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Research advances on indicators and detecting methods
of arable land compaction
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(I Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Harbin, Heilongjiang 150081, China,
2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 Heilongjiang University,
Harbin, Heilongjiang 150080, China)

Abstract: Soil compaction has become one of the most serious obstacles restraining the sustainable use of arable
lands. Many studies were carried out on soil compaction at home and abroad, but the results were not comparable
due to the limited research conditions. This paper reviewed the soil compaction indicators and the detecting
methods reported at home and abroad. The main results are as follows: 1) A single compaction indicator is
often hard to quantify soil compaction degree completely. At field scale, combining soil penetration resistance
with water content could characterize the actual degree of soil compactness. At scale as large as a region, the
precompression stress method should be considered to approach soil compaction limits and the potential risks of
soil compaction. 2) All the reported detecting methods showed advantages and disadvantages, affected by indoor
or field detecting condition. Soil structure method and precompression stress method are often recommended for
indoor detection as they could reflect soil compaction sensitively. The penetration resistance method and
geophysical method are usually used to determine soil compaction degree in field condition. More researches
should be strengthened in the future: 1) The effects of soil compaction on crop root morphology, distribution of
aboveground photosynthesis products, and the feedback mechanism of crops on soil compaction; 2) Systematic
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evaluation of soil compaction by combining the soil physical indicators with soil mechanical indexes in conjunction

with research scales; 3) Elimination of the influence of the spatial heterogeneity on field compaction detection.

Key words: soil compaction; compaction indicator; precompression stress method; penetration resistance method;

geophysical method; reference bulk density; soil compaction risk
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Table 1 Basic characteristics of soil compaction degree indicators

F84% Indicator i Content FEAJF I Fundamental it 45 Advantage i} 1% Disadvantage
YiBsEfalr A ER POARLIEN TERE  ARSECERERIEMC IWWREW. F53%KR ENEE R P ek
Physical Bulk density?!  Dry weight of soil per unit Bulk density is positively Intuitive and easy to obtain  FLA%, A7 -HERTH
indicator volume correlated with the degree of PEpS NG ey AL N

compaction Direct comparison between
different soils is hard and
soil bulk density is
influenced by texture and
organic matter content
strongly
fLBR& iR LI LIRSS AR AERY LIRSS IR AT LA RAESS ST HRBFRAE RO N B 5
e Hebw, FERILBREE . L b RS TAEMR 1Y Characterization results are 2, Ko FRIXfE
Pore structure #2500 . PSS S precise The degree of compaction
parametersi?’l  Indicators describing soil ~ Changes in soil pore structure can only be characterized on
pore structure, including ~ can quantify the response of a microscopic scale and
macroporosity, pore size  the soil to acting stresses pore structure parameters
distribution, connectivity, are difficult to detect
etc.
KIPFRAE R LHOK G E eS8 ELRESEI TN L SEWEREUMEE, 8 ERWRIEE PN T 1%
A MR, ARESKE,  KIRESERSHZ R I HRAE T R RS WA R,
Hydraulic S . LLWRZ: HARE It is closely related to crop  JRiBiR:AH i
characteristics Indicators describing soil ~ Soil hydraulic characteristic growth and can indirectly It is not sensitive enough to
parameters!®]  moisture dynamics parameters change under soil characterize the degree of  reflect the degree of soil
parameters, including compaction soil compaction compaction in the high
hydraulic conductivity, S- suction range, and have
value, LLWR, etc. obvious limitations
B BHEER®) RS LREE RS ENUMEE ) 1 BRI EIR AR 8K B
£z Cone index?) 2 2|4 -2 fH ) TIPS SEARE BR, JBT BRSNS
Mechanical The resistance of the soil to Cone index is correlated with 2. N 72 . KRR & Itis highly influenced by
indexes the movement of a cone or  soil mechanical resistance 1. The extension capacity of soil volumetric water

SHREDO

Reference bulk

density3%!

SeiPIEI4s
FEH1

Precompression

stressB?!]

column through the soil

TSRO R AR BR A
Pile-up limiting capacity of
soil particulate matter

AR Z TR Iy
JI i B B KA R T

The maximum effective

stress to which a natural soil Precompression stress is a

layer has been subjected

during its stress history

significantly crop root system can be
characterized intuitively
2. Wide application and high

detection efficiency

SHRERB T LIAEA HATAERRIR (X S50
[l B KSR T XIE AT TR 2R R 2 )
SRR FESAE LY LA
Reference bulk density Its derived index (degree of
reflects the sensitivity of the soil compactness) can be
soil to mechanical used to compare compaction
compaction under different between different soil types

soil volumetric water content

conditions
eI LS RS e R 1 R U SR
RZAMERERWE R BRI ey
BRI S 2. ] eI R S
1. Reflect the sensitivity and

measure of the critical value
of the soil's ability to return

to its original state after being 2.

recovery ability of soil to
mechanical compaction
More measurement

subjected to an external force  methods are available

content and soil texture and
belongs to transient
indicator

1. RIERCRA IR

2. JlH K RBiE i
EAENE

1. Limited characterization.

2. Usually can only be
determined by
remodeling soil samples

L RAEFE A

2. R T A
LEgliS

1. Insufficient
characterization adequacy

2. Lower accuracy of
commonly used

measurement methods




1012 R R R L S 30 &

A9 AS A T AR A ST T4 TS A S, AT
B P ke £ R TR SRR, R H: LR S OV R 114
THRESORGE, R TR R R S
FRBERAE ERIRI
2.1.3 BHUKIFRES L LHOKT R ES R
JEA A L BOK s I EAR AR, AR RS K
R IR R SR (S (E) . /BRI K 3
(least limiting water range, LLWR) %5, 48K Jj5F
SRS RKRE VIS, el R AR L R
FARE . Alaoui FFPIMIK S ERIE T 0K 5
PP S R BRI Z MG AR, A BUAE RSt 1
TR TR AR, K RHIE 26 1 2 kA
M 7AF . Naderi-Boldaji 2558 12 4307 12 4L [R] o s 1
B S-S AN RS R B R AR, SR A B
JEARDG, JFHAENL THIN RS S RER, AT
T IR R] T A T A 2 [ A R SE R . de Lima
SEUL BEAERMER H R, TIeHZRie 2AURZE -
PRSI SHI S LLWR RFMC . SRS
FREEALEZS T A2 B AE AR X AR 3
SEAE X 38K TR R R AR OGS, R BTE £
BRESAET, TS KR KAYHER, FK
FREFEIEAR S RO 1) YN 1) 8 A A [ R JEE 0 s
MRS . WABERM, KRS RERAE R 5
FREMRCR AT RE 5 LI BTE R ¢, JFR7ET A
T S A T R B A SR HAT
KT S AR S RS e SRR A E R SR AR A
Bz, WAL BRI XD, S RERBOE B
B

(R RPN S L7 BL i 5 =g T TP R R T
KK, X LEFEPR A R IEA — B, HEAHR
AR B A E I, FLBREFK R RSB E L
RPN RIS, FEBOR, L
BRRE /N, RIS R K 238 i e A R K R G
WA fE—E KM, AR Y A bR
ZA) ] DA B 4, A4 R A [ e 8 s ke - 3 T 5
FEHE
22 LRAFER
2.2.1 [RI4EFEEL 5 HE F5 % (cone index), BPHZERH
Ty BT, SRR HE B A A LR R
[ 32 30 B L HERH 7 o 9 AR RO B e - S T SR S
HDICER: e W o =1 Y o o < b= /[ 11 WA N N £
A% HT R REASLADURE ) MR AR 274 A2 e 8 3 A4 LA RH 77
MEDI R o BXIRZE A 4R TR S AR £
SR HER BOR A BEA TS, SRRSO R, A

AR, JF H B 0 U8 i, [ 4 48 450
IR A AR, R, R KNS
TR SCRGOBE L o SRS MRS T A3 R S AR
X (53] 45 B S 0], 45 R SR I B e SR R
T e K BIAEFE O AE RS I, T3 22 () 5 R pR ARG
o [GIHEFS B R AR A 4398 R 5207 T AEAE—E A
B NIRRTz, i HATSCR S . BEAS AR
WAt H 19 2y 18 A S 5t %6 e e ST A 498 R S AR
FE o SRR SR A e A FEHE PR BV E RS i 5 R
HEFREW C R AT TIRGY, 25 R R IBERF S8 n +
R R E, MOMIESE T hed A W R 8 15T
RIZVUT BRI RS, Oliveira SEU0F 5T A& 2H R HE
TG EY A KB UIAOC,  FLIRE S E0f w] ek
FE PG RTAE S VA B B ROBE He SRR B2 1) o 2 4
B o H 2 BHE A8 £ 1E S R AR AR H 4 38 R S A 48 4 [
FEAAAE— 2L )8, &IPSR A A M — bR
B, =l TR Z RS e, HERNERCR 2
FIEEKE R, SR 4 49 SC B i
B G IS K B A T AR

222 BEIRE S 25T (reference bulk density),
WA A IR KT AHE, VEN LR E 245 50
RHERR R R 7R, (B S e 1% - AN )
TR S5 AT X B SE B U E . S B I E B
PRUERY Proctor 7 SRR ARAH, Proctor i 5140 fi
W) 32 B R T A T It - A R SR A Il
Tk, SRR RIS KA TN ] RS
R, i TAE S E S KR M&UG K
BSHAAE, Flan, WA BRI AR R AR
b s 2R + 5 CRE Y Proctor tSCHHZR QNI 2 s, &
ZRELN 1.65 g/em®, H5SHLEEN N TR K
RN IE S A K 3 . Nhantumbo 25493 T Proctor 7
LR TS HERE, e T LIRS S%
AH IR SRR ZRBOCER, PG T4l - 5Ext
JESE B0 . Braida 85973 33 Proctor 7 32 &
AV R T LIS HAE, W TR
FEKE, ¥R T RIEBURSCEE ), JFHIESS T
16 R AT A AT T R SR A SR o LR S
Alvarez S50 ] 398 1% 3 RAUH 5 TS [ BEE i 1
T4 Proctor 7 I 24k, R EIMSH RN
5 BA P& e RIE BT CC . Proctor i 954
WABAFAE— AR, s 2 H5E80R EA
Proctor 5¢#&, Kk, Wagner Z500FF & T i )5 #2 ,
i3 7 Proctor o SIS hilfi FL 5 K 5 W 25 A
AH A I A 26K Al 1T Proctor i SRR B9 TEIR . 1



5 1 NS

o
™
48

o AT SR SRS b B HAGIN 7 P st 1013

%5 H Bulk density (g/cm®)

10 20 30 40

JR 175 /K & Water content (%)

2 HILEEIE A Proctor [ESCHIZk
Fig. 2 Proctor compaction curve of typical black soil in
northeast China

Hb, PRERY Proctor o XG0 R H Y I8 RE i h A07
Pah 1, 5 HEEA AR 3 - A AT — o 25
o AT SElIRiX—MET, Hékansson4g i AR P —
R 1 HES A AL TR 200 kPa [ 7 4 55 IR 40
YA

SR MALBRE | 454 S5 BRI R AN T]
MR, HEAEET R, 228258 1 A
VERX IR L R A bn , HACREA WM, or
IAIXS B2 (degree of soil compactness, DC) Jijiz
M4, DC WK HIEAE S SHAENILE, ©n
PARAE R AL | Mo AT K R DL M 28 7 fH ) 46 1 15
YRR AR R S R T AR AR AN R T
M, AL AR A A 2 ] SR Y F R
Silva S E T A FBHE T X T — R 5] HIEAEM
DC, FFPPAlh T IR . AL AT ik S S
FOAD B, R4S DC TH R T AL HE A N
IR Z M R 2, X T R — -5 m—EY & DC
TEAE BRI A 224, WF5E & Bl — 4 bR la) 22 1k 3 22
R H A SR,
2.2.3 JeliEZE SR 45 (precompression
stress), WHARIETIELE T, 8RR TZTEHN )
3 5 v BT A2 Aok B B KA U8 ST o X TR — ELAR
M5, MASZMSN A e 45 0, fk
S5 LR AR R SO S B R, T e
WIS R )G, BMERCR AN T, R Bt DL
WRAZ, ] UL eI 45 e 0 g8 e e i - 3 At He 52
REJIEY, FERFHE 38 R SRS PR o b, Je il 2
JE 78 8 AR s 5 i B e, AR — B ] L
2 03 11 45 F 7 78 BN ER AL A PP 498 55 1 e 32
ZH)FEIR. Faloye SF5 A T - HEAF M XA &0W 119
AR # i T E Y ASAY = T b % S

M, PR SRR ) MR [ YA 2R R S
25 o T A RIS, T2 T T
A 2R A 3 A4 AT A AR A 48 1 TR S AR FE
Br, @R EM SRR, BaERT R
B 25 6 ) R TR E Mo 25 X 5, (B A 5k
- 18 e 30 [ 45 R AN REAR 4 S5 N - R S 1 AUk
o Keller ZEE7 88 T AN ] HE S0 98 Hh =38 1 1 —1r
et & IS 25 T 0 B F e 4 1 0 vk K
Hor, i 450 T fE R RE e AR R A 1) £
HEREME . Arvidsson VAT T AE B SLBEHL - HEAT Y
— RGP AR I R, 45 Rk AR A b AR
BN IR AR 5 2R 5 S T 45 TS A B ANAT

R T B AF L FRAE R SRR, B Ah 2R B A
A 25 = A AR T 388 R SEFE 2K (soil compaction
index, SCI) I 1 He SERUBMEFEEL (subsoil compaction
susceptibility index, SCSI) Fi~E4r, SCI AL
F1 5 25 ST AR AR, FEATRIERZ
HERSERUES . SCI<0 FRm A R, 0<SCI<0.2
FoRA P TESL X, SCI>0.2 /R ™ i 52 K
Ko SCSI AL 77506 + GEH R 0.5 m R
by TS5 5 B FE A, SCSI>1 2R il BEAEAE K 3D
RS, S5 AR AN RS AR TE,
FESARMER 5, Hn] BB BECH N E £
HEThfEr- 0, K SCI A1 SCSI iz FHE A H v ] £ x4
FH - S8 7 i ST XU A 77 SR BB b 45 i

3 R SRR AR ik

T SR A ARG S A R T SR B B K
Pao T REIRTRE RN RIS IR 2R 28, it
TR MTIIEWMARE , A SCH SN AT ER
JIREE . LA RIS | MR BRAGINIE | 5k
ST 45 e SRS 4 BTk (R 2).

3.1 EFFEENENE

e ARy, A e g B S B T
e+ BTN RSB RERRE S, — R &
JEAE FE SR BT T eI 9B Hon o L ks
N5 e A R S AG I 2 e R )32 (9 7573, e 3
YA E BT, 45a RS K HARRSE X
X e BT e R SR DL . A% B AL T
2737 B B R T A DA T S SR B 7
L JRERE o I 25 i BHL 3 4 3 o e T A0 2 A+
JEPUAERE A, HEnT HRE I R — S TR L
B E AR AL, HAWERE®E S . Mouazen



1014 R R R L S

30 45

®2 FRILRESSREERNGERRS

Table 2 Advantages and disadvantages of detecting methods for soil compaction degree

7 Method HAFHE Fundamental FZ PR Main step P55 Advantage Bl 45 Disadvantage
BRI RN AR T, SRR 1 JEALIE AR N . ReRm, i LSRG PR L
Penetration SRR RO LR RS 2. 45 A TSR LB DIRS—E LRSS M S A R R
resistance R 1. Measure the penetration REMIEEA Y R UE G RN
method!®! The degree of soil resistance in-situ ARG U S AR Z2 A KO Soil volumetric water content

compaction can be obtained 2. Compare and analysis data in It is widely used and highly and the speed at which the
by measuring the penetration combination with soil volumetric efficient; it can obtain the probe enters the soil affect
resistance in situ and water content vertical variability of the the stability of the results and
comparing it with the degree of compaction within a the method is only suitable
penetration resistance certain soil thickness; it also  for in-situ testing
obtained through the soil in can reflect the root growth
the non-compacted area condition accurately
hAERE) RAICTWZ M A E R 1. FlRECRE R LR BlRaEAT R, RESWWE RRRUERUD, BRI
Soil structure  ARIUTIESEME R, ML 2 RACTEAMGE LS KL HI AL R T EAERA S8
method!®3] HEALBRGE R ERAE FLBERA The data results are credible Application scale is small and
CT tomography can be used 3. JlWr 3R SCAR and the soil structure is clear  the methodological
to quantitatively obtain soil 1. Prepare or collect in-situ soil and intuitive framework for studying soil
structure information and samples state characteristics is not
observe soil pore structure 2. Use CT technology to observe the well developed
characteristics soil structure and pore condition
3. Judge the degree of soil
compaction
HERYy RS SR HYEORIGE T 1 RS L KM R AR BTz, &S BT AR, R
Geophysical PERT, MW W L R BERENT RSP A R AR AR H A SEATRALA I
method!¢] FRS AR — P ERBAR A T It has lower cost and wide Data parsing is difficult,
Physical exploration 2. fi AR application, and it is suitable  limited, and the method is
techniques can be used to 1. Select one of the physical for rapid testing in large only suitable for in-situ
determine the physical and exploration techniques of ground agricultural fields detection
chemical properties of the penetrating radar, electromagnetic
soil and thus the degree of induction and electrical resistivity
compaction on the soil tomography for the measurement
section 2. Analyze the data
Sl L R E BIERSERAESEAR 1. i f kf AR SEINE R BRSO RE,
Ewarzaill TSI IS RGN £ 2. ST AIE RS BSS B EE £, AERIPAN X EONEE @& IXEGE L
Precompression  3EE 5L Vit HILAR S XU Some parameterization
stress method(®”l  The degree of soil 3. AR S BT 4 Many parameterization options options are prone to human
compaction is detected by 1. Prepare soil samples are available to accurately error and have a small

N

determining the . Implement suitable
precompression stress in soil

compaction indicators determination tests

(98]

precompression stress

assess the risk of mechanical  regional scope of application
compaction at the regional

scale

. Process data and analyze results

SO HIAHILE A 27 B LT SO TR RN 1
ZFERLTT, R R S KA AR I E T
Ko, fnilid —F S R R T
I e AL, I e U T2 AR T A b A
5 R G071 DN E BB RAT R — e . R
Ui, FEM AR O AR = TR AR, (E
TR HEA R0 B A5 e R S R A E M —
SN, 2T E A T A B IR, fiE
R AA T S AR R A ORI

3.2 HIRGHIENE

TSR AR L IEROR RS S A BB, E
AR R, AM TR RS O
ARG E R INEAREZ, ARt
S T ST IR SRR R, A A K
FRAEh 2k . ok . VI . RURMRE SR 2
FLBREERIFLAR M o T e ) A i i 4 S o R SR 5
A E PN R R R AL S R, )iz
T T A LA LR 7 25 AF T e P e AL A S )
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CT HAR2FR X FEITEHMZ I HA, T e
X IEEE R IEAT = e, SER T AR, I
it — 20 WS - AL BR A5 A RRAE , DRI 1T 228 7 0 g
AT RS s, R, T IELLBR /N A
JEREIARS, IR —Ff CT £RME LI 4 5T 3 5L
B JEPRAETE R T RIS A T Y AL BRARRE
AT DA AT AS [ ROBE 3825 R e i o PR Tl 0 45 14
BRI, FE Pk EZAHER CT Mol CT %R
JE T IEEE TR T — S5 . LTS TR
AARAT T R RALBREGSRRE ;. BRI S A B
— ¥ F U Y B R AL BRI S 8 S R R ok B 8
BWEIEMG; B EM, X HALEKE T
A . AR 7 3G i B0 L RS R, 2 S
AL T FR Y 52 B AR B A DG s OB R
I, RAL IR B S 0 e 98 e SIS R G i sk /N 1Y
AaF, 0T R S R KL B i S M 1 2
JBRL, T B, ) A A9 R L Bk - 9 F S A FH g e
o BN ESURR s Wang 287 CT AR PHOW R B T
S bR T R ST R A IR, CT 4
ARWAFTEA R ZAL, 5K T 845038 4k B 45 A I > i
CT HAR T I SLBAS BEAE 5T IR0
TrEERRASEE . A, T CT HoR FEAEHORZ
AT R gy, i LN H T 20 R Ak R
SIARTE FAGIN
3.3 HUERADIRAOME

182 &7/B2 Y alllhe e Sy S| DREE 7/E 7 i N e we
A BREACAE BT, P A 2R BT s 4 4 e SRR Y
— FRYN T o A I BRSO fire B g B K
SR e, (H LA I Y 28 ) RUBE R . AR AR, It
BBz . BT B EE . R
% (ground penetrating radar, GPR). K §R{Y
7% (electromagnetic induction, EMI) FlHL BH %2 Hr
WARALEE (electrical resistivity tomography, ERT),
GPR 3= %58 i1 B iA I 7E 38 v A AR 86 155 0ok S v+
BESRM, A TRELLEESRELLEN & KE
ANTE], T B 7Kt 38 ek 5 e - S v A0 T 5 ) T
TRUAGRE R, DRI Y B TR I oo S )2
A — AN e, EEURI A GPR 4T T 3
S RE BRI, Ny TR T I R R A e SR 1Y
BAARR SR T A GPR %) H 3k R X A [R) M
X, ANTA] 2 A iy A 38 R SR 0 RN AR R T
THESE . EMI 32238 2o I o — 2 (AR (A 179 L o
SEHN AR SERE R B i, T R R SR e T
T, AR H IR RS RS

AR RRS A SN, PRUAE & S EUE RN
PTG IR A S0 DU H IR, 5
EMI B 2EBL, ERT 5 ZEAR 4 -+ 1A 1 i fH %
HESE AR Y B BT AEAS I - R S ) L
PR TR L Archie EHE A, B+ IR &
Rl RS F RS B RIS KE MR
TR IEAROCT, M BR Y EASI3 A R T AR FH 3
FESEARBL A PRI, AT AR O SRR TE, H
HI AR E Rz 0, ABAEE N AL T A By
B
3.4 SHABISEE DA

Se 45 10 b R AE 438 521 2448
b, HECE G Tk e AR 4 i iz Tk F AR BR 1 15
FE S AR Hhen B b 3 S 1R 45 e 0 1 T R
%, PR R A R B R 2= fE 1k (Casagrande
method)™, BHEIFI-E /K FL#Z: (Pacheco Silva method)®!
1 FHIR IG5 (Gompertz model fit method)™4%,
ENA “C 2. B BEERES, R 2Lk
FEGE G A AR i 2 g Se W A5 R T, N
HERT 1z, BUATERKBRSAGHE, AR
TR RAFHG . Silva SFEHLE A IR BA% 22 TR
WAVIRE- /R PUE Z AL A BRI A DG, 54 Al 4
R R A =L . 1T de Pue S802% X
TP A T OIRETEAL S5 R AR R RS
AESTHRE IS 7o A Hrs R g o T
T 4 SR A 25 5 07, 207 R O TR
IEETD RE, b RECL T -SRI R kT 2
PR L AR TR D7 I R A A B S DL &
T HER TN I 5 IR T N S E T 5 A N )
M HAEIX 3 S8 sk, 2 T RO o4 8
T B A . FEC A ST T A b REURYE
TRAEL, FHOZBIRME FI R AETER KA, R R A
FXZS b + AR 1 AR fh e = R AR . B
SIS RO Th RECRA S, i
T REMBACER 1 R B XA v R BGY A 1 1 ) A% 3 &R
o ULAh, AU AS W 5 T 09 S 1 [ 2%
FEJTRHE 71 o S50 ML A T Gk Y S T [ 4
FE BB TR T, R T b e [ 45 9 1 45 g
fE AR AT BN S PR B S T 25 1 ) o 22 R AR
PR PR O FE AR IR o B, T — R A S [ 2
FE 00 Tk s BCEEBR IR T Ik Rl 4T
P, Riicknagel 5t T —AN 1A, MR 4% £ 4%
T 45 FE R [ R 2 B X P SR T SR B A5 T,
FSNiOP ST | e SRS T E 2 GO ENi¥ i DS
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