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Abstract. The potent pharmacological properties of Centella asiatica underscore the need for its large-scale
propagation for industrial applications, in response to increasing market demand. This study aimed to evaluate the
growth characteristics of Centella asiatica cultivated in organic and inorganic media during vegetative propagation
using runners under a hydroponic system. Plants grown in polyurethane foam (PU) exhibited significantly higher shoot
fresh weight, runner fresh and dry weights, leaf area, and SPAD value. Hydroball (HB) also showed superior growth
compared to other media. In contrast, plants in jiffy pellets (JP) showed the poorest growth. These enhanced growth
characteristics in PU are attributed to its high total porosity and air space, key physical properties that promote root
development and activity. Based on these findings, PU is identified as the most suitable media for the vegetative
propagation and subsequent large-scale production of Centella asiatica.
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A Al BiA] SRl whE W& (Centella asiatica L.)°] 45 574 ¥laL

St Al 2 e, WES o E HE Y B4
S T2 715:A]7] 2L 9Jt{Habib-ur-Rahman 5, 2022). A1A]|
2 2.9 ofal 2l Eeje| 20| S tALMES AlE)H
27 9 A o] £ WEAS ol Zow By
¢t Rahajanirina 5, 2012).

olefRt A 9 FA o] B &Skt gt
S M EL PR B
O g FEiy Qlrk o]} 2 217 A|0] A5 A (controlled
environment agriculture, CEA) 7]
SERPCE R EREEEREE
e F2IhL, YR fFaAEe Q)
(BenkeX} Tomkins, 2017). A7} &L =
S AEE 2 716 D A 1e7)E
(Wongsa 5, 2023; Khan 5, 2022), Hll~A) &
2 3-X(Kaensaksiri 5, 2011; Surson 5, 2024
o] ey = oL, 7 Aul Al 2Ellof|A] o
R 0] 7241 AEA ol thgt At - 1
Zo]thOh £, 2021).
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74 e Al Ao A a1 el R = Tt X XA 2] Sk
ol 2 A4S 3, g Be 2 Ad, =g a7
T Ut 7S sk AEo] Sl AR IS
0] 2 thMaucieri 5, 2019). vz 2] 228 EXL I/ E2] 4,
sleba], BE8H EAJ O & oA, o] & =] 4, 2ekA]
5/30] T83F g ghci(Schafer 5, 2015). =2 4
n| A2 /g0l A1 AR FFS A= B B R =

HF AR 71 U, T 38, dlad, Al e 24
oo} B ol Jlom, 3lekA 544 0 == pH, EC, &
OFEL F}ef Zo] 9lthk(Schafer®} Lener, 2022). 4= 4wl 2] A
T 2GS SlaliM= A S 224 7hke] Bl a1y
Hj 2] &] Sgto] 4l H ofm, g ujR|of whE A=-0] A5 vE
S W 5 WSS AR 0 EAske 4 At
t{Okunola 5, 2024).

A AAA S8 7)1 S5t} EAIS7} 71453k HA] g
ER| Aol gk fhto] 4l8kE] L 9lom, ofof whet a7}
7HA] A0 AR At A A= 0] Hgho] P oleh= 14
o] 2hih=| Al QlthRezvi 5, 2023). o] 2|7t Al %] &5 £
A 215 22 T AIE CEA Al 2Flo] n]ef 54 9] 34
ko g BAFsaL §lom, CEA Q] a4 7145 sl 4+
A= B FE ol SR E, Walle Hel, = d3 59
HellAl A &7hs¢t 59 1A SAl7IeR 5L Qlrk
(Rajaseger 5, 2023). HA|= 7 Au] A2 2028 A771A]
At AFE-2 20.7%E 31/d7o] SE L glom, o]
et FA SHE 215 AE0] ALH R Barw] 1 gk

B(}Y

MESHAXHSIE|X], M34H X3S 2025

(Velazquez-Gonzalez 5, 2022).

ojof| & Aol A= B -3tk E4du 27 ohalRt 6%
9] 118 v R|[Ho)l-8 A E(mixed substrate, MS), x| 1] 2]
(iffy pellet, JP), H|2}Z&2 d(terra plug, TP), slo| =2 &
(hydroball, HB), 20}A]2(phenol formaldehyde resin, PF),
S-dgt A3 A (polyurethane foam, PU)JE 2-8-5}], Z}
A 2110] 7 A ul BEC] Asol| ml A= PR vl
5lal, CEA 7|9Ho] il et & A ahS: 913t 224 v %] A7 9]

514 278 Al gelaa) st

Mz o EE

=
SRR AR S B m 2ol 91Xt w2
2}l 4] Hoagland BiF(pH 6.0, EC 2.0 dS'm™)E

2%
0]-83 FrolA] ARl 2 FPHAE WA o] A oA F H
W2 7.76 - 11.64 cm™8 ¢ o] o] AAHE HU5HA| Aldks}

of ] & Akl &, PUOJ| a17gsto] A= A% 3 (Plant
growth chamber, Gaoozebiotech Co. Ltd., Suwon, Korea)
ol 257 =SHAZTE. ] W) P8 252 24+1°C, Ay
= 60%, oAl e ti7 o R FAlsl e,
% 150+10pumol-m™-s™ PPFD (Photosynthetic photon flux
density, ISR IAEUE), FF7])= 12417H09:00 —
21:00)°]t}. 545 PUHX|(WXLxH: 25mmx25mmx
30mm) AL 0% GAIA7|ES AUHSE BEF0
™, 29 74 2 = 09:004] o] 13] #5513k 2= 3 7)Ao 5t
2] o]z} 1em o1 7WAIE Aol 2t ujA]of] AT

2 o] ALE 6%:0] wj#I(MS, IP, TP, HB, PF, PU)%=
Aol Akt thar Q) PR, AlEard AlAE W
2§ 71542 Teito] 4SHATH Table 1). 2t A= 4
AR FEE(LXWH: 5x5x4.5em)o] 5 592 5215
T, AT EYO(LxWxH: 32x22x6.5cm)]| Hi2]5H3
of AR At f v dul| g A=A ol A
AE|glon], Al 7elo] B A% A Aol 5
RAI5}9AE}. B4 Hoagland Biool - o} 85101 291 1.0
£ 09:004]0] 18] A k4R P51 90K Table 2). 7} W] %]
AT A=AE O7NAIA A2 S-S FHEsto] Hij#
shglon, 94 289 Ao SRS AP &2Alo] A5G,

Hjx] 2] o] 3}sHgd F49S 2Jsf] 250mL B]A o] Z} v %] & 150
mL A2 5 F74=200mL Y} S35 5, 152 -85 vy
2 435}t pH t]E|(STAR A211, Thermo Scientific™,
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Table 1. Six different types of media, each provided by a distinct manufacturer, were selected for use in this study.

Medium Manufacturer
Mixed Substrate (MS) Tosilee, Shinan Grow Co., Jinju, Korea
Jiffy Pellet (JP) Jiffy-7, Jifty products S.L. Ltd, Mirigama, Sri Lanka

Terra Plug (TP)

Hydroball (HB)

Phenol formaldehyde resin (PF)
Polyurethane foam (PU)

Terra plug, Smithers Oasis Co., OH, USA
ODIGA Hydroball, ODIGA, Sacheon-si, Korea
Horticubes, Smithers-Oasis Company, OH, USA

Hydroponic sponge, Easyhydro, Chuncheon, Korea

Table 2. Hoagland nutrient solution components for Centella asiatica
L. used in this study.

Type Chemical Concentration (g/L)
A KNO; 236.15
Ca(NOy),'4H,0O 75.83
Fe-EDTA 10.53
B KNO; 75.83
NK4H,PO, 28.77
MgSO,-7TH,O 123.24
H;BO; 0.36
MnSO;-4H,0 0.23
ZnSO4 THO 0.03
CuSO,-5H,0 0.01
Na2MoO;2H,O 0.03

Incheon, Korea)2} EC v|E{(STARTER-3100C, OHAUS,

NJ, USA)Z AH8-5to] ujle] pHS} ECE 2743k9{rk(Shin
= 2022).
ujo] el el & BIE, SHUE, §A4HTY U 7]

=
AE 42 918l Choi 5(1997)0] A AIgH R of ofsf =3k
7HE0] HEgE AES Y Y2 e SRTE AR B2
355 B2 I3A7] L 1547 Sof vilpsk2 76kl
e e Ae o] S S Askgl o, ol 60°C ]
71o1H T2 A2 & ABEG ZAs Al e] &
7]-8-<~%H container capacity), 7|A}E(air space), = I &
(total porosity), 7}H]=(bulk density)E Th2-2] HA4] S & Ak
=3 tH(Shin 5, 2022).

Container capacity = [(wet soil weight- dry soil weight) /
volume of sample] x 100
Air space = [(volume of water drainage) / volume of

sample] x 100

Total porosity = container capacity + air space
Bulk Density = dry weight / volume of sample
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Sholol 4, /ol 2 2] 4 Xﬂ%l} 7%, SPAD 7},
T @A SASIGITE SPAD gk 454 &4
(SPAD-502, Konica Minolta Inc., Tokyo, Japan)E, &H%]
2 AHA =4 7](LI1-3000, LI-COR Inc., USA)E, A7 57
+= Hy o8] 2A(CD-20CPX, Mitutoyo Co. Ltd., Kanagawa,
Tapan)S, el AJakiie] YA 7EF-L AR L
(EW220-3NM, Ken & Sohn GmbH., Hamburg, Germany)

& ol.g o] ZATIA DEFE AIRE T0°C e A2
(Venticell-222, MMM Medcenter Einrichtunger GmbH,
Bavaria, Germany)oJ|A] 24A)7F AX3St & =459 oH,
S:R ratio (Shoot:root ratio)E AARACH 2 E|o] 2] 9711
% SIS FA9)2 Algelo] Z4o] ALgalich

3. &4

H= A HlolE o] FA| £A42- SAS A EQo](Ver. 9.4,
SAS Institute Inc., Cary, NC, USA)E AME3}o] 4280513 2
o, 2|7t Hat 41e] 1944 A= sl HAREA(ANOVA)
= AABLAL ol 2po)7} LR 7-9- Duncan t2-417
(Duncan’s multiple range test)S H p<0.05% 01]/\1
- ZF ol dS ASsIelh Wi Al SRl i HE S S
AL R T T (Version 4.5.0, R Project for Statlstlcal
Computing)& ©]-§-5}%] S|ER = A|Z3lstGlom, e
3 2L SigmaPlot 32 T13(Ver. 12.0, Systat Software
Inc., USA)S o] &3}ith

Iz

HI

Znt 9 D

1. Hix|e] olsfats SA
3 Hi19] B2 S Table 3o sk 22t )
OHH S5 vl X7} 25 4 ol o] H el

H]jZ] 2] %—7]—%—-,—%*3 o8 A& (mixed substrate, MS)2}
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Table 3. Physical properties according to the type of medium.

o WE WE(Centella asiatica 1.)2] A& EA] H]

Mediun’ Container capacity Air space Total porosity Bulk De{1sity
(%0) (%) (%) (gfenr)
MS 62 +44 0 12+011b 63+45Db 0.16 + 0.014 d
Jp 67 £ 68D 0.1 £0.02 d 67+ 68D 0.28 £ 0.006 b
TP 39 +49 ¢ 0.2 £0.05 cd 39+49 ¢ 024 £ 0.014 ¢
HB 20+ 1.1d 04 £0.09 ¢ 21 £ 1.1d 049 + 0.015 a
PF 65+09Db 0.2 + 0.01 cd 66 =09 b 0.01 = 0.001 e
PU 81 £25a 6.1 £034 a 87 +£29 a 0.02 £ 0.001 e

“Type of media used in the experiment: MS: Mixed Substrate; JP: Jiffy Pellet; TP: Terra Plug; HB: Hydroball; PF: Phenol formaldehyde resin;

PU: Polyurethane foam.

*Mean separation within columns by Duncan’s multiple range test at p < 0.001.

pellet, JP)o| A 212} 62%, 65%, 181 67%= 2421 2}
o7} glglon, gt AHX|(polyurethane foam, PU)=
81%9] 8718, o2 194 02 A vyt Hl2kEy
T(terra plug, TP)} 3lo] =2 E(hydroball, HB)o|A 212+
39% 2 20%= MSof| H|5} -0]2| 0= WA Uit 7]/
E-2 23R oA S Al A S Hle]of Ak gl 7Hs
SF F=+o] v &2 4 PU, MS, HB, PF, TP, Z18]17 JP <A )
2 7¥7F 6.1%, 1.2%, 0.4%, 0.2%, 0.2%, 0.1%= e,
PUOA folA o g =2 gho] SAEU & 358X PU
oA 87%=E 7} =9kom, MS, PF, JP= Z+2} 63%, 66%,
67%= 941 Zo]7} LpeA] ¢ttt BEH TP} HBO
X 2424 39%, 21%2 MSS} ] m5to] §-2JakA) wieke. 7}
%2 HBoJA] 0.49g-m”> 0 & 714 =9kom, PU ¢} PF= 7}t
700.02g'm”, 0.01g'm”> & 522 0 & 7P Lo 7|5 ghe
Hehlek FHIE SR W =9 ol s> 59 4
GRS Wol 51 o) Fok W, A B mAlR AL
3l vilX| o] ShEol 4 AEEO R g Fahs WAl
uf Ab4o] B3k gfoo] o] 4ol AR
A= 7= Ao THReed, 1996). B0 42 11
3} 3717h 898 5= Qe B200] Sk Elo], 2abeo) ¥
U, 4b B ET Ak 2ol 2t} ololItk(Blo
2017). A SO Wj2| ] ot Fe,
£ BHS 98 B2 T 9B A8 AL
Q102 247 0.2 A0 65 W11 % PUL Al
2§71 FEI%), VIRG.1%), 5 FFBETNE
Alof| ZE3=01 Qlof 7 W AkAs B ] AE A A2 A Y
& A 5T 5 Sl iR = e E Tk

6552 vl 2| 2] 31514 E/J-2 Table 40| A|A|5H3ATE. v <]
o] pH 9 EC 248 93t %542 pH 9} EC= 177,59}
0 uSm'o] s}, 85 wjole] pHiz B Hjzjofl 4 £ v

o2 &
od'}_m
oﬂITgv
0,
2 2 O o

rr
o
4

=

1

o> W
o o ot o

o

MESHAXHSIE|X], M34H X3S 2025

Table 4. Chemical properties according to the type of medium.

Medium pH EC (dS'm™)
Mixed Substrate (MS) 5.96 1.06
Jiffy Pellet (JP) 6.14 0.48
Terra Plug (TP) 6.20 0.09
Hydroball (HB) 6.50 0.04
Phenol formaldehyde resin (PF) 5.75 0.18
Polyurethane foam (PU) 6.90 0.01

HO| pH= S5 ot =7 Yttt

71 715E viA] Q1 MS&}F JPoj A EC7} gt & o &2 =7
Uehrom, E5MSE=1.06dS'm™ 2 §-o)% o & 7pa} =0
B2 Holok o= A ApAof) 229 AT Fol22] JF
o= =A=r} dihd TP, PU, HBoJ|A] EC7}0.1dS 'm™ 0]&}
2 ZAxo], 2E Agof theh 2 F-ol5HA] k2 ==
210 2 et 7 Aol A pHOF EC= A1 &2 771 =
S0l A2 kS v|x]= A QAo T FEe] 4]
=2 pH 5.5-6.5 Y jollA] 22 A5 HRlrt o] = H(Fe),
QI(P), o}(Zn) 59| 8 AJ+-2] 718 °] sl pH H<2lell
A 714 7] wlEo|tiFathidarehnijeh 5, 2023). & 10|
A AHEE Ao g 3listo], Eul3 E4do] s
of o 2 Fa& vFE 7hs/do) Aot TLeu i uiR] o] 3
sh £ 2 A5l allE mIR]A] g oAl HE W

[e]

82 AAFIT,
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2

=2
32
52 J
o

f

2,

2| ) F5ol W2 4] F 28019 Y WSS
AFet A3l Fig. 19 AASISTE HEQ] AAFE A%
MS, IP, TP, HB, PF, PU 4= & 1.35g, 0.63g, 1.19g, 1.15g,
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Fig. 1. Fresh and dry weight of Centella asiatica L. grown on different media types for 4 weeks. Values are presented as means (n=>5)+ SD. * p < 0.05,

and NS is non-significant.
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Fig. 2. Fresh and dry weight of Centella asiatica L. runners grown on different media types for 4 weeks. Values are presented as means (n = 5) + SD.

* p < 0.05, and NS is non-significant.

Gom, PUSA = 6% Z7F5Hc). ] A 82,
S5 AAE, A2F FEelA L Xzt 59121 Jol 7t 4
24X 9keh B Aol MS 2 PU M2l 2ol A HEe]
A AR 0] FOIs7) 7 Lebeond, ol S w7k

o] AopiAlS 915 ALS ZIvko = A A Aa) 2.9lo]
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0] i A F-SMS, IP, TP, HB, PF, PU <A )2 7}
710.21g, 0.01g, 0.13g, 0.63g, 0.16g, 1.04g 0.2 ZHE|Q] 0
o PUSIA) 015271 3 2 ol Sl
(Fig. 2). AU 0] ABFA = AR F} ST o] Let
U, PU A2} ol A 718 5.2 3k LR Srolido] A5 El9)
o}, Patil 5(2020)0] T2 & FHEo] 85% o] Afo|w Akt
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Fig. 3. Morphological characteristics of Centella asiatica L. grown on different media types for 4 weeks. Values are expressed as means (7= 5) + SD.
** indicates significance at p < 0.01, * p < 0.05, and NS is non-significant.

FF 248 14 L 57140l FFUA fAE] o4
Q1 ARG v ek W stk WES LS B
opuiAle] /st SRR UelA 9lor], Eof 243 Bo|
A3 39 WA F43 4 lckPatel, 2015). JoPAL S
2 Aol w3 whe i IR, A 0% AT A
B0l 43 4 ek B I Avoedu 5, 2021)
1 Q15004 PU X2 2ol B2 W5 Ao g opge
s vl 7} ) Oﬂowﬂiﬂ%%@%w CEERE
2 3% 9122 LEhu], PUZL 7P 5.8 671845, 7]
B, F BABS We) B 28 T, Ak B2 A
2ststol, §Ee] AU Aol SR A B2 AR
& Aoz daan

T2 HjA| of| A 4552t ARt HE O] ol 4] x| Tt
vJ@ﬂ Apo7F LFEhA] QhQITHFig. 3A). HHH, 2o
A=MSEPUZ} 2H2E 55.0em?, 46.8cm” 2 7HAF 2 218 1}
ER a1, o] PF, JP &g Er} $-0]% 02 =9ltk(Fig. 3B).
S:RE-S MSHZ|oflA 2.6 0.8 7M=& k& Ko
PF (1.7) 2P (2.1) 2| 2]5-e} H]asto] 014 0 2 20 3k
UEPATKFig. 3C). SPAD 312 PF, PU W HBoJ|A] 2+2}56.7,
57.6,57.12 =2 A L ep i o, MS 2 TP 211.21.49 9,
50.5=% 94 PF, PU W HBS} H|walo] 9-0]2 0 2 vkopr}
(Fig. 4D). 53] SRE2 A=A W 3= 2 4 J—EJ =

MESAZTHESIS|X|, M343 X35 2025

A AR EA, A2 AE, A

W & ot s S/ A
A odE] o QAQ(AGRENJ_}Frankhn 2003). 0]+= A|A}H
2} RS T s S vl Ao = HEkE - =g Raviv
5> 2008). & Aol A T AR 2 2ol 79
291 A5 2ol 7HHAYSE A, PFLLIP O] F7 ) /gt 2 1
S IF o] 23] FAIE]X] grot ulz|of| 4] #e o SZLZLJJr
Jdo] AlgtE 7] WZ oz A%, of2|et Avk= &
B A B0l A PFFIP ulj K] = A5-5 Ao = S
= ARSI A SRET AR ek Leb o,
PU 4 MS 8 %] 9] 9431 42 B g e ut F7)-E A5 o] A
ofl 342 YL v|X At AR E T SPAD 3 4189
AR} AFE S 71 2 0 & vled st 42 o) o, AlEo] Wb L
A} A7 A AAEE UrERd 4= Qlek(Guo 5, 2022). 2 ¢
ol A PU 2 HB A 2]-tof| 4] =2 SPAD glo] vrehd 22
S 2] ol Al o] 11-0] 4] 0 = =3t S SAd o] ZAREA 01 AY
2 A 84 A S G Ao R £ 4= qlom, HE A
v A PU 9 HBHj A| = &2 A 2 7570 o] Qo &
[3F AT T 4= QIS HolETh

S|EY 24 At ZHui A HES S SAS vl wet
7} PU 2 HB A 2] 7Lol|A] AHuka 0 & 945} vlo] QufA 2
A 9 A SA4o] BTk 53] PUE AV AAIS,
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