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WE T8 (DO, Y (0~20 cm) (D20, EHHEH+FSFT (D20S) IRHHE (0~35 cm) (D35). EBHEH+FSFT (D35S).
FBIEHEE (0~50 cm) (D50) AGEBIRBHEIHAEAT (D50S) 7 MACFIFEIE T, FEFHE M ALFE 10 000 kg/hm? FEFT 1757 H
ENAHRBHIR 2. 45 RR 0, BHRARS FTAE B IR 2 R 3 B M SR ) BB R 24 . 5HI96 AL, it
EWINT 0~20 em RERIEEE, WO TIEE. FKE. WASKERAN>0.25 mm KEMEFIREKSE (WAS.g,s)
(P<0.05), Ti%f 20~50 cm 1 /Z&A BEHM (P>0.05). £ 0~20cm )2, BT D50 A EZEEK T WAS.g,s &L
&b, D20, D35 Fil D50 b 25 00 3L FE bR %A B RS 1 D20S Al D35S AR 25 B3 T 1% )3 & T i B
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= X S50 T B R PSR AT VR 45 3 P IR 0 - 33 B Jot
MIZR S VR IE B A T8 . ASHIF 783 T H R B AR AT VR
A0 R B R TR Bk, SR 7 Hou A E L AL
BREE SRR RKER. WAIF/KE %>0.25 mm KR 1ER]
RARKIGZ, B IR A BN R AR AR &k
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REMRHAR SR, DI RIER L XL BL “ 3
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1 #R57E

1.1 WFR X

RIET 2008 —2014 FERILE L X BRILAERTH
P RS HEAT o WA T FE R AT Ak 2 0 o AP 1 = XU Ak
X, FEATE. BFEEREZW, WHAZFE, F£1H5
I 1.5°C, i 50 a KAPEAFEMEN 550 mm, 70%LA 1
LRI 7—9 Ay, LM 125d. B3R EE 1,
3 oA P, 2008 FEAREE [X FEA A 3 A B R
W 1.

Fz 1 2008 FiXE X T EYIBER

Table 1 Soil physical properties in study site in 2008
, ) A
. R AN \
. KE j:)rif JE L@*B i l]i?\ ek
TIRRE Soil  FikE a EER
. Bulk . K Saturated
Soil . particle  Saturated . Permanent .
density/ . Field water =~ . * hydraulic
depth/em (grem™) den51t}3// water capacity/% wilting conductivity/
em” /0 0 int/0,
(grem™) capacity/% point/% (mm-h)
0~20 1.10 2.59 51.2 36.2 13.8 342
>20~35 1.23 2.62 44.5 324 14.6 294
>35~50 1.27 2.66 432 27.6 15.0 27.0

1.2 Rt

RIRUET 2008 AT, RHRX KT, FXHSA
HHEEREE, A3EAH (DO) . HHE 20 cm (D20) . &
HEEH 35 cm (D35)  EEEAEHHEN 50 cm (D50) 5 ®@IX AL
FrE #7750, RFHE A ERATEH GrBibRsh) o
SERKEAEYER G XA N AL B BEAT RE AT IR F L, BIDKER
R EZ) 10 em FIASFFI SR 0~20 cm +)Z (D20S),
0~35 cm )2 (D35S) 1 0~50 cm 12 (D50S) , F%
FHEHEIH 10 000 kg/hm?. ERATIEHNX, 7 %618
FHBRBAZ AN R — 2% “H0V8 7, SRR 0 5 I s
FEPHRAE “8va” WRiam b, RSz LaEs T
AR b, BB LS T R RS, B
HEEHE, SE AN X R AT IE B TAE . /N X THALA
52m’ (10mx5.2 m) , FMEH 3 KER. HIXEKD
FONEETE 6, BEN 6.5 Jifk/Mmm®, FfEE: L (N
150.0 kg/hm?®, BEAE (P,Os) 70.0 kg/hm?, AL (K,0)
50.0 kg/hm®.  FH AV 2 55 24 AR ] .
1.3 #HEmRXES5HR
1.3.1 M miRE

7E 2008 FRKZEARIE 4G T, 2010 42,2012 A1 2014

SEMRTNCR S R AR, FESCRE T vk AN
2 0~20. >20~35 f1>35~50 cm 3 >+ 2 IR B HE T HY
FE, BASNXBENLEEL 3 A . SRARFA 100 cm® )
IR T4y J2 R AR JFOR 4= 358, SR 5 i PR JT I o5 1 S AE R
Uity P ST 2 s Rl S0 = A s R 40 2 SRR
RETNERE &, BT H3EBI BRI €, £ REMIZ
i 3k ek 2D o - A S P Bl ek 2D ot - 38 [ SR AR
ﬁ&ﬂ:o
1.3.2 Mz 7k
IS E . MK E. WA K E SR T
5B, hoRIsE SR B EOHEI E R, I A Sk R
F TST-55 Bl A0 223, 35K R itk [ 58 44 5% G 075
PO, S KRR A AR e B,
1.3.3 B3gEsLmEH A &Y
IR SR E=(1—(F R/ LR ZREE))x100% (1)
B LB E=(H A K - 25 K &)<
REX100% @)
A SR = LB ) K X E < 100% (3)
Ay P LR R = 35 L R R — B A AL B —
EA LB (4)
1.4 EIRSHH
X F Microsoft Excel 2017 XIS i kAT, i3
F SPSS19.0 #4744, Herb oy Z i N R Ry 2
(One Way-ANOVA) , 7K1} 0.05. KH Origin 2019
HEATH K . K Canoco 5.0 3R A4 GFAS [R] 4k 3 7] 4 154 38
M 2 7 AT FE 81 (Principal Component Analysis,
PCA) , XH] SPSS19.0 11HA R ALEE T 4= e 28 P4 57 1
ZEE 155, K H Pearson I AT Ge it 04T T #HERIARS FF
A FHR P 56 = 3 B A S

2 HZRES

2.1 MHIEREHIRM

FERHARS FF 0 IR 2 S IR H ) E B R R
(E 1) o £ 0~50 cm 12N LEEARE K FRILVEE
L EEEMR NN, Do AFEEHINT 0~
20 cm + 2 HIEEE, 1MX>20~35 f1>35~50 cm + 2
3 7% A R 3 R L B A BRI RS AT A YR EE
B, YN T AR R A E (B 1D . 7E 0~20 cm
+ 2, S5, D20, D35 A1 D50 4b 3 x4
REYWERANEE, (H2 D20S fl D50S 4b# + %%
HEE TN 6.93%~11.14%(P<0.05) . #£>20~35 cm
+)2, 5¥is A AR A FE AL, D35 Al D50 A
7E 2010 FF1 2012 FRZEREAK T iZZHE; D35S M
D50S AbHETE 3 MNHUFEFEM IR EEK T X2 L IEE
&, S5HAMAFEAE, D50 1 D50S ALFE>35~50 cm
TR LBEAERERSNEE TR T 10.39%~12.27% M
11.16%~18.41%, HABACFE A& B2 %R . 0~20.
>20~35 F1>35~50 cm -+ 7 358 25 56 AN [F) BRI RD A
FF 3 FH 3% P52 1 ) 1) o o2 AN — 20 (B 1)
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¢. >35~50 cm

7E: DO, D20, D35 1 D50 4 HIACEBHRIAEE A 04 20, 35 Fl 50 cm, D20S. D35S F1 D50S 4 A CEHHFIFREFFHR AIEN 0~20. 0~35 1 0~50 cm /2, itial
VvV AFRG LA TR ARG FRERRAHRE G ) — LR AR E A P<0.05 FIKF EEREE.

Note: DO, D20, D35 and D50 represent tillage within 0, 20 and 35, 50 cm, respectively; D20S, D35S and D50S represent straw return within 0-20 cm, 0-35 cm and 0-50
cm, respectively. Initial V represents the values of initial soil sample. The same below. Different lowercase letters indicate significant difference among different

treatments under the same experimental year at 0.05 level.
B 1
Fig.1

2.2 MEHIEFLBRERIZ M

B2 N5 6 a 5 70 i 1 HFRHFIRS F 340 FEOA 38 LR
FERIR . LR FLBRRE . IS FL R B SLBR R Rt
H LR URFERSE I R n, AR E LR B A LR
FE 3G nmmgs . S50is ML, DO AFEAE 0~20 cm
TR AR R E R T 7.64%, M{E>20~35 Al
>35~50 cm L ENEAREER . SV LIEMLE, (L
HEATHEBH A AL FE 6T 0~20 em 42 HIE RSB KA T 3E
s, (H PRSP ARSI B JE TR AL R
FWINT 6.29%~8.31% (P<0.05) . FiEHHEIAIFEFT L
FHVRE 180, D35, D50, D35S A1 D50S Ab# 2 18 i
T>20~35 cm 2 TIESFLERE, D50 f1 DSOS 4b#E
FWN 7 >35~50 cm 2 HIEERILRE

FERIAAS FT34 H e 0% 52 1 138 b R FLBR 2 Bk (I 2D
f£ 0~20 cm 12, 5¥)HA 334, DO 4b B 4 5EE S 1L

T 4R35 14 FLES B No active porosity

L BHFLKR)E Capillary porosity

B F AT R B2 LR T Hh
Effects of tillage and straw return on soil bulk density

BREE R PR T 21.79%, 1 D20, D35 Al D50 Ab £ %}
TEEES SRR A B . 5 HAALEAE, D35,
D50, D35S Al D50S AbFE>20~35 cm )2 - 3EE S FLE
FERERIN T 24.30%~43.00% (P<0.05) , ‘EA1[A¥%
HEE %5 . D50 1 D50S 4bFEIE ZE 8N 7 >35~50 cm
T2 EHEE AL b5 D50 ML, D50S bR
BT 14.66% (P<0.05) . S5#)46 18, DO b3 0~
20 cm )2 HIEEEFLBRE B E KT 18.66%, 1M D20S
AEER RSN T 23.30% . 5 HABALERAR L, />20~35 cm
+ 2, D35S AP -IERE SRR EEG T 18.41%~
44.13%; f£>35~50 cm /2, D50 fil D50S kbHE 4 5 2%
Bom Y 3R E A FLBREE 29.11%~48.03%, i D50 1
D50S 2 [R5 03 . S5YIah LML, it En T
0~20 cm + )2 TIERAETE HEFLBREE, R EE AN RS AL
AL B U gk 1 AH R A 2 R T T FL B

7 3l LB % Aeration porosity

70 70 7071
d be be
60+ ed be b R 601 d be ¢ o 60
: SNIRS + RO RN b b b @ g \ ] f .
£ sop | s P el e £ sok [0 T$\ £ sob FF e
z 1 fee 1oy [ S ER N N N
z A AL z ZlE z \
5 40+ y oV s 5 40t / 3 40t
2 * A 2 ) 2
g d E & / g L€
= 30+ i 1 £ 30F Al 2 30}
T 20¢ e = 20} = 20l |
& |1 & &%
+ +H +
10+ 104 10+
0 0 0
m> 9 o v o wn o wv » m> o o o v v m>9 o v o v wu w
gz " B8 B R E fETEEA 343 LI
| Kb FETreatment =5 Kb Treatment | Kb FETreatment
a. 0~20 cm b. >20~35 cm ¢.>35~50 cm

E: AFRNGFRERIRAF AR FE P<0.05 KT EEREZE. TR,

Note: Different lowercase letters indicate significant difference among different treatments at 0.05 level. The same as below.

B2 #HEfefE AT Bt £3E LT E 1 B

Fig.2 Effects of tillage and straw return on soil porosity
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DO 4t 0~20 cm = -3 H AR /K B AR AT K & 2>
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W NPT 11.80%A0 7.88%, MMi>20~35 F1>35~50 cm
TERAEREEER. £0~20cm TE, PHEIRAREFTE
FH Ab P JR) FE K A AR K B4 B B E W T
8.70%~15.08%F1 7.23%~9.51%, A~ [F]4bFH 8] % I AN
D20S>D35S8>D50S. fE>20~35cm )2, 5 D0, D20 fl
D20S kL, D35. D35S. D50 A D50S AbFE H ] 7K &

A FEKE A B ZFM T 6.59% ~ 17.95% Al
9.84%~21.12% (P<0.05) , H D35S il D50S AbPEFH
FH [E) 5 7K & 2% & T D35 M1 D50 kb3, #6>35~50 cm +
JZ, X D50 F1 D50S Ab¥ & #1001 1% )2 H [ RE/K & Al
MR FEK &, SHAAEAL 2N T 13.41%~
2623%7H1 8.19%~14.69%.

=AY iR Intial V COD0 EEED20 D35 D50 CID20S C3ID35S 0 D50S

50
a 60 aag
< = 2 b boP o bab gp? a o,
S M a 2‘50 Co o [ cc +,+ bbb -
g b g V1 : T TE e[ | b b P
< = =3 .
§ ce,of]ec g | H ] P
5 B and || B 5 40t 4l
= 5 <
z ‘ 2
= B 30}
.2 <
=] Ei
% 2 20}
£ =
= £
= 2 | bLEL Y] B
& 0 o b
>20~35 >35~50 0~20 >20~35 >35~50
b2 )% Soil depth/cm I 27 % Soil depth/cm
a. )RR K b. AR K it

a. Field water capacity

b. Saturated water capacity

B 3 #EAe S ATE Bt L3R B A H K E Al fe K Z 49 F %

Fig.3 Effects of tillage and straw return on field water capacity and saturated water capacity

2.4 HIEWINSKERFI

FEBUADFES AR 0 H 3 A S KR om0k 2.
DO AbFREZEFRAL T 0~20 cm + 28935 p9 M S K
E (P<0.05) , 5¥METIEM, B T T 12.15%;
MXF>20~35 fI>35~50 cm + ZMASKKER 5#
. BERINC A RS AT A AR EE 0~20 cm £ 2 L3N
SOKEEFEHINT 10.91%~12.76% (P>0.05) . *4#k

BHIRFEIR ] 35 A1 50 cm J5, RE N 7>20~35cm +
EREASKE, HG1a 0~35 F1 0~50 cm 2 it FH 75
FFG, >20~35 cm L2 WA G K KA HE— 0B ik
., {HJE D35. D50, D35S Al D50S Ab P 7] 2 7 A5 % .
{X D50 #1 D50S Ab# & Z I 1 >35~50 cm 12 1)
MGKE, SHAMAEMLEZE®NT 9.86%~
24.68%.

R 2 HEFFETSEX LIEEANSKEE

Table 2 Effects of tillage and straw return on saturated hydraulic conductivity

sji gﬁm Iﬂﬁ’il{% DO D20 D35 D50 D20S D35S D508
0-20 34231176 3007:0.75c  3387:1.03b  34.00:0.61b  3460:0.66b  3820:087a  38.60:040a  37.97:1.10a
>20~35 206341060 2923£0.72c  30.03£042c  33.50£040b  33.90£096ab  30.07£0.6lc  3467t123ab  35231.50a
3550 267041056 27.73£0.78b  2607+1.04b  2697£0.71b 3233085  26.03£0.67b  2593£1.23b  3047:0.76a

Ee: F—AT A RN PRI R AL 7E P<0.05 KT EEFREE. N,

Note: The different lowercases in one row indicate the significantly different among the treatments in the same soil layer at P<0.05 level. The same as below.

2.5 Ft+3E>0.25 mm K& F B KA R0

>0.25 mm KEETERBI AR (WSAL0s) VP T 3ELE
MEETRIR . —, BEE LEREREMN, WSA s R
g (R3) o S5YIG IR, DO 43 0~20 cm T
JZ WSA. s S EEE N T 15.63% (P>0.05) , £ 20~
35 cm f1>35~50 cm L ERHE B EER . SR IEMLL,
D50 AbFR R EFEIL T 0~20 cm 12 WSA.g,s &, 1HE

HBEWINT>35~50 cm 12 WSA.,s &1 D35 A FE 3%
BN T >20~35 cm )2 WSA.o s &5 & HHRIAC SRS FT 8 1
AIEIA R L2 WSAL s T EIES, 5HAMAEAL,
X D20S 1 D35S AbFH I ZEH N 0~20 cm + )2 WSA.g2s &
B, 51 3E A EL, D35, D35S A1 D50S & hn 7 >20~
35 cm )2 WSAL s T i, ATz HZERAEE; D50 F
D50S EEBN T>35~50 cm )2 WSA.0s & .

%3 HEFFSFTIEEY>0.25 mm KR MR RIKHIF 00
Table 3 Effects of tillage and straw return on >0.25 mm water stability aggregate

TERE HIUG{E

Soil depth/om Initial V DO D20 D50 D20S D35S D50S
0~20 33.70+0.95b 28.43+0.87d 33.93£1.31b 31.77£1.01bc 30.40+1.04cd 39.30+1.31a 38.57+1.72a 34.63+0.55b
>20~35 23.53+2.15¢ 24.27+1.79¢ 23.5342.64¢ 28.97+0.70ab 25.60+1.11bc 24.17+1.37¢ 31.73+0.85a 29.43+1.04ab
>35~50 17.23£1.29b 18.37+1.14b 17.80+1.40b 18.33+0.85b 23.23+0.85a 17.03£1.19b 19.40+0.46b 25.27+0.67a
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6 a FHHHAREFFE H 5, X 3 s AT
(PCA) 73t (4 1k 4) . £ 0~20 cm )2, DO 4
HAREARTES — E ks E 5 HAGEE X 5T (- 4),
D20S AbFRPIREATE S8 iy B R F A AL 3 R AR

X 77T, D20S AbELXT 3 BRI 5 45 G 19 70 B i (3R 4)
1E>20~35 cm T2, #HESREFE H A R AR —
F sy EE S DO FIRIEE IR X 4 FF, Ho D35S
AR FEXT - B ERE IR 25 519 5 B - 1E>35~50 cm )2,
D50 1 D50S A IFEASE S —F idr H A B HARAL A
B X 7y, A D50S ACFE -3 R 4 S A5 5 i o

2 -Eyg{)&ﬁﬁ'[lniri v 150 1.5¢
5 Ry L L 0§58
o 5N ;\? ;\? D208 ¥ Initi V
% 3 ;ﬁs{uy @ P . D&'. v 205&1?0 $ s m
2 | AL Fmiiv -\ 5 it Vi V 5 O, (:%\2 N
8 DDZ A~ & L N OD35D35
=¥
2k . . . N 15} . .
-3 PCI (84.6%) 32 PCI (95.2%) 2 25 PC1 (91.9%) 25
a. 0~20 cm b. >20~35 cm ¢.>35~50 cm
B4 HrEafeASATiL W a2 T LRI 09 TR 57
Fig.4 Principle components analysis of soil physical properties under tillage and straw return treatments
F 4 HEAREFTTHEN TIEMEREEREWMESS
Table 4 Comprehensive scores of effects of tillage and straw return on soil physical properties
TR HIRE
Soil depth/cm Initial V DO D20 D50 D20S D35S D50S
0~20 -0.3 -1.59 -0.15 -0.24 -0.06 1.1 0.66 0.59
>20~35 -1.25 -1.21 0.11 0.02 0.15 0.61 0.99 0.58
>35~50 -0.43 -0.29 -0.58 -0.36 0.98 -0.62 -0.31 1.6

T Pearson AR HT, Giit 1 HHEIAIRSFFAE IR S
ot L B SR G (32 5) o 7E 0~20 em )2
VIEAR AR SRS AT IE IR FERR A 50, 2 MR K
REBHRHIA B E ARG, 5>20~35 em L2 E. H
[ FF KA WAS. s SREFFE IR BER B35 AHOC, AL

PRI FKEER/EFFICHRERZFMKL; BT
WAS. 25 PAZME 3P EL 8 b -5 B B0 IR B AR S5 3 A K 7
>35~50 cm 17 WAS. o5 S5 AEFFIE H R FEAR 35 A0 G,
FYE LB AN H [A)RE /K B S RS O FH R I 3 A G
ISR AR 5 PR A A O

RS HEIEITLEREX LR RS S
Table 5 Statistical analysis on soil physical properties impacted by the depth of tillage and straw return

Johr 0~20 cm >20~35 cm >35~50 cm
Depth of straw return  Depth of tillage ~ Depth of straw return  Depth of tillage  Depth of straw return  Depth of tillage
% Bulk density -0.652" -0.574" -0.578" -0.732" 0.518" -0.702"
S LB Total porosity 0.707" 0.532" 0.532" 0.750" 0.529" 0.701"
[ )5 7K 1 Field water capacity 0.668™ 0.490" 0.725" 0.663" 0.525" 0.695"
" = *k * dok *k
AR 0.741 0.505 0.302 0.709 0.302 0.709
Saturated water capacity
HRI kA . 0.761" 0.568"" 0.543" 0.861" 0.058 0.589"
Saturated hydraulic conductivity
WAS:025 0.606" 0.446" 0.629" 0.536" 0.559" 0.690”

T HFOREEMR, R E MR,

Note: * indicates significant correlation, ** indicates highly significantly correlation.

3 i g

KBTI CLE B BB AN RS FT 8 FH A2 52 i 4 38 1 I
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Effects of incorporation depth of tillage and straw returning on soil
physical properties of black soil in Northeast China

Zou Wenxiu', Han Xiaozeng', Yan Jun?, Chen Xu!, Lu Xinchun**, Qiu Chen?, Hao Xiangxiang®

(1. Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Harbin 150081, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Black soil in northeast China is well known as high natural fertility for grain production, but the growth and yield of
crop can be limited due to the high clay content of black soil can deteriorate physical properties. In this case, both tillage and
straw return can be expected to serve as the important agronomic practices, in order to efficiently improve soil physical
properties. However, the optimal depth of tillage and straw return into soil for favorable soil physical properties still remained
unknown, particularly in black soil region. In this study, a field experiment, referred to the depth of tillage and straw return into
soil, was conducted for six years in the black soil region in northeast China, in order to investigate the effects of incorporation
depth of tillage and straw return into soil on soil physical properties of black soil. Seven treatments consisted of four replicates
and random block design, including no tillage (D0), shallow tillage (0-20 cm) without or with straw return (D20 or D20S),
deep tillage (0-35 cm) without or with straw return (D35 or D35S), super deep tillage (0-50 cm) without or with (D50 or D50S)
straw return. In the treatments with straw return, a straw rate of 10 000 kg/hm’ was set to return into the corresponding tilled
soil layer. Bulk density and water holding capacity were measured using cutting ring method, while the hydraulic conductivity
was determined using constant head method, and the aggregate was measured using wet sieving method. The results showed
that: 1) Compared with initial soil values, DO treatment significantly increased soil bulk density, while decreased soil porosity,
water holding capacity, hydraulic conductivity and >0.25 mm water stability aggregate (WAS.(,s) within 0-20 cm soil layer
(P<0.05). However, there was no significantly impact on those indicators in soil layer within 20-50 cm (P>0.05). 2) In D20,
D35 and D50 treatments, there was no obvious impact on the soil physical properties within 0-20 cm soil layer with exception
for WAS.,s in D50 treatment, but D20S and D35S treatments remarkably all indicators of soil physical properties within
0-20 cm soil layer. 3) D35, D35S, D50 and D50S treatments significantly improved soil physical properties within >20-35 cm
soil layer with exception of bulk density in 2014, while D50 and D50S treatments dramatically enhanced soil physical
properties within in >35-50 cm soil layer (P<0.05). Specially, aeration porosity and hydraulic conductivity increased
significantly, within the corresponding soil layers, while the higher effect was found in the treatment with straw return,
compared with only tilled treatments. The comprehensive evaluation also showed that D35S and D50S treatments reached the
best effect for improving soil physical properties. Therefore, the findings demonstrated that deep tillage or super deep tillage
with straw return can efficiently improve soil physical properties within the whole tilled soil layers, concurrently to increase
the depth of tilled soil layer, and thereby to enhance the water infiltration rate and soil water storage in black soil with heavy
clay. In view of the positive effect of deep tillage and super tillage with straw return on soil physical properties and the limit of
no tillage, the combined tillage practices of deep tillage (or with straw return) and no tillage were proposed for the black soil
with high clay in northeast China and other regions.

Keywords: soils; tillage; straw return; hydraulic conductivity, soil porosity, water holding capacity; >0.25 mm water stability
aggregate



