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TR R, HRFE KT RIS (P<0.05) ; W2 18 cbbL FE[H F I B ET4R FREAY RS, 5 C N BIEMIE (P<0.05) . %
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Effects of intensive management on the community structure and diversity of

CO,-assimilating bacteria in a Phyllostachys pubescens stand
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Abstract: We examined the relative effects of long—term (25 years) intensive management on abundance and diversity of
soil CO,-assimilating bacteria in a Phyllostachys pubescens ( moso bamboo) forest. Soil samples in moso bamboo stands
receiving 0 ( control; CK) , 10, 15, 20, and 25 years of intensive management were collected from the topsoil (0—20 c¢m)
and subsoil (20—40 cm) layers separately and analyzed using quantitative PCR ( q—PCR) , terminal restriction fragment
length polymorphism ( T-RFLP ), and a clone library of the cbbl gene. Differences in the community structure of CO,-
assimilating bacteria over time and its relationship with soil properties were detected using redundancy analysis (RDA). We
found that long—term intensive management significantly increased soil nutrient content but decreased soil pH. Among the
soil parameters measured, N content influenced cbbL abundance, but soil organic carbon ( SOC) did not. During the

intensive management process, the bacterial ¢bbL abundance in topsoil increased in the first 10 years and then decreased,
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and it correlated positively with nitrogen levels (P<0.05) ; conversely, in subsoil, ¢bbL abundance decreased linearly with
time and showed a positive correlation with C : N ratio ( P<0.05). Intensive management of P. pubescens altered the
community structure of CO,-assimilating bacteria in both topsoil and subsoil, and induced a decline in the species diversity
indices of CO,-assimilating bacteria in topsoil. The results for the ¢bbL clone library indicated that uncultured bacteria
accounted for up to 56% of the species present. The dominant species in the soil were facultative autotrophic bacteria such
as Proteobacteria and Actinobacteria. RDA indicated that the changes in community structure and diversity of CO,-

assimilating bacteria resulted from soil acidification and nutrient accumulation.

Key Words: intensive management; Phyllostachys pubescens stand; CO,-assimilating bacteria; community structure

EAT (Phyllostachy pubescens) MWRMHNT , ZHELEARAFHRIITEAEY) , EE A TEAR VL LA H X, 2 TR [ 43
s AR E R A TATRY 5\ k2 AR AR IR A i o BATTH AR 3k 443.01 77 hm?, 3R EAT
MR 73.7%" . At 2e U 4AR TR R i X KOS AT LAt AR A Ay 3 BERRAE 1 46 204k
208 X TR R TSR RIS RN A A B WA A SR ok — R YA, HEPHRE
4 K 743 TG 230 3k M RAR I 38 IR RV 1) )y 2tk A b 3 R b R 7K s ol T YR V5 e 2 B ) S
NIl RS & BAGAE | AR A 4 24 T 20 B it 5 350 T B A PR 8 = BRI 400 1 L B R R o DA B
BLLO ) RE AR A AU R R B A AR

I 22 REPE ARV 2540 W35 5 ) 1 3 2R R G RN T RE R %, Rl o M Bk AR AL A R 31
T2 A R O HBR A A2 RRAE PR h B E IR AR AR [ E CO, MY EE A AR A SR
Horb A FR A P BT SR R RIS L BB T, T2 AAAE TR AR KRR T R TR ERAL R R A
SRGT, AFRMAY T EE S R CO, R HEE Ak o LA AILRR R ] 5 R CO, R EE RN v 1 S AY i
[l SR COMRE TR RS AR ZMMIER . AFRMAEMIE S T R B 5 AEmkEz T, K
IR SR A FREYI R K CO, M BB R AR 1, 5- Wi 1R A A 2 AL Bt/ i 420 ( RubisCO ) J2 1%
AR OCHERE . F AR FAETE AR FIZE A RubisCO, #i LS5 1 ML PERERIXS O, PRI T 43y 4 B AR
>4 RubisCO I Z RubisCO V' | ¢bbL & RubisCO T 1% i 3k A , B & B AR sy, E B Tk 5 LR
U IR SRS TR] AR A IR P B R IR 2 RIS

ANTR) 2 o A AR A TR VL DL DU A5 T 7 DR B AT MR A A R G i AT AN B RS T B AT
MBS RGEMGR I AE BB BE 57 [l & B, B ATbR £ 39 T A Y B B R T AT TR OR SR SR A
SOV AR MERE T I S BT MR A8 R GEBRIE R 106.33 v/hm?, Hirh 0—60 em R BRI Ny 71.47 v/
hm? | TR AR)ZH 30.580 v/hm?, 3229 R T ARJZRN i 2.3 4%, AR IC T BATMMHL T35 53 B A
RS RGN A T ) 1205 i e E I FE B AT MR 25 R G0 v Y T A 30 R DL AR
AWFFEAR B, HE 29 28 B W] REXT - SB[ B S A= 3% 2l 7 RS2 ), ASHIF 9 S BUAS W] 4 20 228 g Sl 9 B AT ki, -
5 3R A B BAT IR SRR cbbL He IR ) - BE R VR S50 ZREPE RS 52 e, U B AT AR 0% TR 7 01 S
AP T AR PR A SR B R

1 #MRE5FE
1.1 ARSI HESL

T XA FH LA K % B B /T 118°41'—119°30'E, 28°13'—18°49'N Z [a] , ¥ B 20—25°, [w] fH ,
J&8 A 2= XU X, AR 2R 16.8°C, JTCARI 251 d, Bk i 1510 mm, £R2 i A6 5 5 728 BRI A JRE &
At HERIE s, ERREERT 1 m, 1989 R ZRCAVTMAT BRI 2 LBl BB R 3 AN T
fAERL, B4 A 1800 #&/hm® 22 47, 1989 4 J5 fili SLAE AN [R] M e I fy S5 it LA it AT 384 Ay 32 ) 4R 2 228 4

http ; //www.ecologica.cn



21 4 XU A BT ARIR LY BT - MR [ B 40 T AR v 45 A4 A Z2 RE R A 52 ) 3

PP AT FEARI T BATE R B2 3250 ¥k/hm® e A7, WEAE 5208 KA I AR KAE 78 6 Ay 3%
BT I 58 2R IT G FE R B AT L5 T BRI it PR 3 (i ) 450 kg/hm? ;2000—2010 4% 1A 8]
HEATECTMEAR  FHHE MR & 450 kg/hm?, i MR 4G 380 kg/hm?®, S LAF 75 kg/hm? ;2010 4 2 J5 it FH BAT L
B (FREE P A7) 750 kg/hm* FIIR Z 450 kg/hm?,

1.2 HEFCRES LA

T 2013 429 H ki A — 458 IR0 TR — 1l b it AR 48 BRA it — 20, R R RIF R A 248 (£
BT A RIBE ) LB A T [R]— LL1_EAH R A Tt A 0 R 2278 B AT MRl | 2885 B 18] 43 00 AR BC8 (Rt AE X
1) (2003 4F 1998 4F 1993 4FF1 1988 4, AH 2 TAE LT 1] 43514 0a(idh CK) .10a,15a,20a 25a,4 A [H] 4
BE(ALER) , FEAMEBATAAT HEH 3 4 20 mx20 m FEHL(BDA 3 NEE ), BEAFRMCR T 5 S BURE A R 4
)2 (0—20 cm) IR JZ (20—40 em) FIEFI/HR A0 (2 mm) 2EARFELE FEML 4R 2 47, 1 13k 3] -
T0CUKFR , R TG 0 T A2 E T s 55 1 I TE N ARG, IR o 0 F 3 AR H AL M B AT
1.3 R et bt

IR E N AT s IR A A AT S R SCHRY EAT, e, R pH SR 1 0 2.5 KRR,
FHERFE T 5 ( Mettler Toledo Seveneasy , Sweden ) ; A L& & (SOC) FH H TR EH 25 7% ; &2 (TN) >R FH2E 1%
LG E AU IR L (AN SR HBEAR B H0% ; BIERS A (NOS-N) FE A A (NHL-N) 2052k F KCl =R —%%
SMEIEREE RN KCl AR —HE By i L (005 5 A R0 (AP ) R JHER IR - STk 82 v WOIR S — AR BB L L (1 I 7€ 5 3k
BB ( AK ) SR FH T R i B — KB BE T I 2
1.4 TSGR 3 b
1.4.1 HIEFEBRIIGER cbbL FEFZEIERE H# PCR

K H PowerSoil ™ Total DNA Isolation Kit 17 & 428+ 3 5 DNA , FRER 0.5 ¢ VR T AR, $ie UL BT
DNA $2HL, 28 19%3 B MR I FL PO T HR B DNA B3O EA T 4552 , I P 40 6o BE 0 s v i R4l
PEHUF 1) DNA 733 -7 AE T -40C .

K HSERT 22 Y62 # PCR ( Real-time Quantutative PCR, qPCR) Jll & [ fifk T BE P& cbbL & K #5 DL &, [ 1iE 5]
Y. K2 5'-ACCA [ C/T] CAAGCC[G/C] AAGCT[C/G] GG-3', FiFsI ¥ V2r . 5'-GCCTTC [ C/G ]
AGCTTGCC[ C/G] ACC[G/A] C-3',75% 492 bp—495 bp M4 =4 | il CFX 96 ™ Real-Time System
(Bio-Rad, USA) {X# X} cbbL #7905 & PCR ¥ 3%, A MRER B 3 K, IR RA AT . 2xSYBR
Premix Ex Tag"™10 pl,50 wmol/L [ {iF M N IF5 445 0.2 wL, B DNA 1 pL,ddH20 #h/KE 20 wl, KV FE
5 IR0k Y 95°C TS M 3 min, 40 MEFUFE 95°C 10s,62°C 40 s,72°C 30 s, ZGER PCR ¥ =4
BN HEE RS LUK MU | 55 pEASY-T3 g E I A KA FT TR DHS o JEAZ S 41, 76% Ampicillin AR _I
PEAT I F B0 28 Pk T B, Pkt o BRI FE bl 126 A8 A T AR TR () IE(n A BRAS /1 R, K0 e 35 A5
B L HTBH A s BT KR SR IUTORE DNA | 0 43 560 B A6 0 v 38 140 3 (0D, /OD g ) o TE 2 TR AS
JERBEIT 8 fi5E R cbbL FEPIDEGRE 8 PCR FRIERR S, Ar B 5l 0 OB R 2R W A P ) > v il 2
g VR SIS AR B IR R R AF, RIZ AN R)ZE LY R 96.6% 1 93.9% ,i74k R
¥IRT 0.995,

1.42  [EGRIITAETA cbbL KPR AR v FR )1 Fr B Z2 28570 (T-RFLP)

K T-RFLP $5 A7 BB S BE B REVR , 519 K26 A1 v2el ™ o EWES14 5/ 3] FAM 28GR0, RO 1A &
AL4% Premix 10 WL 10 wmol /L ) F AT R #5445 0.2 wL Bovine Serum Albumin( BSA,20 mg/mL)0.2 uL.
DNA 7 0.3 wL.ddH20 %MK Z 50 pL, BW R .95°C 128 M 3min, 95°C 28 1 min, 62°C 1B K 1 min,
72°CIEAH 90 5,35 AMEFR,72°C 10 min, PCR P=¥&4lifb)s , FRGIPE P YIEE Mspl 7€ 37°C T E4k 4 h, Y]
Pk AR TA TR (0 ) ROy A7 RN w R FH B 404 e kR il 1 sl s 20 B K5 EiS H+ 1 bp T-RFs #L4
—A~ OTU, 24 T-RFs AYFANT 32 > 19% B 0T 99 A5 22787 5 AN 25 > 10% B0 R A S Fpe >
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1.4.3  [HBRINAETA cbbL PN 53 b SO

FE) [ B Y BE AN AT cbb L i DR 5 Bee SRR iff i [k F SR AR IR, 973 PCR, 519 B F I ) 24
JerE ki PCR, PCR “Walifb)5 445 pEASY -T3 A EHIFHAHEARIGFFE DHSo B2 84, 7R A N H &
FOFARHEA T BEPR L, 5 B Pk 200 S BHME FORE -6 A TAEY) TG PR W) ( i) My . FH DOTUR
BATFRE AR T 97% 9 F7 51 0 Rl —$ 4 4325 B IC ( Operational Taxonomic Unit, OTU) ™, 43514 NCBI
BORPEH cbbL FEPH BLAST 45 5UHMMER T 90% (¥ )7 51 2 LLJF 512 I Clustal X #4722 5 LX), R ]
MEGA 5.0 H189 Neighbor—joining ¥ R G A T M, FTIRAT Y cbbL HE P FP 311 #2582 NCBI, J¥ 3116 5% 5 0
MF430937-MF431023,
1.5 Haib i

K H Microsoft Excel 2007 4% Bl #E T4 P | OriginPro 8 AKX VEIK, SPSS 18.0 # 4%t i #4740 343
Bro R4l T-RFLP &3 OTU 1%k B S 3= &3 57 BIO - DAP F2J¥ ( http://nhsbig. inhs. uiuc. edu/wes/
population.html) 3T HBFE S B ZREMEFE L, R Canoco 4.5 #f4:( Mocrocomputer Power, Ithaca, USA ) X} T-RFLP
LR PEATICAR T (RDA)

2 HBROH

2.1 EMMEALE SR R TR

AN 28 T 5 BATAR R 5 B TR ZE R AR 3% 1 R, BEE AL EFRNER , RZ M
2T HE pH RS AR (AP) GERLHEN (AK) FIEZS A (NOS-N) Tk S 38 i34, A HLaKk (SOC)
TELE 10a J5 3 5 T (P<0.05) CK, ZJ5 B 28 5 AR BRI R Z TR Z A Pk i 2% (P<0.05) TR, 3R Z2
FE 25a KB FKAA 21.67 g/kg, RIEMTRZLEFI TN &8 EE T CK(EREZE 15 R4, F£JE TN 78
10a 5 FN R RAE 3.10 g/kg, WFRZWAE 25a KN RAE 2.91 g/kg, T C:NEHLEFREMILZ L C:
N BRI BIG: B 5% BEAH HL A 35 25 57, RZ MW R )2 458 C N 4300l 20a F1 15a B H B 3 (P<
0.05) FRERIFEYT . NH.-N 7E28 1 B G W #7284k

®1 FAREAZEFREMK T REELER

Table 1 Soil characteristics of long-term intensive managed Phyllostachys pubescens stand

AUk
R e Soil £ B A R H A HASH
L - Treatment pH organic Total N/ C:N Alkalytic N Available P Available K NO3-N NH3-N
ayer reatmen
’ carbon/ (&/ke) /(mg/kg)  /(mgkg)  /(mg/kg)  /(mg/kg) /(mg/kg)
(g/kg)

CK 4.48+0.01a 23.34x1.81b 2.36+0.20b 9.91+0.32bc 72.72+1.21d 1.14£0.07b 36.67+4.04c 19.31+1.05d 17.7+2.17ab
10a 4.15+0.12b  32.50+£0.99a  3.10£0.08a 10.48+0.23ab 121.03+9.78a 1.74+0.64ab 31.33+0.58c 13.03x1.40e 16.35+3.02b
0—20 cm 15a 4.10+0.06b  25.05+0.73 b 2.21+0.42b 11.59+1.96a 81.47+3.70c 2.01x0.17ab 34.33+0.58c 40.58+2.85c¢ 18.44+1.53ab
20a 4.16+0.14b  22.33+4.31b 2.77+0.47ab 8.05+0.18¢  70.76+0.75d 2.24+1.22ab 48.50+0.71b 52.02+6.24b 18.43+0.98ab
25a 3.99+0.08b 25.35+£2.21b 2.83+0.42ab 9.12+1.68bc 93.40+1.00b 2.89+0.0l1a 68.50+7.78a 78.22+1.89a 21.90+3.16a
CK 4.46+0.04a 15.39+1.56b 1.11x0.16¢ 13.92+1.07a 44.29+0.28b 0.44+0.04b 28.00+5.29b 18.13+0.28b 23.05+4.92a

10a 4.47+0.14a  21.56+0.73a  1.42£0.20ab 15.33+1.54a  52.42+7.42b 0.79+0.15ab 26.33+0.58b 11.35x1.38¢ 17.99+1.32a
20—40 cm 15a 4.43+0.10a  14.91+1.11b 1.44+0.10b 10.37+0.64b  48.37+5.41b 0.87+0.30ab 37.00+2.65a 24.12+4.37b 18.54+2.32a
20a 4.37+0.14a  12.37+0.88¢  1.42+0.17ab 8.82+1.68bc 49.28+6.36b 1.05+0.78ab 33.33+6.66ab 37.23+4.49b 17.40+1.81a

25a 4.04£0.02b 21.67+0.37a 2.91+0.19a 7.47+0.42c 77.77+9.05a 1.68+0.84a 40.50£0.71a 59.09+4.96a 22.67+4.35a
CK: 25 [AXF IR Control check; 10a; SEZYZE 10 4F;15a; EALE 10 4,200 FEALE 20 4,25a; FEALE 25 4, FIELARERE (n=3) ; RS EUE G AR
INEFARRRE R — + B A R G AR A B 2 5 (P<0. 05) ; R C:N HARAN , HAt g br 5 &4 U7V TR

22 EMEAZE TR LI cbbL FEPI K B0 KL T R
SEWPOLE R PCR XA FRAZE Dy L BATAR LI cbbL BN AYHE DR Ir 4 R W (18] 1), 15 cbbL
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21 4 XU A BT ARIR LY 2B 0T - MR [ ok 40 T A v 45 A4 A 22 Rk A 52 5

FE DR 4 DUBGIE B2 7.95%105—1.61x10°# D1 8/ -+,
FJE T cbbL FEHE DUBTE AR 2 2B FF IR 1Y 10a 35 5]
BRI 1.23x10° ¥ W /e + 15 TR, BEE 25T
[E] B ZE K 7 20a f2 4 5, 25a UT R B e T
Je TR LA ; W2 148 cbbL 5 DUEON 2 5 ik
TRER SR, FIH SPSS 73 #T cbbL B KA & 5 1 R
PR B A SR R B, AR )2 H IR ZE RN, K2
T HE[E i A0 T cbbL FEPN 5 AN FI TN 2 i) D) &2 21 Tl N
BERIEAMAK(P=0.038;P=0.006) ,5 C:N 2B EH %1 =CK 102 152 20a 252 CK 10a 15a 20a 25
A (P=0.035) ; W32 1 HE cbbL FEP A& 5 AN 0720cm - Treatmenf‘)*“‘m
(P=0.023) ,TN(P=0.004) Fil NO;-N( P=0.000) HJ 7
B EGAEE 5 CoN R B E R ERSE(P=0.000) . E1 AEEALEEREMHRLTIEEBRAE cbbL EEFE
FEhE 8 AN TN DU C N 5 BB cbbl, St RS Fig.1 Abundance of chbbL gene under long-term intensive
managed Phyllostachys pubescens stand

P TJRMERA . P TR BRI oo e 0—s0em 02 R 2 8546 W 5122 5 (<0,
SERIE, T IRIEBR A T cbbL FEPEEE 5 pH R C N 2 05,4 NG 5EH 4 20—40cm 2 712 B4 BRLAG i 3 1k 2 57
[ DU 8 2 IE ARG (P =0.026;P=0.023) , 5 NO;-N &  (P<0.05)
A (P=0.002) . DL 25 SR 00 0 A ) 4 38 3 ot
cbbl, I B FE R R 1 J2 T 5
2.3 BB LE SRR 5 A0 2540 S R AR AL

PR =4 Mspl BEVIALBR)S 1531 40—488 bp Z A T-RFs19 £, WK s (K 2) Hr 177 bp &7
HRETFZE IR BL(20.70%—45.52%) o 45 ZA0H B 40 bp(7.96%—17.79% ) , W& S A 2455
s ) A2 A X = BE R 5, 70 e R 2 AN R )2 152 18BN e KAA (17.79% F1 16.57% ) , 15 Fifi J5 1) 48 AR B v

100 r T T1T TT1 1T ”:” :: ::: ini) T LT

o0 | | = |||| T ﬁ tiii | i T-RFs(bp)
[T T T 488
i e

B 364
M Comse
70 | [TIIT1 360
[ 219
60 L =215

3213
=177
50 - XX 175
B 160
B 149
N 129
X127
Yol
V7149
U244
242
10 [ J40

25 ¢

2.0 + a

C

chbLFEF 5 %

Abundance of chbL gene/(X 10°copies/g soil)

T-RFsHixf £ Jig

Relative abunbance of bacterial chbL T-RFs

40 +

30

CK 10a 15a 20a 25a CK 10a 15a 20a 25a

0—20cm 20—40cm
AbFE Treatment

B2 AEEHAZLEERENKLEEBRAE cbbL EFE T-RFs HITFE
Fig.2 Relative abundance of cbbL T-RFs under long-term intensive managed Phyllostachys pubescens forests

T-RFs. FRi#$ilVEZ & R B , Terminal restriction fragments
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SCEW R, 213 bp 5 40 bp BAARR B AL  (HIF AR R T B, 360 bp 5 40 bp 2 213 bp HLHEAA
B, RIZANER)Z 15a FRERAR(3.06% M 11.77%) , EIEWRIZ I =087 Br, DL ESIR I A B BUAE B
A LA TR (AEIR) b SR E R i R B R R A S R B RS 1 A EUL R B AERR L
Hh, INRJZH A 49 bp (127 bp 129 bp FIEFRZ ) 362 bp 78 CK B, BB 4 9 28 A AT TN % TE RS
F) 22 B AR R -4 SO B A FGRJZ Y 219 bp 364 bp F1488 bp 5L JZ 42 bp 219 bp JFARTE CK Hr BE,
TEBATMIT IR R 228 5 B W 1 15488 bp J2RJZHRAA By EIFARIL S i Be, U Bt AL B X ix 26 | Be AR
RIS R

ABIFFEPEIE 200 4> B v e T DU, 3L T 97% WARIE R 73 i 64 > OTU, RGEFEAL I Hral R s (K
3) AT AL 3 AN RH Cluster 572 (56% ) , 43 T BTSN 528 W 1 1] ( Proteobacteria ) H) o-Proteobacteria ( 11%)
F1 y-Proteobacteria (6% ) LA} Actinobacteria (28% ) #H{LUBE 4 . T-RFLP BIEZE& R KT W kK, 56—k
POT-RF B 177 bp 518 M98 Bradyrhizobiu mottawaense (1.1629693.1) 12 EHIE T Bradyrhizobium icense
(CP016428.1) JHPFLABHAMITE Rhodopseudomonas palustris ( CP000283.1) | Starkeya novella ( CP002026.1) 5

LS-51 (MF430971)(36bp)
Uncultured bacterium clone LTE15002 (KT461194.1)
Uncultured bacterium clone XJ-22 (KF523920.1)
LS-66 (MF430985)(36bp)
LS-27 (MF430953)(177bp) ‘ _ .
Uncultured bacterium clone 49-1-139 (JQ964878.1) Actinobacteria J{ 2
LS-61(MF430980)(177bp)
LS-97 (MF431008)(362bp)
Grassland soil land (KM433895.1)
Thermomonospora curvata DSM 43183 (CP001738.1)
LS-32 (MF430956)(36bp)
Uncultured bacterium clone LFO1019 (KT461223.1)
LS-108 (MF431015)(177bp)
forestsoil(KT461240)
99 LS-34 (MF430957)(360bp) Cluster | RA[HZEE 5%
forest soil (KT461236)
LS-75 (MF430991)(177bp)
Uncultured bacterium clone LFO1003 (KT461209.1)
upland soil clone (HQ174633.1)
Paddy soil clone KF113191.1
Devosia sp.(CP011300.1)
LS-50 (MF430970)(177bp) | y-Proteobacteria y-75 JE
Dokdonella koreensis DS 123 (CP015249.1)
LS-60 (MF430979)(177bp) .
Uncaltured bacterium clone Lib30 289 (HG941284.1) Cluster Il AN Al Hi FRH %
Paddy soil clone (KF113187.1)
81 forest soil (KT461229)
45 3 Bradyrhizobium icense strain LMTR 13 (CP016428.1)
54 Bradyrhizobium ottawaense strain GAS524 (LT629693.1)
36 LS-106 (MF431014)(177bp) a-Proteobacteria a-28 JE B
Rhodopseudomonas palustris BisA53 (1CP000463.1)
LS-72 (MF430990)(177bp)
Starkeya novella DSM 506 (CP002026.1)

49 LS-68 (MF430987)(177bp)

6 EUncultured bacterium clone: OY04C1cbbL073 (AB552515.1)
Uncultured bacterium clone Lib78 316 (HG941629.1)

Uncultured bacterium clone AHAUO088 (KJ720374.1)

forest soil (KT461244)

LS-45 (MF430966)(177bp)

99

LS-23 (MF430949)(217bp)
Uncultured bacterium clone 153 (LT559418.1) ST
40 Grassland soil land (KM433948.1) Cluster ITA RT3k T %
98 LS3 (MF430937)(175b)
60 Uncultured soil bacterium clone PN5.12 (DQ149792.1)
LS-121 (MF431023)(175bp)
31 upland soil clone (HQ174664.1)
58 upland soil clone (HQ174646.1)
45 upland soil clone (HQ184454.1)
—desert soil (HM241016.1)
100 |_|— desert soil (HM2410221)
89 'desert soil (HM241051.1)
— Marichromatium purpuratum 984 (CP007031.1)
100 Ectothiorhodospira sp. (KT749912.1)
(& 61 Rhodopseudomonas palustris BisB5 (CP000283.1)

B3 EFHH cbbL FIHNRGEEZEH
Fig.3 Phylogenetic tree based on partial cbbL sequences
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IR Thermomonospora curvata ( CP001738.1) Fll Dokdonella koreensis( CP015249.1) 354 5 25T, /A6 1E 3
DNARF Cluster %2 | a-Proteobacteria . y-Proteobacteria 7% Fl Actinobacteria #% I, 5% H LU AR FK A
A R R RS AR LR B L 362 bp #1136 bp 5 Thermomonospoa curvata ( CP001738.1) 2K RBLT, 7 A 1
Actinobacteria F5 b, 53 H -4 2 FE O g KL RSB L 175 bp 437 7 Cluster 17 I, [A#E 55k
FI SR 20 AR A S R SRR R 5 . BB AR B 40 bp ABFSE T ECR SR RIZ A B R E A e
FIHSABFGEHR B Mspl B 5T &5k 240 & i) & BE,40+1 bp 5 Bradyrhizobiu mottaweanse ( LT629693.1) [/ 3£ %%
HAUBE IS 76% .
24 EATEAZELET cbbl FEHZ ML

A T-RFLP 3% b T-RFs 235l 158 T R JZ MR E AN R 2858 4 B LR i 1) ZAEPE S5 4L Shannon 154K
(H) B BEFRECE) F Simpson $5EL( D) , 7350 WA Wy RE Vs Wy b 2 B2 W A 28— P08 WL A 3 D7 T
W T A YIRS DIREZ AR (R 2) o S5 RR W], 3R)2 11 Shannon F5EUFIY &) JE 18 RG22 B AF BRIV
FEA P BRI, 7E 25a 1K B HefIK, Simpson FEEU 5 52 29 288 4F PR AV AE K B & 0, 7E 252 KB KME, 2
LB IR XS W R JZE I B EY) Shannon $5%L ., Simpson 85U &) IR B0 A BE 0, AR E
I WA T 32 [ Bl A0 T 1) ) = BE RS — 1 TG TR WL g 8 5 oK K S 2 2 [ e A4 R ) 22 R
PEF ARSI, FIT SPSS S A4 AR VEFR R - S B ME BT AR DGR & B (3R 3) , K2 11 Shannon 8405 pH
Z ) ) S B 2 A TEAH G (P=0.033) , 5 AP (AK i1 NO3-N(P=0.003;P=0.000;P=0.001) & & & ) fi A 56 ;
HIo) RS AN(P=0.013) 238 F 1 1IEA S, 5 AP(P=0.001) ,AK(P=0.000) F1 NO;-N(P=0.001) & &
F RS2 ; Simpson 505 pH(P=0.008) & B A%, 5 AP(P=0.031) ,AK(P=0.000) F1 NO;-N (P=
0.001) £ & 35 AYIEAIDC MEARZAEREE TN(P=0.029) fil C:N(P=0.034 2 &M MM, 5 AP(P=
0.046) &t 3 B IEARH G

R2 TRZEHEEMHKLRERBEN SHEREL

Table 2  Effects of cultivation years on the biodiversity indices of CO,-assimilating bacteria in soils

Lh Shannon %X Shannon index( H) Y151 388 Evennessindex (E) Simpson 54X Simpson index (D)
Treatment 0—20 c¢m 20—40 c¢m 0—20 c¢m 20—40 c¢m 0—20 c¢m 20—40 c¢m
CK 2.09£0.07a 2.06+0.05a 0.79+0.79a 0.83£0.02a 0.14£0.01c 0.17£0.02a
10a 1.90+0.10ab 1.90+0.16a 0.76+0.04ab 0.75+0.06a 0.22+0.03be 0.22+0.04a
15a 1.98+0.19ab 1.91+0.14a 0.80+0.02a 0.80+0.02a 0.18+0.03¢ 0.19+0.02a
20a 1.76+0.05be 1.84+0.21a 0.72+0.04b 0.79+0.05a 0.26+0.03b 0.20+0.05a
25a 1.55+0.21¢ 1.78+0.30a 0.63+0.06¢ 0.76+0.08a 0.34+0.06a 0.20+0.05a

[EIFVEELIS A [N TR [ 278 AR PR A S 3B 22 57 (P<0. 05)

x3 TEBEARTFE cbbL EEZHEEEHAXES T

Table 3 Correlation coefficients of environment factors with the biodiversity indices of chbbL gene

T+ 0—20 cm 20—40 em 0—40 cm
Layer H E D H E D H E D
pH 0.551°* 0.351  -0.659* 0.158 0.221 -0.493  0.404*  0.416*  -0.621"*
A HLB% Organic carbon 0.047 0.159 0.052  -0.152  -0.399 0.405 -0.146  -0.352 0.319
2% Total N -0.123 -0.023 0.203  -0.234  -0.254" 0.563 -0.229  -0.362 0.407 *
C:N 0.447 -0.398 0.391 -0.311  -0.217*° 0.55  -0.352  -0.466*"  0.487"*
B4 Alkalytic N 0.447 0.622%* -0.382 0.295  -0.057 -0.308  0.346 0.263 -0.337
F 54 Available P -0.707**  -0.781**  0.558** -0.017 0.08* 0.521 -0.450** -0.573**  0.583""
HELHH Available K -0.83**  -0.833**  0.854"* -0.337 -0.181 0.203  -0.673** -0.698**  0.739**
A Z NO3-N -0.757**  -0.753**  0.753"* -0.243 -0.044 0.444  -0.585** -0.531"*  0.681""
B S NH]-N -0.493 -0.548 0.459 0.416 0.355 -0.054  0.014 0.028 0.14

# ARRA ML B . E KT P<0.05; + + RRAAICHEIL B 2 # KT P<0.01

http ; //www.ecologica.cn



8 S % 38 &

2.5 NSRRI TF A 4 o S AR R TR A R ) R

DL T-RFLP J Befi B 3 ik 2 o o WA A8 S AT 90 AT (RDA) (B 4) o AN ZiHE)v 4k Bnl g0, &
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SRS —HFRE R b DL 25 R UG R 2 2 B R 0] R )2 2 2 S 1 e A0 TR A R VR S5 A 3
R,

HRAE Canoco Y forward 43T, N2 T 22 19 9 NIAEE IR 430 ) i 168 18 A5 i 35 B ( P<0.05) HY 24
S A i R R A S5 DR o 8 [ Wk A T VR A A A R ), 2 48 pH (P =0.002) \AK (P =0.016) \NO;-N
(P=0.008) Fl AP (P=0.002) % 4 N7 1534 55 3% )22 1 JE [ B 240 A1 R 9 b 28R G, T W 3% J2 398 Wl 284 OC ( P<O0.
05) F7A8F 43312 pH(P=0.028) [AN(P=0.034) NO;-N(P=0.038) ,AP(P=0.016) Fl TN(P=0.048) , H:r1,
pH NO3-N F1 AP 4§ 3 N5 W) 5 3¢ 2 R0 22 22 - 398 [ 200 P PR 285 40 78 A0 350 2 35 HH G (P<0.05 ), U B F TS
O3 EBZ I RIS [R5 AR IR 355 50 R A ARk, AN R 28 5 A1 PR - S R R il A= e v 45 # 32 AN )+
BEFRALIN T, Hoh )2 CK 252 pH (520, 25a EEZ AK NO;-N H1 AP A5 ; K2 CK 15a Al
20a T2 pH IS, 25a £ Z AN TN NO;-N Hl AP BI520H , RDA 455 o, 2 L3 — R4 —HF
Bl R T REAS Y 42.29% F1 20.8% 7R S5, I E G IR RE T FHEZR 63.19% 1) A8 55 W3R 2 3850 — N fS
T HEF RN A AR T AEA T 22.9% 1 19.4% 7R S P GO TREAS 42.3% 1 5 S B A HEPE R
BRI A TR TR A A 5 A S M ) 2 B DAL,
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Fig.4 Redundancy analysis of CO, fixating bacterial community in soils of Phyllostachy spubescens stand

3 e

DAJita AE BB A 5 1 4R A 208 W R T B AR = BB AN B L R R B LA B S ) BE R
FEUNE A M L Y BEE S E A ASBF ST R, R 2 48 T R IR E [ B P e A R R, T-
RFLP 3550 Hr 3R, BT ALE G i BEMN TR (RZHH 219 bp F1 364 bp 5% )2 42 bp 219
bp) , HELE 7 BE A BT FHH BL(RJZH Y 49 bp (127 bp (129 bp FERJZ Y 175 bp 362 bp) , Ui B BATHK
HEATAR 2 2278 ) 250 e [ B A AT VR 454, B — RS I35 R BE 177 bp F140 bp PR EBERG N, BATEE
AREGRIZTHE 177 bp TERZE BRI W 7 Be 40 bp KRB IESR, MRS LB M LH
BEZ et F RN, 5 Tolli 451 HAE AP MR HUAY S E A FR b K T L0 A R A 45 e MR, 2
TR A5 RSt A X 15k ) A v 45 P TsF 2 B, K U it IS 8 5 AT T, I PR MR B (A SRR ) SR
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PEFAI G B A T 7 BT 8 (HRePE B 3R ) DL EE BT, [k 19 53 40 R 5 i ok IR AT 43 S S RE AU RN AL e AL
Wu % BT RO IR R E 1 em ZE47 OBRIFMG A 3R . Thisied: (1 35 40 B 0 BE RS A FH R A L
G AN R, s SERNIR A B AL A SE TS A, AR AN 1 2 AR E A K AR
PRI A AR

CA IR, SOC 2 52 [ RS PG 2 F, A Yuan 5550 X6 /K R AR )it AE 45 24 ( CK NPK 1
NPKM) T [ERRAN B 5 45 50 SOC 5 [E Rk 20 AN A 35 A S , RS 5 e FH (1 sk 2y Rt 2t A Bk
SR FEBCE AT S T AT BRI 255 SRR A TR AR 2 A SR AR, EE CO, B A O M R4 i, (R 75 2
SRR PUTAE A REIR . SOC BE M iAW A K Bhi S L fig i, [ A g A rh BRI K a CO, U [
A A P B UR A R T A R BB AE A K 3R R T RN cbbL SRR, RREAZEDI BT
IR A cbbL B[N (B i W, B B2 24 22 B (R 3 n, 2J2 H 38 cbbL FEIH F BRI N e L FHE T AR
B, XH5REZE SOC AL, 2B 01 10a EATAR SOC 15 ) i KAE, 1 J5 T K, S8 10 P & 1A 5G4
WA R EN I E K, cbbL He AR S5 AR T E 47 W AH C M i e B, 22 T3 R AN 1A cbbL FE B 5
AN I TN 2 [a] D0 22 90 2 A IEAH G T 5 C 0N 22 0 38 9 67 R G, 33 46 5 2R 100 B 398 60 22 0T - 198 11 e 200 A A
PESEVEHT . S B A0 M 5 2 — S B A S B 2L K, 0 200 BT 1 52 CO, 1 A 1R 440 e i Y, i 0 U 6 22
A IEHEL, X AT B 4 cbbL FEH S SOC AT A8 3 IEAHSCRY R . 3% )2 4 cbbL FEI B Rt B 5
LA ZE R AR TR, 5 AN TN il NO;-N SHERENAIK, MY C:N 2B EFEMIX, WRZETE
A PR A Z I BALTR)Z A R)Z B S MR KA CO, TR #h 7R, W3R )2 CO, FEE R
VT WU 53, TR P00 30 T 5 P i 8 R 78 D0 50 388 A LI 43 A, DR okt e e s ) == i oy [ e i A=
PIRREIA T, B TAREIE ST ESEMN C:N H(25:1) , BN EALEE AR EV ., C N B P
SE cbbL BN FEE R, 3 AN TN DLA C:N 5 FBRANE cbbL KB AH 6 RAEMA L2 4,
AR, T RE SRR 2 585 W 3 2 + e B Al AR R AR R R I8, 9 S5 S oo R it gh &
THE e Z R A R AR A2 2% (Ecological Stoichiometry ) JEHEF A A HLIA R A
HERs—E M HLBISER Y UE YR A B A HUR IR T, 26 [ FR 0 9% etk A 3R 5 AR 2R A A= )
XPAPF C N BT RUBHA TAAAE 22 5 o ASBIFSE K BRI B 40 T 400 71 22 g e L 3, PRLIREX) © N #EAT B 5t ) T
REPRI RSN 5 | OH AL 2, IO AR SR I LA .

A W) ZREHEFE 0T Y Shannon F84 . Simpson & BRI 5] 48 £ 53 W ML D BEVE W b = 5 8 L I
YRR RN —bE 3 AN TR T R YRR DhRE AR N pH RS A AT, Feng Y A
BAER I 25 AR T 4% pH &8 U W 2 R R R - 76— 5 BN pH 54018 2R 2 IE 1,
S TSR VA R R 5 e A 0 T A 2 A %) 3 1 B RS2 A AR M IR WL KT A B A R AL
M A L A TR IR o e B R 4 B U R ANGS AR S RN M X R A s e E Y AR
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ELREARE 4.0 Z247) 56, 1358 pH X ERR G A: 90 (04 5 WA HR3E , Yuan 55 7K 8 FH 1050026 0 (0 T v 445
FAWFFERT & B pH 2 [ R 40 A 1 R BEBR I R S AR SR 5 AR R 3R )2 498 pH EEALE Y 25a |5 A
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