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Effects of Freeze-thaw Cycles and Soil Water Contents on Disintegration
Characteristics of Brown Earth
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(College of Water Conservancy, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: [ Objective ] Undisturbed brown earth soils from 5~7 cm and 25~27 ¢cm depths in the Shenyang area of China were
collected for this research. The effects of freeze-thaw cycles and soil water contents on the disintegration characteristics of the

soils were analyzed. [ Method ] Based on meteorological data and field observation, five freeze-thaw cycles were designed. The
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weighed water contents of the soil samples were regulated to 10%, 15%, 20%, 25% and 35%, respectively, and the disintegration
process was measured. [ Result] 1) The soil disintegration had four phases, including the rapid water absorption phase,
exponential disintegration phase, step disintegration phase, and disintegration completion phase. In the four phases, the
exponential disintegration phase was regarded as the main disintegration process. Importantly, during the exponential
disintegration phase, the soil sample collapsed continuously due to pulling or losing support. Also, the disintegration rate in the
exponential disintegration phase and non-capillary water content showed similar behavior as the increasing freeze-thaw cycle.
According to the two fitting surfaces, there was a most easily disintegrating soil water content in the range10%~15% in which the
total disintegration rate was largest. When the water contents were 25% and 35%, all soil samples skipped the exponential
disintegration phase and directly entered the step disintegration phase. The total disintegrations of 5~7 cm and 25~27 cm soils
were very small under 35% soil water content, and was no more than 6.93% and 11.14%, respectively. 2) Over-consolidation was
observed on soil samples with 10% and 15% water contents, and the polarization distribution of soil pores was accelerated under
the freeze-thaw cycles. The disintegration rate of the exponential disintegration phase and non-capillary water content of both soil
samples was increased after continuous freeze-thaw cycles. Under the freeze-thaw cycles, the structure of soil samples with 25%
and 35% water contents was destroyed, soil pores were expanded with an internal settlement, and the water absorption capacity
was reduced. 3) The pore difference of 25~27 cm soil sample was slightly larger, the control ability of electric double layer to free
water was inhibited by the higher clay content, which resulted in a higher total disintegration rate. [ Conclusion ] The ability of
soil to resist erosion from inside to outside was transformed into the ability from outside to inside under freeze-thaw cycles. All
the findings may serve as a data basis for brown earth soil erosion research.

Key words: Brown earth; Freeze-thaw cycle; Soil water content; Soil disintegration
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Table 1 The basic properties of tested brown earth soils

TR A A HLBE F ] 5k TR KR kL HhL Rk
Saturation
Bulk Organic matter/
Soil depth/cm Field capacity/% moisture Sand/% Silt/% Clay/%
density/ (g-em™) (gkg!)
capacity/%
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25~27 1.36 12.13 25.31 35.79 35.65 40.67 23.68
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Fig. 1 Diagram of disintegration device

F2R 1 emx1 em Y 3 fifk 0 320 47 380300 B - AP 5 44K i i
JEARRAE T, G b AR R A K I 45 9% 1Y
SEURL, R AE R IS e 0 A T R A% ] o
92 emx2 em. IRETFER ST, KO ORE Y A AR
HEEL AT b, ZEMA K s, [RE
FEJa IR, e st P i s B s i . e
WS 5 TR 7 A R B S min SEA T —IRC SR,
KI5 min J5HTHECN R A AR AL, R E
RIS E] 2 900 s. P J13HEERR 0.1 s idsk—iIk
B AEA, 33t 9 000 W
S A 2R,

A:Mxloo% (1)
0

Kb, A8 6 Z 6 (4<t,) BENPARER (%);
1 0s, 5,79900s I, A TR IS8 U ) e 28
it (%); i o IR TR (ND; oo 6 B
ML (N fo HIFEEIRER I )3T g (N);

K, VR 6 B 6 G<e, BRI R (%es ' );
A RS T B R AR (% Do
1.3 FEFEKENEIXE

CAREMN, BEKAALEMT L B0 (1]
RS, X R —E IsRAER , HKkr78k
JE BRI BEKAEIEAR, XA i tEIr
SRR B, R R T E K R R R R &R
AT B SR 11 o RIS 43 i AL B2 AR N
BB A3 ah i EZEALBE ( RFLBR R A7 8 1K R
FLBR, hALBRFE I AE S K AR B FLBREY ), Rl 1
TR BORILBR A LE “UKEE” Ak R xfE LR K i 2
W02, R i g R Al R AL BRI A T A A
IFe A B A g O, NS AR B K & i
R HEWT , B8 5 7K 32 0T RE WS 4 A 5 B B i) A
fifg Arp e 30 0 R A AR RN 5 7K R H TR K 3R
IR F 2, BREHEEE SR,

TSR 2R K BRI 58 BURH L R RIS PR X
by S O = S i R O 3o 8 S LN L0 SV G R s S T
RS T) FIRESE, #E oK 24 h JEHGE, FRE
PLH A A K R0 Rt Al R 3 - 498 3 1 AL
B SRl K 3, SR RUE UK Bl 54 26 ) 4k
SLCE THIA TO S PIRAERT, #3108 h % 4 h
FRE—K, BJGH 2 h FRE K, §JE PR T
HE/NT 0.1 g BRI IE AT + R B 58 BB K i 2P,
W AT YRR 7K B SO AR FE )R8 7 258 1 30 A B () 15 0
i r M DA
1.4 HHEabiE

KA HP R LA ) 14T 8 32
B, >RHA Microsoft Excel 365, OriginPro 2021,
Statistix 8, Spss 25 Fl 1stOpt 1.5 AT E IS8
AEFIFER, iz H LSD 74 F1 Pearson {474 F8 bn
() P S 5 A e R AH O M BT, ds 22 SRR
( Levenberg-Marquardt ) Fl i H & J & b &
( Universal Global Optimization-UGO ) i i #1727t
[l )5 43 A A0 7 AR w0 . % E KSR 2B R
Shapr3D #4742, T I 2 M BT A vRml ik

http://pedologica.issas.ac.cn



13] RIEHEAE : URRAE PR 38 35 7 S Ak S i 1 P R 81

B, ERR K HAR B HIX e 2 3 i A2 1 Tk, )
=X (3) BEATIHEEDY, RS N3 2 BiR .

CT =(SS—MSE xdf)/SST (3)

A, CT RHFERE (%); SS HFHF; MSE HiR
2T df MHBE; SST NI A,

2 FER 518

2.1 HRIERBTE

P2 FPE 3 Sk i i R B ) AR Ak A B, R AIE
PRAE R R R . TR PO 5 TR
SR B A i A R ) R A R Al 3
BB, BV K i B B (B K in i i S
U7 F0E o 1) 200 R SO AR AH KT )L 48 B A o Bt
(TEARERTR, 3 R ) s R AR, 3 A
i, A A ECE N ). A oE B B (3RO
TEFEARTIMERTT, RS, Bk ). 1%t
b S R PR S MUk, o 2 Wy BeRraind
3, FEHS 2 BB ol e i Ez i s i, AR i
gorp, FEEEm R AR RO L AR, AP R
JfE SRR AT 4 BB PREIROK BB (0~
3s). FEBRRIT B (3~60 s ), B IR i B B ( 60~
150 s ) FFRSE RSB B (150~900 s ), FREE I K By
Bre - REM KOG Bt 114 14 R A5 22 i Ao 41 UKL i V%

B L RERK IR B s A S KR, AR OK
IKAY A S B S BRI AL T, KTk A b
SURE PN IR B A A VR FE 9 B SR T g A
W51 Jp g Ay, MRASHCRE B EEIE, NI L
FE g E , ERER B AE, BRI R bk
Ao T BOR i AR ERE RIS T N S,
HAZHAMEEZm, BARRH . (1) BFHE L+
FEMEANE T B e iRiads , B4M2 LR TR
F S PERR G ST BB, ELAE B I8 e AR v o R
ARifER . (2) HFH%E, BAIE R s
GRS/, TERESNAF AR SR (1), (3)
fEgEL P K IR B, o (1) S5 (2) [
W& A BYBRAA AR B B . 7R IX — B Bt B A S
A, PEEY IR EE, HEA LIERTE, X—
B B i SR U R B BT, B — BBk i) i i fige R
AR, BRI, PR, X I RER
BORJG AT —Br B, HE7KRET 25%0F, 14
A g Bk F O AR B, ELEEIE A BB 0 A B B
T 56 UL 3] JEUIR A B RE A B A 4 4 EL AT
B, KRB R I 2L B 25 5 Hh BLAE AR T
FEHAIRIKIG , BRI B SRR T B
i) B 3 P AL PR K o JE AN SR G, TR
TER T REGWESDT, EEA KRS LR R
WMBCIR AR . i oE BB B R4y AR R B R
RZS, HAfRAE LR, PO SRBOR FAR b . A i 52 AR
WY BL R R R AN, Mk — R

R AGBRRCR , R . SRR R, R T REIA, RAE LA
x2 FRBERMEKENREH BRI THKE
Table 2 Contributions of freeze-thaw cycles and water contents for total disintegration
5~7cm 25~27 cm
T H
Item
Sig. TIHE CT/% Sig. TUHREE CT/%
VRAEES Freeze-thaw cycles 0.001 2.2 0.001 4.0
+ 1 KR Soil water contents 0 80.8 0.041 79.2
REDIEPR x &K%
0 11.7 0.001 7.3
Freeze-thaw cycles x Soil water contents
%2 Error 5.3 9.6
FEHZE Main factors 82.9 83.2

H: Sig.<0.05 FniZBE A A G T E X, Note: Sig.<0.05 indicated that the data was statistically significant.
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1 HELEIE Soil depth5~7cm

A j1if#% Total disintegration/%

LI Soil depth25~27cm

TR i3 Total disintegration/%

Bl 5 UREMZRAE T AR e 2 i R

Fig. 5 The total disintegration of brown earth under freeze-thaw cycles
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AN, ORI 25 G K IR R A RN AR,
LI 3 AN 5| ) RSP 25 i A A i 9
25~27 em BHERRRLE R, FRSREES,
RIBEKR, TR @R, R EE
M2 Rk R HA B R R, R LA R
g 0 B I K 5 B S g 1), AR A9 £ i 1ok
SN BRI DA i DSEL S 7 N 7 7 T S S S N 2
TE WKL R L SO ZE . AnlE 6 s, s 4

T OWEZHEE A K, Ol T, @QERER T, @LBREIE T, @5~7cm £H, ©25~27 cm 1:#£, Note:
(D Free water near the electric double layer, @ Negatively charged particles, 3 Positively charged particles, @ Surface electrons of soil

particles, & 5~7 cm soil sample, ® 25~27 cm soil sample.

6 b WURIER XU JE R R A

Fig. 6 Schematic diagram of electric double layer on the surface of soil particles
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