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Diverse climbing strategies
in aroid vines: functional
adaptations and
environmental drivers
Pinger Yu, Shufei Weng*, Bo Zhang, Yichun Huang
and Feican Xu

College of Forestry and Landscape Architecture, South China Agricultural University,
Guangzhou, China
Aroid vines are an essential group for vertical space resource utilization in tropical

rainforests and serve as key materials for vertical greening in urban landscapes and

home gardening. Understanding their climbing strategies is crucial for rainforest

ecological conservation and alleviating urban green space shortages. However,

current research on the climbing growth of aroid vines remains fragmented. This

article systematically reviews the existing literature, synthesizing advances in three

key research domains: functional climbing-type classification and global

distribution of climbing aroids, climbing strategies, and influencing factors. The

review explores the climbing strategies and morphological plasticity from the

perspectives of roots, stems, and leaves. Additionally, factors such as light

conditions, host surfaces characteristics, mechanical contact, and growth

direction are analyzed to understand the growth traits and environmental

adaptability of aroid vines. The review highlights that: (1) Aroid vines can be

classified by life form into terrestrial vines, epiphytic vines, and semi-epiphytic

vines, and by the degree of leaf differentiation into isomorphic, allomorphic, and

heteromorphic vines. However, their current life-form classification systems remain

to be refined; (2) Root adhesion serves as the core climbing strategy, characterized

by the dimorphism of aerial roots, which facilitate attachment through clasping

roots; (3) Aroid vines exhibit pronounced morphological plasticity to cope with

environmental transitions from the terrestrial to the canopy, reallocating resources

toward aboveground organs—enhancing water and nutrient transport through the

proliferation of feeder roots, stem thickening, and hydraulic optimization, while

promoting photosynthetic efficiency and drought tolerance via heterophyllous leaf

development; (4) Negative phototropism drives the search for supports, light

intensity regulates leaf morphological development, and host surface roughness

and material significantly affect attachment efficiency and biomass allocation.

Mechanical contact and gravity direction influence growth through hormone

homeostasis, coordinating resource distribution. Based on current findings, future

research directions and actionable recommendations are proposed to provide a

theoretical foundation for the further exploitation and utilization of aroid vines.
KEYWORDS

vines, Araceae, climbing growth, morphological plasticity, attachment strategies,
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1 Introduction

The Araceae family is one of the most morphologically and

ecologically diverse groups among monocotyledonous plants,

comprising 9 subfamilies, and 114–144 genera, with approximately

3600–4500 species worldwide (Wu, 2010; Boyce and Croat, 2020;

Croat, 1979; International Aroid Society, 2025). Recent years have also

seen the description of new species (Valadares et al., 2024; Collantes

et al., 2024). The Araceae family exhibits a cosmopolitan distribution,

with its peak diversity concentrated in humid tropical regions. Araceae

plants exhibit various life forms, including terrestrial, epiphytic, semi-

epiphytic, and aquatic types (Croat and Ortiz, 2020), with many being

vines (Zuluaga et al., 2019). Aroid vines are a key group for utilizing

vertical space resources in tropical rainforests, making significant

contributions to forest community structure and essential ecological

processes. They play important roles in facilitating secondary

succession and regulating carbon, water, and nutrient cycles (Ward

et al., 2020), while accelerating the formation of vertical forest structure,

altering competitive dynamics within stands, and influencing host tree

performance (Verbeeck et al., 2024). Moreover, they provide food

resources and habitats for animals, thereby contributing to the

maintenance of ecological diversity (Schnitzer et al., 2020). In

addition, due to their unique and diverse leaf shapes, colors, and

excellent shade-tolerant growth characteristics, aroid vines have

become an important choice for modern urban vertical greening

projects and indoor plant landscaping (Henny et al., 2004). They

offer various ecological and socio-economic benefits, including

increasing urban vertical greening coverage, improving thermal

environments, and alleviating anxiety among city dwellers (Meng

et al., 2022; Chatakul and Janpathompong, 2022).

In recent years, research on aroid vines has focused on climbing

strategies, genomic evolution (Jia et al., 2025; Xu et al., 2024),

vertical greening, and ecological applications (Wang et al., 2018).

Some research also focused on resource survey (Zhang et al., 2017;

Othman et al., 2010), and tissue culture propagation (Yang et al.,

2018). However, there is still a lack of systematic reviews and

synthesis of their climbing strategies and environmental response

strategies. This article provides a summary of the global distribution

and classification, climbing strategies, and influencing factors of

aroid vines. It aims to address the following questions: (a) Which

types can aroid vines be classified based on differences in climbing

traits? (b) What strategies do aroid vines employ to achieve

attachment? (c) How do these plants adapt to the environmental

changes associated with climbing? and (d) Which environmental

factors influence their climbing growth, and through what strategies

do they exert their effects? Furthermore, the review proposes future

research directions to provide a theoretical basis for the further

development and utilization of aroid vines.
2 Materials and methods

Relevant literature was retrieved from multiple academic

databases, including Scopus, PubMed, Web of Science, EBSCO

Green FILE, Google Scholar, and CNKI, using the keywords
Frontiers in Plant Science 02
“Aroid”, “Climbing Mechanisms”, “Araceae”, “Tropical Forest”,

“Attachment Mechanism”, and “Clinging Climber.” The collected

publications were carefully examined within the context of climbing

strategies in Araceae Vines, and a subset of representative studies

was further selected for in-depth analysis and synthesis.
3 Diversity and distribution of aroid
vines

3.1 Geographic ranges of aroid vines

Araceae plants are highly concentrated in tropical regions. In

the Neotropics, approximately 8 genera and 425 species of Araceae

have been reported as vines (Smithsonian National Museum of

Natural History, 2025). The Pacific coastal area of the Northern

Andes is a hotspot for species diversity (Herrera et al., 2008).

Approximately two-thirds of the species are distributed across the

tropical regions of South America (Croat, 1979), such as in the

Amazon basin, which is home to moisture-tolerant species like

Monstera adansonii (Schnitzer and Bongers, 2002). In Central

America, the distribution of aroid vines is closely related to

temperature and humidity, with species diversity peaking in

humid low- to mid-elevation areas in Ecuador (Croat, 1992,

1995). In the Old World tropics, Southeast Asia, particularly the

Malay Archipelago, is another diversity center, with Borneo

recording 12 genera and 80 species (Putz, 1984). In China, there

are 10 endemic genera and 71 species, distributed across 26

provinces, with the highest diversity found in Yunnan Province

(Liang et al., 2019).Additionally,Substantial distributions are also

observed in tropical African regions such as Madagascar

(Henriquez et al., 2014).

Araceae species are widely distributed across diverse habitats,

with warm and humid tropical forests representing their primary

habitat. This includes numerous species of Anthurium, Aglaonema,

Homalomena, Monstera, Philodendron and Rhaphidophora (Boyce

and Croat, 2020). In aquatic habitats, the family is represented by

the subfamily Lemnoideae, which float on the water surface, or by

genera such as Cryptocoryne, which are rooted and grow

submerged. In swampy habitats, genera such as Lysichiton and

Zantedeschia occur in shallow waterlogged areas (Croat, 1988). In

seasonally dry forests, genera including Amorphophallus,

Dracontium, and Zamioculcas adapt to drought through enlarged

rhizomes (Holtum et al., 2007). Limestone habitats are typified by

genera such as Homalomena and Schismatoglottis (Boyce and

Wong, 2009, 2019), whereas secondary open habitats are

occupied by genera including Xanthosoma and Epipremnum

(Croat and Ortiz, 2020).
3.2 Functional climbing-type classification

Aroid vines are primarily distributed in the subfamilies

Monsteroideae and Pothoideae (Zhao et al., 2023). The core

genera in Monsteroideae include Epipremnum , such as
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Epipremnum pinnatum; Monstera, such as Monstera deliciosa;

Philodendron, (Loss-Oliveira et al., 2016) such as Philodendron

hederaceum; Scindapsus, such as Scindapsus maclurei; and

Rhaphidophora, such as Rhaphidophora decursiva. The core

genera in Pothoideae include Pothos, such as Pothos chinensis;

Pothoidium, such as Pothoidium lobbianum; and Pedicellarum,

such as Pedicellarum paiei (Cusimano et al., 2011).

Aroid vines can be categorized based on their life form

(Table 1), including terrestrial, epiphytic, and semi-epiphytic

types. Terrestrial vine can be divided into terrestrial climbing and

terrestrial creeping types. Most aroid vines exhibit a terrestrial

climbing habit, although some species possess weak climbing

abilities and primarily grow prostrate, representing the terrestrial

creeping type. Examples include certain species of Scindapsus and

Philodendron (Saibeh, 2010; Vasconcelos et al., 2018). Kress and

Putz categorized semi-epiphytic plants into “primary semi-

epiphytic” and “secondary semi-epiphytic” plants (Kress, 1986;

Putz and Holbrook, 1986), with the latter still lacking empirical

support. Moffett and Zotz proposed the term “nomadic vines” to

replace “secondary semi-epiphytic” plants (Moffett, 2000; Zotz,

2013). In field studies, few species clearly fit the semi-epiphytic

classification, particularly those classified as nomadic vines, as such

categories often do not align with their in situ life histories,

suggesting the need for further data on the classification of aroid

vines’ life forms (Einzmann et al., 2024).

Based on the degree of woodiness at the base, climbing plants

can be classified into two types: herbaceous vines and woody vines.

According to their climbing modes and climbing organs, Darwin

divided climbing plants into four categories: stem twining, tendril

twining, hook or spine attachment, and root climbing (Darwin,

1865). On this basis, Putz further classified them into tendril

adhesion and root climbing (Putz, 1984). Isnard and Silk grouped

root adhesion and suction disk adhesion under the general term of
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root-attaching vines (Isnard and Silk, 2009). Sperotto and others

further consolidated these categories into two major types: active

and passive climbers. Active climbers include stem twining, tendrils,

climbing branches, coiling petioles, and flower clusters, while

passive climbers include simple attachment, hooks or anchor

structures, and adhesive roots (Sperotto et al., 2020). Most aroid

vines are herbaceous vines, belonging to the root-attaching vines,

and rely on adventitious roots for climbing, classifying them as

passive climbers. More specifically, based on leaf morphological

variation during their climbing growth, Ray categorized aroid vines

into three types (Figure 1), including heteromorphic (significant

changes in both leaf size and shape), allomorphic (significant

changes in leaf size but minor changes in shape), and isomorphic

(minor changes in both size and shape) (Ray, 1990).
4 Adaptations and functional traits of
aroid vines for climbing

Aroid climbing vines undergo both creeping and climbing

stages during their growth; in response to environmental changes,

their roots, stems, and leaves exhibit distinct morphological and

structural characteristics at each stage (Figure 2). These adaptive

growth strategies are crucial for maintaining physiological function

and ensuring population persistence in the dynamic conditions of

tropical rainforest environments.
4.1 Root adaptations

Aroid vines are classified as root-attaching vines, possessing

both underground and aerial roots. The aerial roots often undergo

color changes as they mature; for instance, in Rhodospatha
TABLE 1 Life form classification of aroid vines.

Category Germination site
Method of plant-
soil connection

Representative
species

References

Terrestrial
vine

Terrestrial
climbing
vine

Ground
Permanent stem-soil
connection

Epipremnum aureum
(Croat and Ortiz,
2020)

Terrestrial
creeping
vine

Ground
Permanent stem-soil
connection

Scindapsus pictus (Saibeh, 2010)

Epiphytic vine Host surface
Permanently epiphytic, no
soil contact

Anthurium scandens
(Croat and Ortiz,
2020; Kress, 1986; Putz
and Holbrook, 1986)

Semi
-epiphytic
vine

Primary
Semi
-epiphytic
vine

Host surface
Initial epiphytic growth. soil
connection established later
via adventitious roots

Anthurium clavigerum
(Kress, 1986; Putz and
Holbrook, 1986)

Nomadic
vines

Ground

Initial stem-soil connection,
but as the plant matures, the
connection to the soil
decreases. In the later stages,
soil contact maintained via
adventitious roots

Monstera dubia
(Moffett, 2000; Zotz,
2013; Einzmann et al.,
2024)
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oblongata, roots transition from reddish-brown to streaked and

eventually to green, containing chloroplasts that enable additional

light capture to support growth (Filartiga et al., 2021). Specifically,

When aerial roots come into contact with the host surface, they

are densely covered with root hairs, whereas those exposed to the air

are hairless (Filartiga et al., 2014). Some of these aerial roots

undergo morphological changes when transitioning to different

habitats (French, 1987)(Table 2; Figures 2E–G). In creeping

growth, the aerial roots are typically short and fine, but once the

plant attaches to a support, these roots differentiate into two types:

feeder roots that absorb water and nutrients from the host surface,

and clasping roots that anchor the plant to the host (Putz and

Mooney, 2011). These two types of roots exhibit functional and

morphological dimorphism.

Studies have shown that feeder roots grow downward to

reconnect with the soil, possessing larger vessel diameters and a

thickened suberized double thickened band layer, which confer

greater hydraulic efficiency and water retention capacity compared

with other root types (Filartiga et al., 2014). In contrast, clasping

roots grow laterally, and their development typically proceeds

through three distinct stages: first, aerial roots emerge at the

node; then, the root cap secretes mucilage to assist initial

adhesion upon contact with the support; and finally, the roots

elongate and develop root hairs, adjusting their morphology

according to the host surface texture, secreting a polysaccharide-

protein composite gel to enhance adhesion. For instance,

Syngonium podophyllum produces roots in a specific pattern, with

rapid root growth in the early stage, followed by slower growth after

root formation. The strength of adhesion increases over time. In
Frontiers in Plant Science 04
addition, Syngonium possesses unique spirally-splitting root hairs

that enhance adhesion, and their formation is influenced by

external mechanical forces (Yang and Deng, 2017).

The differentiation of root systems in aroid vines represents an

adaptive response to the increasing demands for mechanical

support and water–nutrient supply during climbing growth. As

the plant ascends, both the number and size of clasping and feeder

roots increase proportionally with height (Filartiga et al., 2014). The

proliferation of clasping roots enhances the plant’s overall adhesion

strength, ensuring stable attachment as biomass accumulates. In

contrast, feeder roots are typically longer and thicker than clasping

roots and maintain direct connection with the soil, enabling efficient

compensation for the elevated hydraulic resistance associated with

longer stems and providing additional water and nutrient support

for continued vertical growth.
4.2 Stem adaptations

Aroid vines typically have succulent stems, with some species

having few branches. Vines often exhibit polymorphic stems, which

include both creeping and climbing types (Metcalfe, 2005). During

both creeping and climbing growth, the stems of aroid vines show

characteristics of both types (Table 3; Figures 2C, D). Creeping

stems of aroid vines are typically characterized by shorter

internodes and smaller diameters, allocating a greater proportion

of resources to leaf development and exhibiting heightened light

sensitivity. In contrast, climbing stems generally possess longer and

thicker internodes and develop specialized structures such as aerial
FIGURE 1

Classification of leaf morphological variation in aroid vines.
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roots to aid in attachment to supporting substrates. During the

initial climbing phase, resources are primarily allocated to stem

elongation, often accompanied by delayed leaf expansion (Cai and

Song, 2001; Mantovani et al., 2018; Wyka, 2023). Unlike many other

vines, however, creeping and climbing stems in aroid vines typically

occur sequentially along the same axis, reflecting a gradual

developmental transition rather than distinct structural forms.

Furthermore, as the attachment height increases, the stele

diameter of climbing stems enlarges, accompanied by an increase

in both the number and size of xylem vessels (Filartiga et al., 2014).

In contrast to the tapering xylem model observed in trees (West

et al., 1999), this pattern forms an “inverted cone” structure,

resembling that of Monstera acuminata (López−Portillo

et al., 2000).

Aroid vines also exhibit allometric growth in the stems during

climbing. Early in the climbing process, internode elongation

facilitates rapid extension to capture more light. Once an optimal

height is reached, internodes shorten and thicken to slow vertical

growth (Ray, 1986), thereby reallocating resources toward the

production of larger and more numerous leaves. Some aroid vines

also develop searching shoots with long internodes and rapid

growth. These searching shoots possess movement ability,

spiraling around the support by changing the shape and volume

of epidermal cells and actively finding a suitable support to climb
Frontiers in Plant Science 05
(Putz and Mooney, 2011). Once the plant has reached the optimal

height, the searching shoots help the plant spread to other parts of

the same tree or even different trees to exploit new resources. For

example, Philodendron linnaei is highly adept at repositioning itself

in response to environmental conditions. It can repeatedly return to

the ground, seek out new supports to climb, and simultaneously

adjust its stem, petiole, and leaf morphology to meet the demands of

a continuously changing environment (Ray, 1981; 1987; 1989).

The heteromorphic stems of aroid vines reflect distinct growth

strategies at different developmental stages. Creeping stems primarily

function in vegetative growth and lateral expansion within the forest

understory to locate support structures, whereas climbing stems focus

on attaching to supports and developing vertical structures to ensure

hydraulic function (Kato et al., 2012b). Stem hydraulic optimization

is achieved by increasing the number and grouping of vessels to

compensate for the hydraulic resistance incurred by increased stem

length. This strategy not only enhances water transport efficiency but

also reduces the risk of embolism by introducing more and larger

vessels (Zimmermann, 1983), thereby supporting the maintenance of

large plant stature. Notably, during the climbing process, the rate of

increase in the cross-sectional area of the stele exceeds that of vessel

number (Filartiga et al., 2014), potentially reducing hydraulic

efficiency per unit stele area. This pattern may reflect a trade-off

between mechanical support and hydraulic transport.
FIGURE 2

Morphological adaptations of aroid vines in growth. (A) illustrative diagram of aroid vines growth. (B) heteromorphic leaf of Epipremnum pinnatum,
(C) Juvenile leaf of E. pinnatum, (D) climbing stem of Epipremnum aureum, (E) creeping stem of E. aureum, (F) creeping root of Rhaphidophora
megaphylla, (G) clasping root of R. megaphylla, (H) feeder root of R. megaphylla.
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4.3 Leaf adaptations

During the transition from creeping to climbing growth, aroid

vines undergo a series of leaf morphological changes (Table 4;

Figures 2A, B). Many aroid vines develop heterophylly, developing

juvenile leaves during early growth stages and mature leaves during

the adult phase (Nakayama, 2024; Mou et al., 2019). Heterophyllous

leaf development is typically a gradual process that occurs

progressively during the ascent from the forest floor to the upper

canopy. Anatomically, leaf traits such as leaf area, leaf thickness,

adaxial cuticle thickness, mesophyll thickness, palisade parenchyma

thickness, spongy parenchyma thickness, abaxial cuticle thickness,

stomatal density, stomatal pore height, and guard cell size generally

increase with climbing height (Table 5). The petiole also becomes

longer and thicker, with an increased vessel diameter in the xylem

(Filartiga et al., 2018). This indicates a significant positive

correlation between leaf and petiole traits in aroid vines. These

plants tend to develop thicker leaves and epidermis, along with

higher stomatal density, to reduce water loss and adapt to

environments characterized by high light intensity and low

humidity (Ardiningtyas et al., 2023). In addition, canopy leaves

exhibit extended lifespans, ranging from 28 to 40 months (Shiodera

et al., 2008). In terms of photosynthetic physiology, leaves in the

upper canopy generally exhibit significantly higher levels of

chlorophyll a, chlorophyll b, total chlorophyll, maximum electron

transport rate, photosynthetically active radiation at maximum

ETR, assimilation rate at light saturation, and total leaf nitrogen

compared to lower canopy leaves (Mantovani et al., 2018, 2017;

Mantuano et al., 2021; Lorenzo et al., 2009). However, in the

absence of a supporting structure for climbing, plants may remain

in a juvenile state indefinitely (Filartiga et al., 2021).

Leaf adaptive strategies in aroid vines vary among species. In

fully epiphytic species such as Anthurium scandens, canopy ascent
Frontiers in Plant Science 06
is accompanied by marked leaf area expansion, while leaves remain

thin, the chlorophyll a/b ratio declines, and chlorophyll content

remains high, reflecting a strategy of compensating for low light

through leaf area expansion while maintaining a shade-adapted

photosynthetic system. In isomorphic species such as Philodendron

cordatum and Rhodospatha oblongata, leaf thickness increases

significantly with height despite the relatively small increase in

leaf area, alongside enhanced palisade thickness and stomatal

densi ty , increased chlorophyl l a/b rat io , and higher

photosynthetic rates (Shiodera et al., 2008), indicating strong

photosynthetic plasticity and adaptation to both shade and sun

environments. In allomorphic species such as Epipremnum aureum,

heterophyll size can exceed juvenile leaves by up to 30-fold

(Mantovani et al., 2017), with increased length-to-width ratio,

development of marginal lobes or fenestrations (Ray, 1981), and

progressive increases in leaf thickness, mesophyll thickness, and

palisade parenchyma thickness with height. Leaf nitrogen

concentration and area-based nitrogen content also increase

markedly, reflecting a strategy for efficient high-light utilization,

achieved via mesophyll thickening and enhanced nitrogen

allocation to photosynthetic proteins. In heteromorphic species

like Syngonium podophyllum, seedlings produce sagittate leaves

that gradually develop into larger palmate leaves with up to seven

or more lobes, though detailed anatomical and physiological

changes during climbing remain unquantified.

Heteroblastic leaf development is common in aroid vines and

represents an adaptive foraging strategy to cope with environmental

changes encountered during ascent from the forest floor to the

upper canopy. This process enhances light capture and supports

reproductive growth (Mantuano et al., 2021). Under energy-limited,

shaded understory conditions, plants produce small juvenile leaves

to reduce metabolic costs and increase survival while searching for

potential hosts. Juvenile leaves often exhibit high photosynthetic
TABLE 2 Strategies of root growth in aroid vines.

Growth
mode

Plant organ
Morphological
characteristics

Structural
characteristics

Ecological
function

References

Creeping
growth

Creeping root

The roots are short and thin,
unbranched, growing vertically
downward, white in color, turning
brown with growth.

Narrow stele, fewer and
smaller vessels, sparse root
hairs.

Potential to transform
into climbing or feeder
roots; elongates
downward to support
vegetative propagation
and nutrient absorption.

(Putz and
Mooney, 2011;
Filartiga et al.,
2014; Yang and
Deng, 2017)

Climbing
growth

Clasping roots

the roots are longer and thicker than
creeping roots, but shorter and
thinner than nutrient roots, which
grow laterally and branch easily,
with a smaller diameter.

Thicker stele, larger and more
numerous vessels, contains
chloroplasts, thinner
secondary DTB, lower
lignification, presence of
specialized root hairs, secretes
mucilage.

Weak photosynthetic
capacity; secretes
polysaccharide-protein
mucilage for adhesion;
does not contact soil,
stabilizes attachment to
host.

Feeder roots

The roots are the longest among all
root types, unbranched, with the
largest diameter, growing vertically
downward until they contact the soil
and transform into terrestrial roots.

Thickened stele, increased
vessel size and number,
contains chloroplasts, thick
secondary DTB, higher
lignification; retains trichomes
and cortex on host-contact
side, develops cork layer on
exposed side.

Relatively high
photosynthetic capacity;
connects canopy to soil
for water and nutrient
transport; forms an
efficient water transport
system.
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potential, enabling rapid acclimation to disturbed habitats such as

forest edges or high-light gaps (Moodley et al., 2017). Upon

successful climbing, leaf development progressively approaches a

heteroblastic form, culminating in mature heterophylls in the upper

canopy. These leaves increase in size and thickness, and their

lifespan increases, indicating a shift in the plant’s growth strategy

from a resource-acquisitive form to a resource-conservative form.

Accompanying anatomical and photosynthetic changes enhance

photosynthetic capacity, water retention (Lorenzo et al., 2009), and

carbon acquisition efficiency, thereby optimizing the trade-off

between light capture and carbon fixation and enabling mature

leaves to thrive under the high-light and dry conditions of the

tropical forest canopy.
5 Environmental drivers of climbing
growth in aroid vines

5.1 Light availability and intensity

Light serves as both a stimulus and a directional cue for the

climbing growth of aroid vines. Plants typically exhibit

phototropism, where organs bend and grow toward light (Zhang

et al., 2018). Light, as an external environmental cue, stimulates

plants to alter their growth direction. When light is unevenly

distributed, plant shoots change growth patterns to reposition

themselves for optimal light intensity (Rodriguez-Quintero et al.,

2022). Aroid vines also exhibit negative phototropism (Kato, 2019),

where they grow away from the light source, often during the
Frontiers in Plant Science 07
juvenile stage when the stem grows toward the darkest area of the

horizontal plane. Once a support is encountered, the stem tip bends

upward, and growth is directed toward the light (Kato, 2019). This

negative phototropism helps the plant more efficiently locate

support structures in low-light environments, such as forest floors

where shadows are cast by large trees, rocks, and cliffs (Strong and

Ray, 1975). Negative phototropism is enhanced in shaded

environments and suppressed under high light intensity

(Rodriguez-Quintero et al., 2022; Wyka, 2023). For instance,

Syngonium podophyllum exhibit pronounced negative phototropic

behavior, growing toward darker areas to adhere to supporting

structures (Yang and Deng, 2017). However, phototropism and

negative phototropism are not mutually exclusive strategies—they

may occur in different branches of the same plant (Kato et al.,

2012a), or even at different developmental stages along the same

branch (Kato, 2019).

Light is a critical factor influencing the phenotype of aroid vines

(Wang P. et al., 2022), promoting plant development and leaf

enlargement (Fritz et al., 2018). Once climbing is achieved, plants

gain access to increased light availability, necessitating physiological

adjustments to cope with light stress and optimize light utilization.

Under high-light conditions, aroid leaves generally become larger

and thicker, specific leaf area decreases, and spongy mesophyll

develops more extensively. This structure, characterized by larger

intercellular air spaces, enhances the capacity for carbon

assimilation and light capture (Mantuano et al., 2021). In

heteroblastic species, sun-exposed leaves additionally develop

larger perforations and higher stomatal density, facilitating heat

dissipation and improving thermoregulation under high irradiance
TABLE 3 Strategies of stem growth in aroid vines.

Growth
mode

Plant
organ

Morphological
characteristics

Structural
characteristics

Ecological function References

Creeping
growth

Creeping
stem

Smaller diameter, short
internodes with relatively
uniform length.

Larger stele diameter, fewer and
smaller xylem vessels; active
parenchyma at nodes with well-
developed meristematic tissue.

Ensures water and nutrient transport,
facilitates ground-level expansion and
vegetative propagation; explores for
support in shaded environments.

(Metcalfe, 2005; Kato et al.,
2012b; Wyka, 2023)

Climbing
growth

Climbing
stem

Thicker stem, longer
internodes; exhibits
allometric growth;
internodes shorten after
reaching canopy.

Larger stele diameter, more and
larger xylem vessels.

Facilitates water and nutrient transport,
anchors to support structures,
maintains upright growth, expands
vertical spatial range.

(Filartiga et al., 2014; Cai and
Song, 2001; Kato et al.,
2012b; Wyka, 2023;
Mantovani et al., 2018; Ray,
1986)
TABLE 4 Strategies of leaf growth in aroid vines.

Growth
mode

Plant
organ

Morphological
characteristics

Structural characteristics
Ecological
function

References

Creeping
growth

Juvenile leaf
Smaller leaf area, less
lobing, thinner blade,
shorter and thinner petiole.

Lower stomatal density, mesophyll thickness,
vein area, and chlorophyll content; denser
spongy mesophyll with smaller intercellular
spaces; thinner xylem vessels in petiole.

Reduces energy
consumption during
seedling stage, enhances
survival rate, and aids in
horizontal expansion.

(Ray, 1981; Shiodera
et al., 2008; Mantovani
et al., 2017; Filartiga
et al., 2018; Liu et al.,
2016; Moodley et al.,
2017)Climbing

growth
Heteromorphic
leaf

Larger leaf area, increased
length-to-width ratio and
thickness, leaf margins
develop lobes or splits;
petiole longer and thicker.

Higher stomatal density, mesophyll thickness,
vein area, and chlorophyll content; more
developed spongy tissue with larger
intercellular spaces; optimized nitrogen
allocation; thicker xylem vessels in petiole.

Maximizes
photosynthetic area,
enhances light capture,
maintains carbon and
light gain efficiency.
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TABLE 5 Anatomical trends of aroid vines leaves.

Philodendron hederaceum Epipremnum aureum Rhodospatha oblongata
al., 2021)

Trend

Anthurium scandens
(Lorenzo et al., 2009)

Trend

y
Higher
canopy
(6m)

Terrest
-rial
(1.5m)

Lower
canopy
(2.25m)

Higher
canopy
(3m)

691.90
± 46.47

↑ data not available ↑

0.182
± 0.365

↑
0.269
± 0.243

0.385
± 0.504

0.424
± 0.349

↑

N.A.

64.7
± 7.2

43.8
± 7.2

40.1
± 5.2

↓

3.0
± 0.7

5.0
± 1.4

6.7
± 1.3

↑

151.3
± 27.2

300
± 48

340.4
± 35.8

↑

48.24
± 0.94

↑
96.2
± 9.5

103.6
± 14

123.9
± 11.2

↑

102.94
± 6.64

↑
100.8
± 24.3

203.7
± 38.8

236.6
± 19.4

↑

49.9
± 5.9

35.2
± 3.1

27.7
± 6.2

↓

2.7
± 0.7

4.0
± 1.2

6.4
± 0.8

↑

65
± 20

↑
25.6
± 3.6

32.8
± 9.1

29.5
± 10.3

↑

35.3
± 5.2

36.4
± 5.2

35.3
± 8.0

↔

17.2
± 3.2

16.1
± 3.2

18.2
± 3.8

↑
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Leaf
anatomical
traits

(Mantovani et al., 2018)

Trend

(Mantovani et al., 2017)

Trend

(Mantuano et

Terrest
-rial
(0m)

Lower
canopy
(1.5m)

Higher
canopy
(3m)

Terrest
-rial
(0m)

Lower
canopy
(1.5m)

Higher
canopy
(6m)

Terrest
-rial
(0m)

Lowe
canop
(3m)

Leaf area (cm2)
52.48
± 11.56

96.40
± 26.49

176.50
± 69.73

↑
53.18
± 3.67

161.94
± 22.85

1886.59 ±
345.83

↑
29.63
± 3.42

461.19
± 112.20

Leaf thickness
(mm)

0.35
±0.007

0.35
± 0.03

0.35
± 0.03

↔
0.388
± 0.012

0.449
± 0.024

0.506
± 0.012

↑
0.150
± 0.237

0.149
± 0.194

Leaf succulence
(10-3g/cm2)

79.75
± 2.04

78.98
± 2.92

76.43
± 3.09

↓
28.52
± 0.85

35.06
± 1.09

39.20
± 0.93

↑ N.A.

Adaxial
epidermis
thickness (mm)

58.32
± 2.88

70.48
± 16.41

58.32
± 5.05

↑↓
62.99
± 3.38

75.91
± 2.75

72.77
± 1.63

↑ N.A.

Adaxial cuticle
thickness (mm)

N.A.
6.22
± 0.58

8.74
± 0.30

10.36
± 0.23

↑ N.A.

Mesophyll
thickness (mm)

N.A.
269.50
± 13.47

322.67
± 21.99

339.90
± 2.14

↑ N.A.

Palisade
parenchyma
thickness (mm)

N.A.
56.80
± 2.60

59.57
± 4.11

68.31
± 0.94

↑
40.17
± 2.30

32.77
± 5.85

Spongy
parenchyma
thickness (mm)

N.A.
187.73
± 10.12

218.17
± 10.98

276.10
± 4.36

↑
50.81
± 2.98

71.67
± 12.36

Abaxial
epidermis
thickness (mm)

51.60
± 5.89

59.40
± 15.22

57.84
± 13.32

↑
58.43
± 1.36

63.46
± 4.71

55.91
± 11.67

↑↓ N.A.

Abaxial cuticle
thickness (mm)

N.A.
6.39
± 0.62

6.79
± 0.22

9.59
± 0.12

↑ N.A.

Stomatal density
(mm-2)

4.05
± 0.91

5.05
± 1.25

6.48
± 0.63

↑ N.A.
42
± 9

53
± 10

Stomatal pore
height (mm)

N.A.
33.54
± 2.93

41.14
± 0.98

44.57
± 1.83

↑ N.A.

Guard cell width
(mm)

N.A.
9.17
± 1.00

10.31
± 0.97

11.83
± 1.27

↑ N.A.

Arrows indicate the direction of trait change: ↑, increase; ↓, decrease; ↔, no clear change; ↑↓, increase followed by decrease. N.A., data not available.
r

https://doi.org/10.3389/fpls.2025.1692444
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org


Yu et al. 10.3389/fpls.2025.1692444
(Dıáz-Valverde et al., 2025). For example, in Epipremnum aureum,

leaves exposed to high light in climbing conditions are four times

larger compared to those in low light, and this growth is

accompanied by thicker petioles and stems. In contrast, under

low light, E. aureum adopts a “shade-avoidance” strategy (Poorter

and Rozendaal, 2008), characterized by slender petioles and short

internodes, with no significant differences in leaf area among

different growth orientations. This reflects its adaptation to low-

light environments and suggests that sufficient light availability is a

necessary condition for leaf expansion in aroid vines (Brito

et al., 2022).
5.2 Characteristics of host surface

The characteristics of the host surface play an important role in

the climbing growth and morphological plasticity of aroid vines. As

root-attaching vines, they are not limited by the size of the support

and can attach to supports of various diameters and materials (Paul

and Yavitt, 2011; Durigon et al., 2013). Different species generally

exhibit distinct host preferences (Callaway et al., 2002). The

attachment strategies of epiphytes vary according to the

microstructure of the substrate. On smooth, flat host surfaces,

root hairs flatten to increase contact area and secrete

mucilaginous substances to enhance adhesion. On rough host

surfaces, root hairs adopt tubular forms that conform to

microcracks in the substrate, achieving attachment through

mechanical interlocking between the root hairs and the substrate

(Tay et al., 2022). Climbing plants generally prefer supports with

rough surfaces, exhibiting higher attachment success on trees with

coarse bark (Wu et al., 2016; Wang Z. W. et al., 2022; Yuan et al.,

2010). However, excessively rough substrates may reduce effective

contact, thereby decreasing attachment strength (Tay et al., 2022).

For instance, in Syngonium podophyllum, the number and

morphology of its aerial roots are controlled by environmental

factors. Although adventitious roots can grow normally on a variety

of organic and inorganic host surfaces, aerial roots exhibit

significantly greater elongation when climbing on wooden

surfaces. In contrast, plants growing on brick walls show

significantly higher stem and petiole biomass (Wang et al., 2024).

This indicates that different host surface materials have a significant

impact on the growth of shade-tolerant root-attaching aroid vines.

Beyond surface roughness, host characteristics such as stability,

bark shedding, water retention, and branch turnover rate

significantly influence the long-term growth and development of

climbing plants (Tay et al., 2023; Duarte and Gandolfi, 2017).

Additionally, some studies have suggested that the growth of

climbing stems in vines responds to the color and proximity of

the support material (Price and Wilcut, 2007; Guerra et al., 2019),

and leaf damage can accelerate the vine’s ability to twist around the

support (Atala and Gianoli, 2008). However, research on the

response of aroid vines, especially on their reaction to the

characteristics of host surfaces, remains relatively underdeveloped.
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5.3 Mechanical contact and growth
direction

The growth strategies of climbing plants vary depending on the

support conditions.Plants that secure vertical support exhibit higher

light interception, biomass accumulation, photosynthetic

productivity, and reproductive capacity (Mantuano et al., 2021).

Vertical support entails maintaining mechanical contact with the

substrate and adopting an upward growth orientation. Such

mechanical contact triggers a suite of anatomical, physiological,

biochemical, biophysical, and molecular responses collectively

termed “thigmomorphogenesis” (Chehab et al., 2009; Li and

Gong, 2011). Many aroid vines are highly sensitive to mechanical

contact, such as Monstera obliqua and Philodendron hederaceum

(Steinitz and Hagiladi et al., 1987). Under mechanical contact, aroid

vines show increased biomass in the aerial parts, produce longer

aerial roots, and their main stems elongate (Wang et al., 2024). For

instance, in potted Epipremnum aureum, vertical support

significantly increases leaf area compared to hanging plants (Di

Benedetto et al., 2010). When climbing plants fail to attach and

instead grow horizontally, they stimulate the growth of lateral

branches and creeping stems. The creeping stems will crawl along

the ground and develop searching shoots to locate supports. This

pattern of growth allows the plant to continue growing and

increases its chances of finding support (Den Dubbelden, 1994).

In both creeping and hanging growth, the plant reduces its

investment in the aerial parts (such as stems, leaves, and aerial

roots), slowing down growth, while increasing investment in the

underground roots to enhance absorption and anchorage (Wyka

et al., 2019).

The direction of growth significantly influences the morphology

and physiological characteristics of aroid vines. This type of

response is generally referred to as “gravitropic morphogenesis,”

which is associated with the polarity and distribution of auxin. The

polar transport of auxins from the shoot tip to the root tip is often

inhibited when the stem is hanging or growing horizontally. In

hanging stems, auxins accumulate near the tip, which could

ultimately lead to reduced growth of the whole plant (Lovisolo

et al., 2002; Keller, 2015). Studies show that the net assimilation rate

and photosynthetic rate of climbing Epipremnum aureum are

higher than in creeping or hanging plants, with relative growth

rates declining as the plant deviates from the vertical orientation.

Exogenous auxins can promote an increase in leaf area and total leaf

area in creeping and hanging plants, but they may reduce the

relative extension rate, net assimilation rate, and relative growth

rate in climbing plants. This indicates that non-vertical growing

aroid vines suffer from insufficient endogenous hormones due to

the suppression of auxin transport in their growth direction, while

exogenously applying hormones to climbing plants may lead to an

overdose of auxins, thereby inhibiting growth (Di Benedetto et al.,

2018). Recent research on identifying the components responsible

for mechanical and gravity responses, such as genes, proteins,

hormones, and inorganic signaling molecules, has made progress
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(Coutand and Mitchell, 2016). Thigmomorphogenesis is regulated

by hormone homeostasis, particularly the distribution of auxins.

Both gravitropic morphogenesis and thigmomorphogenesis

likely influence the growth of the plant simultaneously. Steinitz

(Steinitz et al., 1992) reported the interaction between the direction

of Epipremnum aureum’s vines and their response to contact

stimuli, showing that only upward-growing vines are sensitive to

touch. Brito (Brito et al., 2022) tested the simultaneous interaction

of light intensity, growth direction, and contact effects on

Epipremnum aureum, demonstrating that the large increase in

leaf area to form heteromorphic leaves was a synergistic effect of

the application of light, growth direction, and mechanical contact.
6 Research prospects

6.1 Environmental adaptation and
morphological plasticity strategies of aroid
vines

Aroid vines are predominantly distributed in tropical

rainforests and exhibit negative phototropism, with a strong

dependency on high humidity and stable temperatures. Current

research needs to further quantify the physiological thresholds of

these plants, analyze their molecular response strategies, and clarify

the hormonal regulatory networks in different light, temperature,

and humidity environments, as well as their effects on stomatal

opening and transpiration efficiency. Exploring the synergistic

strategies between aroid vines and their microenvironments will

help understand how environmental gradient changes influence

their epiphytic traits and attachment efficiency, thus identifying

optimal conditions for their support structures in terms of light,

temperature, and humidity.

Aroid vines exhibit various life forms, including isomorphic,

allomorphic, and heteromorphic types, with the characteristic of

heterophylly. Their leaf morphology can adjust with climbing

height, and they also demonstrate differences between climbing

and creeping stems, as well as underground roots and aerial roots.

These plants show varying resource allocation strategies at different

growth stages. Future research should delve deeper into the

environmental signaling pathways, exploring how light, humidity,

contact, and CO2 concentration affect morphological development

and the relationship between climbing height and plant longevity.

Models of growth and hormone regulation networks should be

established to explore how different hormones influence these

morphological changes, facilitating the rapid formation of mature

forms for landscaping applications.
6.2 Response of aroid vines to host surface
characteristics and landscape applications

The physical properties and spatial structure of the support

material significantly affect the climbing efficiency and

morphological plasticity of vines. However, there is limited research
Frontiers in Plant Science 10
on how aroid vines respond to different support characteristics.

Future studies can focus on factors such as the roughness, color,

water retention, and proximity of the support to quantify their

influence on the climbing behavior of aroid vines. Understanding

how aroid vines utilize resources in different states of growth and

developing biomimetic climbing materials will help create low-cost,

durable structures for urban vertical greening, improving the

attachment efficiency of aroid vines in city applications.

Aroid vines hold significant potential for vertical greening

applications. In landscape practice, they should be provided with

rough, stable, and water-retentive supports to ensure effective

contact and an upward growth orientation. During the later

stages of climbing, adequate light and sustained connections of

adventitious roots to the soil should be ensured to support

continued growth. To promote further application, careful species

selection and planting configuration are necessary. Different

greening objectives should be matched with appropriate coverage

and aesthetic effects. For example, at Singapore’s Changi Airport, a

water-recirculation system was integrated with multiple shade-

tolerant aroid lianas combined with diverse woody plants,

creating a visual focal point in the Rain Vortex waterfall while

enhancing the local microclimate. Based on this, exploring the

relationship between pruning and coverage rate will improve the

branching problem of aroid vines. Developing plant growth models,

using 3D modeling techniques to predict plant coverage dynamics,

and employing micro-environmental regulation technologies such

as humidity control and shading systems will help simulate their

natural habitat conditions. Evaluating the ecological services, such

as cooling, humidifying, air purification, and supporting

biodiversity, will be crucial for advancing their use in

urban landscapes.

It is worth noting that a small number of aroid vines are

recognized as potentially invasive species, such as Epipremnum

pinnatum (Global Invasive Species Database, 2025). In tropical

forests lacking strong competitors, these species can reproduce

vegetatively to form dense populations, displacing native

vegetation. Therefore, in horticultural and landscape applications,

cultivars with invasive potential should be avoided in native

conservation forests or ecologically fragile areas. In addition,

some aroid vines exhibit a degree of toxicity. While casual contact

poses no significant risk to humans, exposure to their sap may cause

skin irritation, and ingestion could lead to poisoning. In landscape

practices, clear labeling should be provided to prevent accidental

ingestion or skin contact.
7 Conclusion

In conclusion, aroid vines are widely distributed and exhibit

distinct tropical distribution patterns, with unique climbing

strategies and growth traits characteristic of passive climbers.

Based on life form, they can be classified as terrestrial vines,

epiphytic vines, and semi-epiphytic vines; based on the degree of

leaf heteromorphy, they can be classified as isomorphic vines,

allomorphic vines, and heteromorphic vines. Their core climbing
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strategy relies on root attachment, and their aerial roots exhibit

dimorphism. These plants utilize creeping stems to search for

supports and employ clasping roots for attachment. During the

climbing process, to cope with environmental changes from

ground-level creeping to canopy ascent, aroid vines exhibit strong

morphological plasticity. Resource allocation is biased toward the

aboveground parts, ensuring hydraulic supply through increased

feeder roots production, stem thickening, and hydraulic

optimization. Concurrently, the development of larger and thicker

heterophyllous leaves enhances photosynthetic capacity and

drought tolerance, adapting to the high-light conditions of the

canopy. Multiple factors influence the climbing growth of aroid

vines: negative phototropism drives the search for supports, light

intensity directly regulates leaf morphological development, and

host surface traits, such as surface roughness and water retention

significantly affect attachment efficiency and biomass allocation.

Mechanical contact and gravity direction influence growth through

hormone homeostasis, coordinating resource distribution.

However, current research still faces gaps, such as a lack of field-

based life form classification and unquantified support response

strategies. The molecular networks of environmental adaptation

and hormone regulation pathways remain to be elucidated. Future

research should focus on the environmental adaptability and

morphological plasticity strategies of aroid vines, their response to

host surface characteristics, and their landscape applications.
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