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SUMMARY. Palms (Arecaceae) are perhaps the most important tropical plant family
for human use, both for utility and ornamental horticulture. The wide diversity of
palm species with different seed germination characteristics necessitates tailoring
horticultural practices to the needs of each. This is crucial for production and
conservation horticulture. In this study, wild-collected seeds of yarey palm
(Copernicia berteroana) and buccaneer palm (Pseudophoenix sargentii) were germi-
nated in a variety of organic (standard nursery container mixes) and inorganic
substrates. The yarey palm seeds were sown at two different depths, 0.5 inch and at
the surface (seed half exposed). Mean maximum germination across all treatments
for yarey palm was 79% and for buccaneer palm 60%. The standard nursery mixes
generally fostered the best germination and long-term survival. This is likely due to
a combination of the lower water availability at the surfaces of the more porous
inorganic substrates (sand and perlite) and greater difficulty for coarse palm roots to
penetrate the denser inorganic substrates, including fired ceramic, which otherwise
had similar water-holding capacity (WHC) and even lower air space than the
organic substrates. Difficulty of penetration caused roots of some seedlings to either
dry up early in germination as in the surface sown yarey palm, or to ‘‘push up’’ the
seed (buccaneer palm) rather than penetrating the substrate and this was often fatal.
Thus, inorganic substrates are not recommended for germination and early seedling
growth of these palm species and planting the seeds slightly below the surface may
be preferable to surface sowing. For conservation horticulture of wild-collected
palm seeds, this information can help prevent further genetic bottlenecks while
under protective cultivation.

P
alm horticulture makes some
of the most beautiful, useful,
and emblematic tropical plants

available to the world. Horticulture
also provides a viable means of con-
serving palm genetic diversity (Fotinos
et al., 2015) even when this was not
the original intent (Asmussen-Lange
et al., 2011). As few as 15 individuals
grown from seed from a wild palm
population can capture 80% or more
of the genetic diversity in the original
population (Namoff et al., 2010),
though life history and breeding sys-
tem should be taken into account
when formulating a collecting strategy
to maximize genetic capture (Griffith
et al., 2015). Furthermore, horticul-
ture can reduce collecting pressure on
wild populations by making desirable

plants available to the public (Kay
et al., 2011). Collecting seeds is only
the first step in establishing a palm in
cultivation for beauty and conserva-
tion. The seeds must then be success-
fully germinated and the seedlings
grown on.

Substrate has been found to be
crucial in the germination of palm
and cycad (Cycadales) seeds (Calonje
et al., 2010; Murphy et al., 2013).
Among the substrates that have
proven most useful, aside from stan-
dard peat-based nursery mixes, are
calcined clays and coarse sand. Fired
ceramics of calcined montmorillonite
clay have high cation exchange capac-
ity (Warren and Bilderback, 1992).
Sand is one of the most versatile inert
substrates and has long been used as
a stand-alone substrate in research
(Hewitt, 1966), and is one of the
most frequently used amendments in
container substrates (Gartner, 1981).
Sowing depth has also been found to
significantly affect palm germination.
Broschat and Donselman (1986)
found that a sowing depth of 1 cm
resulted in significantly increased ger-
mination percentage of golden cane
palm (Dypsis lutescens) compared with
either surface sowing, or depths
greater that 1 cm. This result was
related to the drying potential of the
germination site, as differential shade
treatments increased germination at
shallower depths (Broschat and
Donselman, 1986).

We chose to investigate germi-
nation of wild-collected seeds of two
imperiled palm species native to His-
paniola. Yarey palm is imperiled by
illegal extraction of mature individ-
uals, arson, and habitat loss (Veloz
et al., 2013). Buccaneer palm is con-
fined to the far east of the Dominican
Republic, where some of the popula-
tions have been extirpated for tourism
development and trade (Rodr�ıguez-
Pe~na et al., 2014). In both cases, ex
situ cultivation is an essential part of
integrated conservation efforts, en-
suring maintenance of genetic diver-
sity for future introduction (Namoff
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et al., 2010), and also providing a
germplasm source that can alleviate
the need for extractive harvest (Kay
et al., 2011). The first step in success-
ful ex situ conservation is the propa-
gation of properly collected seed.
Thus, the aim of this study was to
assess how different substrates of
both organic and inorganic nature
affect the germination and early
growth of palm seedlings with dif-
ferent germination requirements and
germination time frames. Yarey palm
seeds generally do not require any
scarification and germinate within a
few months. In contrast, buccaneer
palm seeds benefit from endocarp
removal (Riffle et al., 2012) and
germinate over a period of many
months.

Materials and methods

YAREY PALM EXPERIMENT. We
sought to evaluate the effects of me-
dia choice and sowing depth on an
imperiled palm species in an experi-
ment that ran from 1Nov. 2013 to 12
June 2014. Seeds of yarey palm (n =
1008) were collected from two wild
mother plants near Puerto Plata, on
the north coast of the Dominican
Republic in Oct. 2013. Seeds were
cleaned in the field and then were
imported to Montgomery Botanical
Center (MBC, Coral Gables, FL).
Seeds were soaked in water for 1 d
and then randomly allocated to 5-L
treatment pots (Poly-Tainer 2B;
Nursery Supplies, Chambersburg,
PA) of either potting medium
(Promix BX; Premier Tech Horticul-
ture, Quakertown, PA) or coarse sil-
ica sand (6/20 grade; Florida Silica
Sand Company, Fort Lauderdale, FL)
and either buried 0.5 inch below the
surface or half-buried in the substrate
with the top half of the seed exposed.
The pots were placed on a plastic
bench in a large production green-
house with overhead irrigation. The
experiment was arranged as a two-
factor (substrate · sowing depth)
factorial with a randomized complete
block design. Blocks were aligned
perpendicular to the long axis of the
greenhouse to account for any tem-
perature or other environmental gra-
dients from the center of the bench to
the edge toward the north end. The
greenhouse exhaust fans are along the
long axis of the greenhouse and thus
air movement was parallel to the
blocks. Ambient temperature in the

greenhouse was kept between 65 and
85 �F over the course of the experi-
ment. There were eight blocks con-
sisting of four pots each, with each
pot having one of the four possible
treatment combinations. Seeds (n =
25) were sown in each pot, so a total
of 800 seeds were used in the exper-
iment (8 blocks · 4 pots · 25 seeds/
pot). Plants were watered with puri-
fied (via reverse osmosis) water daily
and fertilized once after observable
germination with 60 g of 18N–2.6P–
6.6K slow-release fertilizer (Nutricote
Total 360 Day; Florikan, Sarasota,
FL). On 12 Feb. 2014 (104 d after
sowing), germination (as evidenced
by root emergence), and leaf emer-
gence were assessed. On 12 June
2014 (224 d after sowing), number
of surviving seedlings and number of
leaves per surviving seedling were
assessed.

BUCCANEER PALM EXPERIMENT.
To further evaluate substrate effects
on germination of an imperiled palm
species, we ran another experiment.
Seeds of buccaneer palm (n = 2113)
were collected from five wild mother
plants on Saona Island, Playa del
Canto, in Dec. 2012. Seeds were
cleaned in the field and then were
imported to MBC. Seeds were dried
for 2 weeks and the stony endocarp
cracked and removed following the
recommendation of Riffle et al.
(2012). The seeds were then ran-
domly allocated to plastic pots (1.25
gal Poppelmann TEKU; Poppelmann
Plastics USA, Claremont, NC) with
either a pottingmix (Fafard #2;Conrad
Fafard, Agawam, MA), perlite (W.R.
Grace & Co., Cambridge, MA), ce-
ramic (Profile; Profile Products, Buf-
falo Grove, IL), or coarse silica sand
(6/20 grade; Florida Silica Sand
Company). The pots were placed
on a plastic bench in a large pro-
duction greenhouse with overhead
irrigation.The experimentwas arranged
as a completely randomized design.
Twenty-five seeds were sown in
each of 72 pots (1800 seeds were
used in the experiment). Seeds and
plants were watered with purified
(via reverse osmosis) water daily and
fertilized once after observable ger-
mination with 60 g of 18N–2.6P–
6.6K slow-release fertilizer (Nutri-
cote Total 360 Day).

After 8 months (13 June 2013
to 18 Feb. 2014) germination, as
evidenced by root emergence, was

assessed, along with whether leaves
were visible and whether the
seed had been ‘‘pushed up’’ (i.e.,
whether root emergence had
pushed the seed above the surface
of the substrate rather than pene-
trating the substrate). In addition,
length of the longest leaf of each
seedling was measured on 30 Mar.
2014.

SUBSTRATE PHYSICAL PROPERTIES

(BOTH EXPERIMENTS). Airspace,
WHC, and total porosity were mea-
sured on a volume basis (Danielson
et al., 1986). Plastic containers were
used for testing (1.25 gal Poppel-
mann TEKU). The container volume
was measured and it was then filled
with substrate and weighed to de-
termine dry weight. Water was added
until all pore spaces were filled. Water
was then drained off and the vol-
ume measured. Substrates were then
weighed immediately, oven dried,
and then weighed again. These mea-
surements were used to determine
WHC, air space, and total porosity
as percentages, in this manner: air
space = volume of drained water/
container volume; WHC = (weight
of substrate before drying – weight of
substrate after drying)/container vol-
ume; total porosity = air space +
WHC. Three replicates for each sub-
strate were averaged.

STATISTICAL ANALYSES (BOTH

EXPERIMENTS). Data were ana-
lyzed using JMP software (version
11.2.0; SAS Institute, Cary, NC).
For count response data such as
number of germinated seeds, surviv-
ing individuals (i.e., yarey palm), or
leafless individuals (i.e., buccaneer
palm), a generalized linear model
was used with a binomial distribu-
tion, a logit link function, and an
overdispersion parameter estimated
by Pearson chi square/df. The esti-
mation method was Firth adjusted
maximum likelihood (Kosmidis and
Firth, 2009).

For continuous response data,
parametric analysis of variance
(ANOVA) models were used with
least square means estimates: 1)
leaves per surviving seedling of
yarey palm, 2) mean length of
longest leaf of buccaneer palm
seedlings (transformed using the
natural logarithm to homogenize
the residual variances), and 3)
substrate physical properties.
A Tukey’s honestly significant
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difference multiple comparison post
hoc test was performed to compare
effects of different experimental fac-
tors when the overall model was
significant.

Results

YAREY PALM EXPERIMENT. Seeds
sown in potting medium at 0.5-inch
depth showed greatest percent ger-
mination (79.5%), and seeds sown at
any depth in potting medium showed
greatest number of visible leaves, an
average of 2.8 per seedling. In con-
trast, seeds sown at surface in sand
showed lowest germination (2.0%),
and only an average of 1.38 visible
leaves per seedling on the few survi-
vors. Substrate and sowing depth
significantly affected germination
percentage [P < 0.0001 for both
(Figs. 1 and 3)], as did the substrate ·
sowing depth interaction (P <
0.0001). Pairwise contrast of the ef-
fects of the different treatment com-
binations on germination after 3
months shows the combined treat-
ment of sand and surface sowing to
significantly reduce germination per-
centage compared with all other com-
binations (P £ 0.0001). Contrasts of
treatment effects after 3 months show
a significant reduction in leaf emer-
gence when seeds were sown at the
surface (P < 0.0001). Survival after 7
months was significantly reduced for
seeds sown in sand instead of potting
medium (P < 0.05) and seeds sown at
the surface (P < 0.05). Number of
leaves per surviving seedling was not
significantly affected by substrate or
sowing depth [ANOVA model P =
0.07 (Fig. 2)].

BUCCANEER PALM EXPERIMENT.
Seeds sown in the potting mix
exhibited the greatest percent germi-
nation (59.7%) and longest leaf
length (16.0 cm average), whereas
those sown in perlite showed the least
percent germination (34.4%) and
shortest leaf length (8.42 cm aver-
age). Seeds sown in perlite showed
the highest percent mortality
(84.2%). Substrate type significantly
affected germination rate [P = 0.0009
(Fig. 3)], pushing up of seedlings [P <
0.0001 (Fig. 1)], and length of the
longest leaf [P < 0.0001 (Fig. 4)].
Pairwise contrasts of the effects of
different substrates on germination
show the greatest difference between
potting mix and perlite (P = 0.0001),
whereas for pushing up of seeds, the

greatest difference was between
potting mix and ceramic [P =
0.0001 (Fig. 5)]. The length of
longest seedling leaf differed most
between potting mix and perlite (P <
0.0001).

SUBSTRATE PHYSICAL PROPERTIES.
Physical properties differed among
the substrates, with potting mix, pot-
ting medium, and ceramic showing
greater WHC ranging from 55% to
60%, and sand showing the least
WHC at 15.5% (Table 1). Sand also
showed the least porosity, whereas
ceramic showed the least air space.

ANOVA models for WHC, air space,
and total porosity were all significant
(P < 0.0001).

Discussion
Both substrate and sowing

depth were found to be important
for palm seed germination. The con-
siderable variation in WHC, air space,
and porosity among substrates may
help explain this variation. The stan-
dard nursery potting media both had
high WHC, as well as lower air space
percentage, whereas perlite and sand

Fig. 1. Mean percent germination and mean percent of yarey palm plants with
leaves visible 3 months after sowing at two different depths in two different
substrates. Error bars are SE; 1 inch = 2.54 cm.

Fig. 2.Mean percent survival of yarey palm after 7months andmean leaf count per
surviving seedling after sowing at two different depths in two different substrates.
Error bars are SE; 1 inch = 2.54 cm.
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had lower WHC and higher air space
percentage. Substrates with higher
WHC tended to promote better ger-
mination, survival, and growth for
both experiments. The higher WHC
of potting medium when compared
with sand was crucial for germination
and survival of yarey palm when sur-
face sown. This is likely due to rapidly
drying conditions on the surface of
the sand substrate (Broschat and
Donselman, 1986). The containers
used were relatively tall, which leads
the surface areas to be particularly
well drained, especially in substrates
with larger pores. Shorter con-
tainers may lessen this problem but
would likely cause more challenges
for subsequent seedling growth due
to the increased proximity to the
perched water table at the bottom
of the container (Mathers et al.,
2007).

The coarse palm seedlings had
more difficulty penetrating the denser
inorganic substrates ceramic, perlite,
and sand than the less dense organic
potting mix, in which no seeds were
pushed up. Ceramic proved the most
resistant to root penetration. Denser
substrates often inhibit plant growth
(Passioura 2002) and this may be the
case in this experiment since the av-
erage maximum length of seedling
leaves was significantly higher for the
potting mix than for the inorganic
substrates.

These experiments indicate that
standard nursery mixes are favorable
to palm seed germination and growth
over the inorganic substrates tested
for palm seeds with contrasting ger-
mination requirements and times.
Shallow burial of seeds is superior to
surface sowing for germination, and
substrates with a WHC of 50%
or higher allow for better seed
germination.

These data illustrate the need for
careful substrate selection and careful
consideration of sowing method for
imperiled palm species. In the case of
buccaneer palm, very limited seed
production is often noted (Santiago-
Valentin et al., 2012) and reintroduc-
tion efforts that rely on seed-grown
outplantings (Maschinski andDuques-
nel, 2007) will require maximum ge-
netic diversity for long-term success
(Fotinos et al., 2015). Ensuring that
nursery methods do not create an
additional genetic bottleneck is there-
fore essential.

Fig. 3. Mean percent germination of buccaneer palm seeds 8 months after sowing
in four different substrates. Error bars are SE.

Fig. 4.Mean length of the longest leaf of buccaneer palm seedlings 16months after
sowing in four different substrates. Error bars are SE; 1 cm = 0.3937 inch.

Fig. 5. Mean number of ‘‘pushed up’’ seedlings of buccaneer palm per pot 16
months after sowing in four different substrates. Error bars are SE.

Table 1. Physical properties of substrates used to grow yarey palm and buccaneer
palm.

Substrate Water-holding capacity (%) Air space (%) Total porosity (%)

Potting mix 58.5 az 11.5 a 70.0 a
Potting medium 59.8 a 11.5 a 71.2 a
Perlite 33.0 b 36.8 b 69.8 a
Ceramic 55.6 a 6.5 c 62.1 b
Sand 15.5 c 17.3 d 32.8 c
zDifferent letters beside the values within columns denote statistically significant differences (Tukey’s honestly
significant difference) at a = 0.05.
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