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Abstract

We discuss here the anatomical variations of the arrangements and compositions of stele

types observed in different roots types in four populations of the three species of

Philodendron as probable adaptations to their habitats. Terrestrial individuals of P.

corcovadense have cylindrical steles while rupicolous individuals have lobate steles with

dispersed internal cortical parenchyma. The Philodendron species sampled showed polyarch

structures. The crampon roots of P. oblongum and anchor roots of P. cordatum show

medullated protosteles, with the former species having a reduced pith with sclerified

parenchyma cells while the latter has a wide pith and parenchyma cells with only slightly

thickened walls. The feeder roots of P. cordatum also show a medullated protostele—

although a central vessel is present until approximately 60 cm from the apex that later

disappears, forming a parenchymatous pith. We conclude that the different root types

reflect adaptations of the subgenera Philodendron and Meconostigma to their different habits

and habitats, such as in P. corcovadense, where the roots of rupicolous individuals have

lobate steles while the roots of the terrestrial plants have cylindrical steles.
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Introduction

Philodendron is the second largest genus of the family Araceae, with nearly 400 species

(Govaerts and Frodin, 2002) although future investigations may expand this number to

approximately 700 species (Croat, 1997). It is a morphologically and ecologically diverse

neotropical genus occurring from northern Mexico to southern Uruguay (Mayo et al., 1997),

being very abundant in tropical rain forest habitats (Sakuragui, 2001). One hundred and

fifty-six species of Philodendron have been described from Brazil (Sakuragui and Soares,

2010) that predominantly grow in humid tropical forests, but are also found on rock

outcrops and in swamps, riparian forests, and semiarid regions.

According to Benzing (1987), 20–25,000 species of vascular epiphytes occur in the tropics,

with 80% of all epiphyte species being monocots. Epiphytes are largely encountered in

tropical rain forests (Kress, 1989) and are partially responsible for the great diversities found

in those complex terrestrial ecosystems (Gentry and Dodson, 1987). Rupicolous species

develop in environments with high solar radiation and wide temperature variations and can

be exposed to strong winds and to water stress (Burke, 2002).

Philodendron taxa grow in a wide variety of habitats as terrestrial, epiphytic, rupicolous, or

hemiepiphytic plants. Hemiepiphytic individuals have epiphytic and terrestrial stages in

their life cycles, with, prior to living as hemiepiphytes, germinating and initially growing as

epiphytes. After germination and initial development on host trees these plants later

develop aerial roots that grow toward the ground. But Aroids are usually classified as

secondary hemiepiphytes, as they germinate as terrestrials and then develop aerial roots

that attach them to the host tree (Patiño et al., 1999). According to Zotz (2013), however, the

use of the term “secondary hemiepiphyte” should be discontinued in favor of using term

“nomadic vine” (for details see Zotz, 2013).

Due to the wide variety of adventitious root types in the Araceae family, a dimorphism

related to their function as feeder roots (which absorb water and nutrients from the

substrate) and anchor roots (which attach the plants to their hosts) can be observed. Feeder

and anchor roots show morphological and physiological differences (French, 1997), and

Mayo (1991) illustrated root dimorphism in Meconostigma.

Two subgenera were recognized in the revision of the genus by Krause (1913):

Euphilodendron (=Philodendron) and Meconostigma. Subsequent analysis of anatomical

characters led Mayo (1989) to elevate the section Pteromischum (subgenera Philodendron) to

the subgenus rank, so that three subgenera (Pteromischum with 75 species, Meconostigma
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with 20 species, and Philodendron with over 250 species) are now currently accepted (Mayo

et al., 1997).

The root vascular plexus represents the connections between adventitious roots and the

vascular system of the stem (French and Tomlinson, 1984). The subgenera Philodendron and

Meconostigma have a vascular plexus formed by branched vascular bundles while the

vascular plexus of Pteromischum species is composed of simple vascular bundles. This

feature is related to the diversification of the habits and habitats of the subgenera, and a

branched vascular plexus is a synapomorphy of the monophyletic clade comprising the

subgenera Philodendron and Meconostigma (Tenorio et al., 2012)—and the presence of this

branched vascular plexus possibly led to the occurrence of root dimorphism in these

subgenera. Assuming that variations in Philodendron root types occurred due to the vascular

plexus, the objective of this work was to anatomically describe the different root types and

identify adaptations to their habitats and their links to anatomical variations among the

different root types.

Section snippets

Materials and methods

Three individuals from four populations each (representing three different species) were

examined in the anatomical analyses: population A (terrestrial) and population B

(rupicolous) of Philodendron corcovadense, population C (hemiepiphyte) of P. cordatum, and

population D (nomadic vines) of P. oblongum, all from areas of Atlantic Forest in Rio de

Janeiro State, Brazil (Table 1). Voucher specimens were deposited in the Herbarium of the

Federal University of Rio de Janeiro (RFA). The samples…

Results

The adventitious roots of the species analyzed all emerge from the aerial nodal regions of

the stems. Philodendron corcovadense was represented by a population of terrestrial

individuals with adventitious roots—classified here as feeder roots—(Fig. 1A) and by another

population of rupicolous individuals with adventitious anchor–feeder roots which initially

support the individuals on rocks and then detach, growing toward the substratum and

assuming the role of feeders (Fig. 1B). The roots of the …

Discussion
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In a study of the anatomy of the adventitious roots of the Araceae family, French, 1987a,

French, 1987b emphasized the occurrence of a sclerified hypodermis and resiniferous

channels as well as the systematic implications of those structures. Vianna et al. (2001)

studied the anchor roots of Philodendron bipinnatifidum (which have lobate steles) while

Hinchee (1981) conducted studies on the different types of roots of Monstera deliciosa,

classifying them as aerial, aerial–subterranean, or…

Acknowledgment

The authors would like to thank Ricardo Sousa Couto, for assistance in collection, Elaine

Santiago Brilhante de Albuquerque, for revising an earlier version of the manuscript, and

Coordenadoria de Aperfeiçoamento do Pessoal de Nível Superior (CAPES), for financial

support.…

Recommended articles

References (39)

E. Ball

Ecophysiological comportment of the tropical CAM-tree Clusia in the field
New Phytol. (����)

C.B. Beck

An Introduction to Plant Structure and Development: Plant Anatomy for the

Twenty-first Century
(����)

D.H. Benzing

Vascular epiphytism: taxonomic participation and adaptive diversity
Ann. Missouri Bot. Gard. (����)

C. Bona et al.

Illustrated Guide to Vegetable Anatomy
(����)

F. Bukatsch

Bemerkungen zur Doppelfärbung Astrablau-Safranin

8/13/24, 11:00 AM Structures and functions of adventitious roots in species of the genus Philodendron Schott (Araceae) - ScienceDirect

https://www.sciencedirect.com/science/article/abs/pii/S0367253014000942 4/7



Mikrokosmos (����)

L.M. Burger et al.

Anatomia da Madeira
(����)

A. Burke

Island–matrix relationships in Nama Karoo inselberg landscapes Part II. Are some

inselbergs better sources than others?
Plant Ecology (����)

S. Carlquist

Ecological Strategies of Xylem Evolution
(����)

T.B. Croat

A revision of Philodendron subgenus Philodendron for Mexico and Central America
Ann. Missouri Bot. Gard. (����)

E.G. Cutter

Vegetable Anatomy—Part 2: Organs: Experiments and Interpretation
(����)

N. Cusimano

Relationships within the Araceae: comparison of morphological patterns with

molecular phylogenies
Am. J. Bot. (����)

W.C. Dickison

Integrative Plant Anatomy
(����)

D.E. Enstone et al.

Root endodermis and exodermis: structure, function, and responses to the

environment
J. Plant Growth Regul. (����)

A.H. Gentry et al.

Contribution of nontrees to species richness of a tropical rain forest
Biotropica (����)

8/13/24, 11:00 AM Structures and functions of adventitious roots in species of the genus Philodendron Schott (Araceae) - ScienceDirect

https://www.sciencedirect.com/science/article/abs/pii/S0367253014000942 5/7



R. Govaerts et al.

World checklist and bibliography of Araceae (and Acoraceae)
(����)

R.F. Evert

Esau's Plant Anatomy—Meristems, Cells, and Tissues of the Plant Body—Their

Structure, Function, and Development
(����)

J.C. French et al.

Patterns of stem vasculature in Philodendron
Amer. J. Bot. (����)

J.C. French

Systematic survey of resin canals in roots of Araceae
Bot. Gaz. (����)

J.C. French

Systematic occurrence of a sclerotic hypodermis in roots of Araceae
Amer. J. Bot. (����)

There are more references available in the full text version of this article.

Cited by (6)

Anatomical and Biomechanical Properties of the Junction between Stem and

Aerial Roots of Selenicereus undatus
����, Plants

Aerial roots elevate indoor plant health: Physiological and morphological

responses of three high-humidity adapted Araceae species to indoor humidity

levels
����, Plant Cell and Environment

Root morphophysiology changes during the habitat transition from soil to canopy

of the aroid vine Rhodospatha oblongata
����, Annals of Botany

8/13/24, 11:00 AM Structures and functions of adventitious roots in species of the genus Philodendron Schott (Araceae) - ScienceDirect

https://www.sciencedirect.com/science/article/abs/pii/S0367253014000942 6/7

https://doi.org/10.3390/plants12132544
https://doi.org/10.1111/pce.14568
https://doi.org/10.1093/aob/mcaa182


Anatomy of the adventitious roots of Philodendron (Araceae) and its importance

for the systematics of the genus
����, Australian Systematic Botany

Living bridges using aerial roots of ficus elastica – an interdisciplinary perspective

����, Scientific Reports

Resurrection and new species of the Neotropical Genus Adelonema (Araceae:

Philodendron Clade)
����, Systematic Botany

Part of the Master's dissertation of the first author.

View full text

Copyright © ���� Elsevier GmbH. All rights reserved.

All content on this site: Copyright © ���� Elsevier B.V., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI

training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.

☆

8/13/24, 11:00 AM Structures and functions of adventitious roots in species of the genus Philodendron Schott (Araceae) - ScienceDirect

https://www.sciencedirect.com/science/article/abs/pii/S0367253014000942 7/7

https://doi.org/10.1071/SB18038
https://doi.org/10.1038/s41598-019-48652-w
https://doi.org/10.1600/036364416X690732
https://www.sciencedirect.com/science/article/pii/S0367253014000942
https://www.elsevier.com/
https://www.relx.com/

