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1.1 RIEXHER

2007 4F 2 2010 4FR 56 76 7 5 52 FH B AR AR
RIS T o 0 XA T 8 iy e BRI AR X, AR
2 106°45’ b4 35°79, ¥4k 1800 m, 4E 3K K&t ik
1050 mm , L4 H)R& R & 435 mm, 60% ¥ & K&
AAET AE9 AW, AR 8. 1°C, LFE W
155 d, Ja B (i 2T OBl e e R A . TR
FH Ay 557, BB R R o 4 &, 30 A%, B
20 ~40 cm AHUE SRR T.2 g kg™, R A 50. 3
mg kgil AR 8. 6 mg kgfl , TRRLAY 84. 8 mg kgf1 ,
pH 4 8.5, JE K0 J1 K F,
1.2 REwigit

R E 3 FFHER, BEALIX 411511 ,3 K
o BAVNXGE6 m K 15 mo 1) b/ TR/ b
(NT/ST/NT) 5 1 4F /N2 WK JG AT G bk b 2, 55
2 AR N WK G AT IR AL B, 55 3 AR /NFE Ak
JEHEAT G BE AL B, 2) TN/ S BB A (ST/NT/
ST) 5 1 4F/NFEWOR G AT IR AA AL B 26 2 4E /N2
ARG AT e BRAL B, 56 3 4 & /NE R E T IR
PAMLIE, 3) MG BE (CT) : /N E WK , #471%
G5 BRkAL B
1.3 TEBMESEDER

I BTV E Y & /NFE A BT — ER A%
SEEARE, 00 00 1) A 0 17 R . L AR A A B A
T 1) b B N GREAZES ~8 em IKIN,9 A
)RR R . 2) TRAA AL SR A E A K2
Az 7 BB SCRAR ML, EA T 1R] B TR A 356 il , R IR
J¥ 30 ~35 em, 55 B (8] B 40 em, 3) Z G HRE R
L EER G R LB B0 - 458, BFVEURIE 15 ~ 20 em, #f
JE RS — IR . &/NZZ RO PG 26 5 PR
5 ~8 om, FE A 350 T3 bk hm 2 SR FH AT 5 HR
JE(FRES) FIATHE (20 em) [ 250 B G B4 F L5331
F-2007 49 J 18 H 2008 4£9 A 15 H 12009 4£9
A 20 HFEFN, #EFP I IR R (N =46 % ) 675 kg
hm ™% GFBERRSE (P,0,=12 % )750 kg hm ™ > | & /N3

P15 153 038t PR 3 150 kg hm ™2 RIS [E] 34T A
TR, A& /NFE4rBIF 2008 4F 6 H 27 H 2009 4F
6 H 24 HF12010 47 H 10 HIkHE,
1.4 EXEEFIAbIE
1.4.1 355 KALRR R 7E 2007 4F 6 J] 24
H 86 4 BERT S 2010 4F 7 H 10 H/NEWOGR G , &
KEFE/NX B4 0 ~20 em A1 20 ~40 cm S JJHUEE ,
ME %+ 2 AT IH A LS L
(%) =(1 - 58/ L) x 100% , 1 158 b & 3 RUE
B2.65¢ em 7,
1.4.2 HHEFIRMERG BTk 7E 2007 4 6
H 24 Hi{gRALHRT S 2010 47 H 10 H/NZWGR)E,
FRALFR/NXIIHE 0 ~10 em 10 ~20 em 20 ~30 cm Fl
30 ~40 em 4 4 EREFR HAE, ARKTEER 2%
R /M IR g AR ZOR T M1 em?
Litio BT LRELFLAR N 5 mm 2 mm (455 T, 43
F>5mm5~2 mm, <2 mm = PHH|, RIEHE =
A RELE SR A P T EIIBOR A A 200 g,

0 7 s« S PR SR AR 48 4 A ) P i i
DZE . HCAHE 200 g, $ LB EFLARKIK R 5 mm
2 mm.l mm.0.5 mm f10.25 mm WEF&H Z, #
A PN 7 T P e B {0 7 % 2 B e v o B e I
— JZ 0 T A SRR I e AR K T AR, I
BELEKTE FIRL 10 min B FFEH{XEE, L 30 YK min ™'
BB 43 5 min J5 48— )2 00 T R A5 5
VEAS ST TR E , T & R GOK R A R AR H
it o> 0.25 mm HRIES
1.4.3 +HERHS T I 3 56 Ak B T (2007
6 H 24 H) K/NEWGRE (2010 427 H 10 H)
0 ~20 cm 120 ~40 cm + 2 +3E50 S &, Hi%E
A HLITAN A A I 30 R FH Btk 2 B AR > A
LI U 5 S0 A 2L A 80 Wt R S A 1 )
MUK FHBRAR S 0L Bk R SN 12 3875 A S R 20
77
L4.4 +HOKG R/NETR DNERFETELL
F/NX B 20 em 255 ZHHENE 0 ~200 em + )2
B3k, HIEEKE W =hxaxbx10/100
AW oy HEEVKE (mm) sh 25 RJREE (em) ;a
NEEAETE (g em ) ;b HEHEHKE (%), INE
B, R BN X IR 1 m x 1 m R,
N AL AR, 7K o3 i M4 il e 12% LIF
DU /SRR £
1.5 RS

IR B HE R B OSAS 8.01 AT B IR R Uy 2
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(ANOVA) 73#7, % H Duncan $ & th 21k i7 2 7
WP (p <0.05) ,EXCEL 2003 fE .

2 AR50

2.1 AREHEER IS LRI IR A0

2.1.1  HIEAEEKLBENSML ASFEBHEL
X A B WAE (E 1 (a)) . EIE I
B AR R AR N 1.43 g em ™, 2258 3
FER TR EAL R ,2010 45 P Fb 58 BER X A% Sk
YEWD T IR, bt/ b/ BBk (NT/ST/NT) |
DA/ bt/ TR Hi (ST/NT/ST) kb PR IR A 5. 57% ~
8.97% (p <0.05) , MifE M (CT) kb3 TG i 3% A%
fbo 5 CT ZbFEAHH.,0 ~20 em + )2, NT/ST/NT,
ST/NT/ST kb # (% 1 1 25 & 43 )l B A% 4. 35% Al
7.25% ;20 ~ 40 em + )2, 5 B FEAK 2. 14% F

1.50

(a) 13455 Soil bulk density

1.45F

+3f8%5 % Soil bulk density (g cm™)

+ )2 Depth (cm)
O 4L B Before treating

5.71% , %25 (p <0.05) , 1M P F 5 Bk Ak 34 ] 22
SAREE, L3 AE—AN RS, AT L
BUAAT S 1 1 1l ) 39 TR 5 (R =0 |, [l
REA AT AR )Z (BT, B, X TAE 5
BHE , SR R RE A AR AR 2 A

AR AR ST, RN RBEE B — e R
o T RESALBREE (B 1(b)) . A3 3 4E)5, 4
B/ R/ S E A o b/ TRAA AL FEAY 0 ~40 em +
JZ LB R Y He A BRT 2 3 (p < 0..05) B4, i
55 BFAE A B0 88 I A 5% . NT/ST/NT ., ST/NT/ST
Ab 3R A+ FEFLBREE 0 ~ 40 em 3 (p <0.05) & F CT
AEER, 0 ~ 20 em 43 B F CT AbH 4.09% Fi
6.82% ,20 ~40 cm 43R E 2.07% F14.29% . 5%
FLIER S B TR S B R/ S B/ TR AR AR 3
BRFTREALR 2, il 4 5 00 8 <R ek, #F 2 +
HEFLIEUIR A5 51 B A3

S4r (b) - HEFLEG JEE Soil porosity
a

W W
(=] (S}
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Fig. 1 The change of soil bulk density and soil porosity at 0 ~40 cm depth under different tillage systems

2.1.2  HHOKEM:FIR AR o A RAAE >0.25
mm [ AR B - HE AR 25 A A, 2 35 P A e i
PR SR >0.25 mm P SR AA Y HE A i % i A
IRV ERIE T RIEES AR e R Dl e 280 3 4EAS
[FHHELLIES , 5 2007 4R FRATAHH L, 3 Ao R BRE
AbFE 0 ~40 em 45+ 2 >0.25 mm KFaM: A R IR 5 5
T R 1M <0. 25 mm 7K FR P AT SR AR S 1
(p <0.05) FEAE,0 ~10 cm 110 ~20 em + )2 Fr4 &b
PHALH 3 A B R 25 B 4 25 T 20 ~ 30 em AT 30 ~
40 em HJE(F 1), 2 ~0.25 mm KFaPE A A B 4%t
BEVEAb BRI R 5 M UK, AT IR R BEE 20 A
BRI SRR I — 545 . 5 CT ALFEAH L,
NT/ST/NT F1 ST/NT/ST AbFHO0 ~ 10 em + 22 ~0.25

mm KA SRR B i 43 A i 24. 70% F11 26. 72%
10 ~20 em + 250 B2 5 75. 46% 1 74.93% (p <
0.05) ;20 ~30 cm - J24> FIBE N 53. 47% F1 62. 62%
(p <0.05);30 ~40 em -+ J2 4% 51 18 fin 45. 44% Fi
35.06% (p <0.05) ,

SEGRHEM L, Sk TR/ Bk RIS Tt/
RPN 7K Bt AT SR AR e KRR 5 2 (2 ~ 5 mm)
TCH Rk T 2 ~0.25 mm KR B 1k A i i 2
(p <0.05) $2& &5 ;s FH I AL GV EA B i K Rk
PR R e/ IVRER & (< 0.25 mm) (HAHHEL I
[ 2EHIRER . o] UL, JEAT 3 AR bt/ UR A R AR S
AR A A R R R FU AL BT YA B B, HL
% (p <0.05) 5 TALGHHE 1T A R IR S
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F1 ARHEEAXT 0 ~40 cm KIZEFARER LS
Table 1 Distribution of water-stable aggregate size classes under three treatments in the 0 ~40 cm soil profile
PR IAKI . Aggregate size classes (% )
+ 2 il KA BIR Macro-aggregates (G
Depth Treatments (>0.25 mm) Micro-aggregates
2 ~5 mm 2 ~0.25 mm >0.25 mm <0.25 mm
Jb IR
/ 2.19 +0. 08¢ 2.19 +£0.07c 97.81 +1. 13a
Before treating
0~10 cm NT/ST/NT 3.60 £0.24a 12.32 +0. 08a 15.91 +0.37a 84.09 +1.77¢c
ST/NT/ST 2.38 +0.20a 12.52 +0.07a 14.9 +0. 12a 85.10 £ 1. 80c¢
CT 1.90 +0. 14a 9.88 +0. 14b 11.78 +0.32b 88.22+1.78 b
A 3 iy
/ 1.19 0. 58d 1. 19 0. 34¢ 98.81 +1.92a
Before treating
10 ~20 cm NT/ST/NT 3.51 +0.38a 13.37 +0.48a 16. 87 0. 40a 83.13 1. 66¢
ST/NT/ST 4.15 +£0.26a 13.33 +0.96b 17.48 +0.61a 82.52 +0. 86¢
CT 3.05 =0.29a 7.62 +0. 64¢ 10. 67 1. 09b 89.33 =1.24b
SR
/ 1.93 +0. 05¢ 1.93 +0. 04c 98.07 £1.29a
Before treating
20 ~30 ¢m NT/ST/NT 1. 10 =0. 29a 6.20 =0. 70a 7.30 0. 05a 92.7 +2.12¢
ST/NT/ST 0.82 +0.72a 6.57 0. 57a 7.39 +£0.03a 92.61 1. 77¢c
CcT 0.53 +0.35a 4.04 +0. 14b 4.57 +0.08b 95.43 +1.11b
A 3 iy
/ 1.58 =0. 16¢ 1.58 0. 16¢ 98.42 +0.79a
Before treating
30 ~40 cm NT/ST/NT 0.70 +£0. 02a 7.01 £0. 13a 7.71 0. 26a 92.29 +0. 84c
ST/NT/ST 0.66 0. 02a 6.51 £0.47a 7.17 £0.51a 92.83 +0. 46¢
CT 0.47 +0.03a 4.82 +0.30b 5.29 +0.22b 94.71 0. 53b

T [FFUA Rl /NG 7B R om A B 22 53 .35 (p <0. 05 ) s NT/ST/NT——H5e f — %Al - S blk; ST/NT/ST—34h - bk - Tk CT—A%

FiBHE Note: Different small letters in the same column meant significant difference among treatments at 0. 05 level (p <0.05) ; NT/ST/NT:

age-Subsoiling tillage-No tillage; ST/NT/ST

2.2 AEHHEENXI LEFRSHEM
2.2.1 HHZLEAVEMERASENEL &
R/ TRAS B AT 58 B AN 15052 ) = 458 1 1 B MR ) )
WX A P & 7k — e s, k2 n)
AL, AR A BR AR 38 I, - 338 AL BT 7 a8 D0 RE X 4R
5,0 ~20 cm T2 E T 20 ~40 em, 2 N EHHL
Ja o R, e AR B ) e 2 (p <0.05) & T
LG HEVE AL 4. 83% F1 10.36% , TRAS/ S it/ TR AR
A B )AL 5T B A i A A B b g T A A B
AbPRE TG B E 25

BHE 7 2 AN R 4 2 4 /& 2 052 AN )

Subsoiling tillage-No tillage-Subsoiling tillage; CT

No till-

Conventional tillage

EHEAL BT AR LL, 2010 A /N2 SR #5 A0 B O ~
40 em +EHIELE S B E TR, 224 K/DK
J¥k ST/NT/ST > NT/ST/NT > CT,7£ 0 ~20 c¢m,ST/
NT/ST b3 4 A & 1 B & (p <0.05) % CT 4b 3
55 7.58% ,1fif NT/ST/NT &b3 5 CT kb3 JCH] B 22
5,20 ~40 em 2 R FEIBEVE AL X 4 AU 5 AN
BE, IEHELAF2E & E 0 ~20 cm + 25
T20 ~40 em 12, ATUL, ARSI AT — 2 R
FE E 3B ZE R R P g, AR i R A AL
B a BT HIEM AR, R /NEAK
KB HFR5HEN
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Table 2 Effects of different tillage on soil organic matter, Total N contents of 0 —40cm soil
A HLE Soil organic matter 4% Total N
b3 _ _
AR Year (gkg™") (gkg™")
Treatments
0~20 cm 20 ~40 cm 0~20 cm 20 ~40 cm
b BT
2007 7.46 £0.09¢ 6.90 +£0. 24c¢ 0.56 +0.02¢ 0.48 +0.03b
Before treating
NT/ST/NT 9.74 +0. 10b 8.59 +0.07ab 0.68 +0.01ab 0.59 +0.01a
2010 ST/NT/ST 10. 17 £0. 12a 9.12 £0. 15a 0.71 £0.01a 0.60 +0. 02a
CT 9.41 £0. 09b 8.07 £0. 06b 0.66 £0.01b 0.55 +0.01a
1 SR NG TR R R AL B H] 26 5 35 (p <0. 05 ) s NT/ST/NT—— bk - TR - Sablk; ST/NT/ST—URIA - il - Tiha ; CT—f%
G B Note ; Different small letters in the same column meant significant difference among treatments at 0. 05 level (p <0.05) ; NT/ST/NT: No till-

age-Subsoiling tillage-No tillage; ST/NT/ST

2.2.2 BEEEAGR T RLA AR

Subsoiling tillage-No tillage-Subsoiling tillage; CT Conventional tillage

FL,HEE L Z M A (£3). 0~20 em 1)

() e AR RE R B et 3 00 P 43 A R B B O
BAEARTRHER T 0 ~40 em + e A & = A
TS 2E ST EEMERN—E (K 3) TR
Iy, B 2 R R . 2010 4EA /N2
RIGEALFR 0 ~40 em Gl 05 1 FAL BRI 2 3 (p
<0.05) [&%, NT/ST/NT #il ST/NT/ST 4h#H 0 ~20
em B ff 0% i 4> BB CT ib B4R & 4.23% |
11.13% (p <0.05) ,20 ~40 cm 43 7 $E 5 3.31% .
6.55% (p <0.05) , R - HE A 2 & & 2 HEVE 7
ACREMA L A, 8 B e it 1 )23 e G o
g T IR R WA R

AEHAEAFE 0 ~40 em & + 2 F %00 & & 1
SIS TR S S N R X (RS R S 35T

NT/ST/NT ., ST/NT/ST kb BE & 2 #% CT 4t 3 &
3.77% 5.74% (p <0.05) ;20 ~40 cm + 2435 5
245 CT A FE 5 3.59% .6.36% (p <0.05) , Wi #k
ARFRA) 22 AN 3 o AT 0L S TR B AEASE St 4 v 1
A R AR EEARIAER 2 BERHCR
WAL TAE S B

BRIt RE % i 22 38 URCR iy AE  KOF (R
3) o a3 AEARRBHERT IS | #5 b 7 A 3 A B
AL T B 2 (p <0.05) #h0, HLFE +
R IMETT AR, 0 ~20 em - 58 3 S8R 2 1 4 4b
P 2% 5 R 2% {H 20 ~40 cm + 2 NT/ST/NT,
ST/NT/ST 435351 i % (p <0.05) 8¢ CT AbFRER =
10. 83% F111.02% ,,

£33 FREHHEENART 0 ~40 cm TIEFEHFS S EHFM

Table 3 Effects of different tillage on soil available nutrient contents of 0 ~40 cm soil

WAF A Hydro - N H R Available P TELAH Available K
AEfy Ab B _ _ _
(mgkg™") (mgkg™") (mgkg™")
Year Treatments
0 ~20 cm 20 ~40 cm 0 ~20 cm 20 ~40 cm 0 ~20 cm 20 ~40 cm
Ak PR
2007 55.70 £2.02¢  44.41 £0.74d 11.26 +0.11a 8.39 £0.08a 102.9 +4.83b 70.52 +£3.28¢
Before treating

NT/ST/NT 63.32+1.05a 54.59 +£1.34b  8.66 +£0.4b  5.30 £0.15b  153.0 +3. 54a 116.8 +4.61a

2010 ST/NT/ST 67.51 £1.72a  56.30+0.93a 9.90 +0.03b 6.38 +0.02b  156.9 +5.77a 117.0 £2.63a
CT 60.75 £0.84b 52.84 £0.44¢  6.29 £0.05¢ 3.90 £0.15¢ 148.1 +£3.90a 105.4 £3.10b

1 ISR ING bR R R AL B H] 25 5 35 (p <0. 05) s NT/ST/NT——% b - TR - Sablk; ST/NT/ST—URIA - il - Tha ; CT—f%

i BifE, Note: Different small letters in the same column meant significant difference among treatments at 0. 05 level (p <0.05); NT/ST/NT: No

tillage-Subsoiling tillage-No tillage; ST/NT/ST

Subsoiling tillage-No tillage-Subsoiling tillage; CT Conventional tillage
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2.3 AREHEEEX/NE BRI
INFZRERIRG , G Bt/ TR G B FNR A/ S b/ TR
FARLFE O ~200 em 12 HIEE KGR E R TES
PHEL R (R 4) /N AR A R
HET AP 55 AR ERS i 3 A2 T34/
S OB B 22 30k ST/NT/ST > NT/ST/
NT > CT, f# b B S G pHE 22 5 0 3 (p <0.05) 5
T-hr FEF BN NT/ST/NT > ST/NT/ST > CT, {H4- kb

M 2ERARE ., 5 CT AFEAH L, NT/ST/NT 4b#
YA RREEIE N 7.39% (p <0.05) , V- Rk L
140 2. 88% ;ST/NT/ST kb BS54 % g s CT Ab
FHIEIN 7. 96% (p <0.05) ,~F-IfR B0 n 3. 21%
3 AESEHFE RS NT/ST/NT  ST/NT/ST kb 3 43 5]
B CT Kb P2 9.59% F1 10.69% (p <0.05) , L
ST/NT/ST Ab PRI P2 R A (£ 4) .

x4 TRHHELENZ/NEFERHEABHFIT

Table 4  Effects of different tillage treatments on grain yield and its components of winter wheat

FERI TR K B ABREEL TR £ . ,
A , _ , TRE kR G
AbFE Treatments Water storage Panicle number Grain per spike
) . 1000 - kernel weight (g) Grain yield (kg hm ~?)
before sowing( mm) (4~ x10* hm~2) €

NT/ST/NT 333.4+£2.17a 358.9 £6.83a 31.44 £0.38a 28.85 £0.75a 2561.7 +81. 16a
ST/NT/ST 337.4 +1.09a 360.8 +5.73a 31.54 +£0. 63a 28.33 +0.58a 2587.4 +68.03a

CT 302.5 £2.22b 334.2 £7.47h 30. 56 £0. 55b 28.76 0. 88a 2337.6 +77.62b

T [FFUAR R /NG 7B on A BRI 22 53 .35 (p <0. 05) s NT/ST/NT——H5ef - %A% — S blk; ST/NT/ST—3AR - bk - TR CT—A%

Si#kE Note: Different small letters in the same column meant significant difference among treatments at 0. 05 level (p <0.05) ; NT/ST/NT

age-Subsoiling tillage-No tillage; ST/NT/ST

3 i i

1) Zex RV HRF R W, At 2 4R R AT
DARRA S, AR ARSI o 4 P4 T +
T AR FH Ah 30— 4 S B — AR B + F5 AT 38 H Ak
PR A A5 T W AR I A 3. AT 45 SRR,
B/ BN B AF 52 B e 1 1 18 25 3 2 BRI A 7K F
X W TR G TR HERE T LLgi s 48, X
VT RIS 2 5 A0 7 2 B 174) 48 R S, A ARk
IR AR R B AR K AT R
G B AbHE— R LR T LR, B
WA LR, Ol AL B L s ) A
WFoE & B, Zead 3 4F @ iR, S R B A 0 ~ 40
em + 2 H LR RAL GERHE B, T2+
HeALBUR B B ek 3 . X T Al Bl TR
B s T E 3 E SRR ) AR R A Wi B
gy yan A BEZ I FLBR RN

FHFEBRTE I 2 b5 AN I Al 1 4k
FaPEA AR N, AWFFE R, SR 1 >
0.25 mm +IEFIRAEECE T & TESEIME. X2
A T E B8 T BRE U, I X - 4
FAURIBLIE IR |, 1% G2 Bk VR 30 ZBF B o 4, 1l
R AR B R , R PERRAR ™ . <0.25 mm 7K

Subsoiling tillage-No tillage-Subsoiling tillage; CT

No till-

Conventional tillage

FePE ARt A SR A TE 45 B A Ab B 22 8] 22 1 AN B 3 g
PR A2k 8 PR 3R AR 1 T ok 8 B2 A2 B4 A A A WL
bR > A B it R AR
PRI 5 el i & A2 B e AR Ak FEPIAN )RR, 2 ~5
mm 8RR 20 43 o B AR, B b R R AP R
Jo AT B BEL A9 K A SR A 0K AT BY, 5 A% S HE 1R A
Eb, FEARAb BRI N T 2 ~ 0. 25 mm (1) A1 R4 5 HL B
M R AR ( <0. 25 mm) 1) LEAGIRR R0 20

2) West Il Marland ™" Xf EBFFE T S fF 13 41
PHER N, Bk vT DL 2% 58 WL s i o 4k
R THYBRMR R, TRESD 0 45 6 4
ANV it T 364G HLAR T 2 B 36 e 52 i) (4 F
FEEE B, 5L GHE LB, BEdE A A e R Ak
P REAE & A LR S i AT 45 SRR 3
ARRRHEAL B LU AR SRR SG I T AP &, HIR
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EFFECTS OF ALTERNATE TILLAGE ON SOIL PHYSICOCHEMICAL PROPERTIES AND
YIELD OF DRYLAND WHEAT IN ARID AREAS OF SOUTH NINGXIA

Hou Xianging'? Li Rong'” Han Qingfang'*" Jia Zhikuan'® Wang Wei'”
Yang Baoping'? Wang Junpeng'? Nie Junfeng'? Li Yongping’
(1 The Chinese Institute of Water-saving Agriculiure in Arid Region, Northwest A&F University, Yangling, Shaanxt 712100, China)
(2 Key Laboratory of Crop Physi-ecology and Tillage Science in Northwestern Loess Plateaw, Ministry of Agriculiure, Northwest A&F University ,
Yangling, Shaanxt 712100, China)
(3 Guyuan Institute of Agricultural Sciences, Guyuan, Ningxia 756100, China)

Abstract To explore effects of tillage on soil physical and chemical properties and yield of winter wheat in
semi-arid South Ningxia, a 3-year field experiment was carried out from 2007 to 2010. The experiment was designed
to have three tillage patterns, i. e. non-tillage ( NT)/subsoiling ( ST)/non-tillage (NT), ST/NT/ST and conven-
tional tillage (CT) as control and soil bulk densities, aggregates, soil nutrients and yields of winter wheat of the
three treatments were determined separately. Results show that compared with CT, treatments NT/ST/NT and ST/
NT/ST significantly (p <0.05) decreased soil bulk density, improved soil total porosity and significantly (p <
0.05) increased the amount of 2 ~0.25 mm water-aggregates. Treatment ST/NT/ST was the most effective in in-
creasing soil organic matter (in 0 ~40 cm soil layer) and total N (0 ~20 cm) among the three; compared with
CT, treatments NT/ST/NT and ST/NT/ST significantly (p <0.05) increased alkalyzable-N (0 ~40 cm) , availa-
ble P (0 ~40 cm) and available K (20 ~40 c¢m) , and improved soil nutrient status. Treatments NT/ST/NT and
ST/NT/ST also significantly increased wheat yield. Their three-year mean grain yield was (p <0.05) 9.59% and
10. 69% higher than that of the control. Obviously, treatment ST/NT/ST is better than treatment NT/ST/NT in
yield raising.

Key words Alternate tillage practices; Soil physicochemical properties; Yield; Arid South Ningxia





