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ABSTRACT

The soil ecosystem is a complex system performing particularly complicated and varied functions, such as providing a
habitat for organisms, acting as a medium for plant cultivation and growth, and functioning as a buffer against external
materials in the environment. To assess whether these important functions of the soil ecosystem are executed
appropriately, the concept of soil ecosystem health has been introduced, which is defined as the ability to perform the
specific functions of the soil ecosystem. Understanding soil properties and soil indicators related to soil functions is
essential to assess the soil health. In this study, systems, the indicators, and evaluation factors for assessing soil ecosystem
health employed in a number of countries were investigated and discussed. In particular, it is necessary to introduce a
technique for the evaluation of soil ecosystem health in Korea and to develop techniques and indicators appropriate to the

soil ecosystem and status in Korea.
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= 9] USDAOHH“ EYd 75S IY¢E <FHnutrient
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sHA ARERE Y 7 9313‘31 E # S33e A
o] 71, Al A=, EYF 54 5ol w=t 44 tE2A
7_@]49_ o H]—oﬂg 2= glq
u]=re] 739 Soil management assessment framework
(SMAF)?} Land capability classification(LCC)2 53}
Ao EAS 83 EFIIAIIE AAlskaL qlow
EX]9] o] 85A¥ 7%, A=, EY 18 5ol wet ES
2774l gk gk ¢ JoEE B o
715 5S wiASkSt Soil quality indexing 71R°] AMS-E
THAndrews et al., 2002). YET=2] 7-9<lli= Biological
indicators of soil quality(BISQ) 7S &3l B
733E Hrkslal lom EX 173S Bristr] figh

Table 1. Techniques and indicators for soil health assessment of foreign countries

Country (Managing department)

Techniques and indicators for oil health assessment

USA (USDA)

Canada (AAFC)

Soil Management Assessment Framework (SMAF)
Land Capability Classification (LCC)

Land Suitability Rating System (LSRS)

EU Thematic strategy for soil protection

Netherlands (RIVM)

Biological Indicator for Soil Quality (BISQ)

UK soil indicators consortium

UK (DEFRA)

UK (EA)

Scotland (SEPA)
Australia (DAAF)
New Zealand (CRI)

First soil action plan for England
National indicators for soil quality
Consultancy service

National soil quality monitoring program
Soil quality INDIcator (SINDI)
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oIr}E0] Alg NE=ar ckBreure et al., 2005; Rutgers
et al,, 2008). S TG IRIE0] FARIL e F
A #AEE EFAFIEH T A12=HQ] National soil
quality monitoring programes =0k A= W] 7 &
A E=2 94, 35H 9 A=A AxE o83l EY
RS ke ARE A GRIE 5 U= dulolxE
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gt FAES W 5 U AP Al2EE AlEet

L It Wherrett et al., 2010).
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gt Bxo=m ALgE EX9] F¥d w1 FE VI
N 3A 8 SF(Class) .2 EFH3ITH AR 5F
(Subclassy2 e, w, s, 283 o] /A2 FEE =] 9]
= Table 20 2418 AABHACHUSDA, 2013),

2.2, 7jUCte] EQV s WK E 2R

NUth= 1963 Agricultural and Rural Develop-
ment Act(ARDA)E %3} Canada Land Inventory
(CLHE A"HsIHomr o] 53l Soil Capability for
Agriculture(SCAYE A|F3}I3ATE. ol RO Z w|=9]
LCC ¢} fARE AlsRlo® w9 et A=gits 9
g EX9] S Wik As FEASE gt o]
T 199510l Agriculture and Agri-Food Canada(AAFC)
= 53| Ao Land Suitability Rating System(LSRS)
S 7NEHA ZH YL sCASt FARIY FuAaHF
(Spring-seeded small grains)ol] S3}H A]2EloZ EQF

Table 2. Land capability classification (LCC) of United States

Land Capability Classification

Class
Class 1 Soils have slight limitations that restrict their use
Class 11 Soils have moderate limitations that reduce the choice of plants or require moderate conservation practices.
Class Il Soils have moderate limitations that reduce the choice of plants or require moderate conservation practices.
Class IV Soils have very severe limitations that restrict the choice of plants or require very careful management, or both.
Soils have little or no hazard of erosion but have other limitations, impractical to remove, that limit their use mainly to pasture,
Class V g .
rangeland, forestland, or wildlife habitat.
Soils have severe limitations that make them generally unsuited to cultivation and that limit their use mainly to pasture, range-
Class VI g .
land, forestland, or wildlife habitat.
Soils have very severe limitations that make them unsuited to cultivation and that restrict their use mainly to rangeland, for-
Class VII o .
estland, or wildlife habitat.
Class VIII Soils and miscellaneous areas have limitations that preclude their use for commercial plant production and limit their use
mainly to recreation, wildlife habitat, water supply, or esthetic purposes.
Subclass
Subclass e Soils for which the susceptibility to erosion is the dominant problem or hazard affecting their use. Erosion susceptibility and
past erosion damage are the major soil factors that affect soils in this subclass.
Subclass w Soils for which excess water is the dominant hazard or limitation affecting their use. Poor soil drainage, wetness, a high water
table, and overflow are the factors that affect soils in this subclass.
Subclass s Soils that have soil limitations within the rooting zone, such as shallowness of the rooting zone, stones, low moisture-holding
capacity, low fertility that is difficult to correct, and salinity or sodium content.
Subclass ¢

Soils for which the climate (the temperature or lack of moisture) is the major hazard or limitation affecting their use.

% National Soil Survey Handbook Part 622 (USDA, 2013)
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| Step 1 : Assign components to categories |
|
| Step 2 © Summarize the special Water Body category I
I
| Step 3 © Summarize the normal categories I
|
| Step 4 : Determine the class number |
| Step 5 ¢ Aggregate the subclass values I
I
| Step 6 © Drop the less important subclasses I
I
| Step 7 : Create category codes ]
| Step 8 : Create a composite code I
# Land suitability Rating System for agricultural crops (Spring—seeded small strains) (AAFC, 1995)
Fig. 1. Land Suitability Rating System (LSRS) in Canada.
Table 3. Summary of potential soil indicators identified in Scotland
) Indicator Type
Indicator Group Total
Physical Chemical Biological Biochemical
Water availability 6 6
Carbon store/cycling 1 6 2 16 25
Soil stability 8
Toxicity 3 1 4
Regulation of multiple processes 6 6 1 12 25
Phosphorus cycling 2 3 5
Nitrogen cycling 5 3 14 22
Nutrient cycling 4
Sulphur release 1 2 3
Plants 1
Microbial 13 21
Invertebrates 10 10
Fungi 11 6 17
Total 21 27 39 71 158

% Commissioned Report No. HP801 (SEPA, 2010)

o] ARE F 7 SHOE BHIITE LSRSY Hrie)
Fig. 13} Zc_gtﬂ o} a2 B ) So]
Exjo] g BAHFs Ao Z st Classs TH
7] (Climate), E¥(Soil), HJX]
(Landscape)s2] AgHd YF= H7P7 JPHTHAAFC,
1995).

R

subclass® HF

23. REe EYV ST WHKE 2R
Ue 2006 EYHSE 98 Thematic Strategy for
Soil Protection% FHIhL EYHEE g 71X
"Proposal for a directive of the European parliament
and of the council establishing a framework for the
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protection of soil and amending Directive 2004/35/
ECJE A}t FHY EXS #shal Uk
Hgdes EQEY] 5“44 ErTse] Audddl 5+
53] BiSQ 7l #3E AFE 1997IFE B3]
A1l on, g4ty AAS3HCarbon cycle and
nitrogen cycle), B1El|2]o}e} T (Bacteria and fungi), A
S (Eelworms), °NA=©] (Potworms), X|¥3¢](Earthworms),

T8]a F=r)9} EE7]|(Mites and springtails)®] & 67
A AE T H S E W ARE AAEIT
70w

(Rutgers et al., 2008). FA&=-(Protozoa)2] 7
4 FA7E EAlsl AlgjERNem 9 ARES
Soil Quality Networkol] &-83}31 Ut}

Dutch
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2T EWME Scotland Environmental Protection Agency (EAPIAE 20023 EA7} F%=3F Loveland and Thomp-
(SEPAY= "Consultancy service: To establish soil indicators son (2002)2] ATE AlFoR Hm ] EY A HE
to assess the impact of atmospheric deposition on 2 ERAkS -,431 Ag FZog ols)] gzl A nld

environmentally sensitive areas) & 5o} EYF S ¥ o] o sl tigt TAIE Q12lsle] EYF S 3t
71 g e ARE IA BT A3, S8H AR, 3 = = UAKSoil Quality Indicators, SQIsyE wFA

B AR, ABIE AL FEIGOM, o A 3] 9% A7E FASNAL. 1 A% 200639] The
58 w3 B 715y sk ERHY(Black et development and use of soil quality indicators for

al., 2010). & 1374 B9 753 #A8d =28k, assessing the role of soil in environmental interactions,
i]fﬁm A=A, sl A F 1STHAE AAg £ WHIH O H(EA, 2006) Loveland and Thompson
8- Table 33} 2t 2002) o] ANG 6T EXF ARE F BN 4T

035%01]/\1f 2003'de] E<F A3 @A Robust A& AT Sl 2479] AREE 3, AESH, £
indicators 78 8 RUEY AY $He Bue A, 223 7lE BRI Uro] Table 49 Zo] AXEL

Department for Environment, Food & Rural Affairs Q.

(DEFRAY} F=38F= HAYE working group(A cross-

government working group)S Z33le] ‘UK  Soil 24.5F - FREHES EQV S WX|E BR

Indicators Consortium™= 3§32l 1o, B3] 7153 &3+ National soil quality monitoring program-=-

ZHo 23E BFo] A5 FPstal UTHDEFRA, Bl EES Wrlslal o o 9 A HE

2009). 53 TFirst soil action plan for England: 2004- A=A, 3lshy 2 BEE)d XRE o83l EY A3

200600 Wt B AS i 5 e AR NS 5 S It ARE A SR F = HolRE Al
]

®Z 3lal JUUHDEFRA, 2007). Environmental Agency A5t ol ol tokslk AHES o83k 79 %

Table 4. Potential indicators relevant to the soil's interaction with the environment in UK

Classification Indicators

* soil organic carbon

* top soil pH

» cation exchange capacity (CEC) to 1 m depth

« anion adsorption capacity in topsoil

* base saturation;

« concentration of potential pollutant elements/organic micropollutants

*SOC
* microbial biomass carbon/SOC
Biological * soil biomass
* Biolog score
* DNA-based microbial diversity index and enzyme assays

Chemical

« integrated air capacity to 1 m depth
» number of locations with erosion features
* Soil organic carbon
* top soil surface condition
Physical * aggregate stability
* soil bulk density
* top soil plastic limit to a depth of 1 m
* time to ponding
» water dispersible clay

« catchment hydrograph

* surface water turbidity

* biological status of rivers with and without sewage treatment works
» number of eutrophication incidents per year

% Science Report SC030265 (EA, 2006)

Other
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Table 5. Indicators of soil quality assessment in Australia

[e) [e]
-89 - AeS - e

Indicators
Biological Total Organic Carbon, Carbon Stock, Labile Carbon, Microbial Biomass Carbon, Soil Nitrogen Supply, Organic Carbon
g (Walkley-Black), Microbial Activity, Disease, Nematodes
. Cation Exchange Capacity, Total Nitrogen, Nitrogen Stock, pH (Water), pH (CaCl2), Electrical Conductivity (ECe), Phos-
Chemical . . .
phorus, Boron, Mineral Nitrogen, Colwell Potassium, Water Repellency
Physical Bulk Density, Gravel Content, Clay Content

% (http://soilquality.org.au/)

Table 6. 7 indicators of soil health assessment and classification with properties suggested by Soil quality INDIcators (SINDI) in New

Zealand
No. Indicators Property Soil Quality Information
Olsen phosphorus Fertility status of the soil Plant-available phosphate
pH Acidity status of the soil  Acidity or alkalinity of soil
3 Anaerobically mineralisable Availability of nitrogen reserve, surrogate measure for soil microbial
Nitrogen o . biomass
4 Total carbon Soil's organic resources Organic matter reserves, soil structure, ability to retain water
5 Total nitrogen Organic nitrogen reserves
6 Bulk density . . Soil compaction, physical environment for roots and soil organisms
. Physical status of soil - . . . .
7 Macroporosity Availability of water and air, retention of water, drainage properties

% (http://sindi.landcareresearch.co.nz/)

A EF 7740 ER1% B A A 2 #
& g st FXES WU e AR Al
HS Algstar ok 579 ABeele RS F(Western
Australia, Tasmania, South Australia, Queensland, New
South Wales)PIt} 35502 T2 /fHxog Hix=
AER, s18h4, S84 ZA|FEE°] Table 59 o] EAst
H Okt ARES o83 EY 17 W7E 83t
E¢ol thgt olafie} meto] rbestEE stal ok
(Pattison et al., 2008). ZF vt} Z-8== &2, 315t
2, E213 A3t v2H, ZF 9] 2% 9E HolHe ¢
HolRJel|x dgto] 7Fsatar A&, s8], 287 A%
W2 E9F 3(0-10cm, 10-20 cm, 20-30 cm %) viC} ©
oJE|E =43P o] gt BT dgdo] rhesit) gk ¢
oA Faiet ZiF E djolel7) =R &R b
SIS 3fom, B 1730 93 vAle I (year,
soil texture, land use, rain fall 5)8% W35t Hlo]
B 45 7FssA skt

AWM =9] -9 Crown Research Institutes(CRIs)OA]
Soil quality INDIcators(SINDS S3l] EQke] A7
< WkshH B 9 o] ojlet 284 Fx, 3}
kA AL, G A%, e A, 1A AEsHERI
F7] & B SHES TS JiES Hkdsio
B 73S Hrlsh] %t AEE Table 63 o]
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T7H] AEES Alokskal Atk(Lilburne et al., 2004). T
st 7] MRS F o' ZEo] shte] HFE Ao
of s=A] AAslr] 98] o= SA7™H (Multivariate
statistical technique)?] 2.91%-2(Principal Component
Analysis, PCA) 7|HS o83l AFEL Y| 7} I2FL
2 EFeITh EY At aFo] ol EA] o8
T EGE )] e EYR] A0 tigh vk 3448 A
QFetaion, ol wet 72 RSl gk &,
AR FF 99, Ay FEE 4 Ath(Sparling et
al., 2004).
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A AHA AH AF= 1996d% Natural Resources
Inventory(NRI)OIA AR F=0H) FEA(WA), ole]ch
3 F EARYID), L F HE5AYG(O0R) oA 7
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Z, 10%e 524U 2lE ALHgo =R o]gE= X ol
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E34, agar EY3H HolHE tideR Ayt 119
HtH(Brejda et al., 2000a, 2000b). 5 WA Al A+
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3 A e LAES Aol HiEA] as]

FE vl oy, EGEHAS giges 3 d7e o
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