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Diversity and distribution of endophytic bacteria isolated from Caragana

microphylla grown in desert grassland in Ningxia
DAI Jinxia, WANG Yujiong "
School of Life Science, Ningxia University, Yinchuan 750021, China

Abstract: Endophytic bacteria can be defined as those bacteria that can colonize the internal tissue of a plant without
causing negative effects on their host. Many endophytes can be used as agents for stimulating plant growth, and for
producing bioactive natural compounds as a potential source of novel products for use in medicine, agriculture, and
industry. Therefore, the study of plant endophytic bacteria is important for understanding ecological interactions and for the
development of biotechnological applications. We studied the diversity, distribution, and stress resistance of endophytic
bacteria isolated from Caragana microphylla, a perennial leguminous shrub that is highly tolerant to drought, salt, and
extreme cold environment, from desert grassland in Ningxia, China. A total of 78 bacterial strains were isolated, and the
quantity and community composition of endophytic bacteria in various tissues of C. microphylla were found to be markedly
different. The bacteria colonizing in the roots was greater than that of other tissues (40 strains) , followed by leaves (20
strains). The genetic diversity and phylogenetic position of the isolates were analyzed using restriction fragment length
polymorphisms (RFLP) and sequence homology comparisons of the 16S rDNA gene. The isolates were classified into 11
types on the basis of PCR-RFLP results, and strains were determined to belong to six genera from five families based on 16S
rDNA sequence analysis. The endophytic bacterial population of C. microphylla was found to be less diverse than that of

other plants, and colonized predominantly by Bacillus species (87.2% ), which were distributed in all tissues of the plant.
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The bacterial populations in the roots consisted of Bacillus (89.6% ) and Paenibacillus, which included isolates belonging
to tDNA types 1—6. The bacterial populations found in leaf tissue consisted of Bacillus and Ralsionia species, while
bacteria found in the stems were mainly Bacillus, Pseudomonas, and Sinorhizobium species. Bacillus, Pseudomonas, and
Cupriavidus species were isolated from seeds. Tests for stress resistance revealed that most of the isolates could tolerate NaCl
stress at 6% concentration, and could grow at an initial pH of 5.0—11.0 and at a temperature of 10—45°C. A small
number of isolates could tolerate NaCl stress at 10% concentration, and could grow at pH 12.0 at a temperature of 55°C.
None of the isolates could grow below pH 4.0 and at a temperature of 4°C. The stress resistance of endophytic bacteria was
different in various tissues, and root bacteria showed greater levels of resistance than strains isolated from other tissues.
However in general , the endophytic bacteria of C. microphylla had a strong resistance capacity, among which, three strains
of Bacillus were most resistant. The results of this study not only offer new information about the C. microphylla endophytes
under extreme environmental conditions, but also add to our knowledge regarding the protection and utilization of microbial

resources in arid areas during the management of desertification.

Key Words: exireme environment; Caragana microphylla; endophytic bacteria; genetic diversity; stress resistance

) P9 A 2 TR A0 T R A L L PR3 1T SN 5| i e 0y 3 0 1 S8 JE R ) 4 B S
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AT EINRE? DR, XRS5 P AL PN A 20 T 22 R AR BRRRPE RS LA R AN JZ I TR AR T
A T 5 i SRR 2 TR A AR B REAT B T 0 i PN A 20 R A A R P S R B A 25 VR T i T Y B
CX7/ LUy el

/NIHHERXY )L Caragana microphylla J2& 5 F} ( Leguminosa ) $J% 1€ W B} ( Papilionoideae ) #35% JLIEAEY) , 2K
FE b5 R Al DR 312 B g SRR T S KD X R R GRS, B B 10 £E iy D AT v, & T LT 50
°C I I, T =40 °C (™98 76 T3 pH {H 6. 0—11. 0 BIIE FABREIE W A=K, I AMA e Hopiik a8 2 1
) E EE2et) [ o o S T AN | A N | 1 N B s 1 R 7 N SR A = W S I R A3 <9 B
B TEATREVILNARTS, RASELRDBR S, 8 T I 57 5L 55 2 3R B V69 - b v
et E AL X 2 —  FARAE AR, /N R XS LA D 17 B e 15 DX A 30 A T 0 T AR B R 7 AP T 5
X A AP R VD XA R R POl A= 7 s vb X Y 2 BFRLRE P A5 o B R . AR ST
T E IR AR S E VAR ) /NG LR o AH N A R R O A R AR BRI RS T 40T R IRAGR
TP s BRE v oA AR 20 TR 0 2B AR DI RE L AR A TR 5 T SE AR ) I AR AR B9 B Bl ks A B T A AR T A
AW BRI, S HESh T 5 M XA B B IR DR A T AR TR R A
1 #EE5FZE
L1 AT E

THPIMRER B T R A E R % A AR X, R XA T B SR EA L2 (106°20'—106°37" E,
37°49'—38°20" N) , fR47 X N AR /A T U0 S 358 5 s RT3 v fe S5 S S B AR 25 R e, S 3 Y
ATEBEIE I [ SRR X AF P REEK R 255. 2 mm  AFIZ8 40 2862. 2 mm , R IR LUKAS +08 %, X5
AP LARRXEG LA T2 1.7 T3 hm® FRARFERE AT 7% 2 & [ 1 Bl KR BB P iR A 268, T 2011 4R 5—9
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SRR Y 10a DL /N EEXS JLAR 25 HEAFP T, SRS AR (A AT BR 100m ) HoR 4454
ZUERLS By RS FRIBUR I FPF45 10 g 4300 FH JC TR K T U6 T35, 48 75% 19 R 3 min, EEUE ) P
0. 1% Y HeCl, FMIHEE 3—5 min, THE/KIEVEZ WG & THFER FOIn A TG A B KBS 25035, IV ok
FERRRE G HER T LB SRR XA R EH S KB T bR w0, IEI A 1 em® (/R
T LB SFAR I, 28 C R R IR 2—3 d, HURJS 1 IRTC /KIS VEBOR AR AR A T IC AN, AR B 75 TE A5 Bk
VPR VE AT B alifh, 2 2L IR I B AL S Al o | s VR 4% TiRVE R R A7 . ARSEE /I
408 LA LI B N A AT 78 Bk, RS L& 1,
1.2 fEZEM T
1.2.1 FFRIEFZ DNA AYHEH

WAL bR TE A LB WA IE 3R 5 28 °C,150 /min #E %3555 2 d,4 °C 8000 r/min 2.0 AEH 4, 75
% b0 TE %% 3 U, H CTAB-4/ S0 HEAT MR B DNA 4257
1.2.2 168 tDNA- RFLP 437

K@ 51 % 27F(5'-AGA GTT TGA TCC TGG CTC AG-3')/1492R(5'-TAC GGY TAC CTT GTT ACG
ACT T-3") ¥ HETEKRE 16S tDNA F5, 51915143 SIS B T KB kT ( Escherichia coli) 16S rRNA J&[K ) 8—
27 i 1492—1513 () 38 P= M2 1% B EE i i Sk AG  A4% 5, 16 FH Haelll  Hinfl  Mispl 3 FftBR il 14
NI 37 CHAL 4 h (BEVIAZR S PCR P28 4 pL, i 5U, Buffer 1.0 pL, KB T/KEEZE 10 pl ), HL"
W2 2% SR BRE IS FELUK RS , GelRed Y4 €5, Bio-Rad BERE BUSR RGAA IR, AR AS (W] Bl U BEEB0 ) X 4 —
DBARRAY 3 FhEGUISS AT IHZR A & B AR R B 3% 0 TR R A S — > S R R (1DNA type) o
1.2.3 JPHINE KRG RE T

RIS BV P 3 25 AR R TR AR, 4l A6 H: 16S vDNA i PCR P2¥))J5 Z4E_ B4 T AW TREB AR IR 5 A FR
NEIFEATIN R GRS 1 ) 59 8040 ) o DF45 RAE GenBank HEAT blast RS 2R | 4145 W] 5L AH T A0 T4
FF 51, Clustal X 2 XS 32 MEGAS. 0 #F, R H Neighbor-joining 7214 3 R Go i, % %5 B bR 19 R 48 &k
B AL AT 5T, boostrap 1000 YA 453 37 1) B AR E
1.3 Praivkie

el & NaCl FTE 43500 2% 4% 6% 8% 10% 55 5 A6 FE ) LB AU T 1 pk i £ 40 %2 ; FH HCl Fn
NaOH #8735 K& 1) LB 35721 pH (H4 4.0.5.0,10.0,11.0,12. 0 55 5 M0 B2 J5 (511 A H T B PR i 1 Bl 5
FIME s 76 LB F-Hr F M bk 5 B T 4 .10 45 .55 °C T 1535 H T Bk AR K Tl 3 Bl 5

PRI AR TG AL 2R T LB AR S 37 345 3% 36h, H JCH K 8 =45 Tk 0D260 AY(E—2K, &S 4% TRl
TeFR MR (FEIME S 42 5 ) , EIERSSRM 35 2—7 d, SRR bR B9 2E KAB B, &40 BEEY 3 R E |
LI 0.5% NaCl . pH 7.0 .28 CA= KA LB SEHVE Ay BHAEXT BE
2 GRS
2.1 TR 16S tDNA 19 34 & RFLP /#5501

AHIGE NN ER NG 45 20 20 S04 B D AR T 78 Bk, o MRS 4 B 48 BR (RO1—R48) |, 1B 20 #k
(L01—120) , 257K 6 Bk (S1—S6) ,F ¥ 4 #k(SD1—SD4) . FIr A RIS XS 27F (1492R H¢ 5 ME9 19 J5 315
1500 bp ZEAT I H—451 (B 1) . PCR =14 3 F N VI EHE (A3 2R R R D) B S 258 (R 2— &1 4) LB TR
JEIRAG 11 FRIEREL (R 1), A ARES 6 b, 404 TR T 1—6 vy b5 4 Fh, 404 T 3L A 1—3 i1 10 ;25
Hl A4 M AT TR AY 1 3 8 AL P R 3 R A TR AL 1.7 .9 th o N AN TEAN [ ZH U8R B Y
S ARAE B SRR 1 AR PTG PR AT A3 R 3 A A e R LIS 2 2 i 2 b PR R £ R
Moot i 2 i de) J@ T/ N ERE LR LS BRI B 4—6 19 TR Ak HOMARER 7 B kA5 BEA AL 8 |
11 A BRI ZEFRARAT , LA 7 9 (1 B AR AN N Fob 720 25 AR AR, U8 BH PN 24 40 81 18 o A B0 P e AR TR 4
ZUNEE S A I B ISR R
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R1NHEB)LAEE RN EME 16S rDNA ERE R HRFE Fithfs
Table 1 16S rDNA types of the endophytic bacteria isolated from C. microphylla and their phylogenetic position
Btk B F NCBI L x4 FeoIAE I
Strains rDNA type Family NCBI closest match Sequence identity/ %
RA3* 101° . SD4* Bacillus cereus 100
’ ’ . Bacillus thuringiensis 929

RO7, RI1, R17, R35, R36, R41, LO04, 1 Bacillaceae . .
L06. 108. 109. L12. L14. L16. S5. S6 Bacillus anthracis 99

’ ’ ’ ’ ’ T Bacillus subtilis 99
Lo7*, L197 ,R18, R21, R32, R33, R34, 2 Bacillaceae Bacillus pumilus 100
R37, R38, R40, R42
RO5",R19",R25" ,R39" , R46 ™, 103",
R12",RO1, RO2, RO3, RO4, RO6, RO8,
R13, R15, R16, R20, R22, R23, R24, 3 Bacillaceae Bacillus simplex 100
R26, R27, R28, R29, R30, R31, L10,Ll11,
L17, S2
R10 " ,R09 4 Bacillaceae Bacillus idriensis 100
R48 " ,R44, R45 5 Paenibacillaceae Paenibacillus lautus 99
R14 " ,R47 6 Paenibacillaceae Paenibacillus ehimensis 99

Psend s marginali:
SD3 * ,SD2 7 Pseudomonadaceae Senaomonas margumans 99
Pseudomonas fluorescens

S1*,%4 8 Pseudomonadaceae Pseudomonas syringae 97
SD1 * 9 Burkholderiaceae Cupriavidus basilensts 99
L02* ,105, L13, L15, L18, 120 10 Burkholderiaceae Ralstonia pickettii 100
S3* 11 Rhizobiaceae Sinorhizobium melioti 100

WA = AT T AR IR

1 2 3 4 5 6 7 8 9 1011 12 13 14 M

1 HE# 16S rDNA ¥ 18K E
Fig.1 Electrophoretic fingerprints of 16S rDNA

10 11 12 13 14 M

B3 #84E#rk 16S rDNA Msp 1 Bt E
Fig.3 16S rDNA RFLP patterns disgested by Msp 1

2.2 WAMREMNEBEZHES RRET

&2

B4 B ¥k 16S rDNA Hinf 1 Egt1E

Fig.2 16S rDNA RFLP patterns disgested by Hinf I

4 5 6 7 8

&4

9

10 11

12 13 14 M

B4 E#k 16S rDNA Hae I E 3]
Fig.4 16S rDNA RFLP patterns disgested by Haelll

PEHAS FE A AR BRI T 16S rDNA 21 %2 , RAS ) 1E )2 7] 73 51 2 PR L X 5 15 31 1300—1500
bp ZEATRKE . P25 4238 & Genbank #5425 (JN604320-JN604339) . ¥ 317 GenBank 7 [] Y5 P 48
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REE R IL KR 1—6 19 B Bk SR & T 2F 7 FF B 49 ( Bacilli ) 28 4T 18 Bl Bacillaceae 135 2F £ AT 0 F}
Paenibacillaceae ; J& K 7 7—8 [ K8 T y-ZE AT 1 24X ( y-proteobacteria ) R A F} Pseudomonadaceae ; 3 [H
R 9—10 TEHRIE T B-ZLIEAT I 20 ( B-proteobacteria ) fH v [G & #} Burkholderiaceae ; &R Y 11 1Y KR8 T
a-ZE AT 29 ( a-proteobacteria) YA # A Rhizobiaceae , IR FEAY 16S tDNA JFHI M) ) R G0 4 B W
WK 1, REM T RBTRERRA RS RS 16S tDNA-RFLP 73 HIZ5E R —2

ZFAUFT AR : AR 2 DY 1—4 BT RR, ST A BP0 78. 2% (61 #K) , J& T/INHH xS LI LSS/
I3 T ARG AR ERRI R R B, AR B 89. 6% (43 Bk ) , UK g &R, 70% #Y M ER 7 B W s
TZRH(14 BR) o 16S tDNA FEP P A 43 B B 3 4 B RIRY B9 TR AR 42 78055 2R 1R ( Bacillus ) FHOCHIBR T
SRR PE fe ey . HOHP SRR 1 AR AR S AL 2R AT B8 Bacillus cereus 1 16S tDNA & F AL K 100% , 54k
FLEARRT I Bacillus subtilis . JH 2FHIFF R Bacillus anthracis |95 2545 2 0FF B Bacillus thuringiensis 1) 16S rDNA
FEAUARAPE 2435 3 99% 5 KL HY 2 3 B AR 73 51 5 5 /N 2R FUAF TR Bacillus pumilus | (8] 528 F AT T Bacillus
simplex JFHVFHPE R 100% ; FERY 4 B TEAR S ET 2EF0AF B Bacillus idriensis )7 SAHIME S 100%

AT AR AN B 5—6 (173 B3, SRR X B ARG . 43001 5 28 2 AT T Il S8 28 AT i
Paenibacillus lautus . ZIBIEZFHAFFE Paenibacillus ehimensis B 16S tDNA FE[H FEFAHLIE A 99%

R  NZETR Bt 2 BR(FEH AL R) |, 5 T F B HLER Pseudomonas syringae [ 16S rDNA J¥ 51 #H{LL
PR 97% ;FhFor B 2 MR (FERAL 7) | 5 ABA N Psendomonas marginalis 9 CAR HME Pseudomonas
Sfluorescens 1) 16S rDNA JFFAPEY S 99% AR 30 JC /07 .

A SE QR B IR 9—10 BYRK, MBS 6 &, HAAH IR B9 BE R B (LAY 10) |, 5 J2 R EP /R
Wi & Ralstonia pickettii 1) 16S rDNA [l 5 1 K 100% . FF4r 55 1 #k (LB 9) | 5 50 3 @ 1Y
Cupriavidus basilensis 1] 16S tDNA JFFIAHIME R 99% , ZEEBFIAREBIC /37 .

AR R SUNZET 8 1 AR (RN 11) |, 5 EARBR MU A Sinorhizobium melioti [ 16S rDNA J¥ 5]
HIPEN 100%

2.3 RRBBTIHE

2o K, AR R X NaCl BT 32 8 1 22 40K, 87 % IBRRRRENETH 52 2% 1 NaCl,70. 5% [ FRREAS
5% 4% 1) NaCl,64% W TH PR AEASH 52 6% 1) NaCl, A7 20% 1 5% W HPRAELE 5 8% M1 10% 1) NaCl P-4 |
A, AR A3 B A R P ke A | T AR TR AN AR 1% 2% NaCl BY-F-AR B A R EF,58. 3% TR AR AT
1§ 3% 6% 1) NaCl; -8 B AR i S 14 2 S e K, 35% (7 4K ) MR R ASBETE & 2% NaCl 194l AR 1T 40% (8
B W BRI RRED RERE 1T 52 8% 19 NaCl, Hrf LO7 Fl L19 7E 10% NaCl VAR FABSR K R AT, 253581 6 #R4r & it
HhPEBSS  (UA 4 PRAEMT3Z 2% 19 NaCl, F5-2> 254 b SD4 Al i 52 8% ) NaCl,SD2 I SD3 AL AT 52 2% )
NaCl,SD1 AAETE R 2% NaCl H9FH AR K

439 70. 5% 32% WIBEFRTE pH {E 10. 0 A1 pH {H 11. 0 B &4 F A K HERK 12, 8% WY FERETE pH {H
12.0 HIEFRHE R AR 5 Bk, &8 5 Bk, Hor R11,R48 FT LO8 KR, 53.8% HYEIRTE pH {E 5.0
25 1T RERCATF I AR (HAE pHAE 4.0 50 T A BRE RN RBZE R . 4388 L Fh 1119 4 BRI R B e ) ¢
2¢ ¥ NBEAE pH {H 10.0 Fl pH {H 5.0 BYFRMF T ALK,

P28 CARKEMR X B BT A PR AT 7E 10 CHP A BRIA PR RO8 \R15 41, T A IR TE 4 C B ANGE
A 585 % MTRRRTE 45 °C I AERCIERS 6 BRI TTAE 55 C 20 F A, Jh 107 (L19 #1 R1T AR K H R A, 3%
IR B R R i v TR RE
3 i

WA A R G AR TR A RS FERE YA i 20 A B i M 2 REPE R R R U E S R
G B AR Ay, AE KR B LR AR v SR R T BB E R OC R R o A TR Y 2R B R R
g T H A ISR )T BEFIREE  SUR T IZ RN IVE 0, 5208 0 B R M R T 2 A A= i 9
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R25 (JN604336)

R12 (JN604334)

R39 (JN604337)

100 | LO3 (IN604333)

R19 (JN604335)

RO5 (JN604338)

R46 (JN604339)

Bacillus simplex (JF496519)
Bacillus simplex (JF496504)
Bacillus cereus (JF496546)
Bacillus anthracis (JF506008)
Bacillus subtilis (JF343198)

SD4 (JN604331)
100 100 [Bacillus thuringiensis (GU201858)

LO1 (JN604330)

R43 (JN604332)
Bacillus idriensis (JF496378)

Uncultured Bacillus sp. clone (JF411329)
100 R10 (JN604327)
Bacillus safensis (JF411291)

L19 (JN604329)
100 | Bacillus pumilus (HM585060)

L07 (JN604328)

83 [ R48 (JN604325)
4LQO-[[Paenibacillus lautus (HM462433)
Paenibacillus lautus (JF496308)

Paenibacillus mucilaginosus (JF810840)

Paenibacillus elgi (GQ266393)
R14 (JN604326)

78 || Paenibacillus ehimensis (HQ610447)
86 Paenibacillus ehimensis (HQ703923)

100 | 3 (IN604323)
| Sinorhiz obium meliloti (JF496434) a-proteobacteria

Sinorhiz obium meliloti %H 115738)
100| SD1 (JN60432

64 |

Bacilli

100

99

Cupriavidus basilensis (GU969237)

100| Cupriavidus basilensis (AB109778)
] Cupriavidus taiwanensis (FN908232) )
100 '— Cupriavidus necator (HQ911366) B-proteobacteria

Ralstonia pickettii (FR873796)
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Fig.5 Phylogenetic trees of endophytic bacteria from C. microphylla based on the 16S rDNA sequences

ABESEIE T 16S rDNA- RFLP K731 o3 Ak b 7 B e i 5t Jt [ Y AR /NS X LA 370 2H 4 N AR A T 22
FEVEREAT 12007, 4 SRR W1 70 B A 78 PR N AE 40 T 70 2 JAT B 240 ( Bacilli ) FIASFEAT 51 49 ( proteobacteria) [ 5
AEE6 A TERR AR PR 2RO B — R RI A ZUh AR 0 G R R 1 A 25 5, AR A T
WK, R 2 ,89. 6% M RARRE T 2R AT &, 7351 10. 4% F I8 TR AT s . il 4 i 20 B AR
EIRTAREL,70% FJ@ T 2F AT 8 ,30% g T10 58 R R B R Wil 88 Ralstonia . 25 AT B4R 5>
B A AR H A (BRI B A0 TR AT R R R R R R U R R, A
WFFER I M S SR AR AL AR T AR A RO iR 2, 25K M dReb KRS R GARES N 2R 4l i 22, it
Wz, ZERIRR a0 sl AR RN BRI P9 A 20 B 2 REE R DFTE 1, BITSEAR A A T 1) 2 Rk
i 2RI Rosenblueth tA S P A= B ZEAR bR VR P9 9 93138 R AR2H A T B AREH 2L AR bR THUAE , P9 2

http ; //www. ecologica. cn



6306 A E = 32 &

PR/ AR /NI E S J AR 43 8 1 A A TR AU i 22, IR 2, 2R3 115D, HOKARR RGN ZE
TR 1 3 A R TEARL . AT AT SEIESE , i TR TR TR AR A 2, oA AR T 1) A AR 32 22 D T PR 3R 1) ol
2y, Hor AR AEFNRE T8 G5 M AN S2 B 1 EREYIR 200, 36 32 S0 FEIREE PR 5 20, BR A8 A5 PR AN 1ig 2 Bk R AU ke S
AR TR YA 2R RIS R [R) — R, AS [R) 4 2 e oA A 0 T A0 b 2 AR A AR ) AR S 0 2 hF
PECST NI LA A N 2R S A H A R B R T R S R KRR TR
T T IEBRE AR — DT AR R SRR s R 0 PR R e A AR ) B AR A, AT 23 R R
M) 38 A4S PN PN A AR ) 2R S AR AR . AN, BTS2 A0 TR AR R SR N IR B R 1 PR, — L5 2 BT
TANTE N A AR 35 % 5 A AN BB 125 S ok | SRR H 1) 240 71 22 A T 1 2 v 25 S PR 0, AN B L
IR H LU AN ) 2 REIE SR RESE G, i i R 22k

HYI AT LLEAE R4 2 A R B A0 T & B R A 5 i S A T S R Ge . TEMYITRUES RGE b R IR
PIAE B AT LA 5 AN TR (9 R 2507, AR ATTAR EL AR P FERE IR N A AR S 0 P B R B RO R P4 A= 440
B RZ N+ YRS P R PR & ( Pseudomonas) ZEHOFT B & ( Bacillus) , i FT # & ( Enterobacter ) L),
Lo -SRI & (Agrobacterium ) Ft5c i W JE o ABIEFE 2 W1 27 FOAT 127 3 40 A1 A2 /N I B X L0 g A3 B v 1) T
RE(87.2% B B AR T2 AR ) %8 0 A T/ LG A 4irh s TR, X 5 H i —
SERFFRAE R S RGH , SRR R R 1 — LR S A D TR B AR A K R e A Y
R DR 2 1 TR 2 A5 S I ) ST A 0 o R A B S R E Y 5 O s A 2R AT IR T RE A 8- B
O A5 R Y 4 o EE AR I T R AR 2, B R A B e DR T . Ak B 16S rDNA
FEA 5T, K B0/ RS LN AR T 517 2 B SR S D Re 0 A0 A AR e 9 [RIRPE . ATk S3 b
HE R TR A TR R R IR, IS A0 1A RE S ELRHE LAz 11 0 5 28 AT TR AR S M T s 2 25 AU A s R VF 2 T
BRAT LG UAns W £ 1R BY o 35 R 55, BE A RO R AT W 1Y A 4 | 30 i) 22 e D T T PR L IR AR S A ) 1Y PR
P2 A TR MG RS A PR 58 P ) 2 s e s iy R | R RS, X R S e YR B A 3B S R
A BRI BRI A e R S R 1 43 R R A A R P O T A R R B R A U
TR E S B DB EIRER T X 45 R U & /N3G LA N R4S 5 0 R ITF R R Y
AR

FEGT S0 v AT R 28 B AN [] % 6, T PR B RO IR s AR TR I 8 0 o RV AR A0 71 A B 38 e
JrE A, Horfr, 28 168 rDNA 781 A2 25 0 25 AT 1 (9 107 \L19 Al R11 53X 3 BR 1A AU 1 B bt
2, LA 32 10% 9 NaCl, 78 pH {H 5. 0—12. 0 FFERHKIE Bl N AR RE AE 1 B4, 17 L& B0 H A 5 Ay i v i
T 55°C IFATISR AR HE B, ey il 5 2 SR ) AN A W A K 2 7 R BIR R PR AELis Ao A 25 25 R [a] R 25 Tt 57
T B N AR T BGR P . AR A8 AW AN T, Y 28 A AR AW N T 5 PR R B s 3 i
PR T i T AR o ARSI PR B bR B RS AR 0 A T T R T R AT IX, IR i R B A,
MTRT BAT AR IR IR AT BE 2 HAE I s e | 285 X e %, B W Ak 38 1 A= S IR O 45 21 2 W
RGBT KL A BT

VE g By IRV 0 68 SE B A, /N LR AR 252 B S R T A B 2 S, T H R 30 1Y 3 AR 28 2k
WK 2N B HAR N A U E I AR R RE AL A 22 R, ARWTSTIE S 16S xDNA J3# 41 73 12
P T B e T D [ Y AR )/ N B X LA TR S AN AR A0 T RO R RE S AL BT BE AR TR R 22 =, AT I
JR & AL N AR TR , IS8 N A 0 R T A e AR VB AT S T b i AR A T 8 AR S PL e
MgE— , ATHRABIE
References::

[ 1] Hallmann J, Quadt-Hallmann A, Mahaffee W F, Kloepper J] W. Bacterial endophytes in agricultural crops. Canadian Journal of Microbiology,
1997, 43(10) ; 895-914.

[ 2] Newcombe G, Shipunov A, Eigenbrode S D, Raghavendra A K H, Ding H, Anderson C L, Menjivar R, Crawford M, Schwarzlinder M.
Endophytes influence protection and growth of an invasive plant. Communicative and Integrative Biology, 2009, 2(1) : 29-31.

http ; //www. ecologica. cn



20 4] PEE AT B R /N XS LT B3R PN AR A0 2 A B e A Ak 6307

[3]

[4]
[5]

[6]

[7]

[8]

[9]

[10]

(1]

[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]
(23]

[24]

[25]

[26]

[27]

(28]

Ryan R P, Germaine K, Franks A, Ryan D J, Dowling D N. Bacterial endophytes: recent developments and applications. FEMS Microbiology
Letters, 2008, 278(1): 1-9.

Niu X W. The distribution and description of Caragana Fabr. in China. Acta Botanica Boreali-Occidentalia Sinica, 1999, 19(5) : 107-133.
Weisburg W G, Barns S M, Pelletier D A, Lane D J. 16S ribosomal DNA amplication for phylogenetic study. Journal of Bacteriology, 1991, 173
(2):697-703.

He H B, Jia K F, Jia G X, Ding Q. A preliminary study on the stress resistance of rhizobia isolated from Ammopiptanthus mongolicus. Chinese
Journal of Plant Ecology, 2006, 30(1) : 140-146.

Andreote F' D, Azevedo J L, Aratijo W L. Assessing the diversity of bacterial communities associated with plants. Brazilian Journal of Microbiology,
2009, 40(3) ; 417-432.

Ma G H, Xiao C G. Population dynamics of endophytic bacteria in symptom-free tobacco plants. Journal of Microbiology, 2004, 24(4) . 7-11.
Ikeda S, Okubo T, Anda M, Nakashita H, Yasuda M, Sato S, Kaneko T, Tabata S, Eda S, Momiyama A, Terasawa K, Mitsui H, Minamisawa
K. Community and genome-based views of plant-associated bacteria: plant-bacterial interactions in soybean and rice. Plant and Cell Physiology,
2010, 51(9) : 1398-1410.

Kuklinsky-Sobral J, Aratjo W L, Mendes R, Geraldi I O, Pizzirani-Kleiner A A, Azevedo J L. Isolation and characterization of soybean-associated
bacteria and their potential for plant growth promotion. Environmental Microbiology, 2004, 6 (12) ; 1244-1251.

Shi Y W, Lou K, Li C. Isolation and identification of endophytic microorganisms from sugar beet and dynamic changing in the north slope of
Tianshan Mountain. Acta Ecologica Sinica, 2009, 29(5) . 2375-2382.

Rosenblueth M, Martinez-Romero E. Bacterial endophytes and their interactions with hosts. Molecular Plant-Microbe Interactions, 2006, 19(8) :
827-837.

Leuchtmann A. Systematics, distribution, and hostspecificity of grass endophytes. Natural Toxins, 1992, 1(3) . 150-162.

Andreote F D, Rocha U N, Aratjo W L, Azevedo J L, van Overbeek L S. Effect of bacterial inoculation, plant genotype and developmental stage
on root-associated and endophytic bacterial communities in potato ( Solanum tuberosum). Antonie Van Leeuwenhoek, 2010, 97(4) : 389-399.
van Overbeek L, van Elsas J D. Effects of plant genotype and growth stage on the structure of bacterial communities associated with potato
(Solanum tuberosum L. ). FEMS Microbiology Ecology, 2008, 64(2) : 283-296.

Siciliano S D, Fortin N, Mihoc A, Wisse G, Labelle S, Beaumier D, Ouellette D, Roy R, Whyte L. G, Banks M K, Schwab P, Lee K, Greer C
W. Selection of specific endophytic bacterial genotypes by plants in response to soil contamination. Applied and Environmental Microbiology,
2001, 67(6) : 2469-2475.

Ikeda S, Okubo T, Anda M, Nakashita H, Yasuda M, Sato S, Kaneko T, Tabata S, Eda S, Momiyama A, Terasawa K, Mitsui H, Minamisawa
K. Community-and genome-based views of plant-associated bacteria; plant-bacterial interactions in soybean and rice. Plant and Cell Physiology,
2010, 51(9) : 1398-1410.

Saikkonen K, Wili P R, Helander M, Hansen D M. Genetic compatibility determines endophyte-grass combination. PLoS ONE, 2010, 5(6) .
1-6.

Che J M, Liu B, Zhang Y, Hu G P, Huang Q L, Chen Z D, Weng B Q. Distribution characteristics of endophytic bacteria isolated from forage
grasses. Acta Prataculturae Sinica, 2010, 19(3) . 124-131.

Yang N, Yang B. Population dynamics of endophytic bacteria isolated from the roots of infected Cymbidium faberi. Acta Ecologica Sinica, 2011,
31(5): 1203-1212.

Lee Y K, Jang Y S, Chang H H, Hyung S W, Chung H Y. A putative early response of antifungal Bacillus lentimorbus WJ]5 against the plant
pathogenic fungus, Colletotrichum gloeosporioides, analyzed by a DNA microarray. The Journal of Microbiology, 2005, 43(3) . 308-312.

Navon A. Bacillus thuringiensis insecticides in crop protection-reality and prospects. Crop Protection, 2000, 19(8) : 669-676.

Ramesh R, Joshi A A, Ghanekar M P. Pseudomonads: major antagonistic endophytic bacteria to suppress bacterial wilt pathogen, Ralstonia
solanacearum in the eggplant ( Solanum melongena L. ). World Journal of Microbiology and Biotechnology, 2009, 25(1) . 47-55.

Ulrich K, Stauber T, Ewald D. Paenibacillus-a predominant endophytic bacterium colonising tissue cultures of woody plants. Plant Cell, Tissue
and Organ Culture, 2008, 93(3) . 347-351.

Lobos ] H, Leib T K, Su T M. Biodegradation of bisphenol A and other bisphenols by a gram-negative aerobic bacterium. Applied and
Environmental Microbiology, 1992, 58(6) . 1823-1831.

Germaine K J, Liu X M, Cabellos G G, Hogan J P, Ryan D, Dowling D N. Bacterial endophyte-enhanced phytoremediation of the organochlorine
herbicide 2, 4-dichlorophenoxyacetic acid. FEMS Microbiology Ecology, 2006, 57(2) : 302-310.

Chen W M, Wu C H, James E K, Chang ] S. Metal biosorption capability of Cupriavidus taiwanensis and its effects on heavy metal removal by
nodulated Mimosa pudica. Journal of Hazardous Materials, 2008, 151(2/3) ; 364-371.

Duan X J, Min H. Isolation, identification and preliminary studies on the resistance gene detection of a Cd- resisting bacterium. Acta Scientiae

Circumstanitiae, 2004, 24 (1) . 154-158.

S 3k

AP, R E RS LR A BRI I — o0 A B A Al k. PEALA AR, 1999, 19(5) : 107-133.

farfesd, SYRME, DU, TH. WAERIREMPEYE. HPAS2, 2006, 30(1) : 140-146.

St MR MR A A S S TT. AR gRAR, 2004, 24(4) ; 7-11.

SRR, 28, 2. KINJESEEE A T B S e AR Mk, RS2, 2009, 29(5) ; 2375-2382.

S XN, R, AR, BN, BREA, SR, JURMRARMCRE M A A G s ReE. SOlFR, 2010, 19(3) ¢ 124-131.
s, . HEZIRHARTE N A A B AR AR A, AEASSER, 2011, 31(5) ; 1203-1212.

BRI, — RPN A 1 50 B 5 8 S TP I R S (R oY . IREE bSR3, 2004, 24(1) ; 154-158.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol. 32 ,No.20 October,2012( Semimonthly )
CONTENTS

Characteristics of nitrous oxide (N,O) emission from a headstream in the upper Taihu Lake Basin ««c«ocoeeeeeeeseeeiiiiiii,

......................................................................................................... YUAN Shufang, WANG Weidong (6279)

Nutrient dynamics of the litters during standing and sediment surface decay in the Min River estuarine marsh — ----seeeeeeeeeieeaeaenne.

........................................................................... ZENG Congsheng, ZHANG Linhai, WANG Tian'e, et al (6289)
Diversity and distribution of endophytic bacteria isolated from Caragana microphylla grown in desert grassland in Ningxia «-«cocceceeeeee
............................................................................................................... DAI Jinxia, WANG Yujiong (6300)
Spatial distribution of Trabala vishnou gigantina Yang pupae in Shaanxi Province, China  -e-seemeeemmermiiiii
.............................................................................. ZHANG Yigiao, ZONG Shixiang, LIU Yonghua, et al (6308)
Effects of drought stress on Cyclobalanopsis glauca seedlings under simulating karst environment condition «+«++eseeeeerereeeeiiiiniiinn.
........................................................................... ZHANG Zhongfeng, YOU Yeming, HUANG Yuging, et al (6318)
Ecosystem diversity in Jinggangshan area, China = -+oceeeeeeeeeeeeeeai.e. CHEN Baoming, LIN Zhenguang, LI Zhen, et al (6326)
Niche dynamics during restoration process for the dominant tree species in montane mixed evergreen and deciduous broadleaved
forests at Mulinzi of southwest Hubei «+«ceceeeeeeeeeeeieiniiinii. TANG Jingming, AI Xuenru,YI Yongmei, et al (6334)
Effects of different day/night warming on the photosynthetic characteristics and chlorophyll fluorescence parameters of Sinocaly-
canthus chinensis seedlings +++++++++sseeeeesiiiiireiii XU Xingli,JIN Zexin, HE Weiming, et al (6343)
The effect of simulated chronic high wind on the phenotype of Salsola arbuscula —««+«+++vseeeeeeeeeeieiiiiiiii
............................................................................................. NAN Jiang,ZHAO Xiaoying, YU Baofeng (6354)
Responses of N and P stoichiometry on mulching management in the stand of Phyllostachys praecox — «+++esereeesesereseeeiininiiiniin,
.............................................................................. GUO Ziwu, CHEN Shuanglin, YANG Qingping, et al (6361)
Tree-ring-based reconstruction of the temperature variations in February and March since 1890 AD in southern Jiangxi Province,
CRINA  +veerreeemeneenenenneneneenentaeneneeneneataeneentaeteenetnenenneaeneanens CAO Shoujin, CAO Fuxiang, XIANG Wenhua (6369)
Diel variations and seasonal dynamics of soil respirations in subalpine meadow in western Sichuan Province, China ««:eceeveeeeeeeeeeees
.......................................................................................... HU Zongda, LIU Shirong, SHI Zuomin, et al (6376)
Effects of fire disturbance on litter mass and soil carbon storage of Beiula platyphylla and Larix gmelinii-Carex schmidiii swamps
in the Xiaoxing’an Mountains of Northeast China +«+eceeeeeeeeeeeeeee. ZHOU Wenchang, MU Changcheng, LIU Xia, et al (6387)
Variance analysis of soil carbon sequestration under three typical forest lands converted from farmland in a Loess Hilly Area  «+++-----
....................................................................................... TONG Xiaogang, HAN Xinhui, WU Fagqi, et al (6396)
Soil-property and plant diversity of highway rocky slopes «+eseeeeeerereereiiiiiiiiiii.. PAN Shulin,GU Bin, LI Jiaxiang (6404 )
Effects of slope position on soil microbial biomass of Quercus liaotungensis forest in Dongling Mountain «+««-«seseerereeeeeieanieii...
.......................................................................................... ZHANG Di, ZHANG Yuxin, QU Laiye, et al (6412)
Responses of water quality to landscape pattern in Taihu watershed ; case study of 3 typical streams in Yixing «cecocceceeeeceeeeeeeenes

.............................................................................. WANG Ying, ZHANG Jianfeng, CHEN Guangcai, et al (6422)

Study on the fairness of resource-environment system of Jiangxi Province based on different methods of Gini coefficient ««---eveeeeeeeee

.............................................................................................................................. HUANG Heping (6431)
Simulation of the spatial pattern of land use change in China; the case of planned development scenario — ++eeereeererereeeaiiiiiniiiee.
.......................................................................................... SUN Xiaofang, YUE Tianxiang, FAN Zemeng (6440)
Arable land change dynamics and their driving forces for the major countries of the world —+«+eeoeeeeereeeeeeeenns ZHAO Wenwu (6452)

Denitrification characteristics of an aerobic denitrifying bacterium Defluvibacter lusatiensis str. DN7 using different sources of nitrogen ------
................................................................................................ XIAO Jibo, JIANG Huixia, CHU Shuyi (6463)
Study on sustainable development in nanjing based on ecological footprint model — «+eeerereeereeeees ZHOU Jing, GUAN Weihua (6471)
Applying input-output analysis method for calculation of water footprint and virtual water trade in Gansu Province «+«-eeeeeereeeeeeceees
....................................................................................... CAI Zhenhua, SHEN Laixin, LIU Junguo, et al (6481)
Correlation analysis of spatial variability of Soil available nitrogen and household nitrogen inputs at Pujiang County =~ -«--seeeeeseeeeeeees

................................................................................................ FANG Bin, WU Jinfeng, NI Shaoxiang (6489)

Characteristics of the fish assemblages in the intertidal salt marsh zone and adjacent mudflat in the Yangtze Estuary «--ceeceeeeeeeeeeeees

.............................................................................................................................. TONG Chunfu (6501)

A comparison study on the secondary production of macrobenthos in different wetland habitats in Shenzhen Bay -«---coeeeeeeeeeeeeienne.

....................................................................................... ZHOU Fufang, SHI Xiuhua, QIU Guoyu, et al (6511)
Regurgitant from Orgyia ericae Germar induces calcium influx and accumulation of hydrogen peroxide in Ammopiptanthus

mongolicus (Maxim. ex Kom. ) Cheng f. cells —«oeveceeerecieiiiiinn. GAO Haibo, ZHANG Shujing,SHEN Yingbai (6520)

Behavior characteristics and habitat adaptabilities of the endangered butterfly Teinopalpus aureus in Mount Dayao ««-ecoeeeeeeeeeneecenes

....................................................................................... ZENG Juping, ZHOU Shanyi, DING Jian, et al (6527)

Community structure and dynamics of fig wasps in syconia of Ficus microcarpa Linn. f. in Fuzhou «e-ereeeeerereiiieiiiinn.,
.................................................................................... WU Wenshan, ZHANG Yanjie, LI Fengyu, et al (6535)
Review and Monograph
Review and trend of eco-compensation mechanism on river basin «----- ZHANG Zhiqiang, CHENG Li,SHANG Haiyang, et al (6543)
Definition and research progress of sustainable consumption: from industrial ecology view — sxoeseeeeresermamiiiiiiii
................................................................................................... LIU Jingru, LIU Ruiquan, YAO Liang (6553)
The estimation and application of the water footprint in industrial processes «---- JIA Jia, YAN Yan, WANG Chenxing, et al (6558)
Research progress in ecological risk assessment of mining area «----+-----eeeet PAN Yajing, WANG Yanglin, PENG Jian, et al (6566 )
Scientific Note
Litter amount and its dynamic change of four typical plant community under the fenced condition in desert steppe ««««+eceeeeeeceeeeceenes
....................................................................................... LI Xuebin, CHEN Lin, ZHANG Shuoxin, et al (6575)
Effects of planting densities and modes on activities of some enzymes and yield in summer maize —+=+errrorrerereeriinii

....................................................................................... LI Hongqi, LIN Haiming, LIANG Shurong, et al (6584)



(AR R EAE S A2 T

(EFFR)2013 FMEITHRE

BRG], QT T 1981 4, F2 2 RIE A A0

FEIR IR BRI R SR | R0 BE S e AR A A2

Bk ARG B AT R AR B AS SOT RS = A R45
CHEZSZE) 2 H A, K 16 FF4%,300 BT, B N2 90 Jo/ M, 448 22 fr 2160 TG,
PR &A% . 82-7, [ AMIR £ AR5 . M670

FRUET]S . ISSN 1000-0933

CN 11-2031/Q

K JETT 0] WYL F5 LR M SO s WF ST T 41 5 AR

TN TELIRI N

A [E A5 LR Ry T P T I, ] B4 S A A AR S WG R A BRI A e A AL TR

TESETT R

I HE . 100085 Jb R X XUEH 18 5 H

E-mail. shengtaixuebao@ rcees. ac. cn

2

WEMEMRE flaty

iE: (010)62941099; 62843362

HE: www. ecologica. cn

HITHE XIKE B ¥

£ x5 % ® ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) ( Semimonthly  Started in 1981)
(ll:‘ﬂﬂj 19814153)%@”1:”) Semimon y,; arted in
W32k 208 (2012410 A) Vol. 32 No. 20 (October, 2012)
B (RS A Edited by Editorial board of

i Hi H
SR B

Ho AR
B Rl
®x 17
iT M
B &1T
ITERE
W Al E

Hhik b5 XU 18 5
MR L 4 % - 100085

Hi% : (010)62941099

www. ecologica. cn
shengtaixuebao@ rcees. ac. cn
Yy sH

HhE R AR S

rf E b B A AR T L
Huhk . 6 BT E KBS I 18 &
R B 2 1 - 100085

- & B i
otk S AR BIARIL AT 16 5
M B i A . 1RO0717
At AREN R

- & B i
itk AR BEIRARILE 16 5

HR B A . 100717

L35 : (010) 64034563

E-mail ; journal @ cspg. net

4 [ - HU bR )R

rp ] [ B 5 57 ) S )
Hudk . b5 399 546

MR L i 5 : 100044

UG LRI 8013 5

Editor-in-chief
Supervised by
Sponsored by

Published

Printed by

Distributed by

Dome:

Foreign

ACTA ECOLOGICA SINICA

Add: 18, Shuangqing Street, Haidian , Beijing 100085 , China

Tel: (010)62941099

www. ecologica. cn

Shengtaixuebao@ rcees. ac. cn

FENG Zong-Wei

China Association for Science and Technology
Ecological Society of China

Research Center for Eco-environmental Sciences

, CAS

Add 18, Shuangqing Street, Haidian , Beijing 100085 , China

by Science Press
Add:16 Donghuangchenggen North Street,
100717 ,China
Beijing Bei Lin Printing House,
Beijing 100083, China

Science Press

Beijing

Add:16 Donghuangchenggen North
Street, Beijing 100717 , China

Tel: (010)64034563

E-mail ; journal @ cspg. net

All Local Post Offices in China
China International Book Trading

stic

Corporation
Add:P. O. Box 399 Beijing 100044 , China

ISSN 1000-0933

2 0>

9'7710007093125

ISSN 1000-0933

ERMAFRIT

CN 11-2031/Q

ERNEEZRS 82-7

E LTS M670

EM 70.00 T



	01.pdf
	fm.pdf
	zm.pdf

	stxb201202260258.pdf
	02.pdf
	ym.pdf
	20fd.pdf


