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wOE JO7 R A2 0 BT TR A I IS -7 M o 8 T R Wk ( PCR-DGGE) 4 AR Fl DNA 7 4 A&, #F 58
TVE AR D b B AR P AT R AN T it e R it 5 R R AR B - M R A e TR A T R T 2 R Y R
SRR AR T AR e S R A A 0 W LT R A AT R AN SRR 1 KT, 4
TG AR 750 ml hm ™2 (9 &b B0 &5 7R it F A AT B9 b B bR 98 AR 4 4R 5 13.32% ,28.42% L 16.20%
9.81% \21.36% ,39.35% I 30. 48% , $ 5 W7 FH 7 I o4& J3 2 250 ml hm =2 g A2b B0 4 S it ) 7 A g Ak 33 ) 3
B 7.25% 29.35% .18.04% .12.86% .15.90% .43.27% Hl 53.99% , DGGE 43§ 25 W1, #1 [7 it i )7 28 o K [
Jiti 3 AR T A W DGGE B3 AE L, IR AL AL V- 37k (UPGMA ) B35 430 Bl DGGE B 43 2 K HE.
Shannon-Wiener 8 £ 3 W , jiti FH 141 IE 1 + 56 2010 1 22 % 1 56 38 0 )5 3% 8 e A, 9% B0 LA Bt 45 % 1R VR B2 750 ml
hm ™7 I 4 200 T 22 R e v 5 Y I U L R b 2 A TR UK BB 2 250 ml b "7 4 B B 40 T 22 RE kB, L RO T 7
LB Sr BE I S Shannon $i8 5000 A8 b B BB AT > 419 W WP 45 SR SR WY O [ it AT v B - AR A
FRRE A 8 R T2, Hoth Actinobacteria 20 41 D Al 2K W 22, D BB A o oK 46 15 3% T P ( Uncultured bacterium) . $4
RIS ;43T (CCA) W, DGGE P 457 43 i 5 4 LAk ik T % WO S, B0t 20 L 4l R 4 6002 2 i ol 2 0
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F 2R, AT /D I T Al {H Bk = iz LA )
TR T B, AETOR A IR T AL 2 F oy
AW T BT it TS X 9 AE S8R AR )
HEV& B SZ M, LRI A ) T A 5 E o A 7 R 1
Y A AT PRI LR

TR G811 52 6 % B % 4808 W UAE ) A R A
SR IR 28 BB 0. 1% ~ 1% 7 38 JH % B2 1 ik
Aoy B REFR DT ESE H AR A A R R, & &
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A R 4 R BRI 5T LAk, A BBk BF 5T
R 0 25 1 2R 0 T 9 22 R 1) — i A T B
RO TFLEW AR W) 2 B F A4 et
FIARBR " A 0 A SR B BF T 2 v

VU R 37 T e [ 7Y e 30 B , v P {1 9L 452 A ot 3 B
T3 T A - AR AR e BE 22 R A W R R
BEE T TR UG I S — RAE Y, R 7 R M X
B FUR 0, 1 SRV W L TG G 25 9E M IX R IS ST R
W AT k20, o M AR g AR, TR AR, 2% &k
JE&. BRI, T e Y b AT A, R R
F9 785 IR, X 7 B S H: o S P el A
W EERE X,

A K T W R R G I 7 5k - 9 A
BB IR 7 T (4 9 3 22, T R G R AR B L 49 11 5 )
BFSEH D, It H 2 M43 T 7K S 0 A7 69 BT 5 3 5 /0
AR SCK AL % 43 B . PCR-DGGE il DNA ] ) 5 A 4%
AT H A A R T AT A F) e T 0 G T 40 4k R
LT TR 39 AR 7 6 b R 4T T R T 4 R R R
B AT 39 AE iR ) 2 R, B R
38 7% A 0 A 25k SR R B 2 A ERVE M 2 T T
BAR M AR B %,

RS ik

1.1 HEXHHER

N 8 RV LR DA el ) -0 NE= S SR VNE A ST
FF(N29°39'4" E90°59'45") , Mg 4k 3 700 m, i &5 X,
290 AR E T 16. 5C AR 7.4C, R
i &V W , S IR 25 K, K B R o, A AF H BB
83023 h LI b, FEFNAETAET 8.9 A, AFREKE
#5500 mm,

1.2 #hif#r#

At - B R ) A8 AR X AR A b o -, SRl EE Ak
FRUNF AL 9. 58 g kg™ A% 0.93 g kg™ A
0.28 g kg ' A H 20.98 g kg ' Bk f# A 123.0
mg kg ™' T AL 5.66 mg kg HAH 50.32 mg
kg™ .pH 6.60,

A B R R 320, 1h VE EC A IR DR i
b2 BE Al F 5% I il

A TR IE Ry 45 R IS, I 3K 1R R B R A BR 2
Ao AEEE NS AP 98% . & A 2.0% . P, O
1.0% F1 K,0 0. 5% ,1& BEHGAF 9 x10° cfu g 7', it
5 P R B BC & 7 0 10, 15 kg B4R R AL — i, 60 kg
Bk, 60 kg T W0 OB, 600 LK, — i i

FERA), B H B L7 ~ 10 d S s S
VR, 85 FH I B 500

L3 REH*E

1.3.1 kit T RR A4 AE SR AL IE 15 45
T MIE T T, AR 40 B I ) AN ] 35 O AN AR B, 43 AN
Jiti R AE T HR O ml hm =* (1), B JIE 478 A1 Rt (2011 4
ST HORE B L A B S LW T ) ¢ 750
ml hm > (T2) .1 500 ml hm > (T3) .2 250 ml hm >
(T4) 3000 ml hm ~* (T5) ; Rl 15 WMt (2011 4F 5
J120 H ¥ 78 8 F RS S 24 2w T 3 ) 0 750
ml hm > (T6) .1 500 ml hm > (T7) .2 250 ml hm >
(T8) .3 000 ml hm ~*(T9) . fHEE I & Ky 0 2 —
B 112.5 kg hm 7, JR % 75 kg hm 7, G0 L4 22.5
kg hm ™ fE SRy BEAE — Rk 4 A, 4% Ak L R] R
—5, MK S50 m* (5 mx10 m) 3 REH .,
LI IAD G A R v A0 B R S 0 — A B, TRl A I T
H20114ES AWIET HA,

1.3.2 rescRESS FRUE il X
T Bl L S HUBEAL e £ 75 BRAR B - AT IR &
VES I GERE S o S 5 BRAR T A v LB 5, i ETE
NTTREARBEAE S mm 85 B A4 /0 R AR AR
PRt BUREJS K 1 b i A ) AR B 25, AR
TG a2 1 mm 100,25 mm 56, T2 +
B pH(myimy =50 1) 5 A LR FH 4% IR B9 - iR
AN 5 4 R R T SRR -k A R T AL 2K R T
TR IR 5 4 0l R ey S TR -V A TR W Ak 4 i 1L 1
25 AR NaOH 6 Bl | U 6 BE T 7€ 5 i
SR P UBUA 4 100 5 A1 20t R ] NaHCO, 32 4 BH 86 41
Ptk R R G TR R 4R L KOG B 3T
ME

1.3.3 S 4H & DNA (42 BUF PCR ¥ 1 *K
H OMEGA /% & E.Z. N. A Soil DNA Kit D5625-01
B ] & (http ://www. omegabiotek. com/ genom-
icsoilmini. asp ) #EAT IR, 2 Ay 1 4% DNA i B¢ 20
M T 528 PCR ¢ 5286 . 4074 16S rDNA
FH514) 338F-GC (5’ -GC-clamp-ACTCCTACGGGAG-
GCAGCAG -3° ) #1 518R (5’ -ATTACCGCGGCTGCT-
GG-3’) (GC JFF 3. CGCCCCGCCGCGCGCGGLG
GGCGGGGCGGGGGCACGGGGGG) § 1, PCR Jz
& %24 50 pl:TaKaRa Taq (5 U p,lfl) 0.25 ul.10 x
PCR Buffer (Mg”*) 5 wl . MgCl, (25 mmol L™") 3 pul,
dANTP Mixture (4% 2.5 mmol L™') 4 wl, #E AR DNA
(100 pg ml™") 2 pl 514 1 (20 pmol L") 1 ul. 3]
P12 (20 pmol L") 1 wl, KB &l K #h 55 & 50 pl,
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PCR JZ I Z& 44y : 28 ¥ 95°C 3 min,32 4~ PCR 1§
B (94°C 30 s.53°C 30 s.72°C 30 s) Fllfix 246 fifi
72°C 10 min,4 C{#fF. PCR =¥ A 1 % 193
JIEWEBE R L Uk A, - 20 CPRAFA o
13,4 /R PR R BE I Uk I o PR 5 7 A
X (Bio-Rad) X§ PCR ¥ 34 " ¥y 17 LIk . il & 8%
(A8 P R Sl 35% ~60%  (100% 7% P51y 40%
¥ 22 85 F HBERE A 7 mol L' JREZERAYW) MEN
A ot e R o K VR AR PCR AR 30 wl A6 pl 6
x Loading Buffer J& 2] J5 A AR AL, ¥ AR A 1
x TAE HLIKH T, 76 70 V[ B H R 60°C 1H iR T
Uk 14 ho w5 B, B BE OB — 0 A
SYBR Green I %W HEG 54 €4 30 min,  HT8E K BUZR X
XF e (05 R BER HEA TR IR
1.3.5 Y 50y KW J1 % DGGE Jig I [
BEW SR AT IS A 1.5 ml B0 D 4%
a1 T 11 2 R TR A Sk B A%, A 50wl 1 TE 22 i
WA 4°C vk PSR W H 2000 r min ™' &
T B 1 min, B2 pl EIWE RN, 5190 8 A
GC Je ) 338F A1 518R, #% 1.3.3 F Ay PCR 7 b &
FMAR T R . PCR S = 1T 1% Bri i o &t
i B Pk e #EAT VLB , AT Biospin JiZ 81T FR) & %t 1)
FJ5 Y S50 EAT R, R = 5 pMD® 20-T
Vector #%  ( TaKaRa 2% &) pMD®20-T Vector) J5 5 1k
KRG FF B ( Escherichia coli, E. coli) DH5o JE&3Z 3
AN, 7 N B RV IPTG A x-gal /Y LB B 57
R v B T, JF R T LB OV A B SR AR
37CH G, R T & Ak3d@ 51 ¥ 2E 17 7% PCR
I K TR b IR A MR R AT R w1
1.4 HELIE

fd ] SAS 9. 1 A Xk 46 R4 #E A7 XK 3R Oy 22
G3 A A OG5 . {8 1 Bio-Rad 2% W) ) Quantity
One 4. 6.2 531 DGGE 45 8 3% b (U2 E Wy e Vs
ZER) , & Shannon-Wiener #5844 ( H) .Margalef F &
JEHE % (d,, ) \Pielou ¥ 2] EEFEE(E) Hl Simpson
PSR EL(Ds ) XoF 4 HE 40 T 2 4 1 ARG 3 R AT
W, UL B B0 2 W SCHR (15 1o 6 H AR I 51 2
22 & GenBank H#i 42, SR HI Blast 47 4 L1 20 47 o
K MEGA 4.0 1) Neighbor-Joining 2 J¥* if 17 4l
BRI R G . 1] CANOCO 4.5
R A g A7 g 05 N 43 B ( Canonical correspondence
analysis,CCA) ,

2 4 R

2.1 BEAMETHAREREREN LERSH
A

F 1T 9 A 4b B ED AR HE B AL A 7] it FH o
it VA + 3R A 2 e . AT R AR 4 RO
BRAbER S (EIA% Fi it FH R IR v E 3 000 ml hm ™) 4,
HAII = 7 LR 2k 2 A DL
fiff R SO R A 1) i, R R Lok B e 3
IR (p <0.05) o 4 i A% 1 10 2 ) it FH P A ok
750 ml hm > F1 2 250 ml hm =% {7 4> 4b B0 e 3+ 35
FRARAE R 2505 B e, Ab B 2 (B A i T T I vk R
750 ml hm ~*) 4 3 32 B 5 38 b 5 AR it 1 AE )
b B A4 B4R B 13.32% (28.42% (16.20% .9.81% .
21.36% .39.35% F1 30. 48% , kb F1 8 (B 4% 15 301 i 1]
BRAC A B 4 2 250 ml hm ™) 5 A it P 1 A A b 292 43
BB 7.25% 29.35% (18.04% .12.86% .15.90% .
43.27% F153.99% , 45 FW] it 3 o 04 45 4 o I
il 0I5 - R R 2 it P o v, BV vt
B BE S 3 000 ml hm =2 Bf 2 T 4 4 HE 5 43 [ AIE
Ut BH AR A [ it IS 00 0 A o R S AR i T AR R
TAEP I A 8 T TR PR TR 6T 1 R 43 1 B Ak
RO AT A HEAR PR 1 3852 o i B e o S A IR it A i
S BT AR B 3 SR T R, T e 2 IR i AR
AR IS @1 7 e o e D 7 ) S BN A S B o
Bra SEnT LA i, 3% AR 28 4 B I8 750 ml hm 7 4k
PR AR Y T 3R AR i 2 250 ml hm " kb B Y A%
A, ELAB RN 1 8 4 0 Al B A U RN A AL ST A R T
B (p <0.05) , AT 156 BH BA AT 19 79 b it FH 5 2
Pe i IR A RO R I R G ET > T, I
2 Y5 e KT T o
2.2 E[F4 DNA 2 EL#0 PCR ¥ &

B PRI 39 5 DNA 9 47 Bl W e e v ik
7N ANFEAE R A A B DNA Jy BeR/NFE 10 kb DL H
ANFEAETE A FE DNA (1) A260/A280 HAETE 1. 84 ~1.96
Z ] (B4 DNA [ A260/A280 H{H — 1% 3 F 7
175 ~2.1 Z[a]) , F W $E HUAY 1 1 5 DNA & 45 16S
tDNA 430 H 4l &4, vl UL B 32 T PCR-DGGE 4§
I3HT . ANFAE B 3L 16S 1DNA V3 [X PCR §3
EULCE 1) R, B AL S 33 R — 1 B W 5%
i, W B BE 2 230 bp 224y, HEPEXS B (ck)
A IR R A U A SRR T B AR Y
RS, B =T LAVE S DGGE B
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Table 1  Effects of application of bacterial manure on soil nutrients
e fe - B 0 et sl A
i ML it 1 7 X e A BB K €7 gl s e 2 A B Readil
eadily
Bacterial manure pH oM Toatal N Toatal P Toatal K Alkalytic N Available P
Treatment available K
application method (gkg™)  (sks™') (gkg™') (gks') (mgkg™') (mgkg™') o
(mgkg™")
AJiti Non application T1 6. 64a 12. 44¢ 1.186b 0.377c 22.28¢ 140. 9e 10.47¢ 56.96¢
JEEJifi Basal application T2 6.55ab 13. 66a 1.344a 0.484a 25.89%a 171.0a 14.59a 74.32a
T3 6. 54ab 13.43a 1.215b 0.421be 24.22hb 163.5b 12. 10b 57.44c¢
T4 6.70a 13.12b 1. 111c 0. 445ab 22.68¢ 145. 4d 10. 72¢ 60. 17b
T5 6.42b 11.82d 0.980d 0.371c 21.98¢ 148. 8¢ 7.67d 54.26d
o
6.57B 12.89A 1. 169A 0.418A 23.41B 153.9A 11.11B 60. 63B
Average
ANjifi Non application Tl 6. 64a 12. 44b 1. 186b 0.377b 22.28¢ 140.9d 10. 47d 56.96¢
AR Jifi Root application T6 6.75a 12.63b 1.103¢ 0. 404b 22.70¢ 147.3b 11.95¢ 57.73¢
T7 6.78a 12. 68b 1. 066¢ 0.399b 25.91a 146. 8be 13.65b 59. 12be
T8 6.32b 14. 04a 1.272a 0.488a 26.30a 163. 3a 15. 00a 87.71a
T9 6.78a 11.75¢ 1.073¢ 0.402b 24.25b 145. 1¢ 9.47e 60. 85h
2
6. 66A 12.71B 1.141B 0.414A 24.29A 148.7B 12. 11A 64.47A
Average

T AR F NG FB: R %l 75 30 F ARt T 25 5 3% ( p <0.05 ), [AFAR R KRS 58k 3R 78 A Rt HE i 39 25 55 .35 ( p <0.05 ),
S AE 7R AS [R] Jite A B 390 4% Ak B A 18 3% 43 1) - Y9 {E Note: Different lowercase letters in the same column mean significant difference between fertiliza-

tion rates at 0. 05 level, and different capital letters in the same column mean significant difference between fertilization timings at 0. 05 level, average

mean the average value of fertilization timings of soil nutrients

M T1 T2 T3 T4

500b p

300b p
200b p

TS T6 T7 T8 T9 ck

1#: M: Maker 600; ck: FHHEXFHE Note: M: Maker 600; ck: Negative control

&1
Fig. 1

2.3 AEEEARXN T IEREDHFHEZENE D

2.3.1 R[EEAE 75 = 4 HE 40 78 Bf % DGGE &4 4
M AN TR A 338 o 40 B RE P DGGE 45 R an sl 2 Jir
IRo FFEL 2 DGGE LIk 5 34 85 15 2 M W] K B
fH2 R [ 5 31 1 DNA ., [& v 4% 9k 38 1 2% 75 20
38 ~46 SN A UK IE S B i 1 55 60 O A Y 25
SRV LHMAED R 2SS, A& LW
RAFIREATR . 2 £ BGR A S i 4l iE AT Ul ),
FG hplbr LAUSR 6 520 = MM 5 1 &4 8 F 3
ik — 25 e i ) 2% 47 o 383 Quantity One 5143
i3] T 2L T7 AbRifE DGGE 2577 o i m & 3,

b A T S ) BN R R L K T

Agarose gel electrophoresis of the bacteria in soil samples

Bl 9 AR R RS AE 0 L8 R H B —
220, AN TR Ak B A 338 (8] A7 A VR 2 L W] 450, SR X
SO S 1 S8 T HUOR M ], 25 6.9 .10 11 (13,
14 F0 17 JUF-AF e T A /N X A 8 e 3 26 2% T4
2 1) 40 TR it FH TR AT R A A /N X, H
CATTITAR R 0 A0 T X i A R AR a8
P AT, S5l 1.2.3.4.5.7.8.12.15 Al 16 S 4
— PR R 2 A il B IE S B R R A T
Fim o 1.2 F0015 9 #E AR i 750 ml hm ~* &b 3
FRAA 4ty 5 FAH 7 AE A b 31 v b B (L 7E
FE R AR 750 ml hm ™ b B b B cbns AR
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T1 T3 T4 TS T9
B2 - HETEH 16S TDNA V3 X DGGE [ i
Fig. 2 16S rDNA V3 region DGGE profiles of soil bacteria
T7 T8 T6 T5 T3 T4 T1 T9 T2
100.0% 88.0% 87.8% 85.8% 85.4% 83.6% 83.3% 82.8% 66.5%
3 R Y DGGE 81 1 45 43 A F158 E 7s 25 18
Fig. 3 Sketch map of distribution and relative luminance of the bands in DGGE profile of the bacteria in soil samples

2.3.2 NIFAE J7 2 A A0 A A AL 20 A e
WAL HCPE A DGGE 8 23 F8 3 2 FR Al A 41 34 o e ros
( Unweighted pair-group method with arithmetic ij
means, UPGMA ) £ 47 5 240 47 a0 181 4 FF 75,9 4+ 080 086,
SERESH BT R 2 RS b BE 2 A0S Al 8 b, — 0.82 = T6
FEN AR ARLEL 5 T 0. 6 9 TS E AR B A L 1 AR 1B e
FECSTL BRI 9 A b B U1 — K 10 Bl ( T3
T1

0. 68 , . I it i A5 45 T8 A A AS 3t I BAC A% 4 38 400 R 11
it S F 3 i

Kl 4 DGGE K% UPGMA 2/
Fig. 4  Cluster analysis of DGGE with UPGMA
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2.3.3 RT3 - HE4H B9 & BERE A

MNFE 3 T LULFEH, & 43 Pielou ¥ 5] I8 E(E) i
Simpson fJt # B 5 %4 ( Ds) JL-F- % £ 2% 5, Shannon-
Wiener $5 8 (H ) Fl Margalef - & F£ 18 %4 (d,,, ) 7E AL
PR A 22 5, AL BE 2 (RPHE A B IE Mk B 750

ml hm ) FIALEE 8 (R 0 it FH T IE e 2 250

ml hm ~%) 1Y) Shannon-Wiener %% ( H) I Margalef 3=

W IERE(d,,) fe o PR 7 A B 4y, 1
R FEAT > S, Lo T R L BT A

9 2 R RS R

®2 AEAKELEMAESHME

Table 2 Bacterial diversity in soils different in manure application rate

fib ZHREVETR R H W R E FRIEHE dy, L% Ds
Treatment Shannon-Wiener index H Pielou index E Margalef index d,, Simpson index Ds

Tl 5.18 0.97 5.08 0.97

T2 5.23 0.97 5.12 0.97

T3 5.22 0.97 5.12 0.97

T4 5.20 0.97 5.09 0.97

T5 5.09 0.97 5.00 0.97

T6 5.15 0.98 5.06 0.97

T7 5.17 0.97 5.09 0.97

T8 5.21 0.98 5.14 0.97

T9 5.08 0.97 5.00 0.97

%3 DGGE Bk &HHFFILEX 4R
Table 3 Alignment of bands in DGGE profile
e SRS GenBank % %5 GenBank ¥4 /2 v fg AL 9 11 b 4% [ P
Band Sequence length( bp) GenBank accession number Name of the closest speciesin GenBank database Homology (% )

1 177 KC215438 Uncultured bacterium clone FL4Bh9_20429 97
2 197 KC215439 Bacillus sp. AMF3684 100
3 172 KC215440 Uncultured Roseiflexus sp. clone A9_14 100
4 177 KC215441 Janibacter sp. NRTY 100
5 172 KC215442 Azospirillum sp. GD9 100
6 177 KC215443 Streptomyces sp. SW12 100
7 197 KC215444 Bacillus sp. 6034 100
8 197 KC215445 Rhodanobacter sp. T2-YC6779 100
9 172 KC215446 Uncultured actinobacterium clone HG-J01239 99
10 172 KC215447 Mesorhizobium sp. SL-6-Salir 100
11 172 KC215448 Uncultured planctomycete clone COM-32 99
12 177 KC215449 Arthrobacter oxydans strain CB-281518 100
13 187 KC215450 Nitrospira sp. enrichment culture clone JAC29 98
14 177 KC215451 Arthrobacter sulfonivorans strain CB-281418 100
15 172 KC215452 Bradyrhizobium sp. 72-YC6857 100
16 177 KC215453 Microbacterium sp. KM-251CO 100
17 172 KC215454 Sinorhizobium sp. AS08 99
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2.4 WEFERERGHLWSWN
MHT, GenBank B4l EF &S T KEMN &S
b 25 Y A £ <7 M 5 20 R0 B AR A B DR A T A R R
FEXT, X M AE i R s e 4t T R S AR
FETE, —BEN T, S HMEW R 16S rDNA JF
G 1 R JE A 3R 3] 97 %o T £ i), 3 S B AT LAk I 2
S Fh s B PR P 3R B 94 % Bl B £ A, X e AT DA
WK A— B 7. DGGE [E3¥ b4 — & & H
TR — 4> 0] RE Y AT 4R R 4 S B (OTU) B840 1
FhEE S

¥ DGGE &3 | 4% 4b Bl b 447 15 S 80 58 19 4%
M HEAT U [l i, J6 45 81 17 45 DGGE 457 o #4471
AT v B I, BT A 2 A 81K/ R 172 ~ 197 bp,
W 5 5 #1255 B GenBank 1 W B4 2, 5 % 2 K
KC215438 ~K(C215454(F£ 4), \NFE 4 v IFEH, T
PEAE WY 55 )7 HNAE GenBank 45 5 vh i 47 LU X /S
B T 5 By 8 [ P AR S A A EE BT DU 8

Band 6
Streptomyces sp.SW 12 (JX434849)

85

Band 4
Janibacter sp NRTY (JX434148)
Streptomyces sp.NRS32 (KF766109)

d 14

Band 12
Micrococcaceae sp. F61 (KF788242
Microbacterium sp. Zs.19 (JQ977461

Band 16

51

Band 9
Band 13

73

Nitrospira calida (HM485589)

84

68
99

69 Band 15

Sinorkizobium sp.

51 Band 17

Band

95

Streptomyces cheonanensis strain mhwr802 ( KF562771)
Janibacter melonis strain YPW-1 (KC819073)

Streptomyces cheonanensis strain idwr859 ( KF562789)

Arthrobacter gangotriensis strain D-6 (KF583

Ban
6{ Arthrobacter sulfonivorans strain CB-281418 %JO )é840977)
Arthrobacter nicotianae strain IARI-JR-85 (KF055023)

Arthrobacter oxydans strain CB-251518 (JX841056)
65 -I Arthrobacter pascens strain KMGL1309-AS1 (KF740538)
Actinobacteridae bactenun} Control.10 (HG322933)
99 |Microbacterium sp. KM-ZgI O (JX454787)
Uncultured bacterium clone FL4ABH9_20429 (JQ379193)
Band 1
Uncultured bacterium clone Bbf10_02D11 (JF911141
70 " Uncultured Actinomyces sp. clone EMLACT1081I (JQ285922)
Uncultured actinobacterium clone HG-B01206 (JN409137

Uncultured Acidimicrobineae bacterium clone CNY_01309 (JQ401289)
Uncultured actinobacterium clone HG-J01239 (JN408977)
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EFFECTS OF BACTERIAL MANURE ON SOIL PHYSICOCHEMICAL PROPERTIES AND
MICROBIAL COMMUNITY DIVERSITY IN RHIZOSPHERE OF HIGHLAND BARLEY

Zhu Dan'  Zhang Lei'" Wei Zexiu® Liu Xiaoyan' Zhou Zhifeng' Dai Xianzhu' Wang Xiaofeng'
Xia Zhiqiang' Wu Xiangin' Yu Jianjun' Fu Li'
(1 College of Resources and Environment, Southwest University, Chongqing 400716, China )
( 2 Tibet Autonomous Region Academy of Agricultural and Animal Husbandry Sciences, Lhasa 850032, China )

Abstract Chemical analysis, PCR-DGGE and DNA sequencing methods were used to investigate effects of bacterial
manure varying in application rate and applied at diffentent time on soil physicochemical properties and microbial community
diversity in the rhizosphere of highland barley in Tibet. Results show that application of bacterial manure significantly in-
creased total N, total P, total K, organic matter, alkalytic N, available P and readily available K in the soil, for instance,
by 13.32% , 28.42% , 16.20% , 9. 81% , 21.36% , 39.35% and 30.48% respectively over that in CK when 750 ml hm ~°
of bacterial manure was applied before sowing; and by 7.25% , 29.35% , 18.04% , 12.86% , 15.90% , 43.27% and
53.99% , respectively, when 2 250 ml hm > of bacterial manure was applied at the jointing stage of the crop. DGGE analysis
demonstrates that DGGE atlases of microorganisms in the soils the same in application method, were all quite similar regard-
less of application rate. Cluster analysis with UPGMA sorted the DGGE atlases into two clusters. Shannon indices suggest that
soil microbial diversity in soils applied bacterial manure increased first and decreased gradually afterwards. Application of 750
ml hm “* of bacterial manure prior to sowing brought about the highest soil microbial diversity, while application of 2 250 ml
hm > at the jointing stage did. Moreover, the former was higher than the latter in nutrient releasing and Shannon index as
well. DNA sequencing shows that microbial populations were widely distributed and dominated with bacteria of Actinobacteria
class, and a few uncultured strains in the soils applied with bacterial manure, regardless of application rate. Canonical corre-
spondence analysis (CCA) reveals that the distribution of DGGE fingerprints was strongly related to physical and chemical
properties of the soil. AN (Alkalytic N), TP and TN were the main environmental factors influencing structure of the micro-
bial community. All the findings demonstrate that application of bacterial manure significantly improves physicochemical
properties of the soil and microbial community diversity of the rhizosphere soil of highland barley.

Key words Bacterial manure; Rhizosphere soil; Physicochemical indicators; PCR-DGGE; Microbial diversity
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