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Table 1 Physicochemical properties of the black soils different in reclamation history

TF R AR e kA BE Biki AL TR SRR
Reclamation Moisture content Bulk density Clay Organic matter Liquid limit Plastic limit
history (a) (%) (gem™) (%) (gkg™) (%) (%)

0 3471 £ 1.77a 1.07 £ 0.05a 23.82 £ 12.65a 89.50 £7.19a 57.9 30.5
17 33.28 £ 0.47ab 1.11 £0.04a 35.56 £ 1.31ab 79.97 £5.01a 55.6 32.8
30 34.79 £ 0.45a 1.30 + 0.04b 31.28 £3.39a 58.62 £ 6.79b 57.2 32.9
40 32.11 £0.77b 1.28 £ 0.06b 46.91 £ 2.86b 59.75 +9.88b 57.1 32.9

H: ANEFHECEREP <0.05KF FZ£5 8%, TR Note: Different letters mean significant difference at p < 0.05. The same below
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Fig.1 e-p curves of the black soil relative to reclamation history
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Table 2 Compression and rebound indices of the black soil relative to reclamation history

TR AE IR ]
C, a (kPa™) C,
Reclamation history (a)
0 0.426 +0.041a 0.003 14 £ 0.000 43a 0.070 £ 0.013a
17 0.342 + 0.009h 0.003 70 £ 0.000 69a 0.055 + 0.005h
30 0.284 £ 0.012¢ 0.001 51 £ 0.000 26b 0.045 £ 0.004be
40 0.252 +0.035¢ 0.002 04 £ 0.000 24b 0.041 + 0.002¢

. C,. a. Cﬁ'}’%ﬂi‘%ﬂ?ﬂ?ﬁﬁ?ﬁﬁl\ FE46 280, nlsd8 %0, F A Note: C., a, C_ stands for compression index, compression

coefficient and rebound index, respectively. The same below

mIsfFE L ((C,) Frm - HEFLBR HLAE [R5 B B 1
i L B d Gy N e R Y ] S
[l SR BE SR . 2B m] IE I, Bl iy +
392 (] 558 KR ALY LM 0.041 ~ 0.070, JRFEFLHBE
T RAER AR, L3 WIS OB TR g
JE 555 Ml RE J) B W AR e, b, R&ETHF
B R AR VR AR R b - 9 1m0 35 5 40 8 3 o T B 1
(p<0.05) , FFR17 a#ff b+ 1] 355 5 AL 5 T
B40 afffh H3EZ R ZEFBE (p<0.05) o

3 W B

- 4 5 SRR ) R A7 ) Y K A
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Pereira "V BF ST R BN, MR 44 KO 8] 345 %

SRR MR B ETEMERR, &
E 0 s 1 s A L A Y
FEASPERS RS s AN, Tmhoff% 1730k %8 T 5 1 40
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HEFE AR, PR R, TR S A LT b
ZIHEML R B EERCLER (p<0.01) , 5
REZRHFER LR D ERACLR (p<0.01)
(£3) , XHAMABRSEME . EEEL,
A HL R o ik B 2 T B AR B Y 16 S e
(p<0.05) , 7 T 7% ¥ 5 AR PR Y 18 n & % 14
K (p<0.05) , BCATLLIAR, A HLT A it 0
VAT A3 T B 5 B0 26 2 M 45 5 [l
B 7 R MG 1 T JE A

AWFTE LI, B BR o A IR R
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Table 3 Correlation coefficients of compression indices and rebound index with physicochemical properties of the black soil

A TH Bulk density HHUR Organic BB Clay C. a C.
matter
C. -0.884" 0.893" -0.534 1
a -0.904" 0.733" -0.133 0.656" 1
C. -0.840" 0.803™ -0.400 0.948" 0.628" 1

e ok B RIRIRTEP < 0.0551 p<0.01KF L83 Note: * and ** represents significant level at p <0.05 and p<0.01,

respectively

Bk Z MR EAOCCR, YR & E T30%
Je, COARFRZ R, AL bk e Rk &
R T30% (£1) , XATREEFHAHTES
TR Z R AR B E RN, [0
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FEAN SR B 0 st B, T A 4 A
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RN T31.28% ~46.91%2 18], K& il 2+ #F
b, - 98 ] 550 B0 A A X 4 v KT

JE46 5 I SR bR Z [RIAH E X R Ty B (3%
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A5 A B0 ML A A A 3 5 A 0 (] e s B Ry £ 1
JRAE 16 5016%, X SE AW 7 45 00—k
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AN
H o

4 4 it
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HFEARER . JF BTNk £ 502 RIS,
HLBEE JT BAEBR A IsZ e in ok . B R JE LR
A e [l S RE ) G T BAF BRI Iz d i qi . I
B B0 LA DL (R 2 T e i R
T RJE R 0] AE ) R A T E RN 5
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Effects of Tillage on Compression and Rebound Behavior of
Topsoil in Black Soil Region

HAN Shaojie WANG Enheng CHEN Xiangwei’ LUO Song
( College of Forestry, Northeast Forestry University, Harbin 150040, China )

Abstract In the black soil region of Northeast China, the issue of the soil getting more and more compact due to
the extensive use of farming machines has been arousing more and more concerns among the people. Soil compaction has
been considered one of the main causes of degradation of agricultural soils worldwide, because it reduces soil porosity
and water infiltration, while enhancing soil intensity and soil consistence, which in turn impede root penetration into
the soil and consequently reduce land productivity. Despite of this, little has been done on mechanical properties of
compression and rebound of black soil typical of Northeast China. It is, therefore, essential to explore compression
behavior of the soil for prediction of possible changes in soil structure under the pressure of farming machines. To
explore effects of reclamation in mechanical properties of compression and rebound of the black soil, plots of black soil
fields different in reclamation history, i.e. 17 (Plot 17) , 30 (Plot 30) and 40 ( Plot 40) years and un-reclaimed
natural secondary forest land ( Plot 0) , were cited for soil sampling using a ring sampler, 2.00 cm high and 6.12 cm
in diameter and the soil samples were analyzed for soil void ratio, compression index, compression coefficient, and
rebound index with a fast oedometer. Results show that soil void ratio, compression index, compression coefficient and
rebound index all went down with the cultivation going on. During the compression process, Plot O was obviously higher
than Plots 17, 30 and 40 in soil void ratio (p<0.05) ; Plot 17 higher than Plots 30 and 40 (p<0.05) ; and
Plot 30 did not differ much from Plot 40. And during the rebound and recompression phase, the four plots displayed
a variation pattern similar to that during the compression process. Compression index, compression coefficient and
rebound index of the soil varied from 0.252 to 0.426, 0.002 04 to 0.003 70 kPa™, 0.041 to 0.070, respectively. Plot O
was significantly higher than the other three plots (p<0.05) , and Plot 17 higher than Plots 30 and 40 in compression
index (p<0.05) , while no significant difference was found between Plots 30 and 40. However, the plots showed a
different trend in soil compression coefficient. Plot 0 and Plot 17 was significantly higher than Plots 30 and 40, but the
former two did not differ much. Plot 0 was still significantly higher than all the other three in rebound index (p<0.05) ,
but among the latter three, only Plot 17 was significantly higher than Plot 40 (p <0.05) . Besides, it was also found
that with farming cultivation going on, soil organic matter content decreased while soil bulk density increased, and

both of the indices were found somewhat related to compression index, compression coefficient and rebound index
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of the soil. Organic matter content was positively related to compression index ( 7=0.893) , compression coefficient
(7=0.733 ) and rebound index ( #=0.803 ) , while bulk density was negatively related to compression index (r=—
0.884 ) , compression coefficient (7=-0.904 ) and rebound index (7=-0.840) ; However, soil clay content did
not seem to be related to compression index, compression coefficient and rebound index of the soil. Moreover, both
soil compression index and soil rebound index were in significant positive relationship with soil compression coefficient
(p<0.05) , and soil compression index was in extremely significant positive relationship with soil rebound index
(p<0.01) . In conclusion, reclamation affects soil compactness significantly, and with mechanical farming cultivation
going on, soil compactness increases in degree, while compressibility and rebound capacity of the black soil decrease.
Obviously, long-term mechanical farming cultivation decreases soil organic matter content and increases soil bulk
density, which is believed to be the major cause leading to the decline of soil compressibility and rebound capacity.
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