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Fig. 1 Segmentation of gray-scale CT images(a, Original CT image; b, selected images for quantification; c, binary-value image)
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Table 1 Macro-pore characterization before and after the simulated freezing-thawing alternation
T2 Ab 3 $H TR AR 2R Feret 1%
Soil layer( cm) Treatment Number Aarea( mm?®) Roundness Feret diameter( mm)

0 ~40 RAlHT BF 120 +22Aa 3.71 £1.08Aa 1.19 £0. 14Aa 1.68 +0. 17Aa
BEl G AF 110 +20Aa 2.93 +0.56Aa 1.22 0. 11Aa 1.56 +0. 13Aa
40 ~ 80 HRIET BF 52 £3Ab 12.22 +3.69Ab 1.16 0. 11Aa 2.31 +0.22Ab
S AF 50 +9Ab 6.51 2. 12Bb 1.23 +0. 10Aa 1.91 £0. 20Bb
120 ~ 160 ZRELET BF 78 £7Ac 2.60 0. 68Ac 1.28 0. 19Aa 1.43 0. 10Ac
S AF 68 +3Bc 2.51 £0. 69Aa 1.19 £0. 11Aa 1.48 +0. 15Aa

T BE URRRIRFRA0; AR, KRG 3R )5 o X9 < driEZE . ARRGFRERGEMITE Z5F 28 ARNSFRER RN ZER B E ,p <

0.05, TFd] Note:BF,before freezing-thawing alternation; AF, after the alternation. Means + SD. Different uppercase letters indicate significant differ-

ence between BF and AF,while lowercase letters mean significant difference between soil layers at p <0. 05. The same below
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Lo 3AE R KL BRI AR Feret 142 78 U fil 4G
PRT2E 5 ¥ B3 (p <0.05) , 5 R Bl 48 26 s AL A
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WA MR LB % B AT W52, {H 0 ~40 cm
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<1 mmpygfLFR 2 H WA Fr s> (p <0.05), 1 ~2
mm [ fLBREC B A 4 0] 1 Y R LS 2R AT S 2
25 M <1 mm {4 FLBR7E VR @G 20 A4 1
BRI R B3 (p <0.05) , {HIAKFE 5 40 ~ 80
em 5 120 ~ 160 em Z [AI W JC 22 5 . [RIBF &8, 44>
A 2 A VR Rl G B0 RIS $4 02 v Al AR g i L B AR H A
Z, L1 ~2 mm AL ERZ, >5 mm LB ED .
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Table 2 Numbers of macro-pores of different diameter classes before and after freezing-thawing treatments

+ )2 JLBL L% H Numbers of macro-pores
Soil layer(cm) Treatment <0.5 mm 0.5~1 mm 1 ~2 mm 2 ~5 mm =5 mm
0 ~40 JRALHT BF 15 +6Aa 26 £5Aa 46 +10Aa 29 +8Aa 3+1Aa
HAlE AF 13 £3Aa 26 £9Aa 43 +10Aa 25 +4Aa 2 +1Ba
40 ~ 80 ZELRT BE 6 +2Ab 14 £2Ab 16 +4Ab 12 +2Ab 4 +1Aa
PR R AF 7 +3Ab 11 +3Ab 19 £2Ab 11 3Ab 3+1Ab
120 ~ 160 FRALET BF 12 £4Ac 18 4 Ac 34 +3Ac 12 £2Ab 2 +1Ab
YRS AT 7 £3Bb 14 £3 Bb 35 +5Ac 11 4Ab 1 +1Aa

2.3 AEZERILEEFHERNETL

R R R 4% A 48 G AL BRSP4 1 R A 5 i A
K3 R, LA 40 ~80 ecm £ /Z P 1 ~2 mm Fl
> 5 mm ) FL B R AR A G A3 S 4K R O 2 D R
FEAR T 9.58 % f142.19 % (p <0.05) , %t Hfth + 2 |
A A 1 FL B T R A B R R S R A 2R
A5 ,0.5 ~2 mm FLBR A3 1 FUE &4 )2 2 (8]

B 255, <0.5 mm LR AR B AR AE Ok Fil 916 21
i 22 57, (B 7E YR Al 27 )5 40 ~80 ecm 5 120 ~ 160
em Z [0 25 IR F 2 ¥ (p <0.05),2 ~5 mm fLERHY
- 8 T B R RO PR AT S 22902 120 ~ 160 em i 5 I
F0~40 cm 140 ~80 cm(p <0.05) 1 =5 mm 1
AL - 247 1o AR DU S A R RO R JS 40 ~ 80 em i 3
BT 0~40 cm 1120 ~160 cm(p <0.05)

K3 FRMERERILBRTEHERNGEL

Table 3  Average areas of macro-pores of different diameter classes before and after freezing-thawing treatments

12 b LBV B H B Average areas of macro-pores( mm?)
Soil layer(cm) Treatment <0.5 mm 0.5 ~1 mm 1 ~2 mm 2 ~5 mm =5 mm
0 ~40 JRRHT BF 0.15 +0. 02Aa 0.45 +0. 06Aa 1.69 +0.09Aa 7.32 £0.95Aa 37.80 £15.67Aa
R AF 0.15 +0.01Aab 0.48 +0. 02Aa 1.54 £0.2Aa 7.15 £0. 69Aa 23.84 £17.00Aa
40 ~ 80 ZRALAY BE 0.15 +0. 02Aa 0.49 +0. 03 Aa 1.67 +0.07Aa 7.82 £1.02Aa 127.2 £52.0Ab
YAl G AF 0.16 +0.01Aa 0.49 +0. 05Aa 1.51 +0. 14Ba 7.81 £0. 67 Aa 73.53 £26.47Bb
120 ~ 160 % b ET BF 0.14 £0.02Aa 0.48 £0. 05Aa 1.61 £0. 08Aa 6.22 £0. 84Ab 28.00 £21.00Aa
YRl G AF 0.14 +0.01Ab 0.50 +0. 03 Aa 1.68 +0.09Aa 4.79 £2.2Ab 22.64 £22.15Aa

2.4 ARAEHABREENEN

DA RSP N N WIN K 7 78 I o A B AU
JEE A IR S 2 T 1 Ul AN U T R R [ E
HI e 4 TR, VR AT A b 3 RE A8 /)N IR BE R A5 A 1R
e ALBR B R R {H 4 R 8 B R K o R R
PRI R O B 5 A% A R R 2 18] R AR el
ATEARB . :0.5 ~ 1 mm FLEEL A4 B I A 75 VR Rl T S
WA, A RN <0.5 mm £L B 7E Rl
TEERHT A 22 57, (BBl S 40 ~80 em 3% & T

120 ~160 cm(p <0.05) ;1 ~2 mm 1 >5 mm fLBH
14 10 I3 23 7 R RO 6 0 A 25 S L R RLOIE 2R S G 22
S50 2 ~5 mm FL BRI R R R AE R G 26 A 2 25 S
8% (p<0.05) [HEMIGHIE 120 ~160 cm 5 0 ~
40 em F1 40 ~80 em Z W] JG 2% 5. Al & BE, o [
BRI FLIR SR e R 23 1, LA 1 ~2 mm LR
TR A IRE R 0.5 ~ 1 mm 2 R FL B,
BERABGRNE /NG P LR BB 3R 5 1 1 24 (5 % 7
B, 358 B L L B R e ofe b AN DU
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Table 4 Roundness of macro-pores of different diameter classes before and after freezing-thawing treatments
+ 2 Ab ¥ FLB A R # Roundness of macro-pores
Soil layer(cm) Treatment <0.5 mm 0.5~1 mm 1 ~2 mm 2 ~5 mm =5 mm
0 ~40 YRl BF 3.32+0.91 Aa 1.38 £0. 14 Aa 0.85 £0.02 Aa 0.62 +0.05 Aa 0.36 +0.06 Aa
HELS AF 3.3720.51 Aab  1.3120.11 Aa 0.92 0. 05 Ba 0.65 +0.05 Aa 0.27 £0.19 Aa
40 ~ 80 BT BF 3.45 0. 84 Aa 1.27 0. 15 Aa 0.83 £0.07 Aa 0.53 £0.05 Ab 0.25£0.08 Ab
RS AF 3.84 +0.80 Aa 1.27 £0.22 Aa 0.89 +0.06 Aa 0.57 +0.06 Aa 0.34 +0.07 Aa
120 ~ 160 AT BF 2.81 20.82 Aa 1.31 £0.12 Aa 0.95 £0.01 Ab 0.72 £0. 08 Ac 0.22£0.13 Ab
HELE AF 3.16 £0.37 Ab 1.20 £0. 11 Aa 0.95 £0.06 Aa 0.77 £0. 12 Ab 0.20 +0.19 Aa
N AR, P A Rl T 2270 3R 2 g n] Gk i AR
3 i ® 25, W55 T 498 P 3 1 B 4 T R L AR 4

UL RO 34 3 MK T 40 ~ 80 em )2 T [l
NS 24 L B R R UL M Feret B &, B IE 43 Wl R
46.72% F1 17.32% (p <0.05) , 5 ¥ SN 5% 45 S A0
—F(, 50 ~70 cm & XF 2 M R Rl N g Ol e B
H2E RS B R, AR I RE DL
i N g7 N 3 [ R/ G e 2 s T 1
£, XA RE T 40 ~ 80 em 2 WELE Y
Oy AL, B A KT 30% , 1 5 K BRI A
BT, 6 VR 0 25 A AR o T L 3 X6 AN () A%
LB R AR 43 B AT, BALEEE N T ~2 mm
=5 mm [ L B R @l 2R R oh UKL 6 IRTE A
S LB T B4 5 B AR 9. 58% I 42.19% (p <
0.05),

22 T AR VR RO A S A B R AR Ak, RT R
M T 5 A00R 2 A L, )2 AR 35 48 D8
ZE N PEVR B PR, b M 5 R AR X R, A2 VR b 32
IR S . bR TSR B A8 AR A, R Rl BT
JG 3 AT ZE A ALBR R H 3L A LT
Feret HA¥H RFEFEE M 25 (p <0.05), 342
WZRPEE LR A H ¥ 22 7 35 (p <0.05) , LI
J20~40 cm £:%,40 ~80 cm + E & /D, X 7 fiE &
SEOHEFLE WK EEFREA . REHLE
T L BRI E 2D 2 AL B A S 2 T AR FE VR
MGt EmTHLE FRELHGED 4aF2 0L
K, JEH T 40 ~80 em HJZ P =5 mm B 1L
Bis 2 A v AR JE B T AL )2 B R S0, A URE
AR T AR R A EUR S BT BT ST =5 mm
ONER /W

M HEFE 2 100 cm Y5 B N A B0 240 1 2 B+
SRR T B S W R AR T B AR R K Ak

AESRAIR KT 5 & ™ T A AR 0 I 55 Y
SRR — B R = R LB P A K R
IR ) R O 1T R R LR R 4
JZ UL RGeS R 2 R 2 B R T A 6 H
WIFFLEZE 6—9 H AR 2=, IRl 17 % 2 X Ry R, X
2 i DX 4= ol 9 T R R B TR E R . AR5
Wi CT F4 FL B 25 4 9 7 ik, A OIEW] 1T B 4L =
il 7K S8 4 AT RE TR I 4 BT 266 A T L2 R X R
RO B 0 SRR BT E T 2 9 R 0 PR
PETE TR B H) 55 DL K Al = B4 s K R0 R 5 B
B DX AR 5 9 el Y A

4 55 ®

VR RO 2 %o P A DX [) R B HE Y R L B 4
IR AT .0 ~40 em £ )2 MFLBR S H LK/ JEIR
Yok 22 3 o BG4 f2 35 2 A 540 ~ 80 em 2 AL
B2 B B AR A R il A T AR Ak E L PR B
A R T AL S AR AU, 43 i) B R LT R AR 9. 58 9% Al
42.19% (p <0.05) ,I£LL 1 ~2 mm Al =5 mm [HFL
BT AR PR AR B o W (p < 0.05) 5 R @l 16 26 S
120 ~ 160 em + 2 <1 mm B K FLER ¥ H A fr
R AIG, Gl 72 9 L BR A B H L RN R R 3 % A

A
2 % X B
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CHARACTERIZATION OF MACRO-PORES IN MOLLISOL PROFILE SUBJECTED
TO SIMULATED FREEZING-THAWING ALTERNATION

Wang Enheng Lu Qiangian Chen Xiangwei'
( College of Forestry, Northeast Forestry University , Harbin 150040, China)

Abstract Taking cropland soil in the Mollisol region of Northeast China as object,an indoor experiment was carried
out to have the soil subjected to simulated freezing-thawing alternation for investigation of effects of the alternation on mac-
ro-pores in the soil profile using CT ( Computerized tomography) thorough quantifying and analyzing variation of the num-
ber,average area,Feret diameter and roundness of macro-pores with soil depth (0 ~40 c¢m,40 ~80 cm,120 ~ 160 cm).
Results show that the alternation did not change the characterization of macro pores in 0 ~40 c¢m but significantly reduced
the average area and Feret diameter of pores in 40 ~80 cm by 46. 72% and 17.32% ,respectively (p <0.05). Pores,1 ~
2 mm and =5 mm in diameter were found most vulnerable to the alternation, decreasing by 9.58% and 42.19% (p <
0. 05) ,respectively. The findings confirmed the possible effect of argillic horizon stagnating water, and susceptibility of the
pore structure in argillic horizon to the alternation,thus demonstrating that seasonal freezing-thawing alternation is the ma-
jor cause of surface soil erosion and gully erosion of the Mollisol region through weakening erosion resistance of its argillic
horizon and enhancing the effect of the argillic horizon stagnating water.

Key words Mollisol; Freezing-thawing alternation; CT; Macro-pore; Argillic horizon
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