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Abstract

This study investigated the effect of vegetation mat on plant growth and salt reduction in the soil treated with high concentration
deicing salt. In order to measure soil chemical characteristics and plant growth, three native groundcover plants (Dendranthema
zawadskii var. latilobum, Dendranthema boreale, and Kalimeris yomena) were grown in each of the three plastic containers (50.0 cm
width x 35.0 cm length x 8.5 cm deep) with a high concentration treatment of calcium chloride deicing salt. There were two treatments:
control, and BVM that combines B (blanket) and VM (vegetation mat). 1,600 g of soil was placed on the top of the drainage layer with
290 g of perlite, 100 seeds each of the three native plants with three repetitions were sowed, and 10 g/L of calcium chloride deicing salt
was added in the treatment. As a result of the chemical properties of soil, soil in control treatment was acidic and soil electrical
conductivity in BVM was the lowest. Also, exchangeable cations (K, Ca®*, Na*, and Mg®") in soil and all the three plants were
significantly decreased in the BVM treatment. Meanwhile, the germination rate of Dendranthema zawadskii var. latilobum was the
highest under high concentration deicing salt in compared to the two plants. Overall, three native groundcover plant growth was higher
in the BVM than control treatment significantly. These results suggest that the treatment of blanket vegetation mat has a positive effect
on soil and plant growth in soil damaged by deicing salt.
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Sh= 3Rtk ofof & 9 HEX| O] APHE S it
ofye} sk o] A Y AlF WAlg ez oA
2] ARg-E T2 Qlck(Lee et al., 2013). E3F 2L A
oA =] FHE 98 AES] S L HHof A AFu)
EE A&kl sl AHI7F 57k QA THNam et
al,, 2012), 7}k ALA] FJs2] o] HEAS f1gh
A= mEEE A olck AAR QIgt A= 7t
B4U T2 AR ASE ofl e S 24
of FaFe mlAl=tl, ol= 7oA 2112 Fej= A
F FEsHAY Bl ot Soi7t A9 el &
FE7] glZolth Bl E2E AldAl= A e
oF HET A9 ANl K ol 7HA] T ZEE
54 FEo] AL 5 FESHL A of AlE AR 9]
TAE Y27]7]%= SFcK(Shin et al., 2010). o3t 1]
SIS Ast7] flsl ES7NEA A 2l(Ju et al,, 2021),
A9 23F7 A A(Ju et al., 2019) 0] oL, TS
A8 W 27|53t Qlof FAE 7HA]aL Sl ghE,
AVYTE oL T A= g Alo] AEE = viE
3 A7 RS 913t A AH(Kim et al,
2017), AN (Miscanthus
purpurascens)(Kwon et al.,, 2014), $=2A3KSong
and Han, 2016), Adphos oJ#}| 2] 91 &2} EAJ(Kim et
al,, 2016), 5=9] olUA-okS 93t 2748 A4
| E 9] A E=8(Cha and Yang, 2018), AL =
AE AU E O] EAJ(Park et al., 2016) S0 213
wo] gheh. S, w09 Roh A7hE SiF A
o] FXA ol whE 27 eks BrelA YA .
= FREASS) 9 FAGE U ddEEA T
A4 (T-N)2} FRUT-N)S A Ax, Hhaz ozt
SS 46.3%, T-N 29.9%, T-P 33.3%2A] A|2o|ELt
TrrERT AP tt Jlom BauEgit
(Song and Han, 2016). T3+ Adphos | A<} ‘=T34
E(Iris pseudacours L)S ATE A3 |%0l &
85F A3} SS, T-N, T-P ZFZ} 94%, 41%, 64% 2 A A
HomA, ed=d ARt s dSslt
(Kim et al., 2016). 3FA|gt 7}2 ¥ 9] thiE 2 H|HL

sinensis var.
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Hz}o]| E(New PerlShine No. 3, Green Fire Chemicals
Co., Ltd., Korea) 2} |8 A& (Hanpanseung, SGtech,
Korea) &, AldAl= ol A o] -Bolet == 74%
A3p<s B2H(CaCl,, Oriental Chemical Industries,
Korea)-& AME-3}91c: 78 315 F4H=20174 53]
ML 2 1 QoA A1 YieIAe] st
RS0 =& LA X(Dendranthema zawadskii
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Fig. 1. Overview on experiment control (front) and blanket
vegetation mat (back) in greenhouse.

2.2, W

pe) s Aok RS 244 919 Hefol =290
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3 Al 7HA] 928 B 30HE 215511t B(blanket) 2}
VM(vegetation mat) S 2| Zts}o] | 215t Blanket 2]
A E= HAH = BAIA o] i a gk dzeld
o] 7¥& W olg} 7wyl 943k ulcoir net
layer)(Kim et al., 2007), 4] E5}F(blanket layer),
Winet layer) 5 tH5-2] #lo]o] = S/ & o Qlet. o7t
BVM7H JES 28] 98 =g HA 3 7 e
Q1 F3bd<#(CaCly) 10 g/L 8N 0 & /4 %]
S cH(Fig. 1).

B AlEA o Al B akekA S A
HH7] J8fl, B AR E Eeto] QoA 72A17F10
5CER A% A2 m Aol Al lch A &A= =
gho] @ Bof T2AI7F 5t 70 C R A 235 5 AHE ] A
7|5 o] &3l E4sHATE EF A= (pH) et A7 =T
(EC) 412 5EXTH EYSHIAH(NAAS,
2010)0] ufet pHEFECEH & EOpA 2 § gk 4|2
0.5 g& 75 Hl&S 1152 5lof 3027 1t &
5B o)1} x](Adventec filter paper No. 5B, 110 mm)=
o 1}5}10] pH meter(ST3100, OHAUS, Japan) W EC
meter(ST3100, OHAUS, Japan)& ©]-83Fo] AFSk
gick =9 W A1EA| U] AFA AeAoFol 2K,
Ca’™, Na', Ma™" §ek2 Al 2 7] 9]8f, CH;COOH L}
NH; OH(pH7.0) &2 =31 98- ICP-OES(Inductively
Coupied Plasma Mass Spectrorneter:perkin-elmer
OES-5300DV)E Ag3to] HAteATh 48 ol
£ 24, A% A, Qe AR 2 AR AT
085 A AR AWS 5 2Aeheleh wol
T 0l 2 mm o) AR AL oA = Ab
Aol o, wrolg(Percent Germination: PG)&
(N/S)x100 (N: & ol S0 & FA| TR
Han et al.(2014) 2] W o 2 AAFSITE E3 24
A%, d=2 fx|gZe| X (Digital  calipers,
Korea) 2, Q4= {oto 2 ARSItk A gE4
Shefe JEA=47|(SPAD-502, Minolta, Japan)S
Tl 4150 Qe S 2510l Wghe Al
o, AR S Ao e] A 717t A2l A
A Aste] Wlo) F& AAT F uIAAAAL
(FX-200i, AND, Korea) 2 A5 22 ARt
70°C 2] =2}o] @ E(CD-F, Changshon Sci. Co., Ltd.,
Korea)o] 72Xt BF 23t & A&E5-3 Ak

2.3. EARM

245 HE gloJgl= IBM SPSS Statistics
25(SPSS Inc, Chicago, IL, USA) X2 135 0|-8-5}0]
A E45HAck B9k 51814(pH, EC, K, Ca™", Na',
Mg™)2 5% 3ol 4] Auf%] EAREA F DMRT
(Duncan’s Multiple Range Test)Z} tf-&-F2 THA
PST (Paired Sample T-test) 2 E-413}¢1 0w, o|2{3t A
I}= SigmaPlot 12.3(Systat, San Jose CA, USA)E ©]
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2} stk Yoon et al., 2021). 3HH, 18 2 & 131
EOF Alwl BVM(4.66) > TR H4.42), A2
BVM(4.71) > th2744.56), &5 40| = BVM(4.61) >
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7)1REE(EC) 9] - F AeltollA 217} 5.00,
BVM AU E 2]t A 4.07 = =AM BHA, -8 %2
L g z79} BVM 2|77} zH2F 4.98, 3.58, A
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282 B FHFig. 2). ©|+=Blanket AR E7} S
E A 5, U5 ohE9] gloo] 2 A E] o] QLo
LEEAEAE EGF W T A oA = =715
© & Qlsf| EQFate o] 74t do] thar oFslE Wi, 7|
AEr=yolz] Z1 0 & (Lee et al., 2013) 34}

312 EY W} S xEHY0|R S

s Askde A2 § B W H3lEA A2 S
ol TS AWE Ax F Ao ZE(KHS
69.36(AFD) > 62.94(LFA0)) > 61.54(FA%) >
51.31(h2T) cmol/kg $=0. 2, BVM A 2] 7= 46.34
(&EAo)) > 4523(FA %) > 44.99(H %) > 32.48
(A1) emol/kg 401 ATk Z(Ca™)& - A 2|70l A
58.11(AH) > 54.50(+4%) > 53.58(&%5FA0)) >
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Fig. 2. Soil acidity and electric conductivity between control and blanket vegetation mat under treatment of high
concentration deicing salt. Different letters in each bar show significant difference between Cont., DZ, DB, and
KK (p < 0.05 by DMRT). Vertical bars represent mean =+ standard error. Cont.; non-sowing, DZ; Dendranthema
zawadskii var. latilobum, DB; Dendranthema boreale, KK; Kalimeris yomena.
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Fig. 3. Influence of blanket vegetation mat (BVM) on the chloride based cation (K, Ca®*, Na*, and Mg in soil grown

three groundcover plants under treatment of high concentration deicing salt. Different letters in each bar show
significant difference between Cont., DZ, DB, and KK (p < 0.05 by DMRT). Vertical bars represent mean +
standard error. Cont.; non-sowing, DZ; Dendranthema zawadskii var. latilobum, DB; Dendranthema boreale, KK

Kalimeris yomena.
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Table 1. Comparison of three groundcover plants germination and growth in response to blanket vegetation mat under

treatment of high concentration deicing salt

Percent

Treatment germination Plant height Leaf length Leaf width No.of leaves
(cm) (cm) (cm)
(%)

Dendranthen?a zawadskii var. g™ 973" 5.00" 3587 17.00

latilobum
Cont. Dendranthema boreale 20 7347 475" 3757 1229
Kalimeris yomena 6" 2.89" 3.65™ 1.60™ 14.38
Dendranthen?a zawadskii var. 20" 6.64" 366" 243" 611"

latilobum
BYM Dendranthema boreale 147 12.41" 543" 3.63" 19.88"
Kalimeris yomena 3" 5.24 4.02" 1.677 6.25"

* : Indicate significant at the 0.05 level
** : Indicate significant at the 0.01 level

40.84(ch =) cmol/kg =21 ¥HA, BVM A 2|+4l=
49.11(&FAo]) > 46.28(-8 =) > 45.12(H=) >
36.38(Ak=) cmol/kg <=0 =, 4H52] 7-9-BVM 4|33}
E fiof w2 2ol 5 Kotk F A2 oA UEF
(Nah)-& 22.11(AF2) > 19.52(Z&FA0)) > 19.33(F-&
Z) > 16.17(W 27 cmol/kg <22, BVM A g]4-=
11.77(8%) > 11.62(&FA0]) > 11.39(HPRF) >
8.04(A=9) cmol/kg =02 FAE|QT}. wl1y|E
(Mg*)2 5 A 2]7ol| 4] 29.90(41=) > 28.10(&5-4
o)) > 26.42(F-A =) > 20.04(th 27 cmol/kg 422
BVM A 2]tof| A= 22.88(&-7A0]) > 21.22(T) =)
>21.04(F-E %) > 15.88(4HE) cmol/kg 420] 9ItHFig.
3). A¥kA o 7 T A tof| A Aol A 7Y 2 4k
= YERH O, BVM A g tof A= 5 -9 2191 3¢
o] & Ho|x] 9kttt vk, BVM 2| 2]4L7} 5 2] 2] ko]
H]8f| Fofl TAglo] FekEA 2|2 d ol ool
o)A o7 Fash= ke Kol EF W AIE a7t 9l
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© 8 BVM Ae| oA efagt AuE Bt 45
B2 AT EH, 247 QEo| A= Aol HmolA]
Ao} Ao, -2 S5A 0|7 QT Table 1).
AAFE WA Zo| A= BVM A 2]Le] Z530]7}, 2|
Hi- AAFE F A 2te] 4ol AR AR
B2 T APAolA, AeHRE AES-SBVM A2
TolA, A AEATFE T AeTolA] Aol 7}
& = U B3 t(Table 2). APYA=9] 739 o
= AFAYA] e = Hotshs 97T Eot (Yimet al,,
1999), AU E R QIgt Apg-E2] T7HR Wokgof <
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el o) o e, JAIE, A= W 244
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53] 449 vt F36th & g(Kim et al,
2012), AYUE Ael5 S5 4 280 a8
ES 08 oA SHr:
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Table 2. Comparison of three groundcover plants fresh weight, dry weight, and chlorophyll contents in response to blanket

vegetation mat under treatment of high concentration deicing salt

Fresh weight Dry weight Chlorophyll
Treatment (g) (g) contents
Shoot Root Shoot Root (SPAD Value)
Dendranthen?a zawadskii var. 041" 0.03" 030" 003" )
latilobum
Cont. Dendranthema boreale 5427 2.80™ 1.98™ 0.32" 36.93"
Kalimeris yomena 12.22™ 0.92" 1.68™ 0.26™ 4523
Dendranthen?a zawadskii var. 780" 029" 1.09™ 007" 381"
latilobum
BVM Dendranthema boreale 8.68" 148" 178" 0.39" 3553
Kalimeris yomena 17.53" 0.81" 1.25™ 0.17" 34917
* : Indicate significant at the 0.05 level
** : Indicate significant at the 0.01 level
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Fig. 4. Influence of blanket vegetation mat (BVM) on the chloride based cation (K', Ca*', Na', and Mg>") in three
groundcover plants under treatment of high concentration deicing salt. Different letters in each bar show
significant difference between Cont., DZ, DB, and KK (p < 0.05 by DMRT). Vertical bars represent mean +
standard error. Cont.; non-sowing, DZ; Dendranthema zawadskii var. latilobum, DB; Dendranthema boreale, KK;

Kalimeris yomena.
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237.11(&5A0)) > 208.14(FHZ) > 172.47(AH)
cmol/kg =0 &, BVM A 2] -0l 4= 217.97(&-F-7 ©])
> 167.72(A=7) > 167.31(7-8 %) cmol/kg <=0| %t}
Z45(Ca”")2 5 22| To]l A 23.79(25-A40)) > 12.19
(A=) > 8.38(7+ 8 %) cmol/kg <=0] 1.1, BVM 2]
TollM= 31.70(&570]) > 17.25(4k=) > 9.18(++4
%) cmol/kg <=0 & YEPGTE YEF(Na )2 5 & 2]+
ANA 7.56(ZFA0)) > 5.05(H8x) > 4.83(4=)
cmol/kg =0, BVM A2 A: 5.06(4H) >
4.91(&5Ao)])>2.89(F-4 %) cmol/kg £ 0.2 EA 5
Ak mETu] (Mg )& 5 A 2] ol 4 28.17(&50])
>20.97(AH=) > 19.12(7-8 %) cmol/kg <=2 2, BVM
A g] ol A 22.54(&FA 1) > 20.79(4F=) > 13.62(F+
%) cmol/kg 420 & ZALE|QITHFig. 4). A¥td o g
BVM A |17} 7 A 2] -0 APY 23157 Hrp w2 ¢
ShEA A ol s Hglow, 53] L5407t
At A 2 B o = el S B dFE
P AoR Hrt

4 28

5o AEA AHsto] Blanket AAYHjE
(BVM) A 2|7} EoFe] Ao 9 A4 23159 A5
02 IS AR, A 2-gof| theh AP A
A== ggalr] $Jal 2 A sk B
At ol M7 A w g AR 23k BVM A 2|47} 5
A tETE EQRALE O] ZFibdo] tha oFslE R,
A7NAE e Bolxs A 2ok d3HEA A
Mg eFol 32 BVM A 2j+t7h F A 2lto] vla)
3ol TAGle] FHOR Frhshe HFS ol
EF W AE 537t Q= Ao ek 3742] ¢
A 2340 Woh= F A g ol A Tha E9kou Ay
5ol QlojAl=BVM A |77} 5 Aol A va] 4k
o> -z > HEAo] =07 Kol FFFrt A
EA W d3tEA 2ol dEFel qlolAe A
HH4 0 2 BVM A 2|7} § Ae]trct W2 ¢dshs
Al X gHg ol g Rtk o= Blanket A AYuj
E7} 39 glojoj& A Elo] 9lo, i =] Al
AE B W AT Al A = 9= 7152 = <l
EF W S2& W) A5 Hol 9l Asof 342

Q) ke 2 Aole} kech. weha), 7hmu A A
AelA g FAoE AuEe] 488 mofel A%
) ) of e} Alage] ol @ 4ol ulehAlat 2
o= ik st weR] @ 482 Fa ARHe
e 5% 127} QS A0 Areh

fot
o
2
[o
i

Ak 2
o] 112 2021 At AT e B KUBH 7] 4|2
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