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press may be a geographical form of the common bald cypress (Taxodium distichum L.). More recently, Debreczy
and Rácz (1998) reported that trees of Mexican bald cypress are more compact, have smaller cones (0.59 to 0.98
inches in diameter), and shorter leaves (0.24 to 0.48 inches
long) than its northern relative, the bald cypress. Fruit of
the Mexican bald cypress is semiglobose, and consists of
scales that have a sharp point (mucronations). Each of the
20 scales per fruit produces between two to six seeds. In
contrast with T. distichum, the Mexican bald cypress lacks
the distinctive "knees" around the base of the trunk. The
plant has the potential to live at least 1,600 years and grow
up to 130 feet (Debreczy and Rácz, 1998).

Abstract
The range of Taxodium mucronatum Ten. (Mexican bald
cypress) is declining rapidly, yet relatively little is known
about the propagation of this valuable ornamental tree. The
objective of this study was to determine whether seed coat
treatments could enhance the germination of Mexican bald
cypress. Seeds of Mexican bald cypress were collected from
Las Cruces and the Gila National Forest, New Mexico. In
one experiment, seed coats were knicked or left intact, then
germinated on moist filter paper or flooded with water. In
another experiment, seed coats from the Las Cruces provenance were treated with sulfuric acid, knicked, left intact,
or removed (excised embryos) and germinated on moist
filter paper. Knicked and moist seeds had a greater mean
cumulative germination percentage (13.5 %) than intact and
flooded seeds (4.2 %). Final germination percentage of the
Las Cruces source was similar among knicked seeds, intact seeds, and excised embryos, but intact seeds took a
longer time (15 days) to reach 50% of final germination
percentage than did excised embryos (10 days) and knicked
seeds (8 days). Seeds treated with sulfuric did not germinate. Results indicate seed coat pretreatments are needed
to release physical dormancy and promote efficient germination of Mexican bald cypress.

Introduction
Mexican bald cypress or Montezuma cypress (Taxodium
mucronatum Ten.), the southern-most species of its genus,
once was distributed all over the northern hemisphere, but
now is restricted to southwestern North America (Debreczy
and Rácz, 1998). The species was common along the Rio
Grande River in Texas (Vines, 1960), but now is rare in the
United States (Debreczy and Rácz, 1998). In some parts of
Mexico, a few specimens of Mexican bald cypress currently
exist in xeric environments (Debreczy and Rácz, 1998),
but Bonilla -Barbosa (1994) indicate that Mexican bald cypress trees may flourish in flooded environments. Since
the plant may exist in wetland environments, experiments
to test whether seeds will germinate in flooded environments are warranted.

Mexican bald cypress are propagated from seed (Dirr and
Hueser, 1987), but seed germination requirements are not
well established. In related species, the common bald cypress and pond cypress [Taxodium distichum var. nutans
(Ait.) Sweet], seed coat removal resulted in rapid and high
germination rates, indicating that the seeds (embryos) were
not physiologically dormant (Murphy and Stanley, 1975).
Whether seeds of Mexican bald cypress display embryo
dormancy is unknown. The objective of this research was
to evaluate whether seed coat treatments could enhance the
germination of Mexican bald cypress.

Materials and Methods
During mid November of 1998, seed were collected from
cones that had fallen from the two trees in the Gila National Forest (lat. 33° 21' 23" N; long. 108° 03' 57" W),
New Mexico. Because the two seed -source trees in the Gila
were adjacent to each other, it was not possible to link the
origin of fallen cones to an individual tree, thus seeds from
the Gila National Forest were considered as a single seed
source. In early December of 1998, seed were collected from
cones that had fallen from a tree in the Mesilla Valley, Las
Cruces, New Mexico. Cone fragments from both locations

were separated from seed by hand. Seeds were sealed in
plastic bags and stored dry at 10 C and 15% relative humidity.

On 25 February of 1999, the first germination test was initiated. The treatments were intact seed, knicked seed, moist
seed, and flooded seed. Intact seed received no seed coat
treatments. Whole seed were knicked by removing a small
portion of the irregularly shaped testa with a razor blade.

The bottom of 56 plastic petri dishes (diameter = 9 cm)
was lined with a double layer of filter paper. For moist seed

treatment, filter paper disks were moistened with 5 ml
deionized water; excess water then was drained off. The
flooded seed treatment was initiated by adding an additional 5 ml deionized water to the petri dishes after the
disks were moistened and drained as described above. The

extra 5 ml of water was sufficient to flood the seeds by
Mexican bald cypress is a fast -growing, deciduous conifer
that can be used for large managed landscapes. A century

ago, Harper (1902) suggested that the Mexican bald cy-

covering them with liquid. Seeds were placed in the dishes

so that they were separated form each other. Petri dishes
containing the seeds then were sealed with Parafilm®
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(American National CanTM, Menasha, WI.) and incubated
in an environmental growth chamber (model E8H;
Conviron, Controlled Environments, Winnipeg, Manitoba.)
kept at 20 C ± 1.3 C . Seven, 50 -seed replications per petri
dish were used for each treatment (2 seed sources x 2 seed
coat treatments x 2 water treatments). Photosynthetically
active radiation was supplied continuously at 80 µmolm-2s-
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cracked testa. Embryos were examined with an Olympus
SZ60 zoom stereo microscope (Olympus America, Melville,
New York) to check for damage. Embryos that were cracked
or bruised were discarded. Unblemished embryos were surface- sterilized by immersing in 10% sodium hypochlorite

for 5 seconds, followed by three washes in sterile deionized water.

1 as measured with a quantum sensor (LI -185; LI -COR, Lin-

coln, NE). Average daily RH within the chamber ranged
from 23 to 39% as monitored with a temperature/humidity
pen. On 11 Mar. 1999, each dish received 2 mL of d H O
water to keep the filter paper in the moist treatment damp
and to maintain liquid levels of the flooded treatments.

Incubation procedures and conditions were identical to those

Germination was defined as protrusion of the radicle from
the seed covering by at least 2 mm and was monitored at 5,
12, 14, 19, 21, 25, 27, and 28 days after treatments started.
Seed were viewed at a magnification of 8X to confirm that
radicle had emerged. Seed that had germinated or had begun to decay were removed from the dishes. At 28 days,
ungerminated seeds were opened with a razor blade and
checked for the presence of an embryo. Percentage germination was based on the total number of seeds with em-

ence of embryos. The experiment was a completely randomized design with eight replications per treatment. The

bryos.

The experimental unit was a petri dish with 50 seeds. There
were 56 experimental units (2 seed sources x 2 seed coat
treatments x 2 water treatments x 7 replications). The experiment was in a completely randomized design. Experimental units were sampled over time (germination period
in days) to determine if differences in time to germination
existed among seed coat -moisture treatment combinations.
Data collected over time were analyzed as a repeated measure by using the REPEATED statement and SP (POW)
(spatial power law) covariance structure in the MIXED
procedure of SAS. The SP (POW) covariance structure was
used because the repeated measure was unequally spaced
in time (Littell et al., 1996). Statistical modeling showed
that SP (POW) provided the best model for the time -series
data. Regression analysis using PROC REG procedure of
SAS (SAS Institute, 1990) was used to characterize germination response over the germination period. Means were
separated by using Fisher's LSD.

On July 16, 1999, a second germination experiment was
started. This experiment evaluated eight 50 -seed replications from the Las Cruces seed source. There were five treatments: intact seed, knicked seed, acid treatment (described

below) for 10 minutes, acid treatment for 30 minutes, and
excised embryos. Intact and knicked seeds were treated as
described for the first experiment. For acid treatments, seeds
were placed in 100 -ml glass beakers and covered with con-

centrated sulfuric acid for 10 or 30 minutes. Seeds then
were washed in running tap water for 10 minutes and rinsed
three times with sterile, deionized water to remove the acid.
Embryos were extracted by lightly tapping the seeds with a
118 -gram hammer and then removing the embryo from the

of the first germination experiment, except that radicle
emergence was monitored daily for 20 days. Germination
was expressed as a function of the total number of seed
with embryos. At the end of the experiment, intact, knicked,
and acid -treated seed were opened and checked for the pres-

experimental unit was a petri dish with 50 seeds. Data were
collected over time (germination period in days) to assess

differences in seed -coat treatments. Data were analyzed
using the same procedures as the first seed experiment.
Because the first experiment showed no interaction between

seed coat treatment and germination period, germination
index and the number of days from sowing to 50% of final
germination were used to determine the relationship between time and seed coat treatment. Germination index
(mean time to germination) was calculated as E[(days to
germination) (number of seeds germinated on that day)]
divided by the total number of seeds germinated (Smith
and Millet, 1964). The number of days from sowing to 50% of
final germination was calculated (Kahn and Stofella, 1996).

Results
In the first experiment, the origin of seed and the interaction of seed origin with seed coat treatment, moisture regime, germination period did not affect cumulative germination percentage. Three -way interactions with location
were not statistically significant. Therefore, data from both
seed sources were combined and analyzed. Germination
first was observed 5 days after incubation (Fig. 1). Over
the germination period, moist seeds germinated better than
flooded seeds (Fig. 1). Cumulative germination percentage
of moist (PS0.0074) and flooded (P.0.0023) increased linearly with the germination period (Fig. 1). There was no
interaction between seed coat treatment and germination
period (P <_0.1084). A significant interaction between seed
coat treatment and moisture regime (P <_0.0006) showed that

knicked and moist seeds had the largest mean cumulative
germination percentage (13.5 %) (Table 1).
In the second germination experiment, seeds treated with
acid for 10 or 30 min did not germinate (data not shown).
Germination first was observed 5 days after the experiment
started. Seed coat treatment (P5_0.0001) and the germination period (P.0.0001) affected germination. There was no
interaction between seed coat treatments and germination
period. Mean number of days to germination was similar
among seed coat treatments (Table 1). However, intact seeds
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took a longer time (15 days) to reach 50% of final germination than excised embryos (10 days) and knicked seeds
(8 days) (Table 2). Final cumulative germination percentage was similar among seed coat treatments (Table 2).
Discussion
In the first germination experiment, moist seeds germinated
better than seeds that were flooded. The natural habitat of
Mexican bald cypress may include flood -prone environments (McMillan, 1974), and these results indicate seed
that fall into flooded conditions may be less likely to germinate than seed that drop into moist environments. For
the duration of the first and second germination experiments, seed coat treatments did not affect cumulative germination percentage. Also, the final germination percentage in the second experiment was similar among all seed
coat treatments. Knicking the seeds or removing the seed
coat accelerated initial germination when compared to intact seeds (Table 2). Therefore, testa abrasion and embryo
excision offer potential to increase seedling number only
within a given production time (Table 2). In addition, these
data suggest that physical dormancy is an obstacle to rapid
germination of Mexican bald cypress. This agrees with a
report by Murphy and Stanley (1975) that has shown that
seeds of bald cypress and pond cypress exhibit physical
dormancy. Also, excised embryos germinated rapidly, which
indicates that viable seeds of Mexican bald cypress exhibit
no embryo dormancy. Germination percentage of excised
embryos may be inherently low ( -20 %) because of the relatively high percentage of nonviable seed. Ungerminated
embryos decayed which indicates that they were nonviable.
Acid scarification was an ineffective method of hastening
germination in Mexican bald cypress. Regardless of the
germination time, acid -scarified seeds failed to germinate.
This contrasts findings of Murphy and Stanley (1975) which
indicated that a 4 -h soak in concentrated sulfuric acid is
the easiest, most efficient method to hasten germination in
the common bald cypress. In conclusion, germination per-
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centage of Mexican bald cypress remain relatively low

L SD(0.05) - 5.2

(--.20%), the current success with seed coat treatments suggests that there is potential for improving germination.
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Figure 1. Cumulative germination as a function of
germination period for moist (I) and flooded (0) seeds.
Seed originated from Las Cruces and the Gila national
Forest, New Mexico. Each point represents the mean of
seven values. Regression function for moist seeds: y =
-1.74 + 0.87 (days), r2= 0.89; for flooded seeds, y = -0.17
+0.16 (days), r2 = 0.93.
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Table 1. Mean cumulative germination percentage for Mexican bald cypress collected from Las Cruces and the
Gila National Forest, New Mexico seed and subjected to two seed coat treatments and germinated under two
moisture regimes. Each value represents the mean of 224 (2 treatments x 8 replications x 14 days (repeated
measure)) values. Numbers accompanied by a different letter are significantly different at the 0.05 level. Means
were separated by using Fisher's least significant difference.

Seed coat/moisture treatment combination

Mean cumulative germination percentage

Knicked and moist seed

13.5 a

Intact and moist seed

10.2 b

Knicked and flooded
Intact and flooded

7.2 c
4.2 d

Table 2. Germination index, days from sowing to 50% of final germination, and final germination percentage for
Mexican bald cypress seed subjected to seed' coat treatments. Seed originated from Las Cruces, New Mexico.
Numbers in each column accompanied by a different letter are significantly different at the 0.05 level.
Mean days to
germination'

Days from sowing to 50%
of final germination

Final cumulative
Germination
percentage ( %)Y

Seed coat treatment
Excised embryos
Knicked seed
Intact seed

10.5 a

loa

8.5a

8a

10.5 a

15b

20.2 a
19.7 a
14.8 a

'Calculated as E [(days to germination) (number of seed germinated on that day)] /total number of seed germinated
(Smith and Millet, 1964).
YCalculated as percentage of seed with embryos.

