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Effect of Calcium Chloride Concentration on Roadside Ground Cover
Plant Growth
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ABSTRACT

The purpose of this study was to provide information on management and apply it to a roadside ground cover plant
understanding the capacity of calcium chloride in the plant. The experimental group was composed of the ratio control
group of calcium chloride, 0.5%, 1.0%, and 3.0% in 500g of soil. Plant materials were selected and measured according
to their ecological characteristics such as ground cover plant, Pachysandra terminalis, Hosta plantaginea, Trachelospernmim
asiaticum, Vitex rotundifolia, Euonymus japonica and Callicarpa japonica. The acidity of the amended soil was increased
gradually depending on the treatment and conductivity was continually decreased. The EX-Ca increased after the treatment,
but decreased in the middle of the experiment. Pachysandra terminalis, Trachelospermum asiaticum and Euonymus japonica
were able to grow and survive at the ratio of 0.5%. Hosta plantaginea and Vitex rotundifolia were able to survive at the
ratio of 1.0%. Hosta plantaginea, the possible state can absorb salts due to moisture and, can be applied to ground cover
plants in the roadside. The growth and development of Callicarpa japonica was poor and the leaves were open to grow
for calcium chloride treatment except the control group. It was concluded that Callicarpa japonica was very sensitive to

calcium chloride.
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ST, AT, AGUT-E ALtk 238 At Bge A80E SEA tet et Z71shgom,
ANAREE ASH02 F2dy, ABY 2% T3S A oF /9900 43710 F asgrh £52,
PHALE, AU QEaE NS 0597 A% 2 AE] FEH ACE tehdth S8, #H/IUTE L%
Qo] A5 H ACE o, SPsHE A7) W] RS T 9T oI5l /h5d 2N HZwel A3 4
2 Ago] /5 Aole BRI AAPE DETE A oeF Ao TN gl B AGeA ot

Asbdgol e WAl E AR Usish

Aol AL, dAFEY F LEHS JFY

1. M2 AR 2208 Fol AF(ZAF 5. 2007 243 5. 2012)
dhe T T o r dAFEo] JPHL Uk o]
AES AAEE A2 oy AR nAE, 193 EY, 7% ATES BY Fo¢ tiFE FE A dsMERS o
S, A%, B Ad S oy 7] BASe] AeAgs AR S A7 diRReln, Sule dsizws e
(AH7, 2002), Al 71%52) 2211 ouA| s} 229 wgho] g Aol M T AEol 6&}35401 Slo] thefgt 4=l 27 EE
olfojd Thdt AEEY MARAL AT £ s s 7HER ASlele At Sk
RoltH WA, 2012). Wets ZAZANEA AE9] o] & & ole] & dAeMe ?gg}ag 98 AE0) Af vXE
B LA A8 F Aug BIY e 59 oo W % se Sl vhel A=ste] k2 A2zl 483
AE Aol MRSl BIER, 2006). 53], 125 1A I WAY JFeAel dE 4B dakas PAERS s

B A AE ek el glof AEA #doA e A% of oy a84Q 7ted A9z Ag3 A4 o
27 FUL2 FART T2 FHHEoloF drh(AAs) 2007). 3 ARE AlFstalat Aok

AT 71 FHER QIF FAHR AT Ve R =R
el e %Ef‘a A7} T Eo] Bl kS HZ%VI I, oiqttdQ] o i
ALAE AHEEEAL o, T AR 2007~
200811 %Xéﬂoﬂ 19.056%, 2008~2009 57710l 56572,
2009~2010 527)0] 85530E 0.2 A%} Z7k8l Q& A4
CIEHAIER 5, 2010). AldA ] Tt S5 Thad] Lk AT 20124 297H 9Y7HA oF §74L7 230 AA 5
AMe AsEEs T2 AHSL et (SR F 2003),  ZZA)o) 923 AZU)sh 2RAN DA AL A ngg
dekdael A5 iﬂiﬁ* FATHT HaB AWASE W qow 4% a3/ DIY A A48T F 4R8N @

o] Z3skal o] A% HelE 7ke-A1 71T Jones ef al, 1986). Zo] £AAT BEF A ZEF| vl Ago] =g

oiz] 7P BZH HA3A F VAR ALATF ARALR 7)1 go) A BT AL Akl 20124 225 927}

AEel Sl @ Aol AW AN, B2 7 2 muggagon, BT A9 20129 49%E 997}

T 2 5RRRC AME AW, AE AtelE Y 1 zaE9

A5 A o IAA dojdTth(AS4 5, 2007). Tefut XA }

FEO ol tiE A g WA g o8 AE F7 2. ofqiube

o] w2} ZA T2 tH(Parida and Das, 2005). wekA 7k2H 4

3 A% 2 AAEe Ade A5 U9y 4= 2 e 1) $AAE

A& 58 o] FolA = Aol nitysitt, A& 15em, E0| 15eme] 3R]l UNME(FIAE, $304)
*4::4 Wy 2 9 2EY2 98 AEE Whe AT B 8F) S00gS FAsKIon, J8er(CaCl, EUA P

EAof s thgstA FaEo] gk 7hE AL e vEEe 3 o) EROA AMEOE AREE £k T4% o3

Aol AR B0 A B FgAQl AF QS BHoR & AFE YYOE AL AEATRE JIE 712 A

Ar(o)dkd F 2002: AFA %, 2010: Aghaleh ef al, 2011: AEZ ALET AAY, G =& F5E(Pachysandra
Askri ef al, 2012: AHA 5, 2012)7F oM, 7FEH 2 &E9] terminalis), <738 Hosta plantagines), "WY=( Trachelospermum
7% A ZAVA NI zabela ez‘ al, 2004: Agnieszka ef al, 2011), asiaticum), <071\ Vitex rotundifolia), APV Euonyrmus
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Japonica), YNV Callicarpa japonica) 5% AR89t 4
A=}
EAE

3 34 % BN

AEAS AEE Tietsly] A3 e 13 $4E 94o=
stlom, A5 Fe Al S-S Aty SERe AL 7
g A4, 2715 97 9%, 9% 52 2ERFE 2 9%
HE AT 55 AU 2L 7N ERH A& 71
Bo| e ARE 71E2E, AL 7o 22 oF 15em A
S A#) ¥ 2~ (Digital calipers, Blue bird, China) & ©]&3}o]
2439tk 44 $s] AP Ak TR F o, 4
2 HE2 3gH e A& AAs Hape AAEIAG:
olejo A2 Al FHE HY] 93 FlE A5A T 547
(SPAD-502, Minolta, Japan) & °]&3t] HE4 32 &4
sttt S TR AF 7 AEAY AT 2L,
oF L7 AAAZRE AIZ F AATE S48 £ E
FE At EG B vlES 15E g 13 247 At

Table 1. Amount of CaCl, of soil in roadside de-icing salts treatments

Treatments(%) CaCly/Soil (W/W)
Control 0g CaCly/500g Soil
0.5 2.5g CaCly/500g Soil
1.0 5g CaCly/500g Soil
3.0 15g CaCly/500g Soil

£o} AEES RS B3 FEATEeze) B
SA(ICP-OES, Optima 5300DV, USA) = B Y& Zaj3}
© X4 Z4(EX-Ca) 9 ks IN NHAOAC(pH 7.0)= 3
F3te] S0

4) EAAY

Zvzrol gk 7+e) atolg uhetbslr] 913 BAEA S SAS
program(V.9.2, SAS Institute Inc., Cary, NC, USA)el 25}
DMRT(Duncan Multiple Range Test) 5% $&oA &<
A& AT
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Table 2. Acidity, conductivity and EX-Ca of amended soil on the different calcium chloride concentration

Acidity (pH) Conductivity (dS/m) EX- Ca(cmol/kg)
Treatments(%)
LV DA F.V. LV. DA F.V. LV. DA FV.
Control 57102 6.7+0.2 6.7+0.1 50£1.7 3.3+0.7 25102 15+04 1.7+04 1.810.2
0.5 59404 6.60.3 6.9+0.2 5.8%3.0 41£2.1 2.350.8 17203 3.3%1.2 24409
1.0 5703 6.5%0.3 6.9+04 55%2.2 2.9£1.0 26209 1.8+0.5 3.3£1.8 24+09
3.0 5702 6.4%0.3 7.1£0.1 5305 35%1.7 1.9+0.6 1.9+0.7 5.7£2.8 28408

* L.V.=Initial value, D.A.=directly after treatment, F.V.=final value(n=10)
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PMIES 53, 9 Sol WETeH05% 2¢l BAY 59
A= QAT 05% St 10% Aol FAH Aol g 1
e, 531, B 05% Al 714 2270, 10% Al 714 10
/2 0V ZABS, o) G SO wet vpiEe 4
e ATCPNE, NI0) N GEFE} 255 24,
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176, 138, 131cmE AeEE7t 2442 7asgou &4
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glrlA 23570, 1.0% AFalA 213N E Hat 2hdke 4
&S Helo, foA9 Aol et olgfed Aae +H)7]
U7E dubd o g 6H°le°ﬂ°ﬂ ARy, Gell gt Aol &
AEZ 4HA Qo (BAT 5, 2007), 3.0%2 LFE AT
£ A9k, tiztee x}°17} 719 QIY Aoz BAwE,

AHEUF-9) S 279 05% AT 7k Ajol 7t 79
e W, 1.0%9) 3.0% A9} st Zo|g Btk 9
< 30% Azl 7HE =2 3 oY, IARE AE
2 AQjstal At thE Aol Hlel] mES7E Ao} A
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o T, 9, G Ao ETFe 05% AP
7H] frolaks FEIEHA] & W, §E tiEelA 43771,
05% H2TA 167712 ZHH o] ztolg Btk 1.0% A
279} 3.0% A A7 T HAEHAl ot 271 IAb
Sth e A=A dskde 7‘%14 % 30%c A o]%
oF 15 A3} A] BF IAFSITH Table 3 %),

uebA, AsE 3.0% sEAE A Y] A ¥ A Ee]
AR, WA AEE 05~1.0% B0 Ao g dudh Mg
A9 Fo VRN EYS BAY Adn, A7AEEE 006~
2.37ds/me] W92 A= =w (1 5, 2002), ©1E §97
SA14(1988) 9] AHA(ECL:554A X 032)0] 28k 3hik
o7 g FEE _i,_z sk A3} 0.02~080%F A=A A
d9] d3dE & 05~30%9 249 9 T oF 04%,
0.8%, 1.2%= *1?*] 712w | vt E A8 05~1.0%
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Table 3. Growth of the ground cover plants as grown in calcium
chloride concentration in amended Soil

Plant growth(cm)
Plants Treatments No. of
(%) Plant Leaf Leaf leaves

height length width

Control 194 a* 40 a 18 a 795 a
Pachysandra 05 177 a 38 a 17a 323D

terminalis 10 176 a 26D 17b 173 b
30 - - - -

Control 266 a 103 a 85a 50 a

Hosta 05 152 b 8la | 52b 25b

Pplantaginea 10 149 b 8la 49 b 13¢
30 - - - -

Control 186 a 3la 10 a R a

Thachelospermum - 05 175 a 33a | 08ab | 22ab

asiaticum 1.0 130 b 18b 07b 10b
30 - - - -

Control 176 a 14 a 09 a 225 a

Vitex 0.5 138 a 12a 07 a 235 a

rolundifolia 10 131 a l4a 07 a 213 a
30 - - - -

Control 340 a 36Db 18 a 1199 a
FEuonymus 05 306 a 35b 18a 89b

J/aponica 10 260 b 34b 17 a 379 ¢
30 258 b 43 a 17a 301 c

Control 403 a 38 a 13a 437 a

Callicarpa 05 349 a 37a | 10a 167 b
Jponica 10 - - _ _
30 - - - -

*Different letters in the same column indicate significant difference according
to Duncan’s multiple range test (n= 10 plants)

AP Ere A9 AT AL B & ok Ty AA
AA L] L9E W o 9 T 087~5.00% oldeR
ZAHAHAAET 5, 2001). ool Fo2 A B} o F=
o Ao H AY A%k 30% ol AgHE B
FA 9] Fo] AEo] k&Y 7FsAo] o, BEY] & AlF
I 22 WO ARFLEE Yol AE I E HarZd ¥
£A4e] Sith,

2) BA= 4 A

25 AAT 9 AATE SHTOEN JFHoT Ty
UA) oke AdA SN ki v des 24T

T 3tk
T2z AA AAF2 2T 05%. 1.0%, 3.0% A7l
A 247k 92, 19, 06, 02me/plant= A3paE2] W&o Eobd
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34.3, 189mg/plant= 2
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o

& WETIAM 2+ 40, 18.7mg/

s Elou

ket
SEREE
wolA) gk

th27(1.0mg/plant), 05%
(0.9mg/plant), 1.0%(0.6mg/plant), 3.0%(0.5 mg/plant) <

FAF R Yol

ek AR Ze] 27t 96,

BT AR A4
30%X Ztzk 75, 06, 03,
H]g ] :r_o]‘;d/'\i 7]—

kAT

238} 05% AT 22

3 2jol2 BT}y AA AHFe A

Tz, 05%, 1.0%, 30%7} 168, 7.1, 54, 7.7mg/plant &

o7 A, it Tt

2Rl A A 2ol 9.3me/plant, 05%
ATl A 75 mg/plant, 1.0% 214 59mg/plant, 3.0%
ATl A 48mg/plantZ, 932F A =255
A7} kot SAA fFoAE fisith(Table 4 #x).

UutH o B AEo] o AEHAE AA HU AEY Y4 &
71, Y AT 2 AATS e At 4EA
212 (Chartzoulakis and Klapaki, 2000), A& Aui-oF &
A, B, AdEs R o A AAdA Y] TR}
S7Fe wek 5] AAlFe] asdetl, 53, 3.0% ©l
ge] Aol agol F AR Yet(AssE 5, 2007).
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Table 4. Effect of the different calcium chloride on the biomass of the ground cover plants in the amended soil

Plant biomass(mg/plant)

Plants Treatments(%) -
Shoot F.WY Root F.W. Total F.W. Shoot D.W. Root D.W. Total D.W.

Control 116 &* 45 a 160 a 64 a 27 a 92 a
Pachysandra 05 23 b 09 b 31b 14Db 05b 19Db
lerminalis 10 04 b 01b 05b 0lb 0lb 06 b
30 05b 01b 08 b 03b 02 b 02 b
Control 115a 286 a 401 a 72 a 115a 187 a
Hosta 0.5 31b 69 b 99 b 2.3 ab 34D 49 b
plantaginea 10 48 ab 102 b 1491 14 ab 51D 74Db
30 02 b 07b 09 b 01b 05b 07 b
Control 12 a 03 a 20 a 0.7 a 02 a 10 a
Trachelospermum 0.5 09 a 03 a 17 a 05a 04 a 09 a
astaticum 1.0 04 a 05a 08 a 01a 04 a 06 a
30 06 a 04 a 10 a 03 a 02 a 05a
Control 96 a 37 a 133 a 52 a 23 a 75a
Vitex 0.5 08 b 03b I1b 05b 01b 06 b
rotundifolia 10 06 b 02 b 09 b 02 b 01b 03 b
30 01b 06 b 0lb 01b 00 b 0lb
Control 92 a 251 a 343 a 50 a 117 a 168 a
Euonymus 05 28 b 16.2 ab 189 ab 15ab 5.7 ab 71 ab
Japonica 1.0 19b 105 b 128 b 10a 44 a 54 b
30 28 Db 122 b 151 b 13 ab 6.2 ab 7.7 ab
Control 34a 6.2 a 93 a 29 a 13a 40 a
Callicarpa 05 30a 44 a 75a 23 a 10a 33a
Japonica 10 25a 34a 59 a 23 a 09 a 32a
30 28 a 19 a 48 a 23a 05 a 29 a

* Different letters in the same column indicate a significant difference at /%0.05 according to Duncan’s multiple range test(n=10).
v F.W.=fresh weight, D.W.=dry weight. W.C.=water content, root to shoot ratio(R/S) was calculated from the final DW data
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oo, A5 4854 e 2EYAE TOH dshy gl HI WA =%, 1.0%9 30%] A7k Aol 192
e g gHEE S RAFHHTTY 5, 2004). webA | o= mHgrk(Figure 1 Fx).
4 s T8 3R BEs AR IR R o] AN debdg AEshrt S7HETE 984
W A= dskae vl A=s gt & ok SHeo] fhaatlet, RS e R o A (AFS 5,
S7ste] AEA TF] 49, S 1 v Ee] B3 2009) o dX|sk= Adtolty Aol gt T A wks
of AQJstAon, A AR T At ATl AT w3 2003) oAM= ool sl 9 A
A NGEIA ol HEA T S40] BrbesIN ToA 16~60%7H] 54 ol 7hastlal, wA]go| o
dsdg FEAgd e Faxe] 54 g 47 M @ 2EH 2 el 454 ol ZAag AoE B
ZFIA 241, 05% A FlA 231, 1.0% A2 FelA 1849 ATHParida and Das, 2005). & 2EdlAs A8 Y9 A5
TAE Hol, HYFhrt 55575 954 o] 2asHe 7 A gl JE vA, GEA ] FAAkst-S Weisty
s B s FANT L, Bl ol §HA X thFe] AApe 4t
opabEo] A9 TR 43, 05% ATl 279, 1.0% el AgEo] fafg SAJAE A Erk(Mehta ef
ATl A 14.09] HE4 S AL e AoE e al, 2010). weby A3k Ao e AE AEH A 9o
o SHIZ IR A A8e tE A ES s E g B YGEL ko] TR wet 2E] AS 9 A
TFAA 337, 05% ATl A 304, 1.0% Hz2lTolA 26322 otdakE wxl ACE ydEnt
At AYEErt 25 FAEI
AU Tl2 7oA 426, 05% A2 337, 1.0% A N EE
27X 204, 3.0% ATl 1852 Askzge] FLA 7t
=555 Woldth 05%< 1.0% A2]7+7ke] Atole 13322 2 A7 YN EAA A5t AelsRd 1E JtEH
25 %:_ 40
20
E S 304
E & 20
(2] 104 w
5 10
a: Fachysandra terminalis b Trachelospermum asiaticum
40 50
I “]
P 2 w0 ]
2 ™) =
7] @ 201
10 10
c: Vitex rotundifolia d: Euonymus japonica

Figure 1. Chlorophyll contents of ground cover plant as affected by a different calcium chloride concentration levels in the amended soil.
Vertical bars represent standard error bars.
H|. EEE Control [ 0.5% I 1.0% [ 3.0%
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