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ABSTRACT

The effect of soil damage on the physicochemical characteristics and activity of the soil microbial community is not well
known. This study investigates this relationship by analyzing 11 soil samples collected from various points of soil damage
across Gyeonggi-do. Soil damage resulted from forest fires, landslides, and development areas, with their impacts most
severe on the topsoil layer (0-30 cm). Dehydrogenase and B-glucosidase activities were notably higher at locations
damaged by forest fires compared to other sites. While enzyme activities in soils influenced by landslides and
development areas were relatively low, sites with a pollution history exhibited elevated dehydrogenase activity, likely due
to past microbial response to the pollution. Additionally, an assessment of carbon substrate usability by soil microorganisms
indicated higher substrate availability in areas impacted by forest fires, contrasting with lower availability in landslide and
development sites. Statistical analysis revealed a positive correlation between organic content of sand and clay and
microbial activity. These findings provide valuable insights into soil damage and associated restoration research, as well as
management strategies.
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AE-S 7H2A 7| (Zhang et al., 2020), o]xFF o2 F4
7F A7 97 HE A4S STRIRIG sHle &
o] g= RES} AES] EYF R WIS dorH,
EQe] B, 38t Aol Higls doit. 53] EY
2% FE 73S HSAKITHKim and Choo, 2023).
s 257F 54 2% ol S BE x| W)
7F 94 8-S frdslal, YoleudksE (CEC)e] 7ast
THKim and Choo, 2023; Mataix-Solera et al., 2011).
ol w3 FHLE EYo] ur) HAoHEFE FUekaL,
zZgdol Ak AjellA ke, AhEo] Y
FE T 4 $HoE YR} Ale|=rt WglE o] 318t
2 W3le 2Yshe AoE R A FExox=
HEFE2] dF2 djolE / wujFelolE 34
Z BES BES 7 o, v DR BEEA] &
< AHEE QIS FEFRAY WHElE B EtHKim and
Choo, 2023). B=3F, HEFEO] F0] F7} Al g
oA ZEES WIAA AR P FAIE o]
& 4= Qrar it} oo} Zo] thekst EoF glse] ¥l
I BEAE A7k A d0] Js= Zs WAl
EAS Algste A ARl & 4 ok

A= B FlEo] EXY EalE 7Kl E
& PAETRT EYe] TR 7Isel 93RS vIRlE 7
Zlo| disiels & dEfA A Ltk E=3F, EYe] 547
2] 51514 ddo] EYuAIES] 44 mxle e
B 7t o]FoiR|A] e AdHlolth AFTAIE AkE
32 3R] 387 WslE e k] EulE EAw
slelA] 5400 #Agt A7t Ao, Bk 134
2 3155 gdsy] YaiM 288 549 ek A
ofe] FoH wto] dasitt. s Ao £ 55H
E4e & AolHs HolA| et 1y o mAg
=) 31514 wslol| tiste] AESHA &g wig- wizkst
Hels HoErh, auE e g8 BAg A
= 7t FEAGeA B9 MaEE HE ZRYUEYS
<=t f§-&3 o] & 4 Sk

mebx] 2 ApdMe gt EY AE NS T Ak
FEA], AAH AEA], BAPNERA Y] FEAE A8t
o 7} Ae] FEE AFst] E) 3Rl 549 E
FrAES] B4 BG4S YopEal Zh 8Rle] IS
A8

2 ATellM A AEsH AR xR e EY P
R 71d o84, B4 G4 T8 golrdth EY
HBES S0l RS WA EYl AXske AEc] A
& M sl WS stk AlEAl EYe] B4

FE ESY nETR] 84 249 71 o843 54 69

A=A F vAEe] EYl HReA Ha, di, g
2, 919 85 shal, EYOl S Agshes 98
Al ®t}. B3, polysaccharide & glycoproteins -H]
st ESYAte] HHE Sl P8RRI nAlTERE
FAsle] B F25 /A5 FthHoorman et al.,
2011). EFY F&Eo] A5 EY A= A=e
tdo] AR, Eqke] HolaEo] Bt w¥Z ol ok
FHAA aFAE] U AR 0] "k EY &
A EYY S 54 9 EY d WRER o8-
=+=dl(Alkortal et al, 2003), &40 AL &% HFL,
EG 5o HAER 89l 2 ES rAEY HE,
e 5 AETH QQldx P3RS W=thJoa et al.,
2009). ThFeE =] 518k 8 20e EY] a4 84
of QES PA7] e 58 AHe] EY 5A S
Ao =H T x| EY AHS e + ot
(Langer and Giinther, 2001). L &, B-=FIAItloHAl=
ES U ARAE Belicke 842 EY BAassid
Zldstar Qo IR o 2= EY f71E % ¥ nlo]
Ll o] FTVFES 34 E4do] S8t H Aranda
et al, 2015). 84 BAL pH Z ulz} @i &= 3l
om, sHdollA] o] w2 AeRE LA UTH(Puissant
et al, 2019; Wade et al, 2021). BFA84hE EY &
7159 A3t Akslghelel] 420l &S i, g=
FIAToHA} vRPIAR f71E o] sodes &
2 o] E=olItKChun et al., 2021). Z&u}, o]23F
aho] S fTIE T 9 BY, HE I, viE
A B Ve LEED FolE 9SS we HoE W
315 0] TH(Acosta-Martinez et al., 2007; Aponte at al.,
2020; Kim et al., 2023)

HZ7HA A7AES 54 8 oA frlE, A9,
318t 54 Fo] vAlE 84 A vXle JEFs 4
oz EY 14T EY rE 73] tes ¥
71311 2. (Sebiomo et al., 2011; Kim et al, 2012),
B 58] 38l AnEy EYuAE a4 g4 1
o] ATIAS A5t Adak et al., 2014). B3 EQF
HAE 7 A4S o83t Y Eoke] miES &8
S AESIYTH(Chu et al, 2007; Luo et al., 2015). L
U}, B¢ A48 B7E 9 oo} wst EYm|AEo
gk AF F=2 5 Folell 3= t(De Gannes et
al,, 2016). & A7 = bkt BEY #lER9 BG4S
At FHge] BUERE 95t 78 IREA E
o] B8] -38Hy EA B vAEe] AESH EA4ds
et 1 5SS AuETh

oL
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2.1. FIEE EYO| A2 XF A Y
AlFo) ALESE EQRS gim XYoo

AEE IE gL B 3AA, AR

2] eAFol) AR FE 3RS

AR Z 20189 49, 20169 4%, 183

Z}7} 1 ha, 0.1 ha?} 0.06 ha®] IS

A s F 247 s,

23|55 EM
17 Aoz,
=12 P A s |
A&l A|gk
2019 29|
wortt. 7h A
7a, 4d9] Alzto] st 1
jsR|Ho] B-AE AEITE 1 9], sxHe] Bk 9%
IAA, #2213, AIS 4A-0A AFEIAT 2 EY
< iﬂ_ﬂéﬂ- =19 &g .ﬂz‘ﬂ-ﬁ EAL Table 19 1,]_1:/}1;\&
ok 17 Aol B BEFEAAITHA et dh A
o] F4o] He ) AR FH 4 9o vl AHY
Z N ARES APt EY 199 Fxu olEds
AAS &, EGAEAH7IE o831 0-15cm 2o]9]
XEE AF3HaL, ZE AE= 4°CcoM BaEQle) z+
AlEEe oz AgE dupld AR AF SAUE 5
22 ZAAgE & E718k E‘*Sﬂ 2557 54
ATEAAE el o)=lsle] P AE o] 833t

28 - o))

& CaCO; 0.03g, 3% TTC 1mLe} &
A7kt BEalsE 2] HOH /‘]Zﬁlo J‘IL % SHkA]
2 g1, 37°C 2710 ¥
o methanolS 7|5}, 1/\]{1' <t ﬁ*‘:éoi © 110 mm
filtler paper(ADVANREC, Japan)s ©|-&3}o] WEgH-S
FZ3199YE. =% TPFQ] &2 485 nmolA] spectrometer
(Hach, USAYE AFg3le] SAsIth B-=FIAItom
(B-glucosidase)2] 412 QuantiChrom™ B-glucosidase
Assay Kit(BioAssay systems, USAYS ©]-&3}t}. Assay
Buffer 200 pLe} B-NPG 712 8 uL(final 1.0 mM)S &
3Feled working solutionS AZSIATE 2+ 1170 Aol
A AHE EES 47 05g A FAZE $ AT ¥
50 mmols/L2] 14t &F-8H(pH 7.0) 0.5mLE il
vortexs §F & FSAS FH3k] working solution?} &
3] &35l 96 well plateol] FH3IHE HHeAS
3F5li= plateS Multiskan sky(Thermo scientific, USA)
£ o83l 405 nmellA FREES S8k, oY Al
olgsle] Alksltt. BE AlEe] &4 A 38k 4
Z18y31 3Tt

EA48J% (umole PNP/g dry soil-hr) =

-, = ODy- 1 umole . A=l o] Hy]
22, BAEMZA 01)22 025U ;‘NP 6Omin ©° E‘in:ll)f ]
S AR 1A 242 AT 2 ol oo T masse
3lo] @aEio} pFEIAtoM] B 2489 ODyo i ®
ok %‘4 2 B 3HE BEY 3¢S ARl ¥ 1 (M
Table 1. Soil sample characteristics and collection site
Sf:nlif A4 A6 A9 B7 C1 c6 c7 DI D2 D3
Soil sample Sihe.ung- Sihe.ung- Sihe.ung- Gwa-. Sihe}lng- Uining- Gwa-' in:ang- Sihe}lng— Sihe}lng- Sihe.ung-
location si, si, si, cheon-si, si, . cheon-si, si, si, si, si,
Gyeonggi-do
) Sand 59.10 51.71 45.71 71.68 52.17 70.89 76.26 59.48 63.21 76.10 76.15
textj:)ell(%) Silt 14.35 17.40 17.61 13.67 25.7 15.05 10.71 20.65 17.17 12.69 11.33
Clay 26.55 30.89 36.68 14.65 22.13 13.03 26.55 19.87 19.62 11.3 12.52
Organic matter 01 339 1263 074 074 091 060 128 054 074 040
content (%)
K 0.62 0.2 0.43 0.19 0.34 0.42 0.21 0.34 0.17 0.22 0.15
Exchange- Ca 16.3 0.68 2.97 432 5.21 32.73 4.74 1.86 4.65 8.18 9.85
able Cation Mg 2.13 0.24 0.49 0.29 0.78 0.44 0.77 0.57 1.21 0.61 0.76
Na 0.10 0.08 0.05 0.07 0.11 0.30 0.08 0.05 0.09 027 1.70
CEC (cmol+/kg) 25.80 10.60  22.20 6.90 11.70 8.00 6.50 8.50 6.90 6.70 6.20
pH 6.98 4.90 4.65 6.05 5.38 7.73 6.35 455 6.62 7.74 7.39
EC (ds/m) 0.15 0.08 0.1 0.06 0.75 0.23 0.06 0.095 0.07 0.13 0.19
NaCl (%) 0.00 0.02 0.00 0.04 0.00 0.01 0.03 0.03 0.00 0.01 0.05
Damaged type forest fire landslide development site
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ODy=0D 405 nmelX] 5783 0 whe] A= gk

OD5=0D 405 nmel|X] S73F 202 #<] A5 gk

OD4ypraior= OD 405 nmoll A =743 20% wje] zk

ODipo=0D 405 nmellA] 243 DW 220uLE ¥&
Aol 2082 wo] gk

2.3. E0| =] EtaRl 7|1H 0|84

HAEe] 71 o84S dotlr7] 93] EcoPlate™
(Biolog Inc., Hayward, CAYE AF&-3}$t}. Ecoplate™
96 well2 749 vlo]32 ZF9)E (microplate) Wl 31
T ket Z7] v vAsiiREe] 7|1do] x5k AY
T} 71| IFEA] RS o] RO R Hofglo
H, AT welldlle Tkt gAsigREo] S I8
g2 Azt 39 7182 ©<8E (carbohy-
drates, n= 10418, ] =*Hamino acids, n=6)AIE, 7}
2822 (carboxylic acids, n=7)A1¥E, EAH(polymers,
n=HAE, FI=313E (phenolic compounds, n =243}
ol (amines, n=2yA1E82) ¢/ 15°F FHojUrkSala et
al., 2010).

ol ©Ade) 34 AR dEAs HEha widshd
Al Alg We] ETo] 7S Y @AYo o)
sted Al Tfo] dojud wellel e U
tetrazolium dyeZ} Heplog WhAlg T2 719tg]ojqlc)

AlEE 1AM AFE EE - 30 em)E 08313
g EY AR} S 110(w/w) HIEZE 31435 &
200 rpmO= 307t HkeE $ FXAIAH 0.45um syringe
filter2 AE J5N¥S Ecoplate(Biolog, USA)2] Z}Zte]
wellell 100 L HE3HA. o, HEE Ecoplates %
204 12077t E<F vieFeAA 24x7HEEE 2 wellel
HiFE Algo] M-S SAsITh vl Y] A ¥isk= Mul-
tiskan sky(thermo scientific, USA)S ©]-8-3}>] 595 nm
oA S73tHal SAE FhS o831 average well
color development(AWCD)E AXSIATE Akl v
3} ZtH(Garland and Mills, 1991). AWCD= " &
TR IREAQ AR LS dElFH,
EcoPlate™2] F AEZHEE u|slA] Fh(Kenarova
et al.,, 2014).

AWCD =[3(C-R)]/n Q)

C=0D value of each substrate-containing well at
590 nm
R=0D value of the control well at 590 nm

n =the number of substrates, 31

2443 714 o84 54 71

ofn] AejstellA T3S yehll= A4<1 Shanon
index #k The}t 22 2oz ARk

H = -=Pi-InPi 3)

H : Shannon Index

Pi : the relative colour development of the well over
the total colour development of each well of
a plate at 590 nm (Muniz et al., 2014).

2.4. SAEN

ogsiA s 1] 2ol tisiA Eeiaas, wE}
SFFIATOA, AWCD, Shannon index, 2&(s1), #]A}
(s2), HME(s3), F71E3HORGA) 5, & & H5-EHY)
o] ths] PCA(Principal Components Analysis) 22
SIATHR version 4.0.2). #EA] F3E AHE AEAE
7o E AR A AIERIE T ] FTe =R
Zh AESHA G4 zlo|E dopir] et Fo4 4
Fsiatt. o g5 4 A3 p<0.05 p<
01, "'p <0.00502 Lpehljo] Fet 1ke] xjo]o] fo)4=
T A

J

N2 o

3.4

i

1

3.1 FIEES 54 M |

geFeHl AE 11320 A A71s) XIS A1E,
2, oJek FAIA AFHSIHOH, BEY Folle 2o
SheFo] wWith E mAEY 84 S48 g@5Aagao)
ST oIS SgstAet, olHdt B 5o &
A& pH, EY #71E T, EY 78, §5, 25, EY
Zlo], ZAl(root system), = 27 (rhizosphere environ-
ment) ¥ C-cycledl] F3S vX= o=z ¢#A] Ut
(Adetunji et al., 2017; Bergstrom et al., 1998; De Almeida
et al, 2015). B5Aghe A7181EY] s8] ot
28} Fke-S Fvlisl= AlE Ul 4ol 117 A-
o] Bk A8 3 g5iis A4S 243 A9
Fig. 1] YeRlITE A A3e ARl ofalf &3E Ak
o|al, B A& A WA, €9} D AHS A
Ao FEIIATE A4 ARE 18d% 4ol 1havt 3
EHAT, A6 AL 16d% 420] 0.1 har} 2287147}
o2 93 FeEen, A9 AL 1995 299 0.06
ha 71go] 27184 7to 2 Q13 4kEo] vhAE 2|4
=g

A7 HAHAE A4, A6, 1T A9 A SEA
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Fig. 1. The dehydrogenase activities of soil microbial commu-
nities in various damaged soil ('p < 0.05).

" FALS 3825-9379ug TPF ¢! 24h'o2 o2
Aol vial] w9 = kS BT Akl siA7) 2
e REZ] A s, B £, 318,
AE3HA EAdo] ezt AR fid RESY] a4
e gt A7 Ao A7AEel w=t sk 7R A
E XIst AR, A, 35 77l wet Rk At B
TEATE Jung et al.(2005)2] ATl = 2hEol FEke
W] ke HESL AREE ISiE Wl AfdX o s HelH
HE 7o) g@5agd A, AN AES] E9i8s @
o] ESkt}h FARE 23E Hole T UE Ao Ak
Eo] dE] 1d o] REZSH 4HEo] HAYgE AJFo|
A 1d Foll RES] A EAE Hlwgh A7), 4kEo]
HAYEl] Ho] eS| YrAds ho] E3UTHMemoli et
al, 2020). HHHol|, F 2HlS gPfoE e IE
< B} 0¥ e EYe] 8548 AE HludsS o,
AR IElE Y EYY @it e A9E B
ol IT% ANTKSingh et al., 2021). 252] o)A A
ToME F 2H1S tigoz, Akgo] dhet Aozn
g 1, 3, 8, 2F3L 17 vt} HESS o= e
2 IelE Y EY 23R 2 EYe] gARaE
vt A7 AEE SRIE 9 EYC] E5hadvt =
QTH(Singh et al, 2017). Table 19] 3)& F38 EQF
548 Ay, 2HE dEAs fU1E F5el 7IE 3
&2 vlske 108l 17H) 71 =4 SHE AT
A B #1073 F shA] 2k BRI
B7% B8 A oM 12.61-22.54ug TPF g' 24h’!
e YeERIT. =3, AEARl ¢k D A=
7.47-51.61 ug TPF g' 24 h'e] tloldt 5% 3 Ko
F=ul, D2 AFL 51.61ug TPF ¢! 240’2 =& &

o

4
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Fig. 2. The B-glucosidase activities of soil microbial commu-
nities in various damaged soil ("p < 0.05).

FaEA B4 G BAFT ol D ZAdl| 1=
ARoZ, oR2 /NEAYQ] et D AHel| Bl
PrAag Ao TRV 2 AL Tk e ddo] st
dubzo g GB5EAhgs
HSlA QAR By 3 HeRAY 718

4 | Fsls B0 =
< o] SHEE AoE dEA At g8, i Z
AR, AEH71E 0 FAE] BEE 29 ke X
Eol| Hlgix] E5igart 3-7 8 B3-S Husle A
T2} AT Ezirim et al., 2017). Achuba and Pere-
tiemo-Clarke(2008)°] ATolME HOYS TEHE EY
o] AFsl A ais 43 Ao, gzl vlsl]
29 Eg 5484 LUt HU 2w =ik
Chinyere et al.(2013)2] AToIX= pH WH3lol| W &
fr ] fE2F viE 71N oz BissEy
1380 A% =4 YeRITE Hawrot et al.(2005)2] 3l
M 5% 7202 299 AEA 30Y AT I gSead
2> gro] thzaol] Hish 485% 71819t} AkEo] HAlg]
A AHx A FAHER] frlEe] dass FgellA
WEOEA 7= ol e AR 22 At Qo]
o] ozl Aog B F ok 2kE HEAE

o

Fow 7l sleAe] Uhati 40 fo) e )
2 ulag g 9§39 Aot ALK p < 005)

117 AellA AFE EdwlEe] gaFIAAITRA
S-S =43 ARES Fig 201 YeRAQTH A2 3
HAH A AHo] g2 Aol Bls) 2.9 - 14.54] =A
BT s Eelad Fo shEA AuAle] 484
]l A=Rles, A7 gejud 58 Fesl] =

3& Adshe 52 pEFEAHeHlE B AR A

e




H APPE ARl gk 3 4 - 7do] Ak A, o
E AHEG olF =4 UERT &, A& WRoA A
7F =R o AR o]Folzl YL daEe
Ao 84 A AEo] Bolx|ar, 1 Yo A
fra B3l 84 o] =2 AR FHo] $HEE 9
£ 0= HoXint. EYHAES] S0 FolAEA, 4]
o] Al feldt o] 2AE ] 2R gk g
5 A} sEEs Fgolkar A€t Singh et al.
(2017)9] AFolMe F AHRES gPkeE, AkEo] WSt
AFoZHE 1, 3, 8, 222 1371E vtk RESS O
qoz AER IEE e EU I¥A ¥ EYe
SFIAGOHAIE HluElES o, AHEE sRE Y
Ede] p=FIAINOH o] ¥ =58 Ttk Oh
et al.(2008)2] A ol|AM= 2kEo] WS Ao 2HE |,
3, 5, 8, 13l 10/Lritt RESS UPdoE A=
d7F e B %R 28 EYe] pFFIAITH
o] A& vlwgt A7, 2= IEvt Ue B p=
FIAToRA] EAo] tEEYRTE E=A R, sk WY 1
N wje} gro] 71 o7t Bol yehstar, Hak Alzte]
FESFE YREYY 2HEE 937} e B pEF
I & gho] HISEiAlE AoE Bt Uiy
o= k= o] 93| WMEH o)y 4L 2.3 9]
ol AHE o]He] AR 3EHTaL BIlEATHON et
al,, 2008). ©JAH AX| S AbEo] WMASHA], 4-7d F=
A Ao} 2HE: 1Y o)zle] AElZ 3EE Tl )
A% 4= 9tk B, C, D A %, D AXEY 54 A
& 791-12.69 umole PNP/g dry weightZ TFE A SH.
o =4 Yelgth DI AL okl X819, D=
A aEo] A FAQI @A UiA= Folgle
), D3% ytiz|o|t}t. D AHEL 7 497t 7=
7 A EEA Tkt 2Ao] zletar flo] At T
S 3o fA|Eo] QWA EY Ul mEe] MiiE
o] Zolzl AoF HAZIL) 2HE FEAE 7Ee
2 71} #EX9 p2FIEAITRHA 249 2] FE(p)
< vlagt 27 FE F3E Zol7h AT p < 0.05).

EYe] & F3E EAES] gAas 9 g
FIACoA| S-S vt Au), AME fEx]e] g4 &
2go] 71} gl=Ro) Hlsle] =A YeRTthFig. 1). AHe
< AfAE BEINA ESRAE eAaed) ouRdSs
AFEFoZA 4 Eo] w9 HoA= 95 HAF
o, ol ALERS] AT &S o5 5Hs =
XA & A= AlEHn).

#&E B mET 54 29 71 o84 54 73

3.2. F|IEE E0|YE| BaRl J|H 0| HL

AHE, AR B ] T FoE Fed Bk Al
2 S4S Yol 7] ffste] ErETR] et
22 3}UEJ(CLPP, community-level physiological profiling)
< FYAT. AWCD #h2 EGEHEOIA mEe] &

2
< M sliE o] HES B3l EY v
AErge] o3 AIRE Bt 54 Sl of9A 283t
A=A Ferst 4= Sk oly$k Aty Za2uldy) v
H 39 shurt gkl o8 sfeS dolEe AR,
E Aol A= EcoPlatedl| A Al&sh= 31714 712 o
3 RO o] g s dolngith 7] tE EY AR
o] EENS EcoPlateel] &3] 120A17F 531 wljdstH
de A= H 78 AT (Average Well Color De-
veolpment, AWCD)E AXF8IIAL, Fig. 30 YeRAATE
B4 A}, A2 A Holdd A XY vE FFo] &
71dol 8 e RAth o, g5 as 9 pEFIA
ol A= A AHo] Y53] =&
A A =22, B X974 ¢ A vAEFL] 7o)
|5 e FARBHAY tha B A9E Beo)

Weng et al.(2021)2] ATolMe FHARIE ST 3
TFH AAeX AWCDE Z4% 23, 1.12-1.43 9]
= YePt) An et al(2014)9] ATl 25572 Aul
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Fig. 3. The Average well color development of soil microbial
communities in various damaged soil.
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Fig. 4. The Shannon index (H) of soil microbial communities in
various damaged soil.
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