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A B S T R A C T

Light energy is essential for carbon metabolism in plants, as well as controlling the transport of metabolites
between the organs. While terrestrial plants have a distinct structural and functional separation between the
light exposed aerial parts and the non-exposed roots, epiphytic plants, such as orchids, have shoots and roots
simultaneously fully exposed to light. The roots of orchids differ mainly from non-orchidaceous plants in their
ability to photosynthesize. Since the roots of Catasetum fimbriatum can synthesize auxin which is acropetally
transported to the shoot region, we decided to investigate whether: (1) light treatment of C. fimbriatum roots
raises the auxin levels in the plant; and (2) distinct auxin concentrations can change the source-sink relation-
ships, altering the amounts of sugars and organic acids in leaves, pseudobulbs and roots. Among the organs
studied, the roots accumulated the highest concentrations of indole-3-acetic-acid (IAA); and when roots were
exposed to light, IAA accumulated in the leaves. However, when polar auxin transport (PAT) was blocked with
N-(1-Naphthyl)phthalamic acid (NPA) treatment, a significant accumulation of sugars and organic acids oc-
curred in the pseudobulbs and leaves, respectively, suggesting that auxin flux from roots to shoots was involved
in carbon partitioning of the aerial organs. Considering that C. fimbriatum plants lose all their leaves seasonally,
it is possible the roots are a substituting influence on the growth and development of this orchid during its
leafless period.

1. Introduction

Due to their sessile nature, plants need to deal with environmental
changes to maintain their developmental processes. Among these en-
vironmental changes, light is one of the most prominent physical fac-
tors, acting both as an energy source (Hohmann-Marriott and
Blankenship, 2011) and controlling photomorphogenic responses (de
Wit et al., 2016). For most terrestrial plants, the aerial vegetative or-
gans are responsible for light sensing using a wide variety of specialized
photoreceptors, such as UV RESISTANCE LOCUS 8 (UVR8) responsible
for mediating mechanisms in response to UV wavelengths, phototropins
and cryptochrome responsive to blue light, and phytochrome that
perceives red and far-red light (de Wit et al., 2016). By contrast, the
underground root system in the absence of direct light exposure is
mainly involved with plant anchorage and acquisition of water and
nutrients. However, light signaling can indirectly control root devel-
opment. For example, Lee et al. (2016) showed that the light incident
on leaves of Arabidopsis controlled the mobilization of phytochrome B

from the cytosol to the nucleus in roots cells.
Signals reciprocally exchanged between shoot and root systems

coordinate a series of responses connecting the atmospheric and soil
conditions, and affecting plant growth and development (Shabala et al.,
2016). For example, polar auxin transport (PAT) mediated by the pin-
formed (PIN) proteins, a family of efflux auxin transporters, is modu-
lated by light. This represents the key pathway behind phototropic
responses (Friml et al., 2002), with light controlling PIN polarization on
the plasma membrane (Laxmi et al., 2008; Xu et al., 2013). However,
PAT also plays a prominent role in virtually all phases of root growth
and development (Saini et al., 2013).

Light has also been shown to play a conspicuous role in controlling
the transport of metabolites between different organs in a number of
plant species (Häusler et al., 2014; Keiller and Smith, 1989). Sucrose,
the main product of photosynthesis, is translocated from source to sink
organs through the phloem, where it is either used for energy in growth
and development or stored (Griffiths et al., 2016). Remarkably, Chen
et al. (2016) showed that the transcription factor ELONGATED
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HYPOCOTYL 5 (HY5) expressed on leaves and regulated by light is
transported to the roots and coordinates sucrose transport from the
shoot to the root, controlling the source-sink relationship. Furthermore,
the interaction between hormones and sugars, essential for plant de-
velopment, can involve the expression of some genes up-regulated by
glucose in Arabidopsis (Mishra et al., 2009), such as those for PIN2,
YUCCA2 (an enzyme involved in the auxin biosynthetic pathway), ARFs
(Auxin Response Factors) and ABP1 (a receptor for auxin). Beside su-
gars, organic acids, such as malate and citrate, are also thought to act as
both carbon source and signaling molecules. Malate can participate in
photosynthetic reactions as a CO2 concentrator, as well as a substrate
for ATP production through the tricarboxylic acid cycle in mitochon-
dria (Peckmann et al., 2012). In the same way, citrate can be used as an
energy source for carbon skeleton recycling (Borland and Griffiths,
1989; Luttge, 1988) and also reducing the cell osmotic potential, pre-
venting plant dehydration (Lee et al., 2008).

Most terrestrial plants possess green photosynthetic shoots, and
underground root systems for anchorage and water and nutrient up-
take. By comparison, epiphytic plants display a wide range of adapta-
tions due to the different environment in which they live, especially
with regard to intermittent availability of light, nutrients, and water
(Benzing, 1990; Benzing et al., 1983). One of the most numerous and
diverse families of epiphytic plants is Orchidaceae, which has ap-
proximately 29,000 species (Hinsley et al., 2018). The epiphytic orchids
have several morphological specializations that allow them to colonize
their habitat, such as the velamen, a dead multilayer epidermis that
covers the roots and is related to water retention and absorption
(Benzing, 1990; Joca et al., 2017). In addition, most aerial roots of
epiphytic orchids can also photosynthesize when exposed to light, a fact
best exemplified by the extreme situation with the shootless orchid
Campylocentrum sp. which depends entirely on its green aerial roots
(Benzing et al., 1983). In another case, the Neotropical epiphytic orchid
Catasetum sp. can form a nest-like structure consisting of tiny and short
lateral roots that traps humidity and organic debris (Benzing, 1986).
Since Catasetum sp. loses all its leaves seasonally, especially in the dry
season (Benzing, 1990; Benzing et al., 1982), its roots might assume
functions other than just nutrient and water uptake. Interestingly, while
its tiny lateral roots are typically negatively gravitropic, the first thick
roots are positively gravitropic and grow inside the nest-like structure
(Fig. 1A and B).

The epiphytic orchid Catasetum fimbriatum is a deciduous species
whose root system receives light in its natural environment. Since PAT
is controlled by light, and the roots of C. fimbriatum are able to produce
auxin (Peres et al., 2009), we aimed to investigate whether distinct light
conditions on C. fimbriatum roots could induce and/or alter the acro-
petally PAT in the whole plant, changing its metabolism and carbon
partitioning (Fig. 1C and D). Specifically, we conducted an experiment
to evaluate: (1) whether light incident on the roots raises the auxin
levels in the plant; and (2) whether distinct auxin concentrations in the
plant resulting from light incident on the roots alters the source-sink
relationships, altering the levels of sugars and organic acids among the
different orchid organs, such as leaves, pseudobulbs, and roots.

2. Materials and methods

2.1. Plant growth conditions and experimental design

Micro-propagated plants of Catasetum fimbriatum Lindl
(Orchidaceae) (SisGen number A89A94C) were grown in vitro for 6
months in the culture medium of Vacin and Went (1949), according to
the procedure described by Suzuki et al. (2004). Plants were then
transferred to pots containing dried moss fiber as a substrate, with
approximately 15 plants per pot, and these were kept for 12 months in
the greenhouse. Following this period, the plants were transferred to a
climatic chamber with 200 μmol m−2s−1 of light intensity emitted by
fluorescent lamps on a photoperiod of 12 h, temperature of 25 ± 2 °C,

and 70% relative humidity. After 30 days under these conditions, plants
were gently removed and transferred to transparent glass vials (10 cm
height x 3.6 cm wide), filled with the inorganic solution of Vacin and
Went (1949) without Phytagel®, and with their root systems fully ex-
posed to light. Only 1 cm of the roots was inserted in the nutritional
solution. During the following 30 days of incubation, the nutrient so-
lution was renewed every 3 days. Subsequently, plants were incubated
for 20 days in the same type of vials containing distilled water. They
were then separated into 2 treatment groups of 30 plants each. One set
of plants received distilled water at pH 5.8, and represented the control
group. The other group of 30 plants received 10 μM N-(1-Naphthyl)
phthalamic acid (NPA) in distilled water, pH 5.8, a well-known in-
hibitor of PAT. Each treatment group was then further divided into 2
sub-groups. For each treatment, 15 plants had their roots exposed to
constant light; while the other 15 plants had their roots protected from
light with aluminium foil covering all the root system and the vial. The
plants were then placed in a climatic chamber for 15 days at 25 ± 2 °C
with 150 μmol m−2s−1 of continuous light. At the end of 15 days,
leaves, pseudobulbs and roots were harvested from the plants for ana-
lysis of levels of auxin, sugars and organic acids.

2.2. Analysis of auxin levels

Endogenous auxin (indole-3-acetic acid; IAA) amounts were quan-
tified by the GC-MS procedure described in Melo et al. (2016) with
some modifications. 200mg of frozen roots were grounded in liquid
nitrogen with 20mg poly(vinylpolypyrrolidone) (PVPP) and then
homogenized in 1.25mL extraction solution composed of 10mM as-
corbic acid, 10mM ethylenediamine tetraacetic acid and 10mM di-
thiothreitol. One μg [13C6]-IAA (Cambridge Isotopes, Inc.) was added to
each sample as an internal standard. After centrifugation (25,000 g,
20min, 4 °C), the supernatant was purified via solid phase extraction
columns (Supelclean LC-NH2, Supelco) as described in Chen et al.
(1988). Purified samples were dried by evaporation, resuspended in
200 μL methanol, and dried again. Afterwards, samples were re-
suspended in 50 μL pyridine and then 50 μL N-tert-Butyldimethylsilyl-N-
methyltrifluoroacetamide (MTBSTFA) followed by 60min of derivati-
zation at 92 °C. Analysis of samples was performed on a gas chroma-
tograph coupled to a mass spectrometer (GCMS-QP2010 SE, Shimadzu)
with a selective ion monitoring mode. The chromatograph was
equipped with a fused-silica capillary column (30m, ID 0.25mm,
0.25 μm thick internal film; DB-5 MS, Agilent Technologies) stationary
phase using helium as the carrier gas at a flow rate of 4.5mLmin−1 in
the following program: 2min at 100 °C, followed by ramps of 10 °C
min−1 to 140 °C, 25 °C min−1 to 160 °C, 35 °C min−1 to 250 °C, 20 °C
min−1 to 270 °C and 30 °C min−1 to 300 °C. The injector temperature
was 250 °C and the following MS operating parameters were used: io-
nization voltage of 70 eV (electron impact ionization); 230 °C on ion
source, 260 °C on interface. Ions with a mass ratio/charge (m/z) of 244,
202 and 130 (corresponding to the endogenous IAA), 250, 208 and 136
(corresponding to [13C6]-IAA) were monitored. Endogenous con-
centrations of IAA were calculated based on the extracted chromato-
grams at m/z 244 and 250.

2.3. Analysis of sugars and organic acids

Quantitation of soluble sugars and organic acids was performed as
described by Roessner et al. (2001), with some modifications. 100mg of
fresh root samples were grounded in liquid nitrogen and extracted with
a solution of methanol:chloroform:water in the proportion by volume of
12:5:1. 40 μg salicylic acid was added as an internal standard for or-
ganic acids and 200 μg phenyl-β-glucopyranoside as an internal stan-
dard for soluble sugars; then, samples were vigorously mixed and in-
cubated at 60 °C for 30min. Following incubation, 500 μL water was
added, the samples were centrifuged at 16,000 g for 10min, and the
supernatant was collected. For the analysis of soluble sugars, an aliquot
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of 25 μL was dried under vacuum at 60 °C, 25 μL pyridine was then
added, and derivatization was performed with 25 μL N,O-bis(tri-
methylsilyl)trifluoroacetamide with 1% trimethylchlorosilane in-
cubated for 60min at 75 °C. For the analyses of organic acids, an aliquot
of 50 μL was dried under vacuum at 60 °C, 25 μL pyridine was added,
and derivatization was performed with 25 μL MTBSTFA incubated for
60min at 92 °C. Analysis of sugars and organic acids were both per-
formed on the GCMS-QP2010 SE, Shimadzu in scan mode. The chro-
matograph was equipped with a fused-silica capillary column (30m, ID
0.25mm, 0.25 μm thick internal film; DB-5 MS, Agilent Technologies)

stationary phase using helium as the carrier gas at a total flow rate of
24mLmin−1 and column flow of 1mLmin−1 in the following program:
initial temperature at 100 °C, followed by a ramp of 6 °C min−1 to
300 °C, 300 °C 10min. The injector temperature was 290 °C and the
following MS operating parameters were used: ionization voltage 70 eV
(electron impact ionization), ion source temperature 200 °C, interface
temperature 250 °C, scan mode, event time 0.3 s, scan speed 3333 amu/
s. Due to concerns of possible interference, we demonstrated that en-
dogenous levels of salicylic acid were not detectable in the scan mode.

Fig. 1. Adult plants of Catasetum fimbriatum with their roots grown exposed to light [white roots] (A), or protected from light [covered roots] (B). Physiological
model of polar auxin transport and the carbon partitioning between shoot and roots when roots are exposed to light (C), or protected from light (D).

Fig. 2. Free indole-3-acetic-acid (IAA) content in leaves (A), pseudobulbs (B) and roots (C) of Catasetum fimbriatum in response to the root light conditions. White
columns represent plants where roots were exposed to light (exposed root), while black columns represent plants where roots were protected from light (covered
root). Control treatment was composed of plants where roots were kept in distilled water. NPA group were plants where roots were exposed to N-(1-Naphthyl)
phthalamic acid (NPA), a polar auxin transport blocker. Bars indicate means and the standard error; nd, not detected. Asterisks (*) indicate statistical differences
between plants with light exposed and covered roots; letters indicate statistical differences between treatments (ANOVA/Tukey HSD post-hoc test, α = 0.05).
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2.4. Statistical analyses

The response variables, IAA, sucrose, glucose, fructose, malate and
citrate from orchid roots, leaves and pseudobulbs were compared using
analyses of variance (ANOVA), and the Tukey HSD post-hoc test was
used for pair-wise comparisons. All statistical analyses were conducted
with the statistical platform R (R Core Team, 2017).

3. Results

The free IAA content in the leaves, pseudobulbs, and roots of
Catasetum fimbriatum changed depending on the light conditions and
treatments of the root system (Table S1; Fig. 2). The leaves of orchids
without the PAT blocker NPA and with roots exposed to light showed
approximately 70% more IAA than leaves of plants with covered roots,
(Table S1; Fig. 2A). NPA reduced the levels in leaves from both light
exposed and covered roots to non-detectable levels. Interestingly, the
concentration of IAA in pseudobulbs showed an opposite response, as
pseudobulbs of orchids without NPA and with exposed roots showed
lower IAA content compared with pseudobulbs of plants with covered
roots (Table S1; Fig. 2B). Similar to the leaves, NPA reduced the con-
centration of IAA in pseudobulbs of plants with both exposed and
covered roots (Table S1; Fig. 2B). Orchid roots presented the highest
values of IAA compared to leaves and pseudobulbs; without NPA, the
IAA concentration in roots exposed to light decreased by approximately
58% compared to covered roots, although this result was not statisti-
cally significant (Table S1; Fig. 2C). However, exposed roots that re-
ceived NPA showed a higher concentration of IAA compared to covered
roots (Table S1; Fig. 2C).

The content of glucose, fructose and sucrose differed among orchid
organs and varied depending on the treatments and the light conditions

of the roots (Table S1; Fig. 3). The concentrations of glucose, fructose
and sucrose were similar in orchid leaves of plants with exposed or
covered roots that did not receive NPA; however, orchid leaves showed
higher concentrations of glucose and sucrose when its roots were cov-
ered and received NPA (Table S1; Fig. 3A–C). The pseudobulbs showed
an elevated concentration of glucose, fructose, and sucrose compared to
the leaves and roots, and showed an elevated content of all sugars when
treated with NPA (Table S1; Fig. 3D–F). Additionally, the pseudobulbs
of orchids with covered roots showed a higher sucrose content after
receiving NPA (Fig. 3F). By contrast, the roots of C. fimbriatum showed
the lowest concentration of sugars (Table S1). The concentration of
sucrose was higher in the light exposed roots of plants without NPA,
while the glucose content was higher in the light exposed roots of plants
that received NPA (Table S1; Fig. 3G–I).

The concentration of malate and citrate varied depending on the
treatments and the light conditions of the roots, and they were lower in
the roots compared to leaves and pseudobulbs (Table S1; Fig. 4). Leaves
of C. fimbriatum showed lower contents of malate and citrate in the
control treatment compared to plants that received NPA (Table S1;
Fig. 4AandB). By contrast, the pseudobulbs showed a higher content of
malate in the control treatment compared to plants that received NPA
(Table S1; Fig. 4C and D). In addition, the roots showed higher con-
centration of malate and citrate in the plants without NPA, and the
citrate concentration was even higher in the covered roots (Table S1;
Fig. 4E and F).

4. Discussion

Our results highlight the diverse relevance of the roots of Catasetum
fimbriatum, as changing the light condition incident on the roots af-
fected the IAA content and the carbon partitioning in the whole plant.

Fig. 3. Concentration of glucose, fructose and sucrose in leaves (A, B, C), pseudobulbs (D, E, F) and roots (G, H, I) of Catasetum fimbriatum in response to the root light
conditions. White columns represent plants where roots grew exposed to light (exposed root), while black columns represent plants where roots grew protected from
light (covered root). Control treatment was composed of plants where roots were kept in distilled water. NPA group were plants where roots were exposed to N-(1-
Naphthyl)phthalamic acid (NPA), a polar auxin transport blocker. Bars indicate means and the standard error; nd, not detected. Asterisks (*) indicate statistical
differences between plants with light exposed and covered roots; letters indicate statistical differences between treatments (ANOVA/Tukey HSD post-hoc test,
α = 0.05).
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Notably, Catasetum fimbriatum roots showed the highest concentration
of IAA and light incident on them favored the accumulation of this
hormone in the leaves, suggesting that the roots may act as a source of
auxin. Moreover, even covered roots contributed to the amount of IAA
in the pseudobulbs. In addition, when PAT was blocked, sugars accu-
mulated in the pseudobulbs and organic acids in the leaves, suggesting
that acropetal auxin flux from roots to shoots controls carbon parti-
tioning among the orchid organs. Since C. fimbriatum is a deciduous
species that loses all its leaves seasonally, its roots could be responsible
for maintaining plant growth and development during these periods by
assuming such a function. In fact, the importance of this role by the
roots, when compared to its other functions of substrate anchoring and
nutrient uptake, assumes even more relevance as this species lives in an
epiphytic environment.

This report provided evidence that the root system of C. fimbriatum
acted as an auxin source and favored IAA accumulation in the leaves
when the roots were exposed to light. It is known that the PAT in roots
is mediated by efflux transporters, the PIN proteins, that are upregu-
lated by light, which promotes transcription of the PIN genes and PIN
protein trafficking from endosome to cell membrane (Laxmi et al.,
2008; Xu et al., 2013). Therefore, the increase of auxin in leaves when
roots were exposed to light is consistent with the remobilization of the
PIN proteins to the cell membrane, increasing the acropetal PAT and
consequently high free IAA content in leaves. In addition, the use of
NPA blocked PAT and strongly reduced IAA levels in leaves and pseu-
dobulbs, as it prevented free auxin exportation, resulting in IAA accu-
mulation at the site of biosynthesis, the roots. By contrast, we observed
a low amount of IAA in covered roots treated with NPA; however, this
might be explained if there was conjugation of free IAA. Elevated levels
of free IAA can induce the expression of genes involved in auxin con-
jugation, generating low molecular weight peptide, sugar, ester, and
amide forms of IAA, thus controlling the cellular content of free IAA for
storage or transportation (Ludwig-Müller, 2011). Future studies are
necessary to detect whether these conjugates are produced in C. fim-
briatum and how they are distributed with regard to storage or trans-
portation.

The roots of C. fimbriatum naturally produce a nest-like structure
that accumulates humidity and organic debris, where the tiny nega-
tively gravitropic lateral roots wrap it and are exposed to light
(Benzing, 1986). Inside this nest-like structure are positively gravitropic
thick roots. Since the lateral root formation, as well as the root

gravitropism, are controlled by auxin (De Smet, 2012; Su et al., 2017),
and light signaling is involved in root gravitropic and phototropic re-
sponses (Lee et al., 2017), we believe that the size of the nest-like
structure and consequently the amount of humidity and nutrients that
roots will collect will be dependent on the light incident on the lateral
roots and the resulting IAA production. We showed here that light was a
prominent factor inducing IAA production in light-exposed roots of C.
fimbriatum and this light-dependent IAA content might be responsible
for: (i) the production of lateral roots, allowing the expansion of the
nest-like structure and its accumulation of organic debris; (ii) the pro-
duction of the thicker roots inside the nest-like structure; and (iii) in-
creasing the ability of the roots to obtain nutrients for this orchid
species.

The mechanisms involving the action of carbohydrates, such as
glucose and sucrose, on auxin biosynthesis are well known, including
their light-dependency (Ljung et al., 2015). On the other hand, the role
of auxin in the molecular mechanisms of sugar metabolism is poorly
understood. However, using mutants impaired in auxin signaling,
Anegawa et al. (2015) showed that auxin was involved in the control of
some primary metabolism steps, such as organic phosphate levels. In-
deed, our data provide good evidence that auxin flux controls some
photo-assimilate contents, as we showed that pseudobulbs presented
the highest content of sugars, leaves presented intermediary values,
while roots had the lowest levels. Moreover, disturbing the acropetal
transport of auxin by NPA induced an increase in the sugar content of
pseudobulbs. These differences among orchid organs are probably re-
lated to their functions, while orchid leaves are the primary source of
photo-assimilates they may not also be the sink organ due to the de-
ciduous nature of C. fimbriatum, an uncommon phenomenon in epi-
phytic orchid plants. Hence, sugar compounds produced in the leaves
may be transported and stored in pseudobulbs, providing energy for the
formation of new leaves, roots, and flowers during the next wet season
(Benzing et al., 1982). Alternatively, the roots of C. fimbriatum exposed
to light may be the organ requiring more energy sources, such as glu-
cose or sucrose. Since sucrose is the main sugar transported from the
source to the sink organs (Lemoine et al., 2013), the higher amount of
sucrose observed in roots exposed to light in control treatment may
have ramification for the roots. In addition, roots exposed to light that
received NPA showed a higher amount of IAA and glucose. Since both
cytosolic and vacuolar invertase activity is induced by auxin (Gasperl
et al., 2016), the exposed roots of C. fimbriatum may have a higher

Fig. 4. Concentration of malate and citrate in leaves (A, B), pseudobulbs (C, D) and roots (E, F) of Catasetum fimbriatum in response to the root light conditions. White
columns represent plants where roots grew exposed to light (exposed root), while black columns represent plants where roots grew protected from light (covered
root). Control treatment was composed of plants where roots were kept in distilled water. NPA group were plants where roots were exposed to N-(1-Naphthyl)
phthalamic acid (NPA), a polar auxin transport blocker. Bars indicate means and the standard error; nd, not detected. Asterisks (*) indicate statistical differences
between plants with light exposed and covered roots; letters indicate statistical differences between treatments (ANOVA/Tukey HSD post-hoc test, α = 0.05).
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auxin-modulated invertase activity, converting sucrose in glucose and
eliciting root development.

Besides carbohydrates, organic acids can also function as an energy
source for plants. In addition to the inhibitory NPA effect on auxin-
mediated acropetal transport of sugars from pseudobulbs, NPA also
favored an increase in malate and citrate levels in leaves. Interestingly,
the mutant SOLITARY-ROOT (slr) of Arabidopsis, which is less re-
sponsive to auxin, showed higher concentrations of organic acids
compared to the wild-type when IAA-treated, with lower malate con-
tent in the shoots (Anegawa et al., 2015). Therefore, increased organic
acid levels in leaves may be the result of decreased local production of
energy products, such as glucose and sucrose, a process very likely
triggered by a decrease of auxin in leaves. The energy liberation by
organic acids can occur by the decarboxylation process, making CO2

available for the production of hexoses and malate which can be used in
mitochondria (Borland et al., 2011; Lüttge, 2006) and can be translo-
cated throughout the plant (Hibberd and Quick, 2002). Altogether, the
light incident on the roots controls the auxin content that modulates
organic acids and sugars accumulation.

In conclusion, we suggest that the roots of C. fimbriatum are func-
tioning as an auxin source and that increased IAA levels in illuminated
roots may favor a positive relationship with regard to lateral root for-
mation in this epiphytic orchid, leading to the establishment of its
characteristic nest-like root system architecture. Unfortunately, so far
nothing is known on the negative gravitropic growth of these lateral
roots. Additionally, changing the auxin distribution in the shoots by
blocking PAT modified their sugar and organic acid contents, and we
observed an incremental increase of sugars in pseudobulbs and malate
and citrate in leaves. We propose that light modulates the acropetal
PAT which changes the carbon partitioning between the source and
sink organs of C. fimbriatum. Therefore, C. fimbriatum roots may have
acquired features that may have allowed its divergence into its current
epiphytic environment. This study also highlighted the need for future
studies focused on understanding the relationship of light to the pro-
duction and destination of auxin conjugates, and whether invertase
activity is induced by auxin or modulated by light incident on the roots
of C. fimbriatum.
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