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~ R oF o ©°
~ oA

H]Q(h o\7 Sy B
HH et al., 2020), ] ] < S _L]—
=] RL

1

| .

}
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Hl=ol o3 49 HCO3= 94S &eiA7lal 94 BEYs Q& + A
CHJackson TA, 2015). ol o]7]d 93] #HlH<= fF7leL vvlE o234 &
45 PAst=rlRia LM et al, 2021) E84 E4

i+
o ol7] RFEe| Bt £ A F/NL W ol £7]

il
Y
2
o

3} 5 FAAY FFE dFd BEY MAE FREE A ST AL
2 98 % tHCheng C et al

Hulm Washs Ao g s 252 #e7t flol= 5ol &ol(Weber
et al. 2016)stth= 59 Aol =dl, old olfrE Wil AL EY 54
o] AA @Az ZEu 9)

Henry S. Grover et al.2019)& 4hHgol <3 4t 3E3 AHAH AASE

o

8 nek H-gol7 3F(Ceratodon purpureus, Funaria hygrometrica, Bryum
argenteum)< =93 A3, 27MLite] & o)7] WEE JAst HAES ¢
s A Btk o719 dEd AAES Hstd AKHYA F& Hre
B3 5 YNE &8 A3}, Furaria hygrometrica, Bryum argenteum-e- Wi
& 71l we} 73263 % oS dEES EAow EHE EY, coconut
coir mixell Hls) EE 7|Rke] 7] 71N 7P & stk ARE 4
of osf FAHE 3 Eoly AE EFL A, dFEEo] Ao F FS TG
sto] Al Alel= Aol AT ol d4d EYS Lol A
Aol AAFE NS Aolgt F=3nt ] C. Shen, Z. H. Zhang et al.2019< =

g S i Fof AT EY E9HR vAs FF=E L8

o

o, ©|7]  Homomallium plagiangium, Cyrto-hypnum pygmaeumar,
Brachythecium perminusculum®} 2= Veronica arvensis, Youngia japonica,
Prunus salicina® z232 % 2 A9 Hdd AHEsH] £2 A& T2

2 A4t
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olfjo| = Ek o715 HIlet AdF WANE 24T Ae, BEYY HS
T7F S/VsgE A Ay EA1%h David J. Eldridge et al.(2023)% 44§ ]
e EYET o]7] ofg) EYlA EF AETSE BE @4 A, & ¢
3

d, F7le 2l ' WD Aol vidE AXA 2 oHtolevx 5 AR

Hee BRsA st sAd & &
SH Aol W EGASTE o712 Q7 FeadE A dEE FHR
AT

g AyYATANA dugd AAA G’ = A3 EF A2 Biological

sail crusts, BSO) .2, FE AR, 257, AYF, o7 5 vkt HEA o &g

Az B 28 G931 JAHAEE 7 B dAkeh 2ozl 725 ond
Th BSCe AlAl Az A Axde] HYT0 % Qi o thr]olA k26
Pg Clyr& 1AL & Aok ole A AA A S F5F 7 %ol AS7

=3

Ting Xie et al.(2023)= &= Tengger AFE A Ho| A o]7]Z o]Fo{x] BSC
o} o]52 w A (Mobile sand dune, MSD)E%FS] SOCE AR A3} BSC
Well A AR 3ol =RAAA o7l Hed +, SOC F=3 H]+£°]0.03
glkg™ - day ol A 0.04 g/kg’ - day'® F713He ElEidTh =3 E FE
FFI == SOC FE3E Aojste Ta3 847 71d9 7M8A4s §
SOC F=3t5 7I&53te o At 3ok BSC g4 wE FA= =27 A
o] yom FAAHCE 9 A4ES JkX BSCE 0.11 cmolH 639 A<
EE 7%l BSC= 1.96 cmelRlth. BSCe] SOC #F=slol| d&Fs vA= F8
2212 CN Hl&, pH, o719 &%, B4 mA 9 HE 7 S|t &
3] SOCY A%, 8 H oF 54 gkg! - day'2 F713e & £ Yok =3 =
7Hd CN& SOC #4& FFeon mAaEe] A4 a7%s S5 6

CN HI&o] 25:1 o)<l 7]do] Basite Ae Hsiit olF vgd &

- 16 -



G B 25 APl AA FAAHoE wjk 147 Sk FE3HE SOCY &
© 217-420 gkg” 2 028059 ghkelo® 7+7t SOC FFe| 18.13-37.87 %
2 26.34~57.14 %ol Zét= AHE AT &3 Laura Concostrina-Zubiri et

al.(2022)= BiocrustE @4sk= A7 o717 walle B9 C, N, P9
FoFE =3k 71og-S Bty APo)A ARE3E o]7]+= Syntrichia caninervis
2629 o 92 %o A &A= 3o SOC, DON, NH4+ % 14k8 49
G445 7M1 19 $of] pHE ZaA1Fth Peilei Hu et al.(2019)= #lol 2

AH2EE TPA B Bo) WalA, vlo] o AAES FEF BY PHL

me
z
Y
r [}
i
o,
1o
Az
(o
2
x
%
ok
o
N
ot
N
A
o
ofr
ol
k=l
A
N
-of,
D

2
1o

o
o
2

Ry

o]% Anita Antoninka et al.(2020)9] Aol V& WA Syntrichia caninervis
&} S ruraliss WEoE AobHH golE i ehs Hlol eI AE #UIAE
A SAAA vk T F BT Ol 6ule vlolemj 2~ F7F a3E Tt
Agkom, utol ez~

AATE.

ol9o = o|7|Z FAH Biocrust7t EYS FEEZA Ao HJIFS wHT)
A1) Eldridge et al.(2020)2 20203 oA &
e 10971 Ed=9 AFARE FAdste] EF Bocrustd] dEE F7ol
e EYY &3 AAHS e, ol Sl Bocruste] St B
of HFHo] ity &9 A FEARto] dEHY FF EGSAA
AZrgo]l sofuUAl ke AL YelWlth. E3E Biocrust7b W] 7]
|=3te A

%
ste] £ E3o] BL AATEL FRHAL ok o7 4w

ES JgHoz 37 2o A8se AUt B 5

e
o
tlo
=
of
et
2
-
e
ot
rh

il

o
=

N

o

(

!
4
ol

tio

watel £3719 F4 Folx, Bo| EF £02 ol A

_'?_

rir

%

e
B



(cuculate leaves, leaf hair points)e} 33 US wiZlZ 3+ FZ(amellae,
papillae)oll Al & F3tal FA317]ol 7Hedltha(Tao & Zhang, 2012) A
& Aok o7t = ARSHE o] T2 EYY A, Y4 = A
& 5] 7P &I 93 YA <)7], Bocrust7b B Rl
S

e HA AEA ARz SAEAL dEFE 1A F Ao = dxA

wat
Wbz A Qe B HIEEE fA8h= o 2lo] Biocruste] HEo] T8sitia
AAstH oH. Biocruste] &4 HHEF SOCY &4 F7HN7|L EY]
T B 599 EY mAE 9 A {4 59 AstARS FUsAh
Kasimir, A., et al.202D o|719] #3HHE T LAUHF7E)S 2
well g A Bl SHHW AlZto] Aol w2} SOC poole] BEH = A
< st en o]z Aol AW oA EdelA iyl CO27t W=
= 550 & x4d vlg diHor AeS AUk
Chiquoine, L. P., et al.(2016)% BiocrustE 2@ 59+ Ax3 AHz HA3
H, FE HFsta thdA #5ES A3 18719 7|tk 234, Biocrust W A
oot o717k S7Fskdom AlopmutE 2ol FEte] "= 43 % 3 HH A,

o] B FARE 454 FEFE AL BEY vEE 9 A4l

d

i

8%, Biocrusts FEY A, 34 olvfel weHA @k A o] A}
53 BEo g BUT 4 S-S 7HEY 2™, Rosentreter, R. (2020)= ©]7]
Fol weh Aol WA AL WA B AHT 5 A, o717} 48T
FolE B4 B F 1 B4 AU A% AN B9 =z
Atk E AT A Fuz
o

g TEEH, ABWIlE RAHoR WAsE oo EA

AEZ Fystrld AR o7 & dAs

- 18 -



(spores) .2 AJ2lsly AR EAZ2(fragmentation) 0.2 A2lste] W2l Eo
WE ol L3k o3 Agzte]7]e] EAL S0 mEA Agetal, =
Ef o ety AEA o]l g 34, 53] mToly FuHstE 29
ol Agshrlol AgetE & & o] B AFelE AHEH AT

—_

5%
B nSEE A 43S ds AU g3 FPoR YU

o
ofd

T3

wHoE B MSEE 54 /I B B B EASE 23 /bsa

o
om
Lo
e
b

e 2 AHe¢| F+&u(CitationFageria and
Baligar, 2005), ¢]&< ©4& (O, 4 H), 4x ©O), 22 (N), & P), ZF
K), Zs (Ca), wtads Mg, & ©), 72 Cw, & (Fe), oFd (Zn), Bt
Mn), 54 B), EglE5 Mo) 2 d4 (CD. YA (Ni), A8 S) 2 IPE
Co=, 2= A 43 Ao =2 7kdy. C, H ¥4 0= 84 & ¥
A ¢k 95 %E A3 I B& Fall AEe FFHH, N, P, K, Ca,
Mg 2 SE A&59] Ao B ¥ FA= 3y Ui Y42 IHA Uk
Cu, Fe, Zn, Mn, B ¥ Mo& 4
dHA ok ool Cle A &EA U 557

o

m{E
lo
o
o
o
B~
ol
o
of f
<)
ko
o
=)
=)
ol
of
o2
B~
fru

o
ot

A 9 FEY EA49 22 g1o= Qs A 2 4 d+=ul(CitationFageria
and Baligar, 2005), ©o|& ZAZE opfg] HIST Edfolet A g & A4
849 FEd wet i olA S F A wEA ARl B A=
AAE % HA9 & 210 2te Edoln, AA 21 dedA BE AE

A Q45 HAH FEOZ FAS:= AL vl$- o H K itationFageria et
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al,, 2002). wetA] Adriana Allek et al.(2022)2 74 7Fs3t ES

[£ 112 9kl ol 5e fAstn stk

O
R=)
do
k1
Jm
ox

[Z 1] 972 =3 7}58 £ME 717 EQ49| EAM(Adriana Allek et al., 2022)

2o A% Eopo] 24

Texture

Bulk density

Porosity
Physical . - .
Soil water characteristics (water potential, water content, water
storage, soil moisture, water holding capacity, hydraulic
conductivity, and infiltrability)
Other (soil temperature and soil mass)
Macronutrients (P, K, Mg, Ca, C, N, S, H, O)
Micronutrients (Al, Na, Cu, B, Mn, Zn, Ni, Fe, Co)
pH
Chemical
Cation exchange capacity
Soil organic matter
Other (SO4,C:P,Ca+Mg,N:P,NH4-N,NO3-N,S-504,sumofbases)
Soil respiration
Enzymes activity (beta-glucosidase, phosphatase, FDA hydrolysis,
protease, invertase, CM-cellulase, phenol oxidase, urease,
Biological

dehydrogenase)

Microbial diversity

Microbial biomass

- 920 -
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EQfol A%t 715A Aol A=AE Uehle EYY FEH EY
71 gk4(Soil Orgam arbon, SOO+= A AAE Adth. EY F84L E
Z g EgF EA &3ke 84d 9 ZAA " oK itationFageria and
A& 1A% Aol FdEEHI E
G FE BHE FHo| FEM Fdi9 ol & 7hsAol e SOCE E
Gl EAshe 7714 E49 TFS s 2 A5 2 F=9 2, v

B 2 FAEEdRattan Lal, 2016), 183 F71E8S EY
of Fx& JAY MRS TV EXY e g H A 71wl
T8 FFE vAE A EF FEE AAsSe Id4AHA Qaion
(Gerke,J. 2022). metr EFe] FA3 SOCx= EAHH AF=f Jor &2
S A7 Y3lME SOCe Al 2 SV F83tth

o~
=
0Q
o
=
Do
[a)
o
<
ft
%
o
=13
i
o
otk
oy
i)
(4

Pels BEY WRE JAFS S0CY E84 B 3 23S 3l Bes
= 7198t B 4AE P83 3 A AA SOC
B2 wAst= 93-S 3t} Laurent J. Lamarque et al.(2023)S Eokol] 2
5L FYT A, EY 77 #4600 =2 #e 7141719 plant-enhanced
mineralization(positive priming)= SOMellA €409 FAN)Y A7 AgES
Fidtte 238 Bt = AE N 787 EYY N FgEn @2

I
-
N
mlm
oi
T



B B WAES mE 1ASE Fo SOMAAM N& Agdits 2&8e

UA OE E OE AT FAY o7& F8Y Afole EY SOCE X
AN ¢ = A3 A7 Axrt Atk Hengkang Xu et al.(2022)= ©]7]2
SOC &&F S7tell digk 7Mde 19 dA7E F3 AFsdet. a7+ 2%
BSC= BSC7F $le E%el Bvls] SOCE 70.9 % S7MA#HT. E3F Biocruste
SOC F7F&2 =9U(32.7 BET AFEH120.3 WA o A Yelgth Foli
o} o]7](67.5 %)k A2 782.8 %)= ZF(58.2 %)l HIFISOC THBZAA D
2 AR FHEHAJT 53] o7|E FAH cruste] A, AFEH991 %),
=389 wE S7HA

ol9]o = Rattan Lal.(2016), Gerke,].(2022)= SOC7} E% U Fd&o A=
7 7H88S BT B ol g WAYZ 3 EX HIS =] ¥
2 B¢ FaAgst
5 BHEthE A
715 SOME ¢F 45~60 %E T/d3t™(Rattan Lal. 2016), N3 Seo} Z2
Mineral Plant Nutrients®] =3tell FaFs vA E 25 Helo] ¢ &
FOHEA)el Aol FAAA 9EE Fohe AL THE
ATt

AfHo R 9o} 22 AFEC o3 SOCe SOM2 EF HHE A=
ARE M gy AHEHA o ZAESA SOC IAFS 15-2.0 %=
(Rattan Lal. 2016), 1 % w9t wj= SOCe ZrAart AA1e] Aol o F4

di}

o

3k

m[o
ol
rr
>

d
B
O

rl
o=
o
lo
)
=
i
o
b
o
o

ek

2
X

o
of\
oh M
9#
2
‘g
E
E
-
fr
w
@)
O
N
Hﬂ
éé

rlr

B 84

o
rlr

re
P
()
@

o
[

;4
Do
S
Do
N

o

ojf

—_

Fow §AT u, Bae] T2 IRAT FE BG UL PP B
o) pH 9% $¥< s4bela CEC ®i 24, nhul4, 2839 2 25 9

Y4B ALHOE FARD FFAIN EF vBe] RS st 4B

o §4E BE B EF A44T 4F 4% glold Fasith SOCE B9



AF2-EITHS.H Schoenholtz. 2000).
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3. APt AEA

7189 B MgPAFolAM EY ool B fries, o
E& ol7] @ JfARt= Biocrustegle SEAE FACE MPF T 9lom,
Y A4S AR EY BT QA AFE s A= HFsh
B

AToA e HA AFEe} 23gor BEYeldtes S EY &4 3%

S
2,
o,
ok
e
-

Ml

p|£
2
vl
[
4]
i)
o
fm
o2
rlo
[
il
o
Y
e
o
2
N
ox,
2
lo
Hﬂ
0%
=
do
bt

_>,i
O::
ol
rir
§
et

R
i)
_O‘_l
R
tio
R=
H
o2
s
do
b
ko
P~
lo
olN
)
tlo
i\
ol
ol
R
i)
2
i)

= 718t 84 Wg 84E BT FASke AASUld B U 84 WHske
ol71¢] Al ol WA AYS SJr] et
o2 st gAY ARSIt tidA AR dAA

NDVI(Normalised Difference Vegetation Index) S4+-S 83t 393l Azt
sHAl JPHIL e XS EF, B s BEY B A7 ddARE AAs)
Aom, B A} 28A ¥ XY EY =Tt dEERE TRy
olag a8t 9k

npREro g o]7]9] FFol wet AFRA E AR 849 F3 AolE
TR BT o7 EFS F IIRE ARSSIEeH, #HstE Ay
A WellAl AfFHst B dAFoA S/ e EF U &
sl EA3H R oj7|HE EY B HHgHo3le FE]
Z0°| 7Fs sl AA "

olF TS, ATt 2FT ot Edolgte ST BEY ¥ 4EE 1
HAo= A, s g A4S 94 AEE FEste AASATE A,
o]719] %o wet 2 EUEE =& FF B A 3 FFE A

4 % Avke A B ATE 184S Adoh

>~1

AA]

bt
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A7 AT HH HA

44,

o
T

g Al

19 9%

54

HI: A3 A2 0]7]

ol

2k 2fo) 7}

¢

ofw]

uekd 271

5 a9s

}

o1
A 3t

o] &

o

Agol =]

Ef X~

<]

K

Ae AR

H3: 43 9Fol4 799 o179 3]

EoA 10 cm7A] 2] Al Eo

-
it

7|Eo2

- 95 -



A3 ATFAE L P

14, 79 ¥4

L &34, N3t 9
AT WA= AFA TS Foeleh AAZA dER T A
A)3H33° 19 3251 “N, 126° 19’ 1870 E) =ug QFoR EiE
439.6(1100m, =2 306,369m20Ith. o] AlZhA M elE 2022\ 8
g el B9 =8 o HolEAlS ARSHITHIE 5] =9
2 AREE B AHES 2022 8€ A4de AFEAoH, dgEA AS
T 2022 69 AA 20221 119742 @AM AR A ABE AHES
Sk
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2. W83 ¥
AT tAEL o7 Folth. Aol 7(Rhacomitrium canescens)et BAE 0]7)
(Hypnum plumaeforme Wilson), Aa"7tol7)(Ceratodon purpureus)©|tr. & A
7= NDVIF|o|E &} Eof HIS = HolEHE T3 ¢ 2 Aol AFHAUE

AT P AL, AT A S 4B B, L5, FEol

F
P
2

[e2

ofHle AFHolE B WelH AAHOE o7 HYAA EY L= 4

olEle] WakE A} ATE AYsAck
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24, A7 d8A

1. 97 ddA Ms
B oo gaA AAL te 271x =4S HeAo 7z Akttt (1) Scoria
EYS ZAZ 3 25Y A, Q) AAFAEAZE AA Y 10d o] A&H

A& A, Q) A FHEANAN 2 EA HJBES A7}t THed ST

Ag 2AES A AT PAS WY A9 Scoria EFe] 3}

of A HAS FuH BAT 5 Al o719 B WA B 7o

A sk

A @ A,

>
e

Legend

- o8
BN Scoria2 BXE §# 0
- sueeE

g s @ 2 RAFAEH UMl 28

(32! 6 917 ChAR| U MFE W 9F 8 A=
- 928 -



AFA T gtk A7ZA Y FFed 2A A7 (33.3269 N,
126.3242 E) U 2EL F A9 75 717 B8 3aKE 439.6m, ©

2 306,369mAeltk. Ao HMEoR Zu WA W 2w 377} o
H 5&ole FAAR Ho Zuy] 2ok d¥sFrt YAsta, e
£ oF 400me} Zo] 4mE ZEOZ o]FofH AEA BAXNGoT AHH
At -uiel #FAel| og AF spe] AW Fo] £ Aol Az 2008
W R2ERE AAFAAAEUADE AAE & 20233702 A% AAFol

AT FolFol tha FEIAL W &

Lo

&% 2E9] JApt o, B 23 oKScoria, FoDE EAR sk
Eoo] FE EA5Y USDA EY £/l wt=2d s4ts] E(AndisoDZ 7
"ot 2 A7 d3AY =Yg eE B T BEY FU4F ddste BEY &
s E(AndisoD = EAS AZAoln AE EAZL 2 d(Clay Loam)e]
BEEE nARAYESIE Loam)Z A3 g ol E4at $o)E "ot

rsﬂ

A
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3. AF A AEHY REEA
=Ue] 989 298 Aol ol Qe Fo2 =2 o Yoz Wy
ofe) WEEo] 4]
o5} 247} sl5of
ARG, ANk F 5L Ewlo] 1T otk 2Y¥e] AEAYL
W o} Chenopodium - album), S At2A SN Eurya  emarginata), 7N} #

(Persicaria longiseta), Fme)%ZJusticia procumbens) 52 #zx9} £gFo]

SR AAFAIAE AATEA LW AIgre] Ay AUFaEs HES
AHEY ZEE T g2 % NG E] $AA AN 85 (Paederia
scandens), JAVE(Pteridium aquilinum), $7E(Leonurus macranthus), =%
H(Pinus thunbergn) 5ol A8t AAJTE. 53] 1A A-¢, =4 A
(Asplenium ~ wrighti), —WZ3Ae]  (Pleris  semipinnata), — 74=4] AAME
(Arachniodes aristata), FE- et A(Rumohra adiantiformis) & ©¥s AR
ol AL AATHLH 8] T3 AAFAA] oldd 2AT Aoz +4

-30 -
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Jo =& N o wW = Ty ol
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it “—d_ﬂ o _,&m 1‘_||/_.r “—d_ﬂ - Uz Z‘w
. ) F o= b m g L) i
q X0 = o) H.fr Zt Qﬂ HT_ ,M o
"oy 2 E 2} o5 T
= N 55 R T R
\.L! 0 ./\ — oR o
"EI A RS
S ol 0 =
% T 0 g E:w = M o
¥ X 5 W o Ton B M
= T o W o] m - in B &
™o o4 T S ERR R ol )
= iz N Y o =
T - Mo R e B
5w m a» ofp m_a- = HE 5 o =
— > o 3
T a5 S AT A
1_,_.Ao .._c..r_.a = uwl - % Jv_._ ‘Ul 3
A oo o Mo T
ok T2 w T B g e "
B = X o of = U i
w2 w E @ R R T i
oy g N o P g T o
oo s & o W =0 OE g N
T4 m s \& A %o ol 2 " T _x,_, 0|
‘N m .zo ._ll.,_ ﬂo &_v _Iﬂ_ Jl O_I NU

ol o

bl 95 Aol A RAR
e &4 @4l Yepgh L, F,

[

ok
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o} AAEE
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SHTHE 91 %ol WA T HHol
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S 4870 W8 LARA e APA shabdolscoria)’h
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H Zo] A3 giloy E9S ¢ 2-3 cm 7} 8|2 A, ¥He $ojrth
2h2 QARe FAN Bk HT F Utk B39 AAEE 40-505=
¢ E2 FEoIleH HEAM A, A= o] vintE AR Az
et dEAe Hr1EA)] SAUDNT (Boehmeria spicata), w3z
(Poaceae), F-*<(Selaginella tamariscing), ¥V (xeridium dentatum), 3%+

H(Pinus thunbergi), A=~ (Astragalus sinicus) s°] 3= At}

(02 9] =HE2|2E He 237 Ah

Webd Euel oo WEAY BEEHS SUSW, AU BEozyy
BYTA 28

aglon gAFoR 243 Fde) @

FEaAT. T, Aol 98 BaT: 2Ed 2ol 2 29 2=
BEOR o]Fojzl YR o] Foj2l Zo| s AU} B 284

FAE] qden FolT &Y AR sl FES] AN

A= g4
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AFEE a9 A7, AY ol FANE BRksA AEste] o5 Mol

= BEEE g ofa 49 ¥ o] A oExIs swko] Zste
A, Vel Axs} ARG Aedols BAAAES] dgor exel Ao}

SAsIT. dutd o nigro] Asite SAS 7L ok webAd 2 =Y

3o A A AYEo]
7hsstm Q) WA B A AHEE B vk A AED 5 A O)
=Yg &F el AAstolof does AA e AAsAH. 1 23, &
o] JPH FolF< Tt M=ollx dFs] AL e HEFTA °17]

F(AEe)7], BAE 07, AL BIel7)E At e[y 10] 7 o7 &

Legend

e xEEom
Mejom|
A"

[O8! 10] 7 chat o7] & T= ZeK| 2xE
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1. RE-w7lo)7)(Ceratodon purpureus)
A gzl 7= Ao 71 2h& A o712 AA ZA Rk ohg AT
E W2 IR Aol 9 Exsha vk ‘Redshank’ 2 Bv we
HE o719 dFolth AE ol XA LPC, LPE7} F4-atA L= =,

ol A= Wol AlzHle] #Aofsia HxHUetE A=AE Hidske dTe
sty 7] &b Aol Zsp Apke HAsks A&l AtkWilton RS et

al, 2022). A B BFEAEG o] & Ex AMHE 9 e 2I7pF oY &
Al o] Agoll Bof Aty 800luxe] Fx7olAM 8~10413ke] d2AIZEE 7HA]
70 % ool S BT A, 7P 2Es] sk AeE Uehd
o dFEe BEY F¥dA 2 Adn 53], S=eka wjvt 29 pH
5-6.5¢] Y EYES Amdves 54l AUtk 10-15° Co &EolA 7HE

f

So FRzo] YA Holof A,

[ 11] Ceratodon purpureus2H(E}) FZHA Ato] H&()
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2. A& o\ 7|(Racomitrium canescens)

Aeol7le ¢, B8 Al1g 1218 AR o= 18-%5° Co) 7152

2 71 Bakpe] W/ RxehR QT 58, AFE vER gau a5
A &3 B 5 Qe oF F shuolth 4bAe] A HLE HESl 91, Y £

o 94 g A7k Hgsh AT Sl Bel Auth FFol FEE 50-70 %e)
BN AESE 3 GeAT WHEE 7 AEEol Faith 2

[22 12] Racomitrium canescens2A%}) & m A& o] BEH(R)

3. @9 o|7|(Hypnum plumaeforme Wilsomn)

gAgol7l= 717 ARFoR JHA7) Bol ZAeAe FES o7[ad
1312 Exkgtel] YA ExstH AFE HRg = dGelA Asta o
ok ¥R Ee FAEEE AR A7) BE FA9 53 vk fu 7 9
o JE moko g wof et}
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£ B4 oy 44 2 AR AT

L 4 dd A9 44 2 A5 8 d3A 44
NE AS g dxPel A AA AW AYE st 7H FRe) B4
ultispectral #=E DJI Phantom4 RTK multispectral §-<217]

=

=5 F2A7 m

AAste] F9E A% LIDAR #F9< 2839t £ 6714 Az EF=
HHRE), ZHYANR), S4G), HAR), FAB), 7HAZARCGBLOE 3 #

S Y it} 6712 A=t S ZYGH o]F 2§t ohkdt g
GESAT FYL 208 H1 1=9l oF 40mETh 80m T o] YIAAA A
af, ¢ 0= == &5ste] 23] APH|A 7] des FHHCR
HE 465 2452 FYEy, ddEE 1600x1300 4:3.25)]t) o] F A7t
&

rulo

GNDVI F71A] AAF X5 F23AaL A4 FH=E gofsr] ¢
£0]3 NDVIZE A|%=Z 839t NDVINNormalized Difference Vegetation
Index)= A4S AFHoE FAD o ARt AxolH, 249 FEEE
UehdtiRouse et al., 1973). AMRed g7 ZHAXANR)HEL o] &3tH
Aol "R Ee] u AFsta o] £S5 AF ZHAAY RhAbso] #
Vel AAE e} SEAS Hrkehe R AEE ARSHETE -104 1
#e zton 1 o e E AY Y e 55 Yehdt{1d 14]

R
N

¢
O
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FEF NDVIIH SU9] 289 4o SHRE 474 1 o ke gho.

b e W ol 2yl Yo UFHT YR A4
0.3 A= NDVI #t< zt=tH1d 151

VI BEEE S04 93 BT UR $01F £Y @do] wazgE T

B fA% A4A ASE A% HBASHE ASE A3 H4BY=

ke THL HE Ao Rostn B AT AR 44, bm A4E
=

2. EF AE AFH
EQARE 20229 8ol 1097141 9] 4318 BAbe} 20233 3LolA 497t
29 22+ FAel AA 10em Zole] REE 13] 1 kg¥ F 2642 AH3IA
. ¥#E AS& 10cm Hand auger (Sing Edelman auger, Eljkelkamp Soil &
Water, Netherlands)E ©]-&3to] thd LF2 FAF A3 hAFFo= thz
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A AR 34 AR BEEANRE AF st A4 £t AHAT B
NEE FA8 2m EGAC S & @A A BEeF B A&
=4 HI(National Institute of Forest Science, 2014a)3} I (National Institute of
Forest Science, 2014b), EF 2 A-FHAIH7|E2] WHo| Fato] EAof AL&3}
ATt

[O8 15] THEQE 3l& SAX| W EY AZ AMFXH Xz
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5d. A& Holg #HS 3 4% AT

1. B #7]124(S00)

SOC &#e 7z} 4719 EoF=Biocrust £ EUZE 0-2 cm, 2-5 cm B9,
5-10 cm EYZ)ANA EY AEE AMFAT & &t B AR 5392
H, FABZ37]71S0)8 Pl=EAdsE](ASA) TolA FEsME WHoR &
F7l=el ©27F 2E Ja &AF FAFAEER 22 AT ASH
ofsf olitsteag 4stE 4 Utk dYd VxSt FaAEAEEY 2
G A4S ARBSl BEY ARY f7les AR By, FAAIESEE

Frgdoz gAHs HA st= WA Wakey and Black® s dichromate

>

oxidation method2 Z43}%Th

o] % 500° C& 2AZF Al %9 Zd ZHLODS S48t SOM &S 4
ARtk LOIE HAA%OM = [% LOI x 0.7] - 0.23)& AHg3te] SOMo =
W3t om o]& van Bemmelen factor 1.724(Cambardella et al., 200)& At
83t SOME SOCE ®Wgstsit.

2. E¥ A=H)e A1 ==(EC)
By} 2749 H|&S 158 o] nlo]a 2 o] B(CEME E3 7IEH53],
303 F, pH Meter(Thermo Fisher Scientific)2} Conductivity meter®2 =73
skt

3. 71=(OMHZ
[ESEHAZIE] (2019, 7. 31 ZADO we} SaFAPEK2Cr207)3%
AHH2S0H) o2 f7l= st & A AR EFBEA

(Anlyticyena)& %3 #=

rulo
[

243t FAAEP(Tyurind) 0.2 A &3t ch

mlm

-39 -



4. F+EJALHP205)

Lancasteroll we} Qabzl&e 20mLol| B9k 5g5 FU3 H, nlo]a 2]

B(CEMEZE 8(13], 1088t AAAE Agde FEaAth 23 &9
3mLe} &9 6mL, l1-amino-2-naphtol-4-sulfonic acid 0.4mLE &3l &

+(@30° C, 30DAUT H, EFF=A(Anlyticyena) 720nmolH EF&He] A

e Azt 245

12

5. AdE AL, FRYolgdr, ArAFE MR & BF

24kl Kjelahl #4418 7]Hroz A4 B47(0PSIHE T 243819

=
it
oL
k1
(@]
Ae
oL
o
£ 9
Jo
N
oX,
(i
[
it
Mo

33k &, N-Octyl alcohol 3 W&

+ 5 g& Hrksta 7FE(100° C, 117DEke] Gzl
o7 FRHIL At HAiAFS =t AitHd A NaOHE <] 83}

FE8AS dAeH o7 AxF H, de vada’ s alloyE FY3te] NO3—N
S NH4+-NZ HBAZY o]F A E NHA+-NS 2 % 548 50mLo £
sted 0.0IN H2504 &Ho= AAHth dRUoledAs EY 10 gol 2M
KCl 50mLE o] 30%37F M8k ¥, Whatman No.2 oJ3z]el] o3s}ch. o]
T oS P o E A=xdr] A3l MgOE Fstal SR ALt
s 4718 YA A E NHA+-NE 2 % 54H89 50mLol E3 5
o] 0.0IN H2504 &9 o2 HA4stHct

[0

b
e

6. & X
sieve analysisoll w2} 67053 m, 105 m, 250 «m, 500 «m, Imm, 2mm)e]
AR sievingdtel Z2HES} APER &7 9 YEBEE B4 #42

ASTM D6913 ol we} sdsigion, B¢ A& T2 FFe A7
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Al HA 105° CollA 2447t B 2B Axste] AAsHTh o]F A
Z¥ AMZS 53um, 105m, 250 #m, 500 xm, Imm % 2mme] Apo]=ZE 7}zl
671 A 28 BH3IATE e EY YAES ¢Hs
2 A”IIE A8t 108 Sk J"aen, 2 Ao ¢ S 7158t

&< Aitsith

M
i)
ok
N
o
%
N
)

7 Eof w-go )

Kl
M

7. 0171 Ay & A7 &4 W 43
TUZLE W AF AT EYG AES APAEE &1 v AEol7]
(Rhacomitrium canescens)Sy BA L o|7|(Hypnum plumaeforme Wilson), #|-5-8
Zrol7\(Ceratodon purpureus)’s AAAFol A 193 Axg F st B A
=9 AgHeH, RE S o5 e H=o] AdHo 2% 25T,
FE47 %, 2 2218 Lux(10h)e] 2o)A 453 A= Aok

8. AL
EA RS GraphPad Prism 5 (Version 5.01. GraphPad Software, INC. 2007)
& AH8-38te] unpaired t testE A THP0.000D. BE 42 skt Als
g k59 WES

- 4] -



A 47 A3

14. 4 Y584 A

2 47 AR =L

a

al(f
Wl

FH Bk dFst= 34k E(AndisoD) 2=

EAL AdAon A& BEA4L A¢d(Clay Loam)elH e mARE FESI

Loam2 23eok st SoD2 Qolglth. £ ZEAEY B9 B Y 74

oM AP EdARe Y B Avs

(% 2]9 2o

[(E 2] 24 EY A29| Y=ExE
Sample | d<53um | 53 xm<d<105xm | 105 m<d=<250m | 250 ¢ m<d<500 ¢ m
&
0.09 0.48 4.79 6.37
A A
RS 0.23 1.12 8.83 8.99
AHB) ' ' ' '
£29d = | 500 #m<d<1.00mm | 1.00mm<d=< 2.00mm 2.00mm<d
S5
0.96 29.59 24.2 34.48
A A
A&
0.86 34.95 21.63 24.25
A tH(®B)

7 At EcKSample A F& At EcKSample B9 974 £4
S Ad, (X 2]9} 2ol =&HALE A& Avle FEnls AL 24.25 %, 2
56.85 %, ©lA} 18.94 %, HE 023 %=

Loam)el] 3fggttt. o]
Z73 FEAY B BF 7)&717F gukek FalE gA|nk 2

Aol Fagol Axm zPAe] Fepol

= H

- 42 -
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o, ol WEl FAEAwe] kel APA g

S & 4 Aok =8 FEA(coefficient of uniformity)e] 7

, AEAY ] Bl 1.0 A AEHER 20 gd HA & 7
T ootk wdd 4 glok Buk ojuE iz

ong JEAre Ege Brh ¥ TIPS AL Yo} FF BUS 5

-{o

l

d  EgRAEol e Ay MHE + e e At

Grain-size distrivution curve

100
$
=
= 80
=
£
a 60
E
[=]
o 40
o
=
2
20
E
w
& 0
= 1 10 100 1000 10000
Grain Sizes(um) in log scale
e A B
(22 6] Y= 22 =N
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[ 3] EY A2 RIS BM Ho} (TH: %)
HEE
1 2 3 4 5
NE
FA g 0.29 0.27 0.28 0.27 0.28
EPAL]
0.60 0.54 0.61 0.68 0.64
°]7]
| Bzt
0.62 0.56 0.64 0.61 0.59
°]7]
A glo]7] 0.59 0.58 0.65 0.56 0.62

4 AR 3] o7& AP AFA Frlekart ¢oF 0.3~041 % F7Fst

Aom, Agol7e] B 7P @ BaA 2HES 1w dide]7]e} A

ZTControDZFE ANOVA EA4& 53] #93k zol& HAT A3 0.0001

BT FoMF Aol7t BAF AL FARPOW, FI2 t-test AT 3
TEE T F7l2 A3E Fdsdvad 171
Carbon
Original Conc. Normalized Conc.
1.25 0.4
1.00 . ‘ 0.2 . *
0.0
0.75
Syt ——
-0.2
0.50
-0.4
0.25 L’r‘ - 06 H:_ =
E Ié @ 2 § E; @ K

[0 17] §7|EtA Normalization Ziz}
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2. pH ¥}

[ 4] EY AZ29| pH EM ZAT} (B+2: pH)
W
1 2 3 4 5
4%
L E 6.83 6.82 6.83 6.84 6.85
P
6.52 6.54 6.58 6.51 6.53
°]7]
2| Bwkzk
I 6.41 6.39 6.43 6.42 6.41
°]7]
A el7] 6.48 6.45 6.46 6.49 6.48

A Az 3] o7&

t B0l Aehrlel A

Ae)g 284 pH7} oF 0.4~0.5 ZFastgon o

OFAL A

1w

d(pH 6.0~6.5)¢] ®H{I(R. Dwain Horrocks,

John F. Vallentine, 1999€ uyehdth. Aglo)7]e] A5 71 =& pH T4AE

Haow B

°]7]9]

A% A Ae 3

AP

25 BYoy AHeEg o7 =
a7t Ak diz=FContro)EHE ANOVA
ARE A3 00001 0|32 Goju]st xto]7} B

pH
Original Conc. Normalized Conc.
== 0.4 -’"
6.7
0.2
6.5
e =f 00 — =iy
6.3 camrty ey e
L] .
0.2
i —? o oty o=
5 s n 5 s »
© z o T
[Z2 18] pH Normalization Zx}
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[ 5] EY A|29| 50204 M Z1} (2H2]: mg/kg)
HEE
1 2 3 4 5
NE
A8 8.29 8.27 8.28 8.29 8.26
I=PAL=!
14.31 15.27 15.43 14.73 14.55
°]7]
| 5zt
21.47 19.46 19.87 23.11 22.08
°]7]
A g o) 7] 28.63 25.43 23.88 29.41 26.5

fraQl4HAvailable phosphate)] 78-¢- thztell ®lal Al 7}A] ©]7] B5F 20
%ol F7He AE BHOH[E 5] o7] AR & Bk Qlite] Frhst

of ol ol719] BR HROE Qs Ee] REY Qlito] neE oE 3

g1kt tl=FH(Contro)25-E ANOVA 248 Fa) 23 2loj5 #A3h

A3t 0.0001 oJat= frofm gt Apol7h WA AL FAsteHad 191

P205
Original Conc. Normalized Conc.
o 14 o _,
11 ._Y_ q.—
il g e o
=== ol L
10
9 11
[ ] —— gy
5 § ] 5 'é »
o X Q e

(32! 19] S5 2IA Normalization Zi 2}
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[Z 6] EY AR R7I8 EM A1t (SH2: %)
W
1 2 3 4 5
4%
228 0.64 0.61 0.63 0.61 0.62
EPE
1.34 1.2 1.36 1.51 1.42
°]7]
2 gz
I 1.38 1.25 1.42 1.35 13
°]7]
RERY 1.31 1.28 1.45 1.25 1.37
#71%(Organic matteN& EF U 523 AR o7 {75 o] we} 2
A5 FeEga & 4 A Nagase, 2011). -2y} 7] 7= T
o oF 2-3 % WIR(HEA, 2018) 2 Woln th=T(Contro) EFe] A%

S f7lE dFeE HE A ™A
A BHT o715 A A oF 14 %= 71E 06 %W =] 7&E FF

of vis| A 7k 23p7F SAHATE 6] o= o7 A= As| °]7)7}

o) Z(Contro) 23E ANOVA EAS =3 %9 o)z 7
olal2 folu @ Aol7h WA AL FASATH LY 20]
- 47 -
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Organic matter

Original Conc. Normalized Conc.
25 = mlegtow - e
0.5
2.0
0.0
15 = =
-0.5
1.0
-1.0
[ ) e
[12! 20] 27|= Normalization Z2}
5. ¥ol2 A&y, AALTF W3}
[E 7] EY A2 0|2 &=y EM Zo} (E+2{: cmol/kg)
uhg
1 2 3 4 9
AE
T4 g 2.1 2.2 2.1 2.2 2.2
8718
== 42 43 41 42 4.2
°]7]
x| gzt
= 48 48 47 46 48
°]7]
Al ] 0]7] 3.1 3.1 3.3 3.1 3.2
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(£ 8] E Al29| MELY 2N Zh (el %)

whE
. 1 2 3 4 5
238 0.028 0.029 0.028 0.026 0.026
1= AR
=7 0.079 0.077 0.081 0.078 0.079
°]7]
P AR=R Zl'
s 0.071 0.074 0.07 0.072 0.071
°]7]
A g e]7] 0.061 0.061 0.062 0.059 0.063

ofo]l & X35E(CEOIRE 713 AAAZHN[E 8]9 ¢ dix+Control)ol
Hls) €3dol7], AFwito]7joA 2u)o]d JF7FSIATE ol A3

CEOE #7187 Qe Belo] gov 47127 548 A¢4L BT,
webd g3, ABudel e F718F7 ke ol exBEY Frhsh &

ol EAFTGIL £ F ok 7HA o7& Asts Wl ol XgsH ol
F7kete] Ecke] AHdstE At FHstE EY IES B A EAS
7FestAl stedl 2 719E doa 80 4 ok di&T(ControDZF-H
ANOVA &A1& Fall fofdt ztol& A Adt 0.00010]8k2 FofH|gh A}o]

CEC

Original Conc. Normalized Conc.

et st

1.0

— —
s - L

0.0

-1.0

i
;

Control
Hypnum
Red
Seori
Control
Hypnum
Red
Seori

[2! 21] CEC Normalization Zz}
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6. ¥ ZF, Zw, 2w ol HI

[Z 9] EY A9 X|&HY ZtE BN Z1f (2H2]: cmol/ cm)
e
1 2 3 4 5
aE
A 0.068 0.066 0.062 0.064 0.067
I=PAR=
0.19 0.21 0.17 0.19 0.18
°]7]
| g7k
0.097 0.095 0.092 0.096 0.097
°]7]
A g e]7] 0.28 0.18 0.20 0.23 0.24
[E 10] EY Al29| X|8M Zt& 2M ZHo} (2+2]: cmol/kg)
e
- 1 2 3 4 5
2] 0.41 0.39 0.43 0.42 0.43
1= AR
=7 1.22 1.23 1.22 1.24 1.2
°]7]
FAR=R: Zl'
e 1.4 1.43 1.41 1.4 1.45
°]7]
A o]7] 0.74 0.76 0.74 0.75 0.72
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[ 1] EY AlZQ| X|&HY DiOulEs 24 21} (ZH2]: cmol/kg)
e
. 1 2 3 4 5
238 0.29 0.27 0.29 0.28 0.27
1= AR
=7 0.66 0.64 0.65 0.66 0.68
°]7]
P AR=R Zl'
e 0.57 0.57 0.56 0.54 0.55
°]7]
A g e]7] 0.39 0.37 0.4 0.38 0.37

284 ZFEKIE 9], ZwCalx
A st Ao

FH7t 2o

o}

0.20

0.15

0.10

o 224

ABy BE AS

. I2(Contro)ZFE ANOVA
0.00010])3F2 €-2u3t o)} Ay sk

Original Conc.

PSR
=

B 718

2N =,

A Szl 7o A, L

Ae sty 22, 23, 241
K

Normalized Conc.

i

-

0.104

0.05

0.004

}

-0.054

-

Control

Red

Hypnum

Seori

Control

[12! 22] X|&8lY ZHZE Normalization Z 1}

- 5] -

Hypnum
Red
Seori



Ca
Original Conc.

Normalized Conc.

15
L]
e =
1.2 * 1 =
0.04
0.94
— =t
,0.3.
0.61
0 !' 06 ]
= = - = ) ° € 2 5
o = © £
[02] 23] X|2tM Z+& Normalization 2o}
Mg
Original Conc. Normalized Conc.
0.7
- 0.2 --.
° T L]
0.6
0.14
B ==
0.5
0.04
0.4 s =
=N ==
0.3
= 02{ IKIE
S & - = ° = B 5
o k2 © £
[32! 24] X|&ty olaul& Normalization Z 2t
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7. PCA plot A3}

Scores Plot

O Control

Hypnum
O Red

Seori

o

S0

T
00

(% TT)20d

S0

0T

PC 1(87.9 %)

[Z12! 25] PCA plot Z 1} Ci|o|E

FdcH2® 251

3

& PCA plotS A A

E35

HolH &

%

HE

Eds

7} golg)

=0°] d

g 12 1

R

]

=
R

it

Z-score A3}

Ho

ofpy

]

i)

AT

743}

o)
oF

ol

b

el

I

Atgkel Hely 1t Ayt |
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8. Heat-map A3}

-

T T class glass
pH Control
‘ 1 Hypnum
K Red
P205 05 Seori

CEC
Ca 0
Mg

N 0.5
Organic matter

Carbon 1

1109S
pay

(%)
o
=]
=
=3

[2] 26] Heat-map 241 Az}

wnudAH

(-'O
o
-

o7l Tl wek A2 BEY JEEA F Normalizedd A3gte &
7] 913 Heat-map #41& AASIATHIE 261 olF E ©vlojE EAES
Addste] oy ERIER AT H, ERJIE o) FAES At EY
59 24 aas 19 #AE Wriekildh. Heat-map 473
o #rell wheh E& o] vlolEHe e A, @ g HlolHe €8 Moz
FEA BT

o2 Ea I3k Ax} tjz=7(ControDol] Hls] EAE o) 7](Hypnum), 5w
Zrol7lRed)ell Al pHOl %t #71%, CEC, &4 5o FoAEEC] &
g glstAHay 27]. 2 blocke 5¥HE-9] Ho& vERRIT

4c+
5
4
bl
r o
{rm
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I YFaolal, FHsE ESMs ol AdEHTel dike] T ST

t Y HEYA H8H BL Avisty 483} AeAe] BUL b

9ol A7 Ao TASI B AFA AAF o]z 3FES USDA

Fotoll met s}4k3s E(AndisoDE #R75 & scoria B A4 35S S
223 A, AlF F 19 Tho] AFo] SOCE 70 % ol 571 Aoz o =3
ok 53], o7l H7F & 100¢ wete] Wt g4 o2 FEJTh o9
43kl Kyle D. Doherty et al.2020)= ©17] Syntrichia ruraliss 233 %,
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ABSTRACT
Soil restoration by using moss

- a case study of Donary Oreum in Jeju Island -

Park, Jae-Hong
Department of Landscape Architecture
Graduate School of Environment Studies

Seoul National University

Jeju Island’s oreums not only possess topographical features that are not
easily found elsewhere, but also have high ecological education and tourism
resource value due to their natural beauty, diverse flora, history, humanities,
and educational value (Jeju Research Institute, 2019). However, due to the
increasing awareness and visitation of tourists to these outstanding natural
landscapes, the hill is being damaged and the ecosystem is being fragmented.

Restoration utilizing bryophytes (lichens) is ideal for restoring dry soils
because they absorb water and nutrients through their leaves and can
withstand long periods of dryness (Vanderpoorten & Goffinet 2009).
Furthermore, lichens can facilitate the reproduction of cyanobacteria and
geophytes, further enhancing biological communities and biota in restored
areas (Antoninka et al. 2016), so establishing lichens early in the restoration
process can be a valuable first step in reestablishing more complete
biological communities.

The purpose of this study is to conduct a restoration study using mosses
by considering the physicochemical characteristics of the soil in the study

site, focusing on the soil environment in Donneri oreum, Jeju Island. The
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geographical location of Donneri oreum is 33° 19'32.51°N, 126° 19°18.70"E.
The altitude is 439 meters above sea level, and the total area is about
300,000 m* . There are hoof craters and circular craters, respectively, and
the moss layer has been dug up by tourists and damaged by cattle and
horse grazing. Therefore, Donneri oreum has been in a natural rest year for
15 years from 2008 to the present to preserve the natural ecosystem, and
access to the area is prohibited, so we obtained permission before conducting
the research.

Soil samples were collected from the topsoil at a depth of 10 c¢cm for a
total of 26 points over four trips from August to October 2022 and two trips
from March to April 2023, and then 500 g of each was transported to the
laboratory to be used as an analysis sample, and the samples from the
damaged area were divided into a comparison group and a control group to
grow moss in the comparison group. The mosses used were frost moss
(Rhacomitrium canescens), woolly moss (Hypnum plumaeforme Wilson), and
roof red moss (Ceratodon purpureus), which are native to the study site, and
the same environment, conditions, and replicates were used for each species.
To minimize contamination during sampling, equipment was replaced with
new equipment after each sampling, and soil analysis was performed using
nitrogen analyzers (OPSIS) and spectrophotometers (Anlyticyena).

The results showed that the mosses on Donnery Crag had caused
significant improvements in several key soil properties. Soil pH, cation
exchange capacity (CEC), calcium (Ca), organic carbon, potassium (K),
magnesium (Mg), organic matter, and free phosphorus all showed significant
increases after moss application. The pH adjustment effect will cause a shift

to a slightly acidic soil suitable for plant growth when applied to a neutral or
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alkaline soil environment, which will allow for optimal plant growth and
nutrient supply. Elevated CEC can also improve the soil’s ability to retain
and exchange essential nutrients, which can lead to increased plant
productivity. In addition, increases in calcium, potassium, and magnesium are
crucial for the structural stability of the soil, as well as facilitating various
physiological processes in plants. Finally, we found a significant increase in
organic carbon content, which indicates improved soil fertility and microbial
activity. Organic carbon acts as a reservoir of nutrients and promotes
healthy root development by promoting water retention and strengthening the
soil structure, making it a key outcome of this study, along with carbon
sequestration, which has become an increasingly important issue. These
factors will play an important role in future microecosystem composition,
nutrient uptake, and overall plant metabolism and ecosystem diversity.

The main significance of this study is to identify ways to restore areas
that cannot be restored naturally by utilizing mosses, which are a component
of the target ecosystem, in the Donor Forest on Jeju Island, where
restoration is underway due to a long period of natural rest year. Through
the results of this study, it is judged that the treatment of moss in the soil
environment within the damaged ecosystem can have a positive effect on
various soil indicators necessary for ecosystem restoration, and it is expected
that it can be an ecological restoration method with high stability in future

ecological restoration.
I Keyword: Moss, Volcanic Cone, Soil Restoration, Soil Nutrition,

Phytoremediation, Jeju Island
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