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ABSTRACT

(Factors limiting seed germination of terrestrial bromeliads in the sandy coastal plains (restinga) of Marica,
Rio de Janeiro, Brazil) Vegetation islands surrounded by bare sand are one of the most characteristic features
of the sandy plains (restinga) of the Brazilian coastline. Abiotic conditions outside the islands are too harsh
for the establishment of plants. Bromeliads are frequent both inside and at the borders of islands, but
infrequent outside the islands in the restinga of Marica. We hypothesized that the rarity of bromeliad seedlings
in the restinga is due to high mortality during the seed and/or seedling stages. In this study, we assessed the
potential limiting factors for germination and seedling survival of three terrestrial bromidkadsgelia

cruentg Aechmea nudicaulandVriesea neoglutinos&eed viability, water balance during dry-wet cycles,
germination under different water potentials and the susceptibility of seedlings to high temperatures, desiccation
and sand burial were analyzed. The tested seeds were nondormant, and they germinated to >70% even after
exposure to 6 and desiccation. At temperatures 2@ &eeds lost water faster than imbibited it, and dry-

wet cycles and water potentials of -0.4 MPa decreased germination. Thus, low water availability is likely
limiting factor for bromeliad seed germination in the restinga of Marica. Seedlings were extremely sensitive to
high temperatures and sand burial. Shoots failed to emerge if seed depth exceeded 10 mm. We suggest that
unequal temporal distribution of rainfall, low water retention capacity of the soil, and high temperatures
inhibit germination and seedling establishment through water sressequently, bromeliads are not likely

to act as pioneer plants in the barren regions that separate restinga islands

Palavras-chave seedling survival, growth, temperature, sandy coastal plains.

REesumo

(Fatores limitantes para a germinacé@o de sementes de bromélias terrestres da restinga de Maric4, Rio de
Janeiro, Brasil)Moitas de vegetacéo separadas por areia ocorrem freglientemente nas planicies costeiras
brasileiras. Condicdes abidticas nas areas entre moitas séo estressantes para o estabelecimento vegetal. Na
restinga de Marica, bromélias sao freqiientes dentro e na borda das moitas, sendo mais raras nas areas entre
moitas. Lanca-se a hipotese de que a raridade de plantulas de bromélias nas areas entre moitas seja devida a
alta mortalidade durante a fase de semente ou plantula. Neste estudo, foram acessados potenciais fatores
limitantes para a germinacéo e sobrevivéncia de trés espécies de bromélias tétezstrgslia cruenta

Aechmea nudicaulisVriesia neoglutinosaForam analisadas a viabilidade das sementes, o balanco hidrico

sob ciclos de seca e hidratac&o, a germinacao sob diferentes potenciais hidricos e a susceptibilidade das plantulas
a altas temperaturas, dessecacao e soterramento. As sementes ndo se mostraram dormentes e apresentaram
germinabilidade acima de 70%, mesmo apds exposicaC & @dlessecacdo. Sob maiores temperature®Qy; 27

as sementes perderam agua mais rapidamente do que embeberam. Ciclos de seca e hidratacéo e potenciais
hidricos negativos (> -0,4 MPa) reduziram a germinabilidade. O reduzido fornecimento hidrico é provavelmente o
fator limitante para a germinac&o de sementes de bromélias na restinga de Marica. As plantulas foram extremamente
sensiveis as altas temperaturas e ao soterramento, ndo conseguindo emergir quando a profundidade excedeu
10 mm. Sugere-se que a distribuicéo variavel de chuvas, a baixa capacitancia hidrica do solo e as altas temperaturas
inibem a germinacdo e o estabelecimento de plantulas em condi¢Bes de restinga. Conseqliientemente, as
bromélias ndo parecem capazes de agir como pioneiras nas areas entre moitas da restinga de Marica.
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INTRODUCAO

Much of the Brazilian coast is
characterized by sandy plains called restingas
(Araujo 1992), that support vegetation that
ranges from halophytic herbs to forest. One
of the most characteristic physiognomy
consists of vegetation islands of various sizes
(<5 to >400 m) surrounded by bare sand.
Environmental conditions outside the islands are
hostile to plant establishment: soils are sandy
oligotrophic, hold little HO and may exceed
60°C (Mantovani & Rios 2001) making seed
germination, seedling establishment and the
consequent vegetation island initiation on bare
sand difficult.

The islands are apparently initiated by
pioneer species such as the geophytic palm
Allagoptera aenaria (Gomes) Kuntze
(Palmae) and latethe woody specieSlusia
hilariana Schtdl. (Clusiaceae) (Zaluar &
Scarano 2000). Because vegetation islands
maintain better microclimatic conditions than
the bare sand, pioneer plants in restinga habitat
probably act as nurse plants (Fraratoal.
1984; Franco & Nobel 1989).

Hayet al.(1981) theorized that terrestrial
bromeliads can act as pioneers and nurse
plantsin the restinga of Marica. They are
abundant both inside and outside the islands;
can absorb water and nutrients through their
leaves (Benzing 1990; Reinettal. 1997) and
soil belowNeolegelia cuenta(R. Grah) L.B.
Sm., growing isolated in open areas of the
restinga, contained more organic matter and
displayed higher cation exchange capacity
than adjacent barren soils (Hay & Lacerda
1980). Thus, the presence of bromeliads would
improve conditions for the later establishment
of less tolerant plants on bare sand. Howgever
young seedlings of terrestrial bromeliads
rarely occur inside or outside the islands in
restinga (Mantovani & Rios 2001), although
mature plants produce many seeds (Fischer
& Araujo 1995).

The rarity of bromeliad seedlings in the
field suggests high mortality during the seed
and/or seedling stages (see Mondragbal.
1999). In this studywe assessed three
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terrestrial bromeliads for seed germinabijlity
water balance and germination under different
water potentials; susceptibility of seeds to high
temperatures and desiccation; and susceptibility
of young seedlings to high temperatures,
desiccation and burial in sand. The goal of this
study is to understand the apparent limitations
for the establishment of bromeliads through
seeds in the Brazilian restinga.

M ATERIALS & M ETHODS

Studied site and plant species

This study was carried out from
December 1999 to May 2001 in the Restinga
of Marica, southeastern Brazil, Rio de Janeiro
state (2253'S; 4252'W). Detailed information
about structure, physiognomy and plant species
of Marica vegetation can be obtainedmujo
(1992) and Reineret al. (1997). The study
site consists of vegetation islands separated by
baresand (zone 3FensuAraujo 1992).
Epiphytic bromeliads such aEllandsia
usneoideqL.) L., T. stricta Sol. (Reinertet
al. 1997) and terrestrial species such as
Bilbergia amoena(Lodd.) Lindl., Bromelia
antiachantaBertol, Vriesia neoglutinosa
Mez, Neorgelia cuentg and Aechmea
nudicaulisvar. cuspidata(Baker) occur at
Marica (Silva & Sommer 1984). Considering
their high frequency and wide distribution in
the restinga of Maricay. neoglutinosaN.
cruentg andA. nudicauliswere chosen for
this study (Fig. 1). These three species occur
in three different microhabitats: inside, outside,
and at the border of vegetation islands.

The macro-climate of Maricé 8w
(sensKoppens classification), characterized
by a rainy and hot summer and a dry and warm
winter (Mantovani & Rios 2001). Mean
monthly air temperature varies from 15.3 to
28.0°C, but air temperatures as high asGl0
occur during summekMean annual air relative
humidity is 81.7%, and mean annual rainfall is
1130.8 mmAlthough the driest period is from
May to October periods of 30 consecutive,
rain-free days, have been reported in January
andFebruary (Mantovani & Rios 2001).
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Germination of terrestrial bromeliads
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Figure 1 —Terrestrial bromeliads (arrows) at the border of vegetation islands in “restinga”. Their respective seeds also
are shown. a, Aechmea nudicauli, d.Neoregelia cruentee, f.Vriesia neoglutinosa
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Mantovani & Rios (2001) provided data
of abiotic soil conditions during a typical summer
day in the study sit®Vithin islands, temperatures
at the soil surface and 5 cm below were always
similar during the dayarying from 25 to 2€.
Outside the islands, the surface temperature
may surpass 6Q at noon during summevhile
the mean temperature 5 cm below the soill
surface is 40°C. The mean soil water content at
the surface within islands, during the dagried
between 18.2 to 27.3 mg,Bi[g dw soil}",
andat 5 cm below the soil surface it varied
from 21.2 to 40.6 mg {8 [g dw soil}'. Mean
soil water content was much lower outside the
islands, decreasing at surface from 2.6 to 0.9
[g dw soilft from 8 to 14 h, while 5 cm below
it decreased from 26 to 12.2 [g dw sbift
the same period.

We analyzed monthly rainfall and
evaporation rates from 1989 to 2000 using the
databank of the Brazilian National Institute of
Meteorology (INMET). The total number of
days per month with and without precipitation
were also determined. The number of
precipitation events constituded by just 1 or 2,
3,4,5,6,7,8,9or 10 continguous rainy days
were determined from 1993 to 2000/e
considered as rainy days those with
precipitation$ 0.1 mm rainfall/day

Seeds collecting and processing
Fruits from the bromeliad species were
collected in the field at different times along
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condensation) per species, with 8tséeds each
sown on dried restinga sand, were stored in three
incubators (12 dishes per treatment) under a 8/
16 h daily temperature cycle of 35/2750/27C

and 60/27C during 30 days. Seeds were not
watered during this periodwenty open dishes
per species, with 8 tdllseeds each, were sown
on dried restinga sand and maintained also
without watering at 2 for 30 days to serve as
controls.After the 30 days, seeds from all
treatments were washed ina 1:1 (v:v) solution of
sodium hypochloride:alcohol %,@&ir dried for 5

min and sown on moist filter paper in closed Petri
dishes as described above, to test for germination
at 27C. The dishes were assessed daily and the
final germination percentage were determined
after 30 days of experiment.

Effect of dry-wet cycles on seed
germination

The purpose of this experiment was to
assess germination under shifting water
availability, using dry-wet cycles of ddrent
durations (Baskin & Baskin 1982; 1998). The
minimum amount of water necessary to induce
soil saturation under field capacity was
determined for open Petri dishes (lids removed)
filled with 12+0.001 g of dried restinga sand.
The application of 1.5 ml of distilled water
quickly increased water content from O mg of
water [g dw soilf (driest condition) to 125 mg
of water [g dw soilf (field capacity), and the
water content was again 0 mg of0Hg dw

1999 to 2001, and the seeds were used for the soil]* after 24h under laboratory conditions (see

germination studies after 1-2 days. The
following experiments were conducted for the
three bromeliad species studied. Unless
otherwise stated, during all experiments below
seeds (Fig. 1) were sown in closed Petri dishes
on moist filter paper that were maintained under
3.5 mMmolks* of PAR. Seeds were considered
germinated when the seedling emerged.

Effect of temperature on seed
germinability
To determine if seeds from the three

general methods above). The experiment
proceeded in two steps. In step one, during 30
days, dishes with dried sand (0 mg of water
[g dw soil}Y) andthe 8 to 1 seeds (three dishes
per irrigation treatment) were subjected to five
irrigation treatments provided daily and once
each 3, 6, 12, 24, and 30 days to simulate
different wet/dry cycles. The dishes were
assessed daily to note germination. The final
germination percentage were determined after
30 days of experiment. In step two, which
began immediately at the conclusion of step

bromeliad species tolerate high temperatures, 36 one, the objective was to determine if the

open dishes (in order to avoid possible

nongerminated seeds of the step one were able

Rodriguésia59 (1): 135-150. 2008
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to germinate under conditions of continuous dehydrationversusincreasing temperatures.
water supplyIn step two the nongerminated Dehydration was calculated by the decrease
seeds from step one were washed and in the relative water content of seeds after 1,
transferred to closed Petri dishes with moist 2, 4, 6 and 8 h for each temperature treatment.
filter paper and a continuous water supply Relative water content of seeds was calculated
under 27C and 3.5nmol’s® of PAR. The per dish as Mantovani (1999a):
dishes were again assessed daily and the final
germination percentage were determined after  RWC (%) = (MFW- DW) x 100)/ (FWDW)
30 days of experiment.
where RVC = relative water content of seeds,

Effect of water potential on germination MFW = maximum fresh weight of seeds after

This experiment assessed the response of 48 h of hydration, DW = constant dry weight
bromeliad seeds to increasingly negative water of seeds after 3 days at 2@)and FW = fresh

potentials (y = 0.000 (control), -0.046, -0.141, weight of seeds after 0, 1, 2, 4, 6 and 8 h of
-0.400, -0.900, -1.700, and -2.600 MPa), which dehydration_

were achieved by irrigation with solutions

containing increasing amounts of Response of seeds to short term

polyethyleneglycol 6000 (PEG 6000) (Michael desiccation

& Kaufmann 1972). For each solution six dishes Seeds dehydrated at 27, 35, 50, art€60

with ten seeds each were kept continuously i the previous experiment were tested for

moist for 30 days at 2C and 3.51moFs" of germinabilityAfter 1, 2, 4,6, and 8 h, four dishes

PAR. Germination was assessed after 30 days. (g seeds each) for each temperature treatment
. , were separated and allowed to cool under ambient

Seed hydration and dehydration curves laboratory conditions. They were testt

The purpose of this experiment was 0 germinability at 27C and 3.5mmoPs’of PAR.
determine the dynamics of imbibition and loss

of water by seedslwelve dishes lined with
filter paper containing 50 seeds per disiNof
cruentaand ofA. nudicaulis and 20 seeds
per dish ofV. neoglutinosawere maintained
moist for 48h, a sufficient time for seeds to
attain maximum saturation weight as revealed
by previous analysis. During imbibition the
seeds were removed from the wet filter paper
completely air dried and weighed to 0.0001 g
using a precision balance, after which they
were returned to the moist filter pap8eeds
were weighed every 2 h in the first 6 h of
experiment (beginnig with hydration) and every
4 h during the last 42 h. The weighing process
took no more than four minutes, and the
dryness of seed surface was observed using a
stereomicroscopdifter 48 h, the seeds were

Effect of temperature and moisture
stress on seedling growth and survival
After submission to stressful conditions,
the time after which newly germinated seeds
fail to recover when irrigated or returned to
less stressful temperatures, is called “the point
of no return” (Mohr & Schopfer 1995). This
point was determined for seeds subjected to
drought and temperature stresses. Six days
after germination, seedlings growing under
laboratory conditions had a radicle, but no
exposed cotyledon (Mantovani & Rios 2005).
After 14 days the cotyledonary groove had
opened, and the first new leaf began to expand.
Six days after germination, seedlings were
placed on 10g of dried restinga sand in open

air dried and transferred to empty dishes without P€tri dishes (lids removed) and subjected to
water or sand. The 12 dishes for each species fOUr temperature regimes: continuously at
were separated in four groups of three dishes 2/°C; and at a 8/16h daily cycle of 35/27, 50/

each. Each group were stored respectively at 2/ and 60/27C. The young seedlings were not
27. 35, 50, and 6C in order to calculate  Watered during the experiment. Thirty six
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dishes (9 seedlings each) were prepared for REsULTS

each temperature treatmefstier 1, 2, 3, 4, 5, Rainfall

10, 15, 20 and 30 days at each temperature, The mean monthly rainfall from 1989 to

one dish per treatment was separated and a2000 for the restinga of Marica was

continuous water supply provided for its 9  98.3+57.5mm (Fig. 2), significantly lower than

seedlings. The survival of the seedlings was the mean monthly evaporative rates of
expressed as the percentage of those which 124.5+27.6 mm (P<0.0001). Even considering

were able to completely extrude the plumule.

Response of seedlings to burial in sand
Seedlings ofN. cruenta and A.
nudicaulis(with radicle and plumule) and
neoglutinosgonly with plumule; Mantovani
& Iglesias 2005) approximately 5 mm in length
were buried in sand under laboratory

conditions. Glass tubes 80 mm long and 20 mm

wide were filled with restinga sand, and

seedlings buried to depths of 10, 25 and 50 mm.

Five tubes (with 10 seedlings in each tube)

were prepared per depth. The controls was

represented by five tubes with nonburied
seedlings (with 10 seedlings per tud)tubes
were watered dailAfter 30 days, seedlings

which had emerged above the surface were

counted. Non-emerging seedlings were
removed from the sand and their lenght

measured using a stereomicroscope equipped

with an ocular micrometer

Statistical analysis
In all the experiments a completly

precipitations of just 0.1mm rainfall/dathe
number of days per month without precipitation
(21£3) were significantly higher (P<0.0001)
than rainy days (9+3). For the restinga of
Marica, from 1993 to 2000, 144 precipitation
events lasted just one day of rain. For the same
period, 97 precipitation events were constituted
by two contiguous rainy days and 4 events
were constituted by 7 contiguous rainy days.
Only on a single occasion from 1993 to 2000
rained consecutively for 10 days with daily
delivery from 0.2 to 50mm, with a total of 150
mm. The longest dry period for the restinga of
Marica occurred in January and February of
1994: 28 contiguous days without any rain.

Effect of temperature on seed
germinability

The percentage of seeds that germinate
at 27C was 82-99% fol. neoglutinosaN.
cruentaandA. nudicauligTable 1). Germination
rates were similar at 35/27 or 50/27C, but
reduced at 60/2T treatment (P<0.05) to 72—
88%.All seeds germinated in 3 to 5 days after
watering started. Thus, fresh seeds of all three

randomised design was used. For comparisons hromeliads are nondormant and were little affected

between two samples with non-normal
distribution the Mann-Whitney test was applied
(rainfall versusevaporation). For comparisons
among three or more samples the oreyW
ANOVA and the Kruskal-\Wlis tests were
applied for normally (experiments 1 and 3) and
non-normally (experiment 7) distributed data,
respectively In order to detect a two factor
(temperature and time) interaction on seed
germination, a bifactoriaANOVA was
performed (experiment 5). Differences were
detected when B 0.05. The percentage data
were arcsine transformed previously to
statistical analysis (Zar 1996; Santana & Ranal
2004).

by soil temperatures ranging from 27 t6G0

Effect of dry-wet cycles on seed
germination

In step one, except for. neoglutinosa
seeds, which germinated to 56% when watered
once every 3 days, seeds germinated only when
water was provided every daya@dle 2). Daily
watering induced the seeds\bfeoglutinosa
N. cruentaandA. nudicaulisto germinate after
12,14, and 19 days, respectiviéithen watered
ever third days/. neoglutinosaeeds germinated
after 23 days. In step two, the nongerminated seeds
from step one of all three species germinated to
81-100% whetransferred to closed Petri dishes

Rodriguésia59 (1): 135-150. 2008
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Figure 2 —Evaporation and rainfall precipitation dynamics for the restinga of Marica. a. Comparison of evaporation
(gray) and rainfall precipitation levels (black). b. Number of precipitation events constituted by 1 or 2—10 contiguous
rainy days. Note that 144 precipitation events lasted just one rainy day. Only on a single occasion from 1993 to 2000

rained consecutively for 10 days (arrow).

with a continuous supply of watdm the dry-wet
cycle from the step one, receiving 125 mg gf H
[g dw soil}* dalily, the bromeliads seeds needed
at least 12—19 days to germinate.

Effect of water potential on germination
Seeds oV. neoglutinosaN. cruentaand

A. nudicauliggerminated only when they were

incubated with water or on PEG solutions of

y =-0.04 and -0.14 MPadble 3).

Seed hydration and dehydration curves
Seeds of the three species had similar patterns
of hydration and dehydration (Fig. 3 a-f). Seeds

Rodriguésia59 (1): 135-150. 2008

reached 100% of \WC after 48 h. However
when dehydrated for 1 h at 27, 35, 50, and
60°C, RWC decreased to 76, 58, 16, and 10%,
respectivelyfor V. neoglutinosa75s, 71, 37,
and 19% forN. cruentaand 65, 58, 20, and
10% for A. nudicaulis.

Response of seeds to short term
desiccation

Dehydration at 27, 35, 50, and°60did
not prevented germination, as mean percentage
germination for all three species ranged
between 70 and 100%dble 4).There were
nosignificant interactions between temperature
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Table 1 —Effect of temperature on seed germinahilRgrcentage (mean + standard deviation,

n = 12) germination of seeds Wf neoglutinosaN. cruentaandA. nudicaulisstored at dferent
temperatures after 30 days. Different superscripts indicate significant differences within a species
(p<0.05).

Species 27PC 35C 50C 60C
V. neoglutinosa 82.3+19.8 86.8+11.7 83.5+11.68 72.3+11.8
N. cruenta 98.2+4.2 98.3+3.8 95.8+6.7 89.6+12.7
A. nudicaulis 99.1+2.8 100.0: 99.0+3.2 88.8+11.7

Table 2 —Effect of dry-wet cycles on seed germination. Percentage (mean * standard deviation,
n = 3) seed germination & neoglutinosaN. cruentaandA. nudicaulissubjected to diérent dry-wet

cycles. Step 1: Germination of seeds during the first 30 days of the experiment. Step 2: Germination
of seeds that failed to germinate during the first 30 days of Step 1 that subsequently were placed
under continuous water suppha = not applicable.

STEP 1 Germination under dry-wet cycles during 30 days
Wetted once evey

Daily 3days 6 days 12 days 24 days 30days
V. neoglutinosa  78.4+8.7 56.5+11.5 0 0 0 0
N. cruenta 23.7+10.9 0 0 0 0 0
A. nudicaulis 14.4+17.1 0 0 0 0 0
STEP 2 Germination under continuous water after 30 days
V. neoglutinosa na na 89.2+.06  92.6+0.6 93.3+5.7 86.6+6.7
N. cruenta na 89.4+1.7 100.0 93.3+115 100.0 90.0+17.3
A. nudicaulis na 86.6£4.7 87.3£3 100.0 100.0 81.8+19.2

Table 3 —Effect of water potential on germination. Percentage (mean % sd, n = 6) seed
germination ofV. neoglutinosaN. cruentaandA. nudicaulisat a range of water potentials

after 30 days. Different superscripts represent significant differences between treatments within
a species (p<0.05)

Species Water potential of PEG6000 solutions

Water -0.04MPa  -0.14MPa -04MPa -09MPa -1.7MPa -2.6MPa
V. neoglutinosa 98.0+4.4  82.0+13.0 82.0+14.0 0.0 0.0 0.0 0.0
N. cruenta 100.6 83.0£14.8 79.3t11.6 0.0 0.0 0.0 0.0
A. nudicaulis 98.3+4.6  82.9+8.3 65.0+20.7 0.0 0.0 0.0 0.0
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Figure 3 —Seed hydration and dehydration curves. Hydration (a, ¢, €) and dehydration (b, d, f) curves for seeds of
V. neoglutinosda, b),N. cruenta(c, d) andA. nudicaulige, f) seeds (n = 12 ft. cruentaandA . nudicaulisn = 20 for
V. neoglutinosp Symbols indicate temperatures of £7(™), 33 C ( ), 5 C (0 ), 60 C (7).
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and time on seed germination for any of the

Mantovani, A.& Iglesias, R. R.

while at 27C, 33% of them survived 30 days.

studied species as revealed by factorial analysis After 30 days at 35/2TC, none of the seedlings

(P>0.05). Significant results (P<0.05) in
factorial analysis were only founded for the
factor temperature for the three species.

Effect of temperature and moisture
stress on seedling growth and survival
Seedlings were quite sensitive to
dehydration and high temperature (Fig. 4).
Between 60-100% of the seedlings \6f
neoglutinosasurvived 3 days of drying at 27
and 35/27C, but survival decreased to only
10% for seedlings subjected 10-30 days to the
higher temperatures of treatmekit 50/27C,
50% of the seedlings survived until the second
day but after the third day no seedling survived.
At 60/27C, just one day of treatment was
enough to kill all seedlings & neoglutionosa.
ForN. cruenta22 and 38% of the seedlings
were alive at 27 and 35/Z7, respectivelyafter

was alive. Only 1 day of treatment at 50/27
and 60/27C were sufficient to kill all of the
seedlings oN. cruentaandA. nudicaulis

Response of seedlings to burial in sand
The seedlings o¥. neoglutinosaN.
cruentaand A. nudicaulisexhibited little
capacity to emee from burial (Fig. S)After
30 days, only 2 and 4% of the seedlings of
N. cruentaandA. nudicaulis respectivelyhad
appeared at the soil surface from a depth of
10 mm, while no seedlings ®f neoglutinosa
had emerged. No seedling had emerged from
greater depths. Seedling height was similar
for all treatments (P>0.05): 3.1-4.8 mm for
V. neoglutinosa 5-6.3 mm forN. cruenta
and 9-1 mm for A. nudicaulis.Although
similar in size, the morphology of the buried
seedlings oN. cruentaandA. nudicaulisvas

10 days of treatment, but after 20 days there were different from that of the non-buried seedlings.

no survivors. Seedlings @&. nudicaulishad
higher survival capacity under lower temperatures
than the other two speciés. 27 and 35/27C,

88 and 22% of thé\. nudicaulisseedlings
were still alive after 15 days of drying treatment,

Buried seedlings were etiolated with a long
epicotyl but only one or two small leaves at
the apices, while in non-buried seedlings the
epicotyl was short and two more expanded
leaves were presented.

Table 4 —Response of seeds to short term desiccation. Percentage germination (mean * standard
deviation, n = 4) of seeds neoglutinosaN. cruentae A. nudicaulissubjected to dehydration at

27,35, 50, and 6C for 1, 2, 4, 6 and 8 h.

Temperature of Time
desiccation (C) 1h 2h 4h 6h 8h
[
§ 27 93.3£11.0 100.0 86.6x11.0 93.3+1.0 100.0
5 35 100.0 86.6+23.0 94.4+9.6 80.0+34.6 93.3x11.0
08.: 50 94.4+9.6 85.0+13.2 66.6+23.0 74.4+12.6 78.3+£28.0
; 60 75.5+7.6 64.4+3.8 86.6+23.0 76.6+8.8 66.61+11.5
® 27 87.7+£10.7 93.3+1.5 95.2+8.2 100.0 90.4+8.2
g 35 100.0 86.6+11.5 93.3+x1.5 93.3+1.5 100.0
© 50 85.7+14.2 80.0 82.2+16.7 91.6x14.4 88.8+19.2
= 60 80.0 70+14.1 91.6+14.4 81.1+1.9 93.3+11.5
% 27 94.4+9.6 86.6+1.5 100.0 86.6x1.5 80.0
é 35 100.0 94.4+9.6 81.9+3.2 93.3+x11.5 100.0
2 50 80.0£20.0 94.4+9.6 81.9+3.2 86.6+x11.5 76.6x25.1
< 60 90.0+14.1 92.3+1.5 80.0+34.6 80.0 100.0
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Discussion

The germination of nondormant seeds of
\friesia neoglutinosaNeoegelia cuentaand
Aechmea nudicaulisvas not completely
inhibited by temperature or short term
desiccation. Pinheiro & Borghetti (2003) found
in the restinga of Presidente Kennglgpirito
Santo, Brasil that no germination @&
nudicaulis seeds was detected at 20650
(16/8 h). Howeverthe maximum soil temperature
at open areas of the restinga of Presidente
Kennedy was around 26 when exposed to
full sunlight. Seed germinability of the species
studied here, includind. nudicaulis was
significantly but little reduced (seed germinability
> 70%) by higher temperatures {6). This
fact could be related to soil temperatures at the
study site. Mantovani & Rios (2001) stated that
maximum soil temperatures at restinga of
Maricd may exceed 80 when exposed to full
sunlight.Variation in temperature requirements
for seed germination at an intraspecific level
may be (Properet al. 1985; Mayeret al.
1997) or not (Ellison 2001) correlated with
climatic variables of collection sites. Further
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soil influences its hydration and germination
(Kaufmann & Ross 1970; Simon & Mills 1982;
Facelli & Ladd 1996). Our results shows that
seeds of these three bromeliads need to be
continuously moist to germinate, which is
supported by empirical observations made by
bromeliad horticulturists (Rutledge & Kendall
1989; Reilly 1991; Oeser 1991) and experimental
results (Benzing 1978; Castro-Hernandxz
al. 1999). Howeverthe data from experiment
4 suggest that the need for continuous water
can be caused by a high rate of water loss from
bromeliad seeds, which produces an imbalance
between water absorption and loss from the seeds.
A positive balance between water absorption
and loss must occur for seeds to germinate (Harper
& Benton 1966). The amount of water absorbed
by a seed can be limited by a poor contact between
the seed and adjacent sail particles (Simon & Mills
1982). Seeds dfl. cruentaandA. nudicaulis
are about 2rm in length, while the cylindrical seed
of V. neoglutinosaeaches a diameter of 1 mm
and a length of 4 mm (Fig. 1). These dimensions
are similar to those of sand particles (Rowell 1994),
which results in a lower degree of seed-soil contact

research is needed to enhance our knowledge for these bromeliad seeds. The high macro-porosity

on this subject for terrestrial bromeliads.

Although temperature had minor effects
on seed germination of the studied bromeliads,
prolonged drought did inhibit their germination.
In dry-wet cycle (experiment 2), germination
only occurred after 12 to 19 consecutive days of
watering with 125 mg of water [g dw soil]
Even during the summer rainy season, the
mean soil water content of the sandy restinga
soil is often much lower than the necessary
for germination under experimental conditions,
varying from 0.9 to 40.6 mg of water [g dw
soil]* (Mantovani & Rios 2001). Moreover
only once time during 1993-2000, did rain fall
10 days consecutivelguggesting that water
availability in the field is most often below that
necessary for germination.

The sensitivity of seeds to drought is further
demonstrated by the results of experiment 3.
There was no germination at water potentials
below —0.14 MPa. The difference in water
potential between a seed and the surrounding
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levels of restinga sandy soils would expose a great
part of each bromeliad seed to the soil atmosphere,
promoting seed water loss (Pérez-Fernamtez
al. 2000), especially in restinga where soil
temperatures reach 50°6QMantovani & Rios
2001). Rapid seed dehydration, in addition to a
precipitation/evaporation ratio <1, sporadic
precipitation, and the high porosity of restinga soils
(Hay & Lacerda 1984) can impose a low soil water
availability and lead to a “water imbalance” within
bromeliad seeds. These hypotheses are supported
by the results experiments 1 and 3. When
stored in closed Petri dishes (experiment 1)
under continuous water suppdeeds began to
germinate after 3 days, but germination under a
daily dry-wet cycle required 12—-19 days.

The seedlings of the three bromeliads were
comparatively more sensitive to temperature and
desiccation than their seeds (experiment 6).
The results show that seeds are sensitive to
stressful conditions during the radicle-emergence
phase. In this sense, establishment in the barren
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inter-island areas require seeds to be in safe habitat is probably limited to ameliorated

sites, buried below the soil surface, insulated
from high temperatures and desiccation.

The ability of a seedling to emerge from
the soil tends to relate to seed size (Foster &
Janson 1985; Leishman Westoby 1994).
Large seed size correlates with extensive
reserves and/or high seed weight. Seedlings
originating from large seeds enter deeply into
soils, or they can emerge from greater depths
than can those from small seeds (Maun 1994).
Capacity to emerge following deep burial is an
adaptation to soils with high surface
temperatures, high water deficits, or high
instability (Maun 1994). Seed size varies from
10°gin orchids (Benzing 1981) to“in some
palm seeds (Leishmagt al. 1995). The seeds
studied here weighed 5 to 6 x*f)(Mantovani
2002). Considering seed weight as an indicator
of reserves for seedling growth, the bromeliad

seeds have modest reserves compared to other

microsites such as those within and at the
periphery of vegetation islands (Mantovani &
Rios 2001) where chances of establishment
and survival are higher (see Zotz 1997 for
similar phenomenon in canopies). Zaluar &
Scarano (2000) and Freitaisal. (2000) stated
that this is the most common pattern of the
bromeliad distribution in restingas.

We conclude that bromeliads are not able
to act as pioneer plants through germination
outside the islands that characterize the
restinga of Marica. The main limitations are:
rapid seed dehydration in addition to climate
and soil conditions imposing a water imbalance
antagonistic for seed germination and high
sensitivity of seedlings to stressful conditions
during the radicle-emergence phase.
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