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Responses of soil structure to seasonal freezing-thawing in a typical black soil cultivated
region. WANG En-heng, ZHAO Yu-sen, CHEN Xiang-wei ( Northeast Forestry University, Harbin
150040, China). -Chin. J. Appl. Ecol. ,2010,21(7) ; 1744-1750.

Abstract; Taking the soil in a typical black soil cultivated region as test object, this paper analyzed
its aggregate size distribution, wedge resistance, bulk density, porosity, saturation degree, and
generalized structure index after a seasonal freezing-thawing cycle, and evaluated the effects of the
freezing-thawing cycle on the soil structural characters. The seasonal freezing-thawing cycle aggrava-
ted the disruption of air-dried aggregates, but strengthened the aggregation of water-stable aggre-
gates and lowered their destruction rate. After the freezing-thawing cycle, soil wedge resistance de-
creased by 15.45% , and soil bulk density remained relatively constant from 1. 10 to 1. 11 g -
em™. The volume percent of soil solid phase increased, and soil total porosity and capillary porosity
decreased to different degree. Soil saturation degree was improved by 13.06% , which in turn de-
creased the soil potential storage capacity. Seasonal freezing-thawing cycle improved the soil struc-
ture and soil arability and increased the erosion resistance of soil aggregates, but decreased the soil
erosion resistance and increased the risk of the water erosion of black soil.

Key words: black soil; seasonal freezing-thawing; soil saturation degree; soil aggregate; general-
ized soil structure index.
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TR TR T PR v L BB N
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Tab.1 Air-dry soil aggregate distribution before and after seasonal freezing-thawing cycle ( mean+SD)

Ak R + A RAK LA Percentage of soil aggregate (% ) Dy D
Treatment Soil depth (mm)
(em) >5 mm 2 ~5 mm 1 ~2 mm 0.5~1 mm 0.25~0.5 mm <0.25 mm
PRRET 0~10 18.72+2.72  31.51+3.51 8.49+1. 51 17.79+3.21  13.82+1.18  9.67+0.33 2.38+0.21 2. 44+0. 01
Before freezing- 10 ~20 21.57+1.57  33.34+3.34  7.50+1.50 19.14+0.86  12.08+1.92  6.38+0.62 2.56+0. 16 2.34+0.03
thawing cycle 20 ~30 10.11+£1.80  41.31+1.39  7.18+0.28  23.18+1.96  11.64+0.49  6.58+0.46 2.29+0. 12 2.33x0.01
0~30 16.80+2.40  35.39+1.94  7.72+0.52  20.04+1.13  12.51+0.91 7.54+1.67 2.41+0. 10 2.37+0.05
VR 0~10 9.05+0.91* 24.92+2.49 11.68+1.75  24.72+3.71  18.60+2.79 11.03+4.85  1.78+0.08" 2.47:0.12
After freezing- 10 ~20 2.72+£1.72  24.91+1.91" 8.55+0.45 17.88+1.12  15.97+1.03" 9.97«1.03*  2.36=0.13 2.460.03 "
thawing cycle 20 ~30 20.72+1.28%  26.22£1.22%  7.98+1.02 18.84x1.84  16.65£1.65" 9.59+2.41 2.30+0. 02 2.45+0. 05

0~30 17.50+7.38  25.35+0.75" 9.40+1.99 20.48+3.70  17.08«1.37" 10.20+0.75" 2.15+0.32"  2.46+0.01"
-2 i B4R Mean mass diameter; D: 3 E4E%L Fractal dimension; * P<0.05. [ [A] The same below.

mm .
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Tab.2 Water-stable soil aggregate distribution before and after seasonal freezing-thawing cycle ( mean+SD)

Ab B + IR + SFE A B LA Percentage of soil aggregate (% ) D, D PAD,, 55
Treatment Soil depth >5 mm 2~ 1~ 0.5~ 0.25 ~ <0.25 mm (mm) (%)
(em) 5 mm 2 mm 1 mm 0.5 mm
PRRNHET 0~10 0 1.18x 1. 80= 6. 10= 12. 20+ 78. 72+ 0.36% 2.94z 87. 72+
Before freezing- 0.18 0.20 1.22 2.44 3. 68 0.01 0.01 1.00
thawing cycle 10 ~20 0 0. 60+ 1.82+ 12.50+ 19. 44+ 65. 64+ 0.38+ 2.90+ 90. 28+
0.20 0.18 2.50 1.44 3.56 0.01 0.01 0.42
20 ~30 0 0.42+ 2.38+ 10. 62+ 18. 48+ 68. 10+ 0.37+ 2.91+ 90. 34+
0.08 0.12 0.38 2.48 1.90 0. 00 0. 00 0. 37
0~30 0 0.73+ 2.00+ 9.74+ 16. 71+ 70. 82+ 0.37+ 2.92+ 89.35+
0.40 0.33 3.29 3.93 6.95 0.01 0.02 1.28
RS 0~10 0 0.98x 1.51+ 16. 83+ 24.39=+ 56.29= 0.42x 2.87+  80.41 =
After freezing- 0.02 0.09 1.17° 0.61" 1.89° 0.01" 0.01" 7.97
thawing cycle 10 ~20 0.24+ 2.72+ 1.58+ 8. 73+ 22.49+ 64.25+ 0.44+ 2.90+ 84.48+
0.06 " 1.28" 0.42 1.73 0.51" 0.55 0.04 0.01 1.74"
20 ~30 0 1.30+ 1.75+ 7. 44+ 20. 92+ 68.59+ 0.38+ 2.92+ 86. 02+
0.90 0.25" 1.56" 0.08 2.79 0.04 0.01 4.09
0 ~30 0.08+ 1.67+ 1.61+ 11.00 = 22. 60+ 63. 04+ 0.41+ 2.90+ 83.82+
0.14 0.93" 0.12° 5.09 1.74" 6.24" 0.03" 0.03" 2.90"
PAD, 55 : >0.25 mm HE{KBEIRZ Disruption rate of >0. 25 mm aggregate.
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B 21
w1

RESEIEIG - ML 0 ~ 30 om HEA K B P F- 44 1 8
O B VR T AT T 15, 45% . R I E MER 55 = e .
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SRR B SN, SR P e R MR 2 2 0l ), B fE |
i £ 35 B4 30.33% ~84. 11% , P IR 2 (0 ~ mgus.
10 em) IRV HRCR B2 .35 (P<0. 05) . “ELof
2.3 FVVEORRLETR SRR E AR 2 05|

ZT PEVR RO SR PR Bt b A R AR MR A o
(K1) R ATEHEXON E =T 3 AR L ' 0~10 10-20 20~30 0~30
MEASTRYCA 1.11.1.00 FI1.16 g - em™ , AT AR Sl depth )
e o 1 2= PR R S S A B 0 2 o ) A2 Ak
@E*ﬁ;ﬁ’iﬁd& H 0 ~10 em Fl1 10 ~20 cm + 20 A Fig.1 Changes of soil wedge resistance and bulk density before

i‘j]l] MBS R B R AN T 0. 12% F1 1. 64% + ﬁﬁfﬁ and after seasonal freezing-thawing cycle (mean+SD).
I . YRALAT Before freezing-thawing cycle; Il : Rl J5 After freezing-tha-

E*HX#@C]% AY20 ~ 30 ij:E}\U IZ%{E& T4.79% s ’fﬂ wir;g cycle. T[A] The same below.




7 T B E S, MR B - B X St )Xo 2 M v G e 3 1747

SEIARNEE. FERAEEBHEX NS LR+
EAFEAIT AE1.10~1.11 g - em™ | MAKF L
— 7 IR AIRAE .

2.4 ZEPTMEVRALET S LB B ARk
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SRR B B E K 5 EE R ERIAE, L
20 ~30 em )2 P, B A FL R 58 ol i A AR AR
T 6.69% ,(HH P FE I FLBR 25 F AR fb s 50, JE B
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Fig.3 Change of soil NCP/CP before and after seasonal freez-
ing-thawing cycle (mean=SD).
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T2 b, e AR B AR AT B R 1. FE AR FR
AT RN R R U B A 3 L BB K o3 o A Y E
ol g, PRV e Y K BE D i 22, B = A AR s IR
2 MRS BN VAR K BE bk, E 1T BB A5 4 F
HHEAB LR N 4 TTLLE =g
B, TR K 0.35 ~0. 41, R L -2
TREE I 2 STt i Jo BRI ka3, 5 PERRL S
25 )2 AR R AT PRSI, IF HLRE A R
PR 1 o S AR A R 2 320 T 4 R AR R T 9. 42%
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Fig.5 Change of soil three phases before and after seasonal

freezing-thawing cycle.
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