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Abstract: Endophytic bacteria from root, stem and leaf of Dendrobium moniliforme ( Linn.) Sw.
collected from Yingshan County of Hubei Province, endophytic bacteria from rhizosphere moss and
rhizosphere bacteria from rhizosphere soil of this species were separated, and these bacterium strains were
identified and their diversity were analyzed by means of a combination method of amplified ribosomal
DNA restriction analysis ( ARDRA ) and UPGMA cluster analysis. On these bases, abilities of
solubilizing phosphorus, solubilizing potassium, producing auxin and siderophore of these bacterium
strains were detected by plate detection technology. The results show that 75 bacterium strains are
obtained from root and stem of D. moniliforme and its rhizosphere moss and soil, endophytic bacterium is
not isolated from leaf of D. moniliforme. In which, endophytic bacteria from root and stem are 14 and 7
strains, respectively, those from rhizosphere moss are less only with 14 strains, bacterium strains from
rhizosphere soil are the most with 40 strains. 75 strains are divided into 33 ARDRA clusters, by 16S
rDNA sequencing and alignment, they are belonging to genera of Streptomyces, Bacillus, Pseudomonas ,
Rahnella, Pandoraea, Microbacterium, Lysinibacillus and Panioea, in which, Bacillus and Pseudomonas
are the dominant genera. In 75 strains of endophytic and rhizosphere bacteria, 22 strains possess double
abilities of solubilizing inorganic and organic phosphorus, 25 strains do solubilizing potassium ability, 64
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strains do producing auxin ability and 39 strains do producing siderophore ability, in which, 9 strains
possess all abilities of solubilizing phosphorus and potassium, producing auxin and siderophore. On the
whole, endophytic and rhizosphere bacteria of D. moniliforme are quantity with high diversity, in which,
9 strains with all of four plant-growth-promoting abilities can be used as candidate strains for promoting

growth of D. moniliforme.

Key words: Dendrobium moniliforme ( Linn.) Sw.; endophytic bacterium; rhizosphere bacterium;
ARDRA analysis; diversity; plant-growth-promoting ability
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DmB : 4355 1 40251 fRkAf) PN A TR Bk Endophytic bacterium strains isolated from Dendrobium moniliforme; DmBR ; A3 ES AR R R TR AR Strains isolated
from rhizosphere soil; DmBM: 43 H #3 BBl & #% 9 P9 4= B ¥k Endophytic bacterium strains isolated from rhizosphere moss.
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Fig. 1 Reaults of ARDRA and cluster analyses on 75 strains of endophytic and rhizosphere bacteria of Dendrobium moniliforme (Linn.) Sw.
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Fig. 2 NJ phylogenetic tree of endophytic and rhizosphere bacteria of Dendrobium moniliforme (Linn.) Sw. and
similar bacteria based on 16S rDNA sequence
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Table 1 Analyses on plant-growth-promoting ability of all strains of 33 ARDRA clusters of endophytic and rhizosphere bacteria of Dendrobium

moniliforme (Linn.) Sw. (X+SE)

LA )

o ) s RE %) AR ER Y
S@lrﬁ: 1) ) ;Efie Cﬁ;;zr Radius of bacterium ringz) ﬁiﬁiﬁfyjz)f o P /!.Lg %mL_l- Riiﬁ:{;{f: ;Irr)l:;4)
0. NPA OPA solubilizing potassium’ Production of auxin

DmBM1 EHE Moss 31 0.000. 00 2.67+0.58 - 63.020.58 0.000.00
DmBM2 EHE Moss 29 0.00=0. 00 3.00+1.00 70.80+3. 00 0.00+0.00
DmBM3 EHE Moss 18 2.3320.58 0.00=0. 00 84.09+2.78 5.00+0.00
DmBM4 LHE Moss 27 2.1220.58 8.30+1.15 + 91.78+3.12 6.33+1.00
DmBM5 EHE Moss 15 0.00+0.00 0.00=0. 00 - 0.00=0. 00 4.33+0.58
DmBM6 EHE Moss 15 0.00=0. 00 1.67+0.58 - 70.58+2.35 7.00+0.00
DmBM7 H ¥ Moss 15 0.00+0. 00 2.00+1.00 - 0.00=0. 00 0.00+0. 00
DmBM8 EHE Moss 9 0.000. 00 1.000. 00 + 70.30+3. 38 0.000.00
DmBM9 EHE Moss 27 0.00=0. 00 8.67+2.08 - 0.00+0.00 0.00+0. 00
DmBMI10 EHE Moss 15 1.67+0.58 1.00+0.00 + 81.38+2.76 4.33+0.58
DmBMI11 LHE Moss 15 0.000.00 0.000. 00 - 84.09+4.58 0.000.00
DmBM12 EHE Moss 31 0.00+0. 00 9.00+2.00 - 0.000.00 0.000.00
DmBMI13 EHE Moss 30 2.00£0.00  10.67+0.58 - 70.22+1.15 6.00+0. 00
DmBM14 EHE Moss 17 2.00=0. 00 6.00=0. 00 - 49.87+2.36 4.00+0.00
DmBRI + 4 Soil 31 0.000.00 0.000. 00 + 77.56+4.13 5.00+0.00
DmBR2 + 4 Soil 9 0.00=0. 00 0.0020. 00 - 0.00+0. 00 3.00+0. 00
DmBR3 + 4 Soil 12 2.00=0. 00 4.67+1.15 + 49.64+4.01 6.00+0. 00
DmBR4 + ¢ Soil 13 2.33+0.58 7.00=0. 00 - 42.22+3.06 6.00+0. 00
DmBR5 149 Soil 32 1.000. 00 0.000. 00 - 77.91+1.59 0.000. 00
DmBR6 14 Soil 4 2.000. 00 7.0020. 00 - 105.51+2.64 2.00+0.00
DmBR7 + 4 Soil 21 0.00=0. 00 0.00=0. 00 - 84.76+3.36 0.00+0.00
DmBRS + 4 Soil 33 2.67+1.53 5.000.00 42.53+4.09 0.000.00
DmBR9 143 Soil 2.000.00 6.000. 00 77.16+1.95 4.000.00
DmBRI10 + 4% Soil 3.3321.53 6.3320.58 42.89+3.37 3.00=0. 00
DmBRI1 + ¢ Soil 31 0.00=0. 00 0.00=0. 00 - 0.000. 00 0.000.00
DmBR12 + 4 Soil 25 0.000. 00 0.000. 00 - 112.27+2.01 2.00+0. 00
DmBR13 + 43 Soil 11 2.67+1.15 4.33+3.79 - 105. 11+3.77 3.00+0. 00
DmBRI14 =+ 4 Soil 31 3.00+1.00 2.00+3. 46 77.56+4.08 0.00+0.00
DmBR15 + 4 Soil 21 4.00+1.73 0.3320.58 105.33+3.46 4.000.00
DmBR16 + 4 Soil 6.33+0.58 2.00+3.46 84.00+3.79 3.00+0. 00
DmBR17 + 5 Soil 5.3320.58 0.00=0. 00 - 105.332.17 4.00+0.00
DmBR18 + 4 Soil 21 0.00=0. 00 0.00=0. 00 + 119.204.19 2.00+0. 00
DmBR19 + ¢ Soil 31 3.67+1.53 0.00=0. 00 - 70.09+2. 88 0.000.00
DmBR20 149 Soil 7 4.33+3.06 0.000. 00 + 91.38+1.99 5.00+0.00
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43k 1 Table 1 ( Continued)

=) R/ em? £ 3) K
Strain Source No. NPA OPA solubilizing potassium®’ Production of auxin Radius of aureola®
DmBR21 13 Soil 31 3.00+1.00 0.00+0. 00 + 0.00=0.00 5.00+0.00
DmBR22 14 Soil 32 4.67+2.08 0.00+0. 00 - 56.13+3.92 2.00+0.00
DmBR23 3 Soil 1 3.67+2.08 0.00=+0. 00 - 0.00=+0.00 4.00+0.00
DmBR24 3 Soil 30 0.00=0.00 0.00+0.00 + 105.73+4.86 3.00+0.00
DmBR25 1% Soil 3.67+2.08 7.67+2.08 + 105.16+3.55 5.00+0.00
DmBR26 14 Soil 7 4.00+1.73 10.00«1.00 - 98.76+2.11 4.00+0.00
DmBR27 A3 Soil 23 4.00+1.73 7.67x1.15 - 98.13+3.15 4.00+0.00
DmBR28 14 Soil 10 3.67+2.89 10.33+0.58 + 105.47+2.33 4.00+0. 00
DmBR29 14 Soil 32 0.00+0. 00 0.00+0. 00 + 112.58+3.47 3.00+0.00
DmBR30 1% Soil 31 0.00+0. 00 0.00+0. 00 - 98.71+2.55 0.00+0.00
DmBR31 13 Soil 7 2.33+0.58 0.00=+0. 00 + 84.71+1.13 5.66+1.53
DmBR32 =+ 4 Soil 28 2.00+1.00 0.00=+0. 00 + 126.00+4. 39 0.00+0. 00
DmBR33 14 Soil 8 2.67+0.58 0.00+0. 00 - 119.07+3.38 4.00+0. 00
DmBR34 3 Soil 10 2.33+0.58 0.00=+0.00 - 105.64+2.90 4.00+0.00
DmBR35 T3 Soil 1 2.00+1.00 0.00+0. 00 - 77.60+2.98 4.00+0.00
DmBR36 =+ 4 Soil 3 2.00+1.00 0.00=+0. 00 + 126.27+1.98 0.00+0. 00
DmBR37 14 Soil 18 2.00+0.00 5.00+£2.00 - 84.58+3.78 3.00+0.00
DmBR38 3 Soil 18 1.33+0.58 3.33£1.53 - 63.42+1.55 0.00+0. 00
DmBR39 14 Soil 18 0.00+0. 00 7.33£1.15 - 161.69+2.56 0.00+0. 00
DmBR40 + 4 Soil 3 2.33+0.58 5.00+£2.00 - 112.40+1.53 5.00+0.00
DmBl1 2 Root 31 0.00+0. 00 2.33+0.58 - 91.33+2.33 1.00=+0.00
DmB2 2 Root 20 0.00=0.00 0.00=+0. 00 - 0.00=+0.00 0.00+0.00
DmB3 2 Root 18 0.00=+0.00 0.00=+0. 00 - 119.24+4.98 0.00+0. 00
DmB4 2 Root 14 0.00+0. 00 0.00+0. 00 - 175.47+3.28 0.00+0. 00
DmBS 2 Root 31 0.00=0.00 0.00=0. 00 - 77.42+2.03 0.00+0.00
DmB6 2 Root 22 0.00=+0.00 0.00=+0. 00 - 136.00+1.63 0.00+0. 00
DmB7 2 Root 22 0.00=+0.00 0.00=+0. 00 - 147.33+2.39 0.00+0. 00
DmB8 2 Root 18 0.00+0. 00 0.00+0. 00 + 77.73+1.83 0.00+0. 00
DmB9 2 Root 29 0.00=+0.00 0.00=+0. 00 - 70.22+2.76 1.33+0.16
DmBI10 2 Root 19 0.00=+0.00 0.00+0.00 - 184.04+1.97 0.00+0. 00
DmBI11 2 Root 18 0.00+0. 00 0.00+0. 00 - 175.64+3.81 0.00+0. 00
DmB12 2 Root 17 0.00+0. 00 0.00+0. 00 - 168.58+3.02 0.00+0. 00
DmBI3 2 Root 16 0.00=+0.00 0.00=+0. 00 - 287.47+2.67 0.00+0. 00
DmB14 2 Root 18 0.00=+0.00 10.00+0. 00 - 273.02+3.99 0.00+0. 00
DmBI15 Z£ Stem 26 0.00+0. 00 7.33+0.58 - 210.24+1.93 5.00+0.00
DmB16 Z£ Stem 5 0.00+0. 00 1.00+1.00 + 231.51+3.88 0.00+0.00
DmB17 2 Stem 26 3.00+£1.00 8.67+1.15 - 136.42+2.22 0.00+0.00
DmBI18 Z£ Stem 31 3.00+1.00 0.00+0. 00 - 112.71+3.35 0.00+0. 00
DmB19 Z£ Stem 31 0.00+0. 00 0.00=+0. 00 - 0.00=+0.00 0.00+0. 00
DmB20 2 Stem 24 3.67+1.53 0.00=+0. 00 - 280.04+3. 44 0.00+0. 00
DmB21 2% Stem 31 1.00£1.73 0.00=+0. 00 - 0.00=0.00 0.00+0.00

D DmB: 208 A AZEA AN A E Bk Endophytic bacterium strains isolated from Dendrobium moniliforme; DmBR; 7325 [ 4 Fil 1 38 AU £k Strains
isolated from rhizosphere soil; DmBM ; 435 F AR F & #F (1Y) P AE K Endophytic bacterium strains isolated from rhizosphere moss.

2 R IR B3R 5L b 0% o P8l 2 A2 F R i i g Ability of solubilizing phosphous is showed by radius of bacterium ring on different media; NPA ; TeHLE
Ki 553, Inorganic phosphorus medium; OPA; A HL#E 3% Organic phosphorus medium.

D4, HAAMRBAEE S With ability of solubilizing potassium; — TCfRHPHE ST Without ability of solubilizing potassium.

G B FRIE YRR TR R R E e Ability of producing siderophore are showed by radius of aureola on medium.

2.3.1 AR oA MESR (R )RR ey AFNELNR 5 bk MRS EE NN 11 bk RE L
BTG 75 BRANER AR P, A 34 PRATER (QLARANZE SRANTE 18 BR) RESAEADLIE (OPA) RiFRE-PAR L7~



3

AL, A AR AR AR R 20 R 2 R AR AR BE T o B 39

B BB 4R 0.33 ~10.67 om, BiH X 8L
PR LA S A HLBE I RE T1 8 39 FRANEA (45 4n=2
AN AE AT 4 bR AR &SR N AEAHTE 5 bk AR
HEANTA 30 BR) RRAZAETCHLEE (NPA) KEiFRHFAR )™
A TR P, TR PE AR N 1,00 ~6.33 em, P IH X 2L
PREA i LB BE JT . it R R, 78 OPA
I NPA K5 3565F-He I #RAEAZ 7 A 75 B B 11 179 T Ak
A 22 bR, 21 RS ES A AR R R [ A R, B
X 22 FR TR DR BRI T RN 2 AT R S PR,
I35 9 A8 Bk,

2.3.2 MRATRE A AT ARSI EARARHY 75 AR AN R
PR, A 25 BRTR PR BEAE LE LB A R i — B R Y R
PR AR 3G R P R AR T T, 100 I 3 S T ok LA i
BRRESI (IR 1), Hirp 23 BRERE /B E AR B & & Fn
HR I 498, FLIX 25 R B ik DA 25 A AT 181 T A0 i
JE ARG, 0 11 FT B,

2.3.3 FAERZRASH  TES BRGNS BN
W RS A 64 BRIAMRRERE " AE KR A K E 7N
42.22 ~287.47 pg - mL(WFE 1), Hi AERKE™
HE T 100 pg - mLT B RRA 30 PR, 45 4 25 A i
PIAEAIEE 14 BEFIAR BBl 34N TR 16 Bk, 708 A 4=k
A1 SRR A4 2E AR P 1R AR DmB13 Y77 AE K K g
ik, A K E AR IAE] 287.47 pg - mL7

2.3.4  FRESERRASN TR E AT T5 bRYH
FBERE T, A 39 MREFRAEIS7E WA 353364l b ™
A AR AR 1.00 ~7.00 em (WL 1)
Horbr 36 BRIRR 5> 25 F AR PR 5 @ AR ] g8, HoaxX 39
PR PR LA ZE 60T 0 a8 R B M o e S L35 TAT, 254 14
R 5 77 G ER B T R N R AR A 23 15 1 AR L P 1Y)
ZEFRLFT PR R Ak DmBM13

2.3.5 WRARIGEIN LAEOWEREN.
Gy EIARARI 75 RRANTA AR T, A9 MR R e EL AR
FRRER R K RS ER R I BE ), A R 1 M B U T
Bk 4 Bk ZEAFT R B AR 3 bk OBV R 2 AT R R
PR 1 BRI B DR B RE 1 BRI SE PR AR BB 4
ZELRHA AR R 39 (7 bR ) AR PRI B8 (2 ) o

3 WL
ARDRA 83 418 57 FH1 4048 14 PR 442 19 ) 24

W RZREIR DNA 7 Beb AT U0 20 DLW 58 40 1 2 4
P L 2 MK X T bR AT 20 A RE BT S T

P AT S A A AR LA T T AR R S
R 2ERN G R 2EREE ) f5 ARDRA 4047 4
ZEA RN A R FEL A0 7R 1 2 FE R 3 16S TDNA T 513
JP O PREE , IF HBA R

ABFFEH R 2 4~ ARDRA # (45 31 SRR
18 1) B & 22 A M N A TR BB 40 B . 3 I 4
U225 iRk PN A R B 40 B8 22 (DA 7E — R RO TR &%
S 1 441 P T i o 20 25 A SRR AR Y 1 2R LR B
HEAARPY, R AR N 4 TR ) — 843, 16S tDNA 7
G 5E 45 T FE B L A2 B 10 75 Bk N A AR PR 40 B T Bk
SRIET 8 A&, H 2T 121 s DA AR 7 20 25 A fRHA 9 &
MR A B v 2 B B A A X — 25 R 5 Tsavkelova
ORI AR GT EE R —E, BLAh, S LA AR i ZE e
BIFEAERRAT RO A TR S , QA v ) SOFT 11 ) B bk 28
Y TR ARG, 1A BH X 6 PR A 2 T TR R 1T e LA
HARE M,

FEAMIFFE 4325 H B 75 ARAN 25 £t A R T 4
PP RE 4 PRS0 B TR 8 TR R 3 bR ZF AT T R
PR 1 AR 2R 25 T TR @ TR R A 1 AR B 25 TR I TR PR
e ELfawE e AR R MRS R AE T, X 9 B
RIS HA B 3R B FA e % BB o R o
ARKZEWBES, A X e bk A (R A A K
PIVERE, BLAL, ZFE AT TR R Pk DmB13 BN B AT
fife bl R PR A B R I RE T (R A K R 1Y
Jysen, PRI RTR AR S i — 20 IR A S g 1Y) i 1R T
B, EENOT , EHY AR E T LS EIRT
R, 1T P AR AR 6 4 T e T 0 VS W A WA
MR (EKR FER B REZMIEE) F I
B R BRI S L AN R e A Y
WL Z N R E SR W R — e 1R 2
TR D P W K 3R T S A 4 O R T
BB B R A T 0 B 20 B N R AR T
DIFE—E R BRIk e 2

ZE LTIR 4025 AR R 25 10 0 A= A e AR L
A 20 TR AR ] R IR PR R 2R I 4 2 (75 #k) H 2 Mk
BMEE 8 J8E), 51 33 4~ ARDRA #%, VI ZF/AT A
JE AR R A o . Horb 22 BRI A% T
ML FIA HLBERE J1 25 PRI R A R RE ) .64 tk
PERREAT P2 A K R RE T .39 AR T Rk LA R g Bk K g
1,3 9 BRIE MR R0 R A KRB R Y
AEJT, PRIt TR 3 6 R R AR Ay (2 0 4 25 A it A K Y
L TRAR
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