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Effect of Freeze-Thaw Cycles on Soil Aggregate
Stability and Microstructure of Black Soil
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(1.School of Soil and Water Conservation » Beijing Forestry University » Beijing 1000835
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Abstract: The change of soil structure under freeze-thaw cycles is one of the main reasons for the aggravation
of soil erosion on black soil slope during snowmelt period. The stability and microstructure of soil aggregates
are the key factors affecting soil erodibility. Based on the controlled freezing and thawing simulation experi-
ment, the dynamic characteristics of the microstructure of black soil aggregates during the freeze-thaw cycles
were analyzed by using the wet sieving method, scanning electron microscopy (SEM) and Image Pro Plus
(IPP) analysis. Moreover, the interaction between the water stability and the microstructure characteristics
of soil aggregates was elucidated. The results showed that: (1) The destructive effect on soil aggregate sta-
bility was found during the freezing and thawing cycles. At the micro level, the freeze-thaw cycles derived
soil pores to develop into long strips. With the increase of freeze-thaw cycles, the connectivity of soil pores
and the area porosity increased. On the macro level, it showed that soil macro aggregates migrated to micro
aggregates, and the water stability of aggregates decreased. (2) The increase of soil initial water content
would enhance the damage degree of soil aggregate under freeze-thaw cycles, and there was a significant
change within seven freeze-thaw cycles. With the increase of soil initial water content, the aggregate area po-
rosity increased significantly. (3) Aggregate area porosity was significantly correlated to the mean weight di-
ameter (MWD) and the geometric mean diameter (GMD). The increase of area porosity could explain 49.1%
and 50.3% of MWD and GMD, respectively.

Keywords: typical black soil region; freeze-thaw cycle; water stability of soil aggregate; soil microstructure

characteristics
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A 14 e 1 S5 Ry iR BN, KCFAE i FLBR K 43 A B £ 1 BH
G A - HE A AR 1) A A5 B L 3 T BB 7E A 2 1, BH
25 A HEAORL 1) JIr A5 FL BB K 40 R L R 4 R A it
8 AT 3R AR 22 2 4% A 07 1) 1 K A BT R AR S A — o R
554k T UK 8 4 R R R
2.3 TIERLEHYFME

FH IR0 4 4 5 /K 2 R i R 0 2 1 45
i, AT SR AT FR AL B 3 2 A (P <<0.05) , H VR il
G B R HRORT 1AT 5R A T ARLFL B 6 1) S i AT o 22 R
FG A 43¢ 1 ARAL B 230 oK 38 90 A W dd g 728 A B 1
(£ D, 30 WEMIEHR F.TS.T] 5 BH &1 1 5%
TR0 ARAL B 232 43 0l O R R I Y 11,65 %6, 8.73 %%,
2.51 %K 3] 16.27%,23.19%,22.19 % , B4 K R 43 5]
ik 39.65%,165.64 % ,784.06% , FG £ {4 1 18 1 F
FLBRRAE L) 1T W s ARG e AR R 20.97 X0 11
B EE s R0 0 A K A A A e B BH 4R R i
BULB R MG m R BRI Z, KB 25 Ma
S5O T] P A Bl X R AT A 4 e i A A B
FLw 7K & K A K i AL B AE () A S T o
F o AL BRI IR T UK A R K R ) B A 4
JE A LB R LR AR K R F , Z IR T B
PN T RS Y B N DL R DK R R K
JUT B T B AL B AR UK AR Sk RO AT 5 Y AR TR S
A HETC VL A IR SR B LR 43 AR 3 S 5 R
TET S TER R IE IR 5C B T L LB AN BT & &, 1l R

LB Rt fin ., & 5 AP 6 ], 78 R Rl G 2R U
B U 18 oy 3k R e, AL B R R T 2L FLIR
ERBTREIERE T AL B Z WA B B T
S22 FLBR I 45 RN AL R A K . A
XTI A K A K R 4 R LR K
B UKt 5 B R T T BH A% A - 38 1T AR AL B R 1
e g 20

AN TR A7 By 1 B K X 4 B L B R S AL B A
[ R 4G 5 50 (P <<0.05) o 7 6 B vk B0t + 4
LB B 2 0 0 2 5 (EL X - L B R (B 3
SR I AN B 42 (P <C0.05) . 30 YR I Al 76 2R P9 . AN TR 4]
b S K SR A AL B F R S AL R B R R
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AL B A BEAE AR Ak 4 A o — 17,80, — 12.8%,
6.8%,—10.0 % ; T LB AL IR R B A = T 0 ORI
il ) AL R IR 3, A A A N B 1 (B L FG
TS.T] 5 BH 2k {4 4 4 4 L B B 157 348 1k 43 33 4
6.8%,4.8%,71.3%,40.8% . I UL, ¥ Bl 0 B4 M6 ) T
UK 3 AL B K SR R R W B Y 11 SEM A
15 H 4 AL R BT S R AE L AE 13X — A4, Bl VR A7 3
BTG N, - AL B B i 3 2, L BAH Bl R F
B SR K T LB . & R 2% 1 1 LB IR 45
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bk it 0% 1% 3% 5y T 10 & 15 % 20 % 30 %
FG 5.72Bc 13.35Bbc 5.82Bbe 13.05Babc 7.12Babe 7.73Bab 8.13Bab 7.83Bab 6.92Ba
L TS 11.65Ac 12.05Abc 11.94 Abc 12.75Aabc  13.05Aabc 13.15Aab 14.66 Aab 15.16Aab 16.27Aa
T] 8.73Ac 10.94Abc 12.95Abc 13.76Aabc 16,16 Aabc 18.57Aab 19.28Aab 20.58 Aab 23.19Aa
BH 2.51ABc 6.63ABbc 8.33ABbc 9.74ABabc  12.35ABabc  13.86ABab  16.87ABab  18.67ABab 22.19ABa
FG 0.45Ca 0.40Cab 0.34Cab 0.41Ch 0.42Cab 0.41Cab 0.34Cab 0.35Cab 0.37Cab
\ TS 0.47BCa 0.38BCab 0.38BCab 0.37BCb 0.37BCab 0.44BCab 0.45BCab 0.44BCab 0.41BCab
AR+E TJ 0.44ABa 0.44ABab  0.44ABab 0.39ABb 0.46 ABab 0.44ABab 0.46 ABab 0.46 ABab 0.47ABab
BH 0.50Aa 0.42Aab 0.47Aab 0.44Ab 0.43Aab 0.44 Aab 0.47Aab 0.46 Aab 0.45Aab
FG 7.21ABa 10.33ABa 7.43ABa 14.17ABa 8.91ABa 9.31ABa 6.90ABa 7.17ABa 7.70ABa
TS 4.80Ba 8.15Ba 7.70Ba 7.75Ba 6.90Ba 6.14Ba 6.63Ba 6.05Ba 5.03Ba
LB [ % :
TJ 7.70Aa 13.55Aa 7.03Aa 6.81Aa 10.96Aa 8.59Aa 11.14Aa 11.81Aa 13.19Aa
BH 6.77Aa 6.90Aa 6.45Aa 9.44Aa 14.53Aa 8.90Aa 11.72Aa 11.00Aa 9.53Aa

TE « [ G A7) R 5 B3 s AN [ 5 7K 48 M8 ) 22 e e 355 R AT AN ) /N5 5 B 3R A [7) Rl 0 0 R 28 ) 22 53 Ak 35 (P <C0.05)
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IAE R AR AL B A T & B JF AR B 3% Sl R TR Y
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MWD ICHBLERE) 0.491 0.443 0.491 0.443
GMD 1AL R) 0.503 0.453 0.503 0.453

£ 3 PLSR 1 MWD.GMD 5#%&#5## VIP #1 RC &

- MWD GMD
VIP RC VIP RC
MAFLBEE  1.561 —0.409 1.553 —0.416
LB B 0.915 —0.240 0.988 —0.265
LB B R 0.681 —0.179 0.649 —0.174
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