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Abstract: Based on long-term conservation tillage experiments at Dingxi in the rain-fed field of western Loess
Plateau in Gansu province, we investigated the effects of four types of tillage methods, including conventional tillage(T) ,
no tillage no stubble retention (NT), no tillage with stubble retention( NTS) conventional tillage with stubble retention
(TS), on soil organic carbon, soil labile organic carbon, soil microbial biomass carbon, carbon pool management and
four kinds of soil enzymes involved in carbon cycling were invertase, diastase, cellulase and peroxidase. Aanalysis of the
relationship between soil organic carbon and labile carbon fractions and soil enzymes showed that compared with T treat-
ment NTS improved soil organic carbon, soil active organic carbon, soil microbial biomass carbon and carbon pool man-

agement index, by 16.3%, 28.26% , 41.88% , 37.04% , respectively. Compared with T, NTS, TS, NT improved the
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soil invertase, diastase, cellulase, peroxidase activities in 0 ~ 30 ¢cm depth of soil, invertase activity were increased by
33.84%, 21.59% , 25.15% , diastase activity by 20.90% , 13.43%, 12.69% , cellulase activity by 39.13%,
17.39%, 4.34% , peroxidase activity by 7.81% , 2.08% , 3.65% . Soil invertase, diastase, cellulase, peroxidase

and labile organic carbon fractions and carbon pool management index were significantly positive correla-tion. With the

increase in invertase activities, it was benefit to increase the concentration of total organic carbon, soil labile organic car-

bon and soil microbial biomass carbon, and the invertase played a vital role in the accumulating of soil organic carbon

pool, soil cellulase has great effect on soil organic carbon and soil labile organic carbon. Peroxidase favourable for the ac-

cumulation of total organic carbon. No tillage with straw cover is suitable for the healthy and stable development of the

farmland ecosystem in this region as an important way to reduce losses for carbon pool.

Keywords: tillage methods; soil organic carbon; soil enzymes; soil labile organic carbon fractions
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1.1 HREER

TR XA T8 b ol TR e T AR X P T
R A K2 B AR LG 5L g0 ul, Ja iRl
PR SR 2 000 m, SFH4 K 390.9 mm,
AEZE K 1 531 mm, 80% PR IIE 2R Y [ K A 365
mm, 25 5 RN 24.3% i IX A H - 39 o LR (1
E4i T 1103 o [ W 2 G YN 2
1.2 REEIT

RIGLR T 2001 4F, FAE A5 X i G —/N 22 #
Vi, JE5 4 A B FEMLIX HHES , 45408 3 YRR,
JNX AR 20 m x 4 m = 80 m?, AL FRFE RN 1, i
YEYI A /N E VY 40 57 &P 187.5 kg-hm ™2,
17 20 em, £ A0 FEEY i 46 N 105 kg« hm =2 (JR &,
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Tablel 1  Brief description of treatments
N b3 Befforik
Code Treatment Operation
1;2/1)*%_[_44: W%q&ﬁﬁﬁﬁéﬁﬁﬁ:ﬁm% > Mﬁ‘&_’%fg@zyﬂ\j‘] 20,10 e¢m ﬂ:ﬂ 5 emo
T 7 ¢ K . After harvesting the crops, the fields were tilled 3 times into 20, 10 ¢cm and 5 em, and
Conventional tillage . .
leveled 2 times before it freezes.
NT ek RAERHEE , FE T SRR AL — UM 58 BB R FIREAL .
No till with no straw No-till for the whole year, no straw cover.
NTS GRS SRR R B SRR NT, WO H S 4F A R AT S0 B 2 T /N X
No tillage with stubble retention The till and sowing methods as NT, but all the straws will cover surface in plot.
. . BT 3008 T, 4655 1 YR ERP R B TEAE DR AT BIAEA L
2 GE SRR ]
TS (BLBH:2 & AT The till methods is the same as T, straw from the previous crop will be sent back to the o-

Conventional tillage with straw incorporated

riginal plot after threshing and then incorporated into ground.

1.4 WEFE
1.4.1 EERAIEEFWmAyMNE TIELH
HL R P A R EP AM A ) 5 36 A L ) o R
FH 333 mmol - L™ " R R AL AL, 7F 565 nm T HL
RIS P P SR ) S 7 T R R i)
AL R BN 0.38,
1.4.2 X3 FERICGTE 7% WIERE N RE
EHARBOTE IR R ETEEL(CPY) = 5L
/2 2% 1A AL Bk T B2 (A) = W& Mk /AR T
PEA BLER s Bk PRI BEFR R (AD) = B PEVE B/ 5% T
B335 B2 5 Tk P2 78 LA B0 (CPMIT) = Bk J%E 4 %50 (CPT)
x BRPETE FE PR EU(AT) x 100, ASCLMEFHIE(T) Ay
5% 131,
1.4.3 ZEBEFHRE FEREEEME:3,5 - 0
HKBMR He kT SRR 1 3,5 - K
R L k) 2T Y RS E 3,5 - RSIEK IR 1L
k7 i SE A S L AR = e ekl T AR
SN A - SRR VR ] AR B e A 2
PRI S K A T+
1.5 ¥IELBSSITHHT

w5 B8 48 1 g3 A 4ok O EXCEL2010 1
SPSS19.0, iz JH Duncan 13647 i 2 K56, & Pear-
son RECHATAHCNEST T o

2SR50

2.1 AREBMEFHEN LEFNBRREERAS

mREEEIEHHRMm

ATEIFEVERE T 398 B WL B3l PERR 20 20
et A PR B 2 A L3R 2, RIS AL
BAEO~5 em HJZERBHM NTS 5 TS W& & T T Ak
P43 %E T AL BRI N T 2.59.0.82 g kg™ '; H. NTS
AOTH T TS Kb, TS b H . E T NT 5 T Ak
BAENT 5 T EZRAEE,S5~10 em 12,

NTS ZbH B 275 T NT.TS. T 4L H, {2 NT.\ TS 55 T 4k
P T B EE 2 5,10 ~ 30 em 2R IHN NTS,
TS AL PE Y E T NT.T AL BE, H NTS 5 TS Zb 3, NT
5TAMEILEEEES. 0~30 cm 2 LA
B R/ NTS > TS > NT > T, 20 BIl# T Ab 34
T 16.3% .7.56% .1.91%

FIEEHA LR 0~ 5 em 12 RIS HLIR
AL R AR £k, NTS TS 40 # 5 3 = F T AL B, 4y
S T AEFEIEN T 1.71.0.91 g- kg™ !5 H NTS 3%
T NTUTS 4B, NT 5 TS. T ¥ AW #. 5~ 10 em
HJZFRIN NTS B3 & F NT.UT B, 0 503 m T
0.76.0.71 g-kg™' ,{H5 TS Kb HAS i 2 ; TS NT. T 4b
PRIE] T 58 5 2 5510 ~ 30 em HE AR >
AR LI B E 2SR 0~30 em +)2 -1
PEA HLBR & R/ NTS > TS > NT > T, 20 5Il% T Ak
FREATINT 28.26% \15.54% \4.59%

ANFIBEZE T S ERUE YR S RS A
PR AL —E, 0~5 em )2 RPN NTS. TS
ARPR S 2 T T AR, 430 E T A BRI N T 99.56,
45.86 mg-kg™'; H. NTS AbF @ 2 75 F NT.TS 4bHH,
NT 5 TS T E R AR E, 5~10 cm 2RI
o NTS 4b ¥ W 3%/ T NTLT Ab 2, 3 B3 m 1
68.41.57.46 mg-kg ™' {H 5 TS kb2 F AN 35 TS,
NT.T AL B3 TC B 35 25 5510 ~ 30 em 2 RIA
NTS ZbF i 2 75 T T AT, A0 T 48.82 mg kg™ !5
NT 5 TS.T LA TC R 2% F . 0~30 em LJEHUE
YRR SRR/ NTS > TS > NT > T, 430 4% T 4b 3
HANT 41.88% .21.60% .6.99% .

AR T, 0 ~ 5 om BREE BRI S T
AOFRIA IR S B, NTS TS A BH 3 7% T T AL 3,
5T A PEAH 43 5138 T 72.9% .43.5% , H. NTS
5 TS 4bH NT 5 TS T AP IC i F 22 555 ~ 10
em FJ2FRIN NTS A0 & = F NT.T &2, 53 51



4 TR XAV BT

o535 &

PEE T 30.91% .26.81% ,NTS 5 TS.TS 5 NT.T 4b
AR B2 7. 10 ~ 30 em L2
FIEVERE Tt X B 2 45 AR B0 i 250 W 3, DR 1 35
T e AR O AR A R ZAE P AE 0~ 10 em 1R
2o 0~30 em HJZERIFEEFIEE/ NN NTS > TS >

NT > T, 3 35 T A PR & T 37. 04% . 21.57% .
6.56% ;3 FIAS [l LA PEBEAE R i AE 6 1% S Bk
PP TR PR R WG T I iR T
LA e

R2 FEBHERE T LEAVBREEEREAS MR EEEERNEN

Table 2 The change of composition of soil organic carbon and soil carbon pool management index under different tillage measures

2V /em g . Eﬁmﬁifz {ﬁﬂ-ﬁﬂﬁi‘ff: . ﬁiﬂi%%ﬁﬁ Tk PR A5 PRAE B
oot o ol organic carbon Labile onganic carbon Microbial bomass carbon Carbon pool
/(gkg™h) /(gke ) ) management index
NT 9.44c 3.58be 178.38bc 122.25he
NTS 11.86a 4.84a 260.00a 172.94a
0-3 T 9.27¢ 3.13¢ 160. 44c 100.00c
TS 10.09b 4.04b 206.30b 143.50ab
NT 9.26h 3.36h 167.47h 96.87b
NTS 10.23a 4.12a 235.884 126.81a
10 T 9.12b 3.41b 178.42b 100.00b
TS 9.41b 3.66ab 208.05ab 110.39ab
NT 8.41b 3.09a 180. 024 100.55a
NTS 8.84a 3.34a 201.49a 111.36a
10~30 T 8.21h 3.05a 152.67h 100.00a
TS 9.11a 3.384 183.37ab 110.82a

TE AR NEFRFRAFA AL P<0.05 K F25% 8%, T,

Note: Different lowercase letters indicate significant differences between different treatments at P < 0.05 level. The same below.

2.2 AREHHERMEXT L+ EEEE A 200
ANFIFEERE I T, 4 Fh 2 55 B4 20 1 1 18 fifg bl
HIE A S B AR R A AL LA NTS NT Ab 3
4 Pl BRI S8 i U2 B R T P RIS, TS T A B
IR TR A B )2 R R BEOR Se B s s, HoAt 3
ot Bt 2 IR T S PR . AR ERS TS 1
HERGARAL FEARILAE 0 ~ 10,10 ~ 30 em T2, &40
PSR A B EMNER, 0~5em 2L
SRR B NTSNT TS 4bBEHY & 2 8 F T Ab
B, o8 T A T 60. 46% . 46. 42% .
35.86% , H NTS Zb ¥ 35 T NT 5 TS 4b3;5 ~ 10
em )2 NTSNT. TS Ab PR & 5 55 F T A HE, 43531
FRE T 22.03% \13.23% ,20.80% ; S5 vE K B FE L
H0~5 cm )2 NTS NT Zb#LE 3 5 F T A FE, 435
PR T 30.67% .19.63% , H. NTS 5 NT 4bH TS 5
TN TR EZR 5~ 10 em T )JEANFAFH[E] 22
FARBE, THERME0~5.5~10 cm FEZEIH A
NTS Zb ¥R 2 & F NT.T 4P, H NT.TS.T &b 2 [a]
ZRAERE NTS B TAPELE 0~ 5.5 ~ 10 em 43542
1 55.56% 30.77% ; il BACDERTE 0 ~ 5 cm F I
4 NTS B3 T T AbEE, H NTS.TS.NT 4bHi 5 TS,
NT. T Lb B2 (8] 25 55 345 B35 NTS #¢ T AL HLAH He ik

FALYIEER S T 11.40% 5 H. 5 ~ 10 cm + 245 4b 7
IR ENERE T, Gat 15 4510 3 FhAR [R5 47 2k
VST AL B, 72 0 ~ 30 em + )2, TIEBGE EBAL S
BHEXIARIFEEE A Frd &, NTS TS NT 2L 3 5 T 4b
FIAH Eb, 70 B B 4> 00 B2 = T 33.84% . 21.59% .
25.15% ; VERY BEIE T 20 88 55 1 20.90% 13.43% .
12.69% 5 £F 4t 3 W 3% 1k 73 48 & T 39. 13%.
17.39% . 4. 34% ; 3 AL W Bl 3% M o 0 3 & T
7.81%.2.08% .3.65% .
2.3 TEEVMBREEEEAS S TIEHREENHE
KT

Xof 38 A ML B TG PR LA U P
TR R EL S 4 B0 S SRR PR BERE ME T T AH G 43
Mra RF I (35 3) , 8B A HLIR 5 16 M MLk
AR R PR R AR IR B IE AR R,
T EREERG ER I 2T 4E R L A AL 4 Fh 2
ETRRAG I il th, 357 12 B S 3 IE A G R 5 T
PEA BB | 3R ) e 5 ek R A R A
AMWFFE I S 2 SRAE R 4 P 2 20 2 ok
SR ARG, AR A PR RS S T HLRR
FAVRH 1 v 5 R WILARR 1 S U B TG A AL
fie 2 435 B A HLER % VI AH 56 S [R) T 8 A WLk, &
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Fig.1 The variation of soil enzymes under different tillage measures
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Table 3 The correlation coefficients between soil organic carbon fractions and enzymatic activities

S B E A B DGR/ ETRTS JERERLE g A W R

g
fibs Total organic Labile organic Microbial Carbon pool .
Index . . Invertase Diastase Cellulase

carbon carbon biomass carbon  management index

i AT LI 0.856"

Labile organic carbon

DG7/bie7d .

Microbial biomass carbon 0.714 0.680

= /s T R

BIEREEN . 0.772" " 0.931" " 0.595" "

Carbon pool management index

TEMETE Invertase 0.746" * 0.821" " 0.604" " 0.795" "

VERIHE Diastase 0.791" " 0.634" " 0.425" " 0.642" " 0.622" "

LFYEZE T Cellulase 0.805" " 0.706" * 0.499"~ 0.622" " 0.598" " 0.786" "

i E LI} Peroxidase 0.610" " 0.381" 0.485" " 0.342" 0.472""  0.529""  0.489""

e % x FORMEAA (P <0.01); » FRBEHIK (P <0.05)(n=36),
Note: * * indicate highly significant correlation( P <0.01); * indicate significant correlation( P < 0.05)(n =36).
DIAFEHHERIE T 0 DI RGP (X)) € k(Y)W R0k (Ya) 73 IR A R AR i AT
WBHEYE (X,) EF4ERBRISTE (X)) G EALPIBIG BB AT, 45 R a5, RERE BT P | 2F 48 = BT
PE(XOIE R A, REEAPUR(Y) RIEEEANL P G S v 48 A B T 3 SO LAk &
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Table 4  Analysis of relationships between composition of soil organic carbon and enzyme activities by stepwise regression equation

LAY [m )51 5 A PRETE ZRHL FH B

Index Linear regression equation Adjust R square F value Signification
BA LK Total organic carbon Y=0.126X, +5.441 X5 + 1.579X, + 2.576 0.766 39.116 <0.01
T A PR Labile organic carbon Y, =0.131X, +2.19X3 + 0.635 0.731 48.462 <0.01
Tk A W EHR Microbial biomass carbon Y, =8.27X, +44.829 0.346 19.512 <0.01

3 gk Sitie

AP ERE T ,0~5 em A1 5~ 10 em 12+
SRR TE VA LR IR Y s bk Sk PR
PRI S e b Al & R AT B 06 W A TR SRHE,
FEFFEHTE 0~ 5 em 12 & & THEGAHE, 5 ~ 10
em LR B R T GAME, (HAR KB EFKF,0~ 10
em LRGSR R TAEGHHE, Rk RE K. 10 ~ 30
em TR SR B G ST H T LA
PR = TAEGERHE | et 2 & T AT 2 5 1o ) o ik
03 B TARGERHE SN , A TR Bt i 18] JC 25 1 22
St o ANFIBEERE T T A LR A HAT HLRKZH 73 1Y
S EEARILAE 0 ~ 10 em +J2, %) 10 ~ 30 em + )2
SN, SR 58 45 R — 302 (H A HGE
KRS FFIA T 9o i 242 e 3 AR & 225
AR SRR AU SRR TSR . A RBHE

it~ L S LA L SR RS 22 £
HEAEHE BRI, s T e HURR R
TS TE AR YA SR ETE A S A AL 25 AN
BEFEAEASTP N T AL IEBIR . A L
B JEAE S 2 AR 5 N TR 28 S AR R AR T A
Wt SRR 3 idf 1 Sl A5 A8 AL G B2, T B Gl 2 W ke
558G YA B AE S S5k 2H 43 v B I BR A
G, 55 A HE AT HUBRA L, oF HL i R B O SRR B
o] (i LR R RO 25, A RO8 2% T3 A
DU i R, A H T LA PR R, N ECEY)
P T RAF AR RS RN B4 8], T A AT o B

ST T o R B R AL T R TR T Y S IR )
T, A T A i b AR A SRR AR A SRR
Yriat s U iR m . BGHHE T, T L
3, R T R HEER)E BAF R S5 AN 3R T AR R
TE S AR T 3K 20, Iz ik = SNEAT L
PR HbFE , KT AR KRR B 2 Wi 1 SR YR
- EHH S HAE Sl Bl 8 R K GRS A5 L

HEE A LR S B3R Y Rk S D TRk
AR I P SRS AR IS AL B R 55 SRS
FFE HALFER ,0 ~ 30 em + )2 KA FEFFAE N ANEA
B - B R 1 5 SR 1 o, 1 75 Al e 45 L4
BB, 2 8 248w, JLHX 0~ 10 em
TEEREINIA ., A S AEBEX 0~ 5 em
EAER B, HXF 5 ~ 10 em 1 10 ~ 30 em + )2 14
B A5 B B S B 5, D B S G B0 i TG s 1
B R A ML A AR U A R PR AN
TR BN 3% S 28T BT 4 AR
UL, A FF B 25 RS AT 38 BB A5 4 - 98 2 45 B4
B, KT R AR Ty 0 - SR 2 ek D ik 2 A R
LK AR A S e A 0 PR e LR

SR GERHER Ho 8, S BB o 5 A BT i DL JeA%
BEREVE + REFTIA0 F 2 n] £ AR 5% b il o 1) 4 B
Z 5iAG A0 L IER I L6 TR 2 1
TEPERE R S B . AR 55 oL AL B
R K P RE - R 208 B, $2 e
TROKPERE AN ZZ oP g J7, Bt 4302 B AL 1 2
hy - HERG AS FAE W Ab A SOV R 3 TR AT R ER
B fE— R ROk T RHE RS R
Ky 2T 4 R A Re A AT ALRR Y i i Ak, )
MU S Y B A BN TR, 18R
A PR AL T S AT BRI A LSRN A SR
PRI PR P LR A KA AR R i e
FUE AEIE OB (4 S B S RE R I 2 M W A
YIAR Z G 43 W AN TG I, DA 1 39 il
AT E I

A8 3 AT AR S LT PR 4 43 R Bk R4S PR
T 5 PR AR DG OC R A IE, F— 20 AR WAk 2 £ 2 1
W7 e DR 1L -5 - S m) A AR B 16
AT R S L3 PR 4 53 X AR FE BIT I 2 1) 4 el
2 5j - Sh A 00 BT P AR T 1 52 B, B P R
TR BT R A v, TS e S AL
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SR HUBR A3 I, L S RERERG AT ZE R B A0 1 T RE
R S R R AN 2T 4k 2R SRR KA 5 o0 A b e e
AR RRURRE , LR S VA LR T2 2 AL B o T
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