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Effects of rotation tillage patterns on soil aggregates stability and
soil structure of the dry land in winter and spring fallow period

ZHAO Ji', WANG Wei''?, ZHANG Peng', HOU Xian-qing', JIA Zhi-kuan', HAN Qing-fang'
(1. Key Laboratory of Crop Physiological Ecology and Tillage in Northwestern Loess Plateau, Minister of
Agriculture/ College of Agronomy , Northwest A&F University , Shaanxi, 712100, China;

2. Xuanhua Vocational College of Science and Technology , Hebei, Zhangjiakou, 075100, China)

Abstract: To further explore the reasonable farming system in semiarid area, the effects of rotation tillage patterns
on soil aggregates stability and soil structure of the dry land in winter and spring fallow period were conducted in south
Ningxia from 2007 to 2010. There were four tillage treatments: no-tillage—>subsoiling tillage—>subsoiling tillage (N/S/
S), subsoiling tillage—subsoiling tillage—no — tillage (S/N/N), no-tillage—no - tillage—>no-tillage (NT) and conven-
tional tillage (CT) as control. The effects of different tillage patterns on soil porosity, composition and stability of soil ag-
gregate were examined. The results showed that in 0 ~ 20 c¢m soil layer, the soil bulk density and the soil porosity of N/
S/S was significantly (P <0.05) decreased by 2.5% ~3.1% compared with CT and NT. The soil porosity in 20 ~ 40
cm soil layer of N/S/S was significantly increased by 2.8% compared with S/N/N (P <0.05). NT and S/N/N treat-
ments were higher content of mechanically stable ageregates, water-stable aggregates, mean weight diameter (MWD) and
geometric mean diameter (GMD) than CT in 0 ~ 40 em soil layer. No-tillage more than two consecutive years(NT and S/
N/N)could increase the mean weight diameter (MWD) and geometric mean diameter (GMD) of soil aggregates, and de-
creased the destruction rate of aggregate, which could improved the soil structure stability and increased soil aggregates
contents in semiarid regions.

Keywords: rotational tillage; soil aggregates; mean weight diameter (MWD) ; geometric mean diameter (GMD) ;
soil bulk density; soil proosity

%5 B #A : 2017-03-27 &5 B #7:2017-05-03

EEWmH:EZR T 27863 PR (2013AA102902) ; “ -+ = " E ZRHE 2 #3128 (2012BAD09B03 ) 5 185 45 = A% 2 BB 5 1 4 1140 53
H (B12007) s 2 s HEAT Ml (0l ) 351 H (201303104)

YEEE A 3L(1989—), Y3 T ARFE N B0t WFSE 05 0] AR &R B o E-mail: 1518006807 @ qq. coms

BEEE 07, &, WL, #00, EENGE R KA IS S5 AP o E-mail: hangf88 @ nwafu. edu. en,



% 6 14

B BLAE R AT PR PR 7 S g e P SR AR E TR Y R ) 53

e E AL X F2 2 A F AR /K 350 ~ 550
mm [ 25 X, A R SR DL R A RO
— A B R R R, B Kk 6 £ H (10
H o f)—284F 4 ) A F RN, L5 +EHHE
FAR L — RIS e #F ok 3, 45 R8RSR AR5
Wi, BELRHVE P38 7= S Aol i T R 2 i o K ek
298 BB WL NS5 00 322 1 52045 i
LR 20 TR BN 2 S R B A R
PRI SR S T R, IR A 3 )2 4 38 B9 3 2 A
R =4 G AR R A e
TR PEREE G , BT - AR A | 75 B K (1 ) R
SN VEPIAR 22 KB B K 43 FFR 43 B WL, 7 i
BT R a3 A xS B A S S Bk ok
1% 2 )8, & FRAL A 3R ERS I , S S R
P FIRE R B SR AR R R X AR - S f i
KEAAHERER L,

S HEREN B e S EAE AR KR+
HERBE A5 a3 0 B KO e AR P
TE TSR T 54 (X, 358 P SR A& %) 20 A A0 1k
57K IR - S Rk 5 A B0 0 2R 0T R TR R
INE AR ARAE B SR TC K W ORRE BN K S LR T 46
7 1 A AR (G T s R T R
i - SEAE 7 AR AR R K0 AR R, B
A 5 it A 25 A FHL A5 BELRE it AS A i) [T SR AR AT i 5
Bk, T L X AT 5 A 14 e A T G 1O
iR (s ATl EE S NS PNIE SN B[S
TR A ST S 0 S 5 AR R S T AN R ok i
F11200 Dalal 23N R A PEBFVE R I R A
JE I SE R RS RE PR LR 5 2 A 3 — R R Y R
8o SEIBHER L, PR PERRE T LR E H 5ER
Tl MK AR R A SR AR S LSS R e e ok, i £ 4
45K o BHEPL S AU R F A AR L B, 1 H 2
AR A R iy Fa e v RS0,
GBHRAL G 1 SN, > 0.05 mm f 4]
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REET 2007 4F 10 A—2010 4F 9 A 7E T E [0l 1%
H A X2 L B RO g X AT, %X
1800 m, 4EF-H i 6°C ~ 8.5°C, AR 147 ~
168 d, 4EFE R 350 ~ 450 mm, 24F 56 % (K 5+ 53
e 7—9 =1, R K g 2, < T
i, 2 R B, PIEE RN L 30% . TRy
et AT Z 0~40 em AHUEFE N 7.2 g+
kg ™! R 50.3 mg-kg ™!, A 8. 6 mgrkg ™!, K
RPN 84.8 mgrkg™ ', pH fH 2 8.5, JBAREENE 17K
TRUE Y (] £k IR it FH 7K F: 4R 375 kg hm 2 (JR &
825 kg*hm~2),P,05 90 kg hm~>(GL B RS 750 kg-
hm ™) R BEAE 3BT — WA
1.2 gt

IRIE T 4 NHHELEE, BENLIX AL 51T, /N X AR
40 m*(10 mx 4 m),3 WHEE . IKEHLATEENEY) N g
T R IR HT— BRI AL G BHE, 100 0 ) o i, 3K
B 3 AERMEAE YK R BEF (2008 4F) - 4+ F (2009
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WK e FH ) g 2 52 /N DX A AR DG bR o LR
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F 1 REIET
Table 1  Experiment design

ARG Qb PR FR BHEAL 3R TT
Treatment code Treatment name Tillage treatment method
NT ARG R No-tillage FIFEME R R WOR 5 B A T e b 3t
CcT FEEFIHE Conventional tillage BV AR ZR O G R4 T BB A 2
St YRR VR L - \ P
N/8/8 No-tillage/Subsoiling-tillage/Subsoiling-tillage 2007 4 HIAEAEHIBFRUCHS G BF . 2008 48T 2009 A4 SRR T
S/NN R/t Rt 2007 4T AR RO RS 2008 4E - .2000 448 TUCHRIR 44 92 M

Subsoiling-tillage/No-tillage/No-tillage
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1.3 TEMMESHEER

HIAEAE IR G B4 3 ~ 5 om, S HC 3L TG AT
fIBEE R4 4 H A 3R G R RAA AL BER T
B IRIABL, FEAT IR TRAS , BFVEVR B 30 ~ 35 em,
)% 40 em; & GE BB A0 BER F & AL R, BRI
920 em, BEHE R, AFSFCEKF 105, BT R
Yl SR REFIRIE 3 ~ 5 em, 47FE 20 em, B 35 71
PR hm =2, R GIR B (5 ) 19 5B 250 BUH%EFh
BLAY 9T 2008 4E 4 H 21 H.2009 4E 4 A 27 H Al
2010 4 4 H 26 HF&F, 1 Fh sk He i )R 2R (N = 46% )
825 kg+hm ™2 i B R 45 (P,05 = 12% ) 750 kg* hm ™2,
PRI A A] E AT N TBR L, 435 F 2008 4F 9 F 27
H 2009 4E 9 A 24 HF12010 4£ 9 A 30 HYHk,
1.4 MEERESH*
1.4.1 2EFE5ILRE  FHMNMAK/DNX ML
A E 5 A RAE S, 75 0 ~ 20 em 20 ~ 40 em Al 40 ~
60 cm HEAT HHESY 2, IR TJIORE , e 45 + )2 + 4
REIFH AL AL (%) = (1 - A&
/HHE) x 100% , T3 L FE T AL 2.65 g em ™2,
1.4.2 XEARKKZAEKD

(1) BB 43 0~10.10 ~ 20,20 ~ 30 cm Fll
30 ~ 40 cm 4 P HE A REVR T4 2 kg 7247, AR
PTG B 2R S/ B, JF 8 K+ St B SR B
FIEA 1 end® ZEAT B/ BB 2 AR (FE 5 20 em 2
AR S TCHY Ris L ge % . X LR LR
5 mm.2 mm WG, 00 >S5 mm.5 ~ 2 mm., <2
mm =R SRIGHE = A R IR 4 H
7 LR 2 453 200 g TR A
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I FH 0 2 A S e 2

HUB R P P AR (P00« AR 5 LR
iAo BUC1) FRUERS I 200 ¢ WA HBE, AL
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AHEBH >5 mm.5~2 mm.2~1 mm.1~0.5 mm
F10.5~0.25 mm By R RAK THR R SRR K
>0.25 mm P RIRM R H 9 & 5 (RyosD) HLRER
FE M A R ARSF- 2 F R E AR (MWDy) M AU AR R 1 1A
RAILF4 HAZE(GMD)) .

KRN A R G ERY) « BT . B
(D) HPHERLFIY 200 g IR A TAE, CE AR LR IR IR I3
B9 5.2.1.0.5 mm F1 0.25 mm (EF & 2. 5
I3 BIANFAR A AR B i, 15 > 0.25 mm KR
PEAT SRR E 40 & it (Ro.os W) /KB AT SR AR
ST & EH AR (MWDy) KRR M AR AR LA -3 B
12 (GMDy) X H IR # (PAD) o

1.4.3 XEABKRAEETEF %
(1) HARIR-14E & EH AR (MWD) FU L B
2 (GMD) 5

MWD (mm) = ﬁ]xiwi (1)

Li;anllnXl} o
iz Wi
(1) 2, MWD 2y AR AR P 3 8 B B AR (mm) 5 (2)
K, GMD Sy A RAATUAT P-4 H AR (mm) 5 X; HAE—
RGN A AR -2 H AR (mm) 5 W, g% BT
X; A RARE o B i

(2) HRABIRAR(PAD) Y 1155
(Ro.3sD = Ry.osW)

Ro.25D
A, PAD A RIEBEIR 3 (%) 5 Ry.sD H > 0.25
mm HUBEEE PRI RIA B 7 (%), RoossW A > 0.25
mm KEEPERTRIK (%)
1.5 #HELE

K FH Excel 2003.SAS 8.0 S {4 B4 #4748 3
53 M7 , Duncan $i 2 AR 25750017 2 8 UL

2 ZER5 M

2.1 AREMEEXI HIETER HIEFLRENZN

23 3 FEARFFAE LS , A FRBHER L 0 ~
60 cm HZHIEAFEHU T 2R, HEFEEHE 0~
20cm Fl 20 ~ 40 em 1 JZ (& 1A) . 2010 4FBE YL IK
S5 ARHBEARRS RS (N/S/S) B 2K 1 25 T 4 L
EHHER AR, 0 ~ 20 em 1 2 43 91145 34 22 4 i
(NT) Fi1i% 22 B A (CT) FEAK 3. 1% 1 2.6% (P <
0.05), 5/t /e #k (S/N/N) 82000 I 35 2
5o FE 20 ~ 40 em )2, N/S/S AL F%E S/N/N Ab B
25 W F &M% 2.7% (P < 0.05), CT.NT,S/N/N
SR ER R A E R AR . AEPHER
XF 40 ~ 60 em + )2 TIEAE L EH W, SHHEL
PEETAHEL (352 2) ,N/S/S Ab BB FEAK T 0 ~ 20 cm
+ 2 A E, HTHEL N 0~ 20 em 12 1
7 5L PRETTC W3 25 s AN RIBEEALFE 20 ~ 60 em
+ 2 TR E A B AT AR AN K

ANTRIBEAE A P A AL B 22 53 E 2 AE 0 ~ 40
em 12 (E 1B) ,NT/S/S Ab B+ HEfL B fe i o O ~
20 em )2 N/S/S 5 S/N/N e #EAL BTG 1 35 9% 5
A NT Fl CT AL 3G hg 22 7350k 3.0% 1 2.5% (P
<0.05), 20~40 cm 12, HHEFLBREEELL NT/S/S
R F R, B S/N/N HR R IR RS 2.8% (P < 0.05),

GMD (mm) = Exp{

PAD = x 100% (3)
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FUBRJE , S/N/N $ kAL P G 2 P AK T 40 ~ 60 cm +
JE LB EE

DL BT3B, N/S/S R pkAb HiLIE 25 FRAIK 0 ~ 40
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4
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1: )z Soil layer/cm

F2 BHERER0~60 cm TEMNTBEBERILRE
Table 2 The basic soil bulk density and soil

porosity before tillage treatments

+Z T E LB
Soil layer/cm Bulk density/(g*em™3) Soil porosity/ %
0~20 1.29 51.12
20 ~ 40 1.32 50.47
40 ~ 60 1.34 49.61
54.00 a (B)
o 52.00 |
<2 .
{i( £ 50001
= 24800} gli
B3
H? 46.00
44.00

0~20 20~40
1- )7t Soil layer/cm

EINT ECT LIN/S/S H S/N/N

E1 FEMELEO0~60 cm TENTIERERTIHFLKE

Fig. 1

2.2 ARABMEERXT LIBEEIRSENZE

M 2 7] LIE H, 258 3 45 19 A TRk 1 Ak B
2010 “EBEFIGR)G , 7E 0 ~ 20 em 1 )2, S/N/N 2 4k
B A PR & =, 68 8.37 grkeg ™', #K CT 34
T 15.5% (P <0.05), Hig 3 & FHE & B NT
AEBRAGA L& 5 CT AL BRI T 2.9%, 20 ~
40 em )2, S/N/N Fil NT 4 BEA HLT & B4 CT 43
FEEREINT 13.5% M 9.4% (P <0.05), 0~ 40
em )20 FA P S B SRR )F A S/N/N > NT
>CT>N/S/Se HIBLH UL, 1 AR08 5 52 2 4F Sk
AERS B 45 0 ~ 40 em HIEAPLR &, 125
3RS .

Organic matter
[=] (NS e o <O

AP/ (g * kg™

0~20 20~40
12 Soil layer/cm
NT HECT N/S/S

F1 S/N/N

B2 AEHELEO0~40 cem TEHTEFIREE
Fig.2  The content of soil organic matter in 0 ~ 40 cm

soil layer of different tillage treatments

2.3 AEHMEER T L IEAREHENTNE
>0.25 mm P RARFR A 1 58 FURL 2546 4,
Ko 5 R PR B IE A2, % 3 R R B
VEALPE 0 ~ 40 em +JZ > 0.25 mm HIEHRIKS &,
0~ 10 cm 1+JZ,NT F1 S/N/N &3 > 0.25 mm HLEEL

Soil bulk density and soil porosity of different tillage treatments

FEPERIRAK (R osD) B 5 H 40 & it B¢ CT 43 il 42
15.4%H114.9% (P <0.05) ;10 ~ 20 ecm +JZ,NT.S/
NN Fl N/S/S b BE Ry s D & B8 CT 4 ) #2 13
10.3% .8.5% (P <0.05)F1 6.5%;0 ~ 20 em 1 )2
Ry osD & MK NT > S/N/N > N/S/S> CT, 20 ~
30 em £JZ ,NT H1 S/N/N AL FE Ry »sD S 2 (P <
0.05) i T H B4 A3, B CT 43 B4 & 12.9% Fi
10.4% (P <0.05);30 ~ 40 cm )2 Ry »sD & &%
MWK M S/N/N > NT > CT > N/S/S, 4b B S/N/N )
RoosD & ik 70.53%, % CT #&55 23.5% (P <
0.05), DA EArHritil, i bk A — A TR A J5 i 4L
2 AR B R R N B AR S T 0~ 40 em 1)
P> 0.25 mm HURERE M B R AR A $i

- KRR 1A SR A4 i R T L b e ke - R 4
FAORFR AL R, SR 40 RE I R 55 . R 3 AT LA
>0.25 mm 3R FE I RIK (R s W) F &8 /N T
PUBRRS E M A R AR 5. &0t 3 a NFEFHELHE
J& yRo.asW S HETE 0 ~ 40 em 45+ JZ 2L NT &b B A1
S/N/N #HH AL HL i 2 (P < 0.05) /" T CT M N/S/S
SEFENT ZEFRAN EAE FARIR 53500 8.56% .8.73% .
8.63% M 5.72% , % CT 73 5421 192.2% .566.4% .
442 8% F1201.1% (P < 0.05),S/N/N % #f4b 3 73
MM 4.55% 3.11% .3.34%F12.22% , 0~40 cm 1
JEN N/S/S AEBRG Ryos W & B A%, VRS bb
FIF KRR R AR T B, 1 VR A B % 38
SERHL SN AT HE T BT R S5 A IR, B > 0.25 mm
T HOKRRPEA R AR S D
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VAL Hr e B, B AR ool SR oA T s AT R
PRI R A AL, LR PR DL L e ) T
BHIZ (0~ 40 em) T IEHUAE PE AT R A A9 5, NT
ARFEA S/N/N 48 Bk Ab B ) T Bk = £ K A5 1 A
RARBIIE B, T ORFA AT HR AR IE
2.4 FEBHERNXN LEARKX/NEZIE

ARG AR PR RS 557 0 (8 PR AN AL AL
BRALAL K VLR AE P8 sh B R 7R -
TSR MR Y- 2 R AR (MWD) 5 LA 2 B
72 (GMD) 2 S e - S PSR A/ NI A AR DL R 6 4

Fro MWD Fil GMD {E8K , A R IAR B AR AR 8K,
Fasg PR 2 sk 4 FR,0 ~ 10 em )2 T HEHL
MR E PR A1 B 44 i) MWDD , GMDD ¥4 S/N/N Ab 3
5 NT Ab 3 5 &, 8 CT AP435 3 T 26. 4% |
23.7%5 23.0% .24.4% (P < 0.05);10 ~ 20 em +
JER/INKFE N NT > S/N/N > N/S/S> CT,20 ~ 40 cm
+ )2 K/NKFH NT > S/N/N > CT > N/S/S, 1E 10 ~
40 em +JZ, MWDD Fl GMDD LA NT Ab B, 0 ~
40 em + )2, EHOK M F R R MWDW Al GMDW
NG (RSP N e

K3 AEHHELE >0.25 mm PIMFRRE M (R, osD) FIKTREME (R s W) IR SR/ %

Table 3 > 0.25 mm aggregates content by dry and wet sieving of different tillage treatments
SEFH Treatment 0~ 10 cm 10~ 20 cm 20~ 30 cm 30 ~40 cm

NT 62.56+1.21a 66.20 +1.78a 68.60 £ 1.55a 64.15+0.87b

Ro.asD CT 54.20 +3.91¢ 60.03+1.12b 60.75 +0.94b 57.09+0.8lc¢
N/S/S 57.70 £2.75b 63.91+1.47a 60.42 +0.80b 56.77+1.37¢

S/N/N 62.30+2.99a 65.11+1.02a 67.06+1.16a 70.53 £ 1.0la

NT 8.56 +0.54a 8.73+0.10a 8.63+0.07a 5.72+0.10a

Ry asW CT 2.93+0.29¢ 1.31+0.11¢ 1.59+£0.05¢ 1.90+0.07b
N/S/S 1.62+0.07d 0.36 +0.06d 0.41+£0.07¢ 0.58+0.07b

S/N/N 4.55+0.58b 3.11+£0.49b 3.34+0.10b 2.22+0.11b

T : SR ENG PR R A R AL B2 508 B K (P <0.05) . FEl.

Note: Different letters in same line indicate significant differences( P < 0.05) under different tillage treatments .

The same as below.

R4 TEMELIE0~40 om TRTFEARGFHESEERZE (MWD) FLFAFEHERE (GMD)/mm
Table 4 MWD and GMD of dry and wet sieving of different tillage treatments

HUBBR A A 3R 1k SR HZIEIES
Tz Ab 3 Mechanical stable aggregate Water stable aggregate
Depth/cm Treatment
MWDy DGMp MWDy GMDy

NT 1.82+0.07a 0.93 +0.06a 0.32+0.02a 0.28+0.01a
CT 1.48£0.08b 0.76 +0.08b 0.29 +0.02ab 0.26+0.02a
0~10 N/S/S 1.48£0.10b 0.73+0.05b 0.27+0.03b 0.26+0.01a
S/N/N 1.87+0.09a 0.94+0.06a 0.29+0.03ab 0.27+0.02a
NT 2.42+0.04a 1.23+0.04a 0.32+0.02a 0.28+0.03a
CcT 1.75+0.07¢ 0.84+0.06¢c 0.28 +0.03ab 0.26+0.02a
10~20 N/S/S 1.770.09¢ 0.94+0.05b 0.26+0.02b 0.25+0.01a
S/N/N 2.22+0.03b 1.16 £0.08a 0.28 +0.03ab 0.26+0.01a
NT 2.39+0.08a 1.25+0.06a 0.32+0.02a 0.28+0.03a
CcT 1.94+0.07b 0.98 +0.06b 0.26+0.02b 0.26+0.02a
0% N/S/8 1.78 £0.07¢ 0.91+0.04b 0.26+0.03b 0.25+0.01a
S/N/N 2.04+0.09 1.08 +£0.10ab 0.28 +£0.01ab 0.26+0.02a
NT 2.29+0.13a 1.28+0.07a 0.29+0.03a 0.27+0.02a
CcT 1.92+0.09 0.99 +0.08b 0.27+0.04a 0.26+0.02a
040 N/S/S 1.87£0.06b 0.98 +0.07b 0.26+0.03a 0.25+0.02a
S/N/N 2.14+£0.06a 1.07+0.08b 0.27+0.04a 0.26+0.01a

T : MWD/ MWDy, il GMDp,/GMDy, 535310 T /8 0 25 T AR (A 2 Sk B AR R LA 4 AR
Note: MWD,/MWDy and GMDp/GMDy, means mean weight and geometric diameter in dry/wet sieving.
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20 ~ 30 cm 12 M LA CT Al N/S/S 4b B (0] UG g 3 22
S, B E R T S/N/N A1 NT 2B FH;530 ~ 40 em )2
CT.N/S/S Fll S/N/N Ab B[] o i %5 22 53, ¥ 1 & &
F NTAFE(P <0.05) 0 DL AT, —F R P
ARG 4 S S B A A R D AR A AR Z
SR SRAR IR 2 T 3 A BB S — 4 S Bk P A TR
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1)z Soil layer/cm
EINT BCT EN/S/S [NS/N/N

3 AEMELET 0~40 em T B T IEFARFWIFE

Fig.3  Aggregates deterioration rate in 0 ~ 40 ¢cm
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