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Abstract

This study investigated the structural characteristics and environmentally adaptive adhesion mechanisms of adhesive aerial
roots in the climbing plants ivy (Hedera helix), Asian jasmine (7rachelospermum asiaticum), and pothos (Epipremnum
aureum). The adhesive aerial roots of each species were examined using a smart high-resolution stereo microscope and
low-vacuum scanning electron microscopy (LV-SEM) to compare surface morphology, trichome organization, internal tissue
structure, and density characteristics. The results showed that ivy forms a nanoparticle-based adhesive layer and exhibits
high tissue density, resulting in strong attachment capability. Asian jasmine has a surface-conforming adhesion structure that
accommodates microtopographical irregularities, whereas pothos possess elongated aerial roots that are capable of concurrent
water absorption. These findings demonstrate that each species has an optimal attachment system that responds to
environmental conditions. The structural principles revealed here provide a biological basis for the development of
biodegradable adhesives, plant-material interface designs, and eco-friendly bonding technologies for environmental

engineering applications.

Key words : Adhesive root, Climbing plant, Biomimetics, Bioinspired adhesive materials

1M E2

F=24E(climbing plants) A A|Ao] F2sto]
A ote S5 A Ak Hot o]t 52 Al
Aele T e ¥ (biomimetic) ¥ 2HE AR 55
(environmental materials engineering) &Foll A 2k
719 & mwdlg 20 QItHBurris et al., 2018).
o] A&E2 JZ(tendril), 2 =(adhesive pad),
a8 E71G omidels gsks HERA 71
(adhesive aerial root) 5 tHeFet FEjo] £zt 71-E

A A 2] 2] A 2ke] &5 HES P93 HLiu and Gao,
2022). ©] 7t H2H4 71(adhesive aerial root)
= He o] |FeA TSk Q] BT
(adventitious root)9] ¢t FEIZ, g E7] FLIoA
o= Hals onlgttlLee, 2016). A&l wat F
22 9 {2 B V|2 TR Yy HRA 2

o PBABY R A W F ope, s A2
ZH
T

Received 18 November, 2025; Revised 4 December, 2025;
Accepted 8 December, 2025

*Corresponding author : Haejin Bae, Ecological Technology Research
Team, National Institute of Ecology, Seochenon-gun 33657, Korea
Phone : +82-41-950-5627

E-mail : hibae@nie.re.kr

© The Korean Environmental Sciences Society. All rights reserved.
€0 This is an Open-Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.5322/JESI.2025.34.12.787&domain=https://journal.kenss.or.kr/&uri_scheme=http:&cm_version=v1.5

SSHAA . f-Agh F2-8 7Hs5H| 5,
H At 2Hg W8} SOk QPgA 1 S FA]
o JEE FFHLee and Kim, 2011).

ofolt]= F&T ATe] thuxa el X152 E7]9
A A 7]29] e (root hair)o] Y 2719] 9
22 29 AR £ Bulote] ujiiele EH
T 7 JFAEE F4Yste Aoz HiEo Qth
(Melzer et al., 2010). ¥tH, W3}5-2 jm2 QI 2HY
2l E(epiphyte)=A], UFE711 A9 ulAgt EAf
o FHALE HWHAA FHATHWoo and Yang,
2012). 2gGA L= E7]01A S 7)ol Z]A]A|
£ wet Wom By 8 S48 FA &gt
(Yang and Deng, 2017).

Al Age] EAS vlustH AFeid w7 a FEj
Eoll= Aol AT J2Hg 7)o 71=A1 A
Z2 4= FFHolnt. ol HAFA 7)ol Tt
2d [zt 7|HE dol, @0 A3t HF Al
HolS AR, wEbA] 2 A= Al Fo 324
2 dfez 3 A B AAHlY] Fofol=
A2 7129 F2A-JHd E4S vluste] IS
7 JAZ 71e 9 QAR AL AL 7xAts
=

(o]
T
=
mel ke rlo rok

d

Mo B

21. 4" A2 Y A= ZH|

2 Aoll= A 718 WA = BEAE 3T,
otolv|(Hedera helix), W2V s(Trachelospermum
asiaticum) 18] 1L 2GS X 2 Epipremnum aureumn)
£ ARSI BE AlmE S A A sdollA &
Hsto] 245190 olF Ale-2 AEA A o] Aolst
, £7] B viroA 2 712E IR £
< 3FHoR M

2.2. 30|FE 24

Al

=2
Aol AR Alme HAHY 712l 29t TS
oo} AR JHl = FEHIsH A, BE2 11x, 25x%,

50, 100x Bh&el A 4-aystgon] H2ha 7o) oy
A g, o), & RE 27 9215 BA8] 918 7
25 1070 ol4F0] AES BAstel tiE ofn| S A

Assiet.

Az 712e] nh Tzt B 228 HUZEAL
AR Z(LV-SEM)E o]-8-5to] 3Hast4iTt, LV-SEM
(JSM-IT300, JEOL Ltd.) £42 9t AlgE H2H4
712 HES At & vy 9 2 S 1t A

»

AHE APstatt. AA ARE IHAR% G
(Glutaraldehyde) +2% PA (Paraformaldehyde) (in
0.05M cacodylate buffer pH 7.2) 191l g0} A4
4A17F 1ot ol ¢ nAHME AAT ¥, 0.05M
cacodylate buffer2 30+ 7H2 S 2 33] A4ttt
1% OsO4(in 0.05M cacodylate buffer pH 7.2)2
fume hood®llA 1417t 22+ 1 &, 53t buffer2
30+ IHE o= 33| AAsEATE 11 % 30%, 50%, 70%,
90%, 95% ethyl alcoholZ 30& 7tAH o2 &5 #
P, 100% ethyl alcoholZ 30 7HAC=E 23] &
FAFEH. 4 gE4E ARE AR Ax F Pt
coating g ¥ 1~10 kv¥] 7154 275104
LV-SEM2.2 20x~2500x Bi&& st E3|
o] g, 39 AHAY], £71¢19] 25 JHE T4
Ao A5

2.3, L Y 24

A2 7129 Wi 223} UE B X = micro-CT
(Skyscan1273, Bruker)& °]&dl H|mtajoz B
A5ttt BE Algs AAEglo] 3~5742] E7]00A
7|12 Bi-s ddsto] ARgotnh 95212 Yot
Al M2 70 kV, AFE= 114 uA, Camera pixel
74.877 pm, rotation step< 0.300 °= EgstAHt
g3t o]u| R &2 DataViewer 1.7.0 (Bruker) Z&
I3 5ol U s 2451 tHGargiulo et al., 2024).
T ke 2 712 A 9119 @ o] x]of A
Aotart. i o9 Fud A2 et #tol
0 E Ao A 214 0] A A gt AEgke
-bit grey level(0~255)2 {3t AHS &7]¢}
2Hg 7)o = FEREH H2RA 7S ERET)
o] S5 o] & o2 ZF Algo] Hd X
U (+ 2EHAD} Hd Yx(max density)E Hl
Sto] 2 7Y ol HahE o] A& Brlskoith

o
e

ST U R S W |V =¥
HoN ==

-+



Asian jasmine

Pothos

Fig. 1. Adhesive aerial roots of climbing plants.
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Asian jasmine Pothos

Fig. 2. Macroscopic morphology of adhesive aerial roots. (a) root hair structure of adhesive aerial roots, (b) early
morphology of adhesive aerial roots. Scale bar: Imm.

Asian jasmine Pothos

Fig. 3. LV-SEM images showing external morphology of root hairs on adhesive aerial roots at (a) low and (b) high
magnification. Scale bars from left to right: (a) 100 #m, 100 zm, 500 gm,: (b) 50 £m, 100 gm, 50 gzm.
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Fig. 4. LV-SEM image showing a cross-section of the junction between the stem and adhesive aerial root. Scale
bars from left to right: 100 gm, 100 £m, 500 gm.
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Asian jasmine

Fig. 5. Distinctive structures in internal(a) and external(b) anatomy of adhesive aerial roots. Scale bars from left to
right: (@) 5 #m, 10 gm, 10 £m,; (b) 10 xm, 10 gm, 10 zm.
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