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w0,

O AERARFBHE T 2T LI A RRE, DG T 1983 SF KB A RIFHE A X L5 %, R A 1k
BEACUM % #F (no-tillage, NT)+ F# (plow tillage, PT). [HF#IRFA (spacing tillage, ST) FfEZiHI1E (conventional tillage,
CT) AFRFEA 207, IR R RAIET S TIRARE, WFUA FIRHE 7y O R (g . 25 R0 i T #F
J2£ 0~25 cm LERAERE, A2 >25~45 om QpHEEE WAEIEAR (P<<0.05), [EALGERHERE AT S Ik, IR RAA AR
RS B BAR T AR BRHE (P<<0.05); ARIBHE 7 2 - e hll 52 Bl =15 i 4ER8 Sl P24k, 0~25 FI>25~45cm
AP HEATEAR —F; LR SR R, LEHERT TR (P<0.05), AR HHARMAR, d7HHHEIE
BEREINF] 20em b 2T HAML, AR WIBER RIS ) “S” Rk ARk, R A AR A AT U R A R, 2R AR
Fill g L IRANRE, AR ERAA BRI O 148.97%, JLUCH St RIBIATE, BRiE 500 41.96%F1 58.44%, &S #HE R I /MY
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FITRFAE . 21420 VRRIAT G 2250 M 2 SRR R TS
BEIARIE. (AL, ASCEAE AR R ABEA T 1983 4K
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IRI X (43°45'N, 125°01'E) o %X A ME)E TRk
Bl 2 S, SRR 4.5°C, SRS R B A R i
4800 MJ/m?, HMEIHCA 2800h, =10°CH B F N
2860°C-d, LA 140d, 4ERENE 567mm, FEAEPLE
6~8 1. 2011 4F. 2012 4FH1 2013 4F 4~9 H 4y M m &=
239 366.2. 595.5 A1 642.9 mm, [EFMIHETE 6 H. 7
HAT8 H 34 (1) o 3y i p 25 -
B b, AR A AT 50 Y 0.15%4.0.05%
Al 2.26%; WM. JERCRE . AR TR B0
146.36. 13.50 #1 152.32 mg/kg, 0~20cm #*/Z 1% pH
14 6.5,

250 -
mm 20114
200 = 20124F

= 20134F
150 ¢

100
50 b
0
45 sH 6 7H  8H  9H
H #3Month

A1 KB 2011—2013 5 4~9 AreyfedmE
Fig.1 Precipitation of different months from 2011 to 2013 in
experimental zone

[%H H Precipatation/mm

1.2 Rt

R T 1983 4, BB (no-tillage, NT) . HH#t
(plow tillage, PT) . [AJK&IRH2A (spacing tillage, ST) Al
R4 HE (conventional tillage, CT) 4 A~AbEE, BEALXZH
W, AP 150 mx8m (1200m®) , 3
WHEA, WX AN 15000 m*. PR/ A T
AR, A PR RPN R 958, IRETEIEN 6
Ji¥k/mm?®, 478N 65 cm, FEFEN 25 em. JEREHHFE N N
243 kg/hm?, P,05 92 kg/hm* fil K,0 80 kg/hm?. 44 5 A
I HAEAEM, 10 A 1 HAEAWEK. SER#HE AR TR
EAE TR 1,

#z 1 FEBMEAXBERIERE

Table 1  Operation methods of different tillage modes in field
A PG PRAE 1%
Codes  Treatments Operation methods
FEAESE 65 em IIZELUR TEAT 90 em (A A IHA ),
AT 40 cm (FENTIW), FHZELE E—FH5%ITHL
AR, S5 IRRIEARIIC, 5 BUEREE.
TE FOKRIR W45 G B B EAT VR RS (30~35 cm).
ToRWGRE, BIEREL 45 em, HARFHEH
HAh, FHBERHLR E—4E i AT ied, 1T

AREFPIR
F7H GBI TR AR, R IR, Fi
NEBRGES, ARG R 2R o 8 TR WIHT
WAL, AEARLE T ORI, =GR G B
35~40 cm, HARFEFFIZHHAM
FERH TR FNLER, R gs &
BEATIBAC . AR FOKIOGR R, FEFF A i H
Ab, SR FHEIALAL R, FE RN I, ik
RIEH 20~25 cm
TR AR, 454 FRP AT Ut A
B, TR S SR TIENE . BRI
oG, FEFTAIRIE I mAh, K5 RN T E
Bt RPN 20~25 cm), DA BAERESRER

ST () R A

NT  @dkdiE

PT FHBEBE1E

CT  fLGRHE

1.3 TEWENE

K SC-900 IR T, 2009 4F TR G (10 H 22
H> , 2010 4EFIER)E (10 A 18 H) , 2011 4E TGk A
(10 H 21 H) 5 2012 TR (9 13 HD) , 2013 4F
THEFIET (5 H 3 HD « 6 Jgrt (6 H4 H) . 8JEM (6
H14 H) « 14 g (7 H6 H) « FFE (7 2D .
mze ) (7 H 23 HD o BRI (8 H 10 HD ¥R+
W8 20 H) « BEH (9 H4HD . Wk (10 9
FD F12014 S F4ERHT (4 F 21 D Wil 0~45 cm 3%
T (kg/om®) , -3 S A5 bl 1 30 2 A8 Ak 1 B4,
HERF 2.5 em BHC— AN, ACFREEE 10 cm, 5 IKER.
1.4 BuE4E

K1 Excell2003 40P Al SPSS13.0 48 - #c/4:vh fix
AN EEVEZE I TE (LSD) BT T 2240 M 1 £ T LR
(¢=0.05) . F Sigmaplot11.0 ZEATL: K.

2 HR5HH

2.1 TEHMEANTIEEE LK

A R RAE IR AR L —, IEY R
KIE LR ZR, AR B 4 490 1 T
BP0, i AN [RDBAE 20 B R AN (B 2) o
2 0~25 em AN [F] A7 - 3R 5 A B IR] 22 S 4K (F] 2a)
NT Ab# 435 fif E AR R 4 1.00~2.21 MPa, PT AbFE + 35efd
JEASIE K 0.65~1.70 MPa, ST Ak P -+ S ffi AR Ay 0.44~
1.45 MPa, CT AbPE LML 0.75~1.74 MPa. AN
EMHECKE, 2009 4 PT. ST A1 CT 5 NT bz 71
W (P<0.05) , TIEWESHIEKT 38.6%. 131.6%
F139.6%; 2010 4E ST Al CT 5 NT AbBH LU 2 44 3%
(P<0.05) , TIEENFKT 146.8%41 54.6%, PT
5NT bHERAEZE (P>0.05) ; 2011 £ PT. ST A
CT 5 NT AbH i b 2= ¥ B34 (P<0.05) , HIEAlE
AR T 30.0% 52.41%F1 27.01%; 2012 4 PT. ST
M CT 5 NT ¥t zERB R (P<0.05) , il
FERIBER T 11.1%. 55.8%F1 16.5%; 2013 4 PT A1 ST
5 ONT Wb LbE 2 3 3% (P<<0.05) , 13RS 451
FEAIG T 25.8%F162.0%, CT 55 NT 4B 22 55 AN 5 2 (P>0.05);
2014 4E PT Ml ST 5 NT AbFE L4 25 734 5 2% (P<<0.05),
IR E A A T 53.8% 1 127.2%, CT FI NT ZE57A
B (P<0.05) .

& 2b w41, >25~45 cm 3652 HHE T K
MR 0~25 cm B &, NT A3 - 505 FE AR IR A 1.04~
3.27 MPa, PT Ab# 36l S AR MR} 1.17~2.42 MPa, ST
Ab B - SFERE B AR R A 1.04~2.64 MPa, CT 4bF -+ 338 fifi j&
AZIE R 1.19~2.96 MPa, SMASKE AELF Z R A K, 1 H
NT AbFE A+ IERFE A7 BT R, CT AbEH - S50l 5 A5 1
e, PT A1 ST AbFE L IEhififs 7 AN 2o MAHSED L
BORE, 2009 A1 2013 AEALHE ] 22 53 AN 5 3% (P>0.05) ;
2010 4 ST &5 NT 4L 2= B (P<0.05) , 1%
TEEFAAIC T 13.46%, PT A CT 5 NT 55 AR B4 (P>0.05);
2011 4 CT 5 NT &b b 2= B (P<0.05) , 1%
TN T 27.03%, PT I ST 5 NT 2274 24 (P>0.05);
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2012 4F ST 5 NT AbFE i =7 B3 (P<0.05) , 1
THE R T 25.68%, PT A CT 5 NT 55 A B E(P>0.05);
2014 % CT 5 NT Wi 2R E#E (P<0.05) , 36
WNT 34.61%, PT Al CT 5 NT ZHRAEE (P>0.05) .
ZE LA NTRY, R BRIRAA FIRI IR T 0~45 cm 30
J5E LD IR R HUMOIR S « R BIISE R, IR A A B
WIS AR FT AR, FREEMAR J5 I T et
PIREAG,  EARBIAIEET I B T 28 Lt (H el 4L
PRA TR L3, RIR T KHTRL 4, A LI Ss i Ae e
PEAR 2%, AKZRAT 25 5y W S BB AT (IR S o Bk
THEZ 0~25 om 350 5 2R A AU ML R
M, LIRSS, BENT . REAE AR DR R T BT
N, R 2 L b, T >25~45 cm N )EMEE R
ARG D DR 3 02 K Sl Ao A AR T B R A AL, T
LI T de s 55 IS B, (R T R AL
EE, —E A RS T LR REPHE 2
0~25 cm TYEREFE /N, 1 >25~45 cm + 20 RE4G = H R
DRl =5 2 K3 /N R Bl g A M B AR PR AN = BR AE B2 >
10~15ecm N, S50 15 cm A TN IREZE .

B PT CCT mmmNT Ex1 ST

%)

TiiJ Soil compaction/MPa
i

: : N\ ; :
20094F  20104F 20114F 20124F 20134F  20144F
A Year
a. 1.Z0~25cm
a. Soil layer 0-25 cm

fifi ¥ Soil compaction/MPa
o

L Rl BN B Rl
20094 20104F 20114F 20124F 20134 20144F
4} Year
b. 1 /Z>25~45cm
b. Soil layer >25-45 cm

e RELIORIHERAER, MFRNG FRERORTE 5% /KR B 25,
NT 4 %8t; PT ARIBE: ST AIMBEHHE: CT WLgthifE. FF.

Note: Error bar represents mean + standard error; the same lowercase means no
significant difference at 0.05 levels. NT is no tillage; PT is plow tillage; ST is
spacing tillage; CT is conventional tillage; The same as below.

B2 TRFHREET X T LRBEIE (n=5)
Fig.2 Comparison of soil compaction of different tillage in
different years (n=5)

2.2 TE@EEFTMHTIIFE

B R R AR RS2 SR R R, ROk 2
HEhl R NI, AR, + 2 0~25 cm NT. PT. ST
A CT A3 -3 5 2 AT A —2 (K] 3a) , 5
H3 HE 7 H 6 H¥EAe3bm)EImEbiEs, 8 H 20

H# 10 H 9 HEELE @A, 27 He6 HEI- H
10 HARBHE T AR R AA e 25 5, ST Ml CT AbBEE
St E Bk, T NT ACH 28 inEstk, PT
AR INTE AR F 38 b, NT A1 PT AbFRAS A A —
Ho MAFEE HIEKRE, e HaH, 6 J14H, 8 H
10 HASFIBHE 7 20 i g s e AN 0, IR H = R
IERFEAT (P<0.05) o JHREXS AN A 1 L 390 5 1) °F
BIEkA, NT MFigmE A 1.12MPa, K CT 4FEN
1.09 MPa, PT 1 ST Ab# 577510 1.01 F10.91 MPa. 1
JZ>25~45 cm NT. PT. ST Al CT Ab# -+ 3ehgi i 2=+ 404k
5 0~25cm ##HHEE—E (3b) , BHI AR 15T 5
WAL, bR ST AbERAE 7 A 21 HERIUA i hE (4,

HARAHE 8 H 10 HERIUR w1 T IR . WA
Mg ks, Bre H4H, 6 14 H, 8 H 10 HAI10
H 9 HAFBHE A I = Rm A w3, HaHWER
BIERFE KT (P<0.05) o MDA 1A - 3l 5 1)
SPRIMERAE, CT AbFif sk 1.38 MPa, LUk PT A1 ST 4k
FEYION 1.34 MPa, NT AHERAK A 11.28 MPa. W 0L, Fifit
SRR, NT AEEGE A BT TR, 1 CT AEE N B
sm. SRR, AFPHET A TZE 0~25 ecm fI>25~
45 om IR AR A A A BT SR R A2 B K R, B
o B IS T - S S BRI, T AR sl e A 3

X R AR )2 >25~45 cm Lt 0~25 cm HHH &,
B2 0~25 em IR SZHHER K TREK IR R, 1
>25~45 cm B/KPR TR DR Z00) 338 hai 1y s,

X5 LopezZ WGt 4 i —8. #4k, 8 J1 10 HZ kA1
WK D, XA hEE S8 8 H 10 H -3 B+
SABBH R — A TR A

—--NT ST -O-PT A-CT

L 20
=™
=
EREL
2
Q
£
g 1.0+
:_5'
175}
= 05
@

03503 06.04 0614 07:06 0721 0810 0820 003 009

13 Date
a. TJZ 0~25cm

25 a. Soil layer 0-25 cm
[+
s
< 20t
ke
5
=
£ 154
o
Z
175}
i
= 1.0F
‘:_—_2(

05

05-03 0604 0614 07-06 07-21 0810 08-20 0904 10-09
H i Date
b. £E>25~45cm
b. Soil layer >25-45 cm

B3 REES X LRAREF i T AE (n=5)
Fig.3 Seasonal change of soil compaction of different tillage

(n=5)
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2.3 TIEWEHERETLEHE

BB 77 AN A S B0 L MU ], i LA
TEG R T DR AR St Re bz, S8tk
TR T AR AREAE SR I B B AN R (B 4
FERET (5 H 3 H) 12 0~15 em ARFHE X+ 156
V55 BV FEE B N i B A 1105 > 15~45 om BEIFE 1 In 5 7 1
A, IR, BRI >2.5~45 cm ¥
HZEFEF (P<0.05) (Kl4a) ; i (6 H4H) &
2 0~22.5 cm AS[RIBFE 7 2 A A 5 B R 5 388 o vy
hn, H 0~7.5 cm NT & BB/ HABALBE, 1y >7.5~
17.5 cm NT ACFE I 5 oAt AL B, >20~45 cm 4b 2]
N S 2 AN, (AN ] >2.5~45 cm ${H
ZRAEE (P>0.05) (K 4b) 5 #hifnk2 8] (7 A 21
H) +)/2>2.5~17.5cm NT F PT AbF A gty e 1
ST F1 CT AbPE, (HBE SRR M R R, 1ff H NT &b
N B YR, >25~35 cm W BAR T A AL EE, (HAS[H]
AR FRIE] >2.5~45 cm B 2= FANEE (P>0.05) (K 4¢);
FER (8 H 10 B -3l F i R 5 9 I 4 n, >2.5~
5 cm NT fil PT AR INAG K, >5~45 cm S1E HARML,

—e— NT —o—PT

fili & Soil compaction/MPa

fili & Soil compaction/MPa

T RE W INASH] &, 1 >2.5~20cm ST Al CT AbFE & fz “S”
MM, >20~45 cm ZEHE NT # PT Ab3E—
B, (AL >2.5~45cm BEZERAEE (P>
0.05) (K 4d) ; W (9 H4 H) +)2>25~10cm
ANTEIBIEAE T X S Al B % 5 38 g 5 n s A ) 22
ANH &, 1f7>10~45 cm PT A1 CT 4b F -+ 33A 15 0 5 v 1
NT Al ST kb#t, JLef CT ACHEGEEEME K, A A
PRIA) 225 52 (P<<0.05) (K 4e) 5 W3kJE (10 H 9 HD
ANTEVBAE 77 2 Sl 5 R P G i 4 n, >2.5~25 em
PR “S” MZA81k, >25~45cm NT. ST Al PT 4b
R VR FE AR — 2, (H CT AbHRFf R B 5 1 H AL,
>15~32.5 cm {2 TALARAR R, HAS[R)Ab 2R [R] >2.5~
45cm B 2R B (P<<0.05) (K 4F) o Z5REW, %
PR b gl 5 5 AR b A — 3, B H RIH LA ERAE
ANRBEAE 5 X g i i AR R I I 2 e, U
TR Ry g S5 1 A A 32 B2 R R P, AR B A
ARk /)N, T B B TR) A2 = R b Rt AT S A 3] i AR 4
SAENHUOTT B A EORIAE I 8 5% M A K T R I
HE AR A,

—v—ST ——CT

fili & Soil compaction/MPa

0 0.5 1.0 1.5 2.0 2.5 0 0.5 1.0 1.5 2.0 2.5 0 0.5 1.0 1.5 2.0 2.5
LSD, ,=0.0895 A= __
' 10 I~ 10
Yy A LSD, ,;=0.1145
§ 5 N 4 £
S S 20F LSD,,~0.1013 R s 2 20
g B i 2
) A & A a2
i 301 £ = 301
% % {3 %
9
40 ;‘ 40}
S0t = 50+ S
a. FERI 50 b. il e JFAENE 22 30)
a. Before sowing b. Seeding stage c. Flowering and silking stage
fifi i Soil compaction/MPa TJ% Soil compaction/MPa fifi i Soil compaction/MPa
0 0.5 1.0 1.5 2.0 2.5 8.2 04 06 08 10 12 14 16 18 0 0.5 1.0 1.5 2.0 2.5
10+ 10+ 10
g g
= § =
. Q - -
§ 20 r 20 % 20
A éQ; A
g X
w 30 LSD=0.447 s 30F 12 20| LSD, ,=0.6164
< = 5 s
40t 40} 40t
sol - s0L . soL o
d. WES e I f. ke
d. Filling stage e. Maturity stage f. After harvesting

B4 KRS X LIEARE 2\ T(n=5)
Fig.4 Profile change of soil compaction of different tillage methods in 2013 (n=5)

2.4 FRAELEEETH

VR AT T A O o 2 R 5 i - B BRI 4K 2
SR IR J Ak I, T R e R 5 AR
ANFEBHE T ARl 5 L AR AN (R 2) . VR
YEFI %0 NT PT. ST Al CT %% L2, #1200

RG34 /N T VR RRT o NT A B 125 il iy - 398 1 1 A i Oy
1.21~2.15 MPa, 8K 1.59 MPa, Vg5 2808 A8 g
Hj 0.48~1.38 MPa, {4 1.12 MPa, VRlG 1 I8AgE
SRR A 41.9%; PT A BT fil iy - 38 A 5 AR 0 0.83 ~
1.54 MPa, ¥J{H 4 1.22 MPa, V#1351l 55 48 g
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0.07~1.20 MPa, (i} 0.77 MPa, V/RFlJ5 el 5 -1
FEmEh 58.4%; ST AbPRUREAT LA T R4 0.44~
1.82 MPa, M} 1.22 MPa, ¥l 5 3508 B AR 0.04~
1.10 MPa, {4 0.49 MPa, VRl 1 3200 5 -1 4 e
M 148.9%; CT Ak PRV fliFy - 388 0 5 AR i 8 0.74 ~
2.05MPa, HMEN 1.22 MPa, VA Eh 5 -+ 538 fif 5 AR g
0.23~1.47 MPa, {HN 1.18 MPa, 5 + 35 571y
FEE R 3.38%. RRlAE 45080 I EANSLRR A, FRAIK

L, REEMR IR RE Y, AW
NWEFE— 80 AFIEPHEN R, PREATE ] l AR 18
USRIV /N IR0 N R @SB/ Ll LT P 2
TEREIE R/ . MRIESECIRF LRI, L0t . %
R A S S DX 0~15 om 2 e SERRAR, LB BB
AR T I S o T, R ) R AL A
WAk e KL it DR T e g T R A B K DRI A e 11 1
HE KA R, RS 3 B RE S R

R2 FMATEARRHHMER X LIREE T (n=5)

Table 2 Change of soil compaction of different tillage after seasonal freezing-thawing (n=5) MPa

i I 34

RJZ Depth/cm

Treatments Periods 25 5 7.5 10 12.5

15 17.5 20 22.5 30 37.5 45

REIi]
Before
freezing
thawing
Rl
After
freezing
thawing

1.23a 1.65a 1.65a 1.65a 1.52a

NT

0.48cde 1.15¢b 1.38ab  1.38ab

1.34ab

1.43a 1.39abc 1.59bc 1.46bc 1.44bcd 1.72ab 2.15a

1.24ab  1.19bcd 1.13de 1.05efg 0.92f 0.96e 1.23de

R
Before
freezing
thawing
R
After
freezing
thawing

0.90ab 1.07bcd  1.06bc  1.06bc

PT

0.07f 0.08f 0.94¢ 0.35fg

0.94cde

0.60ef

0.83¢ 1.21bcd 1.33cd 1.36¢d 1.48bc 1.42bcd  1.54bcd

0.94bc 0.97de 0.98ef 0.99efg 1.04f 1.20de 1.18de

RRNTT
Before
freezing
thawing
bR Y
After
freezing
thawing

0.77bed 1.13bc 0.94c 0.94cd

ST
0.04f 0.09f 0.11e

0.11g 0.16g

0.58ef

0.44d 0.669ef 0.74fg 1.06efg  1.29cde  1.62abc 1.82ab

0.37d 0.57f 0.57g 0.79g 1.05ef 1.01e 1.10e

R T

Before () 74pcd
freezing '
thawing
VR E

After

freezing
thawing

0.79cde 097 ¢ 0.97cd

CT

0.23ef 0.74de 1.15bc  1.15bc

0.97bcde

1.31abc

1.23ab 1.62a 1.89a 2.05a 1.95a 1.85a 1.67bc

1.31a 1.35abc 1.37bcd 1.44cd 1.43bcd 1.47bcd 1.31cde

3 g

3.1 AEHAEA XX LIRERE IR

KB — B W] B B ER S, PR U 5
LAy, WA R kUL, et et
Rz LIRGiRy, Wy HeE, EREREPHEX T
TERRAE RS2, i H B BHEERR I, LR
BB AR IS e, LSRR R AT IA 30~60 em!.
AWFFERN], KR BN T 0~25 cm + /248
J&, (H>25~45 cm L2 2 T @S, EEPHENHR
25 cm LA b SRA S A7 1 T, i ] B AR AR B L 0
B 2250 S 3 /N T e BERML e Bk, IXPTRE S th TS BF R
JEARME DR B S, T 2 A R AL T e e e
35 oA o (e AL R e 9, AR e R I
H B2 JZAE AT DT EA, (EDBFAE DX LA T R e (1
B, S EURE RGN, IR A R A L A
J, RBIRIBEFEBOR, XY Kooistra AT R
8 A, TR RAE 45 cm SEELRSAT B

(1) 1/3 38, 3 a A H-—IK, BRI 6 a LT &
3.37 g/kg, AN EARAE L5 R A A R E M VR 24 2
AFCUBS R, B A AU R AL -4, {3 K Ak
JERG, s RIEgs MR e v, PR T LI PR
2 AAR A S — AN E NPT, (R IR AT £
WS
3.2 TIEWESFTIMTAHE

X P2 2 A B A N e, e
FETHE, B4 VAL AL BE -39 B AT N T AN IR
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Change characteristic of soil compaction of long-term different tillage
methods in cropland

Zheng Hongbing®#3, Zheng Jinyu??, Luo Yang®?, Li Ruiping®?, Li Weitang®?,

Wang Hao??, Ren Hong', Qi Hua', Liu Wuren®**
(1. Agronomy College, Agricultural University of Shenyang, Shenyang 110866, China; 2. Key Laboratory of Crop Ecophysiology and
Farming System in Northeast China, Ministry of Agriculture, Beijing 100081, China; 3. Research Institute of Agricultural Resources and
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Abstract: Soil tillage is closely related to creating favorable conditions for crop growth and ensuring crop yield. One of
the main goals of soil tillage is influencing the physical, chemical and biological properties of soil. One of the basic soil
properties affected by tillage is the soil compaction. The objective of this work was to evaluate the effects of no tillage
(NT), plow tillage (PT), spacing tillage (ST) and conventional tillage (CT) on the soil compaction from annual and
seasonal changes, soil profile characteristics and seasonal freezing-thawing for a productive soil. The field experiment
was initiated in Gongzhuling County, Jilin Province in 1983, which was to determine the effects of various rotation and
tillage combinations on crop yield and soil physical and chemical properties. The soil of the experimental site was silt
loam, which was well-drained soil developed mainly from glacial tillage. The experiment design was a completely
random block design with 3 replications. The plot was 150 m long and 8 m wide (1 200 m®). We measured the soil
compaction change in different years and seasons with SC-900 soil compaction meter. The results showed that no tillage
increased the soil compaction in 0-25 cm depth significantly(P<<0.05) compared with other tillage methods, and
decreased the soil compaction in 25-45 cm depth significantly(P<<0.05) while conventional tillage increased the soil
compaction in the depth of 25-45 cm. The soil compaction by spacing tillage and plow tillage were lower than no tillage
and conventional tillage significantly(P<<0.05). The soil compaction of different tillage methods changed with different
seasonal periods, the change trends of 0-25 and 25-45 cm were the same, and the soil compaction on August 10" was
higher than other dates. The soil compaction of different tillage methods increased with the increase of soil depth, which
meant the soil compaction of upper layer was less than lower layer significantly(P<<0.05). The profiles with different
tillage methods changed with time. The change of soil compaction showed a linear increase with the depth under 20 cm
in the early stage of crop growth, and the change was like reverse “S” shape in the mid-to-late stage of crop growth. The
freezing-thawing decreased the soil compaction of different tillage methods significantly(P<<0.05). The decline of soil
compaction was 148.97%, 41.96%, 58.44% and 3.38% under spacing tillage, no tillage, plow tillage and conventional
tillage, individually. So, spacing tillage was an effective tillage method for decreasing the soil compaction. The adoption
of spacing tillage in the semi-humid zone of Jilin Province could be beneficial to soil conservation by decreasing soil
compaction, controlling erosion and improving soil structure, et al. Our study can be helpful to the promotion of the new
tillage technology in northeast China for developing the sustainable agriculture.

Key words: soils; compaction; freezing; thawing; spacing tillage; tillage method



