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Abstract: [Background] Xishuangbanna Nature Reserve is rich in biodiversity, but few reports about plant
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growth promoting rhizobacteria especially actinomycetes in this reserve are found. [Objective] Screen the
plant growth promoting rhizobacteria in Xishuangbanna Nature Reserve and test their growth-promoting
ability. [Methods] Plant growth-promoting rhizobacteria was selected by five types of medium and followed
by taxonomic identification based on 16S rDNA sequence analysis. The ability of obtained strains to produce
TAA, siderophores, dissolved phosphorus, cellulase, and amylase activities were determined by Salkowski
method, CAS method, molybdenum anti-chromogenic method, CMC-Na method and improved Young
method, respectively. [Results] Fourteen strains of growth-promoting rhizobacteria, were isolated and
purified from soil samples and identified as Streptomyces, Nocardia, Bacillus, Ensifer, Mesorhizobium,
Azospirillum and Stenotrophomonas. Among the 14 strains isolated, strain B433 had the maximum capacity
of indole acetic acid (9.23 mg/L) at 12 d. The strains of B351, B453 and B546 had strong iron siderophore
production capacity, where the Su value were all >80%, and the maximum was 86.67%, with a strength
of +++++. Strain B541 showed the strongest phosphorus solubility, and the concentration of dissolved phosphate
reached 9.79 mg/L. The comprehensive cellulase production capacity of strain B442 was 31.86 U/mL. The
amylase activity of strain B412 was 16.07 U/mL. [Conclusion] The rhizosphere soil in Xishuangbanna
Nature Reserve contained a variety of growth-promoting rhizobacteria with strong and broad spectrum
growth-promoting ability, which is valuable for research and exploitation. This study provides reliable basis of

bacterial strain resource for the development of microorganism resource in Xishuangbanna Nature Reserve.

Keywords: Xishuangbanna Reserve, Rhizosphere, Bacteria, Screening, Growth promotion
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PRAPIXih 2 . AR X SEE X DL R AR X 2% v X S Rl
WAE K RAF IR S 3K, RBRE R4
MRIZA S em (138, FKFHRE 5 cm=-10 cm
TREERIRRPR 58 15 17, 434526 T J0 I H B4,
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7 Ja SR YRR PR AR TR BT

1.1.2 1EFE

ZSSE R34 gl ek g s, 5
C—S 875 LT mEes st ek
A,

1.1.3  EERAFIFLEE

3,5- hS R KGRV (DNS), CMC-Na i,
TREREAEAIT W, FREPT R AR, Salkowski K7,
CAS R %

HIBVEIRIE SRR, - tERle S A PR A ] 58
ST AR, IR AT A BRA ] .
1.2 A&

1.2.1 IR REILE

BTG AR TR AIFRI 10 g, HCF 90 mL
BRI K T 7818 /K H , 3835 30 min (2R -G1Y
A7, W1 mL BRI 9 mL KR /K, sk gE
N 107 B SRR, R KA IR e
TB BEAR R, BRUAN [R] e J3E Ao B 1) V7 VAR 3 o 0 1 Uk A
b, FAEIE3RES, BIEAHT 28 °C fHl
K3t 7 d.

122 EHHMSBELSRE

FEO BERT TR T o BRI 34 ik, HEfralifl
MERALR, BARKEE 3T, EAFEMRL
fEREFRILT 28 oC MRS FRAR P EIE IR 7 d A,
e B A A0 I B B AR FE AN TR] %) 355 ARG I 855 5% 9+ T
30 °C. 120 r/min R 5535 7-14 d, BUERAV4ERE
W5 KB 20% HYMIRA T Th—20 °C {95,
FIT)—FTEE, — R RS A S5
123 BEHEE

XTHRIE HY A B R4 T 16S rRNA BL I, PCR
K514 27F (5'-AGAGTTTGATCCTGGCTCAG-3')
1 1492R (5'-GGTTACCTTGTTACGACTT-3"), PCR
JWARZR 30 L : 2% Tag Master Mix 15 pL, 10 mmol/L

MgCl,, 0.2 umol/L dNTPs, 1EJZ[f]5[4(10 pmol/L)
% 1 uL, DNA #i#i 1 pL, Tag DNA R47#(5 U/ul)
0.2 uL, CE/KAME 30 L. PCR S 454%4:: 94 °C 5 min;
94°C30s, 50°C30s,72°C 30s, 35 PMiEHR; 72 °C
5min. YL 1%IEERHLIKAING , SCRBIATEA:
WIRHATRR A RN, FrASl 3 1741428 51 NCBI 1E
BLAST %3, I MEGA 5.2 #ff Neighbor-Joining
HRMERZEREW, SHTHEZER,
1.2.4 EREEMER T

(1) F=W|WE 2R (TAA) I 2

PRE R T, 435I E 2 W EE@0. 0.5, 1.0,
5.0, 10.0, 15.0, 20.0. 25.0 pg/mL)"5|[KEZEbn i
T ODsy IME, 21 TAA PRk, F Salkowski
FE G030 5 7 08 W 2R (LAA) A e U508 T b 3 Ao
ToA L2/ LB #5571, 28 °C. 150 r/min
Ri7% 48 h, I 50 pL BB -S S AT Salkowski
Fe IR AT, SR ACE 30 min J5WEE, Bt
T H NRENS I TAA IIPHERIAR . A5 0025 i BE 5]
FI PR PE AR B 2T 11 000 r/min 5.0 15 min, B
I mL 350 1 mL 467K F1 4 mL Salkowski {5,
35 °C EHGEFE 30 min, JIE ODsyofH. fCARRE
MLt 1AA i

(2) FPEREAARRE T 0

ISR 11 000 r/min 2.0 15 min, B 1 mL
A 1 mL S RS SRR E S L, SRR
72 mL CAS KRR A5, AT #0 B R
60 min, & ODgyo, MIREILH 4, ZFHEICH Aro
T A/A W) S ERER ARG 543 (Siderophore unites,
Su)HEFRERBREIARE ST, Su=[(4~A)/A]x100%.

(3) fBERE TR

PR, 435I E 25 W EE0. 0.1, 0.2,
0.3, 0.4, 0.5, 0.6 pg/mL)BERRFRUE 0D 1A,
2B IR PRI 2R o SR FHSREAPT . (00 2 fR i 1)
e O B ARIEFE T 11 000 r/min 2520 15 min,
B 1.25 mL 3§ 2.5 mL HERT A5, 18148
PEEAE K ER R 25 mL, EIREE 30 min,
WI%E ODg3ofE . ARG FRIAE AR, 5
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WM bR 2R 150 H iR

(4) FRLT Y RS T

AR EM 20, 23 E AR 0.
0.5. 1.0, 1.5, 2.0, 2.5, 3.0, 3.5 mL)fiZjHHrE
W ODsy WIEL, 2 HiAIMEbRERNZE . IR ERE 7=
YEAE 11 000 r/min B.0> 15 min. L 0.5 mL _FiE R
fimA 1.5 mL 0.5%M9 CMC-Na 2% i #1 DNS i 51|
2.0 mL, #/KWE 2 min, BURAEGE FZERKH
JEE] 25 mL, MXE ODsy, 1ENZSEAXTIEA . 55 HL
2 A 25 mL ZIE RVEE A TRE A . STk
s BN 0.5 mL BT, BT 50 °C KV b Filtk
30 min, RJETE 2 SR EHHIMA 1.5 mL 210
2 50 °C ) CMC-Na ¥ A1 DNS 7] 2.0 mL,
Wk 2 min, BUBRHGHZEEAKRNEF] 25 mL,
WI%E ODsyo A EZEIEE, FHAALAK: BHE
F1(U/mL)=A4x1/0.5xnx2, Hrr 4 g0 6 Fepn v il
2 P ARSI, mg; 1/0.5 #35 mEHA 1 mL;
2 a4 R AL

(5) TEM K AR 1 il o

2 R E M T , 2 BCR R0, 0.5,
1.0, 1.5, 2.0 mL)ZZ ZFMEPRUEIR ODsao IWME, 242

F1 EHBISE
Table 1 Classification of strains

22 2P bR 2k . B 2 SR, — SOnHIR— S
SE, SN 0.5 mL, 70 °C #ERIHIEY 15 min, B
M, mXF AN 2 mL 0.4 mol/L NaOH, £ (I
PG 5 DU 48 AN BAS T 40 °C KA 15 min, 3
JIA 1 mL 40 °C TRIAITER , 37 B 40 °C 7K A PRt
15 min, B G [ 0 2 4 A 2 mL 0.4 mol/L
NaOH; HCHS X REAEFIE 48t 45 2 mL, 4331
IABIZIEE RS, A0 2 mL 3,5- 3K,
WK S min, REERBEZR 25 mL, R, Mg
ODsyy, fRARRUERNZETTR .
1.2.5 B IE

A Microsoft Excel 2013 Fl Origin 7.0 #f4-f
T8 53 b e BRI -

2 HR540
21 HEHBFESEE
HAATHE Z AR ERE, FRBl e A ik b
PR, SRAH 5 FIORRIBE %353 55 V0 SR PR3 AR
BrA-3RE 0, SFIERE 120 bk St BB ASHERR
A TGV RN, 55 14 BREARE. X430
PEASH Y 14 BRIARER) 16S rRNA FEK 4138 33 NCBI
B S R FAE R S, AR 1 R,

7S J& BRT HRABNER R AN A 57 5 HRABLE
Strains Genus Accession No. Similar strains Accession No. of similar strains  Similarity (%)
B351 Azospirillum MK301162 Azospirillum brasilense AB480699 99
B442 Bacillus MK301165 Bacillus aryabhattai MH671857 100
B453  Bacillus MK301165 Bacillus aryabhattai MH553938 100
B541 Bacillus MK301165 Bacillus aryabhattai MH553938 100
B642 Ensifer MK301170 Ensifer adhaerens KY820821 100
B545 Mesorhizobium MK301166 Mesorhizobium amorphae KF150349 99
B542  Mesorhizobium MK301166 Mesorhizobium amorphae LN890033 99
B546  Mesorhizobium MK301169 Mesorhizobium amorphae LN890033 99
B543 Nocardi MK301167 Nocardia asteroides MH241035 99
B547 Streptomyces MK301168 Streptomyces gardneri KF317978 100
B412 Streptomyces MK301163 Streptomyces lucensis FJ547130 100
B221 Streptomyces MK301161 Streptomyces chromofuscus FJ486284 100
B433 Streptomyces MK301164 Streptomyces graminisoli KY649414 99
B641 Stenotrophomonas MK301171 Stenotrophomonas maltophilia CP028899 99
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M 1 FZERATLIES], srsfasln 14
PR HAR IR AR S 99%8% 100%, 43511
J& THE5 1 & (Streptomyces) . <1 J& (Nocardia)
FF# & (Bacillus) . HAERYE R E (Ensifer) . 124
H IR 1 )& (Mesorhizobium) . 15 &R & (Azospirillum)
FIk Bt T & (Stenotrophomonas) . F MEGA 5.2 %k
PER R R ANE] 1 PR, Rk B412
5 B433, B542 Y B546 fERI—4r37 b, HARMIM:
Wi, MEFEEERE, J5H RS
2.2 AIEEFFEEEMERI S
2.2.1 FEN| MR ZER(TAA)BE 1 Ha)

TE I AT E A 14 MRAPIAR Brfie A= 18
177 TAA BEJ1(E] 2), Wtk B433 730 TAA 2,
LR R ] B G TAA (R REZ 3G, 78
3% 12 d IR FIEAE 9.23 mg/L X EE R/ TAA
f B AT FEIE 0.29-9.23 mg/L, H Bl ] f 284k
I 2E S EOR, W BB RRFEAN RIS R S h R
B LA AL
222 FEEEREE NN

TE ARSI TR BE B A 14 MRAEDIARPRIZ A A,
HEE IR ZE R LR 2. Witk BS46. B453, B35l
X3 BRANPE BRI RE B, I Su femi T ik

86.67%, RJE R+++++; Bk B433, B442, B542,
B545 iX 4 BRANREREIAMBE IR Z, Su {H7E
60%—80%Z 1] , 5 B Ay ++++; FLAY BRI MR 1 7 2k 4K
IRRE AR 55, Su<60%. 5200 It BE 77 Y J5 A
AT R TR AR A SRR 22 5 s8R A ) 5 7% 28 X6 TR
PRIGSE I, S B AR 0 IR AR P AN [F] 5 o m]
Ut B TR AR TE &2 24 228 (1) B SR R 55 vt BB 40 W —
TERERER, BRIR AR REE T . MR PR 1
LA R BRI BE T TR R , AU RE AL AR
YINE AR, BRI A S8 G E SRR B A Y BT iR
e RN
2.2.3  FREERE AR S AR

XIHITHY) 14 BREAPRAGBERE J1 1 7 Fe sl (&
3), Hrhwtk B541 MUfFBERE 5o, BERRARMME
FEIRF 9.79 mg/L, fft ol TR PR AR A ME LA AT 1) e e
AR AT B TR, 46 AR A X e WA A
ARG S, HAar s+ 40,
224 HEZRBFENE DT

LG 14 tRIaTh A A g R R 1A
13 tk, HE 4 0H, SREERSA L 4ERME6E
PR B442 ZRG LYt R iRe ik, HHHE i
Fik#) 31.86 U/mL, Ftk B542 X2 30.62 U/mL,

100 T—— Streptomyces lucensis B412 (MK301163)
85 L Streptomyces graminisoli B433 (MK301164)

99

99

80

s

100

Streptomyces gardneri B547 (MK301168)
Streptomyces chromofuscus B221 (MK301161)
Nocardia asteroides B543 (MK301167)
Stenotrophomonas maltophilia B641 (MK301171)
Ensifer adhaerens B642 (MK301170)
Mesorhizobium amorphae B542 (MK301166)
Mesorhizobium amorphae B546 (MK301169)

zospirillum brasilense B351 (MK301162)
Mesorhizobium amorphae B545 (MK301166)
Bacillus aryabhattai B453 (MK301165)

97 | [ Bacillus aryabhattai B442 (MK301173)
54— Bacillus aryabhattai B541 (MK301172)

1 ETFE# 16S rRNA ERAMER RS L F Rt
Figure 1 Phylogenetic tree based on 16S rRNA gene

TE: RERSHEEZR Bootstrap {5 55 WA N GenBank Kt 1415

Note: Numbers at nodes in the tree denote bootstrap percentages; Those in parentheses are GenBank accession numbers.
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3 g

AAE PR B - 1 0 16 45 21 11 200 04 e 8 43 Wi A2
PRI AR R, HEE R/ Sk A SRk
AR EHA G . AR LG, i
VEEI BRI T S0 S B, 7 E O 7R 1 [
WA 2] T3 A E, A ROk S HAR A BE T 4
Uf, VR LSO A R, W] 7R G R R B s R 2 R
Ko ZRFRAMRHAMPE R, AR SR AR
H—EM G, e e RA RS 2R AR
AEAS PIRAE M B, A5 TR R R SRR R
BB AR B

MBI TR G R R (3 3), RAE A= K
RIAA)JT T , J5c = v] 700 TAA f 5 9.23 mg/L,
5 Haiyambo 25PN HL W A+ 5 S i IX (14
M PR3 5 5 0t i 1 A B AR 23 W TAA SR (B
8.98+0.46 mg/L M JL-FAHAT A&, I P AR A {4
371 DXAE P AR B 1) 2 71 7 O3 8 A R (R it A )
AR ITHA BRI LM E . 1A Rk qE
JIEE , H Su fHZHTE 60%LL |, REAhTH
IHIERER S A B AR AT R A BRUE IR AT
TV B4 e 5 R X v A /INAEBE L AR LT Rk D
R AR, (EL A BT T R P kAR A R

*3 BEMEENLE
Table 3 Summary of strain capacity

FEXF 40 PR MK o R A Wl A B 1 A AR B R T
2.97-9.79 mg/L, FRHLEEPOPEF K GARR Y B E
N4 (Bacillus aryabhattai)f 30 % 4 32.53 mg/L.
H5Z M, A0 LE A iR BERE i NI E R
BERERRRE S, XATRES TRARI = BERE ST . 5
SR EFRZES . MRFEA K, A UGE SR A
KA, WARITEBERE I TRES R, P YRR
R T e P BEHS A i PT ik 31.86 U/mL, 7EEV A BIBFST
Hr, AR R 1 ARBE R, Hm e 4 K
(IS A7 30.06 U/mL. FHUEAT L, PEAURAN PRI X
(AT BT P 2T dE R FRE 1, TF RIS 3 o
TR AR R AE R 2G . &dh. MRS AR AT
AR TR P 3 it o 7] TR AT LA A
FE 7 VE R I T, T A5 TR AR VE A T I S ) FE
4.19-16.07 U/mL, 1 7k & i 2521k 45 2 7 p 3 i
MG R 365.12 UimL (HFRE, SANRI 2, FAH 2
R, KPR TR R TR A 2255 9
5 22 PV B S e 0 7 T R I R R A e v 7
495 UmL, 5ZAHZRREE AT BE AL K4
PR A SRR S8 225 . & AR
B0 B 0 VA B O RS 1ok — M, R ST AR
e s = QLT ey SPILE

[Zf7S FEIS LR PRk fige ke FREF YR 7 UEN I
Strains Content of IAA (mg/L) Siderophore capacity Phosphorus content (mg/L) Cellulase activity (U/mL) Amylase activity (U/mL)
B221 1.75 4+ 2.97 20.60 10.56
B351 0.82 8.55 26.08 6.08
B412 1.46 +++ 6.01 10.33 16.07
B433 9.23 -+ 4.90 11.19 8.29
B442 1.52 SIS 4.18 31.86 -
B453 1.64 AHEHHRR 4.84 - -
B541 1.58 +++ 9.79 27.80 6.91
B545 3.74 HHEHE 3.97 23.53 -
B542 5.73 -+ 5.00 30.62 -
B543 3.74 ++ 6.75 10.38 -
B546 1.40 AHHEER 3.72 13.30 8.76
B547 1.32 +++ 6.79 17.98 4.19
B642 0.94 A 6.18 11.94 10.13
B641 0.85 A 8.55 1.74 5.84

TE: = ARG R R ERE T
Note: —: No growth promoting ability of the strain has been detected.
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