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Assessment methods of soil health and their applications
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Abstract: Healthy soil is the foundation for crop growth, green agriculture, and sustainable development of civilization. Reason-
able evaluation of soil health is an inevitable requirement for precision agriculture and regenerative agriculture. Soil health
evaluation and screening of sensitive indicators have been conducted; however, the adaptability, pros and cons of different soil health
evaluation methods remain unclear. How to assess soil health sensitively and accurately needs to be solved. Therefore, based on
clarifying the connotation of soil quality and soil health, this paper reviews the index structure, pros and cons and application
limitations of major soil health evaluation methods. Three priorities in soil health study field are proposed. The health status
evaluation of high-intensity anthropogenic soil (rice paddy, urban green space, mining land, and greenhouse) shall be received much
more attention. Soil health assessment based on soil biological indicators needs to be optimized. Novel soil health assessment method
adapted to different spatial scales is also needed.
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Fig. 1 Numbers of publications including “soil health" as key words among nations between 1995-2021
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Table 1 Indicators of main soil health assessment methods

WA ik 16 A
Assessment method Indicators
CASH YR E bR B . HRERREE . ARG KR, RIZME . RTEM A, Physical indicators: soil

texture, aggregate stability, available water capacity, surface hardness, subsurface hardness.

L4645 . pH, FTHEHUEE . PTHRERAD . i C&E (Fe. Mn, Mg, Zn) . Chemical indicators: soil
pH, extractable P, extractable K, minor elements (Fe/Mn/Mg/Zn).

YRR LIEAMLT . Wk . LIERFIR . L JESE A & & . Biological indicators: soil organic

matter, active carbon, soil respiration, soil protein index.

SHAPE R, MK, HHEA YL . b, Temperature, precipitation, soil organic matter, soil texture.
HSHT YR bR . 24 hE RN | KA MLEK . A . Biological indicators: 24 h soil respiration, water-

soluble organic carbon, water-soluble organic nitrogen.

M-SQR Hubetn . WE S RZLIESH . WHZEH . RRSAARE . BE A ZBOK . A
BUK . £ . ARJEJ¥ . Basic indicators: slope and relief, topsoil structure, subsoil structure, rooting depth,
profile available water, wetness and ponding, substrate, A-horizon depth.

MhaEfE bR g, Ak, BABTA . Ak, MR FESRA . AA E R ERE. TR
KR o B L BEYE . ML RGE A . W H AR BT AR B L ORGSR I ROIRES L Al b A

(R K B M fE . T RAR I . - HEVTR#ESE ) . Hazard indicators: contamination, —salinization,
sodification, acidification, low total nutrient status, shallow soil depth above hardrock, drought, flooding and
extreme waterlogging, steep slope, rock at the surface, high percentage of coarse texture fragments, unsuitable
soil thermal regime, miscellaneous hazards (extreme exposure to wind or water, riverbank erosion, soil

subsidence and others)

B Hb O A S U . BEoKE . 24EH AT B, Obief SR . BAEM . THE . Climatic
Cultivated land quality condition: accumulated temperature, precipitation, annual sunshine hours, total solar radiation, frost-free period,
evaluation dryness.

SEHLARAE . A WEH . WOB S . WOBIRAL . B Him . R R, REERmEEE
P, MM ESR, MW R, WRAEARERN . MR A E . B E . Site
characteristic: longitude and latitude, altitude, landform, terrain location, slope, slope aspect, parent material, soil
erosion type and degree, forest coverage rate, ground fragmentation, surface rock exposure, surface gravel, field
slope.

FIEEAR: BT BRI R B2 EEE . BB ERE . R Z )RR mE KR B
ZEHb N KL . WEKHEVR . JKES, Profile property: profile configuration, texture profile, thickness of
effective soil layer, thickness of plough layer, thickness of humus layer, field capacity, groundwater level in dry
season, buried depth of water, water type.

TR R, R HEM . & . pH. CEC., Soil physicochemical property: soil texture, bulk density,
pH, CEC.

TSRSy LHEAMLE . A . FARWE. HAH . Soil nutrient: soil organic matter, total nitrogen,
available phosphorus, available potassium.

PRt R PRAHZEER, P2 MM E ., REZEZ. BE2E%E (BSAeRE) .1 m
+EEHE . I WKL . Constraining factor: type of barrier layer, location of barrier
layer, thickness of barrier layer, salinity content of plough layer (salinization degree), salinity content of 1 m soil
layer, salinization type, groundwater salinity.

TIEE R BEBOGER (WEMEAE T ) . MEMERCHC. BUR ARy . HRURRETT . HEEIAEEL. R AER
B . BSH ALK . Soil management: irrigation guarantee rate (irrigation capacity), irrigation modulus,
drought resistance, drainage capacity, drainage modulus, crop rotation system, terraced level.

3 EEALRERIN T KA
CASH WP 71k F B TOPAGACSE B LIt e, b, B . B0 i Pk 2 B R

TR EZH . FIA0: Fine %Y WA CASH T H, JEINIFAL TR E KPS, dhass AR5
b DA [ J i ] 4 2 | OR[R)2s TRV (SRl FR ) i SR SR DL, I B
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Table 2 Comparison of main soil health assessment methods

FRIR gy 1 B e i B
Assessment R
Nation Pros Cons Prospects
method
CASH % 5 R, e R o A &% 5 A R MR AR AL R NHMWAET ., BRI
USA R RS, RE A DX R P AR T AR 4y e [ o - S (2 e A A 174
M W A HE{E# R . Low cost, Uncalculated  weight of  soil A TJ7 ¥k . Widely applying and
high field scale accuracy and attributes, relatively low accuracy potentially serving as a basic
sensitivity, comprehensive at regional scale. method internationally.
reflection of soil health.
SHAPE Eg oS M fn R ge i, R PEA T AR X 2D, /b S 2R A2 R 2 A e M4 R A AR BT
USA WoE =, & B E Y5 . Relatively few scoring S R Aol T
Differentiate between climate curves, lacking practical tests. Generate scoring curves for
and soil types, flexible quanti- multiple soil health indicators to
fication and easy operation. meet comprehensive needs.
HSHT % H febn A M E A Y 28R FEE RN AT R it B0 B £ - a2 RS A
USA Few indicators and focusing on B, A T RE 52 B 46 bR AN X, BA KR . Great
biological indicators. AR S~ ¢ S5 potential in applying to various
Primarily for agro-ecosystems; soil types and climates.
limited applicability by indicators
and site specificity.
M-SQR I bR A, DXOB0E M i KA AR B AR, R AR g A R T £ R P
Germany %1 . Comprehensive indica- RV R A =S RN By s S B HESE
tors are better regional appli- BI# . Large sample data are Practical reference frame for
cability. needed, unclear sample at specific global farmland soil health

Bt vr A P

bR #E Cultivated

land quality

evaluation

China

SZaZMat, Bamk
e - 1 f FRER 0 o Integrated
various conditions and compre-

hensive reflection of soil health.

circumstance.

AR E L, PRI AR A
W, RARIE R N AL R AN
N5E3% . Numerous indicators,
weak practical operability, and
unclear quantitative relationship
between indicators.

assessment.

TEHERNEALR, TE
Yk 25 5L B AF 5% . Improving the
quantitative relationship between
indicators and continuing prac-

tices.

SRR EEF K, van Bs F IREAFBHERE T, HHERIEHRSEY 8 BEHE,
CASH T HABUEIX 53 ARl 245 3RS T B0 R IR Bk 22 7. {0 Roper 507 A CASH P 71k,
VEAL T S E R FRAL R kg 3 BRI 245 BRI T 19 3R IR A, & 90 - MR £ S Ve ™ B T
FEHE, CASH T HE LA R4 258 I it 350 SR Rk 22 20 TR T RE, BRASIRIAR 248
HRFE AT, 1 598 AT P R R e - (PR AR () B R . R PR CASH T HL R 4 X 38k 3
Nunes "7 FF & T IR b0 SHAPE T B, WA KRROIATRUE, BA—E MR HRCR

HSHT AN 7k 36T 3R s et A7 B AN, HOPMFE 500 3 5 U 2045 B it
i) 0% . Bavougian S i FH HSHT WAN v, 1A 1 35 B b G- o A S0 i N T AR AV 156
TR, A ERE S B EY e B, Chu % N HSHT TH., 34 T2 ERH AL
TR, RPESEEYRE T, RSB0 225 . 1A, Singh S R B HSHT PFA ik e L
HEBA TN 3 B R R AN R A 25 IR i e T H e Bk B 25 5 . X SERFSR 25 R AN —, JE AT g 5 AN
HVETIE JREE . PP bR ARG G, Bilan HSHT Jrikrh, ARGERIGH (H3A ) 7E26E AR pEHh Y FiiE
RYT, EHAMARARYT T, B, EIXERFERRESIE . OV AR, Wil G
AR RN Tk

Mueller %7 ¥4 T 3T - i AVEY = 108 7 10 £ BT A T2 M-SQR, 381 117k 7 ) A 41k
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B M R, & BTN R SR i B AG . BEiaE™ 1 M-SQR T H S5kt 5
WL KA TEALS &, A RO T SO TR 3 A S A 25 R GE N S BBk, BB &
B HER DL S AR TR KT, R[4 FAS BRHS I T (0 SRR, G SR IR 00t A T 25 S . it B )
% M-SQR T.H.5 CASH MAHERA S, i “PEAFEhi— e/ i — I Re” P see, Hal
TITEE A TR 5 Rl TR RS R0, 1T T4 R 15 Wt - S M M R g B g
HEE BN E .

e FEL B b T he A DX B M e L ALIBUS T 0 B FRICR . — SRR F B 4B 4 £ e/
Bk, UKL . 200 WA i ISR AR A R . SRR S, AT A IR
FRE— AR AL, K 30U — I [ 1 - A0 R R RO A 3T, W50 S0, 48 5 4R M)
Filk ., WU, S YHE AR MR TE . SR, SESR i A WS E (A2 BT
(G ) ) WIREAE AR, 15+ S HETA s b BRI J7 . TR0 68 T — R T bR i e
HE (DRSS IEY | Al WL Wk M R A K P, R B B (M AR, R AR BT . Liu 25
S E RO 0 P BT RPN RS, A AR Tt MRS i, IO 1 BN PR R e
BB ABA IR, PR R
4 B %

FERRV IR T, WA LSRRI, AR T L R O | MRS
FEGORIE, FEOHPE AR 2 BRI AT . PRI, ARAT A TR - S T 10 R

(1) TOLE R R K KRR . IR 67 LT R MR o+ 5 ) (R T
RIFKI, SRS AL, IR | A As . DA [ X S8 S
S BT bR, ESIARE R AOIT TH . TSR R T AR SR TR, KA K
R B, O RESRRA R A, KB LS PRA RS bR R
TCPCE R, SRTTIREE S Y . VOV R A S — 8 “BRATRT” , BMMR T L. SRR
W REVE A T LI Al S &, T80T 4P B o AR S 2 (TS Y, MR L T4
BT RSN S PRIA R

(2) MSRBR R T A 0 Hb 1 LI BTN T L. AR nd T m L3t etk
AL R AR TR . FIAG, AN ST A BTN A R | 4R SRR L IR TR S T
AEH—EHE, OO T 4605, BRI Y8 hR 0w SR> [ H A B 1]
[y P (9 RPN TR, R MR ST A MR AR TN T H . RAT M 1 IR
I RPN T, (EDL MM < SBA HRPR R, R R MRS AR - T
SRR IR A0, ANEMISN R A R R M I B AN RS RS 4 T RIRIR A, AT s
+HEhRE R TR, AR R BT AR B, (AR BRI R AT I T A
15 H%.

(3) EHUIRRIE AR 2 ) RBE A S DT AR TR VA, 9 SR T A T L
BRI, ABAEE K2R EE T, e S0 R0 E R R T2, (PS4 SR s
WEAEEX . BRI, TS AR5 )RR T IR BE PR 5, LA et
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