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ABSTRACT: Soil is the foundation of human life and the basis for food security. Considering this it is prioritized in the UN's
Sustainable Development Goals (SDG). Therefore, research on soil resilience in the agricultural environment is crucial for sound
and sustainable soil management, especially in highly uncertain and unpredictable conditions. Soil resilience is defined in
different ways by several researchers; however, its definition typically includes the concepts of recovery and resistance to
stress. The physical, chemical, and biological characteristics of soils that are used to assess the soil resilience, i.e,, the response
of soil to various types of stress are summarized in this study. In addition, various statistical processing techniques and
quantification methods are summarized considering the wide spatial and temporal scope of soil resilience research. Several
soil resilience studies typically conduct the following five steps: (1) soil and site selection (2) stress (independent variable)
setting (3) soil characteristics and indicator (dependent variable) setting (4) performing various spatiotemporal scale
experiments (5) statistical analysis. The previous and present studies present a general introduction of soil resilience, based on
which, further practical research considering domestic agricultural environment should be conducted. The extensive range of
soil resilience measurements will require collaboration between researchers in various fields.
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Table 1. Definitions of soil resilience
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Definition References
Rate of return to original state after disturbances Pimm (1984)
The ability of the soil to recover to a state prior to changes in land use or disturbances Lal (1993)

The process of keeping the soil back in equilibrium when the cause of stress tolerance
or disturbances is removed and of preventing the soil from stress and change

Szabolcs (1994)

The ability of the system to move to a new dynamic equilibrium after disturbance

Blum and Santelises (1994)

The capacity to resist changes caused by disturbances

Rozanov (1994)

The ability to resist and recover from human and natural disturbances

Lal (1997)

The ability of soil recovery after disturbances

Seybold et al. (1999)
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Table 2. Soil physical characteristics used in soil resilience researches

& AR Fujet Az S AL Foll T E
3 QA W (particle density)2} @] EQFQ] 34} (7]

AV, BAVE, 1R AL A& B Eedehe Aol 5

EFO] = (pore space)= EF UAE2] 31U A

Independent variable

Indicators

References

Grazing intensity

Bulk density, Soil moisture

Mworia et al. (1997)

Packing, Wetting,
Drying/wetting cycle

Void ratio, Compression index, Expansion index

Griffiths et al. (2005)

Peat amendment,
Wet/Dry cycle

Total porosity, Pore size, Void ratio, Compressibility index,
Rebound hight, Water potential, Shear strength

Zhang et al. (2005)

Compaction

Soil water content, Soil strength

Gregory et al. (2007)

Organic amendments

Aggregate stability

Fujino et al. (2008)

Heat

Soil water content

Griffiths et al. (2008)

Conservation tillage,
Crop rotation

Bulk density, Size distribution of water stable soil aggregates

Carter et al. (2009)

Soil management

Void ratio, Compression index, Water content

Gregory et al. (2009)

Amendments

Water retention, Soil water content, Water stable aggregates
>1 mm, Aggregate stability, Aggregation dispersion ratio

Thorsen et al. (2010)

Tillage, Irrigation

Soil aggregate distribution, Time-to-pond

Verhulst et al. (2011)

Management

Sail volumetric water content, Air filled porosity, Air permeability, Pore
organization, Water dispersible clay, Void ratio,
Compression index

Arthur et al. (2012)

Soil transplantation

Volumetric water content

Meola et al. (2014)

Unloading rebound

Compression index, Rebound index, Void ratio, Water content,
Plasticity index, Liquidity index

Wang et al. (2014)

Amendment

Soil moisture

Ng et al. (2015)

Amendment

Temperature, Soil water storage

Song et al. (2015)

Topsoil removal,

Water stable aggregation

Larney et al. (2016)

Amendment
Volumetric of water retained, Total porosity, Air capacity,

Amendments Available water capacity, Rheological parameters Ajayi and Horn (2016a)
(storage modulus, Loss modulus, Loss factor)

Management Water retenthn, Saturated hydraulic conductivity, Structural stability, Ajayi and Hom (2016b)
Precompression parameters, Shear strength parameters

Amendment Water retention, Pore size distribution, Rheological parameters, Ajayi and Hom (2017)

Aggregate precompression parameters, Shear strength parameters

Land use change

Bulk density, Penetration resistance, Aggregates

Ayala-Orozco et al. (2017)

Long term
conservation systems

Bulk density, Total porosity, Microporosity, Macroporosity

de Andrade Bonetti et al.
(2017)
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31517 $Jste] Lt Eoko] Bfata] SHES el
SHIC} (Table 3). £9F9] B}t 7} hatstol, We o)
Aol A B B A 171891 A%

2
I 23 T3 Ao #AS 7o, 2 (phos-
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Q) kR O] 3} £ of HSLE of7 |31t} (Blair et al.
1995). B F v E0] o8 7 s L}E‘rlﬂ =
L8784 (dissolved organic carbon, DOC)+=
e
Aap ashes H3FE vebdth (Lundquist et al.
1999). o]o]| Griffiths et al. (2005)2 Cd, Cu, Zn7} 3

A

3hel SElA) 2 Hee Bk thAho 2 DOCS 243}
ﬂiﬁﬂ%ﬂﬂmﬁgﬂﬂﬂﬁﬂﬂ*ﬂﬂﬂL@
23 7}0]—3“5\11]- E5}Saison et al. (2006)
= S50 HIE 1804 =9t
DOC &4< &3 Q?_d H]— )t} Benitez et al. (2004)
¥l Eu]e] A7l B e
o A S0 9154
4~ (water soluble carbon)& =%3}7| = 5} th
QIS 0] Mo T2 of 5 kol o) wis)
E s A o3 Al E]ojgitt. Carter et al. (2009)
2 WA QO ASEL T EOF Z ehao) A A 0] & Sk
2} ¢4 (particulate) FeNE FE510] L3k
11, Verhulst et al. (2011) %= 2 A 7 -8-of w}2 EoF Z10]
9 2|gdofole, A71Est e, F A, 7= T
W3S B 115}90t) de Moraes Sa et al. (2014)& E9F
= 5714 B3-S light organic C (LOC), particulate
organic C (C-POC), mineral associated organic fraction
(MAOC), hot water extractable organic C (HWEOC),

Table 3. Soil chemical characteristics used in soil resilience researches

Indicators

References

Total organic C, Total N, Humic acid, pH, Water soluble C

Benitez et al. (2004)

Organic C, Soail fraction (residual, volatilized, irreversibly adsorbed, degraded)

Franco et al. (2004)

Total C, Total N, Dissolved organic C

Griffiths et al. (2005)

Dissolved organic C

Saison et al. (2006)

Water-extractable heavy metals (Cu, Pb, Zn)

Frey et al. (2008)

Soil organic C, Total N, Particulate C, Particulate N

Carter et al. (2009)

Total organic C, Total N, Free Cu activity

Deng et al. (2009)

Bioavailable Cu

Brandt et al. (2010)

Organic C, Total N, Water soluble C, Water soluble N

Hueso et al. (2011)

Soil organic C, Total N, Exchangeable cations (Ca, Mg, Na, K)

Verhulst et al. (2011)

Total organic C, Exchangeable P

del Mar Alguacil et al. (2012)

Total C, Total N, Exchangeable P, Total soil exchangeable base cations,

McGovern et al. (2013)

Soil organic C, Hot water extractable organic C, Permanganate oxidizable C,
Light organic C, Particulate organic C, Mineral associated organic C

de Moraes Sa et al. (2014)

Organic C, Total organic N, Effective cation exchange capacity, Total soil P

Hejcman et al. (2014)

Sail organic matter, Humic substances, Humic acids, Fulvic acids, Non humic substances

Romero et al. (2014)

Total soil C, Total soil N, Mineral N, Plant available P

Ng et al. (2015)

Organic C, Organic N, Light fraction C, Light fraction N, Mineralizable C, Mineralized N

Larney et al. (2016)

Soil organic C, Total nitrogen, Cation exchange capacity

Zhang et al. (2016)

Total organic C, Total nitrogen, Total P, Soil inorganic N, Soil available P

Ayala-Orozco et al. (2017)

Total C, Total N

Hirsch et al. (2017)

Total N, Available-N, -P, -K, -Zn, Organic C, Cation exchange capacity

Mandal et al. (2017)
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et al. 2012, Zhang et al. 2013, Overby et al. 2015, Ng
et al. 2015)

71%3%.Z (basal respiration, BR)-2 &2 75}
| Q3L EQFol| A WS olhleletaE S 5Ho] v
e, B 5= 21k A|sko|t} vt Eﬂﬂxe%E
S (substltute induced respiration, SIR)-2 & 9Fo]|
F7H ez FRlE 7S Bo| = k= l*“”
T oo lOP‘Il 53] AlE e 22 fUES &
= Qe A n SRS S oA ek 24
Z| 30|t} (Beare et al. 1990). whahA B n| A Sk}
S aho] theh =oFe] At o 315599 ¢
o J A5kl o] 5 g3t BEoF Bl ol At
= of 5l ZokEs 4= Uk vl R, £21A), A, B4 &
9] X{ﬂ% (Griffiths et al. 2005, Saison et al. 2006,
Fujino et al. 2008, Brandt et al. 2010, Hueso et al.
2011, Kumar et al. 2014) ng =AY, EX| o] &&=
O] W3}, A 24, Y5, 54 50| (Franco et al. 2004,
Orwin and Wardle 2004 Kuan et al. 2006, Rivest et al.
2015), EoF u] A=k} -1 S o] u| x| SRS B ok

32 ol SRITo2H EF AP W Aol
£ g7}s13ic). Hato] Dilly et al. (2011)2 5C 59

A7k 23k st A w 7199 a7 ' 714 (n-
hexadecane, palmitic acid)2 &-85}0] n| &2 At
AAH] W o|ASERA A H|-8-0] ©8-E (respiratory
quotient, RQ)S AA|5] 24180 24 A EoFT} 5
BAEGNA B nAEY 2l AAE Hwskel
ok oA E nE 35 A
n) =0 Tk 24S H A °
24 B A ALE Brtol= AETHA AR

P7ﬂ 8= 3k
2 (nematodes)2 B A WAL= v)AEE
‘?_W Sz At UEE 22
2 Rk S vjA|H, ¢
Aol BlsE Q3] 7] =skal =
%6_}- ] l:ﬂ—;(ﬂ Oﬂt‘z__j—o ﬂ—El-o]-

Sttt (Neher 2001). A5
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e
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ol
o
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i

sfslshal A 4 9 ojelit ol 27 X
SRR AN chopy A, BolAs AE, £
o 4 A3 5 S A5 Ao ek (Coull

Eii?"‘

et al. 1981, Bongers 1990, Freckman and Ettema
1993, Neher 2001). 4152 EoFojl A it 7152 4
ot Pl 70 AT WG YA o 2]
2ol Hop| Al o} 7hx) ol a0 = AR 9)
= A& 391 4= 91Utk Wada and Toyota (2007)2}
Fujino et al. (2008)-2 E9F A& 115 AE517] 9ot
o], Mocali et al. (2015)& sfujelr] x| 24}
(defatted seed meal) 2] A& &= (biofumigant) &7}
2 A%l7] $Jolo] A0) A, Th(family) BHE,
thokA Her 81 Ho Ak A EE &85t
Carter et al. (2009)2 %3] 4-&, R AF-E, 18|11 -&
Zhal ZF0 220 Sheo| dhg| 2| o) ZZAIRFE K o] A==
el S A i %Eﬂ (collembola) @] =51 (richness)
of A= Y= FRITe =N HA75-0] EF A
6_‘}-75—] A ;ﬂ/ﬂoﬂ 7]—11-3242-1 []] 03]’5‘1;9— U]i]_‘—_-_ .Q_E
o]l o3t Bqe] e 4

5}l B ok ﬂ%‘“ﬁ% Jﬁ}ﬂ 9lsto] Aso 28

ool §UE 7712 (sl R) B $718 5
K Eof n|2o) o o] §129h 718 ) 4ol
e 7ol | 2 T} 2ol WSS opr| 2t
T} (Sarniguet et al. 1992, Marschner et al. 2003). 53}
o AHRRE WA e A A719E
chain reaction denaturing gradient gel electrophoresis,
PCR-DGGE)2 E¢F gjd 8| AA AFofA EXE
of| A v 2otet M & 3 25 215t 8l
of 2] Aol A ARER EA 71t R, of 2] B
FAIRE AL B7HE 4= 9l Alo] 4ol o]
©]0]| 16S IRNA S} 18S rRNA EAJHFH -0 717F 2 4 A
+F (eubacteria) T} w1 (fungi) & HR T2 E £43517|
5 A& RITE (Marschner et al. 2003, Martinez-
Pascual et al. 2015, Mocali et al. 2015). o] ¢Jof %=
Kuske et al. (2012)2 AZA| Ho|| A Zg|Z] AEHA
o 23t biocrust W e 2ot w3 -2 HSHE Alfta
AAHAo|t}EA (restriction fragment length poly-
morphism, RFLP) P& B3] Shelsisick. tisfo]
Saison etal. (2006)-2 E]u]2} E]u] 7]2] 120 12 %
e efo} g o] §74 20| Wk 2lela}y] sfatol 2
S RNA -4t 2724 (automated rRNA inter-
genic spacer analysis, A-RISA) S &-23}7| &= 5}
St} Community-level physiological profile (CLPP)

(polymerase



—

S EEIY I E A FE2E 7Y o] &= Aol
AT EAE O 2 (Park et al. 2006), w7 -AM
2ol S 7k uf ARG A EoF i

Aol A= o WHe 285l Ut (Brandt et al.
2010, Zhang et al. 2013).

Aoy BEY 47 o] Fagt s,
ArolQl = A S 2 HE WIS A)|3E 9] 8 4 (exoenzyme)
o A7} a = HA AL Fo] I A4 (endo-
enzyme), 12| 3L A|3Lof| Q= B 5 W L
slch B9k 5 849 &4 (enzyme activity)S G4 3}
4ol BAFEIA} Ei A8l nl o] Fhel
a4 FAof 71903t} (Kiss et al. 1975). EQF a4 &
K& mopo] w120} 2.8 BT Hlol -85 =7
2 AR E AT o}k o ™ (Doran 1980, Miller
and Dick 1995, Badiane et al. 2001), EoF &g A A
Aol = B A5 AETH A2 Z-E3h AL
1% of 3 Hoh 4 29iek. 5] 9 2810 30 1)
A} BZol B A4 ol 3 thalel mEE &4

(glucosidase, galactosidase, arylamidase, asparaginase,

1

2
ek
o

glutaminase, amidase, urease, asparatase, alkaline
phosphatase, acid phosphatase, phosphodiesterase,
arylsulfatase) 7} & ©] %]

O ool 249 WS Aol 9 2] el o
5 HI713 A= Y= QUT) Lewis et al. (2010)-&
Pz 713 tjof] YRI5 2A ol A "’ 2HAf, 748
gholl o3t 24} e] F FH-I= (richness) &] RS2} 2]
L ZARSHY] R AAE 24519 ) Carter et al.
(2009)> A} ol A B -0 7-2HS =3 ghofl wh
2} n]2xA A 5= (micro-arthropod) 74| 52] T
T (abundance) 2} E-E 7] (collembola) 2] =55 (rich-
ness), T} (diversity)o] 3417 o B Hak=] 131
ahoick, wAHl s vkl WA ) 2 Atel,

FHE= AEE I (family) 2] <, theF/d-> Shannon

9] thokA 2|45 g-8-5)9th Hirsch et al. (2017)-&
FretR|of 2R 9F 24| o] G-I H A of| whE BiE| 2o},
T 5, SR Wrekthpe] walE 5]

1At o] £]of] ] oF Ak} ¥k~ (intensive orchards)
of| A EoFe] HI &m0} A A ARg-o] AR B 5'4—4
FEf A e et 2o nAs dks

B 5F AR &= Q1IT} (Polverigiani et al. 2016).

TR, B AT AL BT H7E A%
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il

© Eope] Weko B R E AT E F
SlEES &
=1

=

5 Eofo)
£9k0] 754 Zulol 4] B7Fshz vle] oS-

202 BerE). 55 £ F o] At
3520 RIS ok BRI, Tk B, B3
ol FREG TP 52 FHOE £ Qe
A7 ARt e S 13 4 qlglch

o

et

T

Aty
E1S uleko2 A7} 1A Aol SHolet &
(Duniway et al. 2010, Abdel Kawy and Ali 2012,
Kumar et al. 2014, Ayala-Orozco et al. 2017, Wang et
al.2017). oJo] i) eloel g w0 = o delelag
A7Fo1 bl A sk 915 S ol
50l BA7 L Relalaa) sk ke 7ol 5
A7HO tAA, BALA, AR A =0 Zolsloic).
CHHFELA (multivariate analysis)2 B519F 13
o] Blo]El S oe] wid = ofe A2le] EARAL B
3 dolel ] 7 R4 AR fokst B4 7o
2,08 NS ZABL A O s ool 5
A o] .%X—]E]_‘:_ =K ]:]-1@_%3: X]-iﬂ— Aﬂ/\-lﬂq-jj_ =2 _/r\_ 9}\
t} (Kenkel et al. 2002). 413§ AL50] Wo| ARRSHHF
WHog FAE EX (principal component analysis,
PCA), FZ3EEA (principal coordinate analysis,
PCoA), HAIZS thal A= (nonmentric multi-
dimensional scaling, NMDS), 5554 (redundancy
analysis, RDA), A%5-4] (canonical analysis, CA),
o)-&- 54 (correspondence analysis, CA) 5¢] 1.0,
dlo]ele] il o} o] Bo] uhet 44
WS A Eck
A FoME B2 QA= EG AL ‘?i

oﬂ _Q_E}Ezﬂﬁkl H]—]:HO %Aé%%j ]E]- ]—A
(Frey et al. 2008, Griffiths et al. 2008, Deng et al. 2009,
Brandt et al. 2010, Thorsen et al. 2010, McFarland et
al. 2013, Mora and Lazaro 2013, Zhang et al. 2013).
FAREAL Pearson (1901)2} Hotelling (1933)9])
oJs) 27 714 o.ohel chisk B A7k d st
2, chA AhRo] AU S W aoksle] A0l G
318 715 5h= 714 4] M ol Frey



M.-S. Kim et al. / Ecol. Resil. Infrastruct. (2020) 7(2): 97-113 105

etal. (2008)2- 9 %)/H| 9. EORS jAko & Al
TS A 8541209, 409, 909 Fof A S A3
o] Pseudomodas 2] 16S rRNA S} & AFs) HHg| 2]
o}9] amoA SHAAE 127] &G EFH9] (operating
taxanomic unit, OTUs)E 7|& 0.8 FAR A4S 5
5}+9IT}. Griffiths et al. (2008)= 26 7)) A& Th2
ok thAto 2 Lot g AEF A ATL S35
Ao] w2 o124 2uFAH(PLFA) Q) HElS A H B
Asjoick, 7 2 At 158 AE (clay-loam
soil) 3= A} E (sandy soil)oll A 2HAE v 42 23]
o] A& g3ton FF-Aof ot xfol= = Ae R
5199tk Deng et al. (2009) 2} Brandt et al. (2010)-2 1]
B ARG T 02| A AHAL AStEA FH 20|
CRIATH S 24 S0l A ool ofghul g
9] gk (shift) 2} 2| 2 ALE FelskGinh Le]ar
Mora and Léazaro (2013)+= A4 o] Wiy} 2] -g| A

of 2jo] 2 o |8z Eof 24 0] BBl et AR E A
RS ol A (29 A 27, B9 1
EG A ARG E (71 =, AR B
o, HE)S 212} w2,

Fgo] AAskE o e Bt i

D} M= (mult1d1mens1onal scaling, MDS)-2
&1L, w2 Eﬂolﬂ Lol A e
2 7]ofe 0.2 sk A
2, o] /\}0]«] BAME (similarity), T
H]T/\}E (dissimilarity) S 24 3lo] 18| Zof Hog
7130 = o]l Ato]o] YEEIE A7 Ao %
& 5l= "t o]tk (Huh and Lee 2012). Hernandez et al.
(2012)-2- H]AAA (non-crystalline) 3F-E0] EOF-5-7]
=, 2 AL, Al A Ao v A= 7)AE H
513] 17| 918} 847) £of Al o] 22t 407 ] 2]
3314 54 RS gARoR MDSTHE A8l
o} I A3 B9k 8789 ofy} g]A A AL HAE
o) ool - ol el Ao Ueitn AR
Fe= 4 SEole 2 9 A e, F
A AEF =2 S A=Y HEot ERole
ol =op Eho] Qg alol 308 e 5= 4
selstolt

Chaer et al. (2009)-2 n|AE %] 0] H31E 21015)7|
Sistel ko) S o ko] gt 2144 K4 2
o] v A|5FS thx}d A = 1 (non-metric multidimen-

[

o

sional scaling, NMDS)-2- 2-85}9] 0.1,

f
=)
e

o5 3
Ao ot EF L U]*ﬁg 9] ’%EHX MR =y
g7Vt 4= 913tk Kuske et al. (2012)2-16S rRNA A
Sta A Aot A RF2E NMDS 7] 1S &83)

I‘E

o] &2 7T} Akl k2 vl efot 24 7-20)
SE A|ZHA 0 2 oA} =3 of AT} T Frenk et
al. (2014)2 l14= 42|, Zhou et al. (2016)2 A%
&S A8]7), 18]l Hirsch et al. (2017)2 EX] o] &%=
of wlsj7} upe efof o] wislol vl Al dere 3l
314111 McFarland et al. (2013)2} Howell et al. (2014)
77} o] Ae et A 0] 5 QF A WA 9] v} A
o] Mz}5 AjZh2| o 2 AIE HojF]r o] 9]
AlLE 2] W3} 18] 31 ul E£3} (soil seed bank)
O] HghE H o7 $Isi NMDSE 2851 ¢1+-5= 3o}
= 4 QJ38IT} (Scott et al. 2010, Scott and Morgan
2012, Overby et al. 2015, Wonkka et al. 2016).

Kuan et al. (2006)3} Meola et al. (2014)2 A=
TR A = Q1 32 Q 3 ELAH (principal coordinate
analysis, PCoA)& &-&35}17| &= s}gich v A= thxt
149 NMDS = Blo]e] Aol ] A 2] i ul g4}
Aol gt e el 7] RAISHL Aate] ke
ofgt 9] RE olgslo] THES Aktel v
ARk AR =L Hole] Alo]e] AR zle) v
A S 2= AR = Flof| 2Fo] 7} )itk Kuan
etal. (2006)-> E ol A=A, A4 3 A 3| 7, sl
5 59 A7 EF WAl v 2 oke] o A
ol )X Y= Bsk] fiste] Al Zeto]
HE 283 PCR 1795 A1} HElS PCoAE &8
o EAISHT: L Ay, v E 2 R Ha L E
G ] 754 B A Aok AR5 oF
= AR Harstglch

t-8-E.4] (correspondence analysis)-2, 3 A&
of thgt AR A = O =, thHEF (= o) W
2155 A1 B0 A1 ZEsHe1o] B8 2 el
Heg g0z veRl= WHolt} (Choi and Moon
2003). Lol AollA] 2 A2} k5] A Ftel
AR EF FAE (similarity) 7} 200 )3} o]
&34 (association) 2HQIE 4= Utk AEr-L-E4

(canonical correspondence analysis, CCA)-2 tf-3-&

A o] 3 FefjolRt AF ARl Mol 24 (gradient
analysis) 2] 3+ FE| 2, A= Yo oJa) A= 4=

HTHJFIO
>~11LJ

o
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U t-SHo] 2F Aifol| == A WRo|t
53] o242 e e ool Al ghol AR
o] E4 Aol 4] £ (speies) 2] 9F (abundance) Q] 4=
kel stk =70 o] A S TR AL B4
TY5HA| ). A o] WS It A F
A o] ¥

Al
Sgko] Hgtwof wheh g w32 (B 7f shuel
3, unimodal) & 2= A& 7Hg 8k= 20| Afolojth
del Mar Alguacil et al. (2012)2 3l<= 2 2|45 =7 %]
of 7] B Al, u| = S HE EYF EAS o
2 24 Al ABBAS Felsh] 918 CCA
A2 RYsklnh 1L A3} oh A AN Al TFF
/-2 A5t Qo | s B2 S7tske] 2hE A
dol AR FFE mIAA] gL, w3 u = &
Fol o oAAIE H R AR AY fEste]l E
oFolH| 5 =o]= 7] 0 & H 115} th Mocali et al.

AETt e Q1 B2 el 3H
Q1 HpAtol o] IAE ER1sH] 98 CCA +41&
GeagBlct. 1 23 B9t £ ueelotet 2ol

45 e glom Hil
EAS A A RS2 e ESA R ke = &£
25t tf 2ok FAEA A 2ot sk Aok
= HER Sl

o] &fo )& 212 Aol A FE-2A] (redundancy
analysis, RDA)Z 283 Abel| &= 7 Zroks = Q181
T} (Lewis et al. 2010, Bérard et al. 2011, Rivest et al.
2013, Ayala-Orozco et al. 2017). &2 E4-2 A 3]
o) Spaola} A EEA O] EEBFE e, T s

Ao o] S55E 24 A& S7dsto] A
T AdFdder Aol 7hset ke 5 s
= FE3tal 808l otk

&

SO, TSt B ofe] A E 3 <)

A QRS 7 B gl g i =23 9

A= 22053 N2 AHE (component) &2 Q OF5}

o 4B TASHe AR, el gt ool
5

e A AT AR Y T2 5 B}

=
>
%
o
e
H1
M
1%
tlo
m {
b
ot
HT
0,
o

X
o
-,
[>
re
-

o A Al RO B ATAES AT B9
Slshan AR, WY oFe) o] S Z2te) B}
= o}

dlol& /g4 st A =]}

4, EY 2|EH2|HAS| HE HIL

EF 242212 177} A2 o] o] bl
= wgh Rk, 12 A AAE ASlelE = =
219l0] Bl glo] M EolgIT Lal (1993) 27 5
A] (mass balance)o]] 7| % 8}o] 23149l EoF 2]&E|
2 A A4S 2708HT (Eq. 1).

S =9+ t (S, =8, +1,)dt (Eq. 1)
S, B Ay ds
Se: EFAY EA
S, B EESEE
S At gt EQFe] Tt
L FYE= B 9 U
t ARk

Lal (1997)- EfollA] 218 =|= A5kt (degra-
dative) I} 274 (restorative) 12|11 BEOFO EAE
< Anlsto] B eld e AAE FRsle 4= QoL B
AUtk GAol= A& o] e e BG4, 771
A, At -2 A Astaty 1t B¢F
) AFESE S, FREA S, EdRTE
e A S0 e S A % B
T B AL, EHIEE, EYHY
Atk o]% B A AAE Hre o %
Pabopu el EoF 54, v, AET, =t ol
A A2 ok TR o2 Esfjole
517 &= 514t (Lal 1997).

o]o] Herrick and Wander (1997)= E9F 2]a ]2l
2 Ao e 2= 54 B S0l disf 2l e
N2} 355 Al 4= Sl A& Alebsh it (Egs. 2
and 3).
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(Eq. 2)

(Eq.3)

02 of

ox.

LSO < I C)
% fm
o

A
ox

o

=
>R R K M
>
o~
b
i
i
oX,

[N G A )

o129} 3|2 213 ASto] £ 5 R7IRAT Az
O B4 F-3J ] wlelstol s 2L Halsho

™, de Andrade Bonetti et al. (2017)-2 E2]4 ngho]
wE ool Wi, 5714, Avhe AEwmsle] @]
20} sl S AL 53] 2l e 120 F -
9712, A=, vl S ofe Al gl
8- 221319t de Moraes Sa et al. (2014) &= EOF &
71gtae] gt 2l 2] AAE AXskaL, THE A 50
[s}o] Alefakd Mgl S Brk v ulg- 4t |
SEERL TS

ek R o) Ayt e el AAE v B}
) i 4 A Al gt Ao Lol )
7] %] o], Orwin and Wardle (2004)-2 A1A)| o] ¥ 21}
7

[e]

H:I =

nto N

1= 2= AL, B AAEo] Aokt ALk
== skl A= A4S AlStskATt (Egs. 4
and 5).

Table 4. Calculation of resilience indices

RS(t,)=1— (Eq. 4)

RS: B0 A3

[e]
to : ko] Tt A

1=
Co : 10| A WehS RER] ok tfj 2 EQFO] EA4J 7k
Py 100l 3L ke mOpe] B g
Do : C() - P()
2x|D)|
RL(t) = — (Eq. 5)

RL: EF 2] 4ejo1 s
o B AR AAE St A1
Gt 1o ML WA gFe 27 BpS] B4 g
P 1,04 Tk vk mope] B4 gt
D,:C,- P

AL, mEko] Tt A () o] Fol W]
o] o4 75} 9] whzel] o] R 5= A1
SO Sgekn, 2] We ks WRio] SR of
F ol A AZlo] EE 0|5 B4 AZte] 2 he] el
& Sap ek ol A8 AR 2l lel el A
o] 71y 2 Aol SYBHE Bl BETH A HY
Holeh g % 910w, o) B Q75014 91 AL
_Q_

S 312519t} (Kumar et al. 2014, Lazzaro et al. 2010,
L1p1nska et al. 2013, Liang et al. 2014). o] £Jo|=
Table 49} 20| 2] el A% Aefalal] 919) chaet
ARk So) A ek

Resilience References
[Z](Dx ?/C, O'Neill (1976)
DL‘
c Sousa (1980), Kaufman (1982)
0
o
(C — )xlOO Griffiths et al. (2000)

/f]x

Zhang et al. (2010)

Gy soil characteristics of undisturbed control soil.

C:: soil characteristics of undisturbed control soil after time x immediately after disturbance termination.
dy : soil characteristics of disturbed after time x immediately after disturbance termination.
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T2 A AHA A Q1 Q1 Q1€
A 81102 Uss 4= glom, thefet &2, ofehA,
2o WO 2 WIS /5P Hick 4 = o)
2ols ATES FEHYOR (1) BY W A 41
(DﬁélﬁainEﬂﬁ ) 4H (3) B EA
( ) T}k A&7 A T E (scale)
FALY 5 SeAZ S slolsh

A

%ﬂ%wm@%eﬁ¢wﬂ%a E 9,
33t 12 LA g S Sk At dolels 71 E R
RS PSS Yelshr HBATES R
FohB2jo] Yz el A BES A On, He

ABZEA AT 919} TR o) Bals
A= AP sh7] ffste] o] FAZIHE= B8 A
jui Aé

S el 4 Ql9iek B3 2l We|ol, 8% 9 Ay
2 o AR S-S A FOEN 2§01 o]
wfek ALbAjo] 2K Aolg 2 Belsklk. 4
W ol ol FA10 A b B0 2 el o]
AARS vigoZ, FF %wiﬁ@-% meje Al
AH A7} A4H 0 2 SaEolof & ol
AL =2
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