
the belief of the presence of a toxin in the 
olive.

H. helix plants showed the best quality in 
the milled carob 1:1 and the milled carob 
3:1 mixes, the organic matter component of 
these mixes had the highest proportion of 
particles in the 1- and 2-mm size categories 
(Table 4). Following in quality were plants 
in the peatmoss 3:1, chopped carob 1:1, and 
chopped carob 3:1. The phase distribution 
of the mixes did not relate to the quality of 
the H. helix plants growing in them; how­
ever, plants in the mixes producing the high­
est visual quality rating generally had the 
most leaves, the most leaf area per plant, and 
were the most compact. H. helix plants were 
not affected by the suspected olive toxin as 
severely as the P. cadierii or N. exaltata 
and, although their quality was low, no de­
foliation or severe yellowing was observed. 
Also, their root systems were not as re­
stricted as those of the other species.

Carob pumace can replace sphagnum peat 
in potting mixes, provided that it is ground 
to an appropriate particle size. The finely 
milled carob pumace performed well in all 
the species tested and outperformed the 
chopped carob on H. helix. This response 
suggests the choice of milled carob pumace 
as the replacement in a general potting mix. 
Olive pumace did not perform well, appar­
ently due to the presence of a toxin. Addi­
tional studies should be undertaken to ascertain 
whether some simple treatment, such as 
leaching, could be used to remove the toxin 
and render the olive usable. Other possible 
uses for the olive pumace, perhaps as a weed­
controlling mulch, also should be investi­
gated.
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Many native palms frequently are used in 
landscapes and, until recently, have been 
moved from natural to urban locations for 
this purpose. Increased urbanization has 
caused several of Florida’s native palms to 
be included in the list of endangered indig­
enous plants (9). Recent legislation protect­
ing palm habitats has created interest in 
nursery propagation by seed.

Palm species used in this study, Acoelor- 
raphe wrightii, Coccothrinax argentata, Sa- 
bal etonia, and Thrinax morrisii, are native
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to central and southern Florida. Limited re­
search has been conducted using these gen­
era. Stratification of S. etonia seeds for 30 
days at 4°C in moist sand has been reported 
to increase the rate of germination at 30°, 
permitting 72% germination by 82 days (7). 
Research with other palm species indicate 
aqueous seed soaking for 24 to 72 hr prior 
to propagation shortens slightly the days re­
quired for germination (5, 6). Failure to re­
move the fleshy pericarp from seed delays 
and causes irregular germination (8). Main­
taining relatively high germination medium 
temperatures from 25° to 35° promoted ger­
mination of Sabalpalmetto (Walt.) Lodd, S. 
minor (Jacq.) Pers., and Coccothrinax crin- 
ita Becc. (4, 5). The objective of this work 
was to determine the temperature require­
ments for germinating seeds of four native 
palms of Florida.

Seeds of C. argentata and S. etonia were

Tem perature A ffects Seed  
G erm ination o f Four Florida Palm  
Species
William J. Carpenter1
Ornamental Horticulture Department, IFAS, University of Florida, 
Gainesville, FL 32611
Additional index words, propagation Everglades Palm, Key Palm, Silver Thatch Palm, 
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Abstract. Temperature ranges for seed germination were determined for palm species 
Acoelorraphe wrightii (Griseb. & H. W endl.) H. W endle ex. Becc., Coccothrinax ar­
gentata (Jacq) L. H. Bailey, Sabal etonia Swingle ex Nash, and Thrinax morrisii H. 
W endl. Total germination was highest with fewest days to 50% of final germination 
at 35°C. Temperatures 5° to 10° above or below 35° frequently caused delayed, irreg­
ular, and reduced total germination. Temperatures exceeding 10° from 35° generally 
were inadequate for germination.
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Table 1. Effect of temperature on total seed ger­
mination percent and days required to 50% of 
final germination.

Germination
Temp (°C) Total percent Days to 50%

25
Coccothrinax argentata 

16 ± 2.5Z 47 ± 3.1
30 61 ± 2.7 18 ± 3.8
35 89 ± 3.4 17 ± 4.6
40 19 ± 5.4 39 ± 3.3

25
Acoelorraphe wrightii 
0

30 11 ± 3.4 81 ± 6.9
35 100 ± 0.0 43 ± 2.9
40 93 ± 6.2 38 ± 1.8

25
Sabal etonia

93 ± 6.1 31 ± 4.2
30 97 ± 2.2 13 ± 2.9
35 98 ± 1.9 21 ± 4.1
40 28 ± 5.0 72 ± 3.3

25
Thrinax morrissi

0
30 28 ± 3.5 54 ± 2.9
35 71 ± 2.2 52 ± 3.7
40 36 ± 4.9 74 ± 5.3

z± se o f the means of four replications.

collected from an established planting, and 
A. wrightii and T. morrisii were purchased 
from a local seed wholesaler. The fleshy per­
icarp was immediately removed from col­
lected seeds. Seeds were soaked in deionized 
water for 24 hr, surface-dried, and dusted 
with 3a,4,7,7a-tetrahydro-2-[(trichlorome- 
thyl)thio]-l/f-isoindole-l,3(2tf)-dione (cap- 
tan) before planting in a moist Canadian 
peatmoss medium in 10-cm petri dishes. One 
hundred seeds of each palm species (four 
replications of 25 seeds) were placed in in­
cubators at constant 25°, 30°, 35°, and 40°C. 
Germination counts per petri dish were re­
corded weekly. The cumulative germination 
percentage and time required for 50% of fi­
nal germination were calculated. The exper­
iment was a single factor design using se to 
report variability around treatment means.

Acoelorraphe wrightii seed had 100% ger­
mination at 35°C and 93% at 40°, with 50% 
of final germination percentage achieved after 
43 and 38 days, respectively (Table 1). Ger­
mination during the first 7 weeks was slightly 
increased at 40°, but, by week 11, the 35° 
treatment had 100% germination. No visual 
differences in seedling appearance or vigor 
were observed between 35° and 40° treat­
ments. No germination occurred at 25° dur­
ing 23 weeks, although seeds and embryos 
viewed with a microscope appeared normal. 
Poor and erratic germination occurred at 30° 
(11%), with 81 days required for 50% of 
final germination percentage. Nongermi- 
nated seed at 30° appeared normal. At the 
termination of the study, nongerminated seeds 
from 25° and 30° treatments were placed in 
a 35° incubator. Within 4 weeks, 100% of 
seed formerly at 25° and 92% previously at 
30° germinated.

Coccothrinax argentata seed germinated 
significantly earlier and with highest per­
centages at constant 35°C (Table 1) relative 
to other temperatures. Seventy-one percent 
of seed germinated in 3 weeks, and 50% of 
final germination percentage was achieved in 
17 days (Table 1). Total germination was 
lower at 30° (61%) than 35° (89%), but time 
required for 50% of final germination was 
similar. Total germination percentages at 25° 
and 40° (16% and 19%, respectively) were 
significantly below the 35° and 30° treat­
ments, and erratic germination increased the 
days for 50% of final germination to 47 and 
39. At the conclusion of the 23-week study, 
the nongerminated seeds from 25° and 40° 
treatments appeared normal and were trans­
ferred to a 35° incubator. Within 4 weeks, 
82% and 56% germination occurred from seed 
previously unable to germinate at 25° and 
40°.

Sabal etonia final germination percent­
ages were not different among 25°, 30°, and 
35°C treatments, but initial germination rate 
was slower at 25° during the first 9 weeks. 
Days to achieve 50% of final germination 
ranged from 13 for 30° to 31 for 25° (Table 
1). These results conflict with Schopmeyer’s 
(7) findings that S. etonia seeds require strat­
ification for 30 days in moist sand at 4° to 
satisfy dormancy prior to germination at 30°. 
A temperature of 40° caused delayed, irreg­
ular, and significantly reduced germination 
of S. etonia. At 40°, no seed germinated dur­
ing the first 5 weeks followed by low irreg­
ular germination for the remaining 18 weeks, 
requiring 72 days to achieve 50% of final 
germination. S. etonia seed remained viable, 
but irregular germination probably would have 
continued at 40°.

Thrinax morrisii seed required 5 weeks to 
begin germination. Maximum germination 
of 71% occurred at 35°C and required 52 
days to achieve 50% of final germination. 
Germination levels were reduced signifi­
cantly to 28% and 36% at 30° and 40°, with 
days to 50% of final germination 54 and 74, 
respectively (Table 1). No germination was 
recorded at 25° during the study, although 
no deterioration of seed or embryo was vis­
ible. Seed from 25° treatment was trans­
ferred to 35° after the study’s conclusion and 
41% germinated within 4 weeks.

A subsequent study was conducted to de­
termine more accurately the optimum tem­
perature range for the germination of each 
palm species. One hundred seeds of each 
palm, four replications of 25 seeds, were 
planted as described previously and germi­
nated in incubators at constant 24°, 27°, 30°, 
33°, 36°, and 39°C. Germination counts were 
made during a 15-week period. The opti­
mum range for each palm species included 
those temperatures permitting total germi­
nation within 1 0 % of the maximum found. 
The temperature ranges for optimal germi­
nation found were: C. argentata, 33° to 36°;

A. wrightii, 33° to 39°; 5. etonia, 24° to 36°; 
and T. morrisii, 33° to 36°.

Previous research on palm seed has shown 
maximum germination depends on collecting 
seeds from fruit of proper maturity (2, 4), 
sowing within several months after harvest
(5), and maintaining warm temperatures (2-
4). The overall temperature range promoting 
optimum germination in this study was 24° 
to 40°C, with most palm species having a 
rather limited specific range. Palm seed re­
ceiving temperatures in the optimum range 
had a definite and distinct period of high 
germination and a reduced number of days 
to 50% of final germination. Seeds germi­
nated 3° to 5° above or below optimum ranges 
had low germination during the normal high 
germination period, erratic germination over 
a long period, and significantly reduced total 
germination. In this investigation, irregular 
germination began when total germination 
declined below 2 0 % and caused a substantial 
increase in the number of days to 50% of 
final germination (Table 1).

Loomis (5) and Basu (1) compiled tables 
summarizing the number of days palm spe­
cies require for germination. Both reported 
*25% of palm species require 100 to 317 
days for germination, with most having low 
total germination. My results show some palm 
species have rather limited optimum tem­
perature ranges for seed germination, and 
temperatures above and below the optimum 
level contribute to long periods of irregular 
germination and low total germination per­
centages.
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