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GERMINATION RESPONSE OF THE EPIPHYTIC CACTUS RHIPSALIS BACCIFERA
(J. S. MILLER) STEARN TO DIFFERENT LIGHT CONDITIONS
AND WATER AVAILABILITY

Edilia De La Rosa Manzano and Oscar Briones'

Instituto de Ecologia A.C., Carretera Antigua a Coatepec No. 351, El Haya, Apartado Postal 63, Xalapa, Veracruz 91070, Mexico

In the forest canopy, seeds of epiphytic plants encounter heterogeneous environments created by a combination
of factors such as solar radiation, humidity, and host characteristics. Germination requirements may explain the
species distribution in the canopy; however, more knowledge is essential. Germination of Rhipsalis baccifera,
a widespread tropical epiphytic cactus and representative of the humid montane forest in Mexico, was 80% or
higher with far red, red, and white light and close to 0 in darkness. Germination was light saturated at very low
photon flux density of only 13.5 umol m~?s~". Germination decreased gradually at low water potentials and with
increased storage time. After storage for 1 yr, no seeds germinated. Seeds have the ability to germinate in both the
internal and external positions of the tree crowns. The germinative requirements of R. baccifera indicate that it
could colonize a wide range of light conditions in the canopy; however, substrate humidity and seed age could

limit germination.

Keywords: cactaceae, epiphyte, germination, seed, humid montane forest.

Introduction

Epiphytes are plants that complete all or part of their life
cycle on other plants, normally trees, and establish multiple
relationships with the fauna of the canopy, providing shelter
and food, and many animals pollinate the flowers and disperse
the seeds (Benzing 1990; Zotz and Andrade 2002). Epiphytic
plants are important elements in the ecosystem because they
can constitute up to 50% of the tree leaf biomass and 45% of
the nutrients present within the system, and 10% of all known
vascular plant species are epiphytes (Nadkarni 1984; Kress
1989; Liittge 1989). Spatial distribution of epiphytes de-
pends on microclimatic conditions, age, and stability of the
branches, among other factors (Freiberg 1996; Hietz 1997).
In the epiphytic environment, plants encounter heterogeneous
microenvironments that occur through a combination of fac-
tors such as solar radiation, humidity, and characteristics of
the tree bark (Madison 1977; Benzing 1978, 1990). The dif-
ferent environmental requirements for germination of seeds
and seedling growth could explain the preference of some epi-
phytes for growth in certain strata of the canopy. Epiphytes
that grow on the treetops, or crown exteriors, receive greater
quantities of solar radiation compared with those growing in
the interior or lower parts of the tree and experience a reduc-
tion in water availability (Griffiths and Smith 1983; Liittge
1989).

Although seed germination is a critical step in the life cycle
of most plant species, germination physiology of epiphytes

1 Author for correspondence; e-mail: oscar.briones@inecol.edu.mx.

Manuscript received September 2009; revised manuscript received November
2009.

267

has been poorly studied except for orchids and some brome-
liads and mistletoes (Benzing 1990; Baskin and Baskin 1998).
As in other vascular plants, germination probably responds to
specific combinations of light, temperature, and substrate hu-
midity; however, age and seed viability can modify the germi-
nation performance (Baskin and Baskin 1998).

Epiphytes generally produce many seeds per fruit; 75% of
the epiphytic genera have seeds that are smaller than 1 mm
and only rarely exceed 2 mm in length (Madison 1977; Baskin
and Baskin 1998); this size confers a greater chance of entry
into bark microsites that allows the seed sufficient imbibition
of water for germination. Imbibition in water can cause rapid
germination of seeds in some epiphytes, and under controlled
conditions, germination percentage is usually high for some
bromeliad epiphytes (Benzing 1978; Baskin and Baskin 1998).
However, in the plant canopy the germination is typically
lower, and infrequent water availability in the field could be
the explanation (Winkler et al. 2005; Bader et al. 2009). At in-
creased levels of water stress in mannitol solutions, fewer
strangler fig (Ficus aurea) seeds germinated (Swagel et al.
1997). Substrate with high humidity was the most important
factor for Ficus stupenda germination in the rain forest can-
opy (Laman 1995). Water availability limited seeds germina-
tion of Tillandsia eizii to the same extent in the inner and
middle parts of the plant canopy (Toledo-Aceves and Wolf
2008) The germination of two Tillandsia species was reduced
by intermittent dry periods under controlled conditions (Bader
et al. 2009). Epiphytes frequently experience a highly inter-
mittent water supply, and they exhibit well-developed capac-
ities to tolerate drought and avoid photo-injury (damage
caused by excessive light; Benzing 1978, 2004). Seeds adapted
to germinate at high soil humidity but not necessarily at the
field water capacity of the substrate and with high speed of
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germination would have an advantage on germinating in the
plant canopy. Germination is in general faster in water-
delimited ecosystems than in those with high water availability,
and some species are adapted to germinate under stressing wa-
ter conditions and at water potentials lower than —0.8 MPa
(Evans and Etherington 1990; Jurado and Westoby 1992;
Flores and Briones 2001). Desert cacti species show higher
percentages of germination in water potential close to 0 MPa
(De la Barrera and Nobel 2003; Ramirez-Padilla and Valverde
2005; Cervera et al. 2006; Guillén et al. 2009); however, some
columnar cacti show high (57%-70%) or maximum germina-
tion (94%) even when water potential is —0.4 MPa (Flores
and Briones 2001; Ramirez-Padilla and Valverde 2005). Al-
though E aurea is sensitive to substrate water potential, its
germination was high (>80%) when water potential was
—0.5 MPa and was possible at substrate water potentials of
below —1.0 MPa (Swagel et al. 1997). The seed germination
time of five epiphytic bromeliads has been shown to be shorter
in less exposed canopy sites, indicating that higher humidity
could accelerate germination, although the probability of ger-
mination was not affected by the position within the crown
(Winkler et al. 2005). It has been observed that Rhipsalis bac-
cifera is mostly distributed on the bases of the relatively thick
trunks and branches of trees located in the humid montane
forest, where it may get greater access to moisture (Ruiz-
Fernandez 2006; E. De la Rosa, personal observation).
Canopy foliage reduces total irradiances and red/far red
(RFR) ratio by absorbance of wavelengths of 600 nm (red
light) relative to wider wavelengths (far red light) causing en-
vironmental heterogeneity at germination sites in the phoro-
phyte (Parker 1995). This variation in the light environment
can influence the germination process. Positive photoblastic
seeds require light for germination although light sensitivity
can be modulated by temperature conditions or degree of
seed hydration (Vasquez-Yanes and Orozco-Segovia 1994;
Baskin and Baskin 1998). Positive photoblastism plays an im-
portant role on the preservation of dormancy of buried seeds
or of seed deposited on shaded sites (Vasquez-Yanes and
Orozco-Segovia 1994). Small seeds have limited food re-
serves, and photoblastic species utilize light signals to select
sites with conditions suitable for germination (Vasquez-Yanes
and Orozco-Segovia 1994; Pearson et al. 2003).The light sen-
sitivity is dependent on phytochrome action, and only ex-
tremely low photon flux density is necessary to promote the
germination (Vasquez-Yanes and Orozco-Segovia 1994). The
capability to germinate at low red/red far ratio can facilitate
germination at microsites where humidity is available and
predation is reduced (Benitez-Rodriguez et al. 2004). Light-
stimulated germination has been demonstrated for 17 species
of Bromeliaceae; however, six of these were capable of germi-
nation in darkness (Downs and Piringer 1958, quoted in Bas-
kin and Baskin 1998). The hemiepipyhtic strangler figs Ficus
pertusa and Ficus tuerckbheimii need light for germination;
however, the strangler fig Ficus aurea germinates in light or
darkness (Titus et al. 1990; Swagel et al. 1997). The epi-
phytic cactus Epiphyllum anguligerum and Hylocereus seta-
ceus require light for germination (Zimmer and Biittner
1982; Simio et al. 2007). The seeds of some Cactaceae spe-
cies are indifferent to light, while most cactus species are
light sensitive and increase germination when exposed to

constant red or white light and decrease sharply when in
darkness or under far red light (Fearn 1981; Rojas-Aréchiga
and Vazquez-Yanes 2000; Flores et al. 2006). Cacti that re-
quire light for germination have small seeds (Flores et al.
2006). The epiphytic cacti R. baccifera has seeds 1.5 mm in
length (Bravo 1987). Columnar cacti that can germinate
equally well in the presence of light and in darkness include
Cephalocereus chrysacanthus, Neobuxbaumia tetetzo, Pachy-
cereus hollianus, Pachycereus pringlei, and Pereskia aculeata
(Rojas-Aréchiga et al. 1997; Valiente-Banuet and Godinez-
Alvarez 2002). Gibberellic acid may inhibit germination for
some cactus species or substitute the light requirements for
others (Zimmer and Biittner 1982; Rojas-Aréchiga and
Vazquez-Yanes 2000). Under darkness, gibberellic acid at
1000 ppm promotes the germination of E. anguligerum
(Zimmer 1998). Optimum germination of terrestrial cacti
usually occurs between 20° and 30°C (Zimmer 1998; Rojas-
Aréchiga and Vazquez-Yanes 2000). The optimum range for
germination of two Epiphyllum and three Rbipsalis species is
between 20° and 25°C; a temperature between 15° and 30°C
decreases the rate of germination (Zimmer 1980).

The viability of epiphyte seeds can be extremely short
lived, and they apparently do not form seed banks (Benzing
1990). Viviparity has been identified in various fleshy-fruited
epiphytic cacti, including R. baccifera ssp. horrida and Rhbip-
salis micrantha, allowing seed germination within the fruit
(Cota-Sanchez and Abreu 2007). During the first days fol-
lowing R. baccifera germination, succulent cotyledons develop
which allow water storage and facilitate survival of intermit-
tent drought and successful establishment (Madison 1977;
Benzing 1990).

Rbipsalis baccifera (tribe Hylocereeae) is a widespread
Neotropical species and is the only species of cactus that
grows in the tropics of the Old World (Bravo 1987). The genera
Rbipsalis contain 39% of the epiphytic species in the Cacta-
ceae family (Kress 1989). Most cacti live in arid or semiarid
environments; however, ~150 of the 1500 species are epi-
phytic plants that grow in tropical and subtropical regions
(Kress 1989). Rhipsalis baccifera is a representative species of
the Mexican cloud forest, where epiphytes form a very impor-
tant group in terms of diversity, constituting 32% of species
present (Rzedowski 1996). Considering the ecological impor-
tance of epiphytic cacti in the Neotropical forests and the scar-
city of our current knowledge about the germination and
establishment in this group of plants, a set of hypotheses was
tested for the seeds of R. baccifera: (a) germination increases
when exposed to red or white light and decreases in darkness
or low RFR ratio; (b) germination is triggered at low photo-
synthetic photon flux; (c) germination requires substrates with
high water availability and can be favored at sites near to the
center of the tree crown if the branches are relatively humid;
and (d) seed viability is less than a year.

Material and Methods

Species, Seed Collection and Study Area

Often grouped in large numbers, the 3—-6-cm diameter cylin-
drical leafless stems up to 1 m long of Rbhipsalis baccifera hang
from the crevices, trunks, or branches of evergreen and decid-
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uous trees. Only the young parts of the stems have spines. The
plants produce small flowers 4 mm in diameter and globose
and fleshy fruits containing black seeds 1.5 mm in length that
are embedded in a transparent and whitish pulp (Bravo 1987).
From Florida in the United States and Mexico through Central
America to South America, Africa, and Sri Lanka, R. baccifera
occurs in evergreen rainforest, humid montane forest, and
tropical deciduous forest (Bravo 1987). Ripe fruits were col-
lected in more than 10 R. baccifera plants in humid montane
forest fragments in central Veracruz, Mexico. Seeds were
manually separated from the fruits and dried at room temper-
ature in shredded paper within airtight amber bottles stored in
the shade. Germination in situ within host trees was carried
out in a humid montane forest fragment adjacent to the Insti-
tute of Ecology in Xalapa, Veracruz, Mexico (19°31'N,
69°57'W), at an altitude of 1350 m a.s.l. This site has an aver-
age annual temperature of 19°C and annual precipitation of
1500 mm. The forest structure has been described in Williams-
Linera (1997) and the epiphytic community in Hietz and
Hietz-Seifert (1995). In light quality, water availability, and
storage time experiments, seeds were incubated at 25°C in ger-
mination chambers (Biotronette; Lab-Line Instruments) with
photoperiods of 12L:12D. All experiments comprised 5 repli-
cates of 25 seeds per petri dish. Germination was considered
to have occurred on emergence of the radicle through the testa
(Baskin and Baskin 1998).

Light Quality and Quantity

Petri dishes with R. baccifera seeds were placed inside trans-
parent acrylic boxes (30 cm x 25 cm x 10.5 cm; Rojas-Aréchiga
et al. 1997). The boxes were placed in germination chambers,
which were equipped with a fluorescent lamp (GE cool
white, 20 W) for the red light treatment and two incandescent
lights (25 W) for far red. Red acrylic boxes (series 2424,
Rohm and Haas) were used to achieve the red light treatment,
while in the far-red light treatment, the boxes were made from
red and blue acrylic (series 2423). Petri dishes in the red light
treatment had a RFR ratio of 1.92, and the photosynthetic
photon flux density (PPED) was 3.63 x 10° wmol m ™2 s, and
the far-red light treatment had an RFR ratio of 0.48 and
a PPFD of 1.48x 10" umol m~? s~!. Treatment with white
light was carried out using a fluorescent lamp, which gave an
RFR ratio of 2.22 and a PPFD of 2.92 x 10! umol m™2 s7*
For the germination-in-darkness treatment, the petri dishes
were covered with a double layer of aluminum foil. Spectral
composition and quantity of light were measured with a porta-
ble spectroradiometer (LI-1800; LI-COR). The spectra of red
and far red light were delimited from 654 to 666 and 724 to
736 nm, respectively (Rojas-Aréchiga et al. 1997). Germina-
tion was recorded daily until day 7 and then once again on
day 30. In the darkness treatment, to avoid any light effect
during the incubation period, germination was not checked
until the end of the treatment at day 30. To test the light quan-
tity effect on germination, seeds were exposed to 13 light
treatments: 0, 1.1x 1075, 8.3x107°, 6.1 x107*%, 4.5x 1073,
33x10°2, 2.4x10°1, 1.83x10°, 1.35x10', 6.68x 10!,
7.94x10%, 9.62x 10!, and 1.32x10* umol m~2 s~'. Light
was provided by four fluorescent lamps (LG, 20 W). The first
light treatment (0) was achieved by covering the petri dishes

with double layers of aluminum foil; the rest of the treatments
were achieved by covering the dishes with various layers of
white and gray plastic films.

Water Availability and Storage Time

Rbipsalis baccifera seeds were placed in concentrations of
polyethylene glycol (PEG 8000, Sigma) equivalent to water
potentials of —0.99 to 0.0 MPa (Michel and Radcliffe 1985;
De la Barrera and Nobel 2003; Ramirez-Padilla and Valverde
20035; Cervera et al. 2006). The water potential of each solu-
tion was measured with an osmometer (Vapro 5520El, Wes-
cor). Filter paper within each petri dish was kept saturated
with the appropriate aqueous solution of PEG throughout the
experiment. To keep the concentration of PEG constant, each
petri dish was firmly wrapped with adherent plastic foil. Ger-
mination was recorded daily until the seventh day and thereaf-
ter every third day until day 30.

The effect of seed storage time on germination of R. bacci-
fera was evaluated using seeds that had been stored within
amber bottles for periods ranging from 9 to 365 d. We used
a fluorescent lamp (GE, cool white 20 W, PPFD = 2.92 x 10!
wmol m~2 s71), and germination was recorded every third day
until day 30.

Germination within Host Trees

To evaluate the effect of position within the tree crown on
germination of R. baccifera seeds, three individuals of Quer-
cus germana (Fagaceae) were selected in the humid montane
forest adjacent to the Institute of Ecology. Four similar
branches were chosen in each tree, and two positions were se-
lected: close to the trunk and 2 m from the trunk on each
branch. A small log of the same oak species, 3.2 cm in diame-
ter on average (*+0.83 SD) and 20 cm long and free of mosses
and lichens, was placed at each of the two selected positions
of Q. germana. On each of these logs, 90 R. baccifera seeds
were glued in place with Resistol 850. Preliminary laboratory
tests showed that this glue had no effect on the germination of
R. baccifera. Likewise, Benzing (1990) and Toledo-Aceves
and Wolf (2008) found no effect of glue on the germination of
epiphytic bromeliads. In addition, at one end of each log, a lid-
less petri dish containing 90 seeds in agar was secured in order
to identify the potential differences caused by substrate type
(agar and log). We recorded the height, slope of branch, and
canopy cover in all internal and external canopy positions.
The canopy cover was calculated as the mean of four measure-
ments, taken at the four cardinal points using a convex Spheri-
cal Crown densiometer, model A. These values were obtained
while the leaves of Q. germana were present on the tree. In
both internal and external positions within the canopy, tem-
perature, and relative humidity were recorded every hour dur-
ing October 6-9, 2007, using sensors 1000/16 (LI-COR) and
HMP45A/D (Vaisala) connected to a LI-1000 data logger
(LI-COR). The number of germinated seeds was recorded ev-
ery 15 d from October to December, 2007, which included
both the end of the wet season and part of the relatively dry
and cold season of the year.
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Data Analysis

Because germination was measured as a ratio, it was appro-
priate to use generalized linear models (GLMs) that follow
a binomial distribution (Crawley 2007). The number of seeds
(25) in each petri dish was used as the denominator. To test
whether the factors of light quality (4 levels), PPFD (13
levels), water potential (7 levels), and storage time (7 levels)
affected the germination of R. baccifera, we used GLMs
with one factor, analyzing the deviance in a manner similar to
ANOVA. To reduce data overdispersion, GLMs were adjusted
using a quasibinomial link. Differences between treatments
were assessed using Tukey HSD multiple comparisons. Bino-
mial logistic regression GLMs were fitted to describe the func-
tional relationship between the proportion of germination and
both water potential and storage time. The relationship be-
tween germination percentage and the amount of light could
not be linearized by any transformation of data, so a nonlinear
regression model was fitted to describe the functional relation-
ship between both variables. To test the effect of the quality of
light, water potential, and storage time on the speed of germi-
nation, parametric ANOVA models were applied. The germi-
nation speed was calculated according to Kotowski’s
coefficient of velocity: KCV = [X#n;/ X(n;t;)] x 100, where #; is
the number of seeds germinated on day 7 and #; is the number
of days after sowing. KCV values range from 0 to 100, and
a high value of KCV represents a high velocity of germination
(Gonzalez-Zertuche and Orozco-Segovia 1996).The germina-
tion speed data from the water potential and storage time
treatments were adjusted for normality following the removal
of data where no seeds germinated (—0.99 MPa and 365 d
of storage, respectively). Differences in germination speed
between treatments were assessed by Tukey HSD multiple
comparisons (Zar 1999). The analysis of deviance of the
ANOVA-type GLMs and Tukey HSD multiple comparisons of
logistic regression and nonlinear regression were performed
with the program R, version 2.6.1 (R Development Core
Team 2007). ANOVA models and Tukey HSD multiple com-
parisons were performed using the program JMP, version
5.0.1a (SAS Institute). The threshold of significance in all
cases was P = 0.05.

Results

Laboratory Germination

Rbipsalis baccifera seeds incubated in darkness germinated
at a percentage close to 0, while germination was approxi-
mately 80% in the far red, red, and white light treatments;
the differences in the proportion of seeds germinated in these
light treatments were not significant (Tukey HSD multiple
comparisons after analysis of deviance, P < 0.001; table 1;
fig. 1A). The same effect was observed in germination speed,
which was relatively high and showed no significant differ-
ence between far red, red, and white light treatments but was
much lower in the darkness treatment (Tukey HSD multiple
comparisons following ANOVA, F; 16 = 11.19, P = 0.0003;
table 2A).

Germination was significantly affected by the PPFD (Tukey
HSD multiple comparisons following analysis of deviance,
P < 0.001; table 1; fig. 1B). The proportion of germinated

seeds increased significantly, from 8% at 0 wmol m 2 s~ to

78% at 1.35x10" umol m~> s~'. Subsequent increases in
PPFD did not significantly increase the proportion of seeds
germinated.

Water potential significantly affected the proportion of ger-
minated seeds (Tukey HSD multiple comparisons following
analysis of deviance, P < 0.001; table 1; fig. 2A). The highest
values of germination were found at high water potentials
(88% and 74% in the 0 and —0.16 MPa treatments, respec-
tively), decreasing gradually to 0 at a water potential of —0.99
MPa. Germination speed was relatively high at 0 MPa and
also progressively decreased to 0 as water potential became
more negative. (Tukey HSD multiple comparisons following
ANOVA, Fs 51 = 14.02, P < 0.001; table 2B).

Storage time significantly decreased the percentage of seed
germination (Tukey HSD multiple comparisons following
analysis of deviance, P < 0.001; table 1; fig. 2B). Afterup to 1
mo of storage, the germination of seeds was approximately
90%. This rate fluctuated around 70% after 3-6 mo storage,
while seeds stored for a year did not germinate. Germination
speed decreased gradually with increased storage time (Tukey
HSD multiple comparisons following ANOVA, Fs 51 = 44.62,
P < 0.001; table 2C).

Germination in Host Trees

The dimensions and characteristics of the branches in the
two canopy positions were similar (P > 0.05): diameter 0.50 m
(SD = 0.129), inclination 36° (SD = 13.5), and height 6.39 m
(SD = 1.62). However, weak but significant differences
(P < 0.05) were registered in the canopy cover and vapor pres-
sure deficit (VPD). The canopy cover was a little higher
(91.98%, SE = 0.63) and the VPD was slightly lower (0.00021
MPa, SE = 0.00002) in the interior of the tree crown in com-
parison with the exterior position (canopy cover = 87.72%,
SE = 1.04; VPD = 0.00024 MPa, SE = 0.00002). Rbipsalis
baccifera had the ability to germinate in both the internal and
external positions of the branches. It was observed that 39
seeds germinated on the exterior and 202 seeds germinated in
the interior of the branch when seeded in agar, while 4 and 30
seeds germinated in the external and internal positions, respec-
tively, when planted directly on the logs. However, a very high
number of seeds (>81%) placed in the branches were lost due
to the occurrence of heavy rains in the forest during the experi-
ment; in consequence, it was not possible to estimate the dif-
ferences between the numbers of germinated seeds in each
position of the branch.

Discussion

The very low amount of light required for germination and
the favorable germination rates demonstrated in red, far red,
and white light, suggest that Rhipsalis baccifera has the po-
tential for successful establishment on branches with varying
degrees of shade. The capability to germinate at a low RFR
ratio can facilitate germination at sites where humidity is
available and predation is reduced (Benitez-Rodriguez et al.
2004). The positive photoblastism of R. baccifera supports
the proposal of Flores et al. (2006), that cacti with small
seeds (<1 mg) require light in order to germinate. However,
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Table 1

Analyses of Deviance for the Effects of Light Quality, Water Potential,
Storage Time, and Photosynthetic Photo Flux Treatments on
Seed Germination in Rhipsalis baccifera

Source df Deviance F P (>F)
Null 19 355.43
Light quality 3 324.29 65.694 3.2597°
Residual 16 31.14
Null 34 622.95
Wiater potential 6 523.63 26.963 2.067710
Residual 28 99.32
Null 34 451.87
Storage time 6 415.06
Residual 28 36.802 49.636 1217713
Null 64 898.54 P (>x%)
PPFD 12 858.37 4,972717¢
Residual 52 40.17

Note.  An FE-like test instead of a x* test was used for light qual-

ity, water potential, and storage time because the data showed over-
dispersion and a quasibinomial error was employed. PPFD =
photosynthetic photon flux density.

small seeds of epiphytes from other families are not photo-
blastic: Tillandsia brachycaulus, Tillandsia califanii, and Til-
landsia elongata (Bromeliaceae) have the ability to germinate
both in light and in darkness (Graham and Andrade 2004;
Garcia-Suarez et al. 2006). On the other hand, positive pho-
toblastism of R. baccifera may be linked to their phylogenetic
origin as the light effect on inducing seed germination has
been found for a good number of cactus species including
various terrestrial globose, barrel-shaped, and columnar cacti
species (Fearn 1981; Rojas-Aréchiga and Vazquez-Yanes
2000; Benitez-Rodriguez et al. 2004).

In common with the hemiepiphyte Ficus aurea, for which
germination occurs on the trunks of trees (Swagel et al. 1997),
R. baccifera showed a high germination rate (>74%) in sub-
strates with water potentials of between 0 and —0.16 MPa,
but the rate decreased to 0 at a water potential of —0.99 MPa.
In the plant canopy, the germination of R. baccifera was be-
tween 4% and 18%, although many seeds were lost due to
heavy rains. Epiphyte germination may decrease sharply as
a result of factors that cause a lack of moisture in the tree
crowns, such as exposure of the branches and the water ab-
sorption capacity of the tree bark (Benzing 1978; Hietz and
Hietz 1995; Winkler et al. 2005). In the same study site in
which this work was carried out, seeds of Tillandsia deppeana,
Tillandsia juncea, Tillandsia multicaulis, and Tillandsia punc-
tulata, exposed near the exterior of the tree crowns, took lon-
ger to germinate compared with seeds placed in the canopy
interior (Winkler et al. 2005). Benzing (1978, 1981) found
35% germination of Tillandsia circinnata after 14 wk in
a greenhouse but less than 4% in the field. Similarly, 92% ger-
mination has been reported in the laboratory for Tillandsia ei-
zii, but there was only ~5% germination after 3 mo in the
tree crowns (Toledo-Aceves and Wolf 2008). At low water po-
tentials of close to 0 MPa, the germination speed of R. bacci-
fera was similar to those reported for other terrestrial cacti
of arid environments, such as Neobuxbaumia macroceph-
ala, Neobuxbaumia mezcalensis, and Neobuxbaumia tetezo
(Ramirez-Padilla and Valverde 2005). These three cacti spe-
cies and Mammillaria gaumeri, Stenocereus queretaroensis,
and Stenocereus pruinosus show higher percentages of germi-
nation in substrate water potential close to 0 MPa (De la Bar-
rera and Nobel 2003; Ramirez-Padilla and Valverde 2005;
Cervera et al. 2006; Guillén et al. 2009). However, the colum-
nar cacti Neobuxbaumia tetezo and Pachycereus hollianus
practically did not germinate at soil water potential of 0 MPa,
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Fig. 1 Effects of light on germination of Rbipsalis baccifera. A, Germination under different conditions of light quality after 30 d. Data are

means = 1 SE; n = 5; different letters indicate significant differences between treatments. B, Relationship between PPFD and germination
proportion. Data were significantly adjusted to a nonlinear regression model (0.82106 + 0.7165exp [-0.75194 x PPFD(umol m=2s71))),

P < 0.0001; n = 65. PPFD = photosynthetic photon flux density.

This content downloaded from 177.234.9.154 on Fri, 30 Sep 2016 23:18:27 UTC
All use subject to http://about.jstor.org/terms



272 INTERNATIONAL JOURNAL OF PLANT SCIENCES

Table 2

Effect of Light Quality, Water Potential, and Storage Time
on Speed of Germination of Rhipsalis baccifera

Germination speed (%)

A. Light quality:

Red 18.65 = 2.71%
Far red 20.10 + 2.444
White 18.05 = 3.73%
Darkness 1.33 = .81°
B. Water potential (MPa):
0 21.02 = 1.18*
—.06 19.75 = 1.69*
—.16 13.89 + 1.327P
—.37 15.27 = 5.46"8
-.58 15.87 + 8.75%¢
-77 3.66 + 2.26°
-.99 oP
C. Storage time (d):
9 24.44 + 2,924
30 13.64 = 498
90 8.16 + 1.22¢
120 11.38 = 1.085%¢
150 9.69 + .86¢
180 8.95 + .36
365 oP
Note. Data are means * 1 SE. Different letters indi-

cate significant differences between treatments. 7 = 5.

while the maximum germination (47%-78%) was registered
from —0.2 to —0.66 MPa for the first species and 94% at
—0.41 MPa for the second (Flores and Briones 2001).

In R. baccifera, germination was greater in seeds which
had undergone shorter lengths of storage time, and no germi-
nation was recorded in seeds after 365 d of storage. In the
epiphyte Tillandsia recurvata, maximum germination has

been measured at the opening of the capsules and for the
subsequent 4 or 5 mo (Fernandez et al. 1989). This is consis-
tent with the proposal of Benzing (1990), who states that the
viability of epiphyte seeds is extremely short and that they do
not form seed banks. A number of cacti including globose
and columnar terrestrial species seem not have the capacity
to form seed banks in the soil because their germination rate
is higher in fresh seeds than in old seeds (Fearn 1977; Flores
et al. 2005, 2008). On the other hand, other cactus species
remain viable for years and can form a soil seed bank be-
cause the seed germination is lower in fresh seeds than in old
seeds or the germination is equal between fresh seeds and old
seeds (Fearn 1977; Rojas-Aréchiga and Vazquez-Yanes 2000;
Flores et al. 2005; Olvera-Carrillo et al. 2009). The response
of the germination capacity of the seeds with the time is
widely variable in the Cactaceae familiy (Fearn 1977; Rojas-
Aréchiga and Vazquez-Yanes 2000; Flores et al. 2005). Ma-
turity, seed coat characteristics, temperature and moisture
fluctuations, fungi, bacteria, and insect infestation affect the
longevity of seeds (Fearn 1981).

In conclusion, seeds of R. baccifera are photoblastic-
positive, able to germinate at very low PPED; they have no
special requirements in terms of light quality, and they have
the ability to germinate in both the internal and external po-
sitions of the tree crown. The germinative requirements of R.
baccifera indicate that it could colonize in a wide range of
light conditions in the plant canopy; however, substrate hu-
midity and seed age could limit germination of R. baccifera
within the humid montane forest.

Acknowledgments

The authors thank M. Marquez and A. Hernandez for
their help in the field. This manuscript benefited from com-
ments by J. Flores on an early version. We are grateful to

Germination proportion

- B®e ® observed
— predicted

-0.2 0.0

Water potential (MPa)

0 60

120 180 240 300 360

Storage time (days)

Fig. 2 Effects of water potential and storage time on germination of Rbipsalis baccifera. A, Relationship between water potential and
germination proportion. Data were significantly adjusted to a binomial regression model (1.846 + 6.92 x water potential(MPa)), R? = 0.82,
P =3.127'%; » = 35. B, Relationship between storage time and germination proportion. Data were significantly adjusted to a binomial regression

model (2.682-0.014 time x (d)), R = 0.67, P = 3.08~7, n = 35.

This content downloaded from 177.234.9.154 on Fri, 30 Sep 2016 23:18:27 UTC
All use subject to http://about.jstor.org/terms



DE LA ROSA & BRIONES—GERMINATION OF THE EPIPHYTIC CACTUS RHIPSALIS 273

three anonymous reviewers for comments that improved the
manuscript. This research was fully supported by a CONA-

CYT graduate scholarship to E. de La Rosa Manzano (204452)
and CONACYT grant 47409-Q to O. Briones.

Literature Cited

Bader MY, G Menke, G Zotz 2009 Pronounced drought tolerance
characterizes the early life stages of the epiphytic bromeliad
Tilllandsia flexuosa. Funct Ecol 23:472-479.

Baskin CC, JM Baskin 1998 Seeds: ecology, biogeography, and evo-
lution of dormancy and germination. Academic Press, San Diego, CA.

Benitez-Rodriguez JL, A Orozco-Segovia, M Rojas-Aréchiga 2004
Light effects on seed germination of four Mammillaria species from
the Tehuacan-Cuicatlan valley, central Mexico. Southwest Nat 49:
11-17.

Benzing D 1978 Germination and early establishment of Tillandsia
circinnata Schlecht. (Bromeliaceae) on some of its hosts and other
supports in southern Florida. Selbyana 5:95-106.

1981 The population dynamics of Tillandsia circinnata

(Bromeliaceae): cypress crown colonies in southern Florida.

Selbyana 5:256-263.

1990 Vascular epiphytes. Cambridge University Press, New

York.

2004 Vascular epiphytes. Pages 175-211 in MD Lowman
and HB Rinker, eds. Forest canopy. Elsevier Academic Press, San
Diego, CA.

Bravo H 1987 Las cacticeas de México. Vol 1. Universidad Nacional
Autébnoma de México, México, DE

Cervera JC, JL Andrade, JL Sima, EA Graham 2006 Microhabitats,
germinations, and establishment for Mammillaria gaumeri (Cacta-
ceae), a rare species from Yucatan. Int J Plant Sci 167:311-319.

Cota-Sanchez JH, DD Abreu 2007 Viviparity and offspring survival
in the epiphytic cactus Epiphyllum phyllanths (Cactaceae). ] Exp
Bot 58:3865-3873.

Crawley M 2007 The R book. Wiley, Chichester.

De la Barrera E, PS Nobel 2003 Physiological ecology of seed
germination for the columnar cactus Stenocereus queretaroensis. ]
Arid Environ 53:297-306.

Evans CE, JR Etherington 1990 The effect of soil water potential on
seed germination of some British plants. New Phytol 115:539-548.

Fearn B 1977 An investigation into the effect of age on the germination
potential of seeds of 600 species of cacti, together with a note on the
viability of Lithops seeds. Excelsa 7:103-108.

1981 Seed germination: the modern approach. Cactus Succul
J GB 43:13-16.

Fernandez LV, J Beltrano, DO Caldiz 1989 Germinacioén y longevi-
dad de semillas de Tillandsia recurvata L. Rev Fac Agron 65:
81-85.

Flores J, A Arredondo, E Jurado. 2005 Comparative seed germina-
tion in species of Turbinicarpus: an endangered cacti genus. Nat
Areas ] 25:183-187.

Flores J, O Briones 2001 Plant life-form and germination in a Mexican
inter-tropical desert. ] Arid Environ 47:485-497.

Flores ], E Jurado, A Arredondo 2006 Effect of light on germination
of seed of cactaceae from the Chihuahuan Desert, México. Seed Sci
Res 16:149-155.

Flores J, E Jurado, JF Jiménez-Bremont 2008 Breaking seed dormancy
in specially protected Turbinicarpus lophophoroides and Turbinu-
carpus pseudopectinatus (Cactaceae) Plant Species Biol 23:43-46.

Freiberg M 1996 Spatial distribution of vascular epiphytes on three
emergent canopy trees in French Guiana. Biotropica 28:345-355.

Garcia-Suarez MD, V Rico-Gray, N Molina-Aceves, H Serrano 2006
In-vitro germination and clonal propagation of endemic Tillandsia
califanii Rauh (Bromeliaceae) from Mexico. Selbyana 27:54-59.

Griffiths H, JAC Smith 1983 Photosynthetic pathways in the

Bromeliaceae of Trinidad: relations between life-forms, habitat
preference and the occurrence of CAM. Oecologia 60:176-184.
Guillén S, ] Benitez, M Martinez-Ramos, A Casas 2009 Seed
germination of wild, in situ-managed, and cultivated populations
of columnar cacti in the Tehuacan-Cuicatlan Valley, Mexico. J Arid

Environ 73:407-413.

Gonzalez-Zertuche, A Orozco-Segovia 1996 Métodos de analisis de
datos en la germinacion de semillas, un ejemplo: Manfreda
brachystachya. Bol Soc Bot Mex 58:15-30.

Graham EA, JL Andrade 2004 Drought tolerance associated with
vertical stratification of two occurring epiphytic bromeliads in
a tropical dry forest. Am ] Bot 91:699-706.

Hietz P 1997 Population dynamics of epiphytes in a Mexican humid
montane forest. | Ecol 85:767-775.

Hietz P, U Hietz-Seifert 1995 Composition and ecology of vascular
epiphyte communities along an altitudinal gradient in central
Veracruz, Mexico. ] Veg Sci 6:487—-498.

Jurado E, M Westoby 1992 Germination biology of selected central
Australian plants. Aust J Ecol 17:341-348.

Kress WJ 1989 The systematic distribution of vascular epiphytes.
Pages 234-261 in U Liittge, ed. Vascular plants as epiphytes. Springer,
Berlin.

Laman T 1995 Ficus stupenda germination and seedling establish-
ment in a bornean rain forest canopy. Ecology 76:2617-2626.

Liittge U, ed 1989 Vascular plants as epiphytes. Springer, Berlin.

Madison M 1977 Vascular epiphytes: their systematic occurrence
and salient features. Selbyana 2:1-13.

Michel BE, D Radcliffe 1985 A computer program relating solute po-
tential to solution composition for five solutes. Agron J 87:126-130.

Nadkarni NM 1984 Epiphyte biomass and nutrient capital of
a Neotropical elfin forest. Biotropica 16:249-256.

Olvera-Carrillo Y, J] Marquez-Guzman, ME Sanchez-Coronado, VL
Barradas, E Rincon, Orozco-Segovia A 2009 Effect of burial on
the germination of Opuntia tomentosds (Cactaceae, Opuntioideae)
seeds. J Arid Environ 73:421-427.

Parker GG 1995 Structure and microclimate of forest canopies.
Pages 73-106 in MD Lowman, NM Nadkarni, eds. Forest canopies.
Academic Press, San Diego, CA

Pearson THR, FRP Burslem, CE Mullins, JW Dalling 2003 Func-
tional significance of photoblastic germination in Neotropical
pioneer trees: a seed’s eye view. Funct Ecol 17:394-402.

R Development Core Team 2007 R: a language and environment for
statistical computing. Version 2.6.1. R Foundation for Statistical
Computing, Vienna.

Ramirez-Padilla CA, T Valverde 2005 Germination responses of three
congeneric cactus species (Neobuxbaumia) with differing degrees of
rarity. ] Arid Environ 61:333-343.

Rojas-Aréchiga M, A Orozco-Segovia, C Vazquez-Yanes 1997 Effect
of light on germination of seven species of cacti from the Zapotitlan
valley in Puebla, México. J Arid Environ 36:571-578.

Rojas-Aréchiga M, C Vazquez-Yanes 2000 Cactus seed germination:
a review. ] Arid Environ 44:85-104.

Ruiz-Ferndndez C 2006 Distribucion espacial y abundancia de Anthur-
ium scandens y Rhipsalis baccifera en el bosque mesofilo de montafia.
Residencia Profesional. Instituto Tecnologico de Oaxaca, México.

Rzedowski ] 1996 Analisis preliminar de la flora vascular de los
Bosques Mesofilos de Montafia de México. Acta Bot Mex 35:25-44.

Simio E, F Socolowski, M Takaki 2007 The epiphytic cactaceae
Hylocereus setaceus (Salm-Dick ex DC.) Ralf Bauer seed germina-

This content downloaded from 177.234.9.154 on Fri, 30 Sep 2016 23:18:27 UTC
All use subject to http://about.jstor.org/terms



274 INTERNATIONAL JOURNAL OF PLANT SCIENCES

tion is controlled by light and temperature. Braz Arch Biol Technol
50:655-662.

Swagel EN, Van H. Bernhard A, GS Ellmore 1997 Substrate water
potential constraints on germination of the strangler fig Ficus aurea
(Moraceae). Am ] Bot 84:716-722.

Titus JH, NM Holbrook, EE Putz 1990 Seed germination and
seedling distribution of Ficus pertusa and E tuerckheimii: are
strangler figs autotoxic? Biotropica 22:425-428.

Toledo-Aceves T, JHD Wolf JHD 2008 Germination and establish-
ment of Tillandsia eizii (Bromeliaceae) in the canopy of an oak
forest in Chiapas, Mexico. Biotropica 40:246-250.

Valiente-Banuet A, H Godinez-Alvarez 2002 Population and com-
munity ecology. Pages 91-108 in P S Nobel, ed. Cacti biology and
uses. University of California Press, Los Angeles.

Vasquez-Yanes C, A Orozco-Segovia 1994 Signals for seeds to sense
and respond to gaps. Pages 209-235 in M Caldwell and RW Pearcy,
eds. Exploitation of environmental heterogeneity by plants.
Academic Press, San Diego, CA.

Williams-Linera G 1997 Phenology of deciduous and broadleaved-
evergreen tree species in a Mexican tropical lower montane forest.
Glob Ecol Biogeogr Lett 6:115-127.

Winkler M, K Hiilber, P Hietz 2005 Effect of canopy position on
germination and seedling survival of epiphytic bromeliads in a Mexican
humid montane forest. Ann Bot 95:1039-1047.

Zar JH 1999 Biostatistical analysis. Prentice Hall, Upper Saddle River, NJ.

Zimmer K 1980 Effects of temperature on germination of cactus
seeds. XI. Germination of some members of the Epiphyllinae and
Rbipsalidinae. Gartenbauwissenschaft 45:205-207.

Zimmer K, P Biittner 1982 Ersatz des Lichtbediirfnisses bei der
Keimung von Kakteensamen durch Gibberellinsdure. Gartenbau-
wissenchaft 47:97-101.

Zimmer K 1998 Zur Keimung von Kakteensaatgut. Schumania 2:75-84.

Zotz G, JL Andrade 2002 La ecofisiologia y la fisiologia de las epifitas y
las hemiepifitas. Pages 271-296 in M Guariguata, G H Catan, eds.
Ecologia y conservacion de bosques Neotropicales. Libro Universitario
Regional, Cartago, Costa Rica.

This content downloaded from 177.234.9.154 on Fri, 30 Sep 2016 23:18:27 UTC
All use subject to http://about.jstor.org/terms



