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B OB AT ARG FEFSOREMER, 5B IF L SN SEMENRAL FH
FAwMe A, [8 6] ML ARIRLIEEARR S BIKAEY, S TRINRAEDG S, Fik
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IS ARIF L AREA BT B MAEW, T 16S rRNA XL H 57 5f L #HAT A AL F 57,
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Isolation and efficient strain screening of microorganisms
from peanut rhizosphere

LI Ping”', GAO Xinxing”?, HAN Kunming', SUN Liqin', LI Yan'
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Innovation Utilization, Jiaodong Microbial Resource Center of Yantai University, College of Life Sciences, Yantai
University, Yantai 264005, Shandong, China

2 School of Medicine and Chemical Engineering, Taizhou University, Taizhou 225300, Jiangsu, China
Abstract: [Background] The rhizosphere soil harbors diverse microorganisms. The isolation
and screening of efficient strains with different functions is the premise for the development of
efficient composite microbial fertilizers. [Objective] To isolate microorganisms from the
rhizosphere soil and root surface of peanut and screen out efficient strains with organic and
inorganic  phosphorus-solubilizing, indole-3-acetic acid  (IAA)-producing, and
siderophore-producing functions, so as to lay a foundation for the research and development of
microbial fertilizers for peanut. [Methods] The dilution-plate coating method was employed to
isolate the microorganisms from the peanut rhizosphere soil and root surface samples collected
from Qixia City, Pingdu City, and Laishan district of Yantai City in Shandong Province. The
microorganisms were identified by the phylogenetic analysis based on the 16S rRNA gene
sequences. The strains with efficient organic and inorganic phosphorus-solubilizing,
IAA-producing, and siderophore-producing functions were obtained through primary and
secondary screening. [Results] A total of 147 strains were isolated, purified, and preserved in
this study, including 75 strains isolated from the rhizosphere soil samples and 72 strains from
the root surface samples. The isolates belonged to 40 genera of 4 phyla including
Actinomycetota, Bacillota, Bacteroidota, and Pseudomonadota. Streptomyces (21.77%) and
Bacillus (16.33%) were the dominant genera. The root surface samples had higher alpha
diversity of microbial community than the rhizosphere samples. Among the 62 strains with
organic phosphorus-solubilizing ability, Brevundimonas sp. YTU21021 showed the highest
activity of 1.12 mg/L. Among the 31 strains with inorganic phosphorus-solubilizing ability,
Acinetobacter sp. YTU21009 showed the highest activity of 7.04 mg/L. Among the 63 strains
that could produce IAA, Enterobacter sp. YTU21054 showed the highest yield of 184.19 mg/L.
Among the 7 strains capable of producing siderophores, Burkholderia sp. YTU21051 presented
the highest efficiency with the AJ/A: ratio of 0.9. [Conclusion] There are diverse culturable
microorganisms in the rhizosphere and root surface samples of peanut. The efficient functional
strains obtained in this study enrich the functional microbial resources in peanut rhizosphere and
lay a foundation for the development of composite microbial fertilizers with efficient rhizobia
for peanut.

Keywords: peanut; rhizospheric microorganisms; isolation; function; screening of efficient

microorganisms
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12E (Arachis hypogaea L.) X £ V& 16 4E K4
R, BERE TR LN —4 L ARG R,
EEPR E = KGR mEHE 2 —, R AR EE
AR AE R 2 —, R E R A R E
—, WP EREA R AR E AL L, R E
Frg—P IR E E R AT s E K. MEAR R
AR PR L O AR AR T A R . (H
JEE it AL B i 7 FpoR A, i 2 28t
Bk, b oK R S E R E S
b, B B IRIR P MR EE V5 4, A T4
AIRREL R SR . R RL, JLHIE TR
Wk = 04 A P B ARk 20 57 8 R F 9 g FH A o

AR - oA )z AR, ATk
438 10" A4/ g- 3 AR PR SR IT AR A X
W, AP AR T 5%-21%HE A ),
ANEFED A 53 I IR 5E T AN AR PR A4, A
VB WA PRI 2548, DR AR PR ) R Bk
P s R FAIX (hotspot), JEAHY) 5 B % .
VER AL A, TS [F) B BEAAE Pt o8 15 25 A8 )
RRET . DL, PURAE RIS ECT,
X AR PR AR P L R F & A P RE R ) e B
SRR o TR, i I AR A R R RN R AR
(R B L ) 4 5 s S W R L A o 1 o AR Bk A
AR S SR HAE R ER AR B e R
R EEY =R, A LR R S RE R
PR G 1 TRT AL TE T4 b 42 T B R A1 A T 1) R
ke, & Z R REAR PRI A P A B A
BT U AR SAE DA 5 R0 A

VE Ry SR (0 G RMEY) , 1645 BE -5 AR IR TR 2458
A A AN, HEE AR E M E AR
IR, BEWE AR RT R LB, 5
HAEY—FE, TR BR A B Z AR
Wy, o HERE A R . AR ThEE, Mk
R o R0 B R 1) B i 0 FH BB 8 8 3 41 AR A
AR SR A B L ik 22 R R 0 s i A

Yy, WSRO E A Z R IR AE Y R A R
I, K AEA S RS b T | REARAE A A
A ARHEAEAR 7 K JR AR Ty T AT K E

A4S AC A PR T RRURD P 3 fa 4 56 2467,
R 576.7 T1 P X I AR B Aol 28 55 TR AR
Ko AWFFE I ZRAAEE T . BT AR 5 i3k
X 3 ASSRAEHEREE 73 B T 4B A AR B T 3 FIAR
FRREM P, LT 16S tRNA JEH ¥ 51
GE T AEEFRME I Z R, IR T s AU A
WL TCHLBE . 7= 05|k £, iR (indole-3-acetic  acid,
TAAYFIERER AR BARE , AR A 2 S e
PRI R FH 25 it

R

1.1 #R
1.1.1 &

2021 4F 7 A FAINILARAWEEET . PR
FHE 5 T 3 L1 XORAE T A6 AE AR R FIAR s 398, R
FETT 2 AR AR AR AR AR ORS , B A AR AR FIAR
WP e A TG | B4, 37 R (] 52 50 % A T
WEEY S
1.1.2 EHE

BRI R BN 1 B, BRERR I Ab,
Boil B A A F/KEZ %2 1000 mL, pH 7.0,
AR RS SRS BUIE R A A 15 ¢/L, 121 °CK
7 30 min,

1.1.3  FERFIFNEE

M. AR Bilek . BRE . K9
ER . TR . RRE, AU B A A Y
ARERTUEA A S8, D-HEREE . —KE#E
BRE A BEIR — A . KA BREREE | A
TR e . WAH . LKGMRIE . — KGR
B OBRPRES . EIREE. BERR A . REME. ORAEE
F R , 24 4 Ak 2 A B B 5 AR S
R . SR S MOPwEE, il s kARl
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Table 1 The information of media used in this study
BRI AR Fi Z2 30K
Medium Function References

NA }53E 5 Nutrient agar medium

4 979 185 K 3% 3% Bacteria isolation and cultivation [15]

TSA }53E 5 Trypticase soy agar medium T M4y B K 175 3% Bacteria isolation and cultivation [16]
4 B IR 35 5 Beef extract peptone medium 4= #5537 Bacteria cultivation [13]
A DL T S 1 7 A il A B R 07 1B [17]
Organo-phosphate solubilizing screen medium Organo-phosphate solubilizing bacteria screen

W B2 #h 45 K 15 3% & National botanical research fift JCHL# &2 i [18]
institute’s phosphate (NBRIP) medium Inorganic phosphate solubilizing bacteria secondary screen
TEHUBE I 8 (PVK) B 35 3k Pikovskaya medium i JC LAt BT 7 [19]

Inorganic phosphate solubilizing bacteria screen

LB 15 3% % Luria-Bertani medium 4 M85 47 Bacteria cultivation [17]
MSA }57% % Sugar-aspartic acid medium 4 M85 47 Bacteria cultivation [20]
King’ B }53% % King’ B medium 77 TAA BE 17k IAA producing bacteria screen [21]
CAS 5573, Chrome azurol sulfonate medium PR A TR i o [20]

Siderophore producing bacteria screen

I ABRA ] 2,4- " RIEEEME R, i
oy AL FHARABRA T 5 AT AL 2H DNA $2 1K
W, KRR AEE)ARA A,

P OE VRS, B LT S A TR A E
SN AT, ISR AR R A v 5
HLIKAY, RS — YRR AW s PCRAY,
Bio-Rad A Fl 5 # im0 66T, Implen GmbH
.
1.2 ERBRERRNEINIER RS
EBoHh
1.2.1 EYIR S B

HRBR A I8 53 B < 5 AL AR AR PR 1 3 AR
O3S, O RIRRBURE MY 5 g AEAEAR PR
JA 50 mL JCE 0.01 mol/L BEMRZE nh bVl
(phosphate buffered saline, PBS), 30 °C. 140 r/min
PEARYRY 30 min, FE 15 min™, B W,
PBS ¢ P W 4% 10 A% A% b RS 1 W R Al
1071077 ¥ BB 2 1A TR B0

MR 73 B - AR R B TR K rp bk
1R, BTHAJE PBS ZMEm bttt
A (720 W, TAF 1 min, 58K 30 s, 3£ 30 min),

SR i3S 8 000 r/min 5.0 5 min FRAFAR F 13
APl A BIFREC 1 g Bk 3 MBIX A EA R R L
., A 10 mL 0.01 mol/L PBS ZE Ak, #
WAL 107107 WA A B . 4
B 0.1 mL 2% ¥ R BEAE S IR AT T NA Fll TSA
BB, 30 O B 1% 5-7 d, R KA
G PRBUR R TS B T R LR 3R A RIS E
FEaifpl, KA R ET 20% (RBSE)H
Hr, T-80 CHRFEAT

1.2.2 EMHIRZELZE D
1) 40 B R4 DNA $#2HURT 16S rRNA 2 [H

i

A3 B R R A, R DR 4 TR PR 4
DNA $2 O 75 G B2 BT A7 43 25 D Ak 1) Sk R 401
DNA, FFI| R s 4366 RS TG DNA e i
FealifE o R4 16S rRNA FE R 514 27F
(5'-AGAGTTTGATCCTGGCTCAG-3")Fl 1492R
(5'-CTACGGCTACCTTGTTACGA-3)"" 3 17 4™
. 2353 pL PCR Z“HIHEAT 1% I BEI
HL VKA, B H B 450 B — | S AP A RE ik 1
T B R E Y H AR R AR .
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2) RGLK BRIk

W5 BT A3 9I/E GenBank 4 g Fh R4 T
BLAST o), TFEJFHIARIE R RTS8 S
¥4, FIF MEGA 7.0 449 ) Muscle 72
P XS ABIFFEAR 7 5 M S 25 17 564 T X, T
FIF neighbor-joining Jr kP @& R G L TW,
HAEIE A 1000,
1.3 S EEHERNINES
1.3.1 RAEHNBEATHFE

1) FEAT LB TR 1) i

W TR AR 43 ) FH 2K T 28 48 s e 2 A LB [ 1
BRI Rm , B 28 CCIEIRA P A B R 5E 4 dY,
WSV B P AR A 100, IR A 538 S 43 il
VA AR (D) YA B AR ()Y, H4E D/d H
(LW A1 o LA AT LI 1Y fiE

2) A DL DA () R RE 1 B

B R R R T LB MR RS 55 3 p
30 °C. 200 r/min &7 H55% , #& MS 2% SCHR[18,27]
)5 55 37 B ODgoo & 0.6, 10 000 r/min #.0>
3 min 3 3, FH 0.85%M% NaCl 7 e B 1A
3 WG EIFT 15 mL 0.85%F) NaCl iFH H, H
1 mL ¥ 2 NBRIP AR 25, BB
537, 30 °C. 180 r/min }%3% 12 h, M5 mL
FW 12 000 r/min &5.0> 2 min FEUTHE, WH 1 mL
I ORI AR AT B 6 7 PRI S R SRR
ek o AR 43 Y T A [l ol b MV T
(1) OD 00 EL il B A i 212
1.3.2 RIS E R ih ik

1) fAICHUBEAN I 5] i

A3 SR8 BT AT R RRAE PVK 55333 BT ALY
VBRI TR ARV, T HUEIE TR 0 o
GIHT, AT R AR A LB A R 0 i

2) i JCHLBEA S i BE 1 2 b

WA B AREERN T 50 mL 4 NEE A RK
B SR, 30 °C, 180 r/min K535 12 h 155 Ff

T, WEAHN 1x10° CFU/ML, % 1% #Rh
AN E| PVK ARG R, 30°C, 180 r/min
gt 7 d¥ DI XTI, BERR AR B
3HVAT. AR, AU R 10 mL,
8 000 r/min Z5.0> 15 min, B 3BT AHER L (8
PE B AR s

1.3.3 = IAA EHIFIR

1) 77 IAA &R0

K Salkowski F (,32:POEF 777 TAA 20 B Y
W10 o B I B MR 32 AD T King'B JRIAEE 256
30 °C, 180 r/min 537 1.d, B 50 pL B &R T
PR ZEd b, [FIEHINASERFR Salkowski Lt
% (50 mL 35% HC1O4+1 mL 0.5 mol/L FeCls),
PUIMA 50 puL A ) King’B KRG F5 3 A Xt
B b B AR T 2= B AL S 30 min J5
HATIEE, B AR Ry el 8 B, B BIR R R
TAA VR o

2) 77 IAA TH I &

W RRIN R AR IR AR, B9 1 d R
B 10 000 r/min 20> 10 min, B EIERINA
AT Salkowski MLk, #EOGLHHE 30 min,
FE H: ODsyo fHL o X REAR M Hh A 1150 B o AR FR A T
TP TAA BYE . TAA FrvfE 2R 22 i e B x g
E AR
1.3.4 FEEAERFIE

1) PRI AN A4 T

R CAS B AL RO, F AR B
PRAHEZE CAS AL, 30 °CEIE R 5% 4 d°2,
TR ) 00 77 A A € 1) 2 P kg BHR TR A, T
TR PE) 55 T K LU AL (D/d) ™ 0 A 0 W TR R 7 kR
K

2) TR T 1) 2

B E AR IER 2 MSA WA B: FE 5L,
30 °C., 150 r/min 1557 48 h, HX 5 mL T#¥& 12 000 r/min
B0 5 min, B2 mL B3, A 2 mL CAS
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K™, FEAMRAIEE 1 h J5IE ODegsyo fH
(A)PY, HEBCRBEE I MSA JRIARE 35 5% 1k
T CAS Kl TR 510 5 F: ODgso fH(A) - FH AVA
FORRE S PRI AR S, BUE ARG, 2R
BRI TR
1.4 HIELIE

fifi 1 SPSS20.0 F A X i £ ds k45 4 it 43
Mr, R 208 (ANOVA)FI Tukey 36 1EFT
75 2250 FI 2 T H AR (0=0.05), &I id g -
P hR 2

2 BER540

21 TEMAENSEREES

M3 AN HEIXCRAE AR PR - SRR oA
I3 PR 147 PRIE . Hirp, DAERE L4y
BIRE] 76 BRIA(45 AR 4T B B AEA MRS 1,
31 PRI B HARRREA) s AV EERE L i 15
2 41 PRIR(25 BRIE B AAEARPR L, 16 fk
P20 B E AR D) s I & TSRl XA b g
BARE] 30 PREA(S PRI B A EARPR 158,
25 BRER 2B AR .

F AR 16S rRNA )51, F|H DnaSP
BAFLL 100%—BUE K] o3 sk, JLi35) 87 4
BRI A B AR A B AL R — PR B R
bk, LBl 87 MUKEMR. EREHKN RS
RBRZSE DEERF, K EER PR
J& F LR 1] (Actinomycetota) . A 4L AT iR 7]
(Bacillota) . #1#F 1% ] (Bacteroidota) Fl % 2. Jif1 14
IJ(Pseudomonadota)ix 4 ~11H5 40 N, i
J& M55 14 & (Sreptomyces, 32 Bk, (5 21.77%)
T 25 F 4T 1 )8 (Bacillus, 24 #k, 5 EE 16.33%)
(# 2). FEAMRBR AR RS o ZREPETREL
W 2 pian, WRERMAEYH Shannon-Wiener 15
(. Simpson T8 EUF1 Pielou 5] BEH8 B i TAR
PR A SRE A, X R BRI 9 2 A P & TR B

TR, WA B G TSI XY o ZHEERE
B T BRI A . PR IR TR Y 16S
rRNA ZHFH 2358 & GenBank, 3R15 75118
£ 5 A OP623513 . OP630732-OP630816 Al
OP744019,
22 MBANBENFIEZER

TERI AT 58 BRI (4 HE 39.46%) HA AT
MUBEE T, XL T 20 NaE(El 3). 3k 3
fiiR, Rk D/ {EAE 1.09-5.41 Z2[a], A 6 FREY
fi A HLBE AE )1 53R (D/A>3.0), B Se iR A ST
(Acinetobacter) YTU21009, H:D/d{E} 5.41; H
Y12 T# (Pantoea) YTU21008 1 YTU21010, 4351
430 F 3.54; FUCH{A IR TE (Burkholderia)
YTU21051 1 YTU21086, 454 3.39 #1 3.01,
DAL % K 3 1 (Ral stonia) YTU21085, 47 3.13,

X D/d {E>2.0 (i DLBEAC R R AR A T
FHUBERE 1 2 00 , 45 SRR 8 PRI HA R
WA HLERE 1 (3K 3), VAIERE T Som i e e i
J i (Brevundimonas) YTU21021, A 1.12 mg/L,
23 BEHBERNIFREER

I AT 31 BRIRI(A e 19.72%) BAT ff T
MLBEBE ), XL AMT 14 NEWE 3). Wik
D/d {HAE 1.07-2.00 Z[a](3% 4), & 12 ¥k D/
{EAE 1.5-2.0 Z[H], XSERE R ICALBERE 1B,
H:rpyZ B (Pantoea) YTU21008 [ D/d (B K, H
2.00, HARHHRA D/ (EFE 1.0-1.5 Z[A], Xk
W fi TTHLBE AE 114855 , 41 3R 1 (Rhodococcus)
YTU21110 (9 D/d /)y, 24 1.07, %f D/d {5>1.10
1A JCHL AR TR A T R T, Horr 9 K
WA BRI R CHLEERE 1 (3R 4), R
K 1) 4 AN 3l FF T (Acinetobacter) YTU21009 ,
}y 7.04 mg/L.
2.4 T IAA BHTFIELE

R, A 04T 27 NE 63 MR H
e 1AA BIREH(E 3). HbAE 29 thFES

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



RS JEAEARBRIA AR 73 28 R et 28 E) BE TR PR O 1 4439

Salkowski H €88 S W e 52 BB 21 TR (++) o PR, TE 1.97-184.19 mg/L Z[a], Hy
RIS, MR- B 0 29 HREdE SRR # (Enterobacter) YTU21054, Hij™
F577 TAA FEUSE , 45026 5 s, 19 BRIE D TAA - o4 184.19 mg/L.

I'ree scale: 0.01——

Bootstrap
« 050 i E #

0.63 i1 % j Genus
0.75 - Z I I Clacinetobacter
0.88 i 4 ¥ 3 3 W Pseudoxanthomonas
L.00 3 g 4 = [Cstenotrophomonas
b e .Ly.mbuvmr
.Dye,’lrf
W 1chromobacter
W sordetelia
W Burkholderia
..”am.ﬁm':’(hm’dcria
.Rm’.s‘.lmr."u
|:| Variovorax
.Em‘embuv!w
.Pamoea
DRhfz{)fwimrr
Csinorhizobium
.( dehrobactrum
.I_abljw
.Br(.'r.f)'rhi:c)binm
..‘.-ﬁcrmu‘rgu
.Brevuml'imrma.s‘
e ‘hryseobacterium
-.';'m_nedobar:fcr
Dﬂ'rrcp.‘omycus
.My(‘ribm'{r:rfum
DMyeolicibacterium
DRhodecoccn,\-
D.\'m:m'diu
W Micromonospora
W&ribbella
W Microbacterium
-Lei,ti'()nia
Eceitutosimicrobium
DFIﬁxl‘\'iﬂ'ga
Olrerrabacter
Wsinomonas
CBacilius
.Prie.\'ﬁa
Df..-'urn‘ﬁ'icdr'a
B raenibaciitus
.Pvaild(:mrjna.s‘

1 ET 16S rRNA EEFIMEWIEERREIBRFARNRZLER  Tree scale £/ 1%L %
S A ERIRS R NEE 1000 K E E JE{E (bootstrap), TEEIZE 0.5-1.0 2Z [0, [ R A B A [5]
MR F55 B SR R ME ) GenBank & 5%5

Figure 1 Phylogenetic tree of peanut soil bacteria constructed based on 16S rRNA gene sequences. Tree scale
0.01 indicating 1% nucleotide sequence divergence; The dots at the nodes of “tree” are represented as bootstrap
values that repeat 1 000 times, ranging from 0.5—1.0, the larger the bootstrap value is, the larger the dots will be;
The value in brackets is the accession number of the strain in GenBank.
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2.5 FEEREEKRIITGIRSSR

TERITR A 7 MR R A Re T, A3
i T 4 DE: RS Bacllus), 5T IR EE
(Burkholderia) . 78 1 J& (Rhizobium) Fl 5 2 14 &

], HorbEes B (Sreptomyces) YTU21035 14 D/d A
R, K432 (FK6), WX 7 KRB Rk AinhE

ST, RN 6 R, BRAA 5 [C i (Burkhol deria)
YTU21051 B AVA BRI, 90.90, FWZE 8k

(Sreptomyces) (K1 3). ‘B 1) D/A{ETE 1.37-432 2

Sampling sites

BIRRIRET I B o

Phylum Genus

ISIreptomyces (32)

& Mycolicibacterium (8)
= Rhodococcus (3)
= Mycobacterium (4)
= Microbacterium (3)
= Terrabacter (1)
= Flexivirga (2
= Cellulosimicrobium (2)
= Leifsonia (2%
= Kribbella (2
= Micromonospora (2)
= Nocardia (1
=Sinomonas (1)
O Baciilus (24)
——— = Priestia (6)
N = Paenibacillus (2)
- = Gottfriedia (2)
\__ Chryseobacterium (4)
Empedobacter (2)
= Pseudomonas (35)
= Rhizobium (3)
= Jcinetobacter (3)
= Burkholderia (7)
=Sinorhizobium %1%
=Ochrobactrum (1
= Microvirga (2)
= Bradyrhizobium (32)
= Brevundimonas (3)
= Pantoeq
—fagrys (f?)
= Enterobacter (2)
= Pseudoxanthomonas (1)
- Dysobacter 2)
=Dyella (1)
= Variovorax (1)
=Achromobacter (1)
= Bordetella El)
= Ralstonia ( [)
= Paraburkholderia (11)
=Stenotrophomonas (1)

2 TERESSBENHMEDEIMBKELNSE FHoNBETFNREKRNEEE, TH
Figure 2 The classification for microorganisms isolated from different sampling sites at phylum and genus levels.
The values in brackets represent the strain numbers, the same below.

®2 TREERSEENK o SHEMERER

Pingdu
(41)

Qixia
(76)

Laishan

(30) Pseudomonadota (44)

Table 2 Alpha diversity indexes of microorganisms isolated from different sites

==V | AR - AN FEEL AR R Pielou #J5) &
Sample/Group Shannon-Wiener index Simpson index Pielou index
Wi Qixia 2.66 0.89 0.84

SF-JiF Pingdu 2.31 0.83 0.82

3111 Laishan 2.65 0.92 0.96

HRPr Rhizosphere 2.70 0.89 0.82

# 3% Rhizoplane 2.97 0.92 0.88
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Phylum

Bacillota |:|
@7

Priestia (Y[

Gotfifriedia(2y==

Dyella (ty—
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Pantoea 30
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Chrysevbaateritn (4)

“Rhizobiinr3ym

Mycobacteriym-@y==

Bacteroidota = d?;%‘é’éé%?ﬁgﬁﬁ}:
(5) Mycolicibacterium 5y
Empedobacter (1) —

Streptomyees (17)

Rhodococcus-(2ye=

Microbacterium-(H=

Flexivirga (1)—

ribbella (1y—

) Leifsonia ()=
Actinomycetota |:| Sr]ﬂ\?lommgﬂs =
(33) Terrapacior (1) —

3 DIBEEMREIS MGt

Function

Organic phosphate-
- solubilizing

(58)

. Inorganic phosphate-
‘ COXN solubilizing
RN G0

‘ IAA production
on o (63)

@ Siderophore production
N

Figure 3 Classification for functional strains isolated in this study.
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FFA AR 16S rRNA JERPEf 74 18 204, I3k
FRELE KRR THN 4 41T 6 NN
40 Mg, H PR HRIE (>10%) & 5 5 W 8
(Sreptomyces) Fl ZF /T 14 & (Bacillus) , 4341 o Lt
K 27.59%F1 10.34% (& 2).
3.2 fEEE. PRl CERAI S E A S E
R 1%

WO TR PLEE . TOHLEE . s

LR R BRI T RE TR AR , 254 97 BREA (it
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®3 WBANBMERNRBEINE
Table 3 Determination of phosphate solubilizing
ability of organo-phosphate solubilizing bacteria

R4 BRI BEENRSEEINE
Table 4 Determination of phosphate solubilizing
ability of inorganic solubilizing bacteria

7S D/d IR LS D/d  JEwEE

Strain No. P-solubilizing capability (mg/L) Strain No. P-solubilizing capability (mg/L)
YTU21002 1.79 - YTU21002 1.19 5.24+0.23b

YTU21008 430  1.03+0.26a YTU21008 2.00  0.68+0.09¢

YTU21009 5.41 0.08+0.03de YTU21009 1.50 7.04+0.66a

YTU21010 354 - YTU21010 1.87 —

YTU21012 2.09 - YTU21014 1.53 -

YTU21018 127 - YTU21018 1.55  1.43+0.45d

YTU21021 2.01 1.12+0.05a YTU21021 124 -

YTU21023 145 - YTU21023 1.19  2.11£0.20c

YTU21044 197 - YTU21032 1.55 —

YTU21045 2.21 0.3+0.03¢ YTU21045 1.30 -

YTU21046 1.13 - YTU21048 1.29 -

YTU21048 141 - YTU21050 1.27 —

YTU21050 2.05  0.07+0.02¢ YTU21051 1.55  0.08+0.03f

YTU21051 3.39  0.18+£0.04cde YTU21054 120 -

YTU21054 139 - YTU21058 1.80  1.72+0.29cd

YTU21062 200 - YTU21060 1.51 -

YTU21074 1.66 - YTU21080 1.22 2.174+0.09¢

YTU21076 1.29 - YTU21085 1.35 -

YTU21080 1.20 - YTU21086 1.53 —

YTU21085 3.13  0.79+0.04b YTU21110 1.07 —

YTU21086 3.01 - YTU21125 1.65  0.06+0.02f

YTU21103 1.20 - YTU21126 1.28 -

YTU21104 1.13 - YTU21128 1.57 -

YTU21110 1.40 -

VTUALILT  Les - AT 3L 0 18 2173415 T 20 4w Y 58 MRAfA
VTU21105 159  — PLBE AR A5 T 14 DB AT 31 BRAFICHLE R
YTU21126 229 0.1140.04de A AL ) TR RO L R 201 38 22 T O KL R
YTU21127  1.09 - B, X SRR SRR PR AR T YR R B, Bt
YTU21144 146 -~ HH AR M) AR s e A AL B3 207 68 ) TR LU i JC LB E1) T

YTU21145 1.25 -

[l S A ] o7 B e 7R 28 53 .35 (P<0.05). —: R oo
T4

Different letters in the same column indicate significant
difference at 0.05 level. —: Not determined. The same below.

O o ARSI B AR O | A BLR
10 280 TR R HER 5 1 DA B A A A ] S P Y
ZRERETCHL . A L

M5k 2 BR(TAA) R —FHPI IR, HAT (et
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RS IAA EHRRIEENE
Table 5 Determination of IAA producing bacteria

L7 PR TAA =ik
Strain No. The color depth  TAA yield (mg/L)

YTU21002 + -

YTU21003 ++ 11.19£1.84lmn
YTU21007 ++ 35.66+4.66¢ef
YTU21008 ++ 18.42+0.13jk
YTU21016 ++ 24.36+0.53hj
YTU21018 ++ 14.70+0.66klm
YTU21021 ++ 31.32+1.98fg
YTU21023 ++ 40.87+5.53de
YTU21037 + -

YTU21039 ++ 9.21+£0.66mn
YTU21046 ++ 83.46+2.59¢
YTU21048 + -

YTU21050
YTU21051
YTU21054
YTU21064
YTU21065
YTU21066
YTU21068
YTU21069
YTU21071
YTU21076
YTU21077
YTU21078
YTU21079 ++
YTU21080 ++
YTU21082 ++
YTU21085 ++

+

+

184.19+4.31a

+
+

+ o+ + o+ o+ o+ o+
[

16.9120.38kl
80.19+1.24c
11.38+2.48Imn
27.1620.24¢h

YTU21092 + -

YTU21093 + -

YTU21094 + -

YTU21099 + -

YTU21100 + -

YTU21102 ++ 36.9345.85def
YTU21104 ++ 7.334£2.05n0
YTU21113 ++ 107.47+1.81b
YTU21117 ++ 41.69+2.76d
YTU21119 + -

YTU21123 + -

YTU21125 + -

YTU21126 + -

YTU21146 + -

YTU21147 ++ 1.97+0.690

+ BB+ LA, - ORI TAA 774
+: Pink color light; ++: Pink color dark. —: The IAA yield is
not measured.

R6 FHBIAMEERRESINE
Table 6 Determination of siderophore producing
bacteria

Strain No. D/d AJA.

YTU21013 1.65+0.07d 4.16+0.07a
YTU21035 4.32+0.06a 1.784+0.04¢c
YTU21051 1.37+0.08e¢ 0.90+0.08d
YTU21064 1.944+0.09¢ 1.74+£0.22¢
YTU21065 1.64+0.05d 1.62+0.05¢
YTU21069 3.37+0.04b 2.64+0.30b
YTU21119 1.7+£0.02d 1.71£0.28¢

YA | R R e | R R R
AREEED. BB ZRREY, 2R
¥ 7 & (Bacillus) . % 5. 7 J& (Pseudomonas) .
I P (Enterobacter) . {4014 & (Microbacterium) .
Ii] ZUIE R (Azospirillum) . [ %1 J& (Azotobacter) |
iR AE & (Klebsiela)5E g R A TAA [RE
1P Ak A AP AE AR PR e R 5 Bk
77 OIAA B BR, H bR BRI ZF 4T 1R (Bacillus
tequilensis) HS10 Ay, ik 52.03 mg/L. K&
FEEI N FAR PR - R PRk th—Pkr™ TAA #8
TR RS JE 2E AT I (Bacillus wiedmannii), 7=
ik 61.71 mg/L. AMFFEILTHES] 046 T 27 4
J& B 63 KR OIAA KR, H A EERE WA
(Streptomyces) F1 271414 & (Bacillus) 73511 15 Bk
O bR, A7 IAA WILFYE - 7 FT 7 (Enterobacter)
YTU21054 (7B e 184.19 mg/L, Hy-hhim s
T PN TR A R R O B
SR 114 1 VS 7

B EE O R, R A
e, (Bl THIERE & QBT PorRiEw
DL AL n Fe(OH)s 55 LAY fif BEARAIC 1 B XA
TE, NG AEYSCR S, 3R YA
AIER BRI TT LIRS A P, BV ZE K ARG
(10 B T o B LR Y, kA AR REAR A
YR B RE P H OB & R AT R
(Bacillus) . ¥ H 1 55 [C A (Priestia) . 111 # &
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(Enterobacter) . i H. 0 5)J& (Pseudomonas) . A~ 3y
¥ 54 (Acinetobacter) . + 3541 & (Agrobacterium)
G2 R VEPIAR PRAe A8 TR B8 = A R 3k, T
RS A A A AR THE D BTk M gE 1Y, AR
IR AT 4 B 7 PR ERBR TR R
Ho A v [ (Burkhol deria) YTU21051 728k #;
AR BE TR (AJA 1B 0.90), A 8RN H
w1,

4 Hip

AT AR WG EZ T 1 B2 T A 5 T 3R
WX I AEAE R PR SRR S 7 B A5 3 147 B
W, AT 4 A TTE 40 ANE, FE TR
WEAEBEIR . b a4 T 31 AN E R 97 MRIE
Eb 65.99%) 4 2/ 1 FhillE i Uhse, ThRe s
o7 LB R o SR BE R 58 AR AR A HLBERE 1 TR AK
H: v 4 38 BAHO B (Brevundimonas) YTU21021
VWi, o 1.12 mg/L; fFICHLBERE 1AM
31 #k, H R shFFH(Acinetobacter) YTU21009 %58
K, N 7.04mgL; 77 IAA [Ekk 63 Bk, Hh
J4 T I# (Enterobacter) YTU21054 A9 IAA j= i
1, M 184.19pg/mL; FEERERAKRRRE 7 BE, H
IR AR RE 7 Fe i Y 2 41 5 [ I (Burkhol deria)
YTU21051, A/AE A 0.90, AHIF5E i BE S 1) &
SUAA LB . TOHLBE . 7 TAA A= EREAR I T
BT, RIS 25 SO T i R S G =
HNEBEE T 5LAil

N

and
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