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Population dynamics of endophytic bacteria isolated from the roots of infected
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Abstract: A study was conducted to investigate the community structure and the diversity of culturable endophytic bacteria
in the root tissues of healthy and diseased plants of Cumbidium faberi Rolfe collected from Hubei Province of China. The
endophytic bacteria were identified by characterization of cultural features, and some molecular features using methods of
amplified ribosomal DNA restriction analysis (ARDRA) and sequence homology comparisons. Results showed that a total of
112 bacterial isolates were obtained, 53 strains from healthy plants and 59 strains from diseased plants of C. faberi. The
amount of bacteria reached 1.33x10°cfu/g in healthy plants, whereas was 1.21x10*cfu/g in the plants infected with brown
spot disease. The number of endophytic bacteria decreased in the diseased plants. Comparison of the Alul-restriction
patterns of the 16S rDNA sequence showed that 112 bacterial isolates from diseased plants could be grouped into 13
operational taxonomic units (OTUs). The OTU10 and OTU11 were the major groups accounting for 13 andl5 isolates,
respectively. The bacterial isolates from healthy plants could be grouped into 8 OTUs and OTUl was the major group
accounting for 24 isolates. The representative strains for these OUTs were selected for characterization of the 16S rDNA
sequences. Phylogenetic analysis on the basis of the 16S rDNA sequences from this study and from related bacterial species
in the GenBank database showed that the representative bacterial isolates from the healthy plants of C. faberi belonged to six
genera, Bacillus, Rhizobium, Burkholderia, Paenibacillus, Pseudomonas and Microbacterium. The genus Bacillus was the
dominant bacteria, followed by Paenibacillus and Burkholderia. The bacterial isolates from diseased plants of C. faberi

belonged to eleven genera, Mitsuaria, Flavobacterium, Bacillus, Enterobacter, Brevundimonas, Pedobacter, Burkholderia,
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Sphingomonas, Mucilaginibacter, Pseudomonas and Microbacterium. The dominant genera were Mitsuaria and
Flavobacterium , followed by Burkholderia. The phylogenetic diversity of endophytic bacteria in diseased plants of C. faberi
were different from that in healthy plants of C. faberi. Results also showed that the diversity of the endophytic bacterial
community from diseased plants of C. faberi was higher than that in healthy plants of C. faberi. The dominant OTUs from
diseased plants were suspected to be pathogens of C. faberi. Thus, representative bacterial isolates were selected to
inoculate healthy plants of C. faberi, Ascocentrum ampullaceum and Cymbidium goeringii. Results showed that isolate HS of
Flavobacterium resistens from a diseased plant of C. faberi was pathogenic on leaves of C. faberi, Ascocentrum ampullaceum
and Cymbidium goeringii. The endophytic bacterial isolates B02 of Bacillus cereus and B22 of Burkholderia stabilis from
healthy plants were found to be antagonistic to the isolate H5 of F. resistens. These results indicate that the endophytic
bacterial community in healthy plants and diseased plants of C. faberi differs greatly and the difference may be the cause

responsible for brown spot disease in C. faberi.

Key Words:; Cymbidium faberi; endophytic bacterial ; community structure; ARDRA; 16S rDNA

FE I N A= 1B ( Endophytic bacteria ) S48 BE7F fa S HE 4 41 2% PG s 1 %o # 400 AN s i S ik fe 5, - S5 A
AL T AEBR G R BEY Y R UE S RGP R E BNy, BFAE R R ) A A A B
e A AR AR A R KR R BRI PO T SR AR B,
A AE AR AR A A B O B AR

B2 (Cymbidium faberi Rolfe) A%} 2% & 24484 AR Y, fEAT R B L 2 b, i TR S e 21k,
T IR B AR 1 AR B ORI S R T S B S, BT ATRATTZEX 22 AE N AR T A TR ST . Ei, 4
RIS RGP I RUE A AT B PR 2 AR LA A B LT 1T P A A0 TR A AT A A Ok
RS N A A R S LSS IS R AR DR IE AR SO B =2 o bk P9 A 4 TR ) FRE AR AR AT T BT 3K
P8 7 (AR S AR N A R BETE S P i 22 52 Xt — 20 T i s PRt R A R X,

1 MBEFZE
1.1 FERREE

2009 49 H FIILA BN ACHE LN (31°497 377N, 113°02'60"E ) SR A 3 22 A bR FIAR BER b , 4 AT 0] 5246 38
HEAT AR AR 1R 0 B
1.2 3Rk E2AR S

R2A BiFRdk e BlH) 0. S, AR IR 1g, FEWE 0. 5, VE#Y 0. 5, MR — 811 0. 3, BiLMREE 0. 024 g, PN HRRR H
0.3g, Bl 15¢,7K 1000mL,pH 7.2,

PCR {5 | BRI PE P VIS5 H TaKaRa /A ], PCR {¥ ( Bio-Rad 23 7] ,S1000 ™ Thermal Cycler) , #5514
G314 (Bio-Rad A H], Gel-DOC™ XR) ,

1.3 NAHRER S 5tk

K5 01 FRRE i FH A e 0, 43 BIRR U R S5 ik 2 4R 2R R 1, FH 1% B9 YRR T BF 3min, X5 FH T
KR 3 U, PR R T A RIS 9 22 AR T TR A F B v 78 43 IS A 10 mL JCRE /K, # 1k 15min, FRRF B3
WAL R RS 107 )00 0. 1 mL £/ B8 B BREE VR 0 T R2A Al b, A b E & 3 YK, 28 C I3 77, L
I a — R MPEI 0. 1 mL AR THE 35 , 7 R T 3 A X IR

TEFR BT BUTE 30—100 Y 19 F- A, F I A 50 B V% 43 0 5 4RIV Z FE R2A PR |, 24k S R T 4°C
RAE
1.4 AR G A B A A MR D

AL TS B RN SRR % GBI R MIEREE AR AL S0l ia T A 0 B R DR AR A
filg 1% S, J7 2 I APL 20NE M HASRAE R
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1.5 PCRY"14
1.5.1 PCR S faf 5 WA 1) il £

FH IS e s BTN B B DNA™ L BERRAE R2A AR 28°C iG AL 85 37 12—24h, FHF2 b 28 Pk B BA. 181 7%
DVFZE 20l JCHE ddH,0 H1,95°C /K 10min, 37 BIVE T VK L 2min, 10 000xg i s 2 B0 B L VS 2wl 7E
i PCR WA
1.5.2 16S tDNA §" 1

K A0 E 514 (27f, 5'-GAGAGTTTGATCCTGGCTCAG-3' 1 14951, 5'-CTACGGCTACCTTGTTACGA-
3'), B Invitrogen /A A5 B, T2 B9 16S 1DNA §74% . P #8K R K 20 pl.ddH,0 11.9 ul,DNA #i4 2. 0
L, 51 ¥ (150 ng/pl) 4% 1.0 pL, dNTPs (10 mmol/L) 0.4 pL,10xbuffer 2. 0 wL, MgCl, (25 mmol/L) 1.2
pL,Taq BF(1U/pL) 0.5 pl, PCR ¥ #%50.95C FA8PE 90 5,94°C 4% 30 5,60°CiR K 30 s, 72°C ZEfH 2 min,5
UAEH,95 °C 30 5,55 °C 30 5,72 °C 2 min,5 KAEFF;95 C 30 5,50 °C 30 5,72 °C 2min,25 KIGH;72 C 10
min, 1. 2% BNEAEEERE HL VKA PCR 435 740
1.6 ZBEA DNA ¥ 34 5 Be BRI B DI 4381 (ARDRA)

BEDI [ BAKZ A . PCR 729 5 wL, BRI PE AN VIEE Alu 1 (10 U/pL) 0.3 pL,10xbuffer 2 wL,ddH,0 #+FefAk
RZE 20 pl,37 CHEVI 4 b, BEVI=H0H 2. 5% B BEWEEE I F SIS 5 AT B DA R i
1.7 16S rDNA 384 = Wy )7 S 22 55 & B A 0 he) 4t

HRAE ARDRA B 1) B 9 22 S A7 3 Ar SR 28, ) 43 i AN R B 24 73 25 B G ( Operational Taxonomic Unit,
OTU) , HEEAERA OTU H R EME R AR IEFT 16S rDNA §784 | PCR P28 i db stoN & A8 K Ik RBHE B0 A PR
A S8 AL A e T A,

HRHEI TS558, N GenBank $itHf 2 v, e R RV 45 2 AL 51, HE MEGA4. | 3] 23 A Rk 8 R 40 %
BRI
1.8  [HEAEY S

P B R IR MR TE R2A Fdl AL 12—24h , SIS I 19 22 AE 20 355 0, 8 T 35 50 K T 0 15 33 1L
o SR FET R AR RN AT 2 P M B AR L 31 22 48 | b B R B RD 3 k 25°C fEIR MR
MRIEFE , TSR K B R Bt VR X B, ST 22 A6 52 ma 1 L
1.9 FEPrcsm

UL 3 [T 2 o 2 A 7 A R 118 TR R 22 0 B R2A 3537367 ,30°C | 140r/min [H IR HE R E; 57 12—
24h, B 100pL AR A AE K LRI R2A BASE-AR L, & AR B bR , G B K A0 ] TsCAE 28 <C il A v
B WA TR B A T, e sk R A AL
2 #R
2.1 EENAEMENIE

3 ) B 2 AR R MR AT PR AE 20 T 1Y) 4 B8 S5 AR AR AR T R IR N A B B 1. 3%10° cfu/ g,
TMRRRBCRAL A 1. 2x10% cfu/g, PERREETEEIE 30—100 0 Bl AR B8 A, 5 ] — Al b Y BT A B 7% 43 )
AT Ay B Al L1538 112 ARATEE IR, P bk o 25 1 59 PR Wbk o2 i 53 Bk
2.2 PAEHIREE ARDRA 4347

H 112 RREEEEFRY) 051 25 PCR & Sy Al , 9393 42K 19 16S tDNA, J:3k45 2 1400bp W H M F B, H
FELGI P VTR Al 1 X5 PCR 937 b4 7 B U, AR P GO0 1613 19 25 52 SR 2 9— M FEAT 19 ARDRA 288Uk —
MREZEHIC(OTU) o BRI AE A X 50 8 AR B OTU, B OTULI—OTUS (&1 1) ,J& T OTUL A
24 ANHERE, R TE SR 40. 67% , L H R B OTU3 A OTU7 4% & 11.9 AN kR, 20 91 7 B 40 1 4k iy
18. 64% \15.25% , AR HFHE, Btk 500 13 SAF B OTU, B OTU9—OTU21 (&l 2) , J& T OTUL1 #il
OTU10 FI4 7 15 13 NERE, 2090 5 S A0 B0 28.30% 24.53% , HLHFEE, OTUL6 A 5 D HikE, i w4
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A 9.43% , N IRALSHAFhE
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B EgEtkr % ARDRA %5 B2 BEfREENEMAE ARDRA X2

Fig. 1 Agarose gel electrophoresis of amplified 16S rDNA Fig. 2  Agarose gel electrophoresis of amplified 16S rDNA

digested with endonuclease Alu I from 59 strains isolated from digested with endonuclease Alu I from 53 strains isolated from

healthy plant infected plant

2.3 16S tDNA JESATE LU e RS L B 50 HT

5 ARDRA 455 | ZE B~ OTU AR MERIME, 1 H 16S tDNA JF51 44 73 B R PRI 16S tDNA J7
FIHE GenBank FH 4 rhafE A TAIALME HLAR , SRR IR ME A S M MR S 2 M EE R G LB (£ 1,K 3) . 45
R AgbE Y 8 4> OTU 43 5@ T 2R /84T 1 & ( Bacillus ) AR & ( Rhizobium) |

F1 E=NEHE OTUs REFMEEKRFFIAELIE LR
Table 1 16S rDNA sequence similarity between representative strains from each OTU and reference taxa ( B represent the endophytic bacteria

isolated from healthy plant; H represent the endophytic bacteria isolated from infected plant)

HREMER RS RS

BRI Representative strain AL B ARALTE RIRE A e
OTUs The closest NCBI match Similarity /% No. of strains /%
GenBank Acc. No.
OTU1 B02 Bacillus cereus( GQ199591) 100 24 40.67
OTU2 B09 Rhizobium tibeticum ( EU256404 ) 99.4 2 3.39
ouUT3 B22 Burkholderia stabilis( AF148554) 99.4 11 18.46
OTU4 B13 Bacillus megaterium(D16273) 99.2 4 6.78
OTU5 BO5 Microbacterium flavescens( AB004716) 99.3 1 1.69
0TuU6 B50 Pseudomonas fredertksbergensis( AJ249382) 99.6 5 8.47
OTu7 B48 Paenibacillus phyllosphaerae ( AY598818) 95.1 9 15.25
OTU8 B15 Paenibacillus pabuli ( ABO73191) 99.4 3 5.08
0TU9 H1 Bacillus aryabhattai (EF114313) 100 4 7.55
OTU10 H5 Flavobacterium resistens ( EF575563) 97.4 13 24.53
OTU11 H3 Mitsuaria chitosanitabida ( ABO06851) 99.2 15 28.30
0TU12 H6 Pedobacter sp. A48 (EU194884) 97.0 1 1.87
OTU13 H20 Bacillus stratosphericus ( AJ831841) 99.9 1 1.87
0OTU14 H12 Enterobacter hormaechei ( AJ508302) 98.5 2 3.77
OTU15 H10 Brevundimonas bullata (D12785) 99.4 1 1.87
OTU16 H31 Burkholderia sediminicola ( EU035613) 99.7 5 9.43
0Tu17 H38 Sphingobium amiense ( AB047364) 98.1 1 1.87
OTU18 H40 Microbacterium esteraromaticum ( Y17231) 99.7 2 3.77
OTU19 H43 Flavobacterium chungangense( EU924275) 98.4 3 5.66
0TU20 H45 Mucilaginibacter kameinonensis( AB330392) 98.8 4 7.55
OTU21 H48 Pseudomonas nitroreducens( AM088474 ) 99.5 2 3.77
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1A 5E IS J& ( Burkholderia ) . 25 2F i ¥F B J& ( Paenibacillus ) | R 5. il B J& ( Pseudomonas ) F1 #% #T H J&
( Microbacterium) , 3% 6 & . HPEFEERE N Bacillus , IR BE R Paenibacillus 1 Burkholderia . JRER A
13 > OTU 3 J& T Mitsuaria . 85 KT # J& ( Flavobacterium )  Bacillus . i ¥ 7 J& ( Enterobacter ) . Brevundimonas .
Pedobacter Burkholderia .Sphingomonas . Mucilaginibacter . Pseudomonas . Microbacterium , H 11 4Ng, Hhie#gs
BER Flavobacterium F1 Mitsuaria , IR PEE A TEN Burkholderia . 4% OTU ZEBEPAC TR MR 00 B A #RAE (L RRE
HHMHENRWEAYEG(K2,%3),

100 [BSO (HM209350)

100 Pseudomonas frederik sbergensis (AJ249382)

[ H48 (HM209365)
2] 100 L Pseudomonas nitroreducens (AM088474)

— H12 (HM209358)
100 100 L Enterobacter hormaechei (AJ508302)

4]00[ H3 (HM209355)

Mitsuaria chitosanitabida (AB006851)
B22 (HM209347

100 Hor (HM209347)

9] Burk holderia stabilis (AF148554)

100 [ H31 (HM209360)
100 ! Burk holderia sediminicola (EU035613)

100 — H38 (HM209361)
L Sphingobium amiense (AB047364)

100 100 I809 (HM209346)
Rhizobium tibeticum (EU256404)
91 [HIO(HM209359)
100 L Brevundimonas bullata (D12785)
100 £ BO5 (HM209349)
100 Microbacterium flavescens (AB004716)

H40 (HM209362)
100 L Microbacterium esteraromaticum (Y17231)

100 B48 (HM209351)
93] 100 _|: Paenibacillus phyllosphaerae (AY598818)
B15 (HM209352)
100 [ Paenibacillus pabuli (AB)073191

100 100 | H20 (HM209357)
Bacillus stratosphericus (AJ83184)

100 | B02 (HM209345)
_{ Bacillus cereus (GQ199591)
94 | Bacillus megaterium (D16273)
H1 (HM209353)
B13 (HM209348)
Bacillus aryabhattai (EF114313)

72 — H43 (HM209363)
45E Flavobacterium defluvii (DQ372986)
100 1L 15 (HM209354)

Flavobacterium hercynium (AM265623)

100 63— H6 (AM209356)
rEPedobacter sp. A48 (EU194884)

0.01 100 [H45 (AM209364)
95 L— Mucilaginibacter kameinonensis (AB330392)

100

El3 ET16S rDNA FHIRIBEENEZNERAREREN
Fig.3 Phylogenetic tree of endophytic bacteria from Cymbidium faberi based on 16S rDNA sequences
Numbers in parentheses are the GenBank accession numbers; Bar indicates 1% sequence divergence. Bootstrap supporting values are shown at

branch nodes

2.4 PR EARAR TR N AR A 2 R
HO R a3 B R I N A T R S L R 0 2D fid bk DL AN RN Bacillus , T ¥R R Flavobacterium
N Mitsuaria (1 4) .
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Table 2 Carbon source utilization among representative strains
% IE Carbon source BO2 B0O9 B22 B13 B0O5 B50 B48 B15 H1 HS5 H3 H6 H20 HI12 HIO0O H31 H40 H43 H45
D-#5 %4 D-glucose + o+ o+ + o+ + o+ + o+ o+ +
L-FIHiAA B L-arabinose -+ o+ 4 + 4 o+ - -
D-H & ## D-mannose e - + -
D-H #BE D-mannitol -+ o+ o+ o+ o+ A+ o+ - + -+
N - Bt e 2
. e T S T S T e T - + o+ o+ 4+
N-acetyl-glucosamine
D-Z ZE 8 D-maltose + - - + + + + + + + + + - + + + o+
T FEFRAD Potassium gluconate + o+ o+ o+ o+ o+ o+ -+ F - 4+ -+
g
ZEMR Capric acid - - + - - - - - - - - - + - _ - _
O F& Adipic acid - - + - - - + - - - - - - - - - - - -
SEIRFR Malic acid + + - - + - -
FPIEEBR N Trisodium citrate + + - - - - -
2K Z iR Phenylacetic acid - - + - - - + - - - - - - - - - - -
+: FHYE positive; —: PP negative
F3 RREKEERMK
Table 3 The result of enzyme activity test among representative strains
TGRS Active ingredients B02 B09 B22 BI3 BO5 B50 B48 BI5S HI H5 H3 H6 H20 HI2 HI0 H31 H40 H43 H45
ilFZ4T Potassium nitrate T o S S o S
%R Tryptophane - - - - - - - - - - - - - - - - - - -
D-ZH D-glucose - - - - - - - - - - - - - + - - - - -
2R — K ik ity L L e
Arginine Dihydrolase
JRZ M UREase - + - - - - + - - - - - - + - - - - -
2L FET S B-glucosidase o+ o+ o+ o+ o+ -+ o+ o+ + o+ o+ 4+
B-g
H I EE Protease + - + + - + + - + - + + + + - + + + o+
2L FETFHE B-galactosidase -+ o+ o+ o+ o+ -+ o+ + + o+ o+ 4+
B-g
gl iRk
; R T S e e S - -+ -
Cytochrome oxidase
+: FHYE positive; —: PP negative
50 —
45 H O fekk
2 40 H ﬁ%
§35—
EE& 301 S
R e §
e N N
= N N\
=8 20 N N
= N N\
5 N
2 15 § \
=}
& 104 N N
N N N N\ g
N N N
AW s AQ gt W AL A Lt of o of s Lt
B“C\\\\ (\o‘ﬂf’“ \&\o\({\e\ o che““ o acw““ N‘-\@u‘” -\‘o“d\“ \(\\10\)\“ 20 o 0 ot m,\‘oac\ “&\m"“ “x%o\)\“
? oy o \\}\"C"o g W0 eV N ¢ ‘3‘“ C-\\a‘é y o 39‘(\

PN Az Ei A2 Genera of endophyte

4 EERBAEAERHERMEHTL

Fig.4 Shifts in the endophytic bacteria diversity in response to pathogen infection in the root tissues of Cymbidium faberi
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2.5 R SRS
Ko s A ACRYE R AR [ 22 48, 4528 o DO BR HP 23 8 HE Y HS 5 AR 2d 5 M R T 46 H BLBE A
R IFBWY NGB 0, T8> AL A KGR (B 5—P 7)o 3R R R IR (] 8—14 10)

B 5 HHkHS EEE= E6 HsFEHkEZESE=
Fig.5 Strain H5 inoculate Cymbidium faberi Fig.6 Strain H5 inoculate Ascocentrum ampullaceum

7 K HS BlESHE= 8 [EESHNE=FWIE
Fig.7 Strain H5 innoculate Cymbidium goeringii Fig. 8 Symptom produced on Cymbidium goeringii plant by

inoculation of distilled water

o B R BY RS HS BEARMES DU, 2R A B, IR 7325 H R A9 B22 1 BO2 Ik H5 itk A 1
HERCE 1, 12)
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9 MEEFE=LBWR 10 EEEE=NHIHR
Fig. 9 Symptom produced on Cymbidium faberi plant by Fig.10 Symptom produced on Ascocentrum ampullaceum plant
inoculation of distilled water by inoculation of distilled water

E 11 B22 3t HS MERRRE E 12 B02 X HS MERMRE
Fig.11 The hadantagonistic action of bacteria B22 to strain H5 Fig.12 The hadantagonistic action of bacteria B02 to strain H5
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3 iR E%R
3.1 i
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( Burkholderia stabilis) T J5 R * 08 H5 T8 Bk ( Flavobacterium resistens ) A 5 P AE I, 1 76 R P I A 43 B B
Flavobacterium , PRHCAE AR, 7] B2 Adk b 9 — SE 4 X0 HS X SR YA T 40 e AR MR ], 32
P A 5 (R R PN A A BT 1R P A 22 S S A 0 X R A AT T 3 2 R A R AR 2SS A S X AR ) 1 AR A
ANF B TITE A A Ay 42 ) 90 e o AR Al D] BB A A 0 T B TR 4 A A L
3.2 #5ip

A T S A 2 R R R AR S P A 0 R Y LB T A 2 A R 2548

(1) B2 AR S R AR B N A A AR E S M A e B B 25 5% 0 @ik ARDRA 351 AR E Aoy 52 E ) o
YE VR R 8 A OTU, 3k 6 AN, FE W RE R Bacillus ; AR K43y 13 4~ OTU, 3t 11 A&, EE BN
Mitsuaria , Flavobacterium ., RPN AEANE ZFEE L FH .

(2) IR 73 28 HE B8 1S TR RR A 22 A7 A AE , T AP T 23 B HH A8 BO2 TR AT B22 T R X HAT $5 471
YERL,

http ; //www. ecologica. cn



1212 A E = 314

References :

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

(1]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

Zinniel D K, Lambrecht P, Harris N B, Feng Z Y, Kuczmarski D, Higley P, Ishimaru C A, Arunakumari A, Barletta R G, Vidaver A K.
Isolation and characterization of endophytic colonizing bacteria from agronomic crops and prairie plants. Applied and Environmental Microbiology,
2002, 68(5) : 2198-2208.

Taghavi S, Garafola C, Monchy S, Newman L, Hoffman A, Weyens N, Barac T, Vangronsveld J, van der Lelie D. Genome survey and
characterization of endophytic bacteria exhibiting a beneficial effect on growth and development of poplar trees. Applied and Environmental
Microbiology,, 2009, 75(3) :748-757.

Berg G, Krechel A, Ditz M, Sikora R A, Ulrich A, Hallmann J. Endophytic and ectophytic potato- associated bacterial communities differ in
structure and antagonistic function against plant pathogenic fungi. FEMS Microbiology Ecology, 2005, 51(2) : 215-229.

Dalton DA, Kramer S, Azios N, Fusaro S, Cahill E, Kennedy C. Endophytic nitrogen fixation in dune grasses (Ammophi laarenaria and Elymus
mollis) from Oregon. FEMS Microbiology Ecology, 2004, 49(3) . 469-479.

Ting A SY, Meon S, Kadir J, Radu S, Singh G. Endophytic microorganisms as potential growth promoters of banana. Biocontrol, 2008, 53(3) .
541-553.

Minamisawa K, Nishioka K, Miyaki T, Ye B, Miyamoto T, You M, Saito A, Saito M, Barraquio W L, Teaumroong N, Sein T, Sato T. Anaerobic
nitrogen- fixing consortia consisting of clostridia isolated from gramineous plants. Applied and Environmental Microbiology, 2004, 70 (5) .
3096-3102.

Wilkinson H H, Siegel M R, Blankenship J D, Mallory A C, Bush L P, Schardl C L. Contribution of fungal loline alkaloids to protection from
aphids in a grass-endophyte mutualism. Molecular Plant-microbe Interactions, 2000, 13(10) . 1027-1033.

Yang R X, Sun G Y, Zhang R, Chen L J. 16S rDNA RFLP analysis of endophytic bacteria from Brassica napus. Acta Microbiologica Sinica,
2005, 45(4) : 606-609.

Chen M, Zhao L P. Biodiversity of bacterial isolates on three different media from coking wastewater treatment system. Acta Microbiologica Sinica,
2003, 43(3) : 366-371.

Tamura K, Dudley J, Nei M, Kumar S. MEGA4: molecular evolutionary genetics analysis (MEGA) software version 4. 0. Molecular Biology and
Evolution, 2007, 24(8) :1596-1599.

Bertollo P. Assessing landscape health: a case study from northeastern Italy. Environmental Management, 2001, 27(3) :349-365.

Reiter B, Pfeifer U, Schwab H, Sessitsch A. Response of endophytic bacterial communities in potato plants to infection with Erwinia carotovora
subsp. atroseptica. Applied and Environment Microbiology, 2002, 68(5) : 2261-2268.

Senthilkumar M, Govindasamy V, Dureja P, Annapurna K. Purification and partial characterization of antifungal peptides from soybean endophyte-
Paenibacillus sp strain HKA-15. Journal of Plant Biochemistry and Biotechnology, 2007, 16(2) : 131-134.

Beneduzi A, Costa P B, Parma M, Melo I S, Bodanese-Zanettini M H, Passaglia L M P. Paenibacillus riograndensis sp. nov. , a nitrogen-fixing
species isolated from the rhizosphere of Triticum aestivum. International Journal of Systematic and Evolutionary Microbiology, 2010, 60 (1) :
128-133.

Akhtar M S, Shakeel U, Siddiqui Z A. Biocontrol of Fusarium wilt by Bacillus pumilus, Pseudomonas alcaligenes, and Rhizobium sp. on lentil.
Turkish Journal of Biology, 2010, 34(1) :1-7.

MuZM, LuGB, JiXL, Gai Y P, Wang Y W, Gao H J, Cha C Y. Identification and colonization of an antagonistic endophytic Burkholderia
cepacia Lul0-1 isolated from mulberry. Acta Microbiologica Sinica, 2008, 48(5) :623-630.

Lee SW, Ahn I P, Sim S Y, Lee S Y, Seo M W, Kim S, Park S Y, Lee Y H, Kang S. Pseudomonas sp. LSW25R, antagonistic to plant
pathogens, promoted plant growth, and reduced blossom- end rot of tomato fruits in a hydroponic system. European Journal of Plant Pathology,
2010, 126(1): 1-11.

Silva J R C, de Souza R M, Zacarone A B, da Silva L H C P, Castro A M D S. Control with endophytic bacteria and in vitro inhibition of

Pseudomonas syringae pv tomato, agent of bacterial speck of tomato. Cienciae Agrotecnologia, 2008, 32 (4) . 1062-1072.

S0k

[8]
[9]
[16]

Tasde, IVF, KR, B, ISR AT 165 BBEA DNA 1 RELP 4347, UEYH, 2005,45(4) : 606-609.

Wi, BSToF. SRR K AL B R 58 AN R 5 3% 4 B I A R 2 RE . Bk AR, 2003, 43(3) @ 366-371.

R, BRI, SEOEML, WU, EE, WA, AfGHE. RN AERBUANE Burkholderia cepacia Lul0-1 Y5315 %58 M H P9 A: 2 5.
Tl 244, 2008, 48(5) @ 623-630.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.31,No.5 March,2011( Semimonthly )
CONTENTS

Root system characters in growth and distribution among three littoral halophytes -«+-+-coxeeeeeeeee YI Liangpeng, WANG Zuwei (1195)
Population dynamics of endophytic bacteria isolated from the roots of infected Cymbidium faberi +-++++-+- YANG Na, YANG Bo (1203)
Spatial variability of forest soil total nitrogen of different soil layers —++«+=s+sssssresssrsmtenttiitt it
........................................................................... ZHANG Zhenming, YU Xinxiao, WANG Yousheng, et al (1213)
Habitat prediction for forest musk deer ( Moschus berezovskii) in Qinling mountain range based on niche model «+«+eseseeerereeereeeaenns
....................................................................................... LUO Chong,XU Weihua, ZHOU Zhixiang, et al (1221)
Growth release determination and interpretation of Korean pine and Koyama spruce in Shengshan National Nature Reserve, Hei-
longjiang Province, China «-+«+++ssssssssssemsmstimitiiiit it WANG Xiaochun, ZHAO Yufang (1230)
Growth tolerance and accumulation characteristics of the mycelia of two macrofungi species to heavy metals — +-+roerererereeereeeeenes

.................................................................................... LI Weihuan’ YU Lanlan, CHENG Xianhao, et al (]240)

Characters of the OMI NO, column densities over different ecosystems in Zhejiang Province during 2005—2009  «+eceeoerererrreneeenes
................................................................................. CHENG Miaomiao’ JIANG Hong’ CHEN Jian’ et al (1249)
The forest gap diameter height ratio in a secondary coniferous forest of Guan Di Mountain —«««=cseseeseeeesrensneeeeeaeanecaeieieanee...
............................................................................................. FU Liyong,TANG Shouzheng, LIU Yingan (1260)
Landscape responses to Changes in water levels at Poyang Lake wetlands ceeeeereeereoreeeaneeaeeeneeaneennueenteriterieereeaaeaneeeieeaaes
------------------------------------------------------------------------------ XIE Dongming’ ZHENG Peng, DENG HOngbing’ et al (1269)
Effect of simulated nitrogen deposition on litter decomposition in a Bambusa pervariabilis x Dendrocala mopsi plantation, Rainy
T (O TU Lihua, DAI Hongzhong, HU Tingxing, et al (1277)
Effect of aromatic plant-derived nutrient solution on the growth, fruit quality and disease prevention of pear trees «+ecocserecerereeceeeees
.......................................................................................... GENG Jian, CUI Nannan, ZHANG Jie, et al (1285)
Influences of different plastic film mulches on temperature and moisture of soil and growth of watermelon in gravel-mulched land ------
............................................................................................. MA Zhongming, DU Shaoping, XUE Liang (1295)
Effects of drought stress on photosynthetic traits and protective enzyme activity in maize seeding =+ «=«+=tsresrrrersrsararrecaeeeacanaeceene.
------------------------------------------------------------------------------ ZHANG Renhe’ ZHENG Youjun, MA Guosheng’ Bt al (1303)
Photosynthetic diurnal variation characteristics of leaf and non-leaf organs in winter wheat under different irrigation regimes -+=-+------

................................................................................. ZHANG Yongping’ ZHANG Yinghua s WANG Zhlmln ( 1312)
The root system hydraulic conductivity and water use efficiency of alfalfa and sorghum under water deficit =+erovverererrecerreeeeeeeeeene.
................................................................................................ LI Wenrao s LI Xla()ll s ZHANG Su1q1 s et 3.1 ( ]323 )

.............................................................................. CHEN Shengbin, OUYANG Zhiyun,ZHENG Hua, et al (1334)
Influence of silts on growth and development of Acorus calamus and Acorus tatarinowii in turbid water — «+ecorrerrerreemererenereeeeenne.
....................................................................................... LI Qiang, ZHU Qihong, DING Wuquan, et al (1341)
Roles of earthworm in phytoremediation of pyrene contaminated soil -+-+--+ PAN Shengwang, WEI Shigiang, YUAN Xin,et al (1349)
Population dynamics of Frankliniella occidentalis ( Thysanoptera: Thripidae) along with analysis on the meteorological factors
influencing the population in pomegranate orchards =~ +e-eseeerereeerererereneeeens LIU Ling, CHEN Bin, LI Zhengyue, et al (1356)
Geophagy of Macaca Thibetana at Mt. Huangshan, China +:cocoereeereeeeeeeeeeeeee YIN Huabao,HAN Demin, XIE Jifeng,et al (1364)
The structure and dynamic of insect community in Zhalong Wetland =~ «+-ceveeeeeeeeees MA Ling, GU Wei, DING Xinhua,et al (1371)
Analysis of layer progressive discriminant relationsbetween the occurrence of Bipectilus zhejiangensis and soil «cseeveesrererreaeaeaeeeeees
................................................................................. DU Ruiging, CHEN Shunli, ZHANG Zhengtian, et al (1378)
New mutations in hind wing vein of Apis cerana cerana ( Hymenoptera: Apidae) induced by lower developmental temperature «+«+++++
................................................................................................ ZHOU Bingfeng, ZHU Xiangjie, LI Yue (1387)
18S rRNA gene variation and phylogenetic analysis among 6 orders of Bivalvia class — trrororrerorrerarerereneereiieiiieeeeeeeee
................................................................................. MENG Xueping, SHEN Xin, CHENG Hanliang, et al (1393)
Laboratory study on ethology of Spinibarbus hollandi «+++-«+++eeovreeeereeeaeenens LI Weiming, CHEN Qiuwen, HUANG Yingping (1404 )
Dynamic change in ecological footprint of energy consumption for traction of locomotives in China = «+eeseeeereeeeees HE Jicheng (1412)
Approach to spatial differences analysis of urban carrying capacity ;a case study of Changzhou City «=«+eovorerereesrareeieaeneiiineieeeee.
....................................................................................... WANG Dan, CHEN Shuang, GAO Qun, et al (1419)
Social adaptive capacity for water resource scarcity in human systems and case study on its measuring — «+ecorserorersrraeseraeaeaeeeeenes
.......................................................................................... CHENG Huaiwen, LI Yuwen, XU Zhongmin (1430)
Effects of physical leaf features of host plants on leaf-mining insects -+---- DAI Xiaohua,ZHU Chaodong, XU Jiasheng, et al (1440)
Review and Monograph
Progresses of free-air CO, enrichment (FACE) researches on C, Crops: a Teview =+««++s+ssssssssssmsemmmsaniisitinis st
........................................................................ WANG Yunxia, YANG Lianxin, Remy Mandel‘s(theid,et al (]450)
Scientific Note
Influence of limestone powder doses on fine root growth of seriously damaged forests of Pinus massoniana in the acid rain
region of Chongging, China «---s++sssssseesssreeenueeaniisii LI Zhiyong, WANG Yanhui, YU Pengtao, et al (1460)
Leaf surface microstructure of Ligustrum lucidum and Viburnum odoratissimum observed by Atomic force microscopy ( AFM) ««+eeeeeeees

.................................................................................... SHI Hui, WANG Huixia, LI Yangyang, LIU Xiao (1471)



2009 EEEYFR B WSSOI EFET 10 ZHF*
(PR 2010 4= CSTPCD HidE )% )

=2
e P ol cinion | s VTl et v
1 ERER 11764 1 ERER 1.812
2 N A: A 2R 9430 2 Y 1.771
3 MY RS 25 4384 3 A AR 1.733
4 B k7/ 2 4177 4 G/ EZ2 2 1.553
5 HERPIRE 4048 5 HERFIE 1.396
6 M PR 3362 6 [iilo-E7E2ir 0.986
7 gﬁiiﬁl OOLFOE\;TEGRATIVE 3327 7 BAE 0. 894
8 MOLECULAR PLANT 1788 8 CELL RESEARCH 0.873
9 IKHE Y24 1773 9 ELY /e 0.841
10 BHEFER 1667 10 DL/ 0.809

* (AR 2009 AETEAZ LKLY 1964 FhEMSE I RIHEF h S5 IR 11764 K, £ EHERE 1; FHHE
F1.812, = EHERE 14,55 1—9 JmiELE 9 AR EEFAS 2R A ERE R0

REEEREME . fLUiE BiTHREE. XIXE B %
5 5 % ® ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) bl Started |
CEATI 1981 4F 3 81 (Semimonthly , Started in 1981)
{3l BSsW (2011 F3H) Vol.31 No.5 2011
gﬁ $ﬁ <<ft,u %ﬂi)éﬁiﬁﬁﬁ Edited by Editorial board of

Mol ;6 S E XU 18 5
HIB B i B ; 100085

3% : (010) 62941099

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

ACTA ECOLOGICA SINICA

Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
Tel: (010)62941099

www. ecologica. cn

Shengtaixuebao@ rcees. ac. cn

iy
= H"Tk% s “ L A Editor-in-chief FENG Zong-Wei
F & TPEPEADE °
§aLas A Supervised by China Association for Science and Technolo,
B A y e
b Rl IZJE/:—E/L»HPE;LH%EP‘L\ Sponsored by Ecological Society of China
Hudk . b ST IE X A % 18 5 Research Center for Eco-environmental Sciences, CAS
I 1B 2 A5 - 100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
; Published by Science Press
H 4 4 & g3 it
ik R AR IR L AT 16 5 Add:16 Donghuangchenggen North Street,
il B i . 100717 Beijing 100717, China
Ep Rl b AREI R Printed by Beijing Bei Lin Printing House,
x 1T # 4 2 K & Beijing 100083 , China M A
Hihk . ZR AR L 16 5 Distributed by Science Press rg )
Hﬂgﬁéﬁﬂ :100717 Add ;16 Donghuangchenggen North =) %
HL ik :1(010)6;2)34563 Street, Beijing 100717 , China L ===
E-mail; journal @ cspg. net . =
iT W 42 M Tel ; ('?19)64(134563 8 —g
ESNEAT o R 55 2 I Ll pe el .
ﬂﬂiﬂ: :“3/'?\ 399 1;:1‘5 omf:s 1c ' oca nsti, 1ces 1n 1n"51 E g
BB . 100044 Foreign China International Book Trading n __':
s ey e s o Corporation S N
¥ T iE T T 5 8013 5 Add;P. 0. Box 399 Beijing 100044 , China o
jing
ISSN 1000-0933 N T NP _— —
d RAMATERAT EREE RS 827 ESNETR S M670 7 70.00

CN 11-2031/Q




	05fm+ml.pdf
	stxb201005250799.pdf
	05fd.pdf



