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WE: [ BN ] Emgeflb X, SEXEEERB SR EN i ER, EEWE™ T, ek
A HABHE T BRIARRAERR R ] LARRAS H 475 5, B b2 3 R ARG AU U & i, B4 H K
TRE ), XTECE LIEER AR R - R AT EE L, [k ] AT 2007~2010 4F7E T H B2 IX
AT T PR —4E B (NT/ST/NT) . PAEIRFA—4E 58k (STANT/ST). #E4EFHE (CT) 3 MllERiALs, A5
THMHZ LR, FREK, HREANRA SR . 50K REY = RiEm . [ S5R ] 3 FPHELES,
SEEFHAAL, NT/ST/NT, ST/NT/ST A 0—20 cm 2 TIEA T IEAE T 4.4% #17.3%, 20—40 cm 12
Iy AR 2.1% 1 5.7%, 40—60 cm 124> AR 4.1% F1 5.5%; TIEFLERE 0—20 cm + )23 51485 T
4.1% F16.8%, 20—40 cm )25 T 2.1% M1 4.3%, 40—60 cm + /245 T 5.5% 1 5.7%. 0—20 cm +JZ,
NT/ST/NT #b3 0.25~2 mm HUBAR & P A R AR & P340 CT AR E T 12.4%, ST/NT/ST b3 > 2 mm HLAR
M B A& A CT A YR E T 42.0%; 20—40 cm )2, NT/ST/NT. ST/NT/ST Zb3# > 2 mm FI R {k
T CT AHOF R4 IS T 44.3% 1 50.4%. PFPFEHHEE 0—40 cm + )2 H I H RAACF ¥ & A2 53
WG T CT AL 21.8% F1 22.5%, JUMTFX EAZ5E T CT A3 9.6% F1 9.5%. =M ALIRHFZE T A HLIRA
SEY IR ETA AR RERE, P 0—30 cm 12 0.25~2 mm R HLER &8 < 0.25 mm kiR 4
ASHEREST CT, LLST/NT/ST AU S4E, NT/ST/NT F1 ST/NT/ST 4bFE 0—10 cm +/2 0.25~2 mm [415
IERATHLRR S 3 CT A B 5 B4 8 7.9% 1 10.2%, 10—20 cm 1220 B4 5 19.0% 1 15.7%, 20—30 cm 4
Z05HE R 10.6% 1 13.3%; 0—10 cm )2 < 0.25 mm LR 7 B &R 9.4% M1 10.9%, 10—20 cm )2
Ay 6.8% F110.2%, 20—30 cm T /243 HI3RE 7.4% 1 9.3%. BFFE#HA], NT/ST/NT #1 ST/NT/ST Ab B4
CT AbFRTT i 42 5 0—200 cm 3 k&, ALl ST/NT/ST 4bBIARE L3 K 0 SCR ek, 7E/N R K ET,
EOHE AL P K B A TR AR B, 2B KOS B ST/NT/ST AR PR H 3K 3 & R, NT/ST/NT 2Bk, %#t
A B /INAZ AR i RO R b 3 v T AR BB, L /NSRRI N 9.6% F1 10.7%. [ G568 ] et/
VRAAREHETT 25008 IR B IR FIK A3 305, WS INEZ 1A IR A & &, |BEEYNAT ), 7T
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Abstract: [ Objectives ] In rain-fed semi-arid agro-ecosystems in northwest China, continuous ploughing has
led to serious soil deterioration and crop productivity decline. Adopting suitable tillage practices is very important
for improving soil fertility and keeping stable crop yields. [ Methods ] A field experiment was conducted in arid
area of southern Ningxia from 2007 to 2010. The treated tillage patterns included: 1) no-tillage in the first
year(CT), subsoiling in the second year and no-tillage in the third year (NT/ST/NT); 2) subsoiling in the first year,
no-tillage in the second year and subsoiling in the third year (ST/NT/ST); 3) ploughing before and after harvest
every year. The soil bulk density, aggregate, soil organic carbon (SOC), total nitrogen (TN) content, soil water,
and crop yields were determined. [ Results ] After 3 years’ treatments, the soil bulk density under NT/ST/NT
and ST/NT/ST was significantly decreased by 4.4% and 7.3% at the 0—20 cm depth, 2.1% and 5.7% at the
20-40 cm depth and 4.1% and 5.5% at the 40—60 cm depth, compared with CT. The total soil porosity under
NT/ST/NT and ST/NT/ST was 4.1% and 6.8% higher than that under CT at the 0-20 cm depth, 2.1% and 4.3%
at the 20—40 cm depth and 5.5% and 5.7% at the 40-60 cm depth, respectively. At 0-20 cm, the mean amount
of the 0.25-2 mm elastic-stable aggregate in NT/ST/NT was 12.4% higher than in CT, and the mean amount of
the > 2 mm elastic-stable aggregate in ST/NT/ST was 42.0% higher than in CT. At 20-40 cm, the mean
amounts of the > 2 mm elastic-stable aggregate under NT/ST/NT and ST/NT/ST were 44.3% and 50.4% higher
than CT, respectively. The mean weight diameter values in NT/ST/NT and ST/NT/ST were 21.8% and 22.5%
higher than in CT respectively, and the geometric mean diameter values were 9.6% and 9.5% higher than CT at
0—40 cm depth. The soil organic carbon (SOC) and total nitrogen (TN) contents at 0-40 cm depth were
increased in all treatments compared with the initial background value. Significant differences were detected in
the SOC contents in aggregates of 0.25-2 mm and the TN contents in aggregates of < 0.25 mm size fractions at
0-10 cm, 10-20 cm, and 20-30 cm depths between the two rotational tillage treatments and the conventional
tillage, and the ST/NT/ST treatment produced the highest increases. The SOC contents in 0.25-2 mm of
aggregates in NT/ST/NT and ST/NT/ST treatments were significantly increased by 7.9% and 10.2% at the 0-10
cm depth, 19.0% and 15.7% at the 10-20 cm depth, and 10.6% and 13.3% at the 20-30 cm depth, compared
with CT. The TN contents in < 0.25 mm of aggregates in NT/ST/NT and ST/NT/ST were significantly
increased by 9.4% and 10.9% at the 0—10 cm depth, 6.8% and 10.2% at the 10-20 cm depth, and 7.4% and
9.3% at the 20—-30 cm depth, compared with CT. During the three-year study, both the NT/ST/NT and
ST/NT/ST treatments significantly increased soil water storage (0—200 cm) compared with CT treatment, and
the ST/NT/ST treatment was better than NT/ST/NT. The rotational tillage treatments significantly increased the
soil water storage at the early growing season of wheat, and the ST/NT/ST treatment produced the highest soil
water storage, followed by the NT/ST/NT treatment at the later growing season of wheat. Biomass and grain
yields of wheat with the rotational tillage practices were significantly and positively influenced over 3 years,
and the 3-year mean wheat grain yields for NT/ST/NT and ST/NT/ST were increased by 9.6% and 10.7%
compared with CT. [ Conclusions ] The rotation of no-tillage and subsoiling was a promising management
option for enhancing soil C and N sequestration, with the benefit of maintaining soil physical properties, water
environment, and crop productivity of tillage practices in arid areas of southern Ningxia.
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PRAPPEREER I (CDBE . B RNIRRY) TEMGE
HEZEy . Y In EgEA RAR S i 9 A LR
16 s GROK G RE Ty . e e A T T
HA BFERAR ., Gao UM Huang ZFO R K L,
G AT BN - A | fE R RIRAIE L, M
1T AE 35 B i HIERROKRE ST s o 4 B AR s T A
GRS RI, TRAARESGERZE IR, K in 1
ABERE, & EHENE KA. HERK®
BEAT FEC RS, AU 5K R E SO TT
ARFE, AT, BRI R AARE X L SRR
AR, IWIAH TR AR 2 g m .

R P R o 5 A I T S R /AN A i o 2
AR B, TP R AR )RR A N A 1
BRHEBARMR R, J2 Al A 0 4F B A B 10 A7 20,
A, P, AT R XS T T AR
DRI PRAESC B (B0, B 7R T R A% ko3t + 1 g
MR . B EEW AR B ERL S, Dl + 35
TR, HeFE T RS A .

1 RS IE

1.1 R XA

2007~2010 4FiE0 7E 7 2 [0 B 16 DX [ 5T 2
PH B AR M0 3 64T o 350 XA F 7 5 pa
TRIX, K 1800 m, 2K FHIK 1050 mm, 4
SRR B 435 mm, 60% MR & LEAE 7~9 A
], AR 8.1°C, JLFE 155 d, J8 AR
e Bl WS, R R AR B A
IR 1A, BHZE 0—40 e LT AN 7.2 glkg.
A A 50.3 mg/kg . A RUE 8.6 mg/kg. HALH 84.8
mg/kg. pH1E K 8.5, JBIKAL Sk,
1.2 R

W AT AR A /N2, AT — BRI AR
g2 R IR A THEE , /N O
1 5~8 cm, TEMRFHERR AR, K505 & 3 ik
P, BEMLIXHBET, 3 ER ., BA/NXTE 6 m,
K15 me HHEBRIT : 1) BFERPF—FEER
(NT/ST/NT) 5 1 AEA/NEZWAR G AT R B B, 56
2 AR NEWOIR G EA TR AL, 28 3 4R /N R it
TR, 2) WARTRIA—4E S (ST/NT/ST) 4
1AR/NEWOIR G EA TR AR R, 25 2 AR /N2 R s it
TR B, 26 3 4/ NEWORIG I TR A 3 3) %
R (CT) &/NEWGRSE, P TR TRk, fe
BELRE . /NZWOR G TR AR, TEFRZeRE, 9 H

TR B R RD . GAMOER: SR AR A
B AT T R B I B A ORI T o BRVETR I 30—
35 cm, FofEE]FE 40 cm. EHEEIRE. R L HHER,
HiFrHLBIBE L35, BHEREE 15—20 cm, #FEHOHE.

A NZE PO PRI 26 5, FMAETREE 5—8 om,
FEF R 350 JTik/hm® . R AT HIRBE (JR4R) A
71 (20 cm) M5B 250 FUFEFIAL S 5] F 2007 4F
9 H 18 H. 2008 4£ 9 A 15 H 12009 4E 9 H 20 H#%
Filr, FERPSLME IR R (N = 46%) 675 kg/hm?, i EHR
55 (P05 = 12%) 750 kg/hm?, /N3R5 1143 536 it
PRZE 150 kg/hm?, GRIGHARI R T N T RRHE, /N
HF 2008 4E 6 H 27 H. 2009 4 6 H 24 H
2010 4F 7 A 10 HY&Hk,
1.3 MEMBRG®
1.3.1 BIERTEWIE 7 2007 4F 6 A 24 Hikgkk
FRAET & 2010 4E 7 A 10 A/NEWHRG, &/NX %
0—20 cm. 20—40 cm F1 40—60 cm + )2 FHFR 71435
AR, s 2T s, IPHR SRR .
1.3.2 BIREESRE S ENE  7F 2007 46 A
24 HIREOHT & 2010 4F 7 H 10 H/ANEZWGRE, 4/
X H$ 0—10, 10—20., 20—30 F130—40 cm + /)2
3R R B A, AR RT G B 2R S
P, IRHR B8k AARSYRFI BN 1 em® 2247 B
T HFE B FLAE A 2 mm A1 0.25 mm AYTEF, 430 >
2mm. 0.25~2 mm. <0.25 mm =5, RIGH
AN AR A I BGR & A 200 g
- T AT SR AR 8 A1 R R P AR T O 3 AR 0
WE, H9E s >2mm, 0.25~2mm, > 0.25
mm I < 0.25 mm £ KL AURR R 1 AT R AR AR Rk
AR & it s HLACRS E 1 R AR 1 & H AR
(DMWD) . JUF-¥ 4% (DGMD) ; 7K Rt 344
P E R A (WMWD) | L E R (WGMD),
1.3.3 HIELA VIR SRS EIE  7F 2007 4F
6 71 24 HiXBHT 2 2010 4% 7 H 10 H/AhEWGR)E, %
/NKHE 0—10, 10—20, 20—30 F130—40 cm +JZ
SR, D A LA A S DL
AR 143 R P S BT AR I TG e /A e,
1.3.4 HHOKERNINE  FEL/NEZETH @B
WRFW L SO AR L RERIDTR ) &
INXR 4Gt (0—200 cm), 4F 20 em + 2502
BURE, b g T Ak

+- 4K (mm): W= 10hab
A h AEERE (em); a &2 HIERFE (g/em?);
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b & TR KR (%)
1.3.5 fEYIA Wi K= s igilE /ANZEWokRIn, 43 3]
I E /NAE 3t B FRAE Wi CRPRL S REAF) . MR AR AR
i (IRIELUTF#841) o
14 HESH
R EIE R SAS 8.01 AT R & )y 2
(ANOVA) 43871, K Duncan 5 & # 2272 g & A
% (P <0.05), £354R0H DPS 6.55 #{hiE 41220 [0l
4, Excel 2003 &,
2 HR550H
AEHEBRA T HIERERILIEE
285 3AEFHMEIREG S, 2010 4E/NE BRI, &
HEAEFE (NT/ST/NT 1 ST/NT/ST) 4 A% T 0—60
em + 2 HIRAE, FEIFIE 5.6%~9.0%, 1MEABIH
WhEE (CT) TR (K 1); 5 CT AL,
NT/ST/NT 1 ST/NT/ST 4 HE 0—60 cm + 2 + A H
A3 B RAE 3.5% F1 6.2%, 0—20 cm 12, 2010
4E NT/ST/NT, ST/NT/ST AbHffY 4325 kb CT 4bFH
3 PEAR 4.4% F17.3%; 20—40 cm 12, 43 IR
2.1% 1 5.7%; 40—60 cm + /2, 43 HIFEAK 4.1% FI
5.5%, TiseHRAbHIA JC W 22 5 . e FERY 0—60
em 2 LR EE ¥ L A B S, T 3 A R
HE AL PE AR R %, NT/ST/NT. ST/NT/ST 4k B
0—20 cm T HEFLBREE = T CT 43 4.1% F1 6.8%,
20—40 cm $27 2.1% F1 4.3%, 40—60 cm 127
5.5% 1 5.7%.
22 FARMERER T LIBFARMSRNE D RIBEMS
23t 3 AR FBHAK, 3 FHFELTE 0—10

2.1

13%%5 & Bulk density (g/cm?)
1.20 1.25 1.30 135 140 145 1.50

0—20

20—40

I-/Z Soil depth (cm)

40—60

+JZ Soil depth (¢cm)

cm 1 10—20 cm +JZ 0.25~2 mm Pl G & 1A R
PR 1 L AL AT W AP AL 20—30
cm 1 30—40 cm + /2 > 2 mm HLEE & 4 A R AR5
T34 AL ST RN, AT A A PR AN
(#£1)o 0—10 cm +JZ, NT/ST/NT 4b# 0.25~2
mm HUERE M A R IR B 48 CT A # 4 = 12.4%,
ST/NT/ST b BE > 2 mm HLAEFRE 1 F A8k o 5%
CT Ab PSS 37.8%; 10—20 cm )2, NT/ST/NT,
ST/NT/ST AL B 0.25~2 mm ML F & P ] B 1A% =
B CT AL FRA 545 5 12.4% H1 18.4%, ST/NT/ST 4b
H > 2 mm UM E P A R R BCR A CT Ab B4R
46.2%; 7TE 20—30 cm F130—40 cm +J2Z, NT/ST/NT,
ST/NT/ST AL ¥4 > 2 mm I RAKE R CT 43
A3 IR 44.3% 1 50.4%

Wt 3 AR R EBEE AL B, 5 3% AF R B A 2 A
Fo, #HEALE 0—40 cm +)2 0.25~2 mm /K FE M A
RS R BN, <0.25 mm KERPER AR AR S
B CT AL P45 F NT/ST/NT A1 ST/NT/ST AbHi; 4%
AbEE > 2 mm KFR AT R AR B AR (1.5%~2.6%).
AL 0—10 cm +)2 0.25~2 mm /KFaE H B 1A
B B AT B A 3 A AR S 24.7% F126.7%,
10—20 cm + 2435425 75.7% F1 48.7%, 20—30
em 253 45 53.5% 1 62.6%, 30—40 cm +)2
SRR 45.4% F135.1% K1, 0—40 cm +)2F
¥ <0.25 mm HIRIAE 530K 4.6% Fl 4.4%.

AN [) B AR il ] b 2 52 ) - 38 A R A 1 OF- 3
o HAAU S ER (F1). AP E
P A RS- 34 H A2 (DM WD) AL -3 H A%
(DGMD) it & T /K & 1k Fl R AR F 2 & 5 e
(WMWD) HULTF) 4% (WGMD), 3 4F R [RIFHE

FIEFLFRE Soil porosity (%)

44 46 48 50 52 54

20—40

s
f<~)
< O kb FE AT

Before treatment
=T

~ ONT/ST/NT
B ST/NT/ST
o ECT

40—60

1 FEMERXT R LR HIREERMFLRE
Fig. 1 Bulk density and porosity of soil at different depths under different tillage patterns
[ (Note) : #E EAR/NG FRER RN FIFFVERBEAE 22 50k B2 KF (P <0.05)

Different letters above the bars indicate significant differences between different tillage practices (P < 0.05).]
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WHLE, #5403 DMWD F1 DGMD fEKE 1 )2 B9 g
AN, 1 WMWD Hl WGMD {8 B + )2 f9mm ~
W, 76 0—40 cm +)2, NT/ST/NT F1 ST/NT/ST kb3
[)°F- 15 DMWD {E 4351 5. 3% = T CT &b # 17.6%
27.7%, V¥ DGMD {53 | i % & T CT Ab 3
27.5% F1 45.5%, NT/ST/NT FI ST/NT/ST 4t 0—40
cm +)2FY WMWD H 5 8% & F CT 4 #
21.8% F122.5%, “F# WGMD {E43 5% T CT kb3
9.6% #19.5%.
23 AEFEERA T HEEGINKRMEESE

a2 WA, 2 3 AEHHEL IS, 5 2007 4
IREGHTAH LG, 2010 45 /N2 WK 1 i A3 b 3 338 BL
WA A A s Y W I . X AT BE T AR AR R
M, i A DU & A Tt s . 2010 4F, & Ab3
0—40 cm /2 0.25~2 mm R A PRI 4R & & i
B, 5 CTALMAHL, NT/ST/NT FI ST/NT/ST kb3
WY 0—10 cm., 10—20 cm, 20—30 cm +JZ
0.25~2 mm BIRIEG IR G &, BEWHMT L2 <
0.25 mm R R LR T, MR TR EER.
NT/ST/NT 1 ST/NT/ST 4b ¥ 0—10 cm +JZ 0.25~2
mm P RIEAG WA & 848 CT AbH 5 B 7.9% Al
10.2%, 10—20 cm 43582 19.0% 1 15.7%, 20—
30 cm 24> B4 E 10.6% 1 13.3%, NT/ST/NT Fi
ST/NT/ST AbH 0—10 cm +)2 < 0.25 mm R 2R &
AL CT AbH R FHE R 9.4% F110.9%, 10—20 cm 43
B 6.8% F110.2%, 20—30 cm 23 H42 5 7.4%
F19.3%, 1 30—40 cm +)2, A[RIHRYCA HLRR A4
R B FRR I 3 25 5

BEA 2 RN, A A 3R AR A R AR A L
AR S AL, 0.25~2 mm BLZL A HLER A4
RAEEET >2mm M <0.25 mm Bigk., FEHEH R
A DU A4 S 2 I AE 0—20 em )2, PIAE
TRAN— A S A U — e R L X R 2 3
Wah, eFFanny <2 mm B A PR S8, %
& H IR A E IS, ST/NT/ST 4L 0.25~2 mm Fil <
0.25 mm KiZ% 1A HLAR A4 0 & R 80 B 8 AR
P, TE 20—40 cm, MFFEEHHALIE 0.25~2 mm KL
A DL & A, MR, AR BARALEE < 0.25
mm AL AT LRI A & et e, 1R PR Rk,
AR IR (0.25~2 mm) A HLBR A & it = Tl 2R
(< 0.25 mm), T FE k4G B G R UKL A S 1R 5 e
FHEAE AR B, %A BHHE AL A S R AR
T,

24 AEHHERATLIBEKRSRKR

3R, ANEAREAF I K RO Z B
BERE W B K . AN B ER TG RO E B
TR (7~9 H) BEW, TE/NEHEF Y 3 42734 1
HE /K NT/ST/NT Fl ST/NT/ST AbFE 43591 i 25 5 T
CTAbFE 10.2% Fl 11.5% . K4 3 Ao a)/NER T
Wy, A IR KO E BRI ES A TR, 3 AR
¥+ 3K NT/ST/NT F1 ST/NT/ST 4bBE%: CT 4b
BRI S 6.1% 1 6.2%. 4 A i a)l/NESHRATH, 1
PIFE K IE I, M REK AL o 3 AR 2 - HEIK
NT/ST/NT I ST/NT/ST kb P43 54 CT kb B4 5
9.4% F17.7%, FAilgnss 1 AEFISE 3 474 Ab 3 a] 22
S, 4 ATA/NEIEED], IR, FEK
SRAN, SR R AR TN, 5 CT A3
Fo, 3 4RS84+ 3E /KB NT/ST/NT Hl ST/NT/ST Ab
PO SR EIN T 8.8% F112.9%., 5 H FHaIE] 6 H
NS, /NEVENR, FEKMGRR, FEMED, 40P 14
Ko E e bR Rk, 3 471 HIEINK & NT/ST/NT
F1ST/NT/ST AL B35 ik 25 8¢ CT AbFR$E 55 13.5% F0I
13.1%. 6 H /NI, A i m, &
S PR A ARG IRBUA IR AL, S A b B S CT 4bFE2E
S 3 AR LK R NT/ST/NT F1 ST/NT/ST
AFRAY 4 CT AL PR 5.4% F16.7%.
25 AEHMEEATIEYM~=

F AR, AEBAES ] B E R EY A
O FFFRL P i L BESE IR, AR B — A TR
(NT/ST/NT) FIPHAE AR —4E G (ST/NT/ST) AbFE T
INZE 3 ARSI R E A 4 I 1962.9 kg/hm? FiI
2007.5 kg/hm?, 3 5 TEAEBIHE (CT) Ab3 (1848.2
kg/hm?), NT/ST/NT. ST/NT/ST 4b¥f 3 4F/NF 4 |
BRAE Y -4 A HE CT AR PRI & 6.2% il 7.3%,
B B 9.6% 1 10.7%, LA ST/NT/ST ib 3 =
ROR O W Hor, PIRE R N AR i
RZ I 22 5, A BIFEAL B /N AR Y R
i iie 4 /i
2.6 ARBEERAT/NEIFNTES5LIRBKIE
R

YA R B ER T B b2 J/ N2 -
K ARPRILAH DPS 6.55 B Tz I, 1538/NE
FERL it (Y) S48 hn Z R 77 2

Y =-59435.95 + 24223.72X, + 532.26X, + 0.51.X, —
1.64X, + 1011.16X, + 848.32.X, — 4840.86.X,, + 6.69.X,, —
321X, + 0.79X,,
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Table 3 Effects of different tillage practices on soil water during growth stages of winter wheat

Ay b3 R R BT iyl TSI A

Year Treatment Sowing Returning green Jointing Heading Filling Maturity
2007~-2008 NT/ST/NT 349.1+1.0a 310.8+2.2a 2989+ 1.0a 205.1+15a 214.7+2.5a 2255+1.2a
ST/NT/ST 350.7+09a 309.2+1.1a 291.2+22a 2153+12a 2158+ 1.1a 2287+24a
CT 309.5+2.0b 302.6+1.8a 262.5+0.8b 177.5+2.1b 197.5+23b 2122+2.1b
2008~-2009 NT/ST/NT 335.1+09a  322.5+£12a  3169+27a  2602+1.7a  2379+3.1a  2161+12a
ST/NT/ST 330.6+0.80 b 3228+1.2a 308.1 + 1.3 ab 262.0+1.7a 225.8+2.6 ab 2123+2.1a
CT 3052+ 18¢c 300.5+2.0b 299.6+1.8b 2524+28a 2099+13Db 203.0+24b
2009~2010 NT/ST/NT 3162+24b  3193+22a  3325+21a  2458+17b  2732+24a  2392%21b
ST/NT/ST 3309+23a 3209+19a 3342+ 1.7a 260.7+14a 281.7+3.1a 2477+2.0a
CT 292.8+2.1¢ 2049+1.6b 3044+26b 2235+29¢ 232.0+2.0b 2304+2.1b
F-¥4 Mean NT/ST/NT 3334+22a 317.5+23a 316.1+2.1a 237.1+22a 2419+28a 2269+1.7a
ST/NT/ST 3374+1.1a 3176+ 1.0a 311.2+1.5a 246.0+2.6a 241.1+2.1a 2295+1.5a
CT 302.5+22b 299.3+27b 2889+2.1b 217.8+1.4b 213.1+2.8b 2152+09b

1 (Note ) : NT/ST/NT—Hi4E G HF—4 TR No-tillage in the first year, subsoiling in the second year, no-tillage in the third year;
ST/NT/ST—Hi IR —4E4#F Subsoiling in the first year, no-tillage in the second year, and subsoiling in the third year; CT—#4FE#i#F Plaughing
before and after harvest every year. [FZ1 U5 AS R 7B 2R AN R AL BH ) 22 5735 1 /K (P < 0.05) Values followed by different letters in the
same column indicate significant differences among treatments (P < 0.05).

&4 FEHHEERM S/ NEEYEFFR~ 2N (kg/hm’)

Table 4 Effects of different tillage patterns on biomass and grain yields of winter wheat

A0y AbER R Y Hiy A R
Year Treatment Belowground biomass Aboveground biomass Grain yield
2007~2008 NT/ST/NT 1962.3+100.4 a 7895.6 +200.6 a 2547.6+759a
ST/NT/ST 2010.1 £ 1054 a 7914.8 + 188.8 a 2570.9 + 68.6 a
CT 1849.8 + 114.7b 7464.1 1783 a 2343.4+584b
2008~2009 NT/ST/NT 19404+93.8a 7597.7+168.0 a 2314.1+792a
ST/NT/ST 19643+ 112.1a 74247+ 198.7 a 22332+64.5b
CT 1833.8+126.0b 7081.4 + 182.6 a 2027.7+88.2¢
2009~2010 NT/ST/NT 1986.1+853a 8054.6+168.2b 2823.4+76.5b
ST/NT/ST 2048.2+89.3a 8448.1 £192.5a 2958.1+65.1a
CT 1861.1+95.7b 7632.8 +163.9 ¢ 2641.6+92.2¢
NT/ST/NT 1962.9+98.5a 7849.3+213.1a 2561.7+81.2a
F-44 Mean ST/NT/ST 2007.5+107.4a 7929.2+225.0a 2587.4+68.0 a
CT 18482+ 104.7b 7392.7+199.5b 2337.6+77.6 b

# (Note) : NT/ST/NT—H4EGBE—4FETR A No-tillage in the first year, subsoiling in the second year, no-tillage in the third year;
ST/NT/ST—H4ETRIA—4F- 4Bk Subsoiling in the first year, no-tillage in the second year, and subsoiling in the third year; CT—i%4F B Plaughing
before and after harvest every year. [F]Z1 % {H 5 AN 6] F-0F R A [R]Ab B[R] 22 5 1% i 27K (P < 0.05) Values followed by different letters in the
same column indicate significant differences among treatments (P < 0.05).

Ad. X, H0—60cm HEZHHAE; X, N 0—60

cm )2 HIEFLBEE; X, b > 0.25 mm MUAEAR E T A
BIKEE, X, 8 > 0.25 mm KR RBIE&EHE,

X; h 0—40 cm + R HUMARE VERUER AP
5 X N 0—40 cm 2R FEME AR AF 4 A
5 X, 4 0—40 cm L+ JEHUMER E PEAT R KL
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HAT; X, 0—40 cm 27K Fa i B R AR LS4 B
%5 X, H0—40 cm +JZ > 0.25 mm R AL
B X, A 0—40 cm +JZ > 0.25 mm k72 + 345
X RVEYIOCHEA B I (#B R . . AR SR
TGy X, WM A AEY R X, i EERAY)
o FEARECH 27, BIH RS E RZECH 0.9999,
F1{A5909.28, W% /KF P4 0.0101, Durbin-
Watson 4iit3= d=2.04,

WAL AR, R R AR AT AR AR, IR T
WRT (R 5). 7R BRI X > X, > X,
>X,>Xo>Xo > X > X > X, > X, Hp X, X,
X, R, BRI (X)) R SALBREE (X)) X
INZERFRLE R R, HRIEAHCOCR HIk
o EHER PR (X)) M AP (X)), WO IEAHSE
KFR o MEELSE (X,) FH AR (X,) N EE
TR, YEHEOR; HADAS ARG BN, 1B
KB AT I 3K . > 0.25 mm ki 2R A RAARBCR A
TR DR BARXNEZ PRI AR BN, HH
AR AR AR Y R R RO, HOMIEAE
FH T HE 3 ek At AR i ) 8N, AR
HERVA (X)) MEREEM S, (B H G 5 SR
(Xo) Al B (X)) MREEERECR, HYhIE
YE . T35 > 0.25 mm KR SRR i /N b
TERA R R E O ST, B8 > 0.25 mm 7K
o AT SR AR R D T 0 AR W H X T /N KR
AL R AN, N 38 A T A9 PR A R R P b L
HRA Wyt R AR E /N AR R R BB R . R RiE AR
FECH 0.00411 FTAT, DI ESFRPRAERAT H A XTI
A s E A

3 e

30 HERERFLEE

FHOCHHFE 3R], PRAE S B 5 TR A T AR+
eSS WA R B —AF S B — AE TR BT 1 4
HEMFAERA RN . LGSR,
PR ERFEMET 0—30 cm HIERE, BEWET 0—
20 cm HHEGALBRE . ARWFIRLE KRB, S
HHLE, PR AP BE A BT AR ZE, Wb B s
B, ff 0—60 cm HIEABEARFAERANAKT . XFE
T T RBHEE SRR T LB is 148, FTHALUR
JZ 8D PRIBUAHOT PR T 3 ) T3 S, AHOG
SN ORHT, BV i E T AR IS LB, AT
G IR LBRARGL . TEABETE T, $EHHE B 0—60
cm 1Y T3 SALBE B E & TIEFEBHE R, X2 h
TR R DLk e AR B B, WAL S, B
R, NMEREZ T LB GUAS B ek
32 TEARKEERBEEM

AN TRIHEAE 7 AT 38 2 52 i 141 2R A [) R 4[] 1)
A S oA, b2 IR ZE A R e T, R
SEOIBEFOA N, B R R R B U RE A
PHZARE S S50, Bt HIEsity, £
AN AECORIE TR A SRR, R [RIBHVE A O0E 43 AT SR AR
i R AT AR E A I B, SR B
WIS T 0—30 cm )2 HHERH RIS
B AR A, P 0.25~2 mm +HEH R
T TR AR A I, M, AR R R
AT K (< 0.25 mm) & =35, > 0.25 mm KW
7 AT SRARAB R 9 /L, 3R PR R A B IR, B

x5 MEEA TIN5 &EHRNEES R

Table S Path analysis on the relationship between grain yields of wheat and indexes under tillage practices

P Factor —X, —X, —X, —X, —X, —X, —X, —X, —X, —X;
X 3.971 -3.276 -0.006 0.024 -0.105 -1.318 0.729 -0.092 0.388 -0.024
X, -3.966 3.280 0.006 -0.024 0.104 1.308 —0.728 0.092 -0.387 0.012
X, -1.753 1.443 0.014 —0.008 0.062 0.626 —0.241 0.319 —0.708 0.715
X, -3.307 2.739 0.004 -0.029 0.110 1.157 —0.647 0.032 —0.303 —0.041
X -3.504 2.870 0.007 -0.027 0.119 1.173 —0.622 0.134 —0.450 0.150
X, -3.418 2.804 0.006 -0.022 0.091 1.531 —0.840 -0.011 -0.426 0.237
X -3.297 2.721 0.004 -0.021 0.084 1.465 —0.878 -0.089 -0.248 -0.007
X -0.771 0.639 0.009 -0.002 0.034 -0.037 0.166 0.472 -0.699 0.701
X —1.728 1.422 0.011 -0.010 0.060 0.731 —0.242 0.370 —0.892 0.962
X3 —-0.087 0.036 0.009 0.001 0.016 0.327 0.006 0.299 -0.774 1.109
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I8 T RATURE + M AT R A B, T AT SR AR S R
KA RIRMI L, R tEla, RO ZINAHRRME
eI, 20t 3AERRIFHEARE, SiEFRBHHLL, W
AP BB — A7 VR R A TR A — AR S B 20 0—30
cm )21 > 0.25 mm HLARER E P P 544 1% B 1
I, X 0T RE i T Sk R B A R B X - b
TSI S g, s R R H IR RIS, i
SRR B £, s EEE ML, A
I R P i 45 790 1 7 A R K A SRR 1 B B 22
Chen Z5i3H , HBFRIRMALH T 0—30 cm + )2
0.25~2 mm “F¥ 5 HE (MWD) AL & H 4%
(GMD) 7 THEAEBIHE . Zibilske %5976 {FHA IR M
VhIE+ ERFR RN, 0—S cm A1 10—15 cm /2
AR BB L S B AR MWD i B FRC. A0F
FEEREI, B RM BB E MWD
GMD {HH B34, PBIRARTR S g, mis % +
X R RAR MU IR VE T, A R IR Fa e
PERER,
33 TEBNBRFER

FHOCHEFR IR, BEAE L8 B R AR R AR 7
0.25~2 mm (1 3 AT R R 5 XA B 1% k(1 B 2
R AR RN, RRPHERRT 0—40
cm )2 0.25~2 mm B F A PR M4 B & B,
DRIt A 38 3 0 R 0.25~2 mim 43 A SR ARk ok i
G PR L. Chen 2SRRI, S5E5HHE
L, HRMGEHHEEE 0—15 em + )2 R IA KR %
A LR B A i N, McCarty 552 &
B, 3AEEARBIBEE AT Bk T3 0—10 em )2
AP E L EIAERR R, AR U SRl
HEA R TRz LA UM 2 A & i, AR
g R ARVARR AR 0—30 cm )2 AR ik rh 1 1
A BN 2 R Y B T AR AL, X
T S Bk RS R B T X R el Wb T
M. K, I CVEWRSAT R AR, i
SR E AR ER, AR B S sh 4, T
PA PR A Tk, BEILT RZHPRE R,
34 TIEKS

P4 PR R VE 15 it BE A ) b £ aE + 5K 4 R
AN R BT A B 91 3K 23 (0 52 M B R,
/N AT, Fe AL B A I K R S AR BB
AbPEZE S 2, X F 5 RN R R R AR X
AR =0, FEA K S ], ST/NT/ST Ab# 44
IR, NT/ST/NT AbHIR 2, 32 Tk
VRN BE AT DABRAIR 13 T, A s 290 T 2 1

K, BEVEY) OCHET K B B (BT ZE ) R, i
P [ AT R B K 7 FE R R, AN
MER B K& — EAAR AR, R EAF A
kI B R DR MR VRS I, AERE AP ET AR 32
BAEF W HOKEA TERRMUGE . AR
HERRA BB AF BB A B A B K DRI 80, A
IR Rk PSEE =R R R S iU P
35 E¥==

X N AR R A A
PRI AR, ARIBHERAT LA E . Lk
BE . A BURR A 3K o 45 A 3P R /N2 AR
N FFHE T, SRR AT s 1 s
FFLBRE KoKy PR i R, 46 7 e Bl &
i, AN AR R, BT B ET,
it T IR SRR R N R R o ARDESE S
T, ANZEWOR G S R4 R A b T A A B
THEAEBIPIAL . XOR R T A RBEHEL I S 2 EY
REEG VTR, XTI, 4
B AL B 4 A HLRR LS fE 3. SR A, fe A
Ab B LY AT B AR e, R R A R A
ALY X RIS IR, DRl T IR EA
PRIRFIE N T IR R, SRR RN R
PR MEAR R I A, T E B Y
a5k, INEA U o, i RIEHROERARS, S
K BE 1 FAE Y ) b 3R 4 5 A A ORIk kL
FEAE IR B
4 Zhig

1) A T A B, AR AR I e s 1
YRR, FERMAEHZ AR, > 025
mm K72 A SRR 1 B i R SR AR AR E 1 (WMD
Fl GMD) 3458

2) AL BE 0—30 cm A AR A HLEK & =
(0.25~2 mm) FIEHF & (<0.25 mm) 3 5 TEF
BBk, b, PAETRAA—AFE b 3 (ST/NT/ST)
AT LA 7 0 i

3) TE/NEA KA, AR REAL I K
FHEERHE, A KEH, ST/NT/ST ZbH + 3K /35
Hier, NT/ST/NT ARFRRZ ; S BRm)/NE LR W)
T FUFPRL = 53 0 3 T AR AL B, PIAE TR A
—AEA AL (ST/NT/ST) AL BRI P R o %

4) Xt/ P IR A AR AR AT 2B [0 1
B, AR i ol I R BRI, PR E
W T PR R, 28 m /N R
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