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XUAARAE Y BRSE T A W) 7 35 64 R RUAS [ 7 25 5 %)
A PP - S B A 40 R T 1 1 s e A R G Ak B
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S ST AL T 3L R B B, LA R 2 &
TS — i 250 A % s e S A A R B
BB T IR — 25,
Wb, A N 4 T b T i 7 5 T X R R R
FRAE RS2 | e IO I B 4 5 T H DL 4 F 2R el b
Fe T A ON I 5E X4, W PCR-DGGE 5 168
rRNA FE PR 58 BRI 3 1) 7 vk 48 55 AN [ 7 25 15 it XoF
- SN BEE S5 F S R R R RS SR A
AR AL, 48 7R HOGT 1 96 B 55 1 ) [N R AE S A8 AL R
T, Ay M T A S R A A 3 AR v A B
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1 A %

1.1 e XHER

N i ol TR 5 Y T = S R s RN )
SRR TEA T, 1)1 B A Jh 8 4 g SR
B i E (359337 =35°54'N, 109°18' —109°47'E) , J&
TR BV KRR %, P 1100 m,
AR 9. 2°C, H BRI % 2552 h, KT 10°C A
3040°C , ZAEEHREFR 576 - 622 mm, H FE 4+
T 6 -9 Ay, 4 i 4RI = 1Y 80% , EA MLl
IZETPE T4 AR A b T RS SR i+

(Malus pumila Mill) , i FPoRE 2 5 BEA T,
FIAEE R 2.5 m x4 m, TR E+BRER
TSGR B AR ) BB | 3 b SRy il - 350 i
FRAE P BN . 338 pH7. 85, HIEAE 1.35 A MUK
6.3 g/kg FHAHA 17. 88 mg/kg BALER 110. 7 mg/kg .
AL 4. 47 mg/ kg,
1.2 Rt
RIS E 4 AL B F 2006 4F 9 HIFUh 1 &

(1) 4 5B 3 (Grass mulch) ;2006 4E R S2WR 5, T
/NX N BIAE = 5L ( Trifolium repens L. ) , B 3 4F
FAREF, U ORI AE B N = A e B
R (2) 75 FF 78 55 ( Cornstalk mulch) ¢ /N X Ml 6 7
DL KRFEFT, 249 30000 kg/hm?, JEREZ) 10 - 15 cm,
FEFFT AR 3 H v a) R AL T SR Al 5 (3)
MR 55 (Film muleh ) . TARBFT I3 3 4558 80
em [ €3 B SURHIERR , T 76 A 3 A SR B 5 I
PR 5 (4) Rl (X R . CK) o /N X L R AN R4 T4 T ]

o B E 3 AN NXEFEIN16 mox
16 m, £/ INX HA A B it — 30
1.2.1 HIEHERRE GRSV S /DX e K
PIELAR T 3 BB, T LABRIC, 43I7E 2011 4F 5
H A (45383 : Young fruit period) .7 H FA] (K
. Fruit expanding period ) 1 10 H T ) ( 5 244 .
Mature period) , FEARICAUR N EEEH T 1.0 m A£47
ARACBERLIE B, K BRI w5, AR ERS -
15 em L2 E4E, 2 s BURES SR A 38 AARicar i)
SREAET BIBR AP FAR RS A R R AT 0 A
Z9, 38 2 mm NG, T - 80°CIR-AF, 1 JA N 58 i 1 18
A9 5 DNA AOHEHL,
1.2.2 16S rRNA EF V3 5 X #18. + 3R
)5 DNA A9 $2 BN F 1 458 DNA /)i 32 Bl 5n) &
(OMEGA USA) , HAREEAE A S WUl Bl 1, 3
fAE Y 8. DNA B2 EU™= W) 25 0. 8% Byt I W58 IS L Tk
K, T - 20°C R . APPSR I E X PCR 2
Y AR 16S TRNA JEH V3 X BE, S 51 P xt
27F/1492R (R 1) ¥ HE4H 1A 16S rRNA [N &K )7
%), 2 M8 Nicomrat 25 {77 1 PCR 724 ) Fl DNA
atifb G R) & (AR, dbat) BEAT 4k Rk, 75 LA
I TS8R, A GC-338F/S18R( 3 1) M54
P88 V3 X FEFI (29250 bp)'*' . V3 X PCR #1414k
Z:10 x PCR buffer (¥ Mg®* )5 uL,dNTPs (4% 2.5
mmol/L)4 pL, IE M5 (5 pmol/L) % 4 uL, #%
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2 DNA 2 plL,TaKaRa rTag(5 U/pL)0.5 pL, %M 78
KFZEIIK ZE 50 pL; N FEJF.94°C 5 min; 94°C
1 min,55°C 1 min, 72°C 1 min, 30 41@‘%;720(:

8 min, BN TAELEE 3 ANEE ST RN
WHEENE DNA [ R4 AR50 G kA7 i tifk , [l
PEYMRATET -20°C T DGGE 20 #r

= 1.PCR ¥ 3&FT A1
Table 1. PCR primers applied in this paper

Primer Sequence (5'—3") Length/bp
27F AGAGTTTGATCMTGGCTCAG 20
1492R GGYTACCTTGTTACGACTT 19
338F ACTCCTACGGGAGGCAGCAG 20
518R ATTACCGCGGCTGCTGG 17
GC clamp CGCCCGLLGLGLGLGGLGGGLGGGGLGGGGGLGCGGGGG6 40

1.2.3 THEFEERKBXR(DGGE) : i Hl Dcode
Universal System ( Bio-Rad,
Hercules, USA ) i 47728 M4 BEEE IS HELTK , R TN M It i
BENE e & 8% , 72 P B Y5 L O 40% - 60%
(100% MYZEMEFIAL 7 mol/L JREE A 40% 58 T
WEE ) o KA ZH R 0 5 A A 1 x TAE 22 i
(1 L DK v, BRI 60°C I IF AR A K 28 1] Wi 2
FBEEE %8 PCR 779 (£ 300 ng DNA) TR A 4 pL
6 x loading buffer, S8 J5 i 51 2 FAESL, HIKAESHE
it 60°C A1 120 V ALK A5 PF B ALK 12 ho HLIKEE
Je N BUT BEROF R BEIR IR I AE GelRed FZRYLEL
(1:10000) F3REE Y5 1S min, R J5 W H Bio-Rad %
B AR ZR GEREAT AR

1.2.4 DGGE & = W #0753 47 : 7555 ST
TR DGGE BERE &1 73 B B . | B 4 e O I 3
ST AR A HEA T ORI DI A 1.5 mL 9 TE
REOE T A 30 pL () C R 2K ,4°C fRAF
B, AR LI DNA OB A & GC e Ty 51
Pixt (338F/518R) EATH 4, 4 7=y 48 [l Wie 4l 1k
J5 FERE 2 pMDIS-T #Ak, 37°C i i H: 57, HI 24038
FI5 14 M13 #E17TT% PCR $0IE, K & IE#fdH AR
B T R TR R 1 R T HEBE L ( R ) B 5 AT R W
HEAT R A A , W45 7 91 $2 58 2 GenBank ¥4
FIJH DNAstar 7. 1 FA%F Z3 B8 ¥ 50 P4 v (1) 2447 51
FIH RDP ( Ribosomal Database Project) % 4} J&E h
Sequence match & J¥ i 17 4f 7 7 2& (http ://rdp.
cme. msu. edu/seqmatch/seqmatch_intro. jsp) . SR )5
5 NCBI ( National
Information: http://blast. ncbi. nlm. nih. gov/Blast.
cgi ) B 22 v A S AT LR A5 BT 5 e v 1)
51, NI MEGA 5. 0 4008 BT 7781 (I 5 1781 B H:

Mutation Detection

Center for Biotechnology

[FE P 51) #E47 HexF, R F 4B 4% 15 A1 Jukes-Cantor
Model ¥ R G KB R .

1.2.5 HELERSGITHH: W H Quantity One
(Bio-Rad) 314X DGGE I3 b 4545 (1 07 & A1 5 B
TR T MR ZE I3 (UPGAMA ) 5 2 +F
PEFEEC (H' . Shannon-Wiener) . FEERE(S) .15
SIEERREL(E) o B CANOCO 4.5 BEATRR AT
S3HT (DCA ) X6 AN [ Kb B3 240 T 3 7 25 40 AT HF I
20 AR RO I A 48 B AN A 2(1)
(2) AT

H’:—iPAmR) (1)

E = H'/InS (2)
Ko, PO R — RS S i Rl MR SE B S
HH—FEE SRR (OTU)
1.2.6 ZERFFIERS. k)P 5I 1 GenBank
BOE 7 515 55 R . KF649162-KF649183

2 HRFnpH

2.1 THEEE 16S rRNA E[E V3 X DGGE Elif
ST

ANFE A BT +HEA0 T 16S rRNA KK V3
X DGGE Eli&an &l 1 fizs, ¥kif 1 - 12,13 - 24 Al
25 =36 Zr il F SR L R R | BT 4 B
M IER RS, B RS 3 N EE, M
bl 5 U 3 e WA/ Y A (S
(OTU, operational taxonomic unit) , 257 % H 1Y £ &
ST GG A 22 R R A, 2Rl A5 B R B T %A
BERARXS 2, N DGGE B3 ] LA Y, A [a] + 35
FES TR 1 S5 B B BRSBTS
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X FE U S A 8 A D R I 2 R A7 7 s RS SR A
BRI &L TR, £ Quantity One BE
W AT 3% DGGE Bl £ Ak 3 B A1, 36 >+
HeRe L AR 5] 70 RS 4 R (OTU) (E 2)
X DGGE B3 i85t (A - V) AT P15 [l
JP (L) a2 4 6 AN [ 3 a5 A B0 RAS [R) S 5
B WA TSI S SR K, 2% A .C.D,

F .Gl H ¥Jg T4 500 J%alr 1R J 74 10 Y
T2 o AL PRI S W 4 5 45 LRI K 76 I K i A
FFHE T AL BROL ST N 3 . LA, A ML QLR
H & T 460 ; 2547 N O P 7648 w07 35 40 B g 34
JNaE s 2547 S ULV FERR AR B L3R F 5, i S %A1
() B AR B O M AN R VR 45 M R A AR 4k
YA

Young fruit period Fruit expanding period Mature period
1 2 3 45 8 9 101112 13 14 15 1617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
T REREGE THH i
AREESER - . EEREERE
ERNEE ' k| *
| v Badll ! |
i =8 Bl B
BEEERE :
11 1 s
C 4 b | o & . Y
D 4 £l BB E | T
bl Rafmbutode BR ‘-
E i . ] 1 =8Uu
F gg' ; v ‘
G Ed - :
L - H ] ' . & b P :
1 i 1 H ;
[ y - P
H - - & - Y

.._T-cr"

ﬁ;ahﬂu,dnuuxlhkiiﬁuunqli b b b

“L”

B 1. AR EEHET TIEAE LS DGGE KL R ik EiE
Figure 1. DGGE fingerprint of soil bacterial communities with different ground mulch managements. Numbers 1 — 12 represented soil samples
at young fruit period. Numbers 1 -3 indicated soil samples with grass mulch management, 4 —6 indicated soil samples with cornstalk mulch
management, 7 —9 with film mulch management, and 10 — 12 under CK; Numbers 13 —24 represented soil samples at fruit expanding period

and the sample order was equivalent to 1 — 12; Numbers 25 — 36 represented soil samples at mature period and the sample order was

equivalent to 1 —12. Letters A-V represented bands for cloning and sequencing.

2.2 AREEEMKE T EAE S FERZN

2N R R VR S5 R AR PR S AT A AR S SR RN
i K145 7 o A B A R AN TR A A AR PR PR RO
FEFR B 0 B, AR FF 7 25 AR RN A I
(R 2), SRR E SRR B £
S B s T RS 5 A R B A R
ZES NI S5 AR A T S M A 5 RO R ) 22 5
835 5 R4 A 22 BV 48 B 22 5 2k 1) 8 3K
S R SR Sy R A 55 > A W > MR
5 > CK, £  S5 AL P 3= 5 FE A8 50 255 T

TR B 1) 22 B 1 8 B R (2. 78) HL 5 H At ik
P E S 2 LU M AR RO 36 (2. 54) IR FTE T
(2.23) , FEW BN B (27.3) , FEFFE &
BAK(19.7), —HFERBE, BNEREFTHN,
A ) 35 5 BE HR BB AR A /N (0. 12 - 0.17) , F
Sy SRS K UG AT 7 26 X AR A A i A E ST BE R
B, I X B R 2 AT BE R R B R (£ 2) , L
SEILRH AT T A B A SR A KR e T
S DA RIS 22 FEPE R 5 B (RUR X3 5 B g e A
= AT IR Z RS 2K R R B e,
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2. REM R B S T L IRME &S DGGE BIE K H AR REE
Figure 2. The diagrammatic drawing of the DGGE profile of soil bacterial communities with different ground mulch managements. What the
number in the first row means: 1 — 12 represented soil samples at young fruit period, 1 — 3 indicated soil samples with grass mulch
management, 4 — 6 indicated soil samples with cornstalk mulch management, 7 —9 with film mulch management, and 10 —12 in CK; 13 -
24 represented soil samples at fruit expanding period and the sample order was equivalent to 1 — 12; 25 — 36 represented soil samples at

mature period and the sample order was equivalent to 1 —12.
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Table 2. Soil bacterial diversity indices with different ground mulch managements at apple growth periods
Young fruit period Fruit expanding period Mature period
Treatment
H' S E H' S E H' S E

Grass 2. 86ab 34.7a 0. 81ab 2.28b 18. 0c 0.79a 2. 54ab 25.3a 0. 79ab
Cornstalk 3.24a 39.7a 0. 88a 2.76a 27.0a 0. 84a 2.23bc 19.7b 0.72b
Film 2.28b 24.3b 0.71b 2.41b 22.0b 0.78a 2.13¢ 22.7ab 0.72b
CK 2.34b 18. 3¢ 0.81ab 1.87¢ 17.7¢ 0.67b 2.78a 27.3a 0. 84a

Different letters in the same line means significant difference at P <0. 05.

2.3 FEE=EE T IEAEEEEHNNENE
JiZ ] Quantity One X4 % DGGE &35 #E 4747
AT TS UK G B AR ABLEE , AT LA Bt A [ R
vt ) T SR 40 TR A Vi 5 R B AR AL . IAER 3 FT LR
AR AR N AN S A 3] - A A A
SEMIARAL R BARE (43.73% - 90. 81% ) , 4l W41k
B ARS AT S5 AR RS e, A 90. 81% , JL BTN
5L A B TADARLBLRE W S AR T 40 SR AR R i
LAY A B o Ak 5 H Al P 0 A R ) A LR A
%, BEBHE A 35 5 300 M4 DA R 2 A A et

RIS HTEE A 36 {3+ HERE R AR YR
ELE 2 SIEPE L =S WP UL B P PN
Fy 5 2 VRS T 6 00 4 B 855 A R
R 5 B8 T 3 A0 o B T8 15 00 R 24
e, 2 0] ML T T 3 2
B2 T IR 32 M 2 1 364 BB K 2 7
S IR P28 26 503 O 7 9L S0 7
iy, T M 26 X -+ 00 6 B 9 45 B S 2
(FEI3) . T4 s Rt o A P, T L e
T R 6 B 1A 7T R B 6D 5 003 2 1

#27
#34
#29
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Figure 3. Phylogenetic tree of soil bacterial communities with different mulching treatments as well as apple growth periods in the apple orchard in

Loess Plateau. # 1 —#12 represented soil samples at young fruit period. #1 — #3 indicated soil samples with grass mulch management, #4 — #6

indicated soil samples with cornstalk mulch management, #7 —#9 with film mulch management, and #10 — #12 in CK; #13 - #24 represented soil

samples at fruit expanding period and the sample order was equivalent to #1 — #12; #25 — #36 represented soil samples at mature period and the

sample order was equivalent to #1 — #12.
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SN TR T AL B 22 S R L2 R il o3 ) i
BT Wb B8 51 34. 2% F130. 7% , 6% 53 A
P BE A% 950 7870 M Sz e 1 % Ak T4 - 38 40 T A 45 4
2SR, MK 4 R, & R A F b AR s R
ARG AT o 1 42 30T, b B o R X IR LE B O
I HIm s Ak v i ARG AT B o, 5 RIS il i}
— B, R 20 S e Y M R B S X L 89 A R R
P& AR5
2.4 HIEFHERESFIDH

AHIFE AR B P F R EE N 172 - 198 bp, 5
GenBank £ 7 H %) 45 5 UL 3% 4 s ¥ %5 GenBank
B 2 rh ) PP S AR AL EEAR 5 ( 298% ) o B RDP
B P A0 TR 43 26 TR A e 4 i AT VA 28 40 A
Hor K 43 77 5 J& F A8 JE B8 1] ( Proteobacteria )
(D,E,F,G,H,I,K,0,P,R), LI «a-BIEH ]
( Alphaproteobacteria ) iz 2, H W i 1l #F & ]
( Bacteroidetes) (A, B, C, U, V), 5 4b, JEBER ]
( Firmicutes ) (L, M), i £k B ['] ( Actinobacteria )
(N,T), FRFT "] ( Acidobacteria) ( Q) , 2 T 1 ]
( Fusobacteria) (J) X %75 B ] ( Chloroflexi) ( S) JR
PRGN L o, 3 e WY B A e AR Bl A b i A 2
SRR NI E ], R s it s T HE X
M, KXW ET] ., 4578 KEMNE (K
5) Al DGGE [ 3% (& 1) AT 1, 2 #F & ]
( Fusobacteria ) 7 %J) 5 W1 % #1464 55 b 30 & A i 1
AR A 3T R A N R 19 R0 R e I 5 R R
W] (Firmicutes ) 7980 78 1% KRG 12 55 40 2R

TUCESERE | ) 18020 300 b A Bt JRE BE T ] AL 5
Vi A R I A A B 7 5 AR A R B T 3
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FRAE(O, R) [ I 76 AR B ot Ak B3R E 2 A
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2.5
T
o
! 14 16
2 %
21 18
20 g ©
© 49 2627
° 3 o © 34
B 52 35
o o1 31
o 2536 28,, 30 O
0o 0 2%
4 O a2
o o ©
7 12
o o (86
4 10
o 00&9
-0.5

3.0

E4. AEBZHEET TEMA R B EEH DCA 247
M= E

Figure 4. DCA analysis of soil bacterial community structure with
different ground mulch managements in an apple orchard in
Weibei Loess Plateau. Numbers 1 — 12 represented soil samples
at young fruit period. Numbers 1 —3 indicated soil samples with
grass mulch management, 4 - 6 indicated soil samples with
cornstalk mulch management, 7 - 9 with film mulch
management, and 10 — 12 in CK; Numbers 13 —24 represented
soil samples at fruit expanding period and the sample order was
equivalent to 1 —12; Numbers 25 — 36 represented soil samples

at mature period and the sample order was equivalent to 1 —12.

RIFRESHREREREFHRE T IRAE R SMEEER

Table 3. Similarity matrix of soil bacterial community structure with different ground mulch managements

during three periods of apple growth in an apple orchard

Young fruit period

Fruit expanding period Mature period

Soil sample - - -
Grass Cornstalk  Film CK Grass  Cornstalk  Film CK Grass  Cornstalk Film CK
Grass 98. 77
Young fruit Cornstalk ~ 90. 81 97.99
period Film 67.28 72.46 96. 45
CK 79.77 66. 12 90.16 94.14
Fruit Grass 72.85 73.90 88.96 88.45 90.53
. Cornstalk ~ 79.24 80. 33 61.98 63.71 87.56 88.62
expanding .
) Film 53.39 67. 68 86.87 77.76 76.69 74.99 97.58
period CK 56.60  72.87 76.29 81.66 67.46 69.01 77.83  98.95
Grass 68. 16 89. 60 46.63 48.55 63.27 68.29 60.42 68.87 87.47
Mature period Cornstalk ~ 60. 77 66. 63 57.77 46.00 64.00 57.88 61.55 60.73 69.96 93.48
ilm 53.77 66. 14 66.63 53.97 60.05 48.70 54.04 66.67 64.28 79.45 98. 66
CK 71.37 76. 67 67.73 46.60 43.73 48.60 44.35 47.59 67.97 81.32 75.10 91.98

Values in this table were the mean.
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% 4. PCR-DGGE B R #B5> 57 F B (16S rRNA) MF 3 #T4R
Table 4. Band sequences of 16S rRNA fragments for selected bands in PCR-DGGE profile

Sequenced Accession

Homologous sequence Putative phylum
band number
A KF649162 Uncultured bacterium clone ncd1312¢03¢l (JF096678 ; 100% ) Bacteroidetes
B KF649163 Uncultured Flavobacterium sp. clone spr095 ( KC886798; 98% ) Bacteroidetes
C KF649164 Flavobacterium sp. S70.07. P. BKT. AS. H. Gill. D. M (JX287725; 100% ) Bacteroidetes
D KF649165 Skermanella sp. B-121-1-2 (KF561388; 100% ) Alphaproteobacteria
E KF649166 Uncultured bacterium clone LE21_94 ( HE984958 ; 100% ) Alphaproteobacteria
F KF649167 Uncultured bacterium clone 1p208 ( KC331426; 100% ) Deltaproteobacteria
G KF649168 Uncultured bacterium clone LE21_94 ( HE984958; 100% ) Alphaproteobacteria
H KF649169 Uncultured Rhodoplanes sp. clone Leob122 (KF226054; 100% ) Alphaproteobacteria
1 KF649170 Uncultured bacterium clone TE1a05g4_3650 (JQ377355; 100% ) Deltaproteobacteria
J KF649171 Fusobacterium simiae strain ATCC 33568 (NR044689; 100% ) Fusobacteria
K KF649172 Uncultured bacterium clone Ip156 (KC331374; 100% ) Alphaproteobacteria
L KF649173 Uncultured bacterium clone ncd991e09¢1 ( HM334783; 100% ) Firmicutes
M KF649174 Uncultured bacterium clone 31MICO11 (JF340969; 100% ) Firmicutes
N KF649175 Uncultured bacterium clone 1p160 ( KC331378; 99% ) Actinobacteria
0 KF649176 Uncultured bacterium clone T8H (KC352386; 100% ) Betaproteobacteria
P KF649177 Uncultured bacterium clone T2C57 (JQ265467 ; 100% ) Gammaproteobacteria
Q KF649178 Uncultured bacterium clone GD25 (JX811383; 100% ) Acidobacteria
R KF649179 Uncultured bacterium clone PCS_76_132 (JX850582; 99% ) Gammaproteobacteria
S KF649180 Flavobacterium sp. T92.09. P. CCF. OH. H. Kidney. D (JX287581; 100% ) Chloroflexi
T KF649181 Uncultured bacterium clone Ip160 (KC331378; 99% ) Actinobacteria
U KF649182 Uncultured soil bacterium clone S1P2093 ( KF145336; 99% ) Bacteroidetes
AY KF649183 Uncultured bacterium clone B8-126 (KF494598; 99% ) Bacteroidetes
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Figure 5. Phylogenetic tree of band sequences and their similar sequences in GenBank Letters “ A-V” represent bands for
cloning and sequencing. Numbers in parentheses represent the sequence accession number in GenBank. The number at each

branch points is the percentage supported by bootstrap. The bar means 2% sequence divergence.
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Effect of ground mulch managements on soil bacterial
community structure and diversity in the non-irrigated
apple orchard in Weibei Loess Plateau

Yuexing Chen', Xiaoxia Wen', Yulin Sun', Junli Zhang', Xiaoli Lin®,

. 1
Yuncheng Liao *
"College of Agronomy,’College of Plant Protection, Northwest A&F University, Yangling 712100, Shaanxi

Province, China

Abstract ;[ Objective ] We studied the changes in soil bacterial communities induced by ground mulch managements at
different apple growth periods. [ Methods] We adopted the denaturing gradient gel electrophoresis ( DGGE) with PCR-
amplified 16S rRNA fragments to determine soil bacterial community structure and diversity. [ Results ] Soil bacterial
community structure with different ground mulch managements were significantly different. Both the mulch management
strategies and apple growth periods affected the predominant groups and their abundance in soil bacterial communities.
Grass mulch and cornstalk mulch treatments had higher bacterial diversity and richness than the control at young fruit
period and fruit expanding period, whereas film mulch treatment had no significant difference compared with the control.
During mature period, bacterial diversity in the control reached its maximum, which may be ascribed to the rapid growth
and reproduction of the r-selection bacteria. The clustering and detrended correspondence analysis revealed that differences
in soil bacterial communities were closely correlated to apple growth periods and ground mulch managements. Soil samples
from the grass mulch and cornstalk mulch treatments clustered together while those mulched with plastic film treatment
were similar to the control. The most abundant phylum in soil bacterial community was Proteobacteria followed by
Bacteroidetes. Some other phyla were also detected, such as Acidobacteria, Firmicutes, Actinobacteria and Chloroflexi.
[ Conclusion ] Mulching with plant ( Grass/Cornstalk ) had great effects on soil bacterial community structure and
enhanced the diversity while film mulch management had no significant effects.

Keywords: apple orchard, mulching, bacterial community, PCR-DGGE, cloning and sequencing
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