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g WA FES F L B FEE VIS oRA(Zn)2 Alell wE FaIPE fojolAl Uetkith 27 Falol
o 5o THEERA 2 62492 <18l ARAEA (bonferroni) ] 1114 7H0] folaks =EEA] QR9ke:
e AR EAKmg/ke) 71E B 22178 0me/kg)2 TRAT3 gkl 3 o] AEHOT ZHE
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ABSTRACT

This study was conducted to comprehensively investigate seasonal variations in the chemical properties and
heavy metal concentrations of soils in central median green strips, a key component of modern urban green
infrastructure, and to establish a systematic framework for soil maintenance and management. Soil samples
were collected from central median green strips along four major roadways in Daejeon Metropolitan City
during four seasons—November, February, April, and July. Seasonal variations in soil chemical properties,
including cation exchange capacity (CEC), organic matter, pH, electrical conductivity (EC), Na', K', Ca*,
Mg*, phosphorus (P), nitrogen (N), and salinity, as well as the concentrations of heavy metals, including Hg,
As, Cd, C™, Cu, Ni, Pb, and Zn, were analyzed. The results of repeated-measures analysis of variance

(repeated measures ANOVA) statistically demonstrated significant seasonal variations over the one-year study
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period. In February and April, Na" and salinity, which are direct indicators of deicing salt input, increased
significantly compared with those in autumn (p < .05). Heavy metal concentrations also increased significantly
during these periods (p < .05), indicating that deicing salt input was associated not only with chemical stress
but also with changes in heavy metal concentrations in the soil. In July, soil alkalization, represented by a
significant increase in pH under high-temperature and dry conditions (p < .05), was observed, while the
concentrations of most heavy metals showed an increasing pattern relative to those recorded in spring. Among
the heavy metals analyzed, Zn exhibited the highest mean concentration and a significant main effect of
sampling time. Although no statistically significant differences were identified in the Bonferroni—adjusted
pairwise comparisons because of its high sensitivity to environmental loading and substantial variability, with a
maximum standard deviation of 62.45, Zn showed the greatest seasonal fluctuation. Following its lowest
concentration in autumn (64.80 mg/kg), Zn concentrations increased to 178.30 mg/kg in February and 173.33
mg/kg in July, representing an increase of nearly threefold. These findings indicate that Zn was the
predominant heavy metal accumulation component in the soils of central median green strips and was highly
responsive to seasonal chemical disturbances. Pearson’s correlation analysis revealed strong positive correlations
among CEC, organic matter, and nitrogen (N), whereas statistically significant negative correlations were
observed between these soil fertility—related factors and heavy metal concentrations. This result indicates that
soil fertility in planting substrates is related not only to nutrient availability but also to heavy metal
accumulation patterns in an inverse manner. In addition, the four detected heavy metals—Cu, Ni, Pb, and Zn
—did not behave independently but exhibited closely interrelated patterns of concurrent increase and decrease.
In conclusion, improving the survival and growth vitality of street—planted trees in central median green strips
and maximizing the inherent functions of urban green infrastructure require more than the superficial
management of planted trees. Seasonal and site—specific maintenance strategies should be implemented based

on the soil environment, which serves as the fundamental growing medium supporting tree growth.
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S718%(g/kg) 8 3 14 21
pH & 7.3 7.0 6.6 7.3
ECH(dS/m) 0.20 0.20 0.20 0.50
N(%) 0.14 0.17 0.081 0.085
EQF 3f3H K 0.33 047 0.17 0.2
ca 6.5 6.4 32 75
Mg?* 1.0 12 06 13
Na" 0.0033 0.012 0.0095 0.095
p 37 11 3 4
§E(%) 0.00019 0.00072 0.00056 0.0056
u 17.20 21.80 8.40 19.40
Ni 2,60 2.80 1.00 1.60
Za%(mg/kg)
Pb 8.20 13.60 8.00 8.60
Zn 57.00 95.60 30.60 76.00
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E=5(mg/kg)
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= CHECH= e HHEA| PSSR Stttz
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pH & 7.0 7 69 7.1
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Sa4(mg/kg)

Pb 13.30 40.00 16.70 13.30
n 133.30 190.00 66.70 120.00
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2 gd A" FYiEsAY B Algel ditt 71e%A 2 Shapiro-Wilk 24 A= o2t gt
¥ 9 D). EY PMde AuEd, ERE(pH)E Bt 7.10 + 0300891 6.50-7.50), A7HEE(EC)E
Bt 043 + 0.25dS/m= VreRdth B HleEe] 8 2 Jol2ASH(CEO)T #7118 d3e 474 ¥
746 + 2.1lcmol/kg, 13.75 + 7.85g/kgO® SRIEILt. FAMKP)O 74¢ Bt 30.63 £ 18.19mg/kgS
2 W% Zo| 7k zlon, Z4(Ca) T YEENa)L 242 B 513 + 1.32cmol/kg, 0.21 + 0.17cmol/kg
= 71530 EY S5 25 48T 459 S5 B SARL ofd(@n)o] 13598 + 64.54mg/kgo =
7P BT 240l AR BE 54 Wl die dui) 3 o, e AYgh 10 o= #asto], o
F A g5 itk e A= 2]l A8sIitkKline, 2011). EeE WHEEAY FAREA (repeated
measures ANOVA)9| 24 B4 A820] 712 AAE &Rlshr] 5l Shapiro-Wilk 242 AAIRE Aa 4]
1571 D5 5 1270 F=o] e FZ3519tHp > .05). L5 Sdto] geld 37 FE(H71E, Mg, K)ol
tioto] dloge] AA| BxE 7t AESH A w(skewness)= 2t 1.77, H=(kurtosis)= | 3.79=2 1t
et ol A4 5= 71%(Kline, 20112 H9] Ulol 27 HgA oz Fasi= Zlom gRlEglon dr

L

8 78 015 2| Al EY siehd 2 334 24 Zut
= CHeoi= ATHR HHCA| IS5 2 SHi2
CEC(amol/kg) 6.19 579 4.68 7.82
7 1E8E(g/kg) 9 9 7 7
pH & 7.5 7.5 7.3 7.5
ECR¥(dS/m) 0.20 0.10 0.10 0.60
N(%) 0.095 0.077 0.043 0.058
EQ S13HN K 0.18 0.29 0.17 0.18
ca” 53 4.2 35 6.3
Mg 0.6 0.7 0.6 1.0
Na' 0.049 013 0.073 0.36
P 2 6 28 38
(%) 0.0029 0.0074 0.0043 0.021
Cu 40,00 4333 2333 36.67
zaa Ni 10.00 10.00 6.67 6.67
(mg/kg) Pb 26.67 46.67 30.00 2333
Zn 220.00 193.33 103.33 176.66
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SYVR=AN EY efobddt S35 HalF0| A7 0jals 3

B9 EY o3y U 3340 716SA U Amiz-23 2 2
ATZ-25

zuse | ARt | AR ¥R | EEERY | 9 o p
CEC 4.68 12.80 7.46 2.1 1.1 1.42 .922 .180
= 6.00 33.00 1375 7.85 1.40 1.32 .832 .007
pH 6.50 7.50 7.10 0.30 -044 -0.37 944 .397
EC 0.10 0.80 043 0.25 0.28 -1.35 .897 .072
N 0.04 0.17 0.08 0.04 1.04 1.04 922 .180
K 0.13 0.47 0.23 0.08 1.77 379 .838 .009
Ca* 3.20 7.50 513 1.32 0.02 -1.23 .936 .29
Mg* 0.60 1.30 0.84 0.24 0.70 -1.01 .850 .014
Na’ 0.00 0.50 0.21 0.17 0.28 -1.36 .923 190
P 1.00 74.00 30.63 18.19 0.66 1.24 945 418
= 0.00 0.03 0.01 0.01 0.28 -1.38 .922 .184
Cu 8.40 46.70 28.13 12.25 023 -1.43 901 .082
Ni 1.00 16.70 7.80 4.32 oM -0.19 .928 229
Pb 8.00 46.67 22.82 12.10 0.53 -0.63 .923 .188
Zn 30.60 243.30 135.98 64.54 0.04 -1.26 947 446

gk 2 vt e Azt 7 mge] FEEE 24 W AR 7% A8 Al s 7Ptk (West et al,
1995)= A A7 ZAZ FAH P8 SOt HEo], WHESY AR (epeated measures
ANOVA)Z E2 47F 2h2 739l A/d Spatell thal & 4] A4 (robustness)& 7= 2oz &
24 Glom(Field, 2013), 918t Hwrh 24 Axje] ke wAA o ARRt awds vesle] HFHow
B BAE A-gslolrt

3.22 AP0 e EY ek 2 34 HEd

EY 21eMde] waks AEsl] ol 471 RS tdder AdE 271024, 449, 79, 119E /I4 W
geloz AAet wiE=rg B (repeated measures ANOVA)S AASHITE Mauchly®] 334 A% 2
CEC(W = .000, p = .023)olx9t @4 71Ae] $JRtEle] GGlgreenhouse—geisser) EA%ka 2-4at3lom, L
2 1470 5L 794 7P S5319en Aike ot 2riE 10 4.

E9F 3loH4 Hopjli= G718, pH, EC, N, Mg”, Na', G& 77] =ollA A)7] 7+ BAFcR Golgt Ajo]
7} Felsglh. $7122 FG3Y) = 13788(p = 001, n? = 64622 7kS(119, M = 2400g/kg)el] HAE 7]
3t & A2M = 10.75g/kg), BM = 12.25¢/kg), ABM = 800g/kg o2 HHFAQl 4 FAIE HY o,
Bonferroni AFFAAN 54 Al7] 7 folgt A& ElElx] ekt pHE FGB9) = 120000 = .002, n? =
5510 fefsiaon, ASAY A ALY M=6.850)7 B(4E, M=7.050)°] Hlaf F=(7E, M=7.450)21A4
FoloHA =olp € .09), sH7| 12 AxE QR EY dAT|e}t o] SAFCR ERIEY. ECE FG9) =
8.156(p = .006, n? = 458), N& F(3,9) = 9.796(p = .003, n? = 36402 247t 80514 o} Bonferroni AEE
Aol frofet B TEEA] otk Mg FB9) = 5.082(p = 025, n* = 2422 fepiaent oA
2 24 A7) 7+ 9Ok K1) ekt Na'oh @E-S 217F FR9) = 16085(p = 001, n? = .623), FBY) =
16.581(p = .001, n* = .620 2= &= Folsiglon, AFa4 Avt 71119 e B@DolM ek &
p €.05), BUDA ASTDLE [t FAdshe Hge] F &4 F540= FRIEe|(p €.05), &
A7) AVAl FY9] R gako] KA AEE|T ofFe] AslEE FARCE g v CEC(GGEA,
p=.095), K', Ca¥, P= A7] 7t fet o7t Bels|z] ithp > .05).

EF 555 BoplINe B8t 45(Cy, N, Pb, Zn) A =X A7) 7 ffdt &Jol7t ERIESITHp <
01). Pb= FB9) = 19329(p = 000, »n? = 54)& 7FF &2 FEe Uehilon] Asdd A 7keM =

86 | et=zgselA| A 543 3=2(SH 2352)



ElSE, 0lAI8

E10. AP0 2 EY 3ok H=SY FAkEA Zit

_ A7I2 M £ SD Y Y HEEY 2y S
= 7emg) H2(28) =48 078 W | p| € F df p n (221
CEC 969 269 | 725+£138 | 679 +135 | 612+ 130 | .00 | .02 | .37 | 537 | 39) 10 43 -

{712 | 2400 +829 | 10.75 + 512 | 1225 + 359 | 800 + 1.16 | .01 | .25 | 59 | 1379 | (39 | .001" | .65 [o5H 4 oS
pH 7.05 £ 0.33 685 %027 | 706 +013 | 745+010 | .00 | .14 | .37 | 1200 | (39) | .002" | 55 |HZ2(OE, &(0E
EC 0.28 £ 0.15 063 +024 | 055+019 | 025+024 | .02 | .31 | 42 | 816 | (39) | .006"™ | .46 Fofe & o2
N 012 £0.04 | 007 £003 | 008 £002 | 007 £002 | .10 | 62 | 44 | 980 | (39 | .003* | .36 [ofe 4 S
K 0.30 £ 0.13 020 + 004 | 020 + 006 | 021 + 006 | .13 | .68 | .52 | 380 | (39) | .052 .26 -

c* 590 +187 | 498 £113 | 483 £ 116 | 483 +£1.23 | .01 | .16 | .36 | 3.09 | (39 | .083 12 -

Mg?" 1.03 £ 0.31 083+019 | 078 + 022 | 073 +019 | .03 | .39 | 40 | 508 | (39) | .025 24 [o5H 4 oS
Na* 0.03 +0.04 | 031 £0.14 | 035 £ 0.11 015+014 | 22 | 80 | 62 | 16.09 | 39 | .001" | .62 |7IE( &, &) WE
P 30.25 + 1315 33.25 + 30.25 | 3550 + 16.66 | 23.50 + 1340 | .05 | .48 | .4 116 | 39 | .379 .07 -
= 0.00 = 0.00 0.02 £ 0.01 0.02 + 0.01 0.01 = 0.01 27 | 84| 64 | 1658 | (39) | .001" | 63 |[7I2 (&, )0

Greenhouse-Geisser (GG) 23 A8,
{05 "p (.01, n? = np’(HE4H HEOEHSD).
9.600mg/kg) ] A&M = 29.175mg/kg)elA FJolAl =3k (p € .05), BM = 20.825mg/kg) tiH] f&(M

= 31.668mg/kg)olE S2lokAl ALK < .05). Nit F(39) = 18432(p = 000, n° = 7202 7} =&
art 2715 Hglom, 7ke(M = 2.000mg/kg) Ml A&M = 11.675mg/kg)Th F5M = 8.335mg/kg)olA &
kA EUHp < .09). Zn& FBY) = 15601(p = 001, n? = 53308 Wz Golsigon, 7kaM =
64.800mg/kg)ell HAAE 7155 & A(M = 178.300mg/kg)T M = 173.330mg/kg)oll FFA 08 Z45

© ol FRICH, Bonferroni AFFAAANN £ 49 frofake =2%A] ¢ttt Cus FG9) = 8.258(p =
006, 0 = 38902 ﬂo} . 7K(M = 16.700mg/kg) ThE] O12(M = 35.832mg/kg)e] Aol Gl 5
Fo& FRIHUHp < .05 ).

P a}ow 9 0] wEde SAHoR Bekh) deEsleon, A T A 2
8k AE APPE EARe] SRl 3, SV 12 oke AVAl RUoR <l Na® - Al 553t WA S5
20| Tl ARo] Ueht AVIAP} o o] ZZ& 92 =x0] AL SRlsIL) &

AFEQF AEHAZ Y

—11___1_ —= 1
A SHDeNE B SREpH s Wl e Fasel ASele i) BRI, SRk e
W B 5H e TANOR S S5 WA 335 3 AL S8 /125 oIz A% AR
2 WS Bo| 7F Fsh Liebtek o)A AU Aolet a8k Wk /AL FHslol gt Sl
S 9] B4S TefE w, S ofF W3 Teloh o) EOF AT 28E FUOR T AP 25
e ekl 400] B4R Ak
E 11 AP 2 52 334 weay 2l 2|
APIE M £ SD Y 48 HI22Y ZiEA B2
y= 2
7le(mg) #2238 =43 GE(78) W | p £ F af p n (2H|=H)
Cu | 1670 £ 584 | 3333 + 1273 | 2668 + 13.62 | 3583 + 877 | .01 | .27 | .61 82 | (39) | .006" | .39 e (0F
Ni 200 £ 085 | 11.68 £ 335 | 918 +316 | 834 £192 | .00 | .10 | 47 | 1843 | (39 | .000" | .73 |7IE(HE, 72 (0E
Pb 960 + 268 | 29.18 + 7.39 | 20.83 + 12.88|31.67 £ 1037 | .01 | .19 | .37 | 1933 | 39 | .000" | 4 |7EE( A, & (0T
Zn | 64.80 £ 27.72 |178.30 + 62.45(127.50 + 50.64|173.33 £ 49.96| .00 | .15 | .47 | 1560 | (39) | .001" | .53 ot 4 el

Greenhouse-Geisser (GG)
(.05 "p( .01, n

B ML

o To.

? = np (3 REOERE)
MY Uk (HE ) =5 == 8 =

p (.05

ZA5t5|A| A| 543 35(EH 235%) |87



SY7tE=AN EY sfebdnt S54 HaIR0| AR7|8)| 0jals

3.2.3 EY 3letdut 334 7o Htd
g IA] 4 £ A S rE=AY B oM B4 2 Fas 110 FHA AeE-S 1Ee] Sl
AR (pearson)& AAIGH Ak thealt ToHE 12-15 F2). B4 A, 40 dydA] Aetella gol22)g
SH(CEOT #71%, HAN)E S 7ol 45 femjet =(p € 0,05 2ol =2 AA((+) s 3
ok "J*JQ et 6], ol&fat HIS L QIKCEC, 9712 N)o] F2l(Cw), UAND, H(Ph), old(Zn) &
2 FA(-) TS TS epdth ol AA|E EY] BTt Oeo] 5
TEES Hol, a5 4 e e 559) Aol ohes Uehdth Egh A o
AR ] =2 AR+ ATEAVE BEEo], £ AR WEe] BARCE UM
PlREAY Bk 47| AVdA] Auaks sk wjsjo] AEHoR k&
= —EJ‘J—% Zl‘dt}. A B T 799 YEENa)2 AA7|et Bl 31 ghzigo] sl 28y #
it FA(-) AAE et ol AVdAR QIgt HEENa)

re
o
i)
2
9
dlo
O
i
o
_O'L
38
T
g w
0@

B 12. OjEiZ SY7I2=Al EY ofohd & S34 7H A2iEA
zws2 | CEC | S22 | pH | EC N K | ca® | Mg | Na' P | g2 | @ Ni Pb | =
CEC 1
I .999" 1
pH -160 | -110 | 1
EC 005 | -0 | -63| 1
N 969 | 968 | -.149 | -.187 | 1
K 989 | 995" | -.017 | -.106 | 966 | 1
ca® 993" | 998" | -.050 | -.090 | 971" | 999" | 1
Mg?* 1.000" | 999" | -.154 | 000 | .969° | .990" | 994" | 1
Na* -182 | -225| -790 | 938 | -312| -312| -.289 | -.188 | 1
P 773 | 745 | -661| 106 | 826 | 695 | 718 | 770 | .139 1
o -190 | -.233 | -795 | 931 | -316 | -.320 | -.297 | -.196 | 1.000" | .141 1
u -584 | -579 | 194 | 547 | -764 | -.583 | -.504 | -.584 | 447 | -769 | 440 | 1
Ni -504 | -527 | -363| 851 | -673 | -.581 | 573 | -507 | 854 | -.385 | 851 | 842 | 1
Pb -652 | -645 | 258 | 463 | -814 | -.641 | -654 | -.652 | 381 | -.831 | 375 | 994" | 806 | 1
Zn -676 | -678| 077 | 579 | -837 | -692 | -698 | -.677 | 538 | -745| 533 | 984 | 898 | 982 | 1
(.05 "p{ 01
B 13 SR SWIE=A EY St U S3& 7+ JeRA
2use | CEC | 92| pH | EC N Kt | G | Mg | Na' P | a2 | Ni Pb | zn
CEC 1
= .935 1
pH -409 | -274 | 1
EC -249 | -288 | -768 | 1
N 978 | 982 | -.266 | -358 | 1
K 910 | 932 | -.005| -502 | 964" | 1
ca” 966 | 975 | -.19 | -.426 | 997" | 981" | 1
Mg?* 090" | 947 | -279 | -376 | 991" | 958 | 989" | 1
Na’ -732 | -523| 002 | 596 | -674 | -.736 | -.698 | -.762 1
P 21 | 464 | 292 | -228| 311 | 353 | 32 | 184 | 340 1
o -718 | -499 | 014 | 579 | -653 | -713 | -677 | -745 | 999" | 373 | 1
Qu -984" | -893 | 288 | 386 | -.962 | -.933 | -.962' | -.990"| 836 | -.050 | 823 | 1
Ni -936 | -775| 289 | 389 | -879 | -850 | -882 | -936 | 920 | .159 | 914 | 976 | 1
Pb -990" | -.966' | 442 | 185 | -.982°| -.898 | -.966' | -.977'| 631 | -228| 614 | 952 | 877 | 1
Zn -89 | -957 | 277 | 372 | -.994"| -961" | -.993"| -.999" | 742 | -214| 724 | 985 | 925 | 980" | 1

"0 (.05 "p{.01

88 | eF=ZZSIS|A| A 543 35 (EH 235%)



ElSE, 0lAI8

B 14, WARANSSIE 2 SWREA EY Sobd U S55 7 dE

221512 CEC

24512 {8 | pH EC N K* ¥ | Mg Na* P e Cu Ni Pb n
CEC 1

g 828 1

pH -769 | -287 | 1

EC 017 | -043 | -215| 1

N 801 969" | -.310 | .204 1

K 159 409 | 304 | -.898 | .186 1

Ca* -371 | -826 | -.279 | 000 | -.823 | -439 | 1

Mg -.005 | -.562 | -.603 | .000 | -.572 | -.404 | .930 1

Na* -407 | -518 | -.006 | .876 | -.290 | -.955' | 373 | .235 1

p 718 9527 | -.194 | 224 | 992" | 191 | -.880 | -.666 | -.259 1

s -404 | -504 | 003 | .883 | -.275 | -.952"| 352 | 214 | 1.000" | -.242 | 1

Cu -.993" | -.839 | 761 | -.125 | -.839 | -.077 | 406 | .046 318 | -.764 | 314 1

Ni -676 | -.961"| 049 | 238 | -.888 | -.612 | .896 | .697 657 | -892 | 642 | 672 1

Pb -869 | -.939 | 467 | -277 | -.984 | -.072 | 710 | 424 220 | -.958" | 207 | .909 | 813 1

n -91 | -961"| 482 | -.176 | -.981" | -.161 | .707 | .407 318 | -.948 | 306 | 929 | 848 | .9%4" 1
0(.05, "p (.01
H 15. SIUTHE SY7IE=A( EY ofetd U S34 7 A2AIRA

2 CEC 12| pH EC N K' G | Mg* Na* P B Cu Ni Pb Zn
CEC 1

g 935 1

pH -277 | .04 1

EC -335 | -645 | =777 | 1

N 778 940 | 385 | -843 | 1

K 920 927 | 039 | -522 | .892 1

c* 738 929 | 373 | -.872| 970" | .789 1

Mg 978 | 979" | -.149 | -.486 | 851 | .89 | .849 1

Na* -635 | -.865 | -.466 | 919 | -.936 | -.69%4 | -.989" | -.769 1

P -067 | -362 | -.928 | .873 | -.658 | -.401 | -.504 | -.164 | .640 1

= -636 | -.867 | -.474 | 923 | -.941 | 703 | -.990" | -.769 | 1.000" | .651 1

Cu -887 | -714| M3 | 028 | -554 | -87 | -419 | -.775| 280 | -.045| .288 1

Ni -69%0 | -.857 | -491 | 838 | -972| -.8%6 | -.894 | -.742 | .858 768 | .868 | .548 1

Pb -8%0 | -850 | .032 | 397 | -.807 | -.984 | -.670 | -.834 | .560 342 | 570 | 920 | .828 1

Zn -889 | -89 | -.058 | 498 | -.868 | -.99" | -.745 | -.855 | .647 423 | 657 | 875 | .884 | .993 1

" (.05 “p (.01

9 It RUE EY Ul =A% ol Sutddt 7hed oiH] Al viste oA fdaet o] 92 F
Zog eyt ofet o] A& 459 Tu5 dAse WIS S5k AT 7l 44

Lehin g4t fEshs Bde Bt ofs FYEsA Ul Su5E0]

il AT WM dEslel T THske Sde ol UedE ikt £ s AR Qv A v
7k 14 R0 s QIRE Eolo] niR 211 § k2 el TAskE Q910 A EHEA, o Fa&

o] Sl o] ARl Eebalel 2EHAE TIvlal JlEa AARI

4 22 2 Ao

2 7ol A TRimele] F4a4<) FlEmA AR B ditom AR = sy 9
534 WSHE 4T RS o8 2t

T



SY==AY EY sietdut S5

HSIZ0| A7 0|Rl= B

A, HHE=A BARE Y (repeated measures ANOVA) 23, 1o A% A2 2} A5 o] EAZo=
A AFEUE AR R 29(5E7) B 49@EE Dol AdAl F9e] AA A Na+a} gito] 7}
&4 O] fofoAl E55tloH(p < .05), ook EHkele] Fas 47 AT froloAl Adsstel(p < .05) Al
APt S1 sfek AE E]—E dol EY Ul 555 85 49 S Esiqlth olojxl 7467 )olk=
T2 Axo] w2 EoF I HENFTE A GRHAAPRE 238AVIE Sk H9lell gk pH 7.3~
75 ol &9, p < 05)9} A, diF2e] a5 st Asohe 141‘:40] =] ACHEE W5, 2019).

A, A Fa5 F A B =5 V1SS okl A7lel TRt FofolA| LreRslth 8 F
Sloll W = WAA(EEEA 2 62.45)= 2l AR bonferrom)_J 118 7 ok =25 oot
1}, 7k 2707](64.80mg/kg) 715 T 29(178.30me/kg) T TH(173.33me/kg)el 38 7P7io] WEH o ZHE
7P Rt WiE £ Btk ol okd(Zn)o] FYtE=AY EY W B Fa5 U] 7F 22 S47S Hel
+ 78 $a5 4 Y5 Relsglon, AEd aleh wete] 7P FHeboh wishA w¥hSshs AEYS F
Zom ZrRit,

AR, ZFERAEA Pearson) A3, CEC, #7128, 2AN) Zholle AR &2 %
ok T A, olet Bl QA FE (ol SAR R RA(-) Ay
HH Bl STt 9e5] i AR we 4 3Ede ol 359 3 ke Ak 559 A
o] Sltk= & FARICE SRl Eet AEH 489 555(Cu, Ni, Pb, Zn)E2 42 =
FAE Holw -l 22| E4Jo] ZRIEgIeh ohA] el /iAo R S ATS Holx] ¢, e TH
SHA| Aol B Fok= Zo] <IE I

webA F7tEEAdE A% Fd3 o] ofd B4 A7le] slefH o ot HFEe @] WAeE
2, APIE 2Rt HF TPt Zaolt ojAd 2 ATE Bl EE EY S0 A BiE 7A V&
O] GEAQI e Aol "ot dlofelo]l 7]eket the AAR O] Melo] TRokS ARRITE O]Eﬁ EQF 75k
A7 B fAE e Ot Tt AR dol, Z|9slet 8y Holo] igsio] LAl T1RlQlete)

71sE ABAPIL 3FA0R TA] RS PPl F SEo] Hok 5] & AlolM =EH EY
SpHIT Fa&0] Add Het diie 2 diiz|e] 2194 S dol, AR 7tz @S 7R Ad TAEY
2] e AAE WAsHE vl FHA 288 4 S Zolth ofof & A7 k2 39 APE uEk 49l
A og Aofstal B 9% 582 A&H 08 3EAF|7] Sl ot 22 frAlde] et AAE =3t
a7} Rk,
WA, SHESA EAk

il

ru]o :[o
r 4

b
A
=)

4 (repeated measures ANOVA) AT} 5747](129-29) AVdA] Ax= B
HEENa)& T;L—|51 Al7IH, 5] FE53 ofA(Zn)¢] FEHRtE @A S7HI7= ﬁoh— H
°ﬂ EHC’J 554 deo2 s 299l 38 £ EYAH(soil leaching)& AlFec}, 119t ”"XP =
H UEE ol2(Na")9 855 Rt 3958 ¥ 7[20] 02H =52 F4t
A Ao 7}_/,\_&_3 olsle] elap=ol @aroa olg] 4:2o] Eelo] Aofuls AL }x]ﬁL}
o= Agole F4F 28-S sfng °1§ B W7 BEES 20%-30% wol7|% Rtk & A
Fogn Zegoleo] B YAl S UEF oS 28 - HiEshe s E4Isk= 3ol WaEolof itk
7|48 -6l FiE A T ZhRAA =] s B710] B, Aok ol @EE(CEC)T £
& e BoKe BAol 4715 CECYE =2 A+ IS 7Y EY] BlgEE 2%dk= di <
Zolek. weby f71E Hlam 9 E /NS Aste] AREhe] 955eE S1EA7Y, HAN)9E ZEEK)
] AMIE Bl 0] 27] S A oR 2|Hsfof itk
57|78 -9Y) o= BHEE HAHE A (repeated measures ANOVA) AT 112 7AZE Q5| EF 4-Ho| Z3F
St AZ12 EAE(pH)7E d5ste] dejabt A= EAS Btk o] APlddks 54 SAge] ot A&
Sohe o] ERIFGI. WA EIE] deRlE oAlch] o) fERAY AHJHeE FQlshAY §94
& HEE AHfsle] EoF AeE 240k, HYE 5 EHIE AR RN Sa& of2e] EY ] eHgHor
TAHEE FLsto] AEARY] o] HAsfels Fith
FA71(108 - 129)0l= 547] mols Hasksl] QI ARl g dAR, E2i4 wojet skky HAo] 1
o] Qe AW A Aol GEHOAS £ A AR EYO UEEND), O 355 45
A2k Alo] 847} Bl Fold, GUEe ok ARAQ 2214 1344 Hojde] o] Z|djEt o]e} gt
A Agd YEEN) 79 Al Aok AR w3 Aoks HAlsh] ffef dolA18s2(CEC) ARdel| =
olfFolof git}. ofwf $50] FHE Woloh= R 959 HlE A= AYsk, Hlo] @2KBiochar)U Algeto]E

ox
OTi |
2 g

1:]-0

=

ol

mi
mk&
r&"
)

ij
—lo-f‘uow-

Hm ox
o
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ElSE, 0lAI8

oF 72 3 EPHAIE S8slo] 1224]1 BH|ES FdAA B9 958 &2t

2 ATE FYESAN EGO) AdE st 9 Fa WskES ot ASE dlofe] Fol9} siaH 7
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