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1.1 il tE

RGBT 2021 SRR BRI AA WS 1T R
K (126°79'E, 47°43'N) H 3%, BUFEAREA 0~20 cm.
T3y R A, HBEEUA S DY AT B B R BE R
JR M b b R L (SR o AR R R 11
TR LK = BE SR A A S 201 BRI M A
TN E, EEICEU SO, ALO;. Fe,0,. K,O N
¥, WUHRESHZ AIEF] 88.32%2, ¥ R4 + 15
HAR KT, $k AR R A A 29 5 e, wiF S ik
2 mm Fii#s Ao AR 38 pH {HN 6.66, RVRL. Kiki. Z
by YU RSB 5N 13.40% 57.00%. 29.60% Al
6.75%. S (- TRE72hrE: GB/T 50 123-2019) B%
W FRE KR, IR 0.23 g/g, PHRRN 0.36 g/g.

1.2 RWit5E*%

KR 222 HARSG it PAE 3G & K & Afy)
UETF- 25 H ORI P Z B AL B KT o KRS BT I TE LRSS
REHHELER, 0~20cm HEERHYEIIZEEN 1.04 g/em’,
HI A RF KR 036 g/gs HFHEM AT AR EN 1.24 glem’,
H R RF K 0.36 g/g. LA HEHHEX T L PR E
F 2 4K 5y AR AR AER A, B AR K KRR
0.15. 0.20. 0.25. 0.30. 0.35. 0.40 g/g 3t 6 PM/KF; T
A E# 1.00. 1.10. 1.20. 1.30. 1.45. 1.60 g/em’
o MK, FIRRZERAS, SiF 36 ANMeE, 4t
HEF 4R, HEANAE R LI SLBR f K= E
ATRE R A, BB K S EME RN WA
GOKE” M WG TRE. N TRBTME, R
VLI, A ST dE & /K B A5 I IR & K BRI 4h
T HE,

ZMESCHR [33] B 5 ik 45 IR R, AREUH B 28 8
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58) R HEA B AC TR AR ) (B 60 cm’ 4R3E T,
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FEE T HOK BRI E D, CREFKALEIA ] 2/3 & B ib
HARR®, EHERKEEEBA)E, BHERE TS
KA EFRAK, MR REMNE R, BERERHRS
K, ZJE SR LR B B S H R AT 48 h,
DALRUE I 7K 53 351 50 43 A o

4 A /UEFSEY (GZQ-1 B, Fimt s
BEAT P R 4006, BB MR PR, REBRE (T
WIS I VEFRME) (GB/T 50 123-2019) B i 5 1) 5 1%
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1. Dial displacement sensor 2. Compression frame 3. Soil sample 4. Permeable
stone 5. Guard ring 6. Pressure transfer platform 7. Consolidator base

B1 HEPMEHREEEREH
Fig.1 Diagram of the uniaxial confined compression test of soil
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glem’s HALFERIVIETE, cms Yd, AR —%m#H T
MR EEE, cm.
KM Gompertz 75 FE! ) 04 4 1 2% -
e=a+c-exp{—exp[b-(Igo—m)]} (2)
Kb as by oo m WA REG o 9050 E Ak 30t 0 i
#, kPa.
FECAWT TS, [Rlsaa 2] OIS kA5 . #1400
2 BT N B A ARAG U 023350, A5 31 i 4 R A AN
(6] o AR SCIE AL I e A0 WU 5 [ e b s, BT 3 e 4 ot 2k
I F7 B i [l 0 2P 38 e, R

_€y—€s

t 1g(25)

K C o NEIFIEEL, RN ey NWILEFLERLL: e N
Jiti N 25 kPa i 2008 B LB EE o

JEGEAR% €. CCEN) RS 24 bl e,

B (2) 7E Ig o= m N —Fr FELHE, tHETF:

1 (D

(3




104 flk TR (http:/www.tcsae.org)

2023 4F

bc

€= oo

K 5 K R EM I H A 4R S (o, kPa)

U oe= SRy RS o =y N i1 B <9 = B ) A T = 112 < e = A
AW/ (I

4

de/d(Igo)?
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{1 +[de/d(Igo)]?}
NI R EAR R . LA AL R T,
F|H Python 3.9 ') NumPy. Pandas. MatPlotLib & H 17
FER T 438 s il S A AL B pySCC. BT Gompertz
TIRE N AR R B, AR RSSO S TR, B
KRR T AR i /N 3k (LeastSQ RED #HATZ 5
Mk, EEHE BB (R . BT RIRZE (Sguse) 1T
B Ay LR ZE (Syape) O PR A Gompertz J7 72 U
A ROR AN LA R BRE P . R K . Skwse A1 Swiare
FRAIG, U FRTIIARS R Bk v

KA SPSS 25.0 #4777 % 3 e A lal 3 o #r,
Duncan AT 2 B LLEL, X B E M ZE S TR U= .
F OriginPro 2017C K 14H4£ K.

2 HBRESH

2.1 FEBESKEMVESETHETEHEZ

= 1 NARFEVIIG S K E SIS E A T Gompertz
TRV FEAR I E S48, B 2 ARG EL T I R
i, W LAE H Gompertz J7 FEXT AN B 4b BE AR - RE Y
RIS E R, MAERE R R EHREN
0.995, ¥ HHRZE Spmse BN 0.006, “FIJZ4E%H 7 L
WRZE Syape N 0.222%~3.887%. Gompertz 7 F£H &L &
2 r B YE Bl N a<0.659, b5=1.098~ 3.506,
c=0.369~1.284, m=1.858~3.473. Z T, aicflxt
T 2 ) R A RN BR AR ALBR L, ate X BT BT
LR BIATAAFLRR EE

x1 TERBEENVESKELIER Gompertz FIEITFNMIEIREEIESH

Table 1 Evaluation indexes and fitted parameters of the Gompertz equation at different initial bulk density and initial moisture
YIUHAE & WIh &K E Gompertz /72L& R AL
Initial bulk density Initial moisture Fitted parameters of Gompertz equation R SkuMsE Swviape/%0

pl(gem™) wiggh a b 4 m
1.00 0.15 0.525 1.749 1.129 2.393 1.000 0.002 0.736
1.00 0.20 0.528 1.547 1.117 2.397 0.998 0.004 1.625
1.00 0.25 0.568 1.951 1.074 2.192 0.999 0.004 1.415
1.00 0.30 0.486 1.740 1.178 2.159 0.998 0.005 1.756
1.00 0.35 0.659 1.808 0.997 2.049 >0.999 0.002 0.519
1.00 0.40 0.562 1.338 1.088 1.858 >(.999 0.002 0.790
1.10 0.15 0.523 2.006 0.876 2.549 0.996 0.006 2.165
1.10 0.20 0.249 1.902 1.161 2.564 0.999 0.003 1.478
1.10 0.25 0.446 2.346 0.975 2.383 0.998 0.004 1.667
1.10 0.30 0.399 1.861 1.029 2.252 0.998 0.004 1.734
1.10 0.35 0.396 1.558 1.030 2.222 0.998 0.005 1.902
1.10 0.40 0.134 1.098 1.284 2.318 0.998 0.004 2.659
1.20 0.15 0.156 1.528 1.051 3.097 >0.999 0.001 0.332
1.20 0.20 0.252 1.843 0.974 2.808 0.998 0.004 1.310
1.20 0.25 0.301 2.188 0.916 2.639 0.999 0.002 1.049
1.20 0.30 0.385 1.975 0.839 2.456 0.998 0.004 1.641
1.20 0.35 0.377 1.410 0.843 2.431 0.999 0.003 1.169
1.20 0.40 0.112 1.247 1.100 2.363 0.999 0.003 2.134
1.30 0.15 0.457 2.614 0.575 2.839 0.999 0.001 0.453
1.30 0.20 0.229 2.105 0.814 2.943 >(.999 0.001 0.578
1.30 0.25 0.255 2.022 0.786 2.759 0.999 0.003 1.230
1.30 0.30 0.202 1.823 0.845 2.555 0.999 0.003 1.504
1.30 0.35 0.272 1.688 0.787 2.441 0.996 0.005 2.600
1.30 0.40 0.068 1.367 0.975 2.360 0.998 0.004 3.887
1.45 0.15 0.109 2.851 0.706 3.366 0.997 0.002 0.627
1.45 0.20 0.395 3.506 0.422 2.955 0.998 0.002 0.551
1.45 0.25 0.255 1.726 0.569 3.013 >0.999 0.001 0.261
1.45 0.30 0.304 1.922 0.521 2.754 0.999 0.001 0.670
1.45 0.35 0.274 1.692 0.555 2.751 >0.999 0.001 0.473
1.45 0.40 0.250 1.726 0.580 2.684 0.999 0.001 0.806
1.60 0.15 <0.001 2.880 0.647 3.473 0.995 0.001 0.740
1.60 0.20 0.276 2.931 0.369 3.014 0.998 0.001 0.620
1.60 0.25 0.130 1.616 0.524 3.091 >0.999 0.001 0.369
1.60 0.30 0.090 1.574 0.565 2.941 >0.999 <0.001 0.222
1.60 0.35 0.130 1.612 0.524 2.864 >0.999 <0.001 0.286
1.60 0.40 0.092 1.565 0.564 2.800 1.000 0.001 0.652

v R? HNRE BB Sruse R AR ZE Swviare R L T A iR ZE . FIF.

Note: R is coefficient of determination; Sgys; is root mean square error; Sype 1S mean absolute percentage error. Same below.
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Note: In the figure, the point is the measured value; the line is the value fitted by the Gompertz equation; w is initial moisture, g'g"'; p is initial bulk density, g-cm™.

Same below.
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Fig.2 Effects of initial moisture on compression curves of black soil under different initial bulk density

2.2 WEEKEFVIEREXTELEE SRR

AN EI T 46 25 7K B RIAT) s 25 EE AR B R 1 B - 0 45 1R
1 3 A . BB WIGG S 7K & AR /N R AT U6 75 2B Fl 38
K, FRRESEE I EERA (P<0.05), HAMLIGE A 10.42~
1 106.17 kPa, 1@ ¥]46 & /K& 040 g/g. KM A &
1.00 g/em’® B e/, FEARVIGA S /K& 0.15 glg. mWITA %
B 1.60 g/em’ B K. WITAE/KE KT 0.25 g/g SRMIHAZ
F/NT 1.20 g/em® B, TR 25 % S73594%F 200 kPa. R4
HESMER (K2, VIBEKE. VIHAEE
S 128 BAE G T 25 1 s ma i 23 (P<0.001) .

O 45 e 7 1) b 3 A% 38 bR 08 L VE A R A gk 3
Fi7R, o, SVIGE G K& 25 B LR 26 [R5 4 b 4 2
B A RO, BRI EEMKT (P<0.05). & (6)
RTE L R ES YIRS KELERREH T, &
[FRI a7 B T H e RE0N 0.70~0.96, 30 (7) & T [
SR N5V R BN L REH T, ARYIGE S K
&2 N H ik E £ 0.89~0.98,

Ope =A1p+Biw (6)

O pe = Aop + Byw @D,

Xl o, NTESEE ST, kPas w NV & KE, glgs p
NWIMAEE, glem®s A« A,» B« B, NG REL.

Z IR A5 TR FE B R 73, 51 ARG BR AR
BEARUE 58 0.05 F1 0.10 B, B RIEH7 R (8)
WA MR B, FRISREHTEET 5% 8F KT
(F=65.37, Fyos034=4.12), )52 RECN 0.85.

Tpe =,p° +biw +cipw+d, (8)

X a, by o d NGRS

pl(grem™)

1400 -
77A1.00 EE1.10 N1.20 E21.30 [ 1.45 EA1.60

1200 | ;é

1000 |

800

47
Pre-compression stress/kPa

600

Tt ]

400

200

0

4 4 A ’4 A =]
0.15 020 025 030 035 040
wi(g-g™)

A ARKRS 7 FARRAM BB 6 & K& T A B W) 404 HE 2% 5 8%

(P<0.05); AFVNGFREEAR VIR BT A FWIIR &K 2 57 2
% (P<0.05). T,
Note: The different capital letters indicate the significance differences among
different initial bulk density under the same moisture (P<0.05), and the different
lowercase represent the significance differences among different initial moisture
under the same bulk density (P<0.05). Same below.

B3 TR#seKkEfinib s TLELIMELE A
Fig.3 Pre-compression stress of black soil at different initial
moisture and bulk density
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025 g/lg. HEN1.10 glem® I, JEHTEE K WA
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FKEN 025 g/g. HHEN 1.60 g/em® I ft /), HAF LT
FEIH 0.311~0.852. [ —HIMHE/KEFRMHE T, Ebifad
2 I A 0 75 R O A IR AR A e 34, WIAR & K &R
T0.20 g/g I, AI4H 7 BN R AR 4R HOK 52 ek B B3
AKF (P<0.05) . HHIFEIVIUE 7 E AL, & 4646 B bE &
KIS AR R H BB, WIMR AR E A
1.45 g/em® I, i 45 6 5006 2 5 7K &0 38 n B 3 0/
(P<0.05), HRVIMGEAET, EAEHEE0E S /K
WA R . WA E N 1.00~1.30 g/em’ B, %
WG &K EAKE T IR 18503 KT 04, VIRAEN
1.45 1 1.60 g/em’ i, E/KE/NT 0.25 g/g B EAETREUI K
F 0.4,

x2 VRAKENZTEMNELMELEHEWHHFESH
Table 2 Analysis of variance (ANOVA) of initial moisture and
bulk density on pre-compression stress of black soil

AR SR H i Ffi
Source of variation Degree of freedom F value
w 5 1 111.36%**
p 5 1292.72%**
wXp 25 216.46***

Ve **x, P<0.001. FE
Note: ***, P<0.001. Same below.

M ENER (£ 4) FBY, WIEEKEMNY]
G T R 46 R R R 08 B B E M E R
(P<0.001), H =35 32 A 1) 5200 108 28 & 3 K
S (P<0.001) .

®3 BINESENSTESKENZENTIREERY

Table 3  Soil pedo-transfer functions of pre-compression stress, initial moisture and bulk density of black soil

% b3 K S EIERaE.
Fcﬁr Tre%trir%e?l(t?;vel Regresﬁrﬁiﬁaﬁon R Swuse/kPa Sware/ %o
p=1.00 0,=—141.0w+70.5 0.96™" 2.54 10.24
p=1.10 0,=—316.8w+143.4 0.94™ 6.67 14.30
Wigg™) p=1.20 0,==707.3w+297.6 0.94:: 14.74 17.97
p=1.30 ,=—949.1w+399.0 0.96 1633 16.32
p=145 0,=—2 578.3w+1 030.1 0.78" 117.90 43.61
p=1.60 0,=—3 284.4w+1 295.5 0.70 182.95 52.91
w=0.15 a,=1862.9p—1949.7 0917 118.53 70.16
w=0.20 0,=767.6p=751.2 0.96™" 33.79 22.33
4 w=0.25 0,=446.6p—417.9 0.98"" 12.78 9.07
pl(g-em™) ’ .
w=0.30 ,:=308.2p—293.7 0.98 8.92 15.02
w=0.35 0,=263.p-257.5 0.93" 15.04 27.63
w=0.40 0,=230.0p-233.3 0.89” 16.05 48.86
W, p 0,=785.5p7+9 366.0 w'=5 093.5pw—126.5 0.85™ 83.16 85.12

W o, NTIEZES, kPa; *, P<0.05; **, P<0.01. T,
Note: g, is pre-compression stress, kPa; *, P<0.05; **, P<0.01. Same below.
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Fig.4 Compression index of black soil at different initial moisture
and bulk density

FE Sl s A4 i K ) L A 3 pR B, IR 4 FiE K S v dn
KR A B DL ER [ U 2 B £ 2 R O R 2 T
R B AL B FE VAT . B B VAT 2 0 ]
VAT, 5 NANGERAL S AR 7308 0.05 AT 0.10 1,
75 2 B 4 I A 15 U5 046 & /K B AN 2 L (A [ )3 75 2
X (9 2B HEKA.

C.=-0.371p—-0.682pw+1.279 D)

Al C. MG w HIGEOKE, gg: p SHIEAE,

glem’ s FHFEES] 5% BEKT (F=46.93, Fyos0=4.12),
HHBE R E R R N 0.72, HITHRIRZE Spuse N 0.08,
SEI YN 5 LR ZE Syape N 11.90%, A A K FEAL
H (Suape<20%) o X 7% Wil (1] 9 R B BEAT LG, p A1
pw B E] U 280535 3 5% 225K, AN B bR AL Al
A R %5375 N—0.53 F1-0.48.

F4 ESKEMZENELEEEEEZMNFESHT
Table 4 Analysis of variance (ANOVA) of initial moisture and
bulk density on compression index of black soil

AR SRR H i Fd
Source of variation Degree of freedom F value
w 5 64.87**
p 5 155.97**
wXp 25 13.82%*

2.4 FIREKEFVIEE E XTI H AR

WA s Fros, B 3FR H0R B H BE ) 4G K & 3 nm
WK, BEI A6 A E BT RN AR, EEN
0.007~0.321, {EARHILE & /KE 0.15 g/g. MY ARE
1.60 g/em’ B fe/ly, {ERPIAA & /K& 0.40 g/g. IRWILAZ
H 1.00 g/cm3 IR oy N

%5 O I UA & K B AT 4R 2 E 0] 18] 3 4 K
TiENMT AR, WIS /KE. YIEAER ZHMNZE
AR X R (] SR AR 5 R 35 0 B A R MK R
(P<0.001) .
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pl(g-em™) 0.94 2 |,

04 -
2 B Y = 0 [ 1.45 E21.6 I
21.00 1.10 N 1.20 1.3 . 1. ( —A W+B ( 0)

Cs:A4p+B4 (11)
X C N RIFAREG wRRIIRE KR, ¢/gs p NVIUGHE
E:; g/Cm3; A3\ A4\ B3\ B4 y‘jm%%ﬁo
x5 VESKEMFENELEBIERZMNFESH

Table 5 Analysis of variance (ANOVA) of soil initial moisture
and bulk density on swelling index of black soil

[EEEEEEA
Swelling index

Lo SV H H F1H

Source of variation Degree of freedom F value

25 - 0 S w 5 97.71%*

25 0. : P 5 178.88%*

wieeh wxp 25 8.39%*
Bs5 TRREMbEKEREEL LRI B e ST
Fig.5 Changes of swelling index of black soil at different initial Z oA MR R0 (12), 51 ANH5IBRAR & 1) bR
moisture and bulk density #HE 73 9 0.05 #10.10. F RIS S5 SRR W 7Rk 3] 5% &

£ 6 S E SR T B R R, AR AT EIKT (F=76.77, Fooss=4.12) o ZJ7 PR % 5 -
I R T, 12 RIS, B p=1.00 o, EREBUN 0.90. MEI I NAEUEITRA, p. 7 w7

p=1.20 g/em® R w=0.25 g/g, FLAAELT L4 77 ik 5 5 1 pw ) [ENA RFOIE R 5% B2 KF, AR bR
LK (P<005), C Sl a ki xgmpy  WHAREIHN-431. 436, 1.91 F1-1.60.

M (100, ek REN 0.64~093, C, GHIMA% Co=ap+bop*+ew° +dow+q (12)
HLMERRBATEMR D, P KREAE 048~ Kb aps by o dyn g ME R

Fo BIEBERSVRSKENTENTIREERE
Table 6  Soil pedo-transfer functions of swelling index, initial moisture and bulk density of black soil
SN AbER K EVEppid R

i i SRMSF- SMAPE/%
Factor Treatment level Regression equation
p=1.00 C=0.60w+0.02 0.65 0.04 16.27
p=1.10 C=0.73w—0.08 0.69" 0.04 4436
o p=1.20 C=0.53w—0.07 0.64 0.03 56.84
wige ) p=130 C=0.45w—0.07 0.74° 0.02 45.36
p=145 C=0.13w—0.01 0.88" <0.01 21.63
p=1.60 C=0.15w—0.01 0.93" <0.01 15.15
w=0.15 C=—0.18p+0.28 0.817 0.02 82.82
w=0.20 C=-0.23p+0.34 0.69" 0.03 114.58
. w=0.25 C=—0.16p+0.26 0.48 0.04 65.28
pl(grem™) .
w=0.30 C=-0.20p+0.33 0.70 0.03 40.09
w=0.35 C=—0.26p+0.42 0.88" 0.02 29.98
w=0.40 C=-0.51p+0.81 0.94™" 0.03 37.01
W, p C=1.60p+0.62p*+3.05w*—0.98pw+1.18 0.90™ 0.02 47.96

i C BIsRE.
Note: C, is swelling index.

3 W i BRI . % R FR 1A JEUIR R 1 3R 853 7 B R

ABRICR R T S ke T IIIOIR, RS TR IR o
GRS, SWEATAMERY, ShEumise— o PR IERIETERBIIRC, iR R
8120822351 prar ) 03] 0 45 1R A7 5 WA 2 1 24 PRAR, WIAG M) LR JPIRAS, WITE— R b ik
VT I 2 L 50k ) B e, i gt TEROTRAERRRE, DR AT ST B AT e U
B [ B RIS, TR A . g SRS RIA A KRR T 2 [ KA S R A T
[ 450 1 ST A K B R U, R T gLy P IMRSCRPIRIE ORI, ST AR AL TR - A
P K A i Bk L B 7 R R g Sk e e, BR T IR R IR R X R £ TR RS, BRAR T AR R
- B R 18] [ P9 R RS A RS, BT PRI TR EAh, e R A A R AR R 1
SN R RO, SR RAA SR AL FRE JOKFME, SRR 1 h KR i R eh R K R
LEIE A2 50, KELLER %0 RAIsa s 5ok LRt SOTTRRAE AL, th o0 U 45 6 0 0 7 A i
T EARK, R T LREF I, SR aok R T ARSI YON R e 1 T 2R K T AR B R 5L
Mo, BRIUGERAAEAET S . SAFFIH-HDADI %002 SRR LG0T, R A RARER, T8I ) R i
FI L AT AR, DLRACRE S PE R IR AR e S RN R WL R S5 98 15 om VR FE P48 5 KT LR
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71, N 228 kPa. ARSCHEFCLEREM, VIMHESKEKT
0.25 g/g (70% A /K &) v s R E/NT 1.20 glem®
W, TR S 739/ T 200 kPa, RS XUSEK, R
SR RHAEN

— NNy, IR RAETEE C.<0.2 BONRESETE L,
02<C.<04 NhESMEL, C>0.4 Iy R4 10,
A SR ) R I R b R 4 HR AE 0.311~0.852 Ju I Y,
5 AN ZEP ) s A T 4 e B0 ] 0.293~0.950 A,
AT LI S R B RS I . A SR BRI GE & 7K B A [
B, BEERERR, E4EHAREE, X R A E
BRI HE ) R, BN E] EE R ), BT
TN A, MRIEA SO G R, EAE IR S IR S K
BV AEZ MR EZN G2 AT, HEYILH
HHERMAHT, EAERSYIGESKEZMPEANE, V]
A2 N 1.00 A1 1.10 g/em® KPR, &7KEHN 0.15. 0.20
F10.25 g/g MIALBRARNT 4G 48 H08E il R k), (HEE S
T At 3 MAEFEKE; YR E N 1.45 glem’ B, JE4
FRBE 2 S K E R 0 B2 N (P<0.05) TR 46 $E L
SHIEE KBRS R M E R, LARSON M (1t 5t Kk
BUE a0 5 &K &2 A S A e, AN 2R R
I RRY, AR R L E S A KEIEMX, £
4 R A B A SEME, de LIMA 25030 S B 4498 1 45 45
Kt A W06 5 5 A R N PR AR, BLYE R AR LR (
KW 8RN 2.5) BB % B2 . KELLER %P9 ik
053 SR R T 45 48 20 o o7 8068 i T 45 % ) J5 3
AR T 2R, RIAZ LRI T 57K 3R, SRR 46 8 44
Ko BT DA R A A i R B N i 38 2 R AR AR,
S AR I S BN R 2. WA IR AR AR RS &K
B EOC RN, 7B 8 L )G 5 T S A
LUERiAR

BT [l AR A R IR TR FR AR, 7 He 48 55 1 A O
WFFE RS2 B eV E R D, a0 AN P 5 B i A K B AT
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Effects of initial moisture and bulk density on the soil compression
characteristics of black soil

GAO Chen'?, LI Xiaopeng', ZHANG Hongxia®, JIANG Yifei'?, XIE Yue®, LIU Jianli***

(1. Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 2. University of Chinese Academy of Sciences,
Beijing 100049, China; 3. College of Resources and Environment, Anhui Agricultural University, Hefei 230036,
China; 4. University of Chinese Academy of Sciences, Nanjing 211135, China)

Abstract: Soil structure can deteriorate under agricultural field vehicle compaction. Physical soil quality has posed a serious
threat to agriculture production in Northeast China's farmland. Typically, the widespread and heavy use of agricultural
machinery can be responsible for this instance. Soil compression characteristics can greatly contribute to the quantitative
analysis of the soil compaction process. But it is still unclear on the variation of black soil compression characteristics with
different initial moisture and initial bulk density. This study aims to investigate the influence of initial moisture and initial bulk
density on the repacked black soil. The soil compaction risk was also quantified and predicted after evaluation. Six initial
moisture levels were set at 0.15, 0.20, 0.25, 0.30, 0.35, and 0.40 g/g, and six initial bulk density levels were at 1.00, 1.10, 1.20,
1.30, 1.45, and 1.60 g/cm’. Uniaxial confined compression tests were conducted using a consolidator to measure the soil’s ratio
under different applied stress. Soil compression curves were collected using the Gompertz equation. Three important
characteristics of soil compression were calculated from curves, such as the pre-compression stress, the compression index ,
and the swelling index. The results showed that the initial moisture, bulk density, and their interaction all shared a significant
influence on the compression characteristics of repacked black soil ( P<0.001). A series of soil pedo-transfer functions were
established to predict the compression characteristics. The oy of black soil ranged from 10.42 to 1 106.17 kPa, which was
positively correlated with the initial moisture content, and negatively correlated with the initial bulk density in a linear
relationship ( P<0.05). The compression index ranged from 0.311 to 0.852, indicating a bivariate polynomial equation
relationship with the initial moisture and bulk density. There was a decrease as the initial bulk density increased and reached
the maximum at medium moisture. The swelling index ranged from 0.007 to 0.321, which was positively correlated with the
initial water content, and negatively correlated with the initial bulk density. Therefore, the black soil presented pre-compression
stress lower than 200 kPa and high compression stress greater than 0.4, when the initial moisture exceeded 70% of the field
capacity or the initial bulk density was lower than 1.2 g/cm’. Such soil hydraulic and structure conditions indicated a high risk
of soil compaction under field traffic. It was recommended to fully consider the risk for the cultivation operations without
delaying farming. In summary, soil compaction has been caused by agricultural field traffic, although agricultural
mechanization has been beneficial for the production in the black soil region. This finding can provide a strong reference to
understanding the effects of the initial moisture and bulk density on compressive characteristics. A set of pedo-transfer
functions was built using the initial soil moisture and initial bulk density. An effective prediction was offered for the black soil
pre-compression stress, compression index, and swelling index. These predictive pedo-transfer functions presented the potential
to quantify and predict the level of soil compaction risk induced by heavy machines during wheeling and field operations. The
implementation of pedo-transfer functions can also provide crucial data for the input parameters of soil compaction models.
Therefore, an impactful basis can be obtained for the soil workability assessment and field operating conditions.

Keywords: soils; models; moisture; transfer function; bulk density; compression characteristics
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