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Assessing Effects of Calcium Chloride (CaCl,) Deicing Salt on Salt Tolerance
of Miscanthus sinensis and Leachate Characterizations
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ABSTRACT

The purpose of this research is to evaluate the salt tolerance of the Miscanthus sinensis and to characterize the content
of pigments in the leachate in relation to calcium chloride (CaCly) deicing salt. Miscanthus sinensis were cultured at five
different concentrations of calcium chloride deicing salt, O, 1, 2, 5, and 10 g-Lf1 (referred to Cont. C1, C2, C5, and C10)
for four months. The salt tolerance and leachate while growing Miscanthus sinensis on soil which was artificially contaminated
by calcium chloride deicing salt. Soil chemical properties (pH, E.C., Ca*, Na*, K*, and Mg”") and plant growth parameters
(plant height, leaf length, leaf width, number of leaves, shoot fresh weight, root fresh weight, shoot dry weight, an
root dry weight) were evaluated. Soil pH decreased, while electrical conductivity significantly decreased (p<0.05) with
a higher concentration of deicing salt O g-L ™' (Cont.). The increase in the concentration of chloride-based exchangeable
cations, along with the increase in the deicing salt treatments, were observed in Ca®* > Na* > K* > Mg*". Notably the
Ca™ exchangeable cations were 83~90% higher than the others. The growth of Miscanthus sinensis significantly increased
(p=<0.05) with the concentration of deicing salt higher than 1 g-L~' (C1) when compared to 0 g/L (Cont.), except for
the 10 g-L~" (C10) treatment. The results determined that the contamination of soil by deicing salt could negatively impact
the soil and Miscanthus sinensis was a tolerant species for the deicing salts. Further research will be focused on soil
improvement additives and the stable stimulated plant growth of Miscanthus sinensis and a formulation on that basis

for the soil-plant continuum.
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ZAE FANE A2 shE Bl 13] 0204 27 7HA 07 F 63] A5 & AKH AEF 5 B35
FoANe AN EFdET] et Askds Agvrt 2e75 AAF SutsiAl okl v, A7 EE #9014
SR §5ste ATS Btk B AsteA A Folo dFS AuHow SUtsglen, A8 g > ZiE>
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(Sung et al, 2009), AR Prunus sargentn) (Sung el al,
2010), BA(Acer triflorum) (Kwon ef al, 2014), AFEUF
(Euonymus japonica), B2V Rhododendron indicum), 3 %=
(Buxus koreana) (Ju et al, 2016a), W5 Liope platyphylla)
3} $3F(Pachysandra terminalis)(Ju et al, 2016b), WU+
(Prunus serrulata) (Je and Kim, 2016), 2~E 2B AU Pihus
strobus) (Je and Kim, 2017) 5ol thgh A4 WA & 239t
25 AuEgt 39 H2 =2H AA8 LID(Low impact
development) A" W A=E59 WEE AEE H7isk 43,

62 s=xzsks|X| M| 47H 45 (20194 8Y)

T C10 HE+5 A9t C1~C5 A2 +7F 279
AEFT B C10 A& AlQlsal b7
24342 & o, 7129 dsidE ]|
ANAERE, GatEA 284 ol JE A & Jeg dS5T F AUtk T3 FIAE Cl0 H+&

AZ SHE M2 ESNE dFF o] 7teT oz Eif

Hla wobAlh 7o)
Hs) As04 ATt B34S ZrECH, A
AGA ] A%H Q) 5

AL, FGA, JEHH G, TF=Z

BH2E AN ( Rhododendron indicum) > ZH YT (Spiraea
prunifolia var, simpliciflora) > WEM| o]0y ( Metasequoia glypto-
stroboides) 9.2, ZEF+ N7/1HE(Patia pedunculata) >
w252 ( Aquilegia japonica) > 2357 Tageles erecta) > G+
W E(Sedum makinor) > V1R Hosta longipes) > o2 o]
(Dianthus chinensis) > ®2&(Liriope platyphylla) 591 A2
2 ZAEAJTHChai ef al, 2018). AT A3ttt 4 WY
3 7% B BEFl FHFEol AN, FEAb] A4 Q)
of, AAIE 29H 7tEH EkS AHAZE W ol A
e TINE F e HEH 2EFRA g gaL A48
227 oM Liang et al, 2018).
Z Qi /‘H (Miscanthus sinensis) =
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9 Fofel A% S4S B AN AEZ Q)
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2 A7E 2018 495E 10870 freled WelA 58
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7tEH AAA LAA S Aslelr] sk s BT
ol sEuvet F8 RS F AT WA
Hojw Al (Choung, 2002) & SAIXERE AASI4T 2018
A 49 2 HekA WAl YA)3F FA A 2go] o
15 cm® ¥2 3 F93 9719 FAMN (Miscanthus sinensis) =
FYs T AIFERAA 0Y9S TIAAT EAER
dsbzg Az gl o|skeHy Mg HAskeh| 93] 23T
E 74.84%, AX 15%, S5 5%, BE}olE 5%, ¥ 3F (.158%,
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GreenTech Co., LTD. Korea) & AH-3IAT Askds 74l
G018 B ofyzl, FlellA AL AMAZ HEHog 4
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F2 70C9 9%427](C-DF, Changshin Scientific Co.
Korea) oA 1 o]de] AZFA 7 HalA] ¢k& wj7hx] AZAIZ]
& AAAE(FG-150KAL-H, AND, Korea) 2 FAE At} 4
A+ F8E HolHe PASW Statistics(Ver, 18, SPSS
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2 3538 A BAthFigure 1 #%). AFxol Tk o]y
3 A galdol Bol HoW Ca'' 9} 201 2 0123157
ufizoll, Gaxel(Cl)o] & #AlA Fael&(H) 3 Agst
o @slra, & 7 ALHHCD) & Sl B2 ZMR (Soh
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Figure

1. Hydrogen exponent and electric conductivity in the leachate
from substrate grown Miscanthus sinensis under different
calcium chloride (CaCl,) deicing salt concentrations. Cont.;
non-treatment, C1, C2, C3, C5, and C10; CaCl, 1, 2, 5,
and 10 g - L™, respectively. Vertical bars give the standard
error (SE) of the mean. Each sampling data column with
the same letters was not significantly different at p<
0.05.
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Figure 2. Concentrations of chloride-based exchangeable cations
(K*, Ca?*, Na*, and Mgt*) in the leachate from sub-
strate grown Miscanthus sinensis under different calcium
chloride (CaCl,) treatments. Cont.; non-treatment, C1,
€2, C3, C5 and C10; CaCl, 1, 2, 5 and 10 g-L7",
respectively. Vertical bars give the standard error (SE)
of the mean. Different letters indicate treatments are
significantly different at p<0.05 by Duncan's multiple
range test.

Legend: I XK' [JC& [HENa* Mg”*

ozl wlsl zH2- 05, 07, 1.2, L6vl = Z71=Ech 2184 2+
#(Ca*") 2 Cont.(104 g -mL ™), C1(692 g - mL™), C2(224.3
g-mL™), C5(693.7 g -mL 1), C10(10785 g - mL ) &, th%
ol w8l 5.6, 205, 65,5, 102482 FE3Ieh N84 UE
F(Na*)& Cont.(488 g - mL "), C1(74.2 g - mL ™), C2(80.7
g-mL ), C5(1296 g - mL ™), C10(162.3 g - mL ™) & Sz
ol Bl&f 05, 0.7, 1.7, 2300 2 atalA| Z7kE i) 2184 v
W (Mg?) & Cont.(27 g »mL "), CL(295 g - mL "), C2(577
g-mL™Y), C5(879 g -mL ™), C10(1064 g - mL ) & th=+
o] W3] 96, 197, 305, 372802 Z7}8%IcHFigure 2 %),
o= A3dH A FErt BoHESE AFEA XA Yol
29| Feko] Anbyo R Zrlete e & 4 lom, X$
A 2> 2F > UEF > vllg 08 84 2ol o
£ o] 29| Hlgl| oF 83~90% =2 FAE Ho|i 9t} B,
Askzgol SHrE diolLo] ol mak Mgt > Catt >
K" >Na'¢o 2 EQoll 2184 ] 3t $57) geld &
2101 (Kim and Lee, 2014), Al ¢] Ax= E9F 1 3l844 &
Aol J&S AHH0R v £ 9SS & S girk Bt oly
ol

BE AW IS GFE W

Al A (tolerance level) &= old 2= 2ot
2. Me|7E EAMe| ds EY

Atz Al we FJA e 24 54 234 Cont.
(52.8 cm), C1(49.9 cm), C2(47.7 cm), C5(44.7 cm), C10(30.5
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cm) & W27l s 24tz 56, 97, 164, 422% AHAT 9, 0%7F F7He A=, AT Hs) AgFel o Fig
A7 Cont.(30.2 cm), C1(27.6 cm), C2(26.1 cm), C5(17.3 S7HIE Boith(Figure 3, 4 =), olH3 ZAde A1

cm), C10(165 cm), A% Cont.(0.6 cm), C1(0.6 cm), C2(0.4 Ao At B C10 A2 A st vzl vl
cm), C5(05 cm), C10(05 cm) & 78 izl Hlal] Az g ARt 2eF S/HTE e HAFL 3l
FEIF EE5F o 86~455%, BEL 52~189%% 97 o, AFEE= Aot *7Vﬂ7} A =5 & F
ZaZol GEZHTH 2 Ao g ZAHT uh, G5 A Atk dskde Alsrt sobdas FoAe o oA

Cont.(32870), CL(44370), C2(44.270), C5(40370), Clo(262 3 A8+el Aelyiel e dde 278, Astvvt 2

ME A et 7P 2 Cl0 Aol iz vls) oF Sk ol HUAS fad] SAkeE dAlse W, Hee

20% 7@ AL AL, CL €2 C5 AgTelA 2zt 35, TeaTHs ANHEA TR o5 EE"WW

34, 22% % Z7VsFAtH Table 1 #%). whabA], 232 C10 22 = Qo] 7heAl 8t7] 918 ukg-(Agnieszka ef al, 2014) )

TE A9, C1~C5 A7 42 Aok gl w2 AL,

o, 9L C5 AFRE, JBE FuI} ZHREE FobA SR ¢ 2EeAC) 23 42 2 271, el A
= Aspo] gtk v, Q4 Cl0 A7 Asty ¢l AT R AETol ZamE Aol A (Ju ef al, 2016b),

~C5 A7t 2T HlE BolAT 9eS ok = g FAAE Cl0 AFE AL 2 ThT & 4TS B

(Table 1 22) o3 Yk ol Ak AL Mg F AL 2
olgfet Aske o sleabre) ehgslel el sl = AERA ASHRe ARl 2 $EO2, AEA A

9] zymﬁu %42 (Song and Cho, 2007) 2.2, A3tz A
AA 5 gL FEAAE o= A 84 S A8}
=R i EOEWE} T 1FEQ Cl0 A28 AQet, o > ¥
F7F tizel Hls F7ske 73S Boldl e, ole &
mEQ] Yol w27 (rhizome) ¢ AFEl7F WA 2 A4
AT deHA AREAS B ol (Agnieszka ef al,

o

20 A

TFresh weight and dry weight (g-plant™')

2014), 9 2EH 2o WE Al 2 E(ramet) S7HF A o b ab 2 i 3
gEe FHPAARE FEsle A Z(Choung, 1993) AR E T v i R E
Al Agmel mhe AR AAFE Cont.(75 g), aln L Bl L ﬂ [l
Cl(91 g), C2(103 g), C5(108 g), Cl0(101 g), AEZFL e
Cont.(30 g), C1(35 g), C2(35 g), C5(43 g), C10(39 g) 2.2 Treotment
C10 Ag+E AYsta AxF AAFY FA7F Z718k5T) o) Figure 3. Fresh weight and dry weight of Miscanthus sinensis grown
= Az Ao A oz 747} ok under different calcium chioride (CaClz) treatments. Cont.;
O‘M o A CZi © Z%?% I o= A3‘7’ non-treatment, C1, C2, C3, C5, and C10; CaCl; 1, 2, 5,
5%, D=5l 73 17, 46% S7H8 A o|th, A8k 44 and 10 g- L' respectively. S.F.W; shoot fresh weight,
9] 7% Cont.(164 g), C1(174 g), C2(28.0 g), C5(28.0 g), S.D.W; shoot dry weight, R.F.W; root fresh weight,
C10(124 ), AEZL Cont.(31 g). C1(37 g), C2(6.1 g), C5 R.D.W; root dry weight. Vertical bars give the standard
o o em I error (SE) of the mean. Different letters indicate treat-
(58 g). Cl0(44 g) &2 C10 A&} +3 A¢lsh S7hshe 73 ments are significantly different at p<0.05 by Duncan’s
S Bk ol AATY A, C29} C5 AT A7t multiple range test.
tztel] s 247k ok 71 71%, AEZ| QoA 7zt oF Legend: [l SEW [ASDW [ REW [ERDW

Table 1. Growth parameters of the Miscanthus sinensis grown under different calcium chioride (CaCl,) deicing salt treatments

Treatmenty Plant height (cm) Leaf length (cm) Leaf width (cm) No. of leaves
Cont.” 52.8+11.12* 30.2+4.76° 0.6+0.14* 32.8+11.03*
Cl 49948 19° 27,6395 0,620,14% 44.3+10.04*

C2 477863 26.1+2.98° 0.46+0,08° 4424978

(63) 4474978 17.36.24° 0.5+0,08™ 40.3+758"

C10 30511.23° 165£7.25° 0.5+0,08™ 26.24548

* Data are the meantSE from the nine replicates. Different letters indicate treatments are significantly different at p<0.05 by Duncan's multiple range test.
Y Cont.: non-treatment, Cl, C2, C3, C5, and C10: CaCl; 1, 2, 5, and 10 g - L™ respectively.
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Figure 4. Growth performance of Miscanthus sinensis grown under
different calcium chloride (CaCly) treatments after four
months. Cont.; non-treatment, C1, C2, C3, C5, and C10;
CaCl, 1, 2,5 and 10 g-L ", respectively.
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