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ABSTRACT

Spadix temperature was measured in
two species of Philodendron (subgenus
Pbilodendron): P. ornatum Schott and P.
grandifolium (Jacq.) Schott. Temperature
differences between the spadix (male
zone) and ambient air for P. grandifolium
and P. ornatum showed the same pattern
in both species. Two clear peaks appeared
during two successive nights, and other-
wise there was little or no difference
between air and spadix temperatures. In
P. grandifolium male flowers were 4.2—
4.6°C warmer than ambient air during the
first peak and 4.3-4.9°C during the second
night. The temperature of female flowers
remained more or less constant within the
floral chamber (about 0.5°C above ambient
ai). In P. ornatum the male zone was
10.7°C warmer than ambient air during the
first peak and 9.3°C during the second
night. Applying heat model transfer based
on inflorescence size, temperature differ-
ences in the spadix of P. grandifolium and
P. ornatum should range respectively from
5.5 to 7.9°C and from 8.7 to 10.8°C, which
is very close to our measurements. The
present results confirm that the baseline
pattern of thermogenesis may be funda-
mentally the same in the subgenera
Philodendron (“two peak” pattern) and
Meconostigma (“biphasic pattern™). The
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biphasic pattern can be seen as a variant of
the “two peak” pattern, with a “plateau”
phase between peaks. In the genus Philo-
dendron, the quantitative differences be-
tween the patterns observed in both
subgenera may be linked with the size of
the spadix, which constitutes a physical
constraint on the theoretical amplitude of
the cycle.
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INTRODUCTION

Thermogenesis in reproductive organs is
common in Araceae species but also exists
in Annonaceae, Cycadaceae, Cyclantha-
ceae, Magnoliaceae, Nymphaeaceae, Pal-
mae and Zamiaceae (Gibernau et al., 2005;
Roemer et al., 2005; Lamprecht et al., 2006;
Thien et al., 2009). Inflorescences of
Araceae are typically composed of a spadix
onto which are inserted minute flowers,
surrounded by a leafy organ, the spathe.
The spadix temperature of certain species
increases to 35-45°C during the first night
of flowering, through a mitochondrial
process called cyanide-insensitive respira-
tion (Grabel'nykh et al., 2006; Wagner et
al., 2008). Uncoupling protein is another
mitochondrial factor involved in heat pro-
duction (Vercesi et al., 2006). The flowers
of Araceae are interesting not only because
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they produce heat but also because some
regulate their temperature by varying the
rate of heat production inversely to ambi-
ent air temperature (Lamprecht et al.,
20006).

Heat production by floral structures is
generally associated with emission of fra-
grances, arrival of pollinators and liberation
of pollen, and it has been well documented
in the subfamily Aroideae (Gibernau et al.,
2005; Ivancic et al., 2005; Maia & Schlind-
wein, 2006; Chouteau ef al., 2007; Barthlott
et al., 2008, Seymour & Gibernau, 2008). In
this subfamily (Mayo et al., 1997), the
spadix bears unisexual flowers arranged
in sexual regions. Heat is generally pro-
duced by either the fertile and sterile male
flowers or by a specialized sterile zone, the
appendix, located above the male flowers
(Gibernau et al., 2005).

Numerous observations and experi-
ments have been made on the production
of heat by inflorescences of Araceae (e.g.
Nagy et al., 1972; Knutson, 1972, 1974;
Chen & Meeuse, 1975; Seymour et al., 1983;
Young, 1986; Raskin et al., 1987; Skubatz et
al., 1990, 1991; Bermadinger-Stabentheiner
& Stabentheiner, 1995; Seymour, 2004;
Seymour & Gibernau, 2008). However,
comparative analyses of spadix tempera-
ture patterns remain relatively scarce (e.g.
Gibernau & Barabé, 2000; Barabé et al.,
2002; Gibernau et al., 2005; Chouteau et al.,
2007, 2009). A quantitative comparison
between thermogenesis cycles belonging
to different species allows a better under-
standing of the relationship between bio-
logical and physical constraints during
evolution (Gibernau et al., 2005).

The inflorescences of Philodendron
(over 700 species) are composed of female
flowers in the lower part, male flowers in
the upper part and sterile male flowers in
the intermediate part. Data on thermogenic
cycles are available for P. selloum, P. bipin-
natifidum, and P. solimoesense, which
belong to subgenus Meconostigma (Gotts-
berger & Amaral, 1984; Seymour, 1999;
Gibernau & Barabé, 2000), and in subgenus
Pbhilodendron for P. acutatum, P. melino-
nii, P. pedatum, P. pterotum and P.
squamiferum (Barabé & Gibernau, 2000;

Gibernau & Barabé, 2000; Gibernau et al.,
2000; Barabé et al, 2002; Gibernau &
Barabé, 2002; Seymour & Gibernau, 2008).

However, is the previously reported
thermogenic pattern common to all species
of Philodendron? The great number of
species belonging to the genus Philoden-
dron does not allow us to claim that the
thermogenic cycle is similar for all species.
For example, Mayo (1986, 1989) showed
that there is great variability of anatomical
characters between inflorescences in Phil-
odendron. Therefore, although the overall
thermogenic pattern of the inflorescence of
Philodendron is consistent, one may ex-
pect to find some variability and alternate
thermogenic patterns in a genus consisting
of several hundred species.

In a previous study, a logarithmic rela-
tionship was found between the volume of
the thermogenic spadix zone and the
maximum temperature difference between
the spadix and ambient air in the genus
Philodendron. The increase in the temper-
ature difference between the spadix and
ambient air appeared to be physically
constrained and to correspond to the value
of a thermal model of heat conduction in an
insulated cylinder with an internal heat
source (Gibernau et al., 2005). To test the
value of this model, which was adjusted on
28 samples, one needs to predict the
theoretical amplitude of the thermogenic
species that are not included in the model,
and compare it to empirical results. There-
fore, the study of thermogenesis in P.
grandifolium and P. ornatum will allow a
better understanding of geometrical con-
straints linked with thermogenic patterns.

The specific goals of this study are: 1)
to determine the relationships between
the flowering cycle and the thermogen-
ic pattern in two species of Philoden-
dron subgenus Philodendron (P. ornatum
and P. grandifolium); 2) to compare
their thermogenic patterns to others
known in the subgenera Philodendron
and Meconostigma; and 3) to integrate
the thermogenic pattern of these species
into a general model linking the size of
the inflorescence to the amplitude of heat
peaks.
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MATERIALS AND METHODS

Philodendron ornatum Schott (subge-
nus Philodendron) is a hemi-epiphyte
usually growing below the tree canopy,
but occasionally on logs or rocks. The
spathe is greenish abaxially and pink to
purplish in the adaxial basal part. The
female flowers occupy the lower portion
(34 cm) of the spadix, whereas the male
flowers are located on its upper portion
(12-13 cm). In between, there is a short
intermediate zone (2-3 cm long) of sterile
male flowers.

Philodendron grandifolium ( Jacq.) Schott
belongs to the subgenus Philodendron. This
species is a climbing hemiepiphyte growing
on trees. The spathe is green abaxially and
white-cream adaxially. The pistillate flowers
occupy the lower portion (45 cm) of the
spadix, whereas the male flowers are located
on the upper part (6-7 ¢cm) of the inflores-
cence. An intermediate zone (ca. 1 cm)
consists of sterile male flowers.

This study was conducted in French
Guiana. Three individuals of P. grand-
ifolium were observed, one at the Nour-
agues field station (GPS coord.: 04°05.196N-
052°40.768%) in June 2008 and two near
“Petit Saut” Dam in 2002 (GPS coord.:
04°49.43N-052°26.34W). Three individuals
of P. ornatum were observed at the
Nouragues field station in June 2008.
Voucher specimens were deposited at
Marie-Victorin Herbarium (MT): Barabé
67, Barabé 374.

Philodendron individuals were moni-
tored regularly and flowering cycle tem-
peratures were recorded during inflores-
cence opening. Temperatures of the spadix
and ambient air were recorded every 10 or
20 min with two Digi-Sense® DualLogR®
thermocouple thermometers. Probes were
inserted about 5 mm deep into the spadix
in the middle of the different zones under
study (see Barabé et al., 2002 for a detailed
description of this procedure).

RESULTS

The flowering cycle of the two species
studied mostly follows the same pattern

described for other species of Philoden-
dron (Gibernau et al., 1999, 2000; Gibernau
& Barabé, 2000; Barabé et al., 2002).
Flowering appears to be asynchronous for
the two species, with inflorescences open-
ing successively on the same individual.
The flowering cycle was a two-day process:
the spathe began to open in mid-morning
or early afternoon of the first day of the
flowering cycle. By the end of the after-
noon, the spathe was wide open, and at
dusk, the stigmata were receptive (female
phase) and the spadix began to warm up.

During the second day of the flowering
cycle, the spathe had closed slightly and in
the afternoon, a brownish resin began to be
produced by the spadix at the base of the
male zone in both species. At dusk, the
spathe closed by slowly folding around the
spadix, from the base to the upper parts
and the anthers released pollen (male
phase).

Since the records were similar for indi-
viduals belonging to each species, only one
temperature measurement is shown for
each species (Figs. 1 and 2).

In P. grandifolium, there was one
temperature peak during each of the two
consecutive evenings of the flowering cycle
(Fig. 1). The temperature of the male zone
peaked at 28-28.5°C (2143-2204 hours)
during the first evening. The temperature of
the sterile zone peaked at the same time as
the male zone (2143 hours), but at a lower
temperature, about 27°C. This increase in
temperature occurred between 1950-2320
hours (Fig. 1A). Later, the male zone
temperature decreased to 22-23°C, close
to ambient temperature. During the same
period, the temperature of the intermediate
zone increased and peaked at 26.9°C, while
the female zone remained cool (0.5 degrees
above ambient air temperature). The three
zones of the spadix and ambient tempera-
tures followed the same variations until late
afternoon of the next day, but during the
hottest hours of the day the inflorescence
zones were approximately at the same
temperature as the surrounding air. At
dusk, while air temperature cooled down,
the temperature of the male zone and the
sterile male zone increased a second time.
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This second temperature increase peaked
about one hour earlier than the previous
night. The temperature of the male zone
peaked between 2030-2100 hours at 27.6—
30°C. The temperature of the sterile zone
peaked a bit earlier than the male zone,
between 1940-2015 hours at 25.7-27.6°C.
On the second day, there was still no
significant temperature increase in the
female zone. Subsequently, spadix temper-
ature decreased to ambient level as the
spathe closed around the spadix.

When looking at the temperature differ-
ences between the inflorescence zones and
ambient air (Fig. 1B), the male flowers
were 4.2-4.6°C warmer than ambient air
during the first peak and 4.3—4.9°C during
the second night. In one instance (Fig. 1C),
the spadix (male zone) was 7.3°C warmer
than ambient air during the second night.
This indicates a certain degree of variability
in the quantitative expression of the ther-
mogenic cycle, even if the qualitative
patterns remain stable among samples.
The sterile male flowers were 3.2°C warmer
than ambient air during the first night and
2.4-3.1°C during the second night. The
temperature of the female flowers re-
mained more or less constant within the
floral chamber (about 0.5°C above ambient
air).

In P. ornatum the thermogenic pattern
of the inflorescence was similar to that of P.
grandifolium, although the amplitude of
the cycle was greater in the first species.
The temperature of the male zone peaked
at 34.5°C (2206 hours) during the first
evening (Fig. 2). This temperature peak
occurred between 1900-0030 hours (Fig.
2A). later, the male zone temperature
decreased to 24.6°C, close to ambient
temperature (0.8-1°C above). The male
zone and ambient temperatures followed
approximately the same variations until late
afternoon of the next day. At dusk, while air
temperature cooled down, the temperature
of the male zone increased a second time
(2054 hours) to peak at 33.6°C. This second
temperature increase peaked earlier than
the previous night. Subsequently, spadix
temperature decreased to ambient level as
the spathe closed around the spadix. The

temperature differences between the male
zone and ambient air (Fig. 2B) were greater
than in P. grandifolium. The male zone
was 10.7°C warmer than ambient air during
the first peak and 9.3°C during the second
night.

Temperature differences between the
spadix (male zone) and air for P. grand-
ifolium and P. ornatum (subgenus Philo-
dendron) showed the same pattern
(Figs. 1B, 2B). Two clear peaks appeared
during two successive nights, and other-
wise there was little or no difference
between air and spadix temperatures.

DISCUSSION

Previous works on Aroids have shown
that the qualitative pattern of heat pro-
duction (one-, two-, three-, or multi-phasic)
is constant for a given species (Seymour,
1999, Barabé & Gibernau, 2000; Barabé
et al., 2002; Ivancic et al., 2005; Chouteau
et al., 2007, 2009; Seymour & Gibernau,
2008). The study of thermogenesis in
P. grandifolium and P. ornatum con-
firms that the pattern of the thermogenic
cycle remains stable within a species and
seems to be independent of external
temperature. Although the qualitative pat-
terns remain stable among samples, a
certain degree of variability in the quanti-
tative expression of the thermogenic
cycle may be present, as in the case of P.
grandifolium (Fig. 1C).

There are local variations in the temper-
ature of the spadix, but they do not modify
the thermogenic cycle, which depends on
the increase of spadix temperature as
compared to air temperature. The circadian
thermogenic rhythm is an intrinsic charac-
teristic of a species, as has been shown for
other Philodendron species (Gibernau et
al., 2000; Barabé et al., 2002). Therefore,
we can assume that the thermogenic
pattern is constant between individuals of
the same species and constitutes an endog-
enous characteristic of the species. This
regularity allows us to make comparisons
between species.

Our results show that the amplitude of
the heating peak in P. grandifolium and P.
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Fig. 1A. Temperature curves (°C) of the male zone, the male sterile zone, the female
zone, and ambient air during two days of flowering for P. grandifolium (site of Petit-Saut).
Fig. 1B. Curves of differences in temperature (°C) between the male zone, the sterile
male zone and the female zone, and ambient air during two days of flowering for P.
grandifolium (site of Petit-Saut).
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Fig. 2A.

Temperature curve (°C) of the male zone and ambient air during two days of
flowering for P. ornatum (site of Nouragues).

Fig. 2B. Curve of differences in temperature (°C) between the male zone and ambient air
during two days of flowering for P. ornatum (site of Nouragues).

ornatum may be linked to the size of the
spadix. The volume of the heating zone
(e.g. male and sterile zones) in P. ornatum
(mean * SD: 14.2 = 2.5 cm®) is nearly twice
the size of that in P. grandifolium (8.7 +
2.5 cm?®). This size difference corresponds
to a temperature differential in P. ornatum
that is also more than twice that in P.
grandifolium. This is not surprising, con-
sidering that in the genus Philodendron
there is a quantitative relationship between
the size of the spadix and the amplitude of

the first peak, following a thermal model of
heat conduction (Gibernau et al., 20053).
Applying the same heat model transfer
based on the size of the inflorescence
(Gibernau et al., 2005), temperature differ-
ences in the spadix of P. grandifolium and
P. ornatum should range respectively from
5.5 to 7.9°C and from 8.7 to 10.8°C. This is
very close to our measurements, with the
exception of the temperature minimum in
P. ornatum, which is overestimated by the
model by 1°C.

Fig. 1C. Difference between the temperature of the male zone and ambient air during the
flowering cycle in an individual of P. grandifolium (site of Nouragues).



198

AROIDEANA, Vol. 33

The spadix temperature of P. grand-
tfolium and P. ornatum is very close (1°C
or less warmer) to ambient air temperature
between the two peaks, as in other species
of the subgenus Philodendron (Barabé &
Gibernau, 2000; Gibernau et al., 2000;
Barabé et al., 2002; Gibernau & Barabé,
2002). Contrary to the subgenus Philoden-
dron, in species from the subgenus Meco-
nostigma, there is a biphasic pattern of heat
production. A peak phase occurs after the
first sunset, followed by a plateau phase
during which the temperature is main-
tained several degrees above ambient air
(around 30-35°C) until the second night
(Seymour et al., 1983; Gottsberger &
Amaral, 1984; Mayo, 1991, Seymour, 1999;
Barabé et al., 2002). The “plateau” phase is
not always very clear. The progressive
decrease in the difference between air
temperature and that of the spadix after
the first peak can be related to a warming of
the ambient air during the day (Gottsberger
& Amaral, 1984; Mayo, 1991; Gibernau &
Barabé, 2000). Despite the fluctuations in
air temperature, spadix temperature re-
mains higher, indicating the existence of a
prolonged heating phase that persists until
the second night. As ambient air tempera-
ture decreases at dusk, the temperature
difference increases and a “second” heat-
ing peak may appear during the second
night.

Qualitative differences in the pattern of
heat production, a biphasic versus a “two
peak” pattern, exist between the two
subgenera (Meconostigma and Philoden-
dron) but they can be seen as close heat
production processes. In fact, in some
cases, Philodendron species of the Meco-
nostigma subgenus have a “second” peak
even if there is a “plateau” phase (Mayo,
1991; Barabé et al., 2002). Therefore, the
thermogenic cycle is fundamentally the
same between species of the genus Philo-
dendron. However, some qualitative and
quantitative differences exist between the
subgenera Philodendron and Mecono-
stigma (Gibernau & Barabé, 2000). Some
Philodendron species of the subgenus
Meconostigma have acquired the capacity
to remain warm over a prolonged period

between the first peak and the liberation of
pollen. In P. selloum for example, the peak
phase represents regulation of only the
maximum spadix temperature, while the
plateau phase demonstrates a true regula-
tion around a mean of approximately 28°C
(Seymour, 1999). It has been shown that
the male floret tissues of P. melinonii (subg
Philodendron) possess the same thermo-
regulatory mechanism as species of the
subgenus Meconostigma, but a combina-
tion of small spadix size, moderate ther-
mogenic capacity, and slow reaction time
result in poor and non efficient thermoreg-
ulatory performance (Seymour & Giber-
nau, 2008).

Consequently, the biphasic pattern pres-
ent in the subgenus Meconostigma can be
seen as a variant of the “two peak” pattern
occurring in the subgenus Philodendron,
with a “plateau” phase between peaks. In
fact, the biphasic pattern can be seen as a
derived two peak pattern that is possible
only with inflorescences of a large size
(which limits heat loss) and/or high ther-
mogenic capacity (high heating rate) and/
or fast reaction time (rapid physiological
response to temperature changes). The
present results confirm that the baseline
pattern of thermogenesis is fundamentally
the same in the subgenera Philodendron
and Meconostigma, independent of the size
of the inflorescence. In the genus Philo-
dendron, the quantitative differences be-
tween the patterns observed in both
subgenera may be linked with the size of
the spadix, which constitutes a physical
constraint on the theoretical amplitude of
the cycle. Unfortunately, no species be-
longing to the third subgenus, Ptero-
mischum, has been studied to date, to
verify whether this spadix temperature
pattern is a general characteristic of the
genus Philodendron.
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