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ABSTRACT: Soils are the basis for plant rooting and ecosystem creation, the site of life for humankind, and require much time
for their creation, so there will be no disagreement about the importance and necessity of soil conservation and management.
Soil resilience is the ability of soils to maintain their original structure and function (resistance and recovery) from various
kinds of disturbances, and is an indispensable field of study that prepares for a future with high uncertainty and unpredictability.
Therefore, this study summarizes the concept and necessity of soil resilience, which is not yet widely known in Korea, and the
contents of previous studies were reviewed. This study was carried out with the aim of contributing to lowering the threshold
for entry into resilience research for domestic and foreign researchers who are new to soil resilience. In the first part of this
study, we introduced resilience and soil resilience, and in the second part, we summarized the main causes of stress or
disturbance that have been studied by many soil resilience researches. This makes it easy to find the references authors need.
It is virtually impossible to find the same soil environment because there is no same area on the earth with all the same rock,
climate, human activity, and culture, suggesting that each soil has its own uniqueness. Therefore, the researcher who wants to
utilize the results of this study should take into consideration the specificity of the soil and the region to which the soil
resilience is introduced, and modify it if necessary. In addition, efforts should be made to strengthen the network of soil
resilience researchers to create a basis for sharing and actively utilizing the research results.
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ol = =911, 1973 o] = AJe&kA}2] Holling-2 A4 Ej
A A A"l AES 2 e QPEA (stability) o2t
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g 71ZE Woll ARt Lofd 4= Qlrhal s}3itt. Szaboles
1994y 9 2 22 AAg AEd A WA Ei e
A& AN 1) Eofo] hi] BHL f A3t
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SHAEI = EEobd 4= Y= Al E9] 58S, Rozanov
(1994)%= gkl o5 vishmsie) A3t 4= ol =%
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t}. Lal (1997)& == &3 B gl dae 209
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quality) STt BETHI S71HE gt B 2=
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(causes) =] thal] A5} Th Seybold et al. (1999)-2
Wt o] 50| BOF 3l FY S B PAAAR A9
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SAsIL Frlok= A AEo] FE ol Rl L
7 }—rEﬂ Bengtsson (2002)-2> A-E1} AJ e Al o) 1| X]+= L
e WY W= oF 374 o] et Al 71| &= S-Est
1 E3| 371 gld e AE Zxsl|E skgtk
1o A3 Aot R EolA ES YA dAE
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Ve dmaieict. 1ol 2 Bof Aeke} 7l F st
et ghilo] Z7151A Eof 2l el o] & 5 Eek
o] 7)'5 20| o] ok AT 0] F0 8 S
olg] dAFARE0] 945} (Vasil’evskaya et al.
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2017).
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Table 1. Summary of soil resilience studies categorized by environmental factors and related phenomena

Major factors Phenomena

References

Drought

Orwin and Wardle 2005
Bérard et al. 2011
Hueso et al. 2011

de Vries et al. 2012
Rivest et al. 2013
Liang et al. 2014

Ng et al. 2015

Rivest et al. 2015
Preece and Penuelas 2016
Barba et al. 2016

Zhou et al. 2016

Precipitation

Burning / Fire

Marafa 2002
Lewis et al. 2010
Kim and Jung 2013

Flood

Capon and Brock 2006
Rivest et al. 2013
Kerr et al. 2016

Nutrient availability

Austin and Vitousek 1998
Doudill et al. 1998

Wang et al. 2009
Martinez-Garcia et al. 2017

Freezing / Winter

Allen-Morley and Coleman 1989
Anan’eva et al. 1997
Avramides et al. 2009

Mills et al. 2014

Temperature

High temperature / Heat

Kuan et al. 2006

Wertz et al. 2007

Griffiths et al. 2008

Chaer et al. 2009

Gregory et al. 2009

Scott et al. 2010

Bérard et al. 2011

Kumar et al. 2014
Fernandez-Pascual et al. 2015

al. 2010, Mora and Lazaro 2013, Romero et al. 2014,
Ng et al. 2015, Bhattacharyya et al. 2016). ©]o]| 7|3
wsiol pelsl 70 Eop 2l deloll AT Al
AE 2 =251 4= QI (Table 1).
3.21 L% IHEC| H3}

3.2.1.1 729 A=

7|EH3l= AR)GLA 9] E42] (hydrologic
budgets) ol ABHE o5}, 79 shElo] G2 ]
A AR 7 T 5 H1=E RISFAX 1T (Hansen
etal. 2010). 7]5= (drought) 0| gt <=7 L oj| A = F of| A
2 A olte] Z44ero] 54 SAMATEAleA] ofit
715 WA, A% ool o] dTAel A
Ot=th=2A YAA AxE Y=t (Daietal. 2010).

Az el A4, ZKtel whet 7 sk F1E
(meteorological drought), ‘5<% 7 N=-(agricultural drought),
4184 7= (hydrological drought) 52 2 Us 4
Q)T} (Trenberth et al. 1988, Cook et al. 2009).
Hueso et al. (2011)-2 ¥ % X o]l 4] 7] S S}o]]
-2 71710 7ho| n) =] 2/ Ao ofwgh
Qe BIA =R 6007 A Bl B f,
v|AES 8 ah TS 7261911, de Vries et
al. (2012) Alxt W 357 7|5F B4F HolAks A|2H] o]
7|kste] A8} 7hao] B et W Aaesh
el B Ho AR o) A el e ol
3}%iTh TSt iang et al. (2014)-2 &f] X H o]
of gt v YE] Agt el A ALE Al U 7
O|AFE-E 0]8-35fo] A9 t] Preece and Pefiuelas
(2016)+= AZX7} A E9] #a] A=5 (rthizodeposition)

=

mEH

_>a il
f” )
_lE N o
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o) 24T |, 1217 Bobg )23t Bl
o)A 0 s U AP0 2, b
29} 3R 7128 RSk W] 4B 20| 7%
Efas SRl dx lﬂ*é% Ash=7a%t 30]
218 3}ol5l9it}. Barba et al. (2016)-2 7150 2 9|5t
(o) o8 B ], 94 5% 5 2
&4 2.0 U]A|= L AL, Bo) Wl
Sestol glo] Atkat AT ek Shs A Eope
A 7\ isto] T2 7 sl o] wlolo] S 27
W= 7ol A0] o7t =3 =9 4R o] Qo]
FZ B E Ak (Ng et al. 2015, Zhou et al. 2016).

o]t A} TS PR AEY AE AT TGS
3428 Bo) ok ezl o120 S v 2 ko)
Uit b SAe] ws TjshE Z7hA71/]E
(Stocks et al. 1998). Marafa (2002)+= 3}A}|7} E2F 3}
51 (pH, $712, s, AP0l 5ol w21

32, Lewis et al. (2010)-2 HEA X Z X of| 4] &4 3HA|
o} 7F22 Spafol w2 A1) 188 Ak gk Kim
and Jung (2013)-2 3] gt ESF I =7] (oribatid
mite) ] 2]28] 212s0f o9 A4 QG 0] A= A
2 SIS, 34 olF £ A=) AT (re-
organizing phase) @A ol A 7+ F &= 9] wat A2t
oA ieto] ofel] QAL wto] uh - 745t A9-5ek o
=L RS HojFo] %ﬂ"’ 271 (intermediate
SIS 232 Bast

(3 PNI

il

oo

[ r_

X

disturbance hypothesis)-2-
%t} (Scheu and Schulz 1996).

321283

Az 4 7kgat i =, 7] $-Hstol| uE AE -
% 3= (flood) 7} £ 2l & 2] o] vl 2= Pk A
T3 AR = 211tk Capon and Brock (2006)-2 53
o] Az WerolA LAY sk ol tigh viESA
(soil seed bank)2] 2] Z|AAE AL} CE W ES
A= o ol Wl Elo] T4 <) FAR, Wop 27
SRS Hololol = ARl
S FAS Eaiv, o] 5L Wk o] £}
4B E2 504 450 S 200 I5e sy

(2013)-2 =544 (agroforestry)©] -\—Poﬂ = A Z:EE‘I
T} ool that =OF 3l |4 2 Ae|ol g 2 9]

7] o], W Aol Fol 2 BTE WA 948
sk}, wlafol S5 kel vhat B9 2l el

RS- ol gffstar} & uff, 7] 0] =E W52 (water
holding capacity, WHC)-2 4|7} 317] wj&of 3}

K] eRmgele] AN, Blus) Q7 14
A, S AEE 52 Tejg $4 1g 52 (flood
holding capacity, FHC)& A|Q15}1 T4 A4 A1 E
o] R Eofof g ol el

32137 B R 18| 1 FE G

o] 9of| &= 7] S-rASlof| whE 739 el O] Mot= BF
SRR ol e 9 5 R ARl E T 014
, 19} HeA5}o] Austin and Vitousek (1998)-2 512}
|90 4.8 A2 4 57 1ol whe =g
O] oFR % 1 7}sF9ich Doudill et al. (1998)-"— *““0]

=oF oFLe] §4 AT S 2 AN
Wang et al. (2009)-2 9fE-0] £=31 ﬂii} S 7“*
1ol Qo] 2 OIS bt fEET, 2 o]
A= Al o] 5 2] (patchiness) 7} 8.3+ ¢J3HS 1=
A& B 15}9 ) Martinez-Garcia et al. (2017)2 &
oF U YA Zto] 735k 7390 o)t ola} A A 0] G418
217k 40%, 50% FaA7 = A Zelekal B9k AH
A S ALE S 5 e ST AR 891

& wrsick

3.2.2 7|29| H3}

3.2.2.1 A

QA 7\ 5 stol k2 744 sl wis), 7HRt 5
s Lo 1%03%;4& el

o 52 (reering 215 fqﬂ 2ol 12 Al

H 1, Allen-Morley and Coleman (1989)+= H}g| 2]o}
o} 41502 48 35HAle] Are) BlolA S o
Aoz 570 ofat B ] B 29I 3l
3}4t) Anan’eva et al. (1997)2 521} -85} (thawing)

27|17} A EOF 22| EoF =] Eok U n| &9
A o] u| R &= Gk &018}% ™, Avramides et al.
(2009)2- =258 240l M A o] FATEF v

o] ghaol A o] AL FS S
T12]31 Mills et al. (2014)-2 ofar Ak (sub-alpine) |
A 71511 3F7 | B QFo] Bhaof oFE ol m] A= FoF
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Hhopu e} az2o] EoF B A el u] 2= @kl o
gt A7 o A=A 082 =3E|o] gt} Kuan et al.
(2006)2- 20 AT 27] Bl nYE SHEOR
4B RALe] o] w2 Eha0] B]shulg Lo
Lo] n|2| &= F3FS stelskgth Griffiths et al. (2008)
3} Gregory etal. (2009) = 5 U3 112 WEh-S 75 &
AL 2l on, o] ALEL BEok A AAS
Aol SI8 E9F| 7% ZulollA] H7hsteirhs ol
9917} Qlt} Wertz et al. (2007)-& 42°Cof| 4] 24 A7k
719S &3l E9F microcosmsof wgk-S- 715kl o &
2 o ul 20| Thopg T A A QP4 B 5
sto] E¢F A AAE B7Fskeich Kumar et al.
(2014)-2- E0Fo]] 48°C ol ] 24 A 750 118 W2ke 7}
S EF TR 7|5 AR B 2 Heaa s
Aol 7kA 9 FlE2 2519 0w, Bérard et al.
(2011)& 2 6] =250°C2] 11 w S AA=2Y
of| Al AAI= 21 U7HA] Bl 7hstal TL o] S B &
Fah ol 27 20 Wshe 840714 Sk
Chaer et al. (2009)-2 A3} 7 2] EORS thAro
240 -70°C 7HA] d<&A 0] 18 wEto) 2 EoF ul
g} 3T, B E A0 BS BAsle] )
A Zwold o 2HRIIAS va - Bkt
Scott et al. (2010)2 A3 APFLF R ol A A H o
T2 7 EEAL gl 2] i) wA] = G =
¢18}Fa22} 80°C 9] 1121} ¢17] (smoke) E 45 &
of =Z3}3rt.

rJ

A7) 7|5t ok o el el sl gk )
A= 877 89150 that 1 AT A5 et
7120 2 Ltro] Akl Mgttt 7] FH8te] o B2
2y A A TH 0 2 SelahA] eglel) YT oA
AU B 20) 18R ool A et 4

S 712] MBkA|7] T, oJi= ThA] EoRe] AL
S AR R, O R, S

Tof PRk TSIk 2Eal Ao HskES B4 o]
B 22 Q17ke A A Q] Frsof| o] ke 25l
I 3t} (Nearing et al. 2004). 15 Z71o] w2 = A5}

9 %] 0] 8-0] MEH= thA] 7|59} E o 3o
0|z A 017ke] SE 3} 31 AJo] o] AbE AR O TLo)
glo] @A) 118 Z-olch(Dale and Buckner 1997, Kalnay
and Cai 2003). 7132 7] wj2of] EoF 2] & &1 A0 J3F

& ]2 917ke] e} T AP ATLES H oo
7gefotaLa eitt.

ETS

E

3.3 B 2RRIA ASRA E Q19K BE
o0
S

Eof el gl oI it ot L mol e BRI
wh ol choret 17ke] 5o QJIAE FS e
v S8 5o BT} pT A7} Eo] S Elojgie,
I8 A5 e 2 (1) BA) o] 8= B
(land-use and management) (2) E9F9] E2]4 wgt
(physical perturbation), (3) E%2] 3}8+4] wek(chemical

perturbation) 522 L}=0] & <= It} (Table 2).

3.3.1 EX|0|2E2t EQF £2|

£7 o = Bt} il Fehe] S ARES ]
Ao ml Eop ORI} U, AB, Ul AFEA, Ho]
AR ol MBS ob |5}, 478 0 2 mOp e}
7%, 6 o} 1 SAGE GFL 0] HFHO
2 Aol EoF el Mo A S Wah A 4 Gk A

E28H4 glolgt & 4= )t} (Lal 1997, de Vries e
2012).
Eg A A Bl BA| o] &= 0] H3HE
7¥et A8 A5 AR, 4 de Vries et al.
(2012)& 2] (R0 F7 7]uke] Tl Ak A] 28}
9F4) 1 (o 7]k ol Ak A2 & oA
O 7 Azo| g3t HoAEo] ATt Bld el
£ AAkslo] vl - 4181 T MeGovern et al. (2013)
S G AL E AR A (upland)E AL O = 1968
Wi3k2008119] E0F 14 ATko| 1] S o EA]o}&
= (0] W 7] vish, 9 9% WA (H4ste] ¢
QIEAQ A0} gho) v} R A 5Fe] w3}, 7]
SR WP 7t EoF aFsh o) wslo]| m] x| = g3kt
F92 Yole dohix} 3}tk Lorenz and Lal
(2015)2 wh2 £ 2 23 501 L A|Slof TS 2k,
7129 74 A EoFo| =A] EOF (urban soil) © & wW-E
&5 2 Wok= oA BA] o] e W 1] & 3= g

=
o)
—_
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Table 2. Summary of soil resilience studies categorized by anthropogenic activities

Categories

Activities

References

Land-use and

Clear-cuts

Overby et al. 2015

Conservation agriculture

Lal 2016

Crop rotation and inoculation

Miethling and Tebbe 2004

Grazing intensity

Mworia et al. 1997

Grazing intensity

Doudill et al. 1998

Land management practice

Mandal et al. 2017

Land subsidence

Wang et al. 2014

Land-use and land cover change

Lorenz and Lal 2015

Land-use change

de Vries et al. 2012

Land-use change

McGovern et al. 2013

Management ——
Land-use change Ajayi and Horn 2016
Land-use change Ayala-Orozco et al. 2017
Land-use change Hirsch et al. 2017
Litter protection Zhang et al. 2013
Long-term conservation de Andrade Bonetti et al. 2017
Mulching and inter-cropping Carvalho et al. 2017
Removal plant carbon Avramides et al. 2009
Soil cutting Larney et al. 2016
Soil transplantation Meola et al. 2014
Burning, mowing, ploughing Lewis et al. 2010
Compaction Tobias et al. 2001
Compaction Zhang et al. 2005
Compaction Gregory et al. 2007
Compaction Arthur et al. 2012
Erosion Kuske et al. 2012
Irrigation Carvalho et al. 2017
. Municipal sewage Buondonno et al. 2008
Physwgl Municipal sewage Capra et al. 2011
perturbation -
Tillage Lal 1993
Tillage Carter et al. 2009
Tillage Verhulst et al. 2011
Tillage de Moraes Sa et al. 2014
Tillage Romero et al. 2014
Tillage Ajayi and Horn 2016
Treated waste water del Mar Alguacil et al. 2012
Treated waste water Frenk et al. 2014
Alkylbenzene Martinez-Pascual et al. 2015
Biocide Kuan et al. 2006
Biofumigant Mocali et al. 2015
Crude oil Franco et al. 2004
Fungicide Howell et al. 2014
. Long-term fertilization Demkina and Ananeva 1998
pecrrtfrrg;ﬁin Long-term fertilization Munkholm et al. 2002

Long-term fertilization

Hejcman et al. 2014

Long-term fertilization

Kumar et al. 2014

Pesticide

Miethling and Tebbe 2004

Pesticide

Mertens et al. 2007

Soil disinfection

Wada and Toyota 2007

Soil disinfection

Fujino et al. 2008

48 FH 0 HUBkr. vtel 25 Atk 5,
AUE, HAjo}, G, 01% 50 2 el mA £

o £7] % f7leaS vlwsgln
[e)

EA B sEs oA 4= 3
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(A9 v 2 A B e} BN, FAL 0] 5 A 2-8- A48 =9,
Hpo| @ W&t SAH 7|50 2, =l oA Y
F71EAE 5) oA AAISH o] 2|3t Al EQF f &
22 Ao] A A A 9] 2 i e 1, 7|9t A5
22}, T12] A QITE Yo P o] wA| 9 41/t
A 27 E AR 9 W E7 15t (non-gnvernmental
organization)”7} 25 =2 §jjof $F2 7F251 4 th

Ajayi and Horn (2016)2 HAAR] & A2 £ &
A S T 5=, AA, = T 2 B =
a] 4 0] 8] 50| SRAE| = A8 BHI5}% 31, Hirsch et al.
(Q017)2 FakAle} 4229} 242 2tzte] A2 ohe
SR AT ) EoF ke, e 23 P08,
EoF 28 5559 H3lE Bistt) E3t Ayala-
Orozco etal. (2017)%= Qo] AZH, Ho| AHH A|tf], &
2A) o2 B2 20 §1 W Ao e
5% 7 A8S Fal moke) ARAT e e 1y
5to] A& & FH T (plant species richness) 7} 1]

-8 =E3It) Mworia et al. (1997)
Lol A of 9 F2x (heifers) &f 7)A| 4= 2 = W=
L5 2WTt 2AstH BEoF 5449 vislel 2419 3‘—15
%52 B A5190 1, Doudill et al. (1998)-2 HHE-%] 9]
Al A (cattle) 2] HrEof mhE A AFA W B 7| B9k

Z 7 1%E (N, P) ‘Fﬂﬂ' A, TLE| Al =gtof v A=
A R 15T

71 QJof| = w2 A ehof| A o] BqF A, AlSka= AR
of o3t ARk s}, Eqf oA, WA, THE, &4,
HE 1 E AE 0 -2 TR FH 9] Qi 2ol
EF AT A0 v A= FEFe Felotes A=
=]}t (Miethling and Tebbe 2004, Meola et al.
2014, Wang et al. 2014, Larney et al. 2016, Carvalho
etal. 2017). de Andrade Bonetti et al. (2017)& 7)1+
oﬂ 74;<] Uﬂ_ﬂ__’ —1€ 7}37_ 161%]/\511 ':J_}ﬂo HzE
FAAAANA A2/ AG-& wzte] o] EF | 771

&, HEYE, AR o] EA)7 BoF 2l A2 wf
< TR?SF 01x}o]-8- 3+215}9) a1, Hobbs and Govaerts
(2008)1} Lal (2016) 3 7|53} tff-3-9] dglo =
EF W a0 At Azl of glo] EoFe] o] 52 F4
sl A IS B AR e
O] F2H 59 FEo ook HEsd o Ta 47 9
o] &3445}9)t}h Mandal et al. (2017)2 Q1% o] A] 3)
3| X]+= t}okst E x| 2] (land management) 7} & 9F %]

4

i o 40 r
o¥ oL ofN I

tol| 2= 06_0 RIS EF A FAIE ¢
o BRI B 7] Tl oA e AR 2N
EOF A A3t (soil quality index, SQI) 2] -8/ E3H
SHA| A XIS TE Avramides et al. (2009) = 2}21 §o]|
A ASH AEAEAASINS W ES 5 &+
7| §450) 557k B0 el UGN DA 7
A o3| EF ol en 53] ArotvieiteS
B2 | A2H]SFAT: T2y 1 o] 547 d Fet o)
7| W2 o85Sk 2l dAE HoFltk

332 EY9| =2|H wt

2o)4 meke Bop 2 AE s 1 27| e A3
A &1 0 2 GElol e Mo 2, B3] Eopg
(compaction)™} 7-¢- (tillage) ¥} T3 G171 Wol
Y= Ak, AAA|S] 5B Aol A A E= 2]
A B 25U 7] AISH H A= stof| wf
EFASIPIFE do s, il B A
=ol| &fslf A FLE]7] ofH L 4= (water logging),
e A A, AE & da s oISk AL
e A AT} (Tobias et al. 2011). E3] A E 2| ¢HUe
k] A & Bo 51 4 flofA] o EAA
= F8 AR o ) (Jones et al. 2003).
Gregory etal. (2007) 2 AR T2 EAS ZI=E9F
o FUT A=) o A2l S 3 F A AE B =
Ok A EOFB Eokzin o] AR T3l E
FulgE 2 720 WSS 167197 2L E el
E}. Arthur et al. (2012)-2 5U3t A ESIFo| BEoFS
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2 359 AP RS 190 A T2 219)
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