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ABSTRACT. Saw palmetto is a palm of high ornamental and land restoration value
with the potential for commercial production as a result of its phytotherapeutic
properties. It is native to the southeastern United States, where green- and silver-
leaved forms are found. Nursery production of saw palmetto is based on seed
germination. However, seed germination is slow and uneven. Based on
communications with nursery growers, deeper seed placement in the substrate
yields taller seedlings at marketable size in a shorter period. We investigated the
influence of sowing seed depths (1, 2, 4, 6, and 8 cm) on the germination and
seedling growth of silver and green forms of saw palmetto. Green saw palmetto
seeds germinated 60 days earlier than silver saw palmetto seeds, although final
germination percentages were similar (84% and 82%, respectively). Sowing depth
influenced significantly the required seed rate overage, with shallow depths (1
cm) necessitating a 30% to 45% increase in seed quantity to compensate for
reduced seedling production, whereas sowing at 4 cm reduced overage to 5% to
6%, optimizing seed use and reducing costs. Differences in growth parameters 1
year after sowing were statistically significant for 1-year-old seedlings, with silver
plants performing better than green ones. Major differences occurred between
the 1- and 8-cm sowing depths with regard to seedling and root length. Plants
from seeds sown at 8 cm showed increased plant height and width, and reduced
root length compared with those sown at 1 cm. Vigor indices of plants from
deeper sowing (2, 4, 6, and 8 cm) were higher than those sown at 1 cm. We conclude that
green saw palmetto seeds germinated earlier than silver, but final germination percentages
were similar. In addition, sowing at 4 cm optimized seed use and costs, whereas deeper
sowing improved plant vigor and growth but reduced root length.
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aw palmetto [Seremon repens

(W. Bartram) Small] is a small,

shrublike, rhizomatous palm that
occurs in the southeastern United
States. The saw palmetto range covers
the entire state of Florida and extends
from southeastern Louisiana to south-
ern South Carolina, USA (Dransfield
et al. 2008; Hilmon 1968). Saw pal-
metto is distributed throughout coastal
areas, pinelands, hammocks, and prai-
ries (Fisher and Tomlinson 1973;
Hilmon 1968; Orzell et al. 2024).
The species exist in two forms: silver
and green. The silver form, native to
castern coastal Florida scrub habitats,
features a glaucous layer on the leaf-
blades that gives it a blue-green or sil-
ver appearance and a typically more
compact structure (Dransfield et al.
2008; Essig et al. 2000; Pereira et al.
2025; Moldenke 1967). In contrast,
the green form, found throughout in-
land Florida and southeastern states,
has brighter green leaves, a taller and
more open growth habit, and tends to

grow more vigorously than silver (Pereira
etal. 2025).

Saw palmetto is an essential plant
for Florida, USA, fauna. It is used as a
food source or cover by more than
200 species of wildlife (Maehr and
Layne 1996). Moreover, 300 insect
species have been recorded to visit
saw palmetto inflorescences (Deyrup
and Deyrup 2012). In addition to its
food source value, saw palmetto also
provides fiber, oil, medicinal proper-
ties, wax, roof thatch, and high-grade
honey (Bennett and Hicklin 1998).
The landscape use of saw palmetto
started around the 1970s as a result of
its high adaptability to different con-
ditions and the wide variability in its
growth patterns (Smith 1972). Saw
palmetto has a high tolerance for vary-
ing soil alkalinity, drought, and salinity.
Furthermore, saw palmetto is highly
sought to provide great textures for
landscapes and is often used in mass
plantings under tree canopies or as a
border accent. However, transplanting
saw palmettos from natural habitats
into landscapes is challenging, and
post-transplant survival rates are typ-
ically low. As a result, it is often rec-
ommended to plant nursery-grown
seedlings at twice the desired final
density to account for expected losses.
Once established, however, saw pal-
metto plants do not require mainte-
nance (Pereira et al. 2025).

Because of the increased orna-
mental importance of saw palmetto
and low transplant recovery, successful
nursery propagation techniques are
essential to meet demand. Nursery
production of saw palmetto relies on
seed germination. However, saw pal-
metto tends to have low and uneven
germination and slow seedling growth
(Pereira et al. 2025). Studies on how
physical and chemical treatments affect
saw palmetto seed germination have
varying results (Carpenter 1986,
1987; Makus 2006). For example, a
7-d presowing soaking period com-
bined with high-temperature incuba-
tion increased germination percentages
and speed. The optimum temperature
for germination was 35°C. Differing
results have been found after soaking
seeds in gibberellic acid (GA). For
example, 1000 ppm GAj; applied to
seeds for 24 h did not increase total
germination, or reduced days to achieve
median germination time. However,
when seeds are exposed to 10,000 ppm
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GA, 7 for 24 h, the percentage and speed
of germination increased (Carpenter
1986; Makus 2006). As a fire-adapted
species, treatments that expose seeds
to smoke have also been evaluated but
have not demonstrated benefits for
seed germination (Lindon and Menges
2008). In contrast, seeds passing
through the digestive system of Flo-
rida box turtles had an increase in final
germination percentage and germina-
tion rate (Liu et al. 2004).

Besides temperature and presow-
ing treatments, sowing depth also plays
an important role in palm seed germi-
nation. Seeds of Copernicin berteroana
(Becc.) sown at 1.27 cm displayed
the highest germination percentage
(79.5%), and an increase in leaf emer-
gence and seedling survival when com-
pared with surface-sown seeds (Murphy
et al. 2016). Similarly, seed depth af-
fected germination of Chrysalidocarpus
lutescens. However, germination varied
according to the environmental condi-
tions, as embryo desiccation is a major
cause of germination failure. For in-
stance, Broschat and Donselman (1986)
suggested placing seeds deeper in the
soil because moisture levels are retained
at greater depths. Moreover, larger
seeds, such as palm seeds, have a
smaller surface-to-volume ratio and
greater water requirements. Conse-
quently, larger seeds tend to take lon-
ger to become fully imbibed (Norden
et al. 2009). A common recommen-
dation for sowing palm seeds is to use
the diameter of the seed as the sowing
depth (Meerow and Broschat 2021).

A frequent practice by Florida,
USA, nursery growers is to sow saw
palmetto seeds deeper in the substrate,
claiming that plants grown from seeds
that were sown deep in the substrate
will have greater foliar area and achieve
marketable size in a shorter amount of
time (Bissett N, personal communica-
tion). To our knowledge, this practice
has not been investigated. Thus, in our
study, we evaluate the effect of sowing
depths on seed germination and seed-
ling growth 1 year after sowing.

Materials and methods

SEED COLLECTION AND CLEANING.
Fruit of silver saw palmetto were col-
lected in Oct 2021 from a population
in Gainesville, North Florida, USA
(lat. 29.6148°N, long. 82.3767°W);
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and fruit from the green form were
collected in Felda, South Florida, USA
(lat. 26.5414°N, long. 81.4352°W).
Gainesville and Felda are characterized
by US Department of Agriculture
plant hardiness zones 9a (-6.7 to
-3.6°C) and 10a (-1.1 to 1.7°C),
respectively (US Department of Ag-
riculture 2023). Fruit of saw pal-
metto are ellipsoidal to subglobose,
dark blue to black at maturity, and
consist of a smooth exocarp, fleshy
mesocarp, and a thin, papery endo-
carp containing one seed (Dransfield
et al. 2008). Fruit collection oc-
curred at the natural shedding stage
by gently shaking the inflorescences
inside a net bag. Fruit were depu-
lped (i.e., removal of exocarp and
mesocarp) by washing in a ~15-L
bucket under flowing water. After
washing, the endocarps were dried
at ambient temperature and humid-
ity in the laboratory (~22-25°C;
40%-50% relative humidity), stored
in resealable plastic bags on the labo-
ratory bench, and then used within
30 d. Diaspores were discarded if the
endocarp was damaged during the
cleaning process. Before the experi-
ment was conducted, the endocarp
was cracked manually and the seeds
were removed. Seeds were sterilized
with a 2.26% NaClO solution for
20 min in a platform shaker and
were then rinsed three times in de-
ionized water. After sterilization,
seeds were soaked in 150 mL deion-
ized water for 24 h on a platform
shaker, with 50 seeds/250 mL Er-
lenmeyer flask (Makus 2006).
GERMINATION. Germination data
collection occurred weekly for a year,
with germination scored when the
cotyledonary petiole displaced the
operculum by > 2 mm (Fig. 1A). Any
seeds showing signs of deterioration
were removed from the experiment
and counted as censored observations.
Treatments were arranged as a facto-
rial design, with two saw palmetto
forms (green and silver) x five sowing
depths (1, 2,4, 6, and 8 cm) (Fig. 1B).
A randomized complete block design
was used with five blocks. For each
block, each treatment combination was
replicated in plots of 10 containers, and
each container had two seeds on oppo-
site sides of the container (n = 20 seeds
per plot x 5 blocks = 100 seeds per
treatment combination). Presoaked
seeds were sown Nov 2021 in 1.47-L

plastic cups (ST40851BTCP; Berry
Global Inc., Evansville, IN; USA) filled
with a soilless medium (5.5 bark:3.0
peat:1.5 perlite; Promix BX, Premier
Tech Horticulture, Quebec, Canada).
Six 1-cm-diameter holes were drilled at
the bottom of each cup for drainage.
All cups were wrapped with two layers
of black plastic (Fig. 1C). Plants were
grown under controlled conditions in
a greenhouse for 1 year and were irri-
gated manually as needed. Air tem-
perature fluctuated between 22 and
30.5°C.

EVALUATION OF GROWTH TRAITS.
Seedling data collection occurred 1 year
after sowing in Nov 2022 (Fig. 1D).
Data collected included seedling length,
from the root—shoot connection to the
top of the tallest leaf; root length; num-
ber of leaves; Chlorophyll Relative Con-
tent (CRC) was measured using a
SPAD meter (Soil Plant Analysis Devel-
opment; Minolta Camera Co., Osaka,
Japan) from three different areas on
each seedling’s leaf. Fractional Green
Canopy Cover (FGCC) was measured
as a percentage using the Canopeo app
(Version 1.0; Oklahoma State Univer-
sity, Stillwater, Oklahoma, USA) from
an image taken 30 cm above the lateral
side of the seedling, which was laid on a
table after container removal. A vigor
index was used to assess seedling vigor
(1 point = poor, 2 points = stunted,
3 points = fair, 4 points = good, 5
points = excellent). Vigor was assessed
by considering leaf number and size,
presence of pest damage, and nutri-
tional deficiency symptoms. Shoot and
root fresh and dry weights were col-
lected. Dry weight was recorded after
placing tissues in a forced-air oven at
70°C for 48 h.

STATISTICAL ANALYSIS. Time-to-
event analysis was used to assess ger-
mination. Germination was coded as
one and censored events were coded
as zero. Censored events included
contaminated seeds and seeds that
had not germinated by the end of
the experiment. PROC LIFETEST
was used to estimate survivor func-
tions using Kaplan—Meier estimates
of survival, which were stratified by
the covariates of interest (i.e., saw pal-
metto forms and sowing depth). The
Kaplan—-Meier estimates were used to
generate a median germination time
(t50). Germination rate was calculated
as 1/#59. The log-rank statistic was
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Fig. 1. Silver and green saw palmetto sowing-depth experiment. (A) Germination scored by the cotyledonary petiole (CP)
displacing the operculum. (B) Seed placement at 2 cm in the container in the orange circle. Marker dots represent the sowing
depths of 1, 2, 4, 6, and 8 cm. (C) Experiment installation in Nov 2021. (D) One year since sowing in Nov 2022.

used to test the null hypothesis that
there were no differences in temporal
patterns of germination among treat-
ments. Cox regression models were
generated to test for treatment effects
and used the exact method to account
for tied event times (Allison 2011).
Violations of the proportional hazards
assumption were assessed graphically
using Schoenfeld residuals (Allison
2011). When violations occurred, time-
dependent covariates (e.g., sowing
depth x time) were incorporated
into the models. Evaluations of the
likelihood of germination were ac-
complished using orthogonal linear
contrasts (Allison 2011). Although a
standard does not exist, growers typ-
ically calculate a seeding rate overage

Horflechnology *+ October 2025 35(5)

to compensate for seeds that do not
germinate during production. Over-
ages of 10% are common. Therefore,
to recommend seeding overages for pro-
duction, we calculated the percentage
change in likelihood of germination
using the formula [(HR — 1) x 100],
where HR was the hazard ratio
generated from orthogonal linear
contrasts.

We used analysis of variance (i.e.,
PROC GLIMMIX) to evaluate seed-
ling growth parameters 1 year after
sowing, with block as the random
variable and the effects of sowing
depth and saw palmetto forms held
as fixed variables, and we compared
means with the Tukey-adjusted least
square means approach (a = 0.05).

Alternatively, we applied the general-
ized estimating equation (GEE) ap-
proach (i.e., PROC GENMOD) to
assess plant vigor for 1-year seedling
data given the categorical nature of
these data (Stokes et al. 2012). We ex-
tended the GEE method to analyze
planned comparisons by constructing
single degrees of freedom (df) or-
thogonal contrasts for differences in
vigor within saw palmetto forms and
within sowing depths (a = 0.05). We
assessed effect sizes on growth param-
eters by partial n?, with the following
values used as thresholds for different
sized effects n? = 0.01, small; > = 0.06,
medium; and m? = 0.14, high (Ben-
Shachar et al. 2020). We performed all
analyses with SAS v. 9.4 (SAS Institute
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Inc., Cary, NC, USA). Days since ger-
mination were used as a covariate in all
mixed model analyses.

Results

GERMINATION. Stratified plots of
Kaplan—Meier estimators revealed con-
siderable variation in temporal germi-
nation patterns between saw palmetto
forms and within the different sowing
depths (Fig. 2). Final germination for
green saw palmetto seeds ranged from
79% at the l-cm sowing depth to
~84% to 87% at the other sowing
depths of 2, 4, 6, and 8 cm. Seeds
reached the median germination time
within 120 to 134 d, with the lon-
ger tzo for the 8-cm sowing depth
(Table 1). Similarly, silver saw pal-
metto seeds had a lower final germina-
tion percentage (61%) when seeds were
sown at 1 cm compared with seeds
sown between 2 and 8 cm (83%—-92%).
The median germination time was also
~31% to 44% faster for seeds sown

Green 1 cm

Silver1ecm — Silver 2cm

between 2 and 8 cm compared those
sown at 1 cm (Table 1). The hypothe-
sis that temporal germination patterns
were not different among forms and
seed sowing depths was rejected (log-
rank y?, = 103.3, P= < 0.0001).

Cox regression detected a non-
statistically significant saw palmetto
forms x sowing depth interaction
(Wald 7> = 5.8; P = 0.2095) on the
likelihood of germination. However,
the main-effects model revealed statisti-
cally significant effects of saw palmetto
forms (Wald y* = 65.5; P < 0.0001)
and seed sowing depth (Wald z* = 30.7;
P < 0.0001) on the likelihood of
germination.

Orthogonal contrasts revealed
statistical differences in the likeli-
hood of germination when compar-
ing the main effects of saw palmetto
forms and sowing depth. For example,
the likelihood of germination for green
saw palmetto was 1.8 times greater
than the silver form (Supplemental

Green 2 cm

Fig. 1A). With regard to sowing depths,
the only statistical difference occurred
between seeds sown at 1 cm vs. the re-
maining sowing depths (Supplemental
Fig. 1B). Moreover, when sowing at a
depth of 1 c¢m, a seeding rate overage
of 30% to 45% is estimated to achieve
the desired number of plants when
compared with other depths. As sow-
ing depth increased, the required over-
age decreased. For instance, at a depth
of 4 cm, only 6% more seeds were re-
quired (Table 2).

SEEDLING GROWTH: FORM EFFECTS.
The form x sowing depth interaction
was not statistically significant for all
growth parameters evaluated. Thus, a
main-effects model was used for each
response variable. The partial m? val-
ues indicated a small effect of forms
on root length, FGCC, and total dry
weight (m? = 0.01-0.03), despite its
statistical significance. Root length
of the silver form was slightly longer
than the green form, by 0.5 cm

Green4 cm —— Green6cm —— Green 8 cm

—— Sijlver4cm —— Silver6cm —— Silver 8 cm

1.00

0.75

0.50 —

Probability of not germinating

0.25

0.00

100 200 300

Time since sowing (days)

Fig. 2. Kaplan—-Meier estimates of survivor functions for green and silver saw palmetto seeds at different sowing depths
(1, 2, 4, 6, and 8 cm). The decreasing step function indicates germination taking place. Values closer to zero represent
higher germination probabilities. Pointwise, 95% confidence intervals were omitted for clarity. Circles denote censored

observations.
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Table 1. Germination parameters for green and silver saw palmetto seeds exposed

to different sowing depths for 1 year.'

Final germination

Median germination
time (ts()),”
d [95% CI]"

Germination
rate (1/259)"

Sowing depth (cm) (%)
Green form
1 79
2 85
4 87
6 86
8 85
Silver form
1 61
2 84
4 87
6 92
8 89

130 [113, 169] 0.0076
127 [106, 148] 0.0078
120 [113, 141] 0.0083
120 [106, 134] 0.0083
134 [127, 148] 0.0074

253 [225, 351] 0.0039
193 [176, 225] 0.0051
179 [176, 190] 0.0055
176 [176, 190] 0.0056
176 [169, 190] 0.0056

! Germination was counted weekly.

" Median germination time (#s¢) refers to the 50th percentile of germination or the smallest event time where

the probability of germinating earlier is greater than 0.50.

" Germination rate is the inverse of the median germination time.

CI = confidence interval.

(Fig. 3A) (Fj 40 = 5.52; P = 0.0238).
The FGCC percentage was 1.2-fold
greater for the silver form than the
green (Fig. 3B) (Fi140 = 23.32;
P = 0.0001). Similarly, the total
dry weight had a small increase of
0.15 g in the silver form than the
green form (Fig. 3C) (Fr40 = 9.39;
P =0.0039).

For the variables of seedling
length, number of leaves, and CRC
SPAD, the partial m* values indicated
a medium effect size of saw palmetto
forms (n? = 0.06-0.09). Green saw
palmetto seedlings were, on average,
2 cm taller than silver seedlings after
1 year since sowing (Fig. 3D) (F 40 =
23.34; P = 0.0001). The silver form
provided 1.25 times more leaves than
the green form (Fig. 3E) (Fi40 =
65.55; P = 0.0001). Greater

responses for the silver form were
also recorded for CRC values com-
pared with the green form (Fig. 3F)

SEEDLING GROWTH: SOWING-DEPTH
ErFECTS. Partial v? values indicated
large effect sizes of seed sowing depth
on seedling and root length. For ex-
ample, the final seedling length was
9.5 cm greater for seeds placed at
8 cm rather than 1 cm. In contrast,
root length was nearly 6.4 cm smaller
at 8 cm than 1 cm (Fig. 4A and B)
(Fy40 = 42.59; P=0.0001 on seed-
ling length and Fy 40 = 113.07;
P=0.0001 onrootlength).

Partial m? values indicated a me-
dium effect size of sowing depth on
leaf number [n? = 0.09; 95% confi-
dence interval (CI), 0.04, 0.1] and a
small effect size for CRC (n* = 0.05;

Table 2. Linear orthogonal contrasts for saw palmetto seed sowing depths,

hazard ratios, and 95% confidence limits.

Contrast HR (LCL, UCL) Percent change’
1 cmvs. 2 cm 0.68 (0.54, 0.84) -32
1 cm vs. 4 cm 0.60 (0.48, 0.75) —40
1 cm vs. 6 cm 0.56 (0.45, 0.70) —44
1 cmvs. 8 cm 0.63 (0.50, 0.78) -37
2 cmvs. 4 cm 0.88 (0.71, 1.10) -12
2 cm vs. 6 cm 0.83 (0.67, 1.02) -17
2 cmvs. 8 cm 0.93 (0.75, 1.15) -7
4 cm vs. 6 cm 0.94 (0.76, 1.16) -6
4 cm vs. 8 cm 1.05 (0.85, 1.29) 5
6 cmvs. 8 cm 1.12 (0.91, 1.38) 12

'Percent change refers to the percentage change in the likelihood of germination and is calculated by

(HR - 1) x 100.

HR = hazard ratio; LCL = lower confidence limit; UCL = upper confidence limit.
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95% CI,0.01,0.07), FGCC (n* = 0.02;
95% CI, 0.0006, 0.03), and total dry
mass (m” = 0.02;95% CI, 0.002, 0.02).
Leaf number was higher in seedlings
grown at shallow depths than in deeper
seed placement (Fy 40 = 16.26; P= =
0.0001). Relative chlorophyll content
was ~10% higher for seedlings sown
at 2 cm than seedlings sown at 4, 6,
and 8 cm (Table 3) (Fy40 = 3.4; P =
0.0173). Alternatively, seedling FGCC
percentages at 2 cm were 36% greater
than seedlings sown at 1 cm (Table 3)
(Faa0 = 3.02; P = 0.0289). Fewer sta-
tistically significant differences were for
total dry mass of seedlings. For example,
the only statistical difference in total dry
mass occurred for comparisons of seed-
lings sown at 2 and 8 cm, where seed-
ling dry mass was ~32% greater in
seedlings originating from seeds sown
at 2 cm compared with those sown at
8 cm (Table 3) (Fy40 = 3.89; P =
0.0093).

Seedling vigor was mostly lower
for plants sowed at 1 cm (vigor indi-
ces, 1 and 2 points) than for seeds
sown deeper (Fig. 5). The GEE ap-
proach detected a significant effect of
sowing depth (y*y = 1323, P =
0.0102) on vigor, but no effect of
form or the interaction form x sow-
ing depth (%, = 1.08, P = 0.2938
and 7%, = 5.55, P = 0.2355, respec-
tively). However, the sowing depth
effect on seedling vigor was small
(Cohen’s w = 0.11). Single 4f con-
trasts from the GEE analysis revealed
that plant vigor differed statistically
between seedlings sown at 1 cm and
those sown at deeper depths, but
vigor was not statistically different
among seedlings from deeper sow-
ing depths (Table 4).

Discussion

There was a notable distinction in
germination timing between seeds of
the two saw palmetto forms. Green
saw palmetto seeds germinated more
than 60 d earlier than silver saw pal-
metto seeds, regardless of the planting
depth. However, growers should con-
sider that the final germination per-
centage was similar for both forms
(84% for green and 82% for silver).
Considering the difference between
forms and region of seed collection,
similar responses have been observed
across various species, even in geo-
graphically proximate locations (Baskin
and Baskin 2014). For instance,
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Fig. 3. Plant growth parameters for seeds sown at different depths for saw palmetto seedlings 1 year after sowing, including
root length (A), fractional green canopy cover (FGCC) (B), total dry weight (C), seedling length (D), number of leaves (E),
and chlorophyll relative content (CRC) (F). Lowercase letters indicate a significant difference between treatments (P < 0.05).
Eta-squared values denote the effect size of saw palmetto forms in growth parameters and 95% confidence limits. SPAD = soil plant

analysis development.

germination synchrony of Euterpe
edulis (Mart.) seeds was affected by
population habitat type (Santos et al.
2023).

The earlier germination of green
saw palmettos may be attributed in
part to environmental or genetic fac-
tors associated with the origin of the
seeds. Silver seeds were collected pri-
marily from northern Florida; Green
seeds were from southern Florida
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populations. Located in different cli-
matic conditions. Such differences at
the regional level may affect dor-
mancy mechanisms and germination
cues (Baskin and Baskin 2014).
When sowing seeds, a common
practice is to have a seed overage,
which is recommended to achieve the
desired number of plants, considering
that not all seeds will germinate (Luna
et al. 2014; Van Steenis 2013). Seed

sowing depth promoted significant dif-
ferences in the overage percentages.
When sowing at shallow depths of
1 cm, growers need to consider a
greater seeding overage of 30% to 45%
to achieve the final desired number of
plants, implying a greater cost to com-
pensate for production losses. As the
sowing depth increases, the seeding
overage decreases. In our study, sow-
ing at 4 cm reached a threshold with
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Fig. 4. Average (= standard error) seedling (A) and root (B) length of seeds sown
at different depths for saw palmetto seedlings 1 year after sowing. Lowercase
letters indicate a significant difference between treatments (P < 0.05). Eta-
squared values denote the effect size of saw palmetto forms in growth parameters

and 95% confidence limits.

the lowest overage percentage of 6%,
thus decreasing seed costs and losses.

Considering the small to medium
effect of silver and green size differ-
ences in seedling growth, growers
should consider the market demand for
saw palmetto forms. In a commercial
setting, leaf coloration plays a signifi-
cant role in increasing ornamental value
(Tang et al. 2020). Silver saw palmetto
plants are usually preferred in ornamen-
tal settings because of a consumer pref-
erence for the blueish leaves (Bonner
et al. 2008; Pereira et al. 2025).
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Seedling growth after germina-
tion was influenced significantly by
sowing depth; however, the practical
relevance of these effects depends on
their magnitude and applicability. Our
results confirmed grower observations
that increasing sowing depth enhances
plant height. Seedlings planted deeper
had to overcome more substrate to
reach the surface, leading to increased
shoot length when measured from the
seed connection point. However, this
came with a trade-oft; deeper sowing
reduced root length, likely a result of

space constraints within the container.
Our study revealed a significant relation-
ship between root and shoot growth
(Fig. 4). Seedlings placed at greater
depths developed longer shoots but
shorter roots, likely reflecting a shift
in energy allocation. As the palm in-
vests energy to reach the soil surface,
root development may become re-
stricted due to limited space (Renninger
and Phillips 2016). While this shoot
elongation may facilitate emergence
from deeper planting, it poses a
greater challenge during transplant-
ing. A reduced root system can limit
water uptake and compromise post-
transplant vigor (Hodel et al. 2009).
Therefore, selecting an appropriate
sowing depth that balances shoot
and root development is crucial for
producing vigorous, transplant-ready
seedlings.

A moderate effect was observed
for the number of leaves, with seed-
lings sown at shallow depths (1-2 cm)
producing more leaves. However,
other growth parameters, such as CRC,
FGCC, total dry mass, and overall seed-
ling vigor, showed a small effect with
minimal statistical differences between
sowing depths. Likewise, the dry mass
of Avchontophoenix cunninghamii palm
seedlings provided no differences at
different sowing depths of 0, 2, 4,
and 6 cm (da Luz 2015). Alterna-
tively, da Silva et al. (2009) observed
that sowing Copernicia prunifera
[(Miller) H. E Moore] at a depth of
2.1 cm increased the dry mass of the
aerial part compared with more shal-
low sowings.

Regarding seedling vigor, although
the size effects were minor, sowing at a
shallow depth of 1 cm resulted in a
greater proportion of seedlings rated as
poor or stunted (vigor indices, 1 and
2 points) and fewer seedlings rated as
good or excellent (vigor indices, 4 and
5 points). Similarly, seeds of the Coper-
nicia berteroana palm sown at 1.27 cm
demonstrated superior seedling vigor
than surface sowing, revealing the
greatest number of visible leaves per
seedling after 7 months of growth
(Murphy et al. 2016).

Conclusion

Green and silver saw palmetto
forms differed in germination tim-
ing but not in final germination
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Table 3. Saw palmetto seedling growth parameters 1 year after sowing at differ-
ent depths (1, 2, 4, 6, and 8 cm), including mean estimates (average + standard
error) of leaf number, chlorophyll relative content (CRC) (SPAD values), frac-
tional green canopy cover, and total dry mass.

Chlorophyll Fractional

relative content  green canopy Total dry
Depth (cm) No. of leaves (SPAD value) cover (%) mass (g)
1 34+009ab' 42.6+112ab 1.16+0.10c 0.89 + 0.05 ab
2 3.6+0.08a 45.0 £ 1.00 a 1.58 + 0.09 a 1.10 + 0.05 a
4 33+0.08Db 41.0+1.00b 142 + 0.09ab  0.96 = 0.05 ab
6 29+0.08c 41.0+1.00b 1.34 £ 0.09 bc 093 + 0.05 ab
8 2.8 +0.08 ¢ 41.0+1.00b 141 + 0.09 a—¢ 0.83 £0.05b

! The same letters in a column indicate no difference in Tukey’s adjustment for mean separation at a = 0.05.
SPAD = soil plant analysis development.
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Fig. 5. Vigor indices (1-5) of saw palmetto seed sown at different depths 1 year
after sowing. Vigor is ranked from 1 to 5 points (1 point = poor, 2 points =
stunted, 3 points = fair, 4 points = good, 5 points = excellent) and is indicated
by red, pink, gray, light blue, and blue, respectively.

percentages. Sowing depth influences
germination significantly, whereas its
effects on seedling growth vary. A
sowing depth of ~4 cm optimized
germination and promoted the devel-
opment of vigorous, market-ready
plants while minimizing excessive
seed use, thereby enhancing pro-
duction efficiency. Given the variable

responses of different growth traits,
growers must balance the benefits of
deeper sowing for increased plant
height against potential trade-offs,
such as reduced root length and
seedling quality variations. Further-
more, the influence of saw palmetto
form and sowing depth on germina-
tion should be considered when

Table 4. Single degree of freedom contrast results from the generalized estimat-
ing equation approach for the effect of seed sowing depth on plant vigor.

%% (P value)

Sowing depth 1 cm 2 cm 4 cm 6 cm 8 cm
1cm - 9.78 (0.001) 8.03 (0.004) 4.08 (0.043) 9.77(0.001)
2 cm - — 0.13 (0.715) 1.72 (0.190) 0.00 (0.949)
4 cm - — - 0.92 (0.338) 0.10 (0.757)
6 cm - — - - 1.63 (0.202)
8 cm — — — — —
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making decisions regarding optimal
seedling production.
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