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Characterization of aggregate microstructure of black soil with different number

of freeze-thaw cycles by synchrotron-based micro-computed tomography

JIANG Yu, FAN Haoming, HOU Yunging, LIU Bo, GUO Xinyu, MA Renming"
Shenyang Agricultural University, College of Water Resourse, Shenyang 110866, China

Abstract; In Northeast China, seasonal freezing and thawing have been shown to cause significant physical changes in soil.
The change in soil microstructure might be attributed to the freeze-thaw action during early spring. The freeze-thaw action
affects soil microstructure directly by affecting soil aggregate, which is the basic unit of soil structure. Synchrotron-based X-
ray micro-computed tomography can nondestructively capture images of the interior structure with high resolution and strong
contrast, and therefore, is an excellent tool to investigate the 3-D microstructure of soil aggregates. Samples of soil
aggregates were collected from laboratory freeze-thaw tests with different number of freeze-thaw cycles, and the aggregates
were scanned with micro-CT at a resolution of 3.25 pm. The microstructure of aggregates was visualized and quantified by
the digital image analysis method using Image J software. The results showed that with the increase in number of freeze-thaw
cycles, the soil porosity increased, and the proportion of extended pore and pores > 100 pm also increased. When the
number of freeze-thaw cycles was >7, the aggregate porosities increased with the increase in number of freeze-thaw cycles.
The results showed that the number of freeze-thaw cycles significantly influenced the structural characteristics of black soil
aggregates. This study provides a theoretical basis for the study of freeze-thaw erosion and control of soil erosion during

thawing in spring.
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Table 1 The physical and chemical properties of studied black soil
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Sand Silt Clay (g/cm™) (g/kg) capacity/ % capacity/ %
16.08 47.57 36.35 A5y S 4 - 1.05 32.87 55.40 36.17 60.38
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Fig.1 Radiograph, sino, reconstructed slices and 3-D structure of soil aggregate
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Fig.2 2D and 3D visualizations of soil aggregate structures under different freeze-thaw cycles
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Table 2 General properties of soil pore network of aggregates under different freeze-thaw cycles

-

gfzﬁi; U;yde 0 1 3 5 7 10 15 20
FLE % Pore quantity/f> 26790a 20620a 36090a 8838a 26039a 10356a 8775a 7795a
FLBREE Porosity/ % 7.80d 8.40¢ 13.85b 15.29b 15.05b 18.94ab 23.93a 23.34a
FLBRT A5 Pore node quantity/ > 8154a 9393a 7505a 6732a 10219a 10824a 11953a 10644a
N EBFLER SR Internal pore quantity/1>  24774a 19044a 34172a 8172a 24263a 10799a 8055a 7094a
FRHEAE Euler number( Ev) 23550a 16516a 32917a 6315a 20397a 5944a 3762b 3040b
IEYEEL Fractal dimension 2.69a 2.66a 2.64a 2.60a 2.71a 2.67a 2.73a 2.67a

[ —4T R F/ING FRER R 22 5 8.3 (P<0.05,1SD)

2.3 FERIARALBR M A RHIE

3 AR AR LR R R e SR ARSFLBRR /N A . i R LR/ A U> 100 pom ALERRYAEE

http ; //www.ecologica.cn



6 S % 39 &

BB, RALBE 60% UL b, B, FLAR <30 wm AYFL B BE 25 R RO B YRR B 18 I FLBR R A T U
N HHEE T O RRAIG IR B AT SR A4, 1.3 .57 .10 .15 YR 20 WA AR 20 )5 L B B 43 0 07N 22.22% ,7.78%
65.56% 13.33% .62.22% .67.78% 1 64.44% . FLAEAE 30—100 pm AYFL B BE 25 75 Rl 1 R U B0 6 166 hn L B 8 A7
B/ AR O IR R Rl AE 20 09 AT SR AR, 1.3.5.7 .10, 15 ORI 20 IR PR fl A 24 5 L B EE 43 51/ 30.54% |
56.16% .68.47% 47.78% 74.88% .78.33% 1 75.86% , fLA%>100 pwm F14FL B Bt 25 4 Bl 40 A vk 5 A 3184 o L Bt 8
A TR AT O RVRRLAE 21 1 AT 3R A4, 1.3 .57 .10 .15 YRR 20 YR 0G4 I FL IR EE 43 51 386 i 29.42%
149.79% .195.06% 171.81% 272.43% 377.37% A1 363.58% , P& G REASEE I, >100 wm FLARAE
EEFLBRFLBREEAWIE K ;30—100 pm (9 B FLERFLBR B AW/ ; <30 wm BV AEAFLBRTE 7 IR VR RG34 5
e BALBEE R 2% LT

35 ¢
fL12/pm a
30 =<3 T
= 30—100 a
>100
25
X
3 ab
=020 F I
2
o
:Mj 15 7 b b
&® I I
=
10 b
b
5 I ]:
2 a be
a a ab a c a a ¢ a c a ¢
0
0 1 3 5 7 10 15 20

VRRME SRR S Number of freeze-thaw cycles/ ¥k

3 AEFRBEIRAHT L ERAREILEX NS
Fig.3 Pore size distributions of soil aggregates under different freeze-thaw cycles
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Fig.4 Pore shape distribution of soil aggregates under different freeze-thaw cycles
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