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WEL PDEI E3H
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PERHE (edf (NT) | BGHHERFFEHE (TS) MG+ E T (NTS) ) X T/l R +1%
AP, A AR BUEYA Y R A K E RS, SRR 1) X TR S
BEVE, FEFFAA BB EHEHN0 ~ 10 cm. 10 ~30 ecm BHEGHLER . A . A RBAHEY RAS R,
HAPNTSAFEO ~ 10 em. 10 ~30 em T )J2A M. 2R . ZEY) &R GUE Y i B S B BRAL G HHE
MR E28.27% ., 114.16% . 13.51% ., 49.14%K139.86% . 98.05% . 10.78% . 40.72%. 2 ) BRITHI]
(26.42% ) . ZIHEIT (19.86% ) FILLIAT] (19.44%) 0B b A X & G AEARE R G0 IR A R ) 12
PEBAFIRE, NTSARIE T RRAFE ] B A TS G B 1) B AL G phVE B 2 38 935.11% . 33.77%H0
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HEE L F i Eunice Essel

W, AR T RS R R
X HE1R
FESES S154
IR Y R A S R S P R O R AR

g5, MAERRGENYIRE S 0 RSk & 15 4 AR

U Hoh R AR E L, BRZ, A
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Z 5+ EAEYACETEAR, WS 6 sAa YT,
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PR . WIRh ZREE TR SE, LA E R R B ERS
Tl AN R I R S A R 22 5, AR AR
TS RERRMEG BT IS S

1 MESITE
1.1 HREXER

AHIEFE T 2016476 Ar T H R 8 4 T 28 5
BUWH N AL K AR 23 & S sl BEAT, P

MEFE 1] 2 AR B 4R T 200 14E . 1% IX & P iR 21
TR PEX, KB4 EH592.9 kl-cm™, Z4F
I H BRI B2 477 hy AEHAE6.4C, =0CH
A2 934°C, =10CHIR M2 239°C, 4EXTCFEM
140 d; Z4FEFHREKE391 mm, 4EZE KA1 531
mm, AR A AR IR A X X N
WA+, FRRE, LR,
K PEfE R Ao 200 14 F1201 64F B & + 3 %2
FRALRRPE L1,

Rl ARETJEZBUFNE

Table 1 Physical and chemical properties of the soil in the studied area

ey =3/ A EERIR TS st A Rk A
Vear Layer pH Bulk density Organic C Total N Olsen P Olsen K
/em /(g-em™) Ngkg™ (g-kg™) /(mg-kg™) /(mg-kg™)
2001 0~10 8.35 1.26 7.54 0.86 12.6 339
10 ~ 30 8.40 1.32 6.93 0.78 4.9 244
2016 0~10 8.33 1.06 8.56 1.11 16.3 254
10 ~ 30 8.37 1.10 7.38 1.02 12.6 232

1.2 IRt
TR AR/ N g AU T8 Fe A T (B -/

2. INEBIE) . ST alaN b (R2) , 3k
HE, PAXMHIOmM? (4mx20m) , FEHLXAHH,

2 HIGALIE R RDHER

Table 2 Description and code of the tillage treatments in the experiment

&5 Code Ab ¥ Treatment H AL Practice
BT ZEAE NS =B P RE, B8 H WSOk Ja EAT 285 L OB, 8 A TR A9 H 7 itk
T g PHE T2, 3UCHHE, PHAMKN20 cm. 10 em. S em, 9 M 3G BELIK,
10 A 4 ¥4 245 1 4 1 IR
NT St SAEARHIE, FEAN N S B AL — Rk 52 B JIE 4 A
TS e GEBHE+RE AT H DT SRIT, (ERE ST LUK T A B AR RS AT N £
AR R M e 4 , : — U5 I UEE T LI .
NTS R AP WIR IS 2 ek, AR R L — Utk 58 SO IE IR Al, WO IBURLIS (¥

YEPIRE AT B S 708 S5/ X

FNEFZE187.5 kg-hm™; BILFEEH100
kg~hm'20 FATHE20 cm, BEATHE24 cm, IR
KT emo. H/NEHBNABEIA T, THTHRE
8H LAk ; WG T4H LAaEsh, 7THHT
AUER . /NE AL BIE A 105 kg-hm™, P,0,105
kg-hm™; Bi 54540 BH %20 kg-hm™, P,0,105
kg-hm™?, FEFIFESLACER M . K8 H /N Ry

CETT405T , BiE MO “gfR25T .
1.3 HmRXESHH

IR CRE T20164F4 A BT i, XLk A
BERAEFN/NXO0~10 cm, 10 ~30 cm +FE, 43
JFIRAEREMRERY), /N RR M (4
244 BE ) 1 —FR 4 H ) 57 2047 A kA A [0S
5= -80CARAE, FTForhr LI 4549
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— WA M SR E, 4CRAE, HTIE HHEA L
fik (SOC) . LR (TN) . HIEMAEY EY &
ik (SMBC) . HIEHAEYAYEAR (SMBN)

SOC*®HK,Cr,0, -H,SO, % 1k 4 hin #4321l
UL REA R (TN SRR MR T IRk
£ SMBC, SMBN SR F 7 i 4 R 4 1) HE 78 1
WsE 0.5 mol- L7 K,SO 4RI, i BB I AR A
BEA AT (Multi C/N 2100S 78 [ HE % ) il 5 .

T+ A Y DNATR BCR I 22 [E (MOBIO Power
Soil DNA Isolation Kit)5# 77 1+ DN A 41 Hit i 7
& o H MR & UL B UETT o FHO.7 %3 B B BE i
FL Yk - HEDNA () 58 3 R A7 K

TIEANF 16S rRNAFEK V4-V5H]4E X PCR
P3G DI IR AE IDNA R B , S15F(5'
-ACTCCTACGGGAGGCAGCA-3") Hig806 (5’
-GGAC-TACHVGGGTWTCTAAT-3") N5,
PCRY M 16S rRNAILHF FH I V4-VSIX
PCRY MHF: 95 C5 min, 95 °C1 min, 55 C
1 min, 72 °C 30 s, I5MEH; 72 CIEMT7 min,
PCR™ W) 21 .8 % B R MEHE I AL UK A U 5, *F16S
rRNAFLH 75 V4-V5 X i id [1lumina Hiseq - & #f
f7Paired-end JF .

1.4 HELESSH

Paired-endillJF 13 2| FYPE ReadsH Jo i 4is
overlapk R PHEZ N H M Qiime A1 Mothur X}
TEFE b0 F 9 SEAT 1 e R R AR LT 8k
Je X5 A 5 A0 A AR L = 97 % Y K F EEFTOTU
(Operation taxonomic unit)¥R2s, Jf#|H Greengene
Kol U BEAT I R B . SR Mothur gk 5 40
T R E EF5 %0 ( Observed species?f #UMIChaoth
) MR (FRIEBONEERIEE) |, Wl
JPREE FHHGood-coveragefs 3%/ ; i H R R4 %)
OTUF B 17 E /438 (PCA) IEHIEL, FIH
SPSS 19 #4777 22538 LA M /38 . HIERUED)
SDNAW PRI, T 23 0 o 4 0 B AR R 4
A BRA F 58

2 4 R
2.1 TRBHERE X8 % T IR AR

3R, AT SR %0 ~ 30 em )2+
HEAYK (SOC) | AW EY &K (SMBC) |

LA (TN) FAEYEYREA (SMBN) &
YR R s B A S A K, Bk sk Ak
10 ~30 cm +JZISMBCHIO0 ~ 30 cm 1 JZSMBN
TR A B 0 KO, BHE . R AR R A M ELAE
BN XFSOC, TN, SMBCHISMBN i A 52 i A i
F. R, £0~10 cm T2, FAHESOC,
SMBC. TN, SMBN& & 2 HINTSA I HE K, T,
NTAH /N, NTSHT, NTAAHERRE, 5§
TSERARE, NTSLF FSOC, SMBC., TN,
SMBN & 8 TAL 31 3 51 42 :128.27% . 114.16% .
13.51%, 49.14%; 10 ~30 cm+JZSOC. SMBC,
TN. SMBN& & [ RENTS AN 5 5, TAMFRF I,
NTS4EBEFSOC, SMBC., TN, SMBN w# T4k
PR 942 7539.86% . 98.05% . 10.78% . 40.72%.
22 FEHEHEN TIBEAREZIERMS M

kAL

Observed speciests ¥ fChaotis £ MLFE &
RV B9 BE, HCARDBR R 3R B E V& W i) 8 5 B
F o AR HIOR o2 8 B A8 B R A TR A 7% 2 AR
FE, BAAGECR 3 AR BB, LRV 2R
T o

A R VE H5 3 4T 0 ~ 30 cm - HE 40 VR 10
FEMZHEER S (%4) , HERAH, 10~30
em BB F S BUM Z BEPEFR UK T0 ~ 10 cm
- A R VR 2 R VRS B, HORS A B R A0 X
0 ~ 30 cm - 5 40 & FE 7% = 55 R0 22 4 4 5 e R T bk
YERLNE, H BN A% . [FIES, 0~ 10 em 34
TR E (Observed speciesf§ 4. Chaofg %t ) Al
ZREPEIR B (B RIGECR 5 R85 ) NTSHes, T
EUNTHAKHNTS, TSS5NT, T2ZRE# . 10~30 cm
- 8 A1 T RE T Y T R R 2 R PR 4R B/t R B A
[l ¥, BINTSHE K, TSIRZ, NT. TH/h. £
WIFSFF A s ae AR FEEE B2 0 ~ 30 cm AR
BET I F BRI 2R, U R S B A A 2 55 AR
et
2.3 FRIHEERE TIEAFOTUEE RN

ANFEHAERE X0 ~ 30 cm 1 IE4HHOTU
sz an (#1) o ERSrPCIA E L/ PC2AIHE:
b 25 S TR R W N 13.29%415.83% , A itik
19.12%, Z2Z5 M FERIE, LLX2A 5 R Ak
Pl R 2 B 4k A bR R R, 45 AL BRAE 2 LAY 3 BT
B Foafizsi®., 0~10 cmtJ2H, NTS, TS
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R3 HHEHEEXT0~30 emt B HIRBHMERKAF I
Table 3 Effects of tillage practices on physical and chemical properties of the soil in the 0 ~ 30 c¢cm soil layer
b £ HLEE SOC WUEY A=) ik SMBC 4% TN WA ) MBN
Treatment 0~10cm 10 ~30 cm 0~10cm 10~30 cm 0~10cm 10~30cm 0~10cm 10~30cm
T 8.56b 7.05b 102.2b 91.66b 1.11b 1.02b 14.00b 13.36b
NT 9.55ab 7.69b 124.2b 110.5b 1.15b 1.01b 16.19b 13.72b
TS 10.44a 9.14a 185.8a 165.2a 1.18ab 1.06ab 17.29ab 16.82ab
NTS 10.98a 9.85a 218.9a 181.5a 1.26a 1.12a 20.88a 18.80a
Tillage(T) ns ns ns * ns ns * *
Straw(S) *% *% *k *% * * % *
TxS ns ns ns ns ns ns ns ns

W F—3h T RN PR A PR A B 2R (P<0.05, Tillage (T) FERHHESRNE, Straw (S) FnFi AT #5200 ,
T x SERMHERMFEFFE G LAY . %" FORBMAE0.0S/KF [ EE, =7 FIRFUVFE0.0UKI- W3, “ns” F/Rsg TN T

&M, TIH Note: Different letters within the same column indicate significant difference between treatments (P< 0.05), T stands for

Tillage effect, S for stubble effect, and T x S for joint effect of tillage and stubble. “*” means significant at 0.05 level, and “* *”

significant at 0.01 level. ns: Not significant. The same below

F4 TREIMHERETO~30 cm T IEMEF F IR B S HMIRH

Table 4 Bacterial abundance index and diversity index of 0 ~ 30 cm soil under different tillage practices

+ 2R b P Observed speciesfid 5L Chaof5 %t VI FEFRAE AL
Soil layer Treatment Observed species index Chao index Shannon index Simpson index
0~10cm T 1 146b 1 583a 8.44b 0.991a
NT 1 183ab 1631a 8.40b 0.989a
TS 1 167ab 1572a 8.43b 0.990a
NTS 1 198a 1 632a 8.60a 0.993a
T ns ns * ns
S . s . .
TxS ns ns ns ns
10 ~30 cm T 1 189b 1 606b 8.64ab 0.994a
NT 1 166b 1612b 8.60b 0.994a
TS 1 232a 1 656ab 8.73a 0.994a
NTS 1 244a 1710a 8.70a 0.994a
T ns ns ns ns
g - . - ns
TxS ns ns ns ns
AR FRER BT, 7 FPCLAEX I MPC2MIE RN kA Bk,
i, NT, TABA FPCIAEHXIAPC2AIIE R 2.4 AEHIEEET TIBAFOUTE ZER AP
fif. 10 ~30 cm+JZENTS . TSHINT., T4bE4) i B A

., NTS. TS{i TPCIFIPC2IE{HIX ], NT. T
TPCLIEAH X APC2 i fH X, X —Z5 3K I,
FEAF IR AL PR 0 ~ 30 ecm T IEAN RIS /0 A 5 F

wmE 2, ANEFERFEEXT0 ~30 cm )2
TIHEAFHOTUR A EEW, 0~10 cm+ /27,
T. NT. TS. NTSAHOTUSM M2 355, 2 271,
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® 2T10.30
< L NTS10.30]
= NT10.30
“TS10.30
T0.10
x “NTS0.10
#N10.10
*TS0.10
o | . v A
(=3
x
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ha’ o
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v
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o
~
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4
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=
1 1 1
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PC 1 (13.29%)

1 RFEHHER 0 ~ 30 em AN OTU 3 WL 443 Hr

Fig. 1

T0.10

TS 0.10

NT 0.10 NTS 0.10

Principal component analysis of soil bacterial OTU in the 30 cm soil layer relative to tillage practice

T10.30

TS 10.30

NT 10.30 NTS 10.30

F2  AFEHHERT0 ~ 30 cm T EE4IEOTU T LA

Fig. 2 Soil bacterial OTU Venn diagram of the soil in the 0 ~ 30 cm soil layer relative to tillage practice

2371, 2523, ¥4 0TUN62, 107, 59, 113, &
LR FOTUNT 728, 10 ~ 30 cm + /2 HENTS
WFEOTUR %, M25474; NTH/D, N2 432,
T. NT. TS. NTSAFEEEAOTUS HI 61, 65,
89. 105, EMZLHEFOTURCHT 789, FIHGHE
Fili A i A R T 1S S A B A
2.5 FRIFHEER IR SER RN
ANFEBAEREHE T 0 ~ 30 cm 3 HE 5 & @ =l
JP ARG 20 TT R A o 250 (|3 ), Hop &
FARBKBENRFTE ] (Acidobacteria), ZFTE T

I"] (Proteobacteria) MIiLZ &[] (Actinobacteria),
SR N26.42% . 19.86%
19.44%, HRZESZEI] (Chloroflexi)., #
A ] (Gemmatimonadetes) . P E ]
(Verrucomicrobia) HIFUFF# ] (Bacteroidetes), 4
MHN10.98% . 6.43% . 6.38%H16.27%, FIAHI]
b A L BIAE RN, BI/NT1.0%, KB5S 4
T 1170.4%

AEBEERS X0 ~ 30 em -+ HEN B 52 24 3
e (RRAFRTT. W], RZmW]) 4550
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0.03%
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&3

Fig. 3 Proportion of soil bacterial community distribution at the phylum level

mEAREYm (K4) . EFR, 7€ 0~10 cm
+ 2, KPR E T H A RN
TS>NTS>T>NT, TSS5NT., TF AR B E, 5
NTSESFANE I, MELHET. MAFE TS LB b
B 5 e 30 . NTS>TS>NT>T , NTSSNT. Tkt
2R B, STSAMZERRNEE; NEVERE
JEXF10 ~30 ecmt 2, AILET] . MLETT. R
FEHET TR 50 ~ 10 em 2 A0 A —3, 1
R ANTSA R, THAL, NTSHTA 2 &

@ Acidobacteria

@ Actidobacteria

0 Arm atim onadetes

O Bacter oidetes

@ Candi date division TM7
@ Candi date division WS3
& Chlorobi

@ Chloroflexi

@ Cyanobacteria

@ Elusimicrobia

B Euryarchaeota

m Fibrobacteres

@ Firmicutes

o Gemmatimonadetes

O JL-ETNP-Z39

O Nitrospirae

@ Planctomycetes

@ Proteobacteria

B SHA-109

@ Venucomicrobia

@ Other

1153 AT L b A B R 9 43 A L 451

B3, RHEHFRAES R ERAET0~30cmt )2
AN P AR B

W UL b A5 2 0k 3R AL 5Bl E BT R i A SR
MG MEE0~30 cm+ 2 RITHEIT. 22
BT BT &5 b RN R R
NTS>TS>NT>T, HHNTSAb B 4 33 40 5 A1
WRRFFET] . BB T8 T4 243 5
PE35.11% ., 33.77%. 30.17%, HZEFiA3 W%
K

35% r @T @NT @TS ONTS
a
30% t — &
s ooe | e SR = : . ]
= N ab |- 4] = @ ab 2
§ § 20% F % ::: b b :: ::: ::: .\\\E :: ::
| § = = 5;5 5; -
g 2 NE 2 = NE NS 5
& & 109% | N[ = = S| N =
] = NH = = N N =
2 e R x -] R -] {1 =
TE | % ] = ] % ] % = =
E N[ = = N N[= o
g A = x | e | el =2 K ; X
FBRAFHITT BIEHI] THRHI] FRAFHITT BIEHI] THRHIT]
Acidobacteria  Proteobacteria  Actinobacteria | Acidobacteria  Proteobacteria  Actinobacteria
0~10 cm 10~30 cm
K4 RRIFHERS T A v O AR e A5 4 5 4 A

Fig. 4 Community structure and distribution of the dominant groups of soil bacteria relative to tillage practice
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26 TEEXEBUMRSEERESHMENE
XKHE
AN IRV ERE I - SRR R o 5 2 TR 2
FREUWACHE (£5) , 45REWISOC, SMBNE &
4155 Observed speciest& 4. ChaotS 87k 15 %

S BB IEAH G, TN, SMBN{ & 50bserved
speciesfEEUFIF AR B W IEAHDC, RUIPE & 1
AHlik (SOC) | WMAYAEY &K (SMBC) . T
2R (IN) MiEYEYEA (SMBN) SEAF] T
TIEANTE IR 0 B S AT

RS HBEBEXBAMRESEEEESEMEHEXE SN

Table 5 Correlation analysis of soil physical and chemical properties and bacterial community diversity

Observed speciesfit £ Chaofi % R FHEARIEH
Observed species index Chao index Shannon index Simpson index
A HLERSOC 0.775%* 0.749%* 0.480 0.696*
WA L) ETRSMBC 0.714%* 0.719%* 0.425 0.656%
A% TN 0.662%* 0.416 0.658%* 0.568
WA EYERSMBN 0.617* 0.049 0.698% 0.442
3 3 i NIOp/IRVSS e 0 R G S 7/ LN S B 7 D iiee oA 7 I DA EE A

3.1 ANEIHHERE b X B X B R R
A LR . R R . RS R RUE
Wi R R RN T, AR
W, A H (NTS. TS) MIIESGE#ES
AT A, MEY R . HESE MY
BRI BRL. PR 0 T LR W S AR R
FH B $iE i 4 18 36 2 G WLAR AN Bk 2E 90 26 0 o B R
L, X AR R HRE AT R R AR B
VEWR > T XA 3R B2, Db e iR 2 - 4
SR EMBINLE, W T A LR B AR
e 2T ELRS FRIE IS T A AL R A, A2
T RIEMAEY OGS, [ 2 R A
A LR, MRS T IR LR . R AR
PR SR
3.2 HHEH M DIRAFE B SRR
MOTUR K Venn &l 1 F 1, HHXF T 14 48 bF
1B, FEFEE AR 70~10, 10 ~30 cm
TR B MR, ERRA AR 2
MR, oAt AR A S o S 5 (R
FRFFRATT . AR TE BT TR B 1T R B v v 4 s S IX
HGRNER G RN A EE AR SRR, SBEREFT
BB N ERFT T R TR R AR
G B E 2 3 7 35.11% . 33.77%M30.17%.,
JE R R G A 348 B A Bl A 4 14 A 3 Bh AR IR L A R
PEAE TR, R T R R E Y BE

VRS AT R BRI . [FIRS, RS AR A R T 4
Ak . BB R R, g T I
PIERPRR P AR T S W 0 2 R
TR .

Z VRS BUR VRN T I A W i I & A
ZREPEME SRR, =0 2R FE BOER W 1)
RIS R R L AR SRR,
FEAF A HAREE (NTS. TS) T HHE4N5 F & & A
ZFEPEFR 8L (Observed speciest %0 . Chaofg %% .
TR E . ARG E) YR T gl b ffg
GimkE, Hik®I 25 8 E/KF, R0 ~30 cmt
HAMETE P EEMEEMES T0~10 cm, X5
Dick "2 LG HEIE FAR 1 39040 81 BE V% 00 22 Rk B
B a2 SR D AR AT AT AR T A A R
ZREPE A s B R 4 R A — B AR RS AT IR
FJi g - S e e 0 £ i 0 SR T A HLBE IR 8
UCGE T AR AR ARSI R, B R
W 0 AN, ARG B Bl
1R - A ARA, X R SRRV Y B ) A U R
Wi, BT 2 355 A 40 11 = 5 3 R A 07

4 %5 B
FIX TAEGRE , ARIP P HEAE opofs FF 8 R Y

BEHEMT0~30 cm b JZHHEAPLER . 2AEE,
WA A A TE s A T 3 2 A BRIE A AR, 42
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T R R R E R A, SRR T
0~10 cm, 10 ~30 cm+ )2 40 F & B8 50
ZREERR R IR, SR RS AT o T A AN T B
FRRERRAT IR . TSR BT R BT 3 B R AL Gk
PR S Rk, FEBE T R X HE DL R A
B35 R DO T REVE RS A ) T 18 A S 2R
fE . P AN RV T R 2 RV LAY AR )
TEPE, AR IERO AT RS K R
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Effects of Tillage on Soil Bacterial Community in the Dryland Farming Area of
Central Gansu

DENG Chaochao LI LinglingT XIE Junhong PENG Zhengkai WANG Jinbin XIE Jianhui

SHEN Jicheng Eunice Essel
( Gansu Provincial Key Lab of Arid Land Crop Sciences, Gansu Agricultural University, Lanzhou 730070, China)

Abstract [ Objective ] The objective of the study was to investigate effects of tillage on soil
bacterial diversity and soil properties in upland under a wheat-bean rotation system. [ Method ] A long-term
stationary field experiment was started on tillage in an upland in Central Gansu in 2001. The experiment
was designed to have four treatments, i.e. Treatment T (conventional tillage), Treatment NT (no tillage),
Treatment TS (conventional tillage with straw returned), and Treatment NTS (no tillage with straw
mulched). [ Result ] Results show: 1) Compared with Treatment T, Treatments NTS and TS significantly
increased the contents of soil organic carbon, soil total nitrogen, soil microbial biomass carbon and soil
microbial biomass nitrogen in the 0 ~ 10 cm and 10 ~ 30 cm soil layers, especially Treatment NTS, which
increased the contents of soil organic carbon, soil total nitrogen, soil microbial biomass carbon and soil
microbial biomass nitrogen by 28.27%, 114.16%, 13.51% and 49.14%, respectively, in the 0 ~ 10 cm
soil layer and by 39.86%, 98.05%, 10.78% and 40.72%, respectively, in the 10 ~ 30 cm soil layer; 2)
Acidobacteria (26.42%), Proteobacteria (19.86%) and Actinomycetes (19.44%) were the main dominant
groups of bacteria, accounting for 26.42%, 19.86% and 19.44%, respectively, of the total population of
the soil bacterial community in the upland. Treatment NTS increased the abundance of the three groups
by 35.11%, 33.77% and 30.17%, respectively; and 3) Compared with the traditional tillage, the three
conservation tillage practices increased the soil microbial in the 0 ~ 30 cm soil layer in Observed-species
index, Chao index, Shannon index and Simpson index, and the effect of treatment NTS was the most
significant. [ Conclusion ] Therefore, conservation tillage practices such as no-tillage with straw mulching
would not only increase soil carbon and nitrogen sequestration, improve abundance and diversity of the
soil bacterial community and soil biological activity, but can also promote sustainable development of the
agriculture in the dryland farming area of Central Gansu.

Key words Tillage practice; Straw retuning; Long-term experiment; Soil bacterial community
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