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Abstract; Different tillage and cropping practices can change soil properties which in turn can affect crop growth and the
environment. The objective of this study was to investigate the effect of different tillage and pasture rotation systems on pH,
soil organic matter (SOC), total N (TN) and selected physical properties of the surface layer (0 —5 cm) of 3 soils in
Wagga Wagga, New South Wales, Australia. In 0 —5 cm layer, % >2mm water stable macro-aggregates, soil organic
carbon (SOC), and total nitrogen ( TN) were significantly higher in the treatments of direct drilled/stubble retained ( DD/
SR), perennial pasture ( PP) and nature pasture ( NP), than the corresponding contrasting treatments of conventional
cultivation/stubble burnt ( CC/SB) , pasture/crop rotation ( PPC) and conventional cultivation ( CT) respectively. At all 3
experiment sites, conservation tillage had the effect of changing the nature of organic carbon resulting in higher labile and
slow organic carbon fractions. Soil organic carbon concentration was significantly related to total nitrogen(r =0.994** |n =

6). At each experiment site, SOC was significantly positively correlated with % >2 mm macro-aggregates but there was no
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correlation when data of all 3 sites were combined. This indicated that SOC was not the only factor affecting soil
aggregation , other factors like clay content were also involved.

The effects of tillage practice on bulk density (BD) and porosity varied at different experiment sites. At one of the
sites , BD was significantly higher and >60 pm porosity was significantly lower under conventional tillage practice compared
to conservation tillage. However, results of the other two sites were inconsistent. Field capacity water content was
significantly affected by tillage practices and significantly correlated with SOC within 3 soils ( r=0.996" ,n =6). This
suggested that soil water holding capacity was mainly affected by SOC. Stubble burning and gypsum application significantly
altered exchangeable Ca’* \Mg’* K", and topsoil pH. Adoption of conservation tillage and/or perennial pasture can
improve topsoil SOC and structural stability and therefore long-term soil fertility.

Key Words: conservation tillage; organic carbon; macro-aggregates; field capacity; pH

KM E A+ ES FEERE D IEA VR E AR E T M, AT INEIAR H 222 1 3 37 K AR
fb, FIB, B BHE TS B PRI R EERAETE 0 ~30cm 12, 4 HIR 0 ~ 10em 12" Wi HEHH
BREARF T RRERENEEY R, B, BERAVESBRAT AR TR EEREZ Y, i
PR ERE G ZE ) X R4 A T AR IR AIK AR R R IR R . KB WIBISE YA R ERE G
BT ERENEWREENE RS 2RI —ERENKE., TER, FZERNKBHESRA TR
HEHREIE . BRERFMXMFES, B TS5 B RHEF R E R, B M3 B R 6w
RHTEREBRENTINTFEBRRER, AFR—SERET , HEAREFESERE G /e R K IR %R &
HARRHE , AR T AEEM R S ERE R & B R B E m,

TER AT Wagga Wagga H1IX , B TR KA S B L EMRA S E SR, & HERE™E TR,
A T vk 39 B IR R, FE R BB B M L AT T BRI IR IR . ASCRE B BRI
PRI 2 X 3 Rk H HIREREA VR KRR E B B FLBRAFE . pH 38 Btk FHES F R M, LIRS
[ —SMBERE T A RR PSRRI TR 2 E e .

1 #RERE
1.1 BBt

ABFFEIERE T WAHIT. Wagga Wagga HiIX 3 B E R ITEIR I EFERE . Wagga Wagga X Z4EF
BT A 550 ~600mm , MEF AM A FEA T A7

3K 1 Sustainable agriculture through wheat and good legumes( SATWAGL) "7, RIS IEF 1979 4E iRI b
A T BROCA W 6 BR M Wagga Wagga RO BESE T, XM h/NE/ P S, HIE &1 90ky/
hm® , (G 2R P 24 ok R Bk FE O X (TG B B R HHE 3 3R) , $HERE 2 10em, REFFLR
ISR B2 10 om , FEFFREAERKTEE XS LRGBS, AR EFEH S BB IR ZE S REUER 2
A AbFE : St R/ FEFFR B (DD/SR) R SBHE/ FEFFRLR(CC/SB) , BAEAME 3 MK, L6 MK, &
A/NREEFS 50m x4.3m,

3RX4E 2  Managing acid soils through efficient rotations( MASTER) ™', RIS 14 F 1992 4F X M7 T K
FIFEE BL/R MM, Book Book, AMBFRMEFEHH BRI I6 24O REUE 2 ML B4EA NTEH(PP) A
TEEH(3a)/MEY (W3R (1a) /PR Z(1a) //NEE (1a) ) 6a BAE(PPC) , BEFPH R A H BT X, BT fh
MG K 3. Tvhm’ B A RKBET 0 ~10em )2, US4 6a HIRKEMEAAK 1.6 ~ 1. 8v/hm’, FHALHL
33 AP, 36 AP, BAVPXEE R 45m x30m,

i3 3 Improving heaving soil for cropping( THSFC) o1 RIBTET 1999 4F R H A, TR K H T E B BUR
+M,Bland, 1999 4FRXIMFFHEE TS, SR BT M A B Sv/hm’ ;2000 4F 1 ~2 F {fi F Agroplow” 43 5 Bi# 2
10cm,35¢m & 25¢m;2000 4E 4 B A S 2.5vhn® B ABRAST 0 ~10em + 2, A8 /N2 (3R
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& 80 kg/hm’ ) /{3 ($BFHE 5 ke/hm® ) 34E AR LR R 7 ~8em, ABTEFE R BIRB I HES K2
A AEHL: FERF (CT) L BRTEHL(NP) . BALIE&E 3 DX, 3t 6 AN/, BAVPR B TE N 24m x4. 5m,

R 3 MR 543 F 7 i 7E Wagga Wagga i X ) Red earth. Subnatric yellow Sodosol Ffl sodic brown clay
(Vertisol) 3 FA[EK 13T k31X 3 FF - HARZ(0 ~Sem) EAMRRZE 1,

F1 BAFE3 M KBEMKBRELE(O ~5 om) BFMR
Table 1 Topsoil(0 —5 cm) properties of three long-term experiments in Australia

A TR 28 HHlk oH LI IR

Site Soil types TN(g/kg) SOC(g/kg) Clay content( g/100g)
SATWAGAL Red earth 0.9 12.1 4.8 27
MASTER Subnatric yellow Sodosol 3.2 34.7 5.6 15

IHSFC Sodic brown clay (Vertisol) 1.2 15.7 5.3 32

1.2 TEEGRE WERSET

2003 £ 8 AR BHIRELRBXEEALIO0 ~5 cm 1 EH L, B/ 8 MRS T BHERRAEHK
RIMBREH, BRFTE TEERE & AT it AR 5 = ) B RS R <

KRR E AR E R R 1A E W E R I TR R AR Rk s R
REFKEFMESILR S 2R AR &, 7334 2 HELL -50em K - 100cm #y7K 775 158 pH (B R B 35
43 R PR o A pH S 5E , 7K (0. 01M CaCl,) + by 5015 et FHES T AP [Ca’* Mg’ \Mn®* K",
Na ™ B &R F R F R 366 B s

TEER I EE YA E R T 48k (Lecol Carbon Analyzer) ; Walkley-Black C(C,5) HYEALR MR
POk AR5 F L EIEIE ; WA HLER (Cy) BTN E R A KMnO, B 4bdk . TIEAPIBRARIITE

&M (Labile OC)  F]7E 333mmol/L KMnO, T ALK A HEK;

FEERK(Slow OC)  Cy5 - Cy;

ek ( Passive OC) TOC -C_;

ABFEHEHE A SPSS13. 0 B HATHR It
2 BRE5Hm
2.1 3MIERELA AIKAHASSE

£2 BR3INMERXELHERE (0 ~5Sem) A VKK AT ENINF RN RESH LK
(S0C) > FH A PK(LOC) > FHAF HLER (POC) ; POC & & LG LB 8 K E 4 Ak 10% ~18% Z|H],
XFRMTEX 3 FRH T HEE 0 ~Sem + 2, HEEAVIBRLIER B BNHDI N E,

£2 BXAE3 MHEXRBRRELRO ~Sen) FNBREASTLALE
Table 2 Effects of conservation tillage on topsoil (0 —5cm) organic carbon and total nitrogen of three long-term experiments in Australia

HYBRAT (¢/ke)

A b BAEYER 2R

Site Treatment TOC(g/kg) 137 B A5k TERAR TN (g/kg)
Passive OC Slow OC Labile OC

SATWAGL DD/SR 20.5a 2.1a 10.2 a 8.2a 1.8a

CC/SB 12.1b 1.5b 6.4b 4.2b 0.9b

MASTER rp 35.2a 6.3a 15.0 a 13.9a 3.2a

PPC 31.0b 4.6b 13.8b 12.5b 2.6b

IHSFC CT 15.8b 2.5a 8.1b 5.2b 1.2b

NP 17.7a 2.7a 9.1a 5.8a 1.3a

AEVNE ZHBFRRE BB F—REA AR A B ZEE R (P <0.05) Different lowercase letter stand for significance at P <0. 05

between treatment in same experiment( z-test)

& SATWAGL, %t/ #%/ f5 7R B (DD/SR) R E 13 BAPLEK (TOC) & B 2R (TN) B&E R TALH
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Yo/ RERT R FE(CC/SB) AbHH, HA B I CC/SB s 5l 8.4 g/kg M10.9 g/kg , AT ~5Sem LEEMTH
BUBK 5. 46v/hm* (F2) , W DD/SR 4bFE 240 JF B ERE T HEREW AR BENLRA SR, Faf,DD/
SR i POC.SOC #1 LOC F&¥ BE® T CC/SB i, K SOC 1 LOC 47y & &5 2A Do B3 & i
92% . FWEZIRLT , b HE A7 XA SR T3 2 HIEA VRS B EBRAEE S oA Ud
ar ko

SBARTE MASTER, 5L4 4 N TEH(PP) B9 AL, EHRB/E(PPC) 12a JF R FEREMR T 1IRREHNH VLK
EeREE(FK2), BR,PP i POC.SOC Ml LOC FEHI R PPC il 1.7.1.2 g/kg f 1.4 g/kg(5£2),
BAYUBREIRAR RF 12% , KB TEZGRE , bR BB B s 5 3 DA LS o S B2
fy 2 SRR B, BRI KR HRIEA S LRAVUR S BHRERE.

7£ THSFC, HAAEHI(NP) RE B AN S BN LA & B 1 &= THFA (CT) LK, FWHfa
SETERBEAVBRMBIL, 735F,CT 1 SOC Fl LOC &2 A& LB A Ik BB KR 84% (£ 2) , 1
PR RERERE DRGSR VBRI RRER,

AT, DEAVBR A RAS SRS EFERBERERRR(r=0.994"" ,n=6) ,FH T EK
2R GEERZIGYR LA D& BRI, T HERB 27028 T BIERE /.
2.2 RIHEEFHEXT 3 # DIERESWRE R

7E SATWAGL,DD/SR ) >0. 25mm /Kt F Bk &8 B & ST CC/SB, H i DD/SR ) >2mm KFa{EK
BRI & &L CC/SB AR 109% (K 3) o RMAGBIIE/FEITRE 24a 5, H 0 ~Sem RTINS
REMNRE T BEHRR,

£3 BAAE3 MCHEARBRELE(0 ~5 om) KREARES
Table 3 Topsoil(0 —5 cm) water stable aggregates distribution of three long-term experiments in Australia

1 P K SR {E 7 water stable aggregates distribution (% )
Site Treatment >2mm 2 ~0. 25mm 0. 25 ~0.05mm <0.05mm
SATWAGL DD/SR 16.47a 45.10a 22.52b 15.91b
CC/SB 7.82b 37.77b 31.44a 22.97a
MASTER PP 29.01a 36.56b 13.76b 20.67b
PPC 16.70b 39.68a 17.52a 26.10a
IHSFC CT 28.39b 34.45a 22.08a 17.59a

NP 37.87a 24.37b 18.23b 19.53a
AEVNE ZHBFRRE BB F—REA AR A B ZEE R (P <0.05) Different lowercase letter stand for significance at P <0. 05

between treatment in same experiment( z-test)

7E MASTER, PP ) >0. 25mm KKt B RAS B0 B E R T PPC, H PP ) >2mm KA M K H Rk
HEWPPC HH 74% (3£ 3) . RS KA TR A i, & B AR R TR E S E ML IR, X
[ UL A P 4 A I A A T4 AR R R IR R

IHSFC B+ 3R —FhfRie T8, T HRR & B, FUBKE, CT B >0. 25mm KREHAREEES
NP ZRIFABE BR,CT B >2mm KEa# KB REF BN BEMKT NP (K 3) . RUETMBHERN
T B RS E ER R IR AR E TR

FEF]—KE 138 b, TOC 73515 K >2mm KRR RAS B ERBENIEMRKR(r=0.96 ~0.98"",
n=6) , KW TARBF T RERE LAV S BN 27— IFEHSKBER T EB N EERN,
BXF 3 fp LIRAAK AR, BANRE R HHAS 5 > 2nm KRHARE S BH LR FRHXRR,
S it R SR RERR T BV BRI Z A, 38 5 TRk & B S WA YRR, R REBHER
Htixt IR GRS R R RI R A R TR B HBRZE R
2.3 FRRETREE KSR ESE pH AXHEHETIE

PHEEIE R R BRE LAE (BD) BN EERRZ — — BN, 2SR BEELRARER
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R, 78 SATWAGL 1 IHSFC,DD/SR Ml NP 32 2 134 R B2 /N T HARIXHR CC/SB 1 CT(£4) ,3%
T RERH T EAIMERBEZE LIER VRS BFRL. SRR s, bR KPRV EIEFRASHB RS
+f7E, 78 MASTER, PP f PPC (/AT 2 5 A0 8, RS AREXNFRE HEABNERE/),

%4 B8, 78 SATWAGL,DD/SR By K HA#FK & (6,_,,.) JAZE R (PWP) B2 & F CC/SB,/H DD/SR
HKAEROKEEH CC/SB B4 4% , KUK N IB/ BT EABRUERERE L ENREKED. #
MASTER PP 522 134 0,_,,, 1 PWP B 3 % F PPC,4ATH PP FARUK &8 R Ik PPC 6% (2% ) , XML
SR N TREMAE BHREXNFRE LBAROKB A M mE R8N, 78 IHSFC, NP RE TN 6, . BE /T CT
B, T PWP BT CT B, BRUKS 2 CT B2 4% , FR M E R R E T ENRKEESH B TH,
LZARMERTEBR, AR ERAS S L EEKHERKEFERDEENMERXR(r=0.996"" ,n=6) , &
HA3% 3 Fh i L EoR kM R ER BIE PR, T M 2 Xt O EN, X T RS 3 MR+
AR SEERA X,

F4 BRAEIMRKBEEARREELROHBE AARKKE AERY. B IEM pH
Table 4 Field capacity (0g—1m) , permanent wilting point (PWP) , EC and pH at 0 —5 cm depth of three long-term experiments in Australia

H b rE HERKE FERH > 60 pm FLERSTTH
Site Treatment BD(g/cm®) 0,1 (2/100g) PWP(g/100g) (%)

SATWAGL DD/SR 0.86b 23.42a 8.16a 45.05a
CC/SB 1.11a 19.29b 7.95b 33.64b
MASTER PP 1.03a 33.28a 8. 14a 21.86a
PPC 1.06a 30.27b 7.49b 23.41a
IHSFC CT 1.44a 20.20b 13.45a 15.30a
NP 1.36b 22.00a 11.42b 16.90a

AEVNE ZHBFRRE BB F—REA AR A B ZEE R (P <0.05) Different lowercase letter stand for significance at P <0. 05

between treatment in same experiment( z-test)

7£ SATWAGL, DD/SR + 338 K FLBR ( >60

wm) &8 BEBT CC/SB ALFN , BiH BB/ B ®5 BEAFE3 MCHEARBRELHE(0 ~5 em) HFLERA 1
FHOR BT LLBA B3 RRZ T RALBRE S &, B A
Tt 1R B EMRE, 7£ MASTER, PP 1 PPC
EILBRE R ZROA B, T B AN LA F LR LR
FEREZENERBARE , FHELFEANTEMRLL
B, B HREXRE R IR AR A K, 7
THSFC, B 4% NP ) BfLBE B& =™ T CT (B2 2 48
6] >60pum FLEREZ R AR, 25 B R,
PRAF T AL 1SR ILBR 2 R BB/ 7541, HHE
TR 3 i A P R H A o B X 1 EE
SALBRH S ABH

TR B AR (EC) FUE AE K B+ KB

Table 5 Soil pore size distribution at 0 —5 cm depth of three long-

term experiments in Australia

s i

H2% EC

Site Treatment (nS/cm) pH
SATWAGL DD/SR 102a 4.47b
CC/SB 60b 4.76a
MASTER PP 238a 5.63a
PPC 106b 5.41b
THSFC CT 264a 5.07a
NP 96b 4.88b

ARNE FHFRTE WA R —RBARLERE BEEE
(P <0.05) Different lowercase letter stand for significance at P <

0. 05 between treatment in same experiment( z-test)

HE MRS, 1 pH ({2 R B+ R BB PR, £ SATWAGL,DD/SR +3RE M EC &
e F CC/SB, i pH {EA) 8 Z/EF CC/SB, X 38 DD/SR #1 CC/SB M/KIEHE AR B A ERE K, 7
MASTER, PP 1382 ¥ i) EC 1 pH {H¥ B3E & T PPC AL, RIAZFA AN TEMB S TRZE LIEHK
AR, A VRS 2 AR A A T ol BRI . 76 THSFC, NP + 38182 /Y EC 21 pH
H¥BERT CT, X FEEH THMIRPHER T a8 R MG,

X F At FHES T, SR HEMERT 3 L IBA M BT AR, 78 SATWAGL F1 MASTER , R [5] By #Fp 5 =X
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HEAFH T EZ B HE T REH R AN ES ., H2,7E THSFC,CT 1) ECEC S 2B & =i NP £52.0
c. mol/kg, Hirp Ca® " 19 & B 1 NP 4B 129 3.0 c. mol/kg, Tij Na* MYIE T £ 0.42 c. mol/kg, iX 2t Fiti
AT ABERRE, 78 SATWAGL,  FARFFBERE, fR)2 L 3citk Ca’* (K" \Na* T RN BEERE,Hh
M AP B 8RN, X2 T CC/SB £Z T pH IEEMNEEEN,

F6 BAAEI MREEAEREELROZTHRERBTFLE
Table 6 Exchangeable and soluble cations at 0 —5 cm depth of three long-term experiments in Australia

ZXEHHRTRESE

HAR A3 Exchangeable and soluble cations ( c. mol/kg)
Site Treatment
AR+ Mn?* Na* K* Ca’* Mg?* ECEC
SATWAGL DD/SR 0.33a 0.22a 0.02b 1.09b 3.65b 0.89 6.20a
CC/SB 0.18b 0.11b 0.04a 1.21a 4.01a 0.79 6.33a
MASTER PP - 0.03 0.10a 0.81 8.96 0.72 10.62a

PPC - 0.03 0.03b 0.61 8.70 0.74 10.13a
THSFC CT 0.06 0.12 0.83b 0.68 8.61a 7.04b 17.35a
NP - 0.11 1.25a 0.65 5.59b 7.78a 15.38b

AEVNE ZHBFRRE BB F—REA AR A B ZEE R (P <0.05) Different lowercase letter stand for significance at P <0. 05

between treatment in same experiment( z-test)

3 itig

A RS S M AR R MR RN, B, S RS, DR RS E AT
., BMERBBEOA RS A HHEEIESE TN EZRE, SHEM VLRSI 1158 & 4= B, 40 B
BE, EESFEEEBERDEAVRS BN TR, T R4 YUK ESUBURA YL X 1 3348 B i
BRI AP REN 3 MARK LB, BHESE R T IEAVIBRS B T K, T HA VAR 44
PR LAIE R RER , RAMM AW EEEES FEANRARN ZL , oM AEcEREE LT
S Ba IR EK, Fit, HESRSE2NED5E RS BNREAEER LR MZEEERNE R
BN

TR KEARERE & 80 LIE N B RS LIRS m R e igts, —BMREA
B R T IR B R R L A BRI E . ABTSAE SATWAGL 1 IHSFC 45 RE &A% 4
PR RSB TR KBRS B B E A M EEERBE TR T, REE D ERN KR K E R
FELEBENTFEFEATERY, XREHEMESHAE G RS R EER VBRI s B A S R H
REGWRE TS, X 5 HEA RS ERNE M X, R, YR %R 2 T BEHRE %N
REWZ ] LIRS B,

PHEE F R LIEATERC, LBE K, (B2, 57 SATWAGL #1 IHSFC {45 REH R HH
RIBEERENEERBE/DTEEHF LIEN, X TEE R I e B AR B S 30, e M ST —
EREMTEERE, RaRELZmE A", A, 22T RATNTABS AR TR TREEEN
AR SRR EEZE AR, A5 &I DD/SR.PP f1 NP X E HEMARUK FEHHE & T4 B X P,
MR RARE LB RKEE N FEZ 3 L EAE VRN, A5 K, 7E SATWAGL,DD/SR 4b
HY >60 pm FLARTLERI &8 BE 5T CC/SB 4bHEY, i MASTER 1 THSFC 45 REUI A3 M AL & 8
HEFARE, XEWRE LIRS A A 5 A 0, 1 BBk =t 3t Ha KA

2% A SRR ALE B2 B SRR i R B AR 2B BT UK , Chan & S B S8 ES R 2 18
(0 ~5 ecm) iy pH BYPEAS 0. 4 57, ARBFSE KL, PPC /2131 pH {H H PP B &% 0. 22 A~ Hufi, 4R,
TR REMER G E ST C& Mg K" S HE T 8, CC/SB fl CT REL I pH AR
T 23w T HARRIX B, F i S 3t AP EREHET ERE TR, ZUHMH TN EE L ERLE
Ml VE F 6 7% RABE SR o
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