 208C,
at least for 24 h (Table 1). Fluridone (0.1mM), an inhibitor
of ABA synthesis, applied at 308C resulted in a decrease in
ABA content by around 25% as compared with the control
seeds placed on water (Table 1).

The responsiveness to ABA of embryos isolated from
primary dormant seeds and seeds pre-treated for 2 d at 308C
(i.e. seeds with secondary dormancy) was investigated by
incubating them under a range of ABA concentrations at
20 and 308C. Embryos from primary dormant grains were
able to germinate under a wide range of ABA concentra-
tions if they were incubated at 208C (Fig. 4). Germination
was inhibited only when the ABA concentration was as high
as 1mM. Incubation at 308C markedly increased embryo
sensitivity to ABA: the ABA concentration required to
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regulate ABA content in barley: HvABA8’OH1 for ABA 
catabolism, and HvNCED1 and HvNCED2 for ABA synthesis. 
HvABA8’OH1 was expressed about fourfold more after 1 d of 
imbibition at 15 °C either in air or in hypoxia. However, after 3 
d in hypoxia, i.e. in secondary dormant grains, HvABA8’OH1 
expression was reduced threefold and decreased even after the 
transfer to air (Fig. 3, open bars). The expression of HvNCED 
genes was not altered after 1 d of imbibition at 15 °C in air, 
and decreased a little after 1 d in 5% O2, but after 3 d in 5% O2, 
there was a large increase in the expression of HvNCED2 that 
remained high after transfer (Fig. 3, grey bars).

Expression of GA metabolism and signalling genes

As GAs are difficult to measure, expression of several 
genes involved in GA inactivation (HvGA2ox1, HvGA2ox3, 
and HvGA2ox5), synthesis (HvGA3ox2, HvGA20ox1, and 
HvGA20ox3), or response (HvExpA11) was analysed in 
embryos during induction and expression of secondary dor-
mancy (Figs 4 and S2 at JXB online). The main changes were 
observed for HvGA2ox3 and HvGA3ox2 (Fig. 4A, B). Indeed, 
incubation at 15 °C in air for 24 h, which allows germination, 
was associated with low expression of the HvGA2ox3 gene 
and high expression of HvGA3ox2. Hypoxia treatment for 1 
d resulted in a large increase in HvGA2ox3 (64-fold compared 
with grains imbibed for 1 d in air) and reduced expression 
of HvGA3ox2 (16-fold less compared with grains imbibed 
for 1 d in air). After 3 d in hypoxia, the high expression of 
HvGA2ox3 was maintained, but HvGA3ox2 expression recov-
ered to the levels observed in air after 1 d. After transfer into 
air, HvGA2ox3 expression was reduced about twofold but 
remained high (more than 100-fold compared with dry grains), 
while expression of HvGA3ox2 was threefold less than before 
(Fig. 4A, B). HvGA2ox1 and HvGA2ox5 expression was simi-
lar in primary and secondary dormant grains after 1 d at 15 °C 
in air and reduced after 3 d of hypoxia treatment (Fig. S2A). 

HvGA20ox1 expression was reduced by hypoxia after 1 d of 
treatment in comparison with air, but increased after and was 
surprisingly high during expression of secondary dormancy, 

Fig. 1. Induction of secondary dormancy in whole grains by 
hypoxia. Primary dormant grains were incubated in darkness for 
3 d in 1, 3, 5, 10, and 21% O2 at 15 °C (filled circles) or 30 °C 
(open circles) and transferred to air at 15 °C. The data presented 
correspond to the germination percentage at 7 d after the 
treatment. Results are given as means of four replicates ± SD.

Fig. 2. Embryo ABA content and sensitivity. (A) ABA content (pmol 
mg-1 DW) of embryos isolated from primary dormant dry grains 
(open bar), grains placed for 1 d at 15 °C in air (dotted bar) and at 1 
and 3 d at 15 °C in hypoxia (5% O2) (grey bars), and from secondary 
dormant grains after transfer to air for 1 d (dotted grey bar). Results 
are given as means of five replicates ±SD. (B) Sensitivity to ABA 
of embryos from primary dormant grains (Em-D1, filled triangles) 
or from secondary dormant grains (Em-D2, open circles) at 30 °C 
(germination after 7 d). The secondary dormant grains were obtained 
from primary dormant grains incubated for 3 d in 5% O2 at 15 °C. 
Results are given as means of four replicates ± SD.

Table 2. Effect of fluridone (0.1 mM) applied during the induction 
of secondary dormancy treatment (15 °C, 5% O2 for 3 d) or after 
the transfer in air on the subsequent germination at 15 °C in air. 
Results are shown as the mean of four replicates ± SD.

Pre-treatment for 3 d  
at 15 °C in 5% O2 on:

Incubation medium after  
seed transfer at 15 °C in air

Germination  
(%) after 7 d

– Water 98.7 ± 0.9
Water Water 43.5 ± 7.5
Water Fluridone 32.5 ± 5.0
Fluridone Water 51.3 ± 13.3
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Le cycle de dormance participe à la survie des semences dans la banque 
de  semences du sol
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seed depth (5 cm) over 12 months from October



RESULTS

Seed traits

Seeds of the three studied Xyris species were very small and
light (Table 1); seeds of X. trachyphylla were largest and had
the largest dry mass. Seed water content varied between 11.4
and 16.4%, with the highest value being for X. asperula.

Germination changes in buried seeds

Seeds of studied species remained viable in the soil for at least
14 months, and exhibited seasonal changes in germinability
across all temperatures tested (Fig. 1). Secondary dormancy
was acquired during the rainy season (spring/summer), and
alleviated during the subsequent dry season in autumn/winter
(Fig. 2). In general, for all species, a decrease in germinability
was first observed at the extreme temperatures (15 and 30–
35 °C) tested.
Seeds of X. trachyphylla exhumed at 6 and 8 months exhib-

ited absolute dormancy (germination below 1% at all tempera-
tures). However, some of the X. asperula and X. subsetigera
seeds exhumed at the same times exhibited germinability of
>14% at 20 and 25 °C. Seeds of X. trachyphylla showed a com-
plete cycle: non-dormant – conditionally dormant – absolute
dormancy (ND – CD – D), whereas seeds of X. asperula and
X. subsetigera exhibited a ND – CD cycle. No germination was
observed in seeds during burial due to their requirement for
light to germinate. Periods of lower germination coincided
with the months of higher soil moisture, while increasing ger-
mination followed a decrease in soil moisture.

Overcoming secondary dormancy

Seeds of X. trachyphylla buried in the soil for 10 months germi-
nated to <5% at the optimal temperature (20 °C). After dry
storage for 1 month (control) these seeds showed an increase
in germination (28%). Drying at 45 °C for 24 h and GA3 appli-
cation did not promote an increase in germination compared
to the control (32% and 45%, respectively), whereas drying at
45 °C for 48 h increased germination, which reached 61%
(Fig. 3).

DISCUSSION

This study reports seasonal cycles of dormancy in three peren-
nial tropical plant species. For the first time, it was possible to
demonstrate conditional dormancy in tropical species with
cyclic dormancy. The temporal pattern of acquisition and alle-
viation/overcoming of secondary dormancy seems to be the
same for all tropical species of Xyridaceae and Eriocaulaceae

inhabiting the Brazilian campo rupestre. In these species,
including those of the present study, secondary dormancy is
acquired during the rainy season (spring/summer), which is
then alleviated during the dry season (Garcia et al. 2014;
Duarte & Garcia 2015). This mechanism prevents germination
from occurring at the end of the rainy season, thus avoiding
death of seedlings in the subsequent dry and unfavourable sea-
son (Garcia et al. 2012). Our results, combined with those of
Garcia et al. (2012, 2014) and Duarte & Garcia (2015), indicate
that seasonal dormancy cycles may be a recurrent mechanism
in seeds of plants typical of the Brazilian campo rupestre.

Seeds of X. asperula and X. subsetigera presented slightly
higher germination after exhumation in some months than

Table 1. Size (length and width), dry mass and water content of Xyris seeds

(mean ! SD).

species

length

(mm)

width

(mm)

dry mass

(lg)
water

content (%)

X. asperula 0.40 ! 0.05 0.24 ! 0.03 12.5 ! 0.46 16.4 ! 1.41

X. subsetigera 0.48 ! 0.06 0.25 ! 0.04 9.4 ! 0.56 11.4 ! 0.58

X. trachyphylla 0.75 ! 0.06 0.31 ! 0.04 25.5 ! 0.70 11.6 ! 1.05

Fig. 1. Germination percentages of X. asperula, X. subsetigera and

X. trachyphylla seeds at different temperatures under a 12-h photoperiod

during 18 months of burial in the soil in Serra do Cip!o, Brazil.
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before burial (freshly matured seeds), which suggests that a
small fraction of seeds had primary dormancy. Once seeds of
all species are dispersed during the dry season, seeds dispersed

in a non-dormant state are able to germinate in the subsequent
rainy season. However, buried seeds (incorporated into the soil
seed bank) will not germinate due to the absence of light, since
these seeds have an absolute light requirement for germination
(positive photoblastism; Abreu & Garcia 2005; T. G. S. Oli-
veira, Q. S. Garcia, unpublished data). Studies on seed germi-
nation of species of Xyris from the campo rupestre were all
found to possess a light requirement for germination, but only
one has primary dormancy – Xyris obtusiuscula (Abreu & Gar-
cia 2005; Garcia et al.2012; Le Stradic et al.2015b). The species
studied here are herbaceous, produce very small seeds and
occur in environments with regular periods of drought. Thus,
it was expected that the seeds would exhibit some kind of dor-
mancy (Jurado & Flores 2005; Baskin & Baskin 2014). How-
ever, in campo rupestre, unlike other seasonal environments,
the proportion of species that produce non-dormant seeds is
higher than those that produce dormant seeds (Dayrell et al.
2017). Although most seeds do not have primary dormancy,
the acquisition of secondary dormancy is an important strategy
for the persistence of these species in a seasonal environment
(Baskin & Baskin 1985).
Since the Brazilian campo rupestre presents adverse condi-

tions for seed germination at certain times of the year, soil seed
bank formation can be an important adaptive strategy in these
environments. In fact, many species typical of the campo rupes-
tre are known to form a persistent soil seed bank (Cheib & Gar-
cia 2011; Munn!e-Bosch et al. 2011; Garcia et al. 2014),

Fig. 2. Climate data during the seed burial period in

Serra do Cip!o, Brazil: monthly precipitation, mean maxi-

mum and mean minimum soil temperature (a); changes

in soil moisture (b). Monthly precipitation data were

obtained from the Conceic!~ao do Mato Dentro weather

station, MG, Brazil.

Fig. 3. Seed germination of X. trachyphylla at 20 °C after treatments to

overcome secondary dormancy. Black circle indicates germination of

exhumed seeds buried in soil for 10 months. The control treatment includes

exhumed seeds stored at room temperature for 1 month in the laboratory.

Same letters represent absence of significant differences according to Tukey

test at 5% probability. Asterisks compare only seeds exhumed immediately

and after storage for 1 month (control). Bars are mean ! SD.
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La dormance participe à la longévité des semences 
dans la banque de semences du sol
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Quel impact du changement climatique sur la dormance 
et la longévité ?

Effet de la température pendant la formation de la graine sur 
la dormance et la longévité (Arabidopsis)



Les graines produites à température élevée sont moins dormantes

Et leur longévité est plus forte



seven years of drought led to earlier flowering in B. rapa
when predrought (stored) and postdrought seeds were
compared (Franks et al., 2007). Thus, genetic variation
within natural plant populations allows for relatively
rapid evolutionary change but not in all climate-related
traits. In the absence of gene flow from populations of
Betula with earlier dates of budburst, a physiological
segregate to germination phenology, the rate of warming
was too rapid for native populations to evolve, including
those exhibiting the greatest genetic variability (Billington
& Pelham, 1991).

Perspectives

Ramifications of climate change on plant regeneration
from seeds may be predicted, and in some cases already
documented, at the population and community levels
(Fig. 7). Seed dormancy and germination serve as an
important focal point for understanding the direct and
indirect, via seed maturation and mass, impacts of climate
change, as well as soil seed bank formation when com-
bined with other climate-influenced factors. By affecting
the timing of germination, climate-changed dispersal
desynchronizes life cycles of some species (e.g. frequency
of annuals vs. biennials). Quantitative changes in seedling
emergence impact the size of populations and their
structures (e.g. cohort death due to an out-of-season
trigger). Shifts in emergence among species and/or
reduced vigour (via less seed vernalization) modify com-
petitive interactions and more/less equitable climates
alter geographic distributions. Altogether, species compo-

sition and diversity in communities are varied from their
original states as a result of climate change.

Climate-changed plant regeneration will be mani-
fested in both temperature- and moisture-controlled
ecosystems. Much research has been directed at tundra
and boreal forest, and treeline ecotones, with less
emphasis in temperate regions and sclerophyllous
woodlands, and hardly any research in the tropics or
hot deserts (Fig. 8). Importantly, all five Mediterranean
biomes are biodiversity hotspots and deserve closer
climate studies in terms of seed resilience as all are
predicted to be major biodiversity loss impact zones as
a result of climate change (Sala et al., 2000). Thus,
research in less-studied ecosystems, or across biomes,
would enhance our ability to predict more accurately
climate change impacts, and therefore conservation
responses. Underlying mechanisms (e.g. dormancy)
have received scant attention and the complexity of
climate change could be unravelled by examining
flow-on consequences (e.g. climate change ! seed
mass or longevity ! seed dormancy and germina-
tion ! soil seed bank formation ! seedling emergence
and establishment).

Examples of key issues needing resolution are: How
does warming affect cold-climate species varying in
tolerance ranges for stratification? What is the interac-
tion between dormancy break and smoke-stimulated
germination with fire intensification? With the
predicted decrease in precipitation for some tropical
regions, how will species with recalcitrant seeds be

Fig. 7 Flow chart showing the effects of climate change on

plant regeneration from seeds and repercussions on the early

life history events of plants at the population and community

levels.

Fig. 8 Studies mentioning climate change in relation to seed (or

seedling) ecology among ecosystems as cited in the present

paper (n 5 104 references) or in Harsch et al.’s (2009) treeline

analysis (n 5 77 additional references). A reference was listed

under each ecosystem included in the study or in both ecosys-

tems if done at an ecotone (e.g. treeline); thus, percentages are

determined on the basis of 267 cases.
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Abstract

At the core of plant regeneration, temperature and water supply are critical drivers for seed dormancy (initiation,
break) and germination. Hence, global climate change is altering these environmental cues and will preclude, delay, or
enhance regeneration from seeds, as already documented in some cases. Along with compromised seedling
emergence and vigour, shifts in germination phenology will influence population dynamics, and thus, species
composition and diversity of communities. Altered seed maturation (including consequences for dispersal) and seed
mass will have ramifications on life history traits of plants. Predicted changes in temperature and precipitation, and
thus in soil moisture, will affect many components of seed persistence in soil, e.g. seed longevity, dormancy release
and germination, and soil pathogen activity. More/less equitable climate will alter geographic distribution for species,
but restricted migratory capacity in some will greatly limit their response. Seed traits for weedy species could evolve
relatively quickly to keep pace with climate change enhancing their negative environmental and economic impact.
Thus, increased research in understudied ecosystems, on key issues related to seed ecology, and on evolution of seed
traits in nonweedy species is needed to more fully comprehend and plan for plant responses to global warming.

Keywords: germination phenology, global climate change, recruitment, seed dormancy, seed germination, seedling emergence,

soil seed bank
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Introduction

Climate has a large influence on plant recruitment
(Adler & Hille Ris Lambers, 2008), and at the core of
regeneration, temperature and water supply (especially
by precipitation) are not only critical drivers for a
plant’s distribution (Woodward & Williams, 1987) but
also drive seed dormancy (initiation, break) and germi-
nation (radicle emergence). Hence, climatic alterations
along with other environmental changes (e.g. land use)
that influence ecological cues will undoubtedly affect
recruitment of plants and subsequently, population
dynamics (Arft et al., 1999; Diemer, 2002; Fitch et al.,
2007; Walck & Dixon, 2009; Baeten et al., 2010). Early
developmental stages of plants are expected to be more
sensitive to climate change than adult stages, and as
such, represent a major bottleneck to recruitment (Lloret
et al., 2004; Fay & Schultz, 2009; Dalgleish et al., 2010).

Seedling emergence is usually synchronized with
seasonal changes in the environment (Baskin & Baskin,
1998; Fenner & Thompson, 2005). Germination of some

species happens soon after dispersal, whereas that of
other species is delayed due to dormancy until a
favourable season when seedlings are likely to survive,
grow, and go on to reproduce. Depending on the
species, forecasted changes in ecological cues may pre-
clude, delay, or enhance regeneration from seeds.
Impacts at the organismal level carry on to the popula-
tion and community, with very complex interactions
and outcomes. For example, facilitation alters the spa-
tial pattern of recruitment from that determined by
germination (Batllori et al., 2009) but its role in seedling
establishment varies geographically for some species
(Castro et al., 2004). Information on regeneration under
climate change is urgently needed for modelling vege-
tation dynamics (Leishman et al., 1992; Ibáñez et al.,
2007; Morin & Thuiller, 2009; De Frenne et al., 2010).
However, the overall impact of climate change on plant
regeneration has largely been neglected (Hedhly et al.,
2009).

Here, we evaluate the effects of climate change on
plant regeneration focusing on the fate of seeds after
dispersal, especially those features most impacted by
temperature and moisture: release from dormancy and
germination. After a brief overview of seed dormancy
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• Altération de la 
dormance à la 
récolte

• Elimination plus 
rapide de la 
dormance

• Modification de la 
dynamique de la 
banque de 
semences du sol 
(adventices)

Quel impact du changement climatique sur la dormance 
et la longévité ?



Pour conclure: Est-ce que la dormance des semences 
peut jouer un rôle dans leur exceptionnelle longévité ?

NON: Bien qu’étroitement imbriqués les mécanismes de 
dormance et de longévité ne permettent pas d’établir une 
relation claire entre ces deux caractères, en tout cas lors de la 
conservation ex-situ

OUI: La dormance peut être considéré comme l’un des facteurs 
de la longévité des graines dans leur environnement
Les dormances sont des systèmes régulateurs de germination 
jouant un rôle fondamental dans la survie et la propagation des 
espèces végétales

Le changement climatique aura des conséquences marquées 
sur ces deux caractères et donc sur la dynamique des 
peuplements végétaux


