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Abstract

This study investigated the growth characteristics of Fuonymus japonicus, Hedera helix, and Peperomia puteolata treated
with different calcium chloride (CaCly) concentrations to evaluate salt tolerance limits in hydroculture cultivation. Six con-
centrations of CaCl, (0, 1, 2, 5, 10, and 15 g-L! referred to as Cont., Cl, C2, C5, C10, and C15) were applied to solution

- grown plant species. The survival rate, growth index, plant height, plant width, leaf width, leaf length, number of leaves, and
relative chlorophyll contents were measured at monthly intervals. Fuonymus japonicus, Hedera helix, and Peperomia puteo-
lata survived up to C2, C5, and C10 at each CaCl, concentration. The Euonymus japonicus was higher in the C1 treatment than
in the Cont. for most growth characteristics. Hedera helix had the highest leaf width, leaf length, and number of leaves in the
Cont., a significant difference was observed compared with the C1 treatment. The chlorophyll content did not differ sig-
nificantly between the C5 and Cont. treatments. The leaf width and length of Peperomia puteoiata were greater in the C2 and
C1 treatments than in the Cont., whereas the number of leaves and chlorophyll content were the highest in C5. Dry weight
analysis revealed that Euonymus japonicus, Hedera helix, and Peperomia puteolatawere the lowest in the Cont. treatments.
Fuonymus japonicuswas 74% in C15, and Hedera helix, and Peperomia puteolatawere analyzed at approximately 37%- 50%
and 9%-14%, respectively, regardless of the concentration in the CaCl, treatment groups. In indoor hydroponic cultivation,
the salt tolerance limit concentrations of Euonymus japonicus, Hedera helix, and Peperomia puteolataare 2, 5, and 10 g-L™,
respectively, indicating that hydroculture management techniques should be applied at higher concentrations.
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Bsol mE A §hgoll Bk A7t o]
t}. Jeong et al.(2013)-> thEA Q] AP A= S50
r)o] AA G dolH 17} NaCl =2 2t &
2] AE|gt 23t NaCl 200 mMollA ABSgo] 341,
500 mM ©)de] EEkolE 7t 7hssitha J
J5kE 22 GAAAE] AL 759 50 mMollA]
27, BASG, B B8 5ol FY AR AHE R
PAT DHXANAE F BES /AT T AU
Ay EAJo=2 400 mM9] B2 H9l9 dEkolA
T A5o] 7hssittal shth(Kim et al., 2019). ©19]
ol % CaCl, Aol whE A5 A5 §hg A= AAA
of kEH Al 7tES2] W AAE AES tde s o
E A& Hofloll tigt A 5ol agE o] gketk(ju
et al., 2019; Yang et al., 2020), A /& S|
oAl ol oE THAES] Aol et A
+ 1 &3t A4 o)k

dutg oz =732 ulithydroponics)® 3¢ A
= BE 58, Fm], B
ST 22 WIS AES dREE s A
Yzl dAdolA 7H8-8 o2 4A £ YA E 712 &
TR 5do JEH=E =l SItk(Shrestha and

Dunn, 2010). 248, EA8l(hydroculture)x= 57341
il ge] JIFE 35, AEFEA, H=245A
23

o]

O > P

H, T1&2’0 6=
5ol AMBEA] grom mERA HulgEdtolE, e}
O|E S} Z2 lgHiA] et B astA gtk= AHS
7FA1 2 JHClapa et al., 2013). £5] THEAE2 off
BE Ao 9 ot Yato 2 SAut vhSR] 70l A
Zr 2] figol] A2 = 238 == 28
L7t S7Vskal JeK(Shim and Kwon, 2010). o]&gF
AW Y8 B 714 25716 thet o]
o] durele] S8 7t Mt Frkskar ot Sk,
S8 HE-2 shte] wjago] glof Yo =Ro] £
B2 {257 g2 ¥ ot A7 A S23F2 Wl
2] W AREHF 27 2o 4 Ut(u et al.,
2019). AARE ESF 9 Aot s g 4
o= a0l eFst A& At Aok a9l
o] "ItKKim et al., 2002). Loudari et al.(2020)=
EntE 7376 A & AEH AT} 2)FRE} 2 5HE]
B7] 4 S5 8-S xS sk =35t
(Gossypium arboreum)®] 3%, € 5k 3712 T2t
Woprh A=A, FRe| A A A&
AstEItta Halstedet, o]g% JE2 A& Qlo] 4=

A7121 FFEe] EP-S ZHot=
215 stuto|tt (Lolaei, 2012). 54
18 EA0 Al 214491 GRS o}
stet A= Hagel B A=
I, whebA] 2 Aol e A8 =4
Ol 8LV} w2 FAFE, ofolH], Hu=
2k Aol o vjR| e Het g
IR R AL Frido = o
1A A8 AqFFTo2A Y] 715
AREQIo] AH|EXE 13 AEHE7]
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2.1. 9=

AEREE 92 Wt tedd AWAEY &
M (Euonymus japonica), ©FCl8l(Hedera helix),
H W Z2uloW Peperomia clusiifolia)Z(ang et al.,
2013), T Z717F Hlud #Let AEE Yot
o}, oA AW 5 B o] FEE AAsH ] Sl 4
FEE AIHT F e £8d fFEE A
sttt EA 8712 100 mL AZ-E=2A3(Schott
Duran Erlenmeyer Flask)& AH&st9.oH, 25T
= T sk HIE WAst] fIsto] §7] ftel =t

5 (Parafilm)e F&Hekqich. dutdoz A7)
TZ(EC)I7H4 dS'm™ o1l A EREFelHAL o
H, 489 ASHEENaC)S 7522 EAEH
2 AAZL 80 mM & E1E 1 JkBarbafieri et
al., 2023). olo| EAfufellA= ol Hrh W2 o] i
R, X 74%] =T AEE(CaCly, Oriental
Chemical Industries, Korea)& AHg3slo] £75411
9 0(Cont.), 1(C1), 2(C2), 5(C5), 10(C10), 15
g(C15), & 0, 6.67, 13.34, 33.34, 66.7 mM2] & 6
712 s =2 skt

350 PAAEL 7 Aalpatc gaelolAy
3 whEsto] & 180709) S-S 20234 38R 74

[e)
7HA oF 4NER S5 FFA A skl A 2
A HelA A askolnh. dis® Al we
T8 sk Aot WHERE FHoE
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Fig. 1. Change of acidity in solution grown Euonymus japonicus (A), Hedera helix (B), and Peperomia puteolata (C) for a
period March (@) and July (O) months to increasing salts (CaCly) concentrations in a greenhouse hydroculture.
Vertical bars represent S& of 9 treatments. Calcium chloride (CaCly) were added to the solution to prepare the
saline solution. Cont: non-treatment, C1, C2, C5, C10, and C15: CaCl, 1, 2, 5, 10, and 15 g-L’!, respectively.

Ao, Atk pH Meter (Orion 4204,
Orion, USA)Z, A7|AZZ(EC)=
(CON510, Eutech instruments, Singapore)E ©|-&
st ZAsiolnh AlEe] AeSP2 EE A
Z G, g5 AUdsaTE A

l =}
£ 52 ARSI AERS 2 %
O

EC meter

=% 2= 9
Az, des, 1=
gl BE AE/AA AET x 100%)= stRe
o AA4(Gl: Growth Index)= [(ZEZ])+HE=E
DN/2+27)/29] AHA e g2 AtstitHHammond
et al., 2007). BHIELTFE T8 A=A
(SPAD-502, Minolta, Japan)Z €°| S45F =
5EHEst] WUERSIE A F7 9 AEAE &
A & 2Rt ZotR=E Uro] 72T 4%

)

o= - =

(C-DF, Changshin Sci Co, Korea)ollAl 48417t Ax
gt o AAFT AEF 0 R AEEFHES/AAE
100%)= =5t i Kwack et al., 2014). 2 A+l
A FH dlolg& SPSS statistics 27(SPSS Inc.,
Chicago, USA) Z2 18-S 2-85t%] Duncan®] o5
AQH o g FAA st oH {4 5%= shairt.
J#i== Sigmaplot 12.3(Systat, San Jose CA,
USA)E ol-gste] Lerf et
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Fig. 2. Change of electrical conductivity (EC) in solution grown Euonymus japonicus (A), Hedera helix (B), and Peperomia
puteolata (C) for a period March (@) and July (O) months to increasing salts (CaCl,) concentrations in a greenhouse
hydroculture. Vertical bars represent * standard error (n = 9). Calcium chloride (CaCly) were added to the solution
to prepare the saline solution. Cont: non-treatment, C1, C2, C5, C10, and C15: CaCl; 1, 2, 5, 10, and 15 g'L,

respectively.

B A Gt FEo o2 Z} 2] o] A (pH)
HotE o2 ZohkFig. 1). FAPEY A, AdTE
245" 399l pH 7R =3kt iyl
Cont.°llA4 7.17, C5 A&7} 7.602 A714= B
o}, §Fd 79l C1, C2 A277t 242 4.06, 4,21=
pH 58 d+ o A=l vlaf B2 4zt A
© &2 HIE QI ofolH|:= 397 pH 7.24-7.659] &
g-FdeldE mgl ot 78l C2 AEH7t pH
3.330.2 7F4bdoldal, C1 A2l4-E pH 4.45, Cont.
£ HZ2S o2 A2 s pH 5 o] eibgo g 4
gofo] E4o] ¥islolelrt, H|#|=u]ote] 759 3de
£ BE AT pH 7 olde] dZEAgdolslen,

i

Lol mhE A2 7t ke glgich Wi, 7o
APT7} pH 6.482 S0l 772 A= 5 B Y
ol9]e] A2+ pH 6 ©lote] kbR vet
olof A7t £=%E FFLRE AT AFHAL
TFAEY 2d B AJTFE = 4 leH,
A off & of e} 2|/ 0] S TRE ZFAI A
= 4= §lo] T v niglo] D asirhar sh7l
AR A= (pH)E A W 771 9Fal] 78S
Aloot=t Al Al FHFE= pHe 5.0 ~ 6.0&
2 HgrA o g gofAo] 7H8/d o] oFiHg pHollA X3
3}=]7] wf-Eo]th(Shrestha and Dunn, 2010). Lee et
al.2004)= Espgm] S Al v o] pH7}
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Table 1. Survival rate (%) of three indoor foliage plant species exposed for 4 months to increasing salts (CaCl)

concentrations in a greenhouse hydroculture

Species Cont.” Cl C2 C5 C10 C15
Euonymus japonicus 30 80 50 - - -
Hedera helix 100 90 40 70 - -
Peperomia puteolata 100 100 90 90 30 -

“Calcium chloride (CaCl,) were added to the solution to prepare the saline solution. Cont: non-treatment, C1, C2, C5, C10, and

C15: CaCly 1, 2, 5, 10, and 15 gL', respectively.

4.0-6.0°14 FEL SAHEC] =A Yshdte A
S8 Bk §lof, Algto] Zifgtel| whet tfEEe
Aol A pH 5 =2 2 WolxH A& AJSo H
H pHE Bt o]& pHE Aet FastA 713t
wtal A4St Furlani et al.(2004)9] A+ At
ot FARRE kol it
FEEE WE F8A9 MR+ AHYsE
7t EE5E SUHE ATS EAHFig. 2). SAPES
3% Cont., C1, C2 ATl A 3] vlsf 74l A
1AEE7F =obxl ¥t C5, C10, C15& Yokl o
ol Hlsl 7€ AE 1 §skE o] FHojHnt, ofolH]
+ 399l Cont.,, C15 A+7F 242 0.24, 19.22
ds/m= °F 80 7FF Zpo|7t whovt 79ol= A3 1
A2p7} FoAet. TS Cont., C1, C2, C5& 3ol H]
off 799 A7|AEE7} Forg ou C10, C15 A2+
= Aasteint. Hznlore] Hg, FAPE R H|X5HA
39 749 A7 wabEy 797 C15 A2+ 9
A 14.26 ds/mO 2 A7 A7 Bl A =9row €}
ARFE 2 ZfolE Uehiltt, A7 o]}
FY FEE S 5 U= ABE R AYFE7t =ot
AHA o] 259] Figo] wolA AV} SRt
= AS & 5 AdkJu et al., 2019). 53] |skdsE
(CaCly) W g4ol22 HEF(Na)et 2l A& A
o] +9 FFAa=E FA02(HN} FHIst] Al Y=
ol-gsH=t] ol tieh &9 §Hg-2 Est|et Bl
2] Y o]2o] F7lste 712 Z3eith= A-S 1135
& w(Isayenkov and Maathuis, 2019), §E5=7}
EoHSE dAolR BT A SUI5te] A= A5
of £3A dFZ 714 F && AARIAL shleh

7

=]

=
S B0l A QAR 28510] 7} ot
771429 Fgo] SELAT AT Ya5e)
%

424 = B=9F(Yu and Bae, 2005) 5%

3.2. &k 2|0 M2 U] HS

sk A T AEFE A1 79l FARY, of
old], HHZu]ope] =S AmE Avh= o33t &
HTable 1). Hl#Zn]ob= 2, C1, C2, C5, C10
A g7 2+ 100, 100, 90, 90, 30%<! HHH, ofolH]
£ WX, C1, C2, C5 AgellA ZHzE 100, 90, 40,
T0%E C5 AHelol|A vz W2 FEQl C2HTH A
Ego| =7 Yepdtt 22 Fro] A oA FAPES
Cont., C1, C2 A&7 Y&, Y22 717t
30, 80, 50%= XAE|AtHTable 1). ©]o] FAPE-Z
SAA A 2 gL, ofolHl= 5 gL, Him2rjok=
10 gLt oJate] dskds A ollA AEo] 7Hsote]
Hw|2u]oprt thE £ 712 BgAEe] o) & o 1
oA 8ol 7hsditte A & 4 ot

FAPE O] A= o] AFElE 3EEEH 4¢
72 G AEH A JFo R hAE ALsta 2
Astozt A sk 2791 C5, C10, C15& 1L
Ataloitt. o= AdERAY Z2H T BEHQ a7t
A S A UEbd 5= Qe FAUE nE 4,
o7l 37t & =2 F Ho2 QI Ao 2 Hlti(eon
et al., 2021). C1 A& FE 4€ o|F A7} 15
3] Asdtaoen, 799E Cl1, C2, Cont. 77} 4%
6.7,3.9, 3.2 ZAIEQIT), ofolH| o] ¢ 71 AlE
T2l C15 A& Alsta 59742 AR 47 7
9] F7Fste e C15+ 59, C102 6¥HE HAst
o At A F= AL 790 ARSI
Cont. ) C1 ) C5) C29 o2 =3k=d th& 2%
o] FAIAEo H|al] thxTollA] 18.32 A7 &
A8 wokeh T, C5, C2 ATt 42 7.9, 5.62
Hoh W5zl C5 A7 A8A47t o gt A
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Fig. 3. Change of growth index of Fuonymus japonicus (A), Hedera helix B), and Peperomia puteolata (C) for a period 4
months to increasing salts (CaCl,) concentrations in a greenhouse hydroculture. Final growth index among the salt
concentrations followed by different letters indicates significant difference by Duncan’s multiple range test at p <
0.05. Calcium chloride (CaCl,) were added to the solution to prepare the saline solution. Cont: non-treatment, C1,
C2, C5, C10, and C15: CaCl, 1, 2, 5, 10, and 15 g'L!, respectively.

O 2 ettt ofolHl= tiaEAl AWAE
Hjol] v]al = Au A] S FhEo] EAL,

% Ca &% IA S73AA 7 =30t A
#Holl & mi(Jang et al., 2009), ©]23Hd Zgo] 9
2 ol5e Ao R AR H, HEZulob= 449714
L7} &2 C10, C15 A7t GRAEH AR A7)
F7F ZASHE C10 A=A 68 o] F 455t
t}. 799l C2, C1, Cont., C5, C10 AH=|+7} 242t
12.1, 11.0, 10.5, 10.1, 3.12 C1, C5& HiZ2et=
ol ztol & Holx] ¢l HYolA 59 o]F &
202 AFoto] GREE] TS A A = A
O 2 Yelytt. ofolH|E A§t A, FlH 2ok
AAFZAIA C1, C2 A7t x2FHTE P4

271

C2 A7} C1ofl vl 2
ol Huzulort o

7t gskom s Emobs
518 5ot thFig. 3).

o] Y& 7HAA 91o], AUl water regimeZ A|&2%1
AE AEGA & A @ U 321 AoR woh

Hth(Barbafieri et al., 2023). H&©°], A& AExZH
W Ca?t Tt =2 JE, 79 9 7HE-2 vI=3 HAY
=8 AEY AL T2 W2 YA 2= ¥h-gote] F
7totH, Zrg o] 22 A 9] S FXlsto] 4 5=
< ol o 719 H(Tuteja and Mahajan, 2007).
ole] A =} Al Y-S e e FTEE T
T 4 WA =2 55 AA 2l wiz] W gFeh4]
HAYES 283t o5 wid B= 77144 ESAA
ZFA0] A7r2 dFlE Haslshr] g TEird
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Table 2. Leaf width, leaf length, and number of leaves of three indoor foliage plant species exposed for 4 months to in-
creasing salts (CaCly) concentrations in a greenhouse hydroculture

Species Treatment Leaf width (mm) Leaf length (mm) Number of leaves
Cont.” 4.86 ¢ 8.96 ¢ 7.8 be
Cl 15.80 a 2392 a 184a
C2 8.90 b 16.70 b 9.5b
Euonymus japonicus

C5 - - -

C10 - - -

C15 - - -
Cont 3520 a 36.77 a 10.1a
Cl 30.72 a 31.90 a 82a
Hedera helix C2 18.97 b 16.95 ¢ 2.8b
C5 22.82b 23.75b 2.2b

C10 - - -

C15 - - -
Cont 17.08 ab 26.47 a 149 a
Cl 18.13 ab 27.51a 14.4 a
C2 19.00 a 27.89a 16.0a

Peperomia puteolata

C5 15.66 b 22.71b 163 a
C10 6.76 ¢ 8.50 ¢ 23b

C15 - - -

*Calcium chloride (CaCl,) were added to the solution to prepare the saline solution. Cont: non-treatment, C1, C2, C5, C10, and

C15: CaCl 1, 2, 5, 10, and 15 'L}, respectively.

YThe mean values with a row for each species followed by the same letters are not significantly different at the 5% levels by Duncan’'s multiple

range test.

o] @ gsiriy ZhET

AP dZ2 C1(15.80 mm), C2(8.90 mm),
Cont.(4.86 mm) =°|9, G433 44 E3F C1, C2,
Cont.. 79 =02 Zo] @EAHZT7}T g2+of H]5|
Qo] o] w2 A2 YR B, ofolH]= A
AT = AHo| R APFoA Gt J= nr
Aotk 74gFolint. o] AY &4t} vlwsto] iz
ol Hlsl| C1, C5, C2 A&7t A o9 ¢
ZO oF 16%-44%, BE2 F 16%-53%= Ao}
ot g9 4 d3tds LUt soHd S FAst
}.
o

¥ 38

ERF C1 A= GF, 94, dolld Hx+
oA AfolE Kol ook, A F& AHe T
27 otolH| o] G, F= BTl A C57F C2 A2l
vlsl o] 2 Aoz Hop Ao Hlg] ofolH]7h &
Shdg Aol Aol et w2 Aoz wetEnh
o Zujote] A%, C10 A =]7-E Alelet C1, C2, C5
2| 7-o] d o] Maprt Ad7IZbEet vt e C2,

Cl1 Agl7+= 27 19.00, 18.13 mm= HRXFH} &
JE=S BTy g2 C2(27.89 mm) » C1(27.51
mm) » Cont.(26.47 mm) > C5(22.71 mm) )
C10(8.5 mm) &= & Yelom C15 A7+ IAF
StTH 4= 7¥7 C5, C2, Cont, C1, C109] &2
2 gt E5] €5 ARTe 84, g§FolAe "z
TFRoE @erou ATz et AEH 0w Frtsto]
A T2 A 7MY B2 g7 T EITH(Table
2). AAR & AEHAE 92 9lof Qlo] ddw2
P} A4S BAS)SI] AEFH AT HSE 4= glo
o(Khan et al., 2012), Kadir(2005)= f3kd<
A AHlof wef B4R F@ol MgkE F9lom,
#(Ca) 4ol 7A, 7], BY T 72 A 3 &
= ARG Bsheint

AP Y] A g E A2 Cl, Cont., C2 A
ol A Z+2} 22.97, 15.48, 7.85 SPAD-valueZ, C1 A
= {1 Zpol & Holn, 2 Et =7 Vel

Y e |
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o} E3F 39-49 Atolo] Cont.. & AlQet E @3}
Zg AefTollA AstEle el Cl1, C2 AH
T °F 10% Hojxl ®h C5-C15 A= of
39.7%-87.6%% 1kl AdTYss & Z2o=
Aastelnt. ol gt dF HPH o2 4HEYo] St
St 5 F57F A=l o, B o]0 H]AdA
ol 542 Yyehts= d 2EHAZ(Kim et al., 2019)
H| WA Ws A9l €5, C10, C15 A& 1A}
gt Ao= wodh EqFo] Y| JYELL EFEY
39 84 ol2FH= AEAU FFEEH il
2(CI)2 A& S4Elo] ZHzF o 3y, Atstst
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Shoot (M) and root (O) fresh weight of Fuonymus japonicus (A), Hedera helix B), and Peperomia puteolata (C) for a
period 4 months to increasing salts (CaCl,) concentrations in a greenhouse hydroculture. Vertical bars represent +
standard error (n = 9). The different letters above column bars within treatments letters indicates significant differ-
ence by Duncan’s multiple range test at p  0.05. Calcium chloride (CaCl,) were added to the solution to prepare the

saline solution. Cont: non-treatment, C1, C2, C5, C10, and C15: CaCl, 1, 2, 5, 10, and 15 g-L’?,

respectively.
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Fig. 6. Dry matter (%) of Euonymus japonicus(A), Hedera helix (B), and Peperomia puteolata (C) for a period 4 months to in-
creasing salts (CaCly) concentrations in a greenhouse hydroculture. Calcium chloride (CaCly) were added to the sol-
ution to prepare the saline solution. Cont: non-treatment, C1, C2, C5, C10, and C15: CaCl; 1, 2, 5, 10, and 15 gL',

respectively.
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