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A Discussion on Soil Health Assessment of Arable Land in China
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Abstract: The soil health status of arable land is related to national food security and ecological security. Current research on soil
health assessment faces limitations such as the unclear definition of soil health and confusion of research scales. There are also
drawbacks related to mainstream technology routes abroad. Based on literature research and expert interviews, we discussed the
above issues from the perspective of conceptual deconstruction and proposed a research framework to provide a reference for the
soil health assessment of arable land in China. Firstly, the concept of soil health based on soil functions and threats was
constructed. The soil health of arable land was deconstructed theoretically into five types of soil functions: primary productivity,
water purification and regulation, carbon sequestration and regulation, provision of functional and intrinsic biodiversity, provision
and cycling of nutrients. Also, the idea of management and protection of arable soil health was identified. Secondly, based on the
general principles of land evaluation, the soil health of arable land was divided into spatial scales, and four levels of arable soil

health management goals, including field, county, province, and country, were proposed. Finally, from the above two aspects, the
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whole process research framework of arable soil health assessment was formed. The research framework can be summarized by
the following five points: (1) the scientific connotation and assessment framework of soil health; (2) the relationship between
arable soil health with soil functions and threats, and its description; (3) soil functions characterization and soil health assessment
of arable land at different scales; (4) spatial differentiation characteristics and influencing factors of arable soil health at different
scales; and (5) strategies and models for the management and protection of arable soil health. Nevertheless, this study is faced
with the limitations of how to (i) define and quantify the supply-demand relationship between soil health status and soil functions
of arable land (dry land, irrigated land, and paddy field), and (ii) scientifically select the indicators and characterization methods

of soil functions to realize the expression from soil functions and threats to arable soil health? To answer these questions, more

studies are recommended in this area of research.

Key words: Arable land; Soil health; Soil function; Soil quality; Assessment; Scale
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Fig. 1 The conceptual illustration of the concept of soil health based on soil functions and threats

X BRI T AR W aE A AL, BE T
DA WL IR e 2 MO RE, O] LIRS A A H]
5 REEYER, AT O LR, e
H AR 22 A 2 L2 ek
1.3 TERERHERE RS

b A R A R R A, T LSRR R

AR ZS [ ROEE . P X G o O B A PE I AR AEAN ]
AR PEO I s A A 3 2 5 . ] A
R4 A I B9 — B TR —AS ] RO fie e A
() RO T LA, RUJBE [ R g A - S B 1) &) — B
TS, B NSRS T X 7 1 L (R RPN B O s
SR

http://pedologica.issas.ac.cn



540 + %

=

58 &

Xf [ Br 9 J s ) RO A SR A T /T i T 5
R BEAT 2R G, Al I 5T NORE R A T [ K/
X, PSRRI . kY AR IRY T
T2 A 5 PR BRAA R op, B BE RN T,
JEAC P HEAT AR I B i B R — By s B R
T B, R TR AT RS S A B
RO 5 T BOH I S S5 2R, 1 k=2 A T
WIrgE. FrLL, 445 3 Rk B IS LAY S PR 0
SR, T 1) B Y - SRR AN B 5 R TE
P ELu AR 555 4 NI

2 Bhuh IR BT R

H 21 v Lok, 3 E R R XK
Andrews 45 D2 (4 4 345 BEOE M HE 22 ( Soil
Management Assessment Framework, SMAF ), 74>
BRAGR TN, R AR RS & RN, X+
SR AR/ B TSR P A T R R o R IX — R HE SR
BT, LRI IE AL T 6 1A B br—U1
PR X G K i) T fig—k BUTAN H br 5 1A
5 A —Hi PN S5 00— e R B4k . BaT, HIE
fERFEPEH E 2 A LN RS 2 AR EFREARR
- S R L A P USRI D £ R R R PPN SR
() H R AR B DA 7 R 2 fak Bk kAR, It
THRE TR, ENTRREE thE i R B
R0 -4 DyRE, T LAFE bR ELEE VA A R
DL+ 8T BET 5 WA ORI F I AT BN, DU 18 H o 4%
RO G R LA H R TS, 18
SUREE LA B, DISCIl IR . A
CIER T A MHESIA R, SARE, [HEda50
AR — 3 Jmy B < 7 8 X - S B 1) e AT s S B
A J7 S ME LA SEBR v RUBE Y 2 [B) 1 8T 5 0 # % AN
(] = b A1 7 2000 - BETh e SR 4 S AR, AT
RS2, HET HIEDREMY 1 BEfd Bk % 5A
M BARITEA R

B XTI 32 0 - AR PP R R B, AN R R
YA, - SFE A R AT | i bn SR RN 25 SR R S5
AR, ST % A 0 A 9 i by R, T A
W 2R B AESR, FEAE 5 HAHRNE

(1) HHe@REMRENE S ITEMAER ., PI2PR
FE B b R R R . JE TR (R, K
DeHi K ) A SRPE SRR K, Rt a9

A7 KEAE ST BREF SR Y 2R
Pefbay o FRo A SRS 5 R LIIRE, HAHY
TE 0 25 I a AR . 455 DhRe I 3 A BRI
PURE - HE DI BE /MW 30 —Bf 3 - 8 £l B % 5 T A %
e, M T 22 NORE A58 TR Bt A T
HEHESE

(2) Bt S TRt . Lo bha
G AR SR . 4G b A B e 5 A R
], WIEH 5 28 L RE R b5 5 Pk st L @ AR 50
ZIASEFR o TS YR Bk it 22 4 A A4 SC R
WE, =i, AU thisfe , RS AL+
SR a0 2R AU X AT LA o 1 e DRI v i AR B
PR, BB G 7o e o LA A R, R 2
T LD RE RN RN G e XU 1 A B b
TR BT R

(3) AFENEZ B R RER AL 5 L A e VY
o AE RPN HERL Y, ARIGHETE X L PR1E
TR 26 F RO B S 4R R, M AR 4% L 3
HAE, B LN RERAELT R M E S8 {5 Rk A
U A B3t SRR Y T 5, KBRS . A
[7] 2% 6] RO ) LS RERAEAFAE B 25 57, R
JEE < BT U A A K R R G R
Tt ) MR, IR XK 7 R i X BT,
PEATHL P BRI RE S (A P AU s R
MR R BRI AR A b A M e A S
Bl , PRy LR s A B
BE . dE RS A BRI R o AR R T
s TR (BT ASCRAE IS5 2R, X B i kA7 2
S 7 ) PR G B2 1 S D R 2 ALl 14T 5 TSR . 7
FLICRBEIF 5 DX P A SR 8 HOA [R]) - SR AU 1Y -
SRR, o R Ay AR MR B
SEARFAR A BEA IR R O GE i o0, A SR s 2
PRARL, A AN ] eSS B SR SR g
S B A

(4) AR REE Bt b Sl R 2 18] 73 5 R iE e 3
Wi 2R o BT[] R b - S B T 45 SR 5 )
FHOE, BOAHOCEKSIN TRIFEC R ZR, Pt 135
it FE 2 (] S ML o AT AS [) RUBE L S T RESRAIE 45
RE AL FAREIREER . LHOPI | R B AL
ST AR 1 2 ARG, BB - S RRIR
DA A SRR IS, PO BAs I AE A TR R |
0P P 5k 585 DLW S G ROBE Rk, MR ) G S 52 1)

http://pedologica.issas.ac.cn



34 FE TR B LA R AT R 541

FR AR P

(5) Bt L el FREAE ) ) SREAAGE . BELUB
b - S B 52 ) B AR 2 I B B SG R AL, S
AR A AE AR A BRSBTS, WHSE IX A Bkt £
SRR O A, RO XUBS: - 312 1 B 3t B8 DR AL A
P, Pl ER. HENE, TR
AR B0 A 2 6] RIRE BEAE A, 220 i Bl - 98 f B i Al
DCMIRESS X, BTN B AL AR 7 s 5 SR
JE, BRVPARER RS A L R, B
Bt 398 (e e S AR BL AN 28 [A) AR S, 6T 4R it
Y DX LR - S A P S s THERIBE, 45
ANTRIBF A B 55, PR e AR BRBR MR A 2R, ST
2B e - i B 11 A T A AR

WAARUTTRE 5 BT, DUHSEE 3 Jria H
bre HB—, MEEET L HEDIRE-S W iE i A B
AR, FIEMTEZ ., A8, B RN
PR B GE R HES s 50—, AT 2 S UZ R G
FE, SEEMSS TR 2 )2 OBk BT IR BE A B i
SEfEREE BIE 5070k A =, IR PR R
RO 18] 73 52 U S R BE AL, 4875 AN [R] 23 3] R
JEE T A M o MR A AR 008 A A LA e AL 2 Y
LRV R o b L

3 AFAER R A

31 METEDESEMERI i T EEE

A SCHRE A - T £ B A Ry L D fig 5 aE
{8t RAE LTI RE 5 4 @ WA KA B b 1 39 (g
RERBL X — 13 BT 5 | AT ENE + b4 B E 20310,
RIVHHE S b R 5l S5 AN ] o b ) FH 2 R X 45 2
IR T RS, X—HIsVI 2 Mk T 1%
Uihe 5 g R/ M Y O &R, i dk - g AR DTN
e L o5 N P Y 1 4 4 N N P
FHIA e e R e, R SETE S HE A AR
Ky IR LA RE T o A SCHR HH B T o iR,
Py w AL - T RR AL TR FON R, S+
T 4 R IS YLK, TR Hh S e B PR AR
B, B df b 35 S B . AR R A (A 3 A
EHPI AR
3.2 TEThRERIEIEFRAVIZEN

T8 AR BEUR A 28 LRI TAERME T 2
&, BUOE TP REE 53058 . MG TR

BARARI,  FEEARIE 32 SRl S A K e 55
eI, B LUR AR A M Mg . BE
E NN IR AR R S, — i, 5 IR
T RE S W A R AT IR B AR, XX st
BUR BT Z W28t 5rHr, P RAE TR br il
e e eeE R ISR SR bR WA o 1 —
AR E R & 7 A H b T & 7 S5 R )
( GB/T 28407—2012 ) . #F b 57 £ 25 9% X GB/T 33469
—2016) FEZEARME, XERR TR —F “HKE
KRG, WAl AR TR PR R . 439 X 35
R o 4R S P B

B S AR R B AR i LR L R R
ISR s al 1S SRR s R A 2R By
— 3k N, Kas A R F e e N AR
15, Bk e i R A R M AR
B, IXEEFEAR G ) I0AS (AT A ] SR AR R —
05 /NS ()R 2B OCE 3T AR & PR 05 2 i
ARAS, 5 2R F 8 b7 A FH S B i 1 s SR b, X
P AR ) T 38 5 SRR AR 0 DL 2,
3.3 EWITEM S EBREY

P (assessment ) 5 &4 ( modeling ) J& ¥
B2 R e R U A T s Y N A I VA S S
XRG4 T A, FBAKIE Gk . B X%
B S S I P AR AR R R NP o R A, PPN L AR
RGBT SCRP R R R 50, HOR IR 5
17, WM AR EABAFR ST M AR AR
HOHE S R AT R ORAE, FEGE SR S is
ATHLEE SR, X PR SR T, A4 T i
T @K, RAELEAAXTZ W, A5 R
PR T, TERkH LI B PE b i 25 S A0 .
Ban, FEANRE B - RERAE T, T A )
B SAA R Bk E R R Rk SR %
g, R RERRIE SIS . WELRER
U255 F VTN i R AAAE R BR i e AL g 2 S Bk
AT b5 IR REZ S G R, HE T D)
RER B S I, ST E ATt/ NREERSY,
WIE 3853 2% B SR I BRSO, SRAT FEWH 5%
B ARZE A =0, 3, M HIETfg 5 i 5
B IR AN B T, RIEThRE S R
WAFTERY, PIHEAT AR SRR SY , Bl e
FRMES 5 AN OC R W YIME G, HA W Wi E 0,
T ARG 5L T - S D) A8 5 e (0 b, - 19 ft B O

http://pedologica.issas.ac.cn



542 R T 58 &
+IHELIE Soil functions
s gy || RIS\ | g i AR FA A IER | 2 .
S il Prmary Water purification || C sequestration || Rrovision of functional Provision and g Bt
Knowledge productivity and regulation and regulation || and intrinsic biodiversity || cycling of nutrients || & - Data conditions
, £
¥ 77 Potential e ! & . _
iy % F" Management Ak State g% M%a}zgé%ﬂrﬂ
A — _ ’ g Digitalsoi
Basic theory of SCR BV AT , LGRS Tk g g i
soil science Prior know}edge/Stalic maehods : Soil processes/Dynamic methods mapping results
4% Trends : JARZS Status
~ V4 -
Y : 4 HEE TR
\ T Previous data
SRR ARGETT LR Solil properties accumulation
Literature A .
statistics RS AR e 72t B b 2 ——
Soil physical indicators Soil chemistry indicators Soil biological indicators é B SRAEIA
2 K Sampling and
v N g ﬁw testing
S WS AT . ST 5%
Lo Static/Inherent i Dynamic/Affected g N —
Expert g FERCARIR
experience HTE HL5 S HuTBHILSR S Open access
Site condition Climate Site condition Climate
M. AIUE Bl MH
National and provincial scales County and field scales

K 2
Fig.2

IS ED I PR I SR VRS R 11D 5Y = S S L U S VY 3
A—EWPPH " P2 A Bt S R AN B AR
REHR R T a5 SR B UL, EL eI S B3 S

45 IR

=]

4

B 1 ELAAR B SCRIOG I (9 - 3 Dy i 2= IR
FEIX R H 2 6] RUOBEAS [ A 22 5 o ot MY A
TN AE S IE A AL, MBS TS TR B
TSR RR ARG gD A s KR S TR L RE
AT YRSt | RIS S SE S
FAIEIRE, T b IR R P A T
A B — BRSNS B A S B - R
REREAT TR I 23, R0 1B B 4 R
KA 4 R)UZRPH E R I B bR ik, B
BT VLRI RE I i 5 FRE %L, LA TN
300 BBt L SR R A R AR TEHESE . 7R A
RN, e SOF BB (54, K BEHFIK )
TIEEEOROL S TIEIRERBET G R, BeE it
SEINRETF TR bR SR AT, DUSEBUN DR
ria BB R AR IA, PR E MR, (HE
SRTEFIE— LW

i 6 - HE D REFAE 45 b S

Ideas for screening indicators that characterize soil functions

S Z 3k ( References )

(1]

[2]

[ 6]

Peng X Z. China’s demographic history and future
challenges[J]. Science, 2011, 333 (6042 ): 581—587.
Yang H, Huang X, ThompsonJ R, et al. Soil pollution:
Urban brownfields[J]. Science, 2014, 344 ( 6185 ):
691—692.

Zhao Q G, HeJ Z, Yan X Y, et al. Progress in significant
soil science fields of China over the last three decades: A
review[J]. Pedosphere, 2011, 21 (1): 1—10.

Shen R F, Wang C, Sun B. Soil related scientific and
technological problems in implementing strategy of
“Storing Grain in Land and Technology”[J]. Bulletin of
Chinese Academy of Sciences, 2018, 33(2): 135—144.
[PRA=D5, B8, PhL. TR T Hb . RO T4 R s St
T R SEOR ST, T EREEBEBE R, 2018,
33 (2): 135—144.]

Xu M G, Lu C A, Zhang W J, et al. Situation of the
quality of arable land in China and improvement
strategy[J]. Chinese Journal of Agricultural Resources
and Regional Planning, 2016, 37 (7). 8—14. [#d,
PRI, BRICH, L TR E BB RDIR B S R T X SR 1]
R BRI S X R, 2016, 37 (7): 8—14.]

Zhang J L, ZhangJ Z, ShenJ B, et al. Soil health and
agriculture Opportunities and
challenges[J]. Acta Pedologica Sinica, 2020, 57 (4):
783—796. [RMRA, SRYLH, WAy, & @RS
RGO R R PLBSXR]. LR, 2020, 57
(4): 783—796.]

green development :

http://pedologica.issas.ac.cn



34

FoE TR A A R R

PR 543

[ 10 ]

[ 12 ]

[ 14 ]

[ 16 ]

[17 ]

[ 18]

[ 19 ]

Zhou J M. Evolution of soil quality and sustainable use of
soil resources in China[J]. Bulletin of Chinese Academy
of Sciences, 2015, 30 (4): 459—467. [JAfER. %Kik
IR [ - 98 o e 7 A 5 A B R AT R SRR I (0], P R
BB T, 2015, 30 (4): 459—467.]

Tang H Z, Sang L L, Yun W J. China's cultivated land
balance policy implementation dilemma and direction of
scientific and technological innovation[J]. Bulletin of
Chinese Academy of Sciences, 2020, 35(5): 637—644.
[, R, K. ?ﬁlﬁl%#ﬂﬁ 5%[\%@@(%%
it PRI5E S B AR 7 (9], E R , 2020, 35
(5): 637—644.]

Karlen DL, Veum K S, Sudduth K A, et al. Soil health
assessment: Past accomplishments, current activities,
and future opportunities[J]. Soil and Tillage Research,
2019, 195: 104365.

Rinot O, Levy G J, Steinberger Y, et al. Soil health
assessment: A critical review of current methodologies

and a proposed new approach[J]. Science of the Total

Environment, 2019, 648: 1484—1491.
Lin F F. Spatial variation mechanism, evaluation and
application of soil quality at different scales[D].

Hangzhou: Zhejiang University, 2009. [#5535. AR
B2 R S AR AL PR BN ISR (D] B
M WHTR, 2009. ]

Grunwald S, Thompson J A, Boettinger J L. Digital soil
mapping and modeling at continental scales: Finding
solutions for global issues[J]. Soil Science Society of
2011, 75 (4): 1201—1213.

Mausel P W. Soil quality in illinois - An example of a

America Journal

soils geography resource analysis[J]. The Professional
Geographer, 1971, 23 (2): 127—136.

Doran J W, Coleman D C, Bezdicek D F, et al. Defining
soil quality for a sustainable environment[M]. Madison,
WI, USA: Soil Science Society of America and American
Society of Agronomy, 1994.

Karlen D L, Mausbach M J, Doran J W, et al. Soil

quality : A concept, definition, and framework for
evaluation ( A guest editorial ) [J]. Soil Science Society of
America Journal, 1997, 61 (1): 4—10.

Cao Z H, Zhou J M. Soil quality of China[M]. Beijing:
Science Press, 2008. [Hakit, FfER. JEIERE
[M]. dEnt: BRgiifist, 2008.]

Acton D F, Gregorich LJ, Canada, et al. The health of
our soils: Toward sustainable agriculture in Canada /[M].
[Ottawa] : Agriculture and Agri-Food Canada, 1995.
Moebius-Clune B N, Moebius-Clune D J, Gugino B K,
et al. Comprehensive assessment of soil health - the
cornell framework[M]. 3.2 edn. Geneva, NY: Cornell
University, 2016.

Biinemann E K, Bongiormo G, Bai Z G, et al. Soil quality-A
critical review[J]. Soil Biology and Biochemistry, 2018,
120: 105—125.

[ 20 ]

[ 21]

[ 22 ]

[ 23]

[ 24 ]

[ 25 ]

[ 26 ]

[ 27 ]

[ 28 ]

[ 29 ]

[ 30 ]

[ 31]

Zhang TL, PanJJ, Zhao Q G. Progress and direction of

soil quality research[J]. Soils, 1999, 31 (1): 1—7 ['J‘K
oAk, WEEIHE, BHE., LR ERIERES R
4, 1999, 31 (1) 1—7.]

Yang Q J, Wu K N, Feng Z, et al. Soil quality assessment
on large spatial scales: Advancement and revelation[J].
Acta Pedologica Sinica, 2020, 57 (3): 565—578. [#%
W, RyT, B, % RSRRE LRI
RS R/R[T]. LA, 2020, 57(3): 565—578.]
Glenk K, McVittie A, Moran D. Deliverable d3.1: Soil
and soil organic carbon within an ecosystem service
approach linking biophysical and economic data[J/OL].
2012-10-08[2020-07-20]. http:
www.smartsoil.ew/WP3/D3_1_Final.pdf.

Kibblewhite M G, Ritz K, Swift M J. Soil health in
agricultural systems[J]. Philosophical Transactions of the
Royal Society B: Biological Sciences, 2008, 363( 1492 ):
685—701.

Baveye P C, Baveye J, Gowdy J. Soil “ecosystem”

//smartsoil.eu/fileadmin/

services and natural capital: Critical appraisal of research

on uncertain ground[J]. Frontiers in Environmental
Science, 2016, 4:41. https: //doi.org/10.3389/fenvs.2016.
00041.

Bouma J. Soil science contributions towards Sustainable
Development Goals and their implementation: Linking
soil functions with ecosystem services[J]. Journal of
Plant Nutrition and Soil Science, 2014, 177 (2 ):
111—120.

Sojka R E, Upchurch D R. Reservations regarding the
soil quality concept[J]. Soil Science Society of America
1999, 63 (5): 1039—1054.

Volchko Y, Norrman J, Bergknut M, et al. Incorporating

Journal,

the soil function concept into sustainability appraisal of
remediation alternatives[J]. Journal of Environmental
2013, 129: 367—376.

Wu K N, Liang S'Y, Ju B, et al. Research review on

Management,

classification and evaluation of soil functions[J]. Chinese
Journal of Soil Science, 2011, 42 (4): 980—985. [&
T, BRREGR, Beit, S5 LEETRE R HAM S I BT
aﬁﬁﬂ% . bsEEGEHR, 2011, 42 (4): 980—985.]
Schulte R P O, Creamer R E, Donnellan T, et al.
Functional land management: A framework for managing
soil-based ecosystem services for the sustainable
intensification of agriculture[J]. Environmental Science
& Policy, 2014, 38: 45—58.

Helming K, Daedlow K, Paul C, et al. Managing soil
functions for a sustainable bioeconomy-Assessment
framework and state of the art[J]. Land Degradation &
Development, 2018, 29 (9): 3112—3126.

Coyle C, Creamer R E, Schulte R P O, et al. A functional
land management conceptual framework under soil
Environmental

drainage and land use

Science & Policy, 2016, 56: 39—48.

scenarios[J].

http://pedologica.issas.ac.cn



544 + o IR 58 %

[ 32 ] Andrews S S, Karlen D L, Cambardella C A. The soil B, BRE e, % HEFE S5 WRER Sk ——
management assessment framework[J]. Soil Science 2019 47 2% PR TR £ S I ERR ], e R,
Society of America Journal, 2004, 68 ( 6 ): 1945—1962. 2020, 51 (1): 241—244.]

[ 33 ] Purakayastha T J, Pathak H, Kumari S, et al. Soil health [ 35 ] Greiner L, Keller A, Grét-Regamey A, et al. Soil function
card development for efficient soil management in assessment : Review of methods for quantifying the
Haryana, India[J]. Soil and Tillage Research, 2019, 191: contributions of soils to ecosystem services[J]. Land Use
294—305. Policy, 2017, 69: 224—237.

[ 34 ] WuKN, Yang QJ, ChenJ Y, et al. Soil quality and [ 36 ] Vogel HJ, Eberhardt E, Franko U, et al. Quantitative

functions: From science to experiences—A review of the
wageningen soil conference 2019[J]. Chinese Journal of
Soil Science, 2020, 51 (1): 241—244. [Rw T, ik

evaluation of soil functions: Potential and state[J].
Frontiers in Environmental Science, 2019, 7: 164. https://

doi.org/10.3389/fenvs.2019.00164.

(RERE: AiHhH)

http://pedologica.issas.ac.cn



