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Fgol  AWHoR  she  MFEAA  AFel  FEatim
Bastch g, WAAEANA AFH S vjgme) BEx

gekS w A 4 9dth(Nemergut et al., 2005; Zinger et al., 2009).

1.2.2.2 E¥ 8739 9%
Eg] 284 549 7|20l Hi= EA(soll texture)> EF9
JA =ANNE 7)FEe®  d=rl USDAY EHF  7Fo  Ysid
0.05~2mm<l X (sand), 0.002~0.05mm¢<! w]A}(silt), 0.002mm
o]kl HE(clay)9] H]E= YEPAHOwens, 2005). B2 &9
S A7), Fiolv =5 Histe d, wied, F7140] G Al

He Az B vzl A& dFs =k 5, AR Ak

H]&-o] FeTE B4 H| A A o] =7}s}o
o] &2 2H-8-F(CEC)S #=olA ¥ (Hatten et al.,, 2019), FE H]E0]

2014). &=9 g2 FUteteE Wi F59 A7 gaske] wigeE
EFHA o, AEA ESAA mAEY] ZFo] H s T
2AttJana et al, 2010). ¥riE R B]Fo] Zr}etd FA
714 FOMAAE, MRS IS HA wow o]l A" F
Ak EAUEE Fr|et SRS X Ad HH EY Hud

qE(pom FREEY, Ao ge %
e 277 AHEUAR AL, 2019). Aelat PR A
294 542 2R ATl A @ o 20~28%,
S92 oF 0.4~0.95¢ cm2 YElGL EAY F$ mEe o

8



35%~41%, WARE °F 49~51%, FE:E F 8~14%2A Zlo=
UEbsteHEr fAk g Ak, 2019; HhE S 9], 2021; gk 9, 2014).
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ko] Atw o] ¢t Okochi et al., 2001; Magill et al, 2004; Huang

et al, 2015). AFAETE & AAE 2(1993)¢] AFolA=
=

A5Ee Aol Adguon ol

v =g Y3 A x2 Fe= ¢ AH(Ulrich et al., 1980;
o]Z3} 9], 2005; oJo}d 2], 2020). FUWIAE Feolt} EA]
H 0]

Zwe] AdolA pH 5.0 olake]l 44 EoF WX ufo] Zrbahs

Aom ehgom, FEd A% gy X7 AHAYel
0 E I THE B B9, 2011). A2 AT AA o] 5era
42 A ABATelA A ugAe] B9 AREHE o
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E9% pH7} 5.5~6.09% 1#E u
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FES BEHe= 12~13 Akold, f7lE Tt ALE
gdn]7F 100] HWA A Eo] of& Zhedr FHe AivF BAEH=
Aoz dHA J=dGHEA), EY F71EGS0OMe #ale] AF
H3lE2 el A EE AFREH7|E 3 (Ostrowska et al., 2015)

EAolv  §AEE, EYG pH

ey

OgE 5S4 d#Aol
A F A tHHomann et al., 2007; Santruckova et al., 2010; Yang et

al., 2012).

1.2.3 §'C, AMC, 6°N9] &&

EY §YC F4E& B3 C3 A& C4 AE F ojw Ao
oo A=A & g dem, Zold wE Ao Frie] AAS
FA4% 4 Atk Boutton, 1996; Desjardins et al., 2013). F=
HR20l C3 A&7 o]Fo]d e ¥Co| et B ztgo] duls)
Eoko] §°CHe] Solx| Al Hw, C3 &R} EHzAgo] Hi C4
= Addem Ege §°CHe] 7] wiEelth
Edom 9 MEE f7lEe vAAE o &l
gas el ol § o] Wi HuA g

NE2E Bas Qo EA8+A P rh(Nadelhoffer et al, 1988). ¥i<=7}

>,
i
s
g
rlo
P
N
Ir

Zh FHE Al Ege ot ZoH4E EYRUIEA F(SOC
concentration)s 7438t §VCE F7lske AES tharel oA
B 315 1 tH(Ehleringer et al., 2000; Nadelhofer et al, 1988; Acton et
al, 2013). °lglg AFE wAEe] f7ES AgAd u PCrtt
Mg BCE Azsly] wEo® AuyEti(Acton et al, 2013).
AnpH o Eokoli= PCrF EA Har, o] o] WPl wat SOC

A= o e AriE FelE =g el o3 o=

—
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ol5Ho] Eoko] ZojHEE §YCx FrlskAl @l o]dk SOCe}
§Ce wARS wEoer g Ay IAAFEE EF 1=
3] & (turnover) S ol538H= A|3olt). HE3H Volk et al.(2018)01 A]
SAA = (bulk density)”} 5945 MAOMMineral Associated
Organic Matter)e] ol SOC®] ¥=& #al, §7C gtel o =7
vebuy | A erh 3422 POM(Particle Organic Matter)o] o}
SOCe| w=7F %31 65°C ol o WA dvie A3s Rkl

HCE 5730de] WIS TS WAM daE, BAMIRARTY

HA&(turnover) & d&38le] EA43-S AE= Hlo &-8FrHLobo

R
r__

Flexor, 1974; Gaudinski et al., 2000; Phillips et al., 2013).
SAMHOZ = HAXFAGT7IASO), HEAF7I(GPCO) T3 ZE
WAL AIS71E AREshe R THES71A 3R A M (accelerator mass
spectrometry: AMS)S ARE3Sh= wiHol Aoy <], 1990;
Trumbore et al., 2016). AFHEFIAE AMCE 69Ca th2 A Zo|7h
Aoldas ol Fhske AYdE ESItKBecker-Heidmann &
Scharpenseel, 1986; O'Donnell et al, 2014). watA] AMCe] Zod
T AUth

PNE A4 okgsadaz, N PN nlE veElle 6PN
e B3 LAd=Hdo] AejAl nX= F3F
al., 1995; Ammann et al., 1999) 2}&°] o3} ¥&], B §°N vl
I e s Edste] A Ul i w8 selshe 7t

-850 gFthDurka et al., 1994; Austin et al., 1998; Michelsen et al.,

54% B8 24} A9 7718 wal 54 ol

i)

o
ﬂ

o} Y (Nakanishi et

of
(o]

1999; Kuzyakov et al., 2006; Ometto et al., 2006).
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A 2F AT WY

2.1 A A4

ZAA = A YA FHEY Ao ¢xE e
gRstesgor MASFL Ak AAsE FAURE
2017~2018d 7]1& 1,607dE o=z FAHH, 3se}2H977dE)3}

AHETHE) B Be A7 MaeteE Aow

9], 2021). =3k, 2012 ~ 2018 7]& HlopReo] B i 7]
7 gL A AAUe 3ufel EEh(E 1), wropEeol AR

Hu7)ee 2018499 11.0CE 7|23l 20149 (4.1C)RT} oF

it

6.9 T ZssAdti=dedaalat, 2019).

e o] ATFelAE WopE el TAYY ZeAE AT

A= 79 1 e sk gom, wAbge] W ER
A, % he AR e dow Eadt 2ATE 1AM,

A 5 Hee 3 20 YERT 2ARe] Fd A Bel=

I 2(QGIS ver. 3.26.3)A 1% ZHES A& & zF v o
Hit A E AAPEES glaE BAS AN & Y B BAS
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E 1. Agil dbopay QI Auk XHe] B Hy V|2(arHTddE T,
2019 ). 7] Wge 2012959 & At 7|23 2018 %Y & Haf 7|2
2po)l S e Ao = ko] zke 201249 H|ste] 7] Lo] A5 AL ouE

=273 A B35 U 2= N4 B Q@A

712-(C) 7] w3}
2012 2013 2014 2015 2016 2017 2018

yhokg- 1,650 4.2 4.6 4.9 5.1 6.5 6.6 8.4 + 4.2

wTA(247) 133 12.0 11.1 127 12.1 13.3 123 134 + 1.4

« Shenyang., \ A
i el ey
bijing North Korea
okl +Dalian * Pyongyang

«Seoul

Minan South Korea
Qingdao®  VellawSee
@—Pusan___
Osaka o N|
Foma @it * e
. Hiroshima T
Fukuoka mem—5 I

35.310

35.300

127.530 127.540 127.550 127.560 127.570

29 1 2T AL 45 9 AR U daa 9 AT gyl geEe
& 74
3]

ARU~68 ZAFTE ], 3 ARH7~99) & 2202 F718,
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B aEAg. 2T @de  @FAAAAATA

sl 1H 29 #o

A
O
=

=

o

n)

il

pc)

i

=2

2
2
o

N

i)

=

i

ol
ol

At on, oEgde £4 savteielntd AvieHgnpe) Ei

fd

nlanelol E ARl enm e 9 EAbPe]  ghre  wE

2. ZAFE L. TAME (%) AL AAFE F ONAFAE ANAF + LA}
AR Yol shEstgon, nrs Wy T AHe nxz ek,

ZA}T T AAFGD s ae 27
me  TE®) vy Adee RO
= AE A gA =T m et
1 80 19 78 97 1,590 33.8 A(270)
2 75 12 36 48 A 1,610 23.0 w$A(241)
3 65 9 17 26 1,530 36.2 w@A1(251)
4 56 16 20 36 1,330 26.6 E(360)
5 54 25 29 54 = 1,330 26.6 5(360)
6 56 29 37 66 1,355 28.6 =(326)
7 25 45 15 60 1,355 20.5 E(360)
8 26 45 16 61 3} 1,350 26.6 £(360)
9 33 35 17 52 1,345 26.6 E(360)

2.2 AlE AFH

A% FER o] AASPOR(1Y 3), RE AR AHE

2021 99 ~ 2022 99 ol Al &sF ).

15



127.520 127.530 127.540 127.550

29 2 @F A9 AAE ARd AREe
PYTE s, SuEE HET 9X2
oulgh e A AR1~38 EATE
el a AH7-)e 2E Ao ¥

127.570 127.580

TN FEe] A
W gAbe A wWEE
ARU-61 AP

Ed ANgE Y9d= 9 F7)EZ=(forest floor, O horizon)<

3.5cme] AE7]
sampler)& Ap-g-3tod A3 3k T

5cme] Fo] MEZE(core

RAs) o] A A (soil

heterogeneity) &2 U3 J&F& 57| 9kl 2 wg+ W 2574

Ao EYE 0~5 cm, 5~10 cm 10~15 cm, 15~30 cm Z 9]
ANHGF - zold=E AT &
¢kol 15cm oAl E EAZo] UEY 15~30 cm EYAR
ANHAE = gl EFY 44
W W Aol 378 #[FlelA 0~5 cm

=2 SA] A% B AEs

e

3w =ATE AS, EA]

it

l

5~10 cm Zol& A4

S5cme] ol AZelE AMgste] AHsGor, 10em ek ol

16
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wore Aeo] wol o] AZY Bgol ofHe A4 3.5cmel

0
tr
A
i
>~
ol
ko
ol
O
2
2
L
o
38
g
Z

0 cm AF A Ahoz g

Zolel oA} WAl Y ole] EFe SAUET BAHA

cm, 15~30 cm®] 37) F7te® Yo AFHEg ey, AU e
FS AAst] B ZAFFAA Y ERel AAFSIT A FH S
EY ANagEE AYE ZYdqgEd(LDPE) W ZEsk =z A=z

U F, ol d T Wt e WA Easke

20m

woe

3. E_OO]ZE] }\] v)E_]_ jﬁ-ﬂ X] X‘] Eo]:A %a ﬂ_sl_xq
A AH AEIDE wddes, £AUs

F

B A |
o ot o

2.3 E¥ 54 &4

EYe =284 5AHLEZE AEY AFe dFE = 7 Ue
EX-(soil texture), A% 3FF(Coarseness), @=E F/J(Mineral
identification), =% 4% = (Water Content)S #4183t} 3184

SHores AEY A &4 2 =4 £y #de] e EY pH,



frackol 22 g-&(effective cation exchange capacity: eCEC) %
A7) ¥ 3= (Base saturation: BS), % 7] (Soil organic carbon:
SOC) ¥ A& (Total nitrogen: TN)9] &% 2 <F & H](C/N ratio),
BhA L A2 A9 L aH(6C, 6'°N) L
YA BT A0 (A0S Bt ol 5EAES A&
A% A=A, LAHUX(bulk density)?t AD/OD  Ratio(Air-

dried/Oven-dried Ratio)& &7 &413F3l .
PE E%Y AgE A EA47](Ro-tap sieve-shaker)E A}g-3}o]

5% &S 2mm Aol FIA|7|aL, e B Ae =S AT F 24

guaz 42% AXUE At $4UEE FAG ARE
Az7104 105C2 Gl @ W7hx 2047k o] Azxshe], EF

Az TH@S 3ol AEY Ee ARV HI(em)E ol
=St AD/OD Ratio®s 78 Bk Alme] FAS 7dx7]dA]
105C= A3 BE9F Alg9 F7 Hl&= AEsqlvh

E A (soil texture)> Pipette Method(Jackson, 1979)& A}-&3}<]

31

[e]

B (sand), WAHGsil), HE(clay)d HE@@R)S SAsIRow, 7+
52 USDA textural class® YERATH A8 &&FE 2mm Aol

2|
=

N
i)

A AEDe) FAE AA EF FAR drol s

Bkl #HE A4S B4 Y X-A1 A EY(X-Ray diffraction:

o

XRD)E& AAlselth 348 2mm olsle] B Al5E E(ball mill)
7= wAeA 244 = Adidtn A8 }8es 7] 7]l XRD
TAS skt X-4 34 74171(D8 ADVANCE with DAVINCI
diffractometer)& o] 8313 o, =4 A X-4& Cu
Ka(A=1.54184)& A}&38ta, 2 theta WA oZ 5~90% WHolA
0.5sec step !9 £x 2 A708lo] A EE A9

18



m
or%
[‘-1\1:
1%
ol
rlo
N
BN
>
-
2
>
rlg
v

o] 0~10cm, 10~15 cm,
15~30 cm ZolZ AHAT EYS oz LFs JH e 2E(drying
oven)ol Al 105C =2 Ax% FHZ FAE 43 Artsdvh (2 1).

Soil water content (%)
. weight of moist soil (g) — weight of ovendried soil (g)
= (— — =) x 100

wet ght of moist soil (g) (2 1)

ME(pH)= 25g9 T EYS dtml FF 3ksk

Hk5le] pH meter(Research Grade Meters, HANNA instruments)=

&l

ALg3ste] B pHyE F5435¥ o™, 1 M CaClE 0.06ml H7Fsk &

2o 28k4 ko] &(Na*, Ca?", Mg?", K") =} H,

AP S RS oGAR Uiee] AESdth 4 A8 doles

o

F%37] 98le] Ammonium acetate method(pH 7)& AFE3IA

®
o,

%, IE}(Whatman, 42)2 o] 1}3}4]
Ca®, Mg”, K") ¥&% 242 Aegdudun sAYEAsE7]7]del
olgjetgleon, Fx AF Eg=vt HEFLE7]ICP  (Inductively
Coupled Plasma) Atomic Emission Spectrometer, ICP-730ES)&
AbE3EL Y. HY, AP &= Exchangeable AcidityS =4 3lo] A&}t
0.8g9 #71 E%S 20ml 1M KCl1Z Aeo)x 308 w7l 5,
ZE{(Whatman, 42)= o]¥}sqivt. o] oo pH7F 8.20] ="
W7bA] H7hek 0.02M NaOH®| 4% meqOH kg '® wWEskolct.
x84 oFo]l& % Exchangeable Acidity #< cmol. kg'® &

Bt fadeleX R % Qrlwsrg ASAAHA 2, 3).

19



¢CEC (cmol kg™ ) =
S(NG®, G My KT HAPT) (emol kgTh) (o
%)

Y (Na™, Go° 7, _-MqEJr, I(Jr)(cmofl. kg 1)

BS(%) = _ — x 100
¢CEC (emol_kg ") (A 3)
EY f7lea 2 ddie s5(%)= 1N HCIE A g st
e AE | A sk Al . (Komada et al., 2008)=
AFA 7] (PerkinElmer 2400 Series [I CHNS/O Analyzer)& Al-&3}¢]
Astg o, HEF o] AD/OD ratios: FolY] BEE
Zagom(4 4, 5), 0% wgom wAME AEIAT 6).
AUEE Bg3te] UANAY Foz MBAAATHA 7, 8).
gl
soc(%) = . SOCueight(g) x AD/OD ratio
Air—dried soil weight (g) (2 4)
TN() = [ Nweight(g) x AD/OD ratio
Air—dried soil weight (g) (2 5)
. SOC (%
C/ Nratio = SOC(%).

TN(%) (2 6)
SOC(kgm™?) = SOC(%) X bulkdensity(kgm *) x soil depth(m) 2 7

TN(kgm ?) = TN(%) x bulkdensity(kgm >) x soil depth(m) (2 8)

IRMS(isotope ratio mass spectrometer, IsoPrime Ltd., UK)<=

o]g3te] §°C % 8N gh& FAsHITh

&) s

|

I

U



Bgo] WAARLEILANQN0OE  ZAes] 96, =S

=3
i

ZlolH=z  ZFAF WHE 1~39H, 4~6W, 7~9¥ Eo

O

A& (

2)

»

&3gtslol(composited) #3F H, 1M HCIZ EY W Fregxs

A ASFAL, 40C LE(drying oven) <Fol NaOH pelletS ©]83fo] E<F

S

155 F3A 7L o] A #v]E E% AEE v National Ocean
Sciences Accelerator Mass Spectrometry (NOSAMS) o] Hu EF

f71%e ANC g % BaANE BHS.

2.4 B4 Ag
A H A3} 9] FAA ol = SPSS Mg e
A}2-319 THSPSS version.26, SPSS Inc., Chicago). ZF 241 2o

Wb AAd B4 PEe BEIFATCE 3). A, TAE] e

21



X T
= T
F R
L
Lo
Q
g
mw W B A
™ | o] 4+
T RO .
% T3
T O m
o , ANn ks B
il o
™ ﬁVaJ oe) A=
s 7 7
ERS %
S5 m.L
1) ~ 0
& TR X
= I R 4
r CRC T
1 NI KB £
&S 50 i~
o i
) = %0
= Gl ur
B -
k3 vl L
x| 00
8
| 1
B b =3
T o
i 7! K
. Nfo =1 o w
N s <
B =0 M <o

o

(Pearson correlation analysis)
22

(simple linear regression)




Al 3F AT 2%

L8 A AT 2 EF 549 Aol

(

3.1 7%,

ofN

2A% A0, AR 3 499 o gue] B 54

a2 5 R s Add BEF SAdd Aoyt e o=

Ve THE 4). g-du)9l sPNE 2E F7H0~30cm)e] Zlo]of A

At b Aozt FoJshAl yvERem, R 2 ALY B]E(%),
sUCE 370 Tarel ZoldlA A 2t Aol7h felaiAl vehd
0~15cm  ZolelA = wge 4 Hoel F, a3 Huno
folabll Ester, v wEe 4 Huel F, & Pumr
¥ 4. E9% Zo|8 One-way ANOVA &4 A

EdZol(cm) 5 F P

22 (%) 16.888 <0.01

0-5 " AH(%) 15.299 <0.01

ek H] 10.906 <0.05

51N 36.660 <0.01

2(%) 24.098 <0.01

" AH(%) 16.702 <0.01

5-10 2] 9.070 <0.05

5N 12.264 <0.01

§13C 14.759 <0.01

22 (%) 304.103 <0.01

v AH(%) 55.686 <0.01

HE(%) 11.570 <0.01

A2 gk 12.361 <0.01

10-15 SR 27.161 <0.01

FNes 55 5.761 <0.05

AdL 5% 11.942 <0.01

ehd u] 13.135 <0.01

5N 21.791 <0.01

§15C 7.850 <0.05

4 ) 20.614 <0.05

15-30 515N 10.507 <0.05

§13C 20.084 <0.05

23



FrolstAl wokt. &dn]E= 0~15cm ZoldlA A Hubo] F 3
Aertt fFoat e v 15~30 cm oldAE F Huko] 3}

AR §o8tA4 et §¥Ce = Huo] A 3 JuHT =&

3.1.1 EA

2 Ao A9, 0~5, 5~10, 10~15 cm Zoolx H 2
H&o] 7} 51%, 50%, 57%° 23to] 5 o] H e H&(32%
o 2 H&(33%, 34%, 29%,
EgtHaE 4.2). A Fee

0~5, 5~10, 10~15 cm ZoJol| A o] Ht wAF HE&2 Z} 35%, 35%,

o

32%, 31%, 36%) X 3t F e

o

38P)ETt FeofstAl w& Aow

32%= T A H vlAl ¥W)E(B0%, 51%, 51%, 46%) 2 &
Aol HiE v v E&(5G1%, 50%, 53%, 44%)RT} §-28HA
SITH(Z® 4.b). WHAE, HE H&9] A A oA 10~15%, T

Ao A= 17~19%, 3t HdAE 16~18%= YER} 5~10 cm

ol
sy
(e
rlo
—
o
L
o1
(@)
8
4
L
-
>
b_l
o1
o
S
@]
=)
-
)
o
fru
1N
-
Ju
[
)

FoAg U EG wge] dsty mAFW gy wEom
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D2 HIE(%)

Ol AL HI (%)

g 4. %

BN
02 Oy ot

0~5cm 5~10cm 10~15cm 15~30cm
20l

O ’

5,

EEE
0z Off o

0~5cm 5~10cm 10~15cm 15~30cm
20|

<, oF Ao zlopd = nl&(a), MAF HlE (D), HE Hl&(c).

25

i o) -'l_
) A =tier



25

EEE
0z o o

HE HI2(%)

0~5cm 5~10cm 10~15¢cm 15~30cm
20|

+ 7b 2 ZE 2a(a), WAKD), FEQ) & FFghE e
* 02F BE +1 B35 H9AE 913 (n=3). one-way ANOVA £24] A3} p<0.05]4]

Tl Aols Bl A e 2vAR BV od 17 5~18¢l TUsA A&

3.1.2 ¥ IF
Al gFe 0~5 cm 2ololA 13~19%, 5~10 cm Zo]ol| A
16~23%, 10~15 cm zlol]A 8~32%, 15~30 cm zloJelA
21~23%% vehgom, AR zlo7} AodsE Srlehs A
HAGCLH 5. 10~15 cm Rk Algdsta Hek i+ Apolrt
freletA dgront, A A8 FFe & ddel 25%, F 16%,

179%2 vhee),

26



40 W &t

30

20

10 1 I

0~5cm 5~10cm 10~15cm 15~30cm

3.1.3 FE =4
XRD #4 A3, EY FEL dEE Quartz, Muscovite,
Albite2 7 H Aoz YEIYT(E 5). I TAME Quartze BE

Zolel A ok 30~80%¢ & utEle]l FE EAAA MY w2

w3, F37 wol o

3 aAbTel A WA

o
=)
1%
1B
ot
ot
-0,
I
El
i)
M
g:_lq‘
r0
o
ftlo
i
X,
K
v
i)
£
ox
i)
L
o

2ATFES BEG Wde] Auden ¥ oRoiee #F¥ 4

ATt
27



® 5. 7 2AHE 99 HolE FE =24

LA

Ao Zol(cm) IE 24 %)
0~5 Quartz(73.3), Muscovite(17.9), Albite(8.3), Zirconium
Hydride(0.5)
3
e 5~10 Muscovite(54.5), Quartz(27.1), Albite(18.4),
10~15 Quartz(65.2), Albite(16.0), Muscovite(9.4), Aluminum
Scandium(5.9), Mica(3.6)
0~5 Quartz(39.5), Albite(20.7), Muscovite(16.9),
Orthoclase(14.7), Clay(4.4), Calcium Peroxide(3.8)
5~10 Quartz(67.9), Muscovite(16.2), Albite(6.9), Microcline(3.2),
Beidellite(2.1), Hydrobiotite(2.2), Sodalite(1.5),
10~15 Quartz(81.1), Muscovite(9.2),  Albite(6.7), Calcium
Magnesium Aluminum Silicate Hydroxide(1.9),
Gibbsite(1.1)
15~30 Quartz(69.1), Muscovite(22.3), Albite(4.3), Microcline(2.6),
Kaolinite(1.7)
0~5 Quartz(48.2), Muscovite(19.5), Microcline(24.5),
Albite(5.2), Richterite(2.7),
5~10 Glauconite(35.9), Quartz(35.8), Muscovite(19.1),
5 Kaolinite(4.7), Albite(4.4)
5
10~15 Muscovite(60.7), Quartz(32.8), Clinochlore(3.6),
Albite(2.9)
15~30 Quartz(69.3), Muscovite(23.7), Albite(3.5),
Clinochlore(3.0), Zircon(0.5)
314 E¥ & IF

K

i FF(%)E 10~15 cm Zold ARt A F o]

&
sl wgtow BE ololx F ¥ o P9

>
o,
=2
rir
S
M
s
o %o
9
do
lo,
o,
_>|“_'4
o,
)
=2
rlr
POy
o
it
=
Au)
.
=
IJ
o
>

ERSTE 0~10cm ZloJol Aol H i 5 A Hd 33%,

29%, & 42%, 3t 42%= e 156~30 cm Z oA = F 40%,

28
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o
Tk
Nfo
o[
TR
g

PN
T

} 38%= YEI} 4 ko] 0~15cm Z o] 9

S

15~30cm

10~15cm

0](15~30 cm)eol| A Xt}

5~10cm

3

Z)

ke
T

3

%

0~5cm

Mol H

| e
50
)
2
10

£

()RR &=~

ayl

&, =, sk Adel zlo]
17l

I 6.

ey
=(0.85 ¢

FAg(e] %z 9,

=]

)
JO

* 0.35~0.76 g cm &
o WREY AZ

=

>3

Zolo] we %
Aot A

=

Yelgoew (g 7), A=
LAWE(0.88 g cm™®)

cm ) ETE o

Azel 2o Jol2 Ba AT 1).
3.1.5 €849

2022 94

=]
S|

,.mo

%(0.62 g cm”
©] 0.35 g cm™,

2k

il

e
T &

=]

(e}

s

7
EEERE

#e BHlou

% 0~10cm

o

9tk 0~5 cmoll A1 o] H+

°©

7}
Z o] 0.41 g ecm™, 3F Fo] 0.41 g cm™=E )

b frelRE Abel7h gigled, WA= Zo)7h

2018)o 4 ZA}

=

[€)

o
00

@€ 7

o
-7
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Bt 5~10 cmol A Y] H AU == A Aebo] 0.78 g cm™, &
Aol 0.65 g cm™®, 3F Fo] 0.69 g cmP®E My, #HE x99
MHEEY AT He SAEEAEAE ¢, 2002)RY WS gs
Lheb e,
10
W st
a =
0.8 m oy
- a
@ a
E 06 I
9 a
LH a a a a
ol a
: 1
02
0.0
0~5cm 5~10cm 10~15cm 15~30cm
200|
a8 7. %, &, 8 Jue] o gAUE Ag AFH A Agow 93 o] 93t
B o R 15~30 em L FASHA 2ok
3.1.6 E% pH
sHTE ARES A4 =G pHpHw« EE %ol
TA FJe F Zolrb folshA ZUTH Y 8.a). Hi S
AHHEEAE 0~5 cm T A Fdo] 3.82, F Hdo] 4.02, 3
HAeto] 4.1999 21 5~10 cm Zolol A 2+ 3.98, 4.11, 4.22, 10~15
cm ZololA Z} 419, 4.34, 4.28% YEIWow, 15~30 cm
dolo| M= F o] 442, o Fuo] 4492 YERHTE AlLAF
Ao A%-gEE AP IS 9, 2016)Y Ao AAHEYY]
Ha pH(4.9£0.5) F X242t g AgAF-(o] 47 <], 2016)00 4 <]

30



P pHA.69)ET & kS Btk CaClhE AMgste] =A%

B pH (pHe)ERE = o] bl ek b Zpol7h fofshA

gtti(1d  8.b). CaChZz EU pHE FAH3WE dubzo

=
THTE 54% EY pHEY @2 s 7=, 54 A3 "o
T =

(a)
5 W 3
=
4 u o
£
=Y 3
o0
4
2
1
0
0~5cm 5~10cm 10~15cm 15~30cm
0l
(b)
5 St
-
Al
. [Py
[2]
L 3
o0
UH
2
1

0~5cm 5~10cm 10~15cm 15~30cm
20|

a9 8. 4, &, 3t Je] ol E pH. (a)v EX S/HTE HUkste 543

pHetS ematH, (b)= ool CaCl:® F7Fete] A3 pHALS olv| 3.

31
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Fadol2x3&%F(eCEC)S EE Zlo] 7oA He 2t
Zpol 7} fFoJskA] ko (1y 9), o7l ZoAfE IAsSte
AEFS Ik 0~5 cm 7MY Hit ghe AH7.04 cmole kg™,

+(8.42 cmol. kg™h), 38.76 cmol. kgHez Yeh} A FaE
oz 3 APAFREAH, 2019)004 A4S oF 38 cmole kg
'R owe v ghke vehdlon, Allx Ae A%-gE s
ZAHAA S 9], 2016)00l A ek A (9] (13 cmole kg
Huch uetorm Xgiare didez @ AgAF(eld 9,
2018)oll - ZAFEF 19.69 cmole kg "B} W3S HATH HA| T

FRGILATELI FolLATEF] 54 PR thy] g
3}

EEN
0z O <

0~5cm 5~10cm 10~15¢cm 15~30cm
20|

a8 9. 2, %, o Al Hold fFagel2AaE. FaYel2AFEHFL Na',

Ca®™, Mg™, K, H, A" ghge] @HA|= Abstg (4 2).

X 8HA] ol F Ca*t & AA zZlo] 71F H 0.62 cmol. kg~

2 Na*(0.03 cmole kg™), Mg?" (0.25 cmole kg™!), K*(0.21 cmol. kg™

: R ke kg

.l. -
. =

L



HEt =& Aoz Yeiwi, E3 A AloJE9] Na'e A

Zelol 4 0.01 cmole kg™ o8k % Al LEHRTHGE 6).

£ 6. 2 2AME D9 FolE A& Yol AF

X84 %Fol&(cmole kg™)

IAHE A 2 o)(cm)

Ca?* Na* Mg2+ K
0~5 0.85 0.00 0.32 0.21
& 5~10 0.33 0.01 0.18 0.14
10~15 0.18 0.00 0.10 0.08
0~5 1.62 0.06 0.51 0.45
~ 5~10 0.53 0.02 0.24 0.23
N 10~15 0.26 0.03 0.14 0.15
15~30 0.20 0.04 0.09 0.13
0~5 1.45 0.07 0.51 0.36
~ 5~10 0.77 0.02 0.33 0.25
i 10~15 0.40 0.04 0.20 0.19
15~30 0.21 0.03 0.12 0.13
F71ESE=BS) EF = o]l el A 7 Afolrt
frofebAl dgkem(y 10), el7h Hojdes fadte AES
B3

A7-dE e 2AEIRRAAE] 9], 2016)904 TR A7) ES ]
A= Fd(24%) 32 Ad F19%) Hoh w2 %S dElth
SHAIRE, zholel] mel Md Aol WARG dd ¥ w2 @&

o]7]%= 3ttt 0~5 cm ZolollM e Hw 97] E3tee 4(19.8%),

tw

Z(31.1%), 3H28.0%)= YEeElY F o]l 3 HdHt 7]

¥t vy F2 F¥E BT 5~10 cm HoldA =

29.66%), Z(13.85), &H19.76%), 10~15 cm Zo]dr=
33



O’ 10. 4, F, 3F e ZolH Av|xs=. ¢7];

AHT7.20%), Z=09.77%), 3t (14.3%)= YER} &, = A SA=R

40 a M 5t
a ES
L IPN]
— 30
X
H
ol
H 20
R
a0
10
0
0~5cm 5~10cm 10~15¢cm 15~30cm

H~l

3lEE S(Na*, Ca®t, Mg?",

T 10~15 cm ZolollA] &} o]
d Agr folstAl wokow, o] 9 ZoloAE ik b Aolrt
FrojebAl ekrhi(d 11). Bt F71¥4 $%= 0~5 cm zlo]ellA
9.7%, 5~10 cm ZololA 6.73%, 10~15 cm ZoloA 5.11%,
15~30 cm ZolaA 3.70%= YEFST. A1k 2ol A%-d8 e
ZAHAAE 9], 2016)°] Hg Hit F71E FRGAR)H o]
©1(2018) A7 At Hit FH71E FH(12.68%)S 1T o,

B Al sEs A e H9 el 9l Ae® HRlT

FH 2 12). Hit EY F7189A2%S 0~5 cm ZololA 1.88

kg m?, 5~10 cm Zo]oA] 2.35 kg m %, 10~15 cm Z o)A 1.10
34
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FolshA Uty 13). Hot AdAh $EE 0~5 cm ZololA]
0.71%, 5~10 cm Zo]olA 0.50%, 10~15 cm ZololA 0.39%,
15~30 cm ZoJollA 0.29%= Zlol7} doAdSFE HAste 3o
UERRTE AlLAF A e A% gE s AN 9, 2016)9] A

B AFA FR0.22%)3 ol ©](2018) Ao At B
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o3 Aoz yebgt(ad 18). 0~5 cm, 5~10 cm, 10~15 cm
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3.3.

DAHE(%)
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2 B4 54
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55}
£ pHy zkol

L Zol7h oA

Jm

A= (pH)oltk. 0~5 cm, 5~10 cm Zlo]of A

o] YEeltH(E 22).

rr

pHw7} <5713} EA2, 0~5 cm, 5~10

cm, 10~15 cm ZololA XA Fol2 F & Ca® 3 Mg™
TVt 28 ARSI A AAE Bt ™ 23, 24). ¥ A 3HA
Folel FALA A N v APl vedth =,
AV7N¥EIE(%)E= 5~10 cm, 10~15 cmolAl 3Fto] A=
Aol Fkebe ARE BITHY 25). AAR, wan)
2952 wAbEo] FobE ZFS RATHIY 26).
=0l
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R? = 0.615 R? = 0.025

R? = 0.298
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0 1 2 0 1 2

1 2
Ca?* (cmol kg1)
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DALE (%)
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Ao R, 0~5
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=
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0
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Abstract

Soil properties of Korean fir

dieback areas in subalpine zone in

Mt. Jiri

Yeana Han

Environmental Management,

Dept. of Environmental Planning

Graduate School of Environmental Studies

Seoul National University

Korean fir (Abies koreana) which grows in the subalpine zone
of Korea, has been declining since the 1990s. The mortality of Korean
fir in Mt. Jiri reached 23% as of 2018, which was the highest mortality
of Korean fir among national parks in Korea. Subalpine zone is
expected to be more vulnerable to climate change. The objective of
this study was to understand the relationship between the Korean fir
dieback in Mt. Jiri and physicochemical properties of the forest soils.
A total of 9 plots were selected, which were categorized as three ‘high’,

three ‘medium’, and three ‘low’ plots by the mortality of Korean fir in
68



the plots. Soil samples were collected to a depth of 30 cm and analyzed
for a variety of physicochemical properties including soil texture,
mineralogy, pH, exchangeable cations, concentrations of soil organic
carbon and total nitrogen, and isotope ratios (§'°C, AMC, §N). Plots
with high mortality had higher sand proportion (%) than those with
medium or low mortality plots. Soil depth was also the shallowest at
the high mortality plots, suggesting that the soils with high mortality
plots could be prone to drought stress. Not only physical properties of
soils but also chemical properties of soils contrasted between the high
mortality plots and the others. In general, lower soil pH, higher C/N
ratio, lower §'°N, and older soil organic carbon were correlated with
higher mortality of Korean fir, suggesting that decomposition of soil
organic matter at the high mortality plots could have been slowed
compared to those at the other plots. These results demonstrated a
strong relationship between the physicochemical properties of the
soils and dieback of Korean fir at Mt. Jiri, although further studies are

still needed to clarify causation between the two.

Keywords : Subalpine Zone, Korean fir, Soil Properties, Soil Organic

Carbon, Carbon Cycle, Climate Change
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