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ABSTRACT

Seeds of Cecropia hololeuca were submitted to regjiof constant and alternating temperatures, assediwith
photoperiods of white light, “shade light” and camious darkness under controlled conditions in labaory.
Seeds did not germinate at constant temperaturd9®d to 20°C and above 35°C. Seeds only germinatéide
darkness when the temperature was alternated. “Shigtit” inhibited germination. We concluded thhetregime
of alternating temperatures suppressed the ligleices on seed germination of this species.
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INTRODUCTION has been associated with phytochrome since the
pioneer work of Borthwick et al. (1952). The
The knowledge of seed biology is essential fosensitivity of seeds to the spectral quality of the
understanding the process and patterns within light mediated by phytochrome is a frequent
given plant community, such as the establishmentatural process within species that colonize open
of plants, succession and natural regeneraticareas (Ballaré, 1994). In gaps, the temperatures of
(Vazquez Yanes and Orozco-Segovia, 1993fhe soil are significantly higher, with the
Whitmore (1989) designated the forest as being Baximum variation occurring at the soil surface.
spatial mosaic of structural phases with a dynami€his pattern leads to a daily fluctuation that can
process of continuous changes. In such habitat, @ccelerate the germination and/or modify the
initial disturbance-induced cycle allows us toresponse of light sensitive species (Malavasi,
recognize the three most important phases of 89; Orozco-Segovia and Vazquez Yanes, 1992).
forest: gap, regeneration and mature phase. Gapscording to Labouriau and Pacheco (1978), the
formed by fallen trees or branches generally areffects of the temperature can be evaluated from
considered as important factors in the maintenandanges in the percentage, velocity and relative
of the high species diversity in the tropical foresfrequency of germination during the incubation
(Hartshorn, 1989). time.
The light radiation within a gap habitat is typically Seeds from different species require alternating of
characterized by a period of direct solar radiatiotemperatures to optimize germination. This
interspaced by periods of diffuse radiation and byecessity most probably reflects an adaptation to
occasional sunflecks (Smith et al., 1989; Wayn#atural fluctuation of the habitat or may be
and Bazzaz, 1993). Light-controlled germinationassociated with dormancy process. Whatever the
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cause, this requirement can confer, in most caseaccordingly to Mancinelli (1994), the calculated
an adaptive advantage for the species. (Borges aptiotoequlibrium of phytochrome was 0.18. Under
Reindeer, 1993; Copeland and McDonald, 1995). the “shade light” conditions, seeds were exposed
In the present work we investigated the effects dafo the following photoperiods: 1) 8 hours of white
light and temperature (constant and alternating) olight with 2 hours before and after of “shade
the seed germination ofCecropia hololeuca light”; 2) 10 hours of white light with 1 hour
(Cecropiaceae). This species, commonly named é&&fore and after of “shade light”; 3) 12 hours of
silver-embatva, black-embaldva or  white-white light with 30 min before and after of “shade
embaulba, can reach from of 6 to 12 meters dight”; 4) 13 hours of white light with 15 min
height, with a distribution from south of Bahia, before and after of “shade light”; and 5)
Espirito Santo, Rio de Janeiro, Minas Gerais andontinuous “shade light”. In these experiments,
Sdo Paulo Sates, mainly in the pluvial forestve used the regime of alternating temperatures as
(Lorenzi 1992). previously described. In order to prevent a “flash”
The genusCecropia is represented, from the of white light at the end of the illumination period,
central to the south part of Brazil, by three speciesvhich could reverse the effect of “shade light”, the
C. hololeuca, C. glasiouand C. pachystachya. C. F:FR light was turned off 15 min after white light
hololeuca and C. glasioui are usually found in was turned off. Daily counts of the germinated
small gaps, whileC. pachystachyas found in seeds allowed us to verify the dynamics of
open areas and larger gaps. The seeds are sng@imination. We considered a seed to be
and numerous and the fruits are dispersed by birderminated when the root had at least 1mm of
and bats (Gandolfi 2000). length and/or showed signals of geotropic
movements. In the experiments carried out under
continuous darkness, the seeds were counted and
MATERIAL AND METHODS observed under a dim green safe light (Baroli and
Takaki, 2001).
Seeds ofCecropia hololeucavere obtained from The values of relative frequency and mean
the Paraiblna Station of the Companhiaelocity of germination were calculated according
Energética de S&o Paulo (CESP). Germinatiotp Labouriau and Sharp (1987). The
tests were carried out in 4 Petri-dishes, containingynchronization index was calculated following
50 seeds each, on two layers of water moistenddabouriau (1983). We used a Two-Way Analysis
filter paper. During the experiments, these Petriof Variance to test for the combined (interaction)
dishes were maintained in germination incubatorgand isolated effects of the temperature and
(FANEM). The effect of the temperature on seedhotoperiod on the percentage and mean velocity
germination was investigated by exposing thef germination. Whenever this result was
seeds to constant temperatures of 10, 15, 20, 2ggnificant, a Student-Newman Keuls's test (SNK)
30, 35 and 40°C and under alternatingvas usea posteriori Before applying the test, we
temperatures of 20-25, 20-30 and 20-35°C, undgrerformed an arcsine transformation to the
photoperiod of 12 hours and continuous darknespercentage data, and test to the assumptions of
In experiments with continuous darkness, thd&ormality and homogeneity of variances. All tests
Petri-dishes were placed inside “gerbox” (black)followed Sokal and Rohlf (1983), and an alpha
boxes. In experiments with alternatinglevel of 0.05 was adopted as significant in all
temperature, the light period was alwayscircumstances.
associated with the highest temperature. In order to
mimic the light conditions faced by seeds ©f
hololeucain their natural habitats, we exposed the
seeds to a “shade light”, which correspond to the
light filtered by the canopy in relation to the ratio
Red:Far Red light (R:FR). This light was obtained
by using 4 incandescent bulb lamps (white light)
of 25W each filtered by a red and a blue layer of
plexiglass, and one uncovered day-light
fluorescent lamp (15W). In our experimental
conditions, the R:FR ratio was 0.077 and,
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Figure 1 - Variation in the percentage (A and B) and meanamlo(C and D) of

germination ofCecropia hololeucas a function of the thermal regime and
photoperiod. Photoperiods encompass regimes ofol@shiight and 12
hours darkness (A and C) and continuous darkness\@8D). See text for
further details.

Table 1 - Summary of the results from the Two-Way Analysis \@driance on the effects of photoperiod,
temperature and interaction of both factors onpbreentage of germination (upper values) and metoctity of
germination (bottom values) of seed<Gafcrophia hololeucaSee text for further details.

Source of Variation ‘ DF ‘ F test ‘ Probability
Temperature 1 151.3 < 0.0001
38.3 <0.0001
Photoperiod 1 234.6 < 0.0001
276.6 < 0.0001
Interaction 1 205.1 < 0.0001
2125 < 0.0001
Residual 28
Total 31
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RESULTSAND DISCUSSION Notwithstanding this perceptible decrease, it was
only significant when we compared the values
Temperature and photoperiod affected thebtained under constant temperature, with those
percentage and mean velocity of germination ofbtained under alternating temperatures between
seeds of C. hololeuca This influence was 20-35°C (SNK - P <0.05).
significant both when the variables were analyze¥alio and Joly (1979) studied the germination of
in isolation or when the interaction between thenseeds of Cecropia glasioyi under 25°C and
was taken into account (Fig. 1 and Table 1). Theontinuous light in the laboratory and observed 64%
interaction was more evident when the seeds wef germination, while under fieldconditions, with
maintained in constant temperatures (from 10 telternating temperatures between 15-32°C the
40°C) and in continuous darkness. Undepercentage germination increased to 72%. In
continuous darkness, no germination occurred, eonditions of continuous darkness, seeds Cof
result that greatly differed form the one obtainedololeucaexposed to constant temperatures of 25,
when the seeds were also maintained in this ligid0 and 35°C did not germinate. Thus, our results
regime, but under a regime of alternatingcorroborate previous ones that showed that seeds of
temperatures. (Fig. 1B and 1D). In seeds exposdtoneer species, such &ecropia obtusifoliaand
to regimes of alternating temperatures, the effedtiper auritumwere totally dependent of light for
of photoperiod on the percentage and meathe germination (Vasquez-Yanes and Orosco-
velocity of germination was modified; however, Segovia, 1984). Zaia and Takaki (1998)
the magnitude and the pattern of this modificatiolemonstrated that germination of seeds of
greatly differed within and among the analyzedTibouchina pulchraand T. granulosapresented a
parameters (Fig. 1). strong light (white or red) dependence. These seeds
Exposing the seeds to a regime of alternatingid not germinate when exposed to continuous
temperatures totally suppressed the effects of tr@arkness or when irradiated with far-red lightthe
photoperiod on the percentage of germinationdarkness treatments, when the seeds were exposed
When seeds were maintained in continuou§ alternating temperatures of 20-25°C, the
darkness, in alternating temperatures, th@ercentage of germination observed was about 40%.
percentage germination at 20-25° C (44%), 20By increasing the range of alternating temperatures
30°C (53%) and 20-35°C (52%) did not differ (20-30°C and 20-35°C), although we observed an
from the values observed for seeds exposed to thecrease in the percentage of germination to 50%
same range of temperatures in a photoperiod of A#ig. 1B) this increase was not significant (SNR -
hours (SNK - P > 0,05 for all the comparisons)> 0.05 for all comparisons). In a pattern similar t
Valio and Scarpa (2001) showed that 91% of seedbe one observed for the percentage of germination,
of C. hololeuca germinated at a constant exposing the seeds to alternating temperatures
temperature of 25°C at photoperiod of 12 hourssuppressed the effects of the photoperiod on the
On the other hand, seeds maintained under tiigean velocity of germination. However, the
same temperature regime, but in constant darknesgsagnitude of this effect varied as a function & th
failed to germinate. These authors also reporteduration of the photoperiod and of the range of the
that alternating temperatures between 35-10°Gternating temperatures. In the darkness, when
under a photoperiod of 12 hours, resulted in &eeds where exposed to alternating temperatures of
percentage of germination of 100%, while only20-30°C and 20-35°C, the mean velocity of
62.5% of the seeds exposed to the same range ggfrmination did not differ from the values observed
temperatures, but under continuous darknesfQr seeds exposed to the same range of alternating
effectively germinated. The percentage oftemperatures, but maintained under a photoperiod
germination of seeds of. hololeucadecreased of 12 hours (Fig. 1C and 1D - SNK - P > 0.05 fdr al
when seeds changed from a regime of constagomparisons).
temperatures of 25°C to alternating temperatures
(Fig. 1A). Under constant temperature of 25°C,
about 62% of the seeds germinated, whereas 50%
of germination was observed for seeds under
alternating temperatures between 20-35°C.
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Table 2 - Daily relative frequency of germination @ecropia hololeucaas a function of temperature and
photoperiod (L — 12 hours photoperiod; D — contimidarkness).

Treatment Onset of Germination End of Germination % Germination Peak
(day) (day) Value (day)
25°C-L 11 24 12.7% (15)
20/25C - L 13 30 18.3% (18)
20/25C-D 15 31 10.1% (28)
20/30C —-L 12 32 16.5% (19)
20/30C-D 14 34 10.4% (21)
20/35C - L 18 33 11.4% (25)
20/35C - D 21 35 12.5% (27)

Seeds maintained in continuous darkness arZD-35°C in continuous darkness seeds started to
exposed to alternating temperatures of 20-25°@erminate only at the ?2day after the onset of
showed a smaller and significant differences irexperiment. Germination lasted until thé"afay
mean velocity of germination when compared tdor seeds continuouslyexposed to 25°C at
seeds maintained under the same temperatuadternating temperature. regimes of 20-30°C and
regime (SNK - P <0.05). 20-35°C, and maintained in continuous darkness,
Changing seeds from a regime of constanthe germination extended up to thé"3&y.
temperature of 25°C to alternating temperature

caused a decrease in the mean velocity dfable 3 - Synchronization index for seeds@é&cropia

germination (Fig.1C). hololeuca.Values followed by the same letter does not
This decrease, however, was only significant whegiffer at the level] = 0.05.
the mean velocity of germination at 25°C (0.06)__Treatment | Light | Darkness
was compared to the mean velocity of germination 29°C O 0
for seeds exposed to alternating temperature of 20- 2°°C 3.66 a 0
35°C (0.039; SNK - P < 0.05). Under continuous 39°C 1.64b O
35°C 2.66 c a

darkness, mean velocity of germination shifted from
zero, when the seeds were continuously exposed to .
25°C, to 0.04 at alternating temperature of 20-25°C 20/25°C 3502 3642

. . . 20/30°C 349a 341a
Further increases in the range of the alternating o

. ) ¥ 20/35°C 3.46 a 3.30a

temperatures did not affect the mean velocity of
germination (Fig. 1D; SNK - P > 0.05 for all
comparisons). Amaral and Paulilo (1992) expose
seeds ofMiconia cinnamomifoliato constant and
alternating temperatures and found germinatio
values for 25-30°C to be similar to values obtaine
under constant temperatures of 25°C.

40°C O U

cilhe highest daily value for frequency of
ermination (peak value) was observed for seeds
gwaintained in a photoperiod of 12 hours, and
xposed to alternated temperature of 20-25°C
. ; (18.6%). On the other hand, seeds exposed to the
Seeds ofGenipa americanaexposed to constant ame thermal regime, but maintained in

temperatures of 25, 30 and 35°C showe :
; . ~reontinuous darkness, presented the lowest peak
respectively, 90,3, 86,7 and 89,3% of germination, ;) o (10.1%). The distribution of the daily

but only 12% when exposed to Zjlltem""tingrelat' e frequency of germination for seedsQof
temperatures of 20-30°C (Andrade et al. zoooa 'V quency ot germinati

. L ~hololeuca showed a high temporal variability,
Except for seeds continuously maintained at 25 hich could be due to a natural variability that
and under a photoperiod of 12 hours, th

Fesults from the heterogeneous habitat where these
distribution of the relative daily frequency of g

nati ¢C. holol het species is commonly found. Moreover, these
germination off.. hololeucawas neterogeneous g g suggest that, for this species, an

and polimodal.Seeds began to germinate at th synchronous germination can safeguard a large

th .
11" day after the onset of the experiment, Whe%fﬁciency in the establishment of its seedlings.

submitted to a continuous temperature of 25°C angeeds of. hololeucadid not germinate under any

a photoperiod of 12 hours (Table 2). On the Othe{)f the photoperiods associated with a regime of

hand, seeds exposed to alternating temperatures.‘gf1aole light” used in this study. We found that
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only 15 minutes of daily “shade light” were sombreamento” e escuro continuo sob condigbes
enough to inhibit the germination of seeds for thizontrolados em laboratério.  Temperaturas
species. Seeds ofC. hololeuca and C. constantes de 10°C a 20°C e acima de 35°C, nao
pachystachyaad its germination observed in thepromoveram a germinacdo. As sementes
field under a R:FR ratio of 0.6, whereby 83% andyerminaram no escuro quando a temperatura foi
85% of seeds germinated, respectively. When thalternada, e a “luz de sombreamento” a
ratio R:FR was reduced for 0.1, seeds@f germinagdo. Concluimos que o regime de
hololeucadid not germinate, while the percentagetemperaturas alternadas suprimiu os efeitos da luz
for C. pachystachyawas reduced to only 3% sobre a germinacao.

(Valio and Scarpa, 2001).

The distribution of the relative frequency of the

germination for seeds oS$alvia hispanicawas ACKNOWLEDGMENTS

polimodal, when the temperature reached the
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