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Abstract

This study was conducted to analyze seasonal variations of de-icing salt ions harvested from soils and plants according to
salt damage of Pinus densiflora f. multicaulis, a evergreen conifer, on roadsides. Pinus densiflora f. multicaulis was divided
into three groups referred to SD, ND, and WD (serious salt damage (SD) = 71 —100%, normal salt damage (ND) = 31—70%,
and weak salt damage (WD) = 0—30%) based on the degree of visible foliage damage, and measured acidity (pH), electrical
conductivity(EC), and de-icing salt ions (K, Ca*", Na*, and Mg>") harvested from soils and plants. The results indicated that
acidity, electrical conductivity, and de-icing salt ions of soils and plants were significantly affected by seasonal variation and
salt damage. In addition, a strong positive liner relationship was observed in plants between the concentration of de-icing salts
and salt damage in spring, while the relationship among seasonal variation and salt damage in soil were not significant. The
results from this study has important implications for the management of conifer species in relation to salinity and roadsides
maintenance.
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T A A Adofl, 7HA] ALAL A Fo)
2167 4= QItKim and Lee, 2014). ESF ES
S AR S7E AV it 5wl
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A{Kwon et al., 2014), Z32]E(Na and Lee, 2014),
52H=(Lee, 2015), 7341 E(Son et al., 2017), 7}=2H
AlE(Ju et al., 2019) 5o] ZIPEo] Lok A, L2t
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£ o]FaL gler, olget o 7heH B U delk=
Al AP FeolE Al At} IRt 9Lek(Kim
et al,, 2012), A= A HiEo] gt A7k F=53
A7golet. ofof & Atk AlEA =8 wsix|Ql 7t
R0l AR W] Hafwel weh B E A=A
W Aelo] A HalE AuEo 2, AdA 1
SR 0 7h2H AlY TRk 913t 72 Ab R = EE-
a1} ik

o2 By
=3

i
b

>

o J
o3

2 Tz o

2.1, NE zHH

2 AT=2018'A 4€HE 109714] =8¥s151.2m
FREL T ) APA R GOAIA] 7E2 O
Wk AR iRk Feeitlel ARpE vk
(Pinus densiflora for. multicaulis)2 7}A 4 FsiA=
of w2} SD (Serious salt damage), ND (Normal salt
damage), WD (Weak salt damage) A T+ 2 L+
o AE ] MRS 697)e] Aol 2} 567
2, %350 27} A A0 ZAEIR. 5 3 kme)
Zhslol] A1 Wkpo) A% B8] 43, SBE, 9]
A7, % A (NS A5 ZAE A3 Bt 530 155
m, Hat TR 15.76 cm, SAY 2.357W, 3=
() 1.93 m, FRE(H 1.64 mQl A o2 ZAREIC
op W A8 AFH AE Aol S d s
Ek0] SARE T OR A 579 Zo] 10
em ©]2] ZlololA] E=oF Al5E 500 g4, A1) 2

of
o

9450 Q2 A1) 550 g2 Ak

22 EY 3 AMEH 24

B Al Erlo] @EofA 724 105T R 73A]
03, 2 m Al Zeuigich AEAlE Eefo] 280
72A7F E01 70T 2 AZS T B2 o]8s)o] By
AFTE B9k 3lshy B4 w215 BB
(NAAS, 2010)°] whz} Z13¥s}3ic). pHOF ECEEE &
AR 5 g} A1EA] 0.5 g& 75 HlES 1152 510
30571 2153t & 5BojubR|(Adventec filter paper No.
5B, 110mm)& oJ7}5}1o] pH meter(ST3100, OHAUS,
JAPAN) 2 EC meter(ST3100, OHAUS, JAPAN)Z
ol-gsto] S5I3Ict g ol 5 AlEA| A2
FHElo] 9= KT, Ca”, Na', Mg* o2 A4aiglct.
AFA AgHd el ke CH;COOH®F NH,OH
(pH7.0)2 $=3F -2 ICP-OES (Inductively Coupled
Plasma Mass Spectrometer, Perkin-Elmer OES-5300DV,
USA)S AHEs10] Baiaiic

2.3. AN

ZX% = folg+= IBM  SPSS  Statistics
25(SPSS Inc, Chicago, IL, USA) & 7348 0|-8-5]0]
SA E4519ck B s8H(pH, EC, K7, Ca™’, Na',
Mg™)& 5% FollAl ALEiREAREA] DMRT
(Duncan’s Multiple Range Test)S 2IA|5}1 1, AZH
wisje} EoF 9l AEA) U] SbEgt AR AE
3}t ®=3h SigmaPlot 12.3(Systat, San Jose CA,
USA)E o|-85to] 1= Yehfigict

3. Zih Y nF

3.1 EY

3.1.1, EYAE(pH)

B30 EQRIE(pH)= 6.86(SD) > 6.82(ND) >
6.58 (WD) =22, 2013d9] 7=+ RHEQF gt EQFA
T HTKKong et al., 2015) ¢F0.6 &= =2 6.8 523221
Aoz ARG o549 EiEE 7.12(SD) >
6.95(ND) > 6.78(WD) <=2.=2 Ueltom, F/do] 717t
& A0 ARSI 7RSO B R 6.66(SD) >
6.49(WD) > 6.25(ND) =02, Rt A4S Hch
(Fig. 1).
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Fig. 1. Seasonal change of acidity and electric conductivity harvested from soil according to salt damage of Pinus
densiflora f. multicaulis on roadside. Different letters in each bar show significant difference between SD, ND, and
WD (p < 0.05 by DMRT). Vertical bars represent mean + standard error. SD; serious salt damage, ND; normal salt

damage, WD; weak salt damage.
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Fig. 2. Seasonal change of acidity and electric conductivity harvested from plants according to salt damage of Pinus
densiflora f. multicaulis on roadside. Different letters in each bar show significant difference between SD, ND, and
WD (p < 0.05). Vertical bars represent mean + standard error. SD; serious salt damage, ND; normal salt damage,

WD; weak salt damage.

3.1.2. M7|MEE(EC)

20| EoF H7|HEE(EC)= 0.3(SD) = 0.3(ND)
> 0.2(WD) ms/cm =02 UElton, o} 540 79
0.6(SD) > 0.1(WD) = 0.1(ND) ms/cm <=0 HAg]
gtk 71eAe)= 0.3(SD) > 0.0(WD) = 0.0(ND)
ms/cm =02 WD} SD7O| Zjo|7} F=El51A] (k=
|, o= ESF EC7} Ap7dof| olsf 7ras]7] ufEel
A O Z(Lee et al., 2013) A=

3.2, A=A

3.2.1. A=(pH)

AEA W 5, o5 Alee BEYY w4, o5E
EPIEet AR FRe Bk 7 Al W A

3.77(WD) > 3.68(SD)> 3.53(ND) 2202 A2
LR ICKFig. 2). EO] AMdh= A= He]o] =4
A% YRlE 59 BAlE ke, o= 2l &
B, Ca® 9 Mg 3} Z-2 gofio] AR S 2|
wjZo|thZhou et al., 2014). LHFA O Z pH7| Holx]
9, 2|gkg Jolo] o] sk ZoR dTA QL
©1(Cho et al., 2016), 0]i= EJoA] o] &-& 7|4:7]
O 7 AAsE| ufze] B AMIERE IS 4 S
Hoja=a1 Qi
3.2.2, MI|MEE(EC)

AlE 7= 0] 542] 79- 0.3(SD) = 0.3(ND)

> 0.2(WD) ms/cm $=0.& YRt om, 7IA 4 FsfjA e
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Fig. 3. Seasonal change of de-icing salt ions (K', Ca*", Na*, and Mg®") harvested from soil according to salt damage of
Pinus densiflora f. multicaulis on roadside. Different letters in each bar show significant difference between SD,
ND, and WD (p < 0.05). Vertical bars represent mean + standard error. SD; serious salt damage, ND; normal salt

damage, WD; weak salt damage.

o} wjgsks AoE Hlth o5de= 0.6(SD) >
0.2(WD) > 0.1(ND) ms/cm <=0 7}23Ho|= SD,
ND, WDeJA 22} 0.1 ms/em= Fg =0l ke Zjo]
7HESlsHA] ekt

3.3. & x|gty Yo|Ro| A=Y Hst
331 EY

HHo] ZFEo| (K2 2.17(ND) > 0.09(WD) >
0.02(SD) cmol/kg 402 o}2Ho= 0.18(WD) >
0.12(ND) > 0.10(SD) cmolkg &0= 7}&Ho=
0.04(WD) > 0.004(SD) > 0.002(ND) cmol/kg <=0
Aarl= ke HAkFig. 3.).

2Ho] ko] (Ca?')2 9.0(SD) > 5.11(WD) >
3.57(ND) cmolkg =02, ojEHo= 7.87(SD) >
7.07(WD)> 5.55(ND) cmol/kg &08, 7}F2Ho=
0.54(ND) > 0.43(WD) > 0.31(SD) cmol/kg <202 7

M 7has

A LEFoRZ (Na)2 SD, WD, ND 71| Z¢
7+0.11, 0.10, 0.09 cmol/kg © & ZAE|Irh ofEH o=
0.06(WD) > 0.03(SD) > 0.01(ND) cmol/kg <=°2 WD
ol M =A et 7ReEol= 0.42(ND) >
0.31(WD) > 0.22(SD) cmol/kg 2202 Ujeht}

B0 mldlgol&(Mg’) 0.24(WD) > 0.17
(SD) > 0.08(ND) cmolkg 2202 ojZHoj= 0.43
(WD) > 0.31(ND) > 0.13(SD) cmol/kg <08 23
o}Fd =& WDelA 71 &Sick 3, 7R Eoll=
9.48(SD) > 8.97(WD) > 7.93(ND) cmol/kg 0=F
SDolIA 714 %A Lebsdet

3.3.2. AlEH|

"ol 720K 16.16(SD) > 16.01(ND) >

15.35(WD) cmol/kg <02, Fali =7} =255 57}

o]
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Fig. 4. Seasonal change of de-icing salt ions (K, Ca®*, Na*, and Mg®") harvested from plants according to salt damage of
Pinus densiflora f. multicaulis on roadside. Different letters in each bar show significant difference between SD,
ND, and WD (p < 0.05). Vertical bars represent mean + standard error. SD; serious salt damage, ND; normal salt

damage, WD; weak salt damage.

slgict ofEHol= 12.77(WD) > 9.96(ND) >
8.60(SD) cmol/kg <= = UEltt) shH, 71SHof+=
0,27(ND) > 0.20(SD) > 0.12(WD) cmol/kg <=0.& 7+
29T o= ASA] ERRO] ZFOR FE(Kim et
al., 2002) Et} ©F5.0 cmol/kg =7 LRt Axtolct.

EH3 o] Zhrol2(Ca” )2 1.36(ND) > 1.26(WD) >
1.02 (SD)ecmol/kg =08 ZkAaslglon, oSxo
0.66(WD) > 0.65(ND) > 0.45 cmol/kg <02 WDo||
A=A YebEth 732 5.99(WD) > 4.78(ND) >
4.60(SD) cmol/kg =0 &, o} 54} 7}SH 2ol
7HA dalis At seElehs AR Balck

HAo] LJEFO]2(Na")2 WD, ND, SD 171 2}
o7 FElekA] itk oEHell= 222(ND) >
1.80(WD) > 0.92(SD) cmolkg &0= 7}SHe
21.35(WD) > 16.18(SD) > 12.95(ND) cmol/kg <=2
= ZaE| Sl

EH 0] nfd|go] (Mg )2 0.50(SD) > 0.12(ND)
> 0.04 cmol/kg <=0 2 SDoJA] =4 VEREOm A3)
gt vleEet AukE Hert o5& ol= 2.17(ND) >
1.44(SD) > 1.41(WD) cmol/kg <=0, 7} of=
5.83(ND) > 4.91(SD) > 2.83(WD) cmol/kg 4202 =
7ok ke Btk o= Add 7k2H E W pH
7} Yool welFig. 1), nkidjgoleo] x&zloz
2715k A 0 &(Kim et al., 2019) Az}EIch

34, EY U Aol S1aH AT 24

341 B 2 Aol ME U Hy|MET T
TR

Hhe] afgimel e Eok W ABA| W sahiat

AEze] RS AT A AEl ofgelA -
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Table 1. Partial correlation coefficient between seasonal variation and main soil and plants chemical characteristics (pH and
EC) according to salt damage of Pinusdensiflora f. multicaulis on roadside.

pH EC
Salt . Salt .
Season Damage Spring Summer Fall Season Damage Spring Summer Fall
Spring -.349 247 242 169 Spring -357 012 716” 773"
Summer -413" 112 1.000™ 268 Summer -385" -201 1.000"™ 989"
Fall -.039 -.131 625 398 Fall 436" -014 021 019

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

Table 2. Partial correlation coefficient between seasonal variation and main soil and plants de-icing salt ions (K", Ca®", Na',

and Mg?") according to salt damage of Pinus densiflora f. multicaulis on roadside.

K+ Ca2+
Salt . Salt .

Season Damage Spring Summer Fall Season Damage Spring Summer Fall
Spring 025 .103 -353 -316 Spring =227 -.827" 958" 9517
Summer 830" -.163 8717 703" Summer -733" -.637 -953" 918

Fall 732" 8107 -.885" -741" Fall 664 175 -406 315
Na” Mg*
Salt . Salt .

Season Damage Spring Summer Fall Season Damage Spring Summer Fall
Spring -876" -320 -.503 609 Spring 248 083 -359 138
Summer 447 -.809" 308 953" Summer 689" -937" -721° -962"

Fall 949" 608 -951™ -426 Fall 205 874" -.990" -.854"
* . Indicate significant at the 0.05 level
** - Indicate significant at the 0.01 level
7= A8 FAEQICE A ZERH EQolA 4 S 2y o9lollE Zgol(Ca’ ) oIEHA -
A=) off /el qlof rh= Bl A7 = Aol 0.7332 7 =0 Hol Al 2 LJERO](Na )
H 2] - 210 2 A Ech 7R&H0] 0.9492 7HE =2 o] ARRIA ) Q= AL
) J
342, AW G2 KB gol2o) Apty gy e tlEN:
Hlpo] aigimol me Eok W A1EA) Ul ARl A
3y ol ARe] TS B A, 2o 4B E
o] Ao By oj=H 712
2, ”?“‘Eijg OIEEEE RS TS o omael A SR Ahtop o
z L=s A ZF¥=o0 Kol -
L o] A ARSI AEol(K)2 20 Aa|Awo]| wat BEoF Wl A=A ] dEoleo] A
o} 5HoNA 0.8302 7Y 32 2] AAIE, vk w

o

£01(Mg?) E3t ofEHoA] 0.6892 o] AuiA

=
WISIS Al 0 =, 7k A TS §)
AR BgsRt st ZhEe] A4
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F WkR0] 7IAA Fef o] wet SD (Serious salt
damage), ND (Normal salt damage), WD (Weak salt
damage) Al 7E0= Lol BEQF 9 AlEA] W Al A
71, ARA 22 oledwe A

ERI=(pH) 2] 3¢ 54, 7REE oREAMVE, o
FES 3499 AFe Hlom, A mE deig=
7} AR SD A w2 A Bk B A7 1A
E(EC)Q] 79 EZE SD tollA] 71 A WEkL
o} 224 2E=(pH)= =, ofFdolk= &t Alels
Holz] gigkon), 7R EE AMdS HSltk AlEA] %171
AE=I(EC) 9] 739 w2 Fall =t = 5718t
FOL, 7RSS 2 AlolE HolA] oisit) B¢ Al
H AFA A2 Fole A Fallg el e A
3 TSk ehkent, AlEA|] B AEole, vl
Hlgol2 5ol =8l =t o] S ol
)

ofef 7kl Hipe
= 9 )t 4ael Beido] e
chelc, T3 B0k 9 A2
A vislol e WHS B
2} EtF o= Hofloll FFS
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AW Airolo] A Wsks AR whiol

goll2] 7S Haigkea, A x|l 37
8910 7]ojat olet Apegik

a2
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