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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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A Eoge) METY Bk

AE-S 7HAAF]H (Zhang et al., 2020), ©JXFHoZ2 :g;fr
7F AR 91 HE S SRS sAle
o] 9= TEQ AE9 Eok 9 1;]_-:[L7\ HEs 0107]13:]
EQFY] &4, 38h 2ol Wsls doxit. 53] EY
ZAT FE 743 HIAZITHKim and Choo, 2023).
s 257F 54 % ol S ¥E x| Wt
7F 84 S fdshal, dolugksE (CECKP] 74gh
THKim and Choo, 2023; Mataix-Solera et al., 2011).
Fol2 g sHL Eo| vt HoldrE STkl
ZHFo Y AR YAjellA FhAiskET], chEe] AT
BE TR B3 Yo R} Ale|=rt wislE|o] 518}
A Hals zEle AR RARY AHE XM=
AEZE0] IERN dE|E / uEE|E 357
Z BES BET 5 o, v RN BEEA] oF
& AHEE QIS FEFRAS] Hele RHuETHKim and
Choo, 2023). B3+, HEZEo] 3H 57} A B3
oA SEES WA Az By #AIE oF7]
S g Avkar gt ojef o) uket EGF F=Y A
g ATk A de] MEE Zs WMAElaL
%ﬂ% Ak Ao AlEte] 2 4 ot

AAWNAE B FlEe] EYe] B8liE 7 &
& PIBETRY B tgsE 7l FFE vixle 7
2ol vhelols 2 Leldl oA ek E, EYe] S
£ -315H] Addo] EdmES] &0 mixle I3
B A7t olFolAA ke Aejoltt. AF7AE At
o feAe] B4% wsle sk E9e] Be)x S4w
sish S/l 3t A7) FEE Ao, Eqke] 1A
% 58S el el B 543 At A%
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), AWk 1A, EAUREAS) SEAE gt
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Pl Ba
SRLEES

B el Ao 4B A s EY 5
274lel 714 o84, b B4 52 dolugith B
RS B0 e vH Eel Ashe AlEe] 4
& 5 9l Sk WS SiE AEA Ede] B4

2 A8 dolHal 7 Q9lo] AHAIE

Al = %ﬁ”‘é UVg o] B A =i, A, &
a a1, B JRtS Algde 9
Al "ot B3 polysaccharide 2 glycoproteinS -H
sl EGUALY] WS Eepal, FYAQ] mAlT RS
PAsl EF 25 /NASHA Fth(Hoorman et al.,
2011). EFY 0] HerE B AMske 2E9
ol AR, Ee] HolaEo| R} #¥Zlo]m ot
FlAA FAE] O AS o] "k B &

e B0 AESH 54 9 EY 4 IURAEE o8

=Hl(Alkortal et al, 2003), 49 AL L% F%,

oO]: 001;1?'_ Eg] ]:]]/@%X—] Oo] 71 Eoo]: u]/@%o Ez__l_tl:_’
E]_oo]:/\‘j E 7@554'3} B_O]oﬂ 6’

2009). Tkt B -1k g e Bl a4 g4
o YEE mIX7] Wil 54 Ao EYF 54 SAS
ST T AHe EF W8S H T
(Langer and Giinther, 2001). 1 &, B-=FIAIHoHAI=
EG U A WEliske 84R ESF gassibyo|
ZlodstaL Qo dRbH o 2= EYF f71E T B npo]
Q2 Fefo] FVVRE 84 E4o] F718H( Aranda
et al, 2015). Tl TS pH 27d) wet Zekd 5 9l
om, 2HdelA Bo] =2 ZoF U] Urh(Puissant
et al., 2019; Wade et al., 2021). 484 e EY #
71Ee] AslelA Akslghedol] B4Rl JTS s, p=
FIAToA} FRPIAR 715 el oldas &
2 o] EoHItK(Chun et al,, 2021). 212y}, ©]&i3t
;;_v/]:g] %—/\éo Tl‘7]€ FJ: 9,]0]] E/\‘] XJE §:]-F'J: U]/@E
A 2 el QUEA Sov ks W= Aoz H
3150} 9l TH(Acosta-Martinez et al., 2007; Aponte at al.,
2020; Kim et al., 2023)

HIHA] A7 54 3 YolA 7718, AY,
318} B4 5] mAE 54 A v 9IS 24
goam E 18 EY vilE ] oS
71819 S ™ (Sebiomo et al., 2011; Kim et al, 2012),
E] B slehAdl AEsd EYVINE 84 24 1t
o] JAIAE l‘%ﬁo}oit}(Adak et al., 2014). T3 EoF
HAE 7 A4S ol83sle] Y wobe] mEe] &8
S HESIHTH(Chu et al., 2007; Luo et al, 2015).
g}, Ege] A7 7 9 o]9) g EYAIE
gk A 2 FY Eokoll =3kEt(De Gannes et
al., 2016). & ATolME OURE B AEAY B
AFet E7EY] BUERS 93 72 EA E
oko] E¢)-38ta EA) Bk njyEe] YESH AL
Al 1 EAS AuESith
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70 AL - A - 2 - o] &g
2. MEXIE ¥ WY ¥ CaCO; 0.03g, 3% TTC 1mLS BFF 25mLe
Akl BEEE B 18] AlEEe] EHe 2
2.1 FIEE EYo| A= MF 2 H 2235 8y 2 Hal, 37°C 710l BaL 24ARF wjsitt. Wl

Aol ARggE Bk FEE A9 117 AHo=,
2HEE Fa 2 B 3FA, AR AR 22, A
2] oA o). AHER FEE 3RHL AlZel fA|gh
ARZ 2018 49, 20163 49, |3 20193 2¥€9]]
Z¥Z} 1ha, 0.1 ha?} 0.06 ha2] IS YT} ZF A|He
AHE W) B 7k} 5d) 7d, 4de] Azl Adsk] o
x| o] BLE ATt 1 9, sxHe] B 9%

[e]
ol methanols 375, 1A7F B2 £590] @ 110 mm
filter paper(ADVANREC, Japan)E
FZ3ILE F=E TPFY 2 485 nmol|A] spectrometer
(Hach, USAYE AMg3sl] SA3IAH. B-2FFZAITio M
(B-glucosidase)®] &2 QuantiChrom™ B-glucosidase
Assay Kit(BioAssay systems, USA)S ©]-83}T}. Assay
Buffer 200 pLe} B-NPG 71& 8 pL(final 1.0 mMyS &

1A, 34 244, A1E 418004 AFeATE 2 EF Fele] working solutionS AZEITE 2 1178 Aol
= AFT AAe] 9] -85HA 54 Table 10 B A AHE RES A7 05 A F F Al ¥
o 1) A9 BERS Eobﬂﬂ/\]f‘f“ﬂ%ﬂ w2} gPdAS 50 mmols/L2] Q14 4ZFEMApH 7.0) 0.5 mLE Hil

9] 4ol = i AEF 8 4 LYol U A vortexs SF & ASNS 33l working solution} &
% vl ARS8 E E@«] Az} olBdS 3] &g3sled 96 well platedl] F3IH. HESAS
AAS $, EREAFHATIE 83t 0-15em o] 3}5l= plateS Multiskan sky(Thermo scientific, USA)
HES AFHAIL, BE AlEE 4°ClM BAFHAN. 7 £ o83l 405 nmellM FRES S48, ol A&
AgHe 2oz A duiy A7 QH LAY 5 ol-g3te] Akt e AR &4 ke 3WHE 4
A A & 718Gt EYe] =888k B4 Zlsytart.

ATEAAE Gl YEste] 4o s o83ttt

&4 = (umole PNP/g dry soil-hr) =

OD»g- 1 pmole

5] ]

2.2, SASMZIA}L op, 025U pnp  60min ()
sl AR 1R 242 AR B o8 T e E
lo] Pafing pIFIAToMe] B4 248 ODyo e ©
O Shis B4 24E B 32 AlgRe] Y M
Table 1. Soil sample characteristics and collection site
Si?ﬂ‘:l: A4 A6 A9 B7 B8 Cl c6 c7 DI D2 D3
. Siheung- Siheung- Siheung- Gwa- Siheung- Uiwang- Gwa- Uiwang- Siheung- Siheung- Siheung-
Soil sa.mple si, si, si, cheon-si, si, si, cheon-si, si, si, si, si,
location :
Gyeonggi-do
) Sand 59.10 51.71 45.71 71.68 52.17  70.89  76.26 5948 6321 76.10  76.15
textjfeﬂ oy St 1435 1740 1761 1367 257 1505 1071 2065 1747 1269 1133
Clay 26.55 30.89  36.68 14.65 22.13 13.03 26.55 19.87 19.62 113 12.52
O;(g;‘t‘;fn”(‘;ger 1001 339 1263 074 074 091 060 128 054 074 040
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 4.32 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 0.27 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 4.55 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 nmollA =43+ 0% we] A8 3t

OD5= 0D 405 nmol|A] S783F 201 wie] AIE 3k

ODgjorator= OD 405 nmellA] S48+ 203 W] %k

ODipo=0D 405 nmolA] =43 DW 220uLS ¥
Ale] 20% wje] gk

1o
S

2.3, EO|YEC| Etal 7| 0|8Y

uAEe] 71d o] 84S dolrr] 93l EcoPlate™
(Biolog Inc., Hayward, CAYS AF&3}$t}. Ecoplate=
96 well2 4% vlo]A2 Z#|°]E (microplate) Well 31
Fo| Tk Z7) thE eAslilEe] 7|do] xEE A3
T 7o IFER] e tiEro] 3WHEO R HoRlo
™, AAT wellell= T B285tEo] el 9 4
B2 AzxEodrh. 3UHY] 7182 ©431E (carbohy-
drates, n= 1041, o} =2}F@amino acids, n=6)A14, 7}
ZE-2 2 carboxylic acids, n=7)AlE, EAH(polymers,
n=4Al4, H=3}3H=(phenolic compounds, n=2)AB}
o} (amines, n=2A1E21 ¢/l TEo2 FHoItk(Sala et
al., 2010).

ol Aol 3 A5 dgdS
A AR o] HBETR 0] 7S Y BAYo R o]
sted Al TFol dofud wellell EiEo] AW
tetrazolium dye’} HepOoE MR EE 19k o]Q]t).

AE= 1AM AFHS EE0-30 cm)E 083K
o} B AR EEE 110(wiw) HISE 343 &
200 pm =& 3047F wREgE & H2)A]AH 045 um syringe
filter2 AE F5¥S Ecoplate(Biolog, USA)2] Z}2te]
wellel] 100 uLA &8t o]%, HEE Ecoplates 7
204 120/%F EF wiFeEA 24K 2 wellell
HjFE Algo] S STk v ] A ¥isk= Mul-
tiskan sky(thermo scientific, USA)S ©]-&3} 595nm
ol A St SAE Fhs 831 average well
color development(AWCD)E AIXSIATE Alrtae o
7} ZTtHGarland and Mills, 1991). AWCDE W&
TR IREHQ AR RS LS e,
EcoPlate™2] & AEIAH=E 2u|3}d] Ht}(Kenarova
et al., 2014).

AWCD =[2(C-R)]/n )

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

At

A 71

oju] Aejstol| A FrhkdS YeER= A4=¢1 Shanon
index ZES The 28 2o g AXkelgi).

H = -SPi-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).

24. SAHEN

FsHA A 170 Aol tishA Eeig s, wiEt
SFFA|ToA, AWCD, Shannon index, 2&(s1), TIA}
(s2), AE(s3), §7153HORGA) 5, & &/ HFEHY)
o th3] PCA(Principal Components Analysis) 4=
SIATHR version 4.0.2). &4 73S A IEAE
e 2 ARG A AERE T e o=
7y QESH A9 AJolE dolry] St freld B4
S Sk 7o) BEe] B4 A p<0.05, p<
0.01, ™'p <0.0050F eEhfo] Hek 7He] zleo]f Fojg
T s

ﬂl

3. 48 23t
3.1. FEES §4 &4 H|I
FshAl A 1130e] AR A7I=el AXIgE ALE,
A, o FARNA AFSIACH, BEAY Folle =
o] wolth B nAES] a4 Se geaais}
STFAHOHIE ST, ol BEY a4 &
3E pH, BEY 7' &, EY 78, %, &%, BEY
Zio], ZA(root system), T 273 (rhizosphere environ-
ment) ¥ C-cycled] S v 3oz d&A] Ut
(Adetunji et al, 2017; Bergstrom et al, 1998; De Almeida
et al,, 2015). BEAEhE F7185HE] 580 dedt
2k} BHIRES-S Fuljske Al ] &tk 117 AH
o] E AlRe digt geaas S48 S A9E
Fig. 19 JERAITE. A A3e AREel] oa &34 4H
o]al, B XS ARl LAY, ¢} D AL LA
oz FRIIILE A4 AHL 189% 4ol 1har}
S, A6 AL 165 490l 0.1 ha7t 28] 7]42t
o= 8 FEFRen, A9 AP 199 299 0.06
ha 7hFgo] SAH7IEAZ O R /1% AhEo] WAE AH
o]t
A7 DAEAE A4, A6, 12T A9 AR Ea
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Fig. 1. The dehydrogenase activities of soil microbial commu-
nities in various damaged soil (‘p < 0.05).

A BAS 3825-9379pug TPF g! 24h'o® TS
Aol HI3)] w9 T2 3hS BT Lkl s} i
A FEZ] AEAZE sEm, B4 £, 318,
AEsHA EAdo] gEfith AR E did eSS a4
e tigh A7 Ao A7l ot sk 7IRE A
E X8} A7E, A, 315 7zl wet dukE dapt B
TEAT}. Jung et al.(2005)2] AFANME 2] kS
7] oke ES} AMEE IE|E Wl xjdFos EolF
3 Shga A9, QY HEY gAias g
AR RS Hols I gE AME A
] 1d A BEST ARgo] WASH Al
A1 Foll FEZO] G5AGAE Hlugh A3, 4HEo]
e He] HES] EAga Fho] EJTH(Memoli et
al, 2020). §Hdol], 7 AHS O, AHEE IEiE o
< B} 137 ke EYR] gAaAE Blugls W,
AHEE IEE Y EYe] €8 =2 A9E B
ol A% AUTKSingh et al,, 2021). 152 o]H A
TAME F 2HS gpdoz, ko] et Ao gy
H 1, 3, 8 23l 17HY vt FESS tOE A=
2 IElE e B 23R 32 B graasE
Hwgh A, 2R SE 2 B Eadavt =
CKSingh et al., 2017). Table 19] 3& FE¥H EQF
548 A, e dERs fU1E d5o] 7E 9
EAol] Hlgted 10l 17 7hE =A SAEAS
AR BESF #0738 F shRl 2R BAAIR]
B73} B8 A oM 12.61-22.54ug TPF g' 24h!
e UERAT B3, PSRl coF D AHeA=
7.47-51.61 ug TPF g' 24h'e] tloldl ¥& 3hs Ho
Fet, D2 AFS 5161pg TPF ¢! 24h'E H& &
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Fig. 2. The B-glucosidase activities of soil microbial commu-
nities in various damaged soil ("p < 0.05).

GaEl WY e BolET ol Dot A MY
o I AHOZ, e
EES EX R
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T gk AOE SHNT 4 vk YwEcE @
[e)

e WL OGTA, FF T AFRAL 1
7% 2.G5AS) o] B} Bo] ARISFE FAN
& gol 25 Aoz FeiA Stk

(3

AR, AEH)7TE 0 FAEY] BEE 29%A] ke
Eo vsiA Eifirt 3-7 v =SS Halshe
T2} A} Ezirim et al, 2017). Achuba and Pere-
tiemo-Clarke(2008)2] AATNHE HLYdS FxHE EY
o FE3l ErAaiE SAT A, gzl vl
Y EYY g5484 ¥ev Y 2w =Uoh
Chinyere et al.(2013)2] AFIM= pH WH3jo| w2 &
fr AR 7255 wlE V1AM diEza BIssSsAY
138 A= =4 YERSTE Hawrot et al.(2005)2] <3l
e 5% AGE 09® AFEA 30d AT & PAE
2= gho] thzartoll Hls) 485% 7}l AMEo] Wy
A AH% A FRHER] frlEe] AaEe gelA
WECEA f7E el e AT 22 ) Qo]
A4 FAo] ol Ao B 4 Qi) A xS
7o 2 VIE} AR gagd B9 f9f E(p)
< gk 2y 3 538 27t AATHp < 0.05).
117 A-eA AHH EGHAES] p=2FIA LM
g8 243 A= Fig. 20 JERALE AR g

HAG A Aol k& Al Blsf 2.9 - 14.59] =A Y
ERdTh A BelEA o] sfuEA AEARY] 84
Al dmHles A ge|ud S8 Eefsl] ¥
TS APk G491 pEFIATHE EY A8 A



A Epe) P BT Ak

F A7} Akeo] Mg & 4 - 7do] AHakE A, ok
& AR} olF = YEith &, A& WEelA A
7F B RO AR o] Folzl YT diEe
Aol -84 Adfa gl BoAaL, 1 A9 A
B3l 84 FAo] £ mAE FFo] $HEE 9
F AT Y EYHAIEY] Edo] FolAEA, 4
o] ARl FeEldt o] 2= JHEE I3 F&
S AT} SEEE Fgolgtal siAErk. Singh et al.
(2017)8] AFeAE F S g, JhEo] s
AHezRY 1, 3, 8, 283l 1371Y vltt FEZS U
qog AHER IEIE YL EYY %A &2 B
SFIAGOHAIE HuEIS W, AFEE SRS Y
EQR] g FaAbeA #el O H5-5 BTtk Oh
et al.(2008)2] GTFolME AREo] AT Ao RRE] |,
3,5, 8, 123 10/1LrP RESS Uo=E AEE 1
7t JE B 18R] ¢k B gEFFIA It
o] S Hlwd Ay}, AR I} e BN pF
FIAITORA| E4do] dREYRT F=AR, i) A 1
N wje] gro] 71¢ zpol7t Bol yEldar, dxf Alzte]
SESFE YREYH R I3t e B pEF
FATOHA| & Fho] HISEIAlE AoE Bl dvky
o7 AkE o) o5 WEE o3ty 5L 2-3d o]
Ylol] kg o]xe] Ael2 SEFria B EATHOh et
al., 2008). °]48 AA|GE shEo] WRAIEEA] 4-7d AT
W Ao} ARE WA o)X AHIE SEEH ATk 3
g 4 Aok B, C, D AH F, D AHE] 4 A4
2 7.91-12.69 umole PNP/g dry weightZ T2 A|SH
o =4 JERTE D1 AL okilel] 91XI814aL, D2=
Ao IEAo] AW AP A YA Folgle
1, D3= YRt} D AGEL 1 971 A=)
2 A EEA Tt 2Ae] zlgar Qlo} At T
S 3o R fAE0] QWA EY Ul HAEe] HRiE
Aol Eolxl Aoz HAHL M FEAE VIFES
2 71ek #EA9] p2FIAAITHA 439 o] FE(p)
< vt 27 @ 738 Zo)7F AT p < 0.05).

E & G EYAEY gias H g
FIAGOA S-S vlwst 29, 2HE gex]e] a4 &
2do] 71l FERe) vlste] =A YERTHFig. 1). AHE
2 AHAE BINA EGRAE eadd) duRYS
AFTFozA BA o] mjf- HoAle AHE HoF
o, o= IEEYY BESH &S o5 Bds F
WA = Ao Alsdnt

o 1 X

247} 714 o184

At

<! 73

3.2.31EE EY0|UES| o 7|H 0|84 H|I

2R, AR B T4 A TR FiE EYe] AE
7 545 goliy] $lste] EmAETRC] Ak
Z 23l (CLPP, community-level physiological profiling)
S SIS AWCD 32 ESBE0A g F
GRS i A3tolH, EY rdEwe o
Ab Z2IRIES S st o] HEE T3l EY A
AETo] L AIRE B 58 FblA o9A &3t
FeA] Feke 4 ik ol Ak Zaaidy W
H F9 shurt g o8 HEls dolEe= Zcld],
B Ao A= EcoPlatedll A Al-&38l= 317F4] 7189 of
3 HYE0] oSS dolHgit) 7] gE EY AR
o] EENS EcoPlated]] 531 12047 B<F nlj s
Ao ANE Hy 78 AT (Average Well Color De-
veolpment, AWCD)Z AlLFIAL, Fig. 39 YERAATH
4 A}, 2R Aol A A vAE FFo] =2
7ol 8 % ks BTk ok, g8 A 9 BEFEA
tolA| EASATAME A A|Ho] 453] =2 S 1
FE A 22, B X9 ¢ Y vAErHe] 71do]
|5 e FARIAY tha v A7E Byt

Weng et al.(2021)2] S7olMe IFHARNEZFH9] 3
TR A AWCDE SAgH 23, 1.12-1.43 ¥4
= JeRtE An et al.(2014)9] Gl 2552 Al
sl= W ElA] AWCDE Higf 0.2 J=o] A2 B
AFARE, tekst EHIE H7IsHE 02-1.6 A= 3k
2 2th An et al(2015)9] ATMY F71EEA
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Fig. 3. The Average well color development of soil microbial
communities in various damaged soil.
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