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Table 1 Physical and chemical properties of studied black soil

B L - —_— LA AR AALER
Granulometric composition/% Ji M o 0 Saturation [ &) 45 7k BE
+1 Bulk Organic
. kL biag A Fhoki Soil ) moisture HHField Total
Soil density matter . . .
Sand Silt Clay texture N » capacity capacity/%  porosity
M(grem™)  /(g'kg™)
(2~0.05mm) (0.05~0.002mm) (<0.002 mm) 1% %
B
16.08 47.57 36.35 Koy I -+ 1.05 32.87 55.40 36.17 60.38
Black soil

e BALBLE=1-% /L FiNote: Total porosity = 1-Bulk density / Specific gravity
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Fig. 1 2D images of slices of the soil samples after rounds of freeze-thaw cycle

1.4 FLBESFER A

+- I FLBR 5 44 53 M B Fl Tmage JEOF TP A9 3 14
3D object counterR5E M. FITILBRAIEE, FE
FLBR AR (TNP) o FLBREE . FLER B 2R LB Y
TEARME . MR 0 2 B B AR s AL R IE
WHT (F) P

F=A,/4
ﬁ* A R A TR 0 A5 L A FEUR 55 1 R AR 1

L, AR LB R A . F=18 R RfLB N
#Aﬁw FAE G/, AL BT R 3R A AN J 00 7 2
FEARAAARL, AEX T, B LR 43 28 S B 0] AL
Bl (F=0.5) , AHWFLE (0.2<F<0.5) Fn&
LB (F<0.2) 220, BB & AL B i
TR E A3 Lo LB (RP ), ASHE AL B B

UM)ﬁmﬁﬁ@E(m)

BevenflGermann **' § 45 i KRALER 9 FL 42
ARG K E CH0.03 ~3 mm, HHEESHY) (G
) WA ) TR R FLBR AR TR L 2 L E
K, I X — Y E>0.03 mm P ARG
TH1.25 mmPL ERALBR, B RALBR NP, 1.25
mm ~ 3 mm ¥ KFLE S>3 mm A K ALE .

2z R

2.1 HIREWTAML
SrAIRHA0% F K ETFOR . 1R, 3K, S

W TR 10WR . 15K IR AlAE 20 b 38 5 /) — 4 &

o N4t EIG AT LI EE S, Bl 2 U il A 25 1 i

http: //pedologica. issas. ac. cn



2 3] %

TR YRR T MR RALBRSS AR 343

1, FLBRECE AW 2, LR A K B R HL
DN,y b A DB - A B 7 il O P R 50 ) 1 35 4 % 3
B

Sk TV A S JEUIR A P R A A F AR AL
F FImage JARPRXTRE S B AR HEAT — 4R 45 44 Wk
B, K2 RHA0% G KFET LR = 4Eghy, Ba

Oy oAALBE, AR D AR . = ZE LRSS H B
FLULAY 2B - SEEE AL L VR BRI T RO A2 AL
fibo &8 “HER = ZesS i G T b, RBUAEDR
FIPREMERTT , JSUIR LA M R R X b, R AL
BRARBR IO, LB M AT B e, AR
UM W i) SR AL A

10 15

URRAIR KB
Number of freeze-thaw cycles /Round

K2 OREMEER G LR = ZEfLERZE Y

Fig. 2 Three-dimensional images of pore structure of the soil samples after rounds of freeze-thaw cycle
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Table 2 General characteristics of the soil pore systems in the soil samples after rounds of freeze-thaw cycle
fkx VRS
Moisture content Freeze-thaw cycle AmE TNP RP /% IRP/% EP/%

o /Round Porosity/%
0 4.58b 102a 25.66a 35.35b 39.09b

30 1 5.70Ab 105Aa 20.95Aa 71.82Aa 7.35Bc
3 7.71Ab 96Aa 13.85Ab 35.48Ab 50.83Aa
5 8.56Ab 95Aa 11.92Ab 25.31Ab 62.86Aa
7 8.51Ab 69Aa 10.20Ab 44.19Ab 45.71Bb
10 12.66Aa 82Aa 6.87Ac 24.55Ab 68.70Aa
15 18.08Aa 33Bb 1.99Ac 1.56Cc 96.57Aa

40 1 7.97Ab 110Aa 15.93Aa 41.03Bb 43.15Ab
3 8.31Ab 105Aa 15.85Aa 36.02Ab 48.25Ab
5 8.78Ab 82Aa 9.44Ab 27.86Ab 62.79Aa
7 9.55Ab 72Ab 9.66Ab 36.13Bb 54.34Aa
10 20.89Ab 65Bb 2.83Bc 4.33Bc 92.97Aa
15 21.51Aa 41Ac 1.85Ac 2.42Bc 95.86Aa

e ATR/ING TR R A R 5 7K 3ROR [ R B R RO B0 B8 M 22 57 (P<0.05) 5 RIR KRS 5288 3% A R4 Rl 47 34 ok
BORTE BT R8s B M2 5 (P<0.05) o B LB SRS FLIR BEFTTNPRY 4t i1 Note: Different lowercase letters mean

significant difference (P<0.05) between treatments the same in moisture content, but different in number of freeze-thaw cycles, and

different uppercase letters represent significant difference (P<0.05) between treatments the same in number of freeze-thaw cycles, but

different in moisture content.Statistics of TNP with connected pores as single pore

40% 75 K Z - FETNPI /0 59.80% . PIZH & Kk H 4 4¢
FETNP LI TC i 2 5% .

MALBIE Sk G, RPIEZE GG 3R i 72 b 2%
W (P<0.05) o 7858 M1 SRR FlAE 3 5 30% &
KR L FERPIF92.24% . 40% 75 KR L HERPIS >
92.79%; 30% 7 K3+ FEIRPI/095.59% . 40% %
JKZ AL AREIRPI 0 93.15%; 30% 75 /K R L REEPHE AN
147.05% . 40% /K - FEEPHE N 145.23% . RPTE
R AE A AR P B > (P<0.05) , P4 KR
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Table 3 Variation of number of pore branches in for soil samples after rounds of freeze-thaw cycle
30% 5 K% 40% 75 K F
USRATRSE 30%Moisture content 40%Moisture content
Freeze-thaw cycle
Round LA 8 FLIRIY S 1 LB K FLBA 5 I
Pore number Branch percentage/% Pore number Branch percentage/%
0 188Aa 46Ab 188Aa 46ADb
1 193Aa 46Ab 225Aa 51Aa
3 211Aa 55Aa 229Aa 54Aa
5 220Aa 57Aa 194Aa 58Aa
7 167Ab 58Aa 169Ab 58Aa
10 191Aa 57Aa 162Bb 60Aa
15 102Bc 68Aa 138Ac 70Aa

T AN /ING 2 RE 27 A [ 35 K AR [ VR BR PR OCRCT AR B 22 5 (P<0.05) 5 AN RS 5 B 7 A [a) VR Rl A0 2 U 2
AR &R RS g 22 R (P<0.05) o fLEDNE=TNP+4 S0 80ht s FLBRAT 30 di e (% ) =43 380 /LR 4L x 100% Note:

Different lowercase letters indicate the significant difference (P<0.05) between treatments the same in moisture content, but different

in number of freeze-thaw cycles; the different capital letters indicate the significant difference (P<0.05) between treatments the same

in freeze-thaw cycles but different in moisture content. Pore number =TNP+The number of branches, Branch percentage (%) = The

number of branches / Pore number x 100%

11 3 2 B B O ml AR R O B B Y
O Rl 0E PR OB GR B 1S WA Y & AL AR W R
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64.33%, 40% KB LA/ N48.41% , Fifi 45 VR il
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B FL B T B LU 38 T 40% & /K 561 4%
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1R 5 Al A6 38 )5 30 % 7 K R+ KR L B 3
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86.71% ; URmhAG I 1 L L LB BE AR SR B, 7
WG G, 30% & K R + FE FL B 58 i

143.2%, 40% & KB LFEFLBREIEIN171.8% ;
SE 815 YR R BlE 36 05 30 % & K & ke AL B R
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+HE

DL 25 R R UTE Z R ARG SR e, R+
AIFLBR oA A A T W AR Ak . 3R R 4 KA R
EBUN a8 SN £t A0 57 LR NI e o 2 N /Y 1 R
R SR - EALBR, (A5 IR 2 ] e AR T
M2 5 R FLBR A, oK il Ak s 1A [ A 7 Jise
S SRR MBI IR TR VRESHDIRAS, iR
SR AE R B R A R ZS B s, Ry
TR, — R RRE A G LB ARk R, it
Wil 5 V5 RO PR B 8, FLAR R R, RT3
mm A RALBR B R, 1.25 ~ 3 mmAgRAL
BRI DR/ o i 2 7K R A R AL BB K s T
REKF LM, FEEW T RIS KRE8E, K

http: //pedologica. issas. ac. cn



346 + i

il 56 %

m&7KE: 30% fL42: 125~3mm

30 : Moisture content: 30% Aperture: 1.25~3 mm
C BAKE: 40% FL42: 1.25~3mm

25 F Moisture content: 40% Aperture: 1.25~3 mm
. r B4K%E: 30% FLi2: >3mm
E 20 [ Moisture content: 30% Aperture: >3 mm
Z [ BEAAKE: 40% FLE: >3 mm
;O: r Moisture content: 40% Aperture: >3 mm

15 F
P L
& L
= r

10 |

5t

0 2

5

HRMEER RS Number of freeze-thaw cycles /Round
TE AR /ING B 3R AR ] 35 KRS [R) VR G 21 RO R8s B ME 22 5 (P<0.05) 5 NIRRT 5B 37 A IR) VR LG 21 K 2O )
FACKRT B EE B E 22 R (P<0.05) Note: Different lowercase letters mean significant difference (P<0.05) between treatments

the same in moisture content, but different in number of freeze-thaw cycles, and different uppercase letters represent significant

difference(P<0.05) between treatments the same in number of freeze-thaw cycles, but different in moisture content
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Fig. 3 Pore size distributions in soil samples after rounds of freeze-thaw cycle
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Macropore Structure Characteristics of Black Soil under Freeze-Thaw Condition

JIANG Yu LIU Bo FAN Haoming MA Renming'
( College of Water Conservancy, Shenyang Agricultural University, Shenyang 110866, China )

Abstract [ Objective ] Freeze-thaw action will change the microstructure of a soil, and the change in
pore characteristics is an important reflection of the change in soil structure. Most of the regions along the
mid-latitudes on earth are affected by seasonal freeze-thaw processes, especially the black soil in Northeast
China. It is of great significance to study mechanism of the erosion on black soil and rational utilization of
the black soil resources. So this study is oriented to analyze three-dimensional structure of the soil under
freeze-thaw condition, extract quantitative indices of pore characteristics, and then explore effects of freeze-
thaw cycle on soil macropores, in an attempt to provide evidence for further revealing influences of seasonal
freezing and thawing on soil structure of the black soil area. [ Method ] In this paper, through indoor
simulation experiment of freeze-thaw cycle and with the aid of the CT scanning technique, changes in
macropore in the undisturbed black soil samples under different numbers of freeze-thaw cycles and different
moisture contents were studied. Undisturbed soil samples, 0 ~ 15 cm in depth, were collected with PVC pipe
from a typical black soil area for the indoor simulation experiment of freeze-thaw cycle, which was designed
to have two moisture contents (30% and 40%), and seven levels of freeze-thaw cycles (0, 1, 3, 5, 7, 10 and
15), each ranging in temperature from —10 to 7°C. With the aid of a medical CT, 1.25 mm in resolution,
changes in pores > 1.25 mm in pore size were studied. [ Result] Results show that with the increasing
number of freeze-thaw cycles, soil porosity continuously increased, especially after the 7" freeze-thaw
cycles, while the number of pores decreases; regular porosity (RP) and irregular porosity (IRP) continued to
decrease, but lengthening porosity (EP) increased; and pore size increased, especially that of those >3 mm

in diameter. Besides, freeze-thaw action caused formation of a lot of branches along pores, and the more

http: //pedologica. issas. ac. cn



2 4 o TEF URRIARIE T R RALBRAS M RS 349

the numbers of freeze-thaw cycles, the higher the proportion of branches. Among the soil samples subjected
to the same temperature variation in freeze-thaw cycles, those high in soil moisture content changed more
significantly in pore characteristics than those low in soil moisture content. [ Conclusion ] As affected by
freeze-thaw cycle, soil porosity, pore size and pore branching increased, and soil pores changed significantly
in shape and distribution. All the findings in this study show that the number of freeze-thaw cycles and
soil moisture content are the two major factors affecting pore structure of the soil. Properties of the soils
under freeze-thaw cycle is not only a very important research hotspot, but also a major factor concerning
sustainable development of the agriculture in Northeast China. In order to reveal mechanism of freeze-thaw
erosion of the soil, further study should be done focusing on pore structure characteristics of aggregates and
relationships between pore structure characteristics and soil water-holding and infiltration characteristics in
the soil under freeze-thaw cycle. The study may provide a theoretical basis for researches on mechanism of
freeze-thaw erosion of soil and reasonable evaluation and utilization of farmlands in cold-temperate areas.

Key words Freeze-thaw cycle; Black soil; Undisturbed soil; CT; Macropore
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