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Abstract

The effects of forest fires on the activity of microbial communities in topsoil and subsoil were investi-
gated. Samples were collected from Korean forest soils comprising mainly igneous and sedimentary
rocks. Analysis of beta-glucosidase, found higher microbial activity in sedimentary rocks than in
igneous rocks. Enzyme activity was not observed immediately after fire, but was restored over time.
The enzyme activity of subsoil was inhibited by 33~46% compared with that in the topsoil, regardless
of soil damage. The effect of fire on the availability of microbial substrate was investigated using Eco-
Plate. The percentages of average well color development values of damaged and normal topsoil were
52.7~56.8% and 62.3~83.6%, respectively. Forest fires appear to affect the diversity and substrate
availability of the subsoil microbial community by accelerating the decomposition of soil organic
matter. The Shanon index, representing microbial biodiversity, was high in the topsoil of all samples;
it was higher for soil microorganisms in sedimentary rocks than in igneous rocks, and higher in topsoil
than in subsoil.
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Zr}oF2]4:9] AR= 218 A(Shanon index, H)= BE A]2.9] HEOA] A LRt AR= EH e glxol Eoku|iEo] sH4<tol Hlst
of 7| e o, RE7F A E R} =7 vebgtch

FO0f: 1E AE AR BRI A ANE FIEE

ME

EORE QI7H4F0] W AR 71 QlAjoln], 212 o] F8 A Tk Eo] 0.9E B S Q17 AF
%52 B ] Aol O1ige nlA| 3, EFe] G Qlote] Eoke] 2 W A Aok WA 4 glck

Eoli B E9F 1B Eo] RIS, o} 52 FARE o5 Gtk £ ] GFBUY 25 Sristo] A1)
A SR Y B0 TR A8 B o] olotel belckAmeida tal, 2015). e, B3] el
75 et 2 7] S 02 ok ek B9 A B, W 3R

ofA||, ZAxFElOA] F % —7— ol g5, 11 5 He FFIAHe A= B W Al 2ol /ol Tofsk= a4o|th
(Benjamin et al., 2002). Eivazi and Tabatabai( 1988)5&]- ebosz et al.(1999)2] Atof| I2H EQFofA] 4-f-4 Eajlo
Hofsk= 84 Folls, HE SFIA oA A AEE AL 7P Rt sigint. e AT A= Se|FAR|E
O 7kpEallE S5k BAaolH, Yuf-of Hek 2R AATe A7 ] Ee] o] Qlrt. duf SFFAHeAl=
ol-o- %—‘T——ilq ZH AL = (@ -D-glucopyranosides) S 7 Fe-ol[okal, HIEF 27 A|THoFA|( 8 -glucosidase, cellobiase)
= A 21| 9 AE 74=H5}(Martinez and Tabatabai, 1997; Utobo and Tewari, 2015)51] X5 AFE2 E -2 A4S}
(Almeida et al., 2015; Merino et al., 2016). EYF G4 5 H[El SFIATOAI7T 7P drbdo] 11, 2590 =91 EoF
nE 0] el At ehaeehs 53t olH A YO Algoll HE2 57| el ESF F4 0] X E 2 -85 th(Martinez
and Tabatabai, 1997; Merino et al., 2016). HIE} 2 FZA|ctolA] 20 P v|R]= A= pH, EF & o, EF
ZJO] _(15.1_5\_ Eo" O]]’;]—

TR AAA] &, B EA a7k, Z1e] a1 §1g Y A[slro| A E 2 vl 2 @ QE ThefRt Sl AAleh= 5%
I rES AT sk U 5 sh o] AR ek 23l ®)(community-level physiological profiling,

H O
CLPP)o|c}. AJ2lshd mamelale 241o) 7)52 thepd, 71ed Al 4 7148 olgsh mantely g 53t oktat
[eXe}

59| E4J31E vlwsk= 7o ok Y g e 2 317]9] 7 d vt Ateket e H=E EHH BIOLOG EcoPlate™ (Biolog
Inc., Hayward, USA)°l| BFAA| =5 FJE-5to] vt & ANkS-2 Fofl A Hr}. Tt EF A B2 HH ndaH
O] thAlH s BAgo 2 A Bl A 7152 doke 4= it
Aut o2 Bk I7 shiel, ElAY wiAdete s Rt eejuEhs A=A o 2= vl fARE 7] 9ot A4
Hisy M 244 110401 ool B AA| thefobA| E|ojqltt. E5], 2|38 o] Hakrt 41g Q1A Bl (inceptisol)
A ‘ol oli=Seuete] 71587 o} 5l 12 thsstal Y5
70%7}141?4 W 710 6%?1 olE Foll EFSC %71% 2ol o] Y] EFgA 2H8-2 oFSiAl7|al AE

7]_01_51 ojAle} HE ¢ _8_ Hit 2 ZH4skt ok
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LHE0| A1t E40| 2100f| [hE HREY D= F31 2 =0f| 0|2|= S thet A+

Selufete] 408 A 2737} ST} ek 2 PAgslololet, ARIESpe] 89% o) Aol A Al
S F2 PR B P HuRRRS Heho & slof jidsh EQfoln, E4).0 2= 2 dtitlol 47| o] 2o
HE Fp7jolo] HAHo] 2L AL 02 U], AEZ02 245 B2 2ke AolAwA =) 4
THThe National Atlas of Korea II, 2020). 3P B2 Qo[ AR ] H|ste] G71& &go] thA Yot A= A%t
SHM = tha: Eefsith

2 Aol =] SIS H EjHqto] T2 R AN Ede AfFIste] EYY] S E B HE A EY
o] bR WA 3 710 U MBS FoEE ob 1 Yslglch. e, A 22 Aoz olsfo]
S Eoat AEsI) She R el BMES nlweto A 2 elelrt Bl R Eel s ol 8t &
A(HIEREFAA AR /e vl

>

=2
=

0%

EH
=

Eo| A= 3
AR A7 QR ) AHg EQFo & SHeto 2 o] 71 23w} Bl2gh o FolH, EFERE 7 A H S HAE 13
v} gHR R ) E9F 1 320] RS T ole] Agelglek A shAhAIste] 4 At =927 2L 2020
4937} 1290] ZF2} 100 ha A& 0ofS B AAREE oFEA|(101)2} 500 ha o14Fe] WofS Hhe SABTAA] S5
(42)°lck. 22T AR R wart gl AV B2/ A 77w FBAGH AR GE68)01, 24 £ A
#1513 Table 191 FEATSHEAE. 470 A120] EQF FE(0-30 em) 2t A1E(40~60 em) 02 T251] Ao, 2
E B 4oCoA] BHiE|Qleh AR o] Mg ¢lol2 AT

Table 1. Soil sample characteristics and location and coordinates collected

Sample

number Type of rock Location Coordinate
34 loncousrock  +"1»Jayeon-ri, Gacgun-mycon, Yangpyeong-gun, Gyeonggi-do, 37.535068, 127.624576
Republic of Korea
o) lencousrock |00 Samjeong-ri, Cheongnyang-eup, Ulju-gun, Ulsan, 35.490210, 129.235989

Republic of Korea

95-1, Hwasu-ri, Yeongdeok-eup, Yeongdeok-gun, Gyeongsangbuk-do,

Republic of Korea 36.437774, 129.384878

68 Sedimentary rock

109, Ingeum-ri, Pungcheon-myeon, Andong-si, Gyeongsangbuk-do,

36.527987, 128.548379
Republic of Korea ’

101 Sedimentary rock

HIEEZSIA|CIOR]| 54 & AL
H|EZF Ao FAl= QuantiChrom™ £ -glucosidase Assay Kit(BioAssay systems, USA)E- ©|-8-5131t 24 5
o 200 pL 2} H|E} 1] %](3-NPG substrate) 7] 8 L (final 1.0 mM)& Esto] 2} 808 A x50t} 7} 47)] 24 9]
HESHE 7}7F0.5 g Aol 50 mmols/L 2] {14t $H5-8H(pH7.0) 0.5 mLE 17 S8t & A5 A Foto] 2--g-it
2 745] 23o1o] 96 W+ H¥h(well plate)©l| 3513t} HRS-o8-S- 32 36]= H¥-S Multiskan sky(Thermo scientific,
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USAYE 018511 405 nmellq S8 2411, ofefo] A& o] gsle] Atsisirt

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

OD,, — 0D, o« 0.25U . uwmol PNP _ 60 min » A5 ol o] B3] (ml)
OD¢y =ODpyo = mL = 1U - min = 1hr Nedz=%(g)

(M

o714, OD, : OD 405 nmollA] S22t 02 wj ] A= 7L
ODy : OD 405 nmellA 78202 wjo] A& 7L
ODcalbrator : OD 405 nmof|A] Z43F 20 wje] gk
ODiio : OD 405 nmof|A S48 D.W 220 pLE g A0] 20+ wfi] 4k

EY0[4E0| 7R 0|8
nA-E0] 7|4 o] 84S dotR 7] 93l BIOLOG EcoPlate™ (Biolog Inc., Hayward, CA)E A8t} EcoPlate=
96 W52 -d% nto] 22 BT (microplate) Woll 315-9] et 217] thE ©HaslelE0] 7138y} 7)ol aek=|z] of
2 HiZo] 34k 2 Fojglom, 7 o] Aok Hhgtoll= afAl R AHIE AxE QI 31719 7182 st
2n=10)A4, ot)icihn = 6)AE, 7254t n=71AYL, EHn =4H)A L, HisAsttEn =248 o¥ln=2)
ALR 671 1522 o3Itk Sala et al., 2010).
o5 EtA Qo] 314 A2 FetohS AEs) 1 vjoFsAA] A= 2] nELR o] 7128 52 EFA 0 2 o] 85}o] A
4 350] LojupH HEgLo]| gha-Eo] Qld HEZFE 22 A K tetrazolium dye)o] HEPH 0 g SRR = 7701%]

C/’»l

L5 47] Ao A AFSH HE(0~30 cm)@t A E(40~60 cm) Alm7} o] 2=t B Al ot HitE 1:10(w/w) 2]
HI&72 S|A4%F 9200 rppm 0.2 30527 WHIRH S AX|A|A 0.45 um FA [ RE 2 72 AH598-S EcoPlate(Biolog, USA)
o] Z¥z}o] uk-g+o] 150 pLA HE515tt. ol F, HEH EcoPlate & A-20l14 120417 &<t vioFshHA] 24 A7t 2+
Hkero] wljokel A7 o] Al =51t A Hisl= Multiskan sky(thermo scientific, USA)2- ©|-&5}0] 595 nm 1}o]|
A ZH5FY AL o] 3ES o]-g5te] HtH-S A I (average well color development, AWCD)E A5 HATE ALbAl2
THe EHH(Garland and Mills, 1991). Bari-gHEA e = 0S5l 0] ARF2Ql g e o] e g,
EcoPlate™ 2] £ A2 =5 2Ju|sH| Hth(Kenarova et al., 2014).

=

9,
no

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

714, C : Z}t 718 o] ghi-H BE82] 590 nmollA 9] Sg = 3f
R : TZ79] 590 nmol|A Q] 3% 2t

n: 7|49l 4 31

71 FH I (substrate richness, SR)= 4A18He 714 2] 4=0]0, o]i= 12047 v & A= ODZro] A% 0.25 o4t
Q1 Z9FS oJufett Farkas et al., 2020).
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20| A1t E4O| 2100f| [hE HRIEY D= #31 2 =0 0|R|= S| thet A7 - 19

SlngEistol A Fridds Ueihs 2149 ARe Qe g2 ohZat 22 A0 2 Atslg{th(lan and Peter, 2003).
H =-XPi - InPi 3)

1714, H : A= ?1d]2(Shanon index)
Pi : 590 nmof| 4] ] 24| §E-g=1-0] 2hAY Zrojl ] Zf wh-g=tof| A o] 'Y Zho] |

ARz w5 Ie(Shanon eveness, E) %2 AR= Q1812 (Shanon index, H) 25| fI==|=H], Jatowiecki et al.(2016)°] 2]
oAl 714 B (substrate richness)oll -5t AVt glolct.

E=H/InSR 4)
oJ7]A], E : AR= w-5-5c(Shanon eveness)

H : AR= Q€| A(Shannon index)
SR : 7] F-HF E(substrate richness)

AR= B (Shanon richness)= F-% 2| SollA] o] &&= 714 9] & 7}E oJn[gith
T5E vioF 522] ZFwell 9] QDﬂ— ]'EH_,] A1 o]-85t 71554 th4d% (% Functional Diversity), F12 U] A3}9]
H549% (% Variation of Results within Sample), F+AH<% (% Similarity, SSM)S AWFSIATE A2 ofefje} et

% Variation of Results within Sample = 100 * i/31 )
o714, 1 s Alme] 3NHE0] Ea gro] B Ao B SAdo] obd ©ha sae]

A9 3518401 A} gho] B ol ALt B 4o obd A|R0] vl&-S A ATe] YTHo] edE 7
o ek

% Similarity (SSM) =100 * (a+d) / (atb+c+d) (6)

714, a: Alm ASF AR BOl| R ARRE HA 3590 4

b: AR A2t AR Bl B AREEIA] o2 T Sgde 5

c: AlZ AollE AREEIL oL AlE BOl AREEA] ob2 B S E ]
d: A& AollE ARSEA] kot A= Bof AR B4 SEHe]



AR A B4l Al00 2 EY0IEEC| HIEFSF A0 A2 24 Bl

HEYS] 21 8l EFe] Zlojo] Afolof 2 EnE <] Heta A Ho A @/ S4t 2aE Fig. 1°] HE
Bl Mol A4 T A EER o Fof7l 3421} FIEER o] ol 2242 Mol 7541 A Folqlet. o] T4t
=2 AR FIEE 427132 HlEF = A Ho A o] Bd0] fle A o2 UEhdt 42232 AHE = 500 ha o2 H2of
A o] adE AR ko] JlE Ao g EFARE Ae WA 5 77 Eo] Xk A71el AF =T Alm AFH
A]

7

=
~
N

pu =
o2 sh ol FEL BT e el Bushe Eefolglom, npgR Hao 2A0] 44t A gloldl 8

o MAjsHA  pldE wAlo] A el e 7o) EE st Avte s e Al

10

s Topsoil
1 Subsail

=]

beta-glucisidase activity
(mole PNP-g'1 dry weight)

M 42 638 101

Samples

Fig. 1. The B-glucosidase activity of soil microorganisms according to the rock type and soil depth.

IER o] Fo] 6821 A== QIR FEER o] FolX] 101 2]3-2 BT E|eo] 50 & HoQle 42287
= o2 101 - M= 844 o] EEOA 6.08 umole PNP/g dry weight©]| 11, A EolA4=4.08 pmole PNP/g dry
weight= A= 1T 1012382 314 & 15711 €o] o] EoFe] o] 21551 935 & 4 Ut 229 S/t
‘Fglo] A ES 79342139 2 68 A (El A ehollA BEET HEA O] HERZF At [A] /do] 7}
7134.9% 3 45.8%7 F A5kt Eot, sbdel 2| Aot Ej2efx| o] T & o] Em|AE vl o] AEold &0l HE
of| Hsto] B-& &iisto], EqFo] flof el AJatglo] HES] 8484 HE 2] 45.8% (68, BHE) B 32% (101
H, FEE)E Aok 1 l3-& B}t &, BEO| e BT A EEFO| Afolet FkshH, FlssH & Al7to]
7AHE Bl A B H|ste] =] YeRTh.

Table 29] 7} A= 25 214 9] Eejatetd E44S A Aa, 7]3-8-2 SHIUHET EjF o], HEHT REfA
 gho= et Ao e EGE 71t Ve o] 245, £ 71580 275 Floh] mhzol st
O] Efof| Hlste] E|2eto] AEASel frelota, E Ul vl = ASol e Aehehs o 4= Itk Af3E EG EAAE A
=0] ASof Aottt FE(loam) E-& 7|0 2 5L it} EF| pEote=2 Al A5 F ZpAlgto] tha 2ol 7t )



LHE0| A1t E40| 2100f| [hE HREY D= F31 2 =0f| 0|2|= S thet A+

“geit weka W2)7 = o2 ik, EO ECa2 pHoll Adohs &5l 2 Hfolke Hel=s onlsta=, 11 gk
o] AZGE HIE L glo] oR| BE 2E-2 QP4 o 2 Afpfistr]of Agtsirt. 2 AtollA] E 4] HE(68H FHE) ]
A ol Z ECEEE B .oH, o= ol Figs. 1~ 39] B= 2ol 6825 A=/t thE oot S flsd AlmHTt 2 8
AL, HaHe A 3E Bl TRl ahe et A2 ECatold fele 2k = Q.
Collection site and physicochemical properties of soil samples
Sample number 34 42 68 101
Type of rock Igneous rock Igneous rock Sedimentary rock Sedimentary rock
Soil classification loam Sandy loam Sandy loam Silt loam
Sample location Topsoil Subsoil Topsoil Subsoil Topsoil Subsoil Topsoil Subsoil
Effective porosity 5.5 5.5 17.5 25 23 23 19 16
Quartz Quartz Quartz
Quartz 22.1% 22.1% 18.2%
;?211 ZI:/Z 42.1% Microcline  Microcline Quartz Microcline ?IT;[/Z
Mineral Micr.ocl(i)ne Microcline 18.6 18.6 Quartz 35.8% 16.4 Clave 4; ;
composition and 315 19.3 Clays22.9 Clays22.9 20.4% Clays 11.5  Clays 50.6 Albie | 9' 3
clay content (%) . Kaolin24.5 Albite 36.3 Albite 36.3 Albite 79.6  Albite 52.7  Albite 14.9 . :
Kaolin 26.2 . . . . Ilite 31.7
Clavs 26.2 Clays24.5 lite 17.3 Ilite 17.3 Ilite 11.5 Ilite 38.4 Chlorite 15
¥S 25 Albite 14.2  Vermiculite Vermiculite Chlorite
5.6 22.9 12.2
Water content (%) 48.07 46.74 41.53 43.97 46.97 45.85 45.93 43.60
pH 3.73 3.87 4.77 4.95 4.36 4.69 4.83 4.66
EC (us) 53 32 18 14 143 28 31 15
Temperature (°C) 18.7 19.1 19.7 19.8 19.2 19.4 19.8 19.3

Unit weight (kg/m’)  848.30 977.61 1,100.05 1,229.06 1,386.82 1,729.89 1,393.86 1,404.20

100 —
m Topsoil

3 Subsoil
80

60

40

% AWCD

20

34 42 63 101

Samples

Relative percentage of AWCD by soil rock type, soil depth, and soil degradation status.
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Shanon index(H)

_ I 54, Topseil
T . 34, Subsoil
— 42, Topzoil
. 42, Subeoil
=1 58, Topsoil
1 48, Subseil
I 101, Topsoil
. 101, Subezodl

1 | i W

(=]

Shanon evenness

Richness
bt
=]

10 F

4 42 62 101
Samples

Fig. 3. Shanon index, Shanon eveness, and richness of soil samples.

A1 2 E4o| ajo0|0f E EYUD|E=E2| 7|A 0|84 H]d

Eoo| g4 ul Eoke] Zojol mE Ao], 2|3 AR Qg flkeol it B e e] 21470 4
oA Fof u|x]E= FFS Lottt 2t E9F A7 9] ZEMH-S: EcoPlateo]] 3501 120A17F5<t vl FsHH
= AT 2 ATt Zhzko] vkero] HyHES JIHEN T 2 ()90 2 SHASIA] H|
Fig. 20] YeRH It b= Sl 422185 10141380141 100% 2 ghtet g ite A g2 HEo
52.7%, 56.8%.92 LFebeIet, of= 2 ko] A} f7 18] £al]7} o] ol Al nlgEo] A4l ofe]
f7120] TRHRA 1JZ0] HAT 4 Gl FA0 2 o] WSk} o 2ol A AE ] 7] del §40] F7Ha
ek whg, AR S] 49 BE| HRuks PR MESL 623-83.6%2 SHHe] SR Age] o 22 ]
42 Bk, E, PAE | Aol gha o] FRel ATiglo] HE nlgEe] 7| Yol g B4o] o 7| el of
& np3Eo] G AT AR RTHES Fig, 19] Autok AR} EeE, 7] Hol840] djoli oPA o] FRol what
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LHE0| A1t E40| 2100f| [hE HREY D= F31 2 =0f| 0|2|= S thet A+

FHH EHYS FF02 She BEOA ndEo] o] el A2 el H kie € 5 Sla= Qlvleith
EcoPlate S ©-89 7|38ol-8-d o] Atz FE ARtet & thfd A9l Al E|2(H) k= Fig. 301 EAISHAH. A8
E 2132 3497} 6811 Aol i BEAM HER 245 FUP A7 dade & 4 vk ANES 494
TP YA AR= EIA 2E2 HE FhoflA] 717} 8.68~18.0% Aot Sic. YNHA 02 REE= (75| Wil A
Aael7] Agiet @7goletA ndE o] EE s el Barits A et AR JE2(H)7t 7 el th HE
W71 Aol Yo, §EAa 2o u g EqfupEo] AAsHET] ool A It A Q] flo]
= AEEQ B BEOA did o2 HEH Hoft 78S ol §she Rt nllE 2ol AAs| mgor B
Fled Bl 7Bt 2w TRt S HAlth 42213 o] AES] TP Al BESFHIIA
4.72%7F 5715 oM, 10143 2] 792 AT AT HES] S/ A4 kol HE gholl Hste 5.54% 4
2ottt 22 FIREECIARE o]9f T2 ARl Hogzls FrHefd o] Ahol= oA Fig. 19] Hlet SF2AIHoA o] &
¥l whE 2ol = AFR . 4223 9] 7% oAl 2 REO| f71E2] E5li7t ol FolA]
EFTol wHEEA Rl AsE AESl vt npdleT ol A4 =
2 T, 101241542 oA $- 2307 A= HA A EST A ESC] drdo] st
Ejo] FEZOT f7lE0] 325 A= o sl Felt @7go] ol FolAHA 71E FE L FrARY B = Hol
V%

4% 214 UiollA o]-§Eh= 7ol dizt tiARA o] wd/d& S780k= AR wHe (B B S Zololl A
o] H]Z=51A] LrERdTh A= ERE=34 42,68, 1014739 BESFAEA 212124, 20,21, 18, 30, 14,29, 24 = UHEL
W AFe SR EAO e Zfo] W Zlojof thE Afol ke o 4= QIgi=t], 2Mdeto] Mot A, HEV HER
oF W7 el 919] 295 Solf ElA9 E BEO|A AAlskE rAES] 714 o]go] B kS o 4 Igirh

EcoPlate 4] A7}0] A=2[dS Lok 4 Qe Fi Ul 2] v d% (A (5))2 Yottt o= 5 7149] 35t
AN G S BE P 52 BE A0 & e A o2 At glo] Aol A Apx[sl= HIE = A] 34, 42, 68, 101 A5 9] &
EQt HEOA 782} 22.6, 25.8,32.3, 19.4, 0, 22.6, 16.1, 22.6% = WEFGTE U A0 HE} HEAR Q] 7|4 o] &
o T FAME-E U= -FARE 1% (SSM)(A (6))- 3HIR1 345 23} 427 213 9] A=Y= 212} 87.1%%}
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Fig. 4. Utilized substrate percentage in different carbon sources according to soil samples.
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