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& Key message
Dormancy in Arecaceae diaspores is due to underdeveloped embryos, therefore, morphological dormancy or
morphophysiological dormancy. Consequently, claims such as external seed structures inhibit germination, embryos
are fully developed at maturity, and underdeveloped embryo is not a form of dormancy are rejected, because embryo
size of the diaspore at the time of dispersal was not taken into consideration. The re-classification proposal for moving
morphological dormancy into non-dormancy is also discouraged. This is owing to the fact that when both morphological
dormancy and non-dormant seeds are placed under conditions suitable for germination, those with morphological
dormancy do not germinate immediately due to time needed for growth of the embryo, whereas non-dormant seeds
can germinate quickly. The implications of correctly defining dormancy class are important, for researchers working
with seeds at various levels from forestry to molecular biology.

With 2600+ species, palms constitute an essential component
of tropical and sub-tropical biodiversity (Kissling et al. 2019).
The life cycle of long-lived palms starts with diaspores, which
differ considerably in size, shape, and color (Broschat et al.
2014; Corner 1966; Mabberley 2017; Tomlinson 1990).
Typically, the dispersal unit of palms is a berry or fibrous
drupe, which encompasses fibrous mesocarp, a thick endo-
carp, a fleshy nutritious endosperm, and a small embryo
(Tomlinson 1990). It is well known (or inferred) that most—
perhaps all—palm diaspores have an underdeveloped embryo,
c. > 10% of the overall diaspore size, at the time of dispersal
(Baskin and Baskin 2014b; Martin 1946; Tomlinson 1990).
This feature—termed as morphological dormancy—means
that embryos require time for the embryo to differentiate and
grow inside the diaspores before germination occurs, which is
usually within 30 days after dispersal (Baskin and Baskin
2004; Finch-Savage and Leubner-Metzger 2006; Nikolaeva
1969; see Fig. 1). However, most Arecaceae species have
been reported to havemorphophysiological dormancy, where-
in the underdeveloped embryos also have a physiological

constraint either due to a hormonal imbalance or inability of
the embryo to push through the hard endocarp, i.e., physio-
logical dormancy, which requires both growth of embryo and
alleviation of physiological dormancy before germination
(Baskin and Baskin 2004; Finch-Savage and Leubner-
Metzger 2006; Fig. 1).

Due to decades of research, there is an abundant literature
on germination ecology of palms suggesting that germination
requires several months to years (Baskin and Baskin 2014a,
b). However, there are also a few studies that show that ger-
mination can be completed within 30 days (see reviews in
Broschat et al. 2014; Koebernik 1971; Orozco-Segovia et al.
2003). The understanding that growth of the underdeveloped
embryo and germination require a long period of time led
Pérez (2009) to conclude that seeds of most of the
Arecaceae species display morphophysiological dormancy,
whereas few species have morphological dormancy. Despite
this conclusion and clarification of why other forms of dor-
mancy might be absent, many studies continued to report var-
ious forms of dormancy in palms. Subsequently, a more de-
tailed synthesis was presented by Baskin and Baskin (2014a),
who showed that 10% of the palms have morphological dor-
mancy, and the remainder has morphophysiological dorman-
cy. Consensus is growing that a water-impermeable seed coat,
i.e., physical dormancy and combinational dormancy (Fig. 1)
arising from the combination of impermeable seed coat and
physiological dormancy of the embryo, i.e., physical
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dormancy + physiological dormancy, is absent in palms (e.g.,
Carvalho et al. 2015). However, many recent studies still con-
clude that palm diaspores have physiological dormancy or use
terms such as embryonic dormancy (Nazário et al. 2017),
physiological and physical dormancy (Medeiros et al. 2015),
and even in some cases the seeds are reported to be dormant
due to constraint resulting from the operculum (Moura et al.
2019). Further, there is disagreement as to whether morpho-
logical dormancy should be considered as a form of dormancy
or be reclassified as an absence of actual dormancy
(Mazzottini-dos-Santos et al. 2018; Visscher et al. 2020).
The purpose of this opinion paper is to show, with some recent
examples, that dormancy class in Arecaceae species is still
entirely misrepresented or misinterpreted.

1 Do palm diaspores have only physiological
dormancy? No

A more conspicuous problem with palm diaspore studies in
the laboratory is the way seeds are handled from time of
collection until initiation of experiments. It has been pre-
viously shown that this post-dispersal storage at certain
temperature promotes after-ripening (Carpenter 1988;
Meerow and Broschat 1991). In palm species, post-
dispersal storage of diaspores in the natural environment
or at low temperatures, e.g., 8 °C (see Table 1), are condu-
cive for embryo growth and breaking of physiological dor-
mancy. These conditions mimic warm stratification or cold
stratification typically applied to break simple or complex
morphophysiological dormancy (Baskin and Baskin
2014a; Baskin and Baskin 2004). As it has been repeatedly
pointed out, concluding absence of morphological dorman-
cy or morphophysiological dormancy based on culturing

excised embryos in a nutrition-rich medium does not accu-
rately represent the dormancy class in palms (Baskin and
Baskin 2014a; Broschat 1998; Nagao et al. 1980; Pérez
2009). Diaspores of Attalea vitrivir Zona (Neves et al.
2013), Acrocomia aculeata Lodd. ex Mart. (Ribeiro et al.
2012), and Butia capitata (Mart.) Becc. (Oliveira et al.
2013) collected in Brazil were reported to have physiolog-
ical dormancy, presumably based on the excised embryo
growing immediately. A post-maturation storage time may
have allowed the embryo to grow and reach full size, be-
fore the endocarps were removed, further adding confusion
with regard to dormancy classification (Table 1).
Interestingly, Carvalho et al. (2015) assumed that the ab-
sence of morphological dormancy or morphophysiological
dormancy reported in A. vitrivir, A. aculeate, and
B. capitate from Brazil might be due to the fact that the
difference is seed collection location. Hence, to close the
argument, they collected diaspores of all three species
growing in the cerrado biome in the northern region of
Minas Gerais State, Brazil, and concluded that all the three
species have physiological dormancy. However, in their
study, all diaspores were stored for more than 1 month
presumably at room temperature, which may have been
sufficient time for embryo growth or physiological dor-
mancy alleviation (see Fig. 1 in Carvalho et al. 2015).
This would have allowed the seeds to germinate when en-
docarps were removed. Further, their study does not take
embryo size at the time of dispersal into account.

More notably, misrepresentation of dormancy class in at
least some of the Brazilian palm species has created further
confusion in subsequent studies conducted on species in the
region. Many other authors believe that dormancy in Brazilian
palm species is caused by the constraint of the operculum,
e.g., Mauritia flexuosa L. f. (Moura et al. 2019), B. capitata

Physical Physiological Morphological

Combinational Morphophysiological

E

End/ Cot

SCFig. 1 Depiction of seed
dormancy classes originally
developed by Nikolaeva (1969)
and refined by Baskin and Baskin
(2004). The reason for dormancy
is shown in yellow. E, embryo;
End/Cot, endosperm/cotyledon;
SC, seed coat
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(Souza Dias et al. 2018), or mesocarp, i.e., pulp, e.g., Syagrus
coronata Becc. (Medeiros et al. 2015). In M. flexuosa, dor-
mancy break was reported to occur after removing the oper-
culum (manually), which immediately triggered germination
(Moura et al. 2019). Likewise, Souza Dias et al. (2018) artic-
ulated ‘As the seeds of B. capitata show pronounced dorman-
cy, a dormancy-breaking treatment was performed on half of
the seeds (consisting of removing the operculum under semi-
aseptic conditions, taking care to guarantee embryo integri-
ty)’, thus clearly indicating that dormancy is due to the pres-
ence of the operculum. However, these statements do not ex-
plain how dormancy is broken in the seeds found in the natural
environment, because operculum removal occurs from out-
side the diaspore. Additionally, what is the role of such kind
of dormancy in regulating germination timing for the seeds
present in soil seed banks? Thus, it is unclear why dormancy
should result from the presence of the operculum. However, it
is more likely that the embryos lack strength to push out the
operculum, which is evidence in support of physiological dor-
mancy (sensu Baskin and Baskin 2004).

In a 2-year field and laboratory study using seeds of Butia
odorata (Barb.Rodr.) Noblick collected from Patos Lagoon,
Brazil, Schlindwein et al. (2019) showed that diaspores need
cold stratification, followed by warm stratification for germi-
nation. Their results suggested that diaspores stored at 10 °C
for 3 months followed by exposure to summer temperatures
can break dormancy, and any failure of germination in the first
summer caused the diaspores to re-enter dormancy and ger-
minate in the second summer, indicating dormancy cycling.
This result also suggests that morphological dormancy was
broken first or both physiological dormancy and morpholog-
ical dormancy break occurred together, and the physiological
dormancy cycles between dormant and non-dormant state.

However, those authors concluded that the seeds have only
physiological dormancy. Nevertheless, Baskin and Baskin
(2014a) consider that embryo of palm seeds to be underdevel-
oped and report the common presence of a morphological
component to seed dormancy in the Arecaceae family.
Whether or not palm seeds also have this morphological com-
ponent in their dormancy status depends on the criterion used
to define germination. If we consider radicle emergence, in-
stead of protrusion of the cotyledonary petiole (common ger-
minationmark for palm seeds), as a definition for germination,
we should then classify seed dormancy of B. capitata and
B. odorata as ‘non-deep morphophysiological’.

Without exceptions, the studies listed in Table 1 accept the
presence of physiological dormancy in palms regardless of
germination type, i.e., remote-tubular, remote-lingular, and
adjacent-lingular (Henderson 2006), which was later adopted
by Pérez (2009) and Baskin and Baskin (2014a). However,
recognizing whether the species have an underdeveloped em-
bryo at the time of dispersal, which develops into a fully
grown embryo with physiological dormancy (or lack thereof),
would require a different criterion to define ‘seed germina-
tion’. This argument that the way we consider germination
could determine how we define dormancy is unsound, espe-
cially due to a lack of studies on embryo growth prior to
germination. Quite simply, if the palm diaspores reported to
have physiological dormancy also have an underdeveloped
embryo, then those species have morphophysiological dor-
mancy. For example, embryo size of Pritchardia remota
Beec. at the time of seed dispersal was an average of
3.9 mm, which increased to an average of 6.2 mm during
operculum displacement and then to an average of 10.6 mm
during radicle emergence, given that the seeds also have phys-
io log ica l do rmancy , thus showing presence of

Table 1 Recent studies reporting
dormancy other than
morphological dormancy or
morphophysiological dormancy
in palms and their post-dispersal
storage duration and conditions

Species Collection
site

Post-maturation storage
duration and conditions

Dormancy class reported Reference

Acrocomia
aculeate

Brazil 1 month, room
temperature

Physiological dormancy Carvalho et al.
(2015)

Attalea vitrivir Brazil 1 month, room
temperature

Physiological dormancy Carvalho et al.
(2015)

Butia capitata Brazil 1 month, room
temperature

Physiological dormancy Carvalho et al.
(2015)

Butia capitate Brazil 15 days (and then
unknown period), room
temperature

Physiological dormancy Souza Dias
et al. (2018)

Mauritia
flexuosa

Brazil 6 months, 20 °C Dormant (due to
operculum)

Moura et al.
(2019)

Pseudophoenix
ekmanii

Dominican
republic

More than 1 year
(unknown and 15 °C,
15% RH)

Morphological dormancy,
morphophysiological
dormancy

Visscher et al.
(2020)

Syagrus
coronata

Brazil Not known Physiological and physical Medeiros et al.
(2015)
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morphophysiological dormancy (Pérez et al. 2008). Hence,
regardless of the criteria used for classifying germination in
palms, including the incorporation of embryo size into the
dormancy classification, is essential. Clearly, there is no short-
age of studies displaying underdeveloped embryo visually
(Mabberley 2017; Martin 1946; Riffle et al. 2012).
However, the depiction of internal structures, particularly of
the embryo, is currently unavailable for studies claiming dor-
mancy o the r than morpho log i ca l do rmancy or
morphophysiological dormancy in palms, to make a meaning-
ful conclusion about the dormancy class. Nonetheless, the
results reported for B. capitata (see Fig. 1A in Souza Dias
et al. 2018) unequivocally illustrate the presence of an under-
developed embryo.

The issue of post-dispersal storage is very important in palms
because the seeds classified as morphological dormancy, due to
the immediate growth of embryo when tested in the laboratory,
might also have physiological dormancy, which could have been
alleviated during post-maturation storage, or in embryos that
grow during storage. However, the extent to which post-
maturation storage might affect assigning diaspores to morpho-
logical dormancy or morphophysiological dormancy cannot be
explored, particularly in the earlier studies, due to the shortage of
details presented in those studies (e.g., Koebernik 1971).
According to Baskin and Baskin (2014a), seeds with
morphophysiological dormancy conditions involved in breaking
morphological dormancy and physiological dormancy vary be-
tween species and the environmental conditions that promote
embryo growth and break physiological dormancy could be the
same or differ. Further, in some species, physiological dormancy
is broken and then embryo growth occurs, i.e., alleviation of
morphological dormancy. This case has been reported in palms,
e.g., Pritchardia remota (Pérez et al. 2008), whereas in other
species, physiological dormancy and morphological dormancy
are broken at the same time. Furthermore, morphological dor-
mancy break happens during physiological dormancy break, i.e.,
physiological dormancy break occurs and then the embryo
grows, followed by further physiological dormancy loss.
However, early interest in palm dormancy centered around pro-
moting germination by breaking dormancy (Broschat and
Donselman 1987; e.g., Carpenter et al. 1993; but see Hussey
1958; Nagao et al. 1980); the shift towards understanding germi-
nation ecology of palms is gaining impetus (Baskin and Baskin
2014a). More ecologically meaningful studies are expected to
reveal the events happening in palm diaspores from dispersal to
germination under natural conditions.

2 Should we reclassify morphological
dormancy as non-dormant? No

There seems to be some confusion about whether morpholog-
ical dormancy is really a form of dormancy. Working with

Attalea vitrivir, Acrocomia aculeata, and Butia capitata col-
lected from Brazil and stored for up to 30+ days before exper-
imentation, Mazzottini dos Santos et al. (2018) presented ev-
idence for embryo growth inside the diaspores when subjected
to germination. Despite this proof, those authors concluded
that ‘Embryo growth inside non-germinated seeds of A.
aculeata and, in isolated cases, identified by the frequency
distribution for B. capitata, can be interpreted as evidence of
morphophysiological dormancy’. Further, they stated ‘…
moderate and relatively fast growth (of the embryo) observed
in the present study is related to the natural propensity for
embryos to grow, as shown by the high germinability of seeds
that had their opercula removed’. Similarly, in Pseudophoenix
ekmanii Burret, a critically endangered species from the
Dominican Republic, Visscher et al. (2020) recently reported
that seeds started to germinate as early as 13 days when incu-
bated at 30 °C, which was the temperature in the soil at the
time of dispersal. Seed germination occurred between 30 and
82 days. This led them to assume that their seed lot had a
cohort of morphological dormancy and morphophysiological
dormancy seeds. Further, they argued that morphological dor-
mancy should be reclassified as ‘non-dormant’ due to the
continuous development of the embryo, i.e., there was no
arrest of growth after dispersal, as the definition for dormancy
indicates ‘not active growing’. Nevertheless, the seeds used in
their study were stored at different conditions for more than
1 year before being used in the experiments, which might
trigger embryo growth inside the seed or even alleviation of
physiological dormancy. Consequently, when water was im-
bibed, a small proportion of the seeds readily germinated, with
a vast majority germinating after 30 days. Moreover, seeds
from the same lot incubated at 20 °C and required 30 days
to the first germination. Thus, it is not known if the alleviation
of physiological dormancy occurred first, followed by embryo
growth indicating the presence of morphophysiological
dormancy.

However, if defining (seed) dormancy as the absence of
continuous growth even inside the seeds is a useful approach,
then the same argument could be also extended for physiolog-
ical dormancy, where the molecular changes continue to oc-
cur. Indeed, there is evidence to show that numerous processes
including abscisic acid level changes, expression of specific
genes, continue to occur in physiological dormancy seeds
(Bewley et al. 2013; Finch-Savage and Leubner-Metzger
2006; Long et al. 2015; Vleeshouwers et al. 1995). The in-
crease in embryo size due to continuous growth or the molec-
ular changes leading to dormancy breaks that are all chains of
events happening in dormant seeds. In either case, germina-
tion, i.e., protrusion of embryo, does not occur even if the
appropriate temperature, water, and light are available, which
would promote germination in non-dormant seeds. Thus, a
significant difference between species with morphological
dormancy and non-dormant species is that seeds with

100    Page 4 of 6 Annals of Forest Science (2020) 77: 100



morphological dormancy do not germinate even in the appro-
priate conditions. Thus, this possibly allows secondary move-
ment of ‘dispersal units’ while the embryo is still growing
inside the seed. In contrast, non-dormant seeds possibly could
begin to germinate at the first opportunity when suitable con-
ditions, particularly water, temperature, and light, are present.
The developed radicle develops and the roots are anchored
into the soil, which eventually prevent further movement of
seeds (Fenner and Thompson 2005).

There is growing evidence to show that embryo growth in
morphological dormancy seeds is strictly under the control of
temperature; some of these species require a specific spectrum
of light: dark photoperiods (Baskin and Baskin 2014a). For
example, seeds of Areca triandra Roxb. require cold stratifi-
cation at 4 °C to break dormancy and germinate quickly, but
seeds subjected to warm stratification at 10–15 °C resulted in
less germination (Yang et al. 2007). Furthermore, there is no
shortage of studies to show that the speed of embryo growth in
palms varies between species and temperature (see reviews in
Broschat et al. 2014; Robinson 2009). As such, this further
suggests that morphological dormancy holds the germination
in check or controls the timing of germination.

Indeed, underdeveloped embryos are considered to be the
ancestral dormancy class and other classes of dormancy have
been hypothesized to have evolved from morphological dor-
mancy or morphophysiological dormancy (Forbis et al. 2002;
Willis et al. 2014). Thus, whether or not morphological dor-
mancy is a form of dormancy is remarkably important because
some of the palm species carry a multi-million years legacy of
growing successfully in undisturbed, yet stable climates
(Blach-Overgaard et al. 2013; Kissling et al. 2012). Their
fine-tuned dormancy mechanisms allowed regional differ-
ences in diversity patterns. Climate change is already threat-
ening several well-known or still undiscovered palm species
(Blach-Overgaard et al. 2010). Defining dormancy class in-
correctly or not defining kind of dormancy at all will likely
result in applying improper empirical dormancy-breaking
treatments leading to seed death, thereby obliterating valuable
seeds available for storage and re-introductions.
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