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Screening, resistance, phylogeny and growth promoting of phosphorus
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Abstract: Endophytes were isolated from soybean nodules collected from different regions of Henan province, and
phosphorus dissolving experiments were performed on the purified strains. The ability of strains to dissolve phosphorus were
primarily determined based on whether it can produce dissolved phosphorus halo, the diameter of the dissolved phosphorus
halo (D), the diameter of the colonies (d) and D/d value. The phosphate-solubilizing capacity of endophytes was assayed
by molybdenum-antimony-D-iso-ascorbic-acid-colorimetry (MADAC) in inorganic phosphorus liquid culture. Resistances of
the tested strains to such factors as salt, pH and heavy metals were measured through adopting plate screening method.

Physiological and biochemical characteristics, 16S rDNA and recA sequencing, phylogenetic analysis and inoculation tests
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were determined for the strains. Results showed that 36 strains of the 324 isolated endophytes were able to dissolve
phosphorus and 20 strains with stronger phosphate-solubilizing capacity ( D/d = 1.218—3.55) were selected for further
studies. Phosphate-solubilizing capacity of strain DD291 during plate screening was maximum ( D/d = 3.55). Soluble
phosphorus content in fermented liquid increased 1—11.9 times compared with that of the control, and among them, such
value of DD291was the highest (452 mg/L), followed by that of DD284. However, all strains had different degree of pH
decline compared with that of the control, and the biggest drop amounted to up to 2.92 units. Soluble phosphorus content
increased , which held certain relevance to lower pH, but soluble phosphorus contents of strains with approximately close pH
values were different. Most of the phosphorus dissolving endophytes had strong saline-alkaline tolerances. Some strains can
tolerance and grow on plate containing maximum 8% salt concentration. Under the pH 11, strains DD283 and DD284 never
grew, but DD291 grew well and its growth status was second only to that of control, and the rest 4 isolates ( DD028,
DD140, DD167 and DD186) survived. However, strains can grow under pH 7, second only to control. In the setting range
of heavy metal concentration, only isolate DD283 of seven strains can tolerate five kinds of heavy metal simultaneously,
whereas the remaining six strains can tolerate four different concentrations of heavy metals. In a whole, seven strains showed

" and Cu®" under the tested concentrations, while their tolerances to Ni** and

higher tolerances to heavy metal ions Pb*", Cr
Hg™ were lower. Judged together by their cellular morphological characteristics, physiological and biochemical
characteristics, 16S rDNA and recA sequencing results and phylogenetic analysis, these strains were identified as Bacillus
cereus, Enterobacter cancerogenus, E. cloacae and Pseudomonas putida, respectively. Results of inoculation showed that
shoot height and fresh weight of seedlings inoculated respectively endophytes and Rhizobium increased compared with those
of controls. For Sinorhizobium fredii USDA205", DD284, DD186 and DD167, seedling height significantly increased by 35.
43%, 35.43%, 27.06% and 29.86% , respectively. Fresh weight of seedling inoculated with S. fredii USDA205" increased
to the maximum extent ( 104% ), DD167 (58.46%) to the second. However, seedlings inoculated alone with soluble
phosphorus endophytes did not nodule. Screening excellent strains with phosphorus-solubilizing ability, salinity tolerance
and metal resistance from microenvironment, analyzing their phylogenetic positions and investigating their growth promotion

effects on host soybean plants provide potential application prospects for the regulation and enhancement of host plants’

growth environments, which are beneficial for soybean growth.

Key Words: soybean ( Glycine max); phosphorus dissolving characteristics; root nodules endophytes; screening;

resistance ; phylogenetic analysis

BiCE MY AR AT SBRP AT = AOeRZ —, HIEPBER = SRRSO A = R E BN
FREAT 74% B I EEE | - 458 rh 959% DL 8 R JCREE it A BB AE X4 2R FH 2R 5%—25% , FE PRI
HIBEACAE IR B TR0, B H,PO, A1 HPOS . R85 13 Ca® (Fe® (Fe™ A 255 T MET T
MRk, e B R ABERE I (A B, v KSR B B A 4 a2 0 T TR A A - 48 v e JE WL
B, B I A R e R e Al B R L AR g O R W R AR PR B X DA R AR
Be i Z R E ), o nT R A AT RSCIRZS | T & R VA B SR 03X — BRI R %, X /b - Al
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EAE B Y W A TG D002 H TR AR

HLH) N A B A I U S RGBS 47 KRB A R e vk AR iR 7 + 3 kY
AIRZ I DR 8 BEME AR TR, T AR TR VA B I B C AT VF 22 40GH , 0 TR A 4608 DR o v 43 R A e 2
FAF B LXAL X ICHUBE A RE 1R 28.14 mg/ Ly E R AT SMR 22 P9 40 B0 51 4 MR AFi A A8 40 B -0 5 LA
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RO 5 S IR T A IS A A b 43 8 36 kA A R DRI e HOR B 2 SRR W) 21 BRI A AR ) 22 A
53 DA/ INAZ i O VA P A T DG - 22 R AR B 15 R B P Bl (VA A B ) B siR . SX MBS B IS
MELA FEAR LB AT 53 B 000 AR A R B AR , X 2R 1 EAE I BER Bk = S ik T 5t TR, mARC A
NI R RF IR A B —— AR A A Bl P A TR SR AN S AR A T RS L El T M RN DR e
JRIFRYE Nz, B H AT Ak 30 R WA R 2 AN [) i XOR GLARIES A AR e T B, 8 T 0, AR S B D 12
T T A A T M DX DR TR R PN A BT, AU A BILEAT Y 8 R RO A B BRTR , A ARR T8 e E PA A T U
FR T R AR SR HE BT IR AR 0

1 H#5F®

1.1 TR

KA R A AN R B X ) K AR, JC K W VIR, 2 T0/K LR B 20—30 s,3% NaClO 4b¥f 3—5 min,
PRI R K PRI 5—8 UK, I LU Ja — IR VR B/KAVE Rt BE, DA S0 AR R T T i e S . I CH &
EHVE LR N R RIS R AL R R 3555 4—T7 A OB A B TE TR R4 0 15, Rk AR Sl T b
O RO P B b B AR B T B SR 3L | 28 C IR 3—5 d, i 4 CRIRAAR &, JL3KAT 324 BRI,
1.2 Bt

YMA ( Yeast Mannitol Agar) BRI R AR SR JCHLBE MR BS 77 2 ( National Botanical
Research Institute’s phosphate growth medium, NBRIP) S TEHLRE A S 3R 3 ( Pikovaskaia’s, PKO) P!,
1.3 FEBEEN 2
1.3.1 AW

FHYM RS 325 (YMA B3R 36BN ) 1555 24 h WAE AR, B2 A A 2 mL 5045 91,8000 r/
min B0 10 min , FJC B /K 75 U6 B A5 5180 D05E TR A G 1R /K, 168 e 4% 97 ) i o B9, TR 15 OD B0 0.8 (4
10° CFU/mL) LA%EH
1.3.2 Wm0 AR P A R

K2 R AN R 100 mL B EIRINA 2 s 35 R AR P, 20 2 100500 1 48 0 JC WLl 15 7 36 Al L, 5
AR LR 5 AR BERE 28 C T H 37 4—7 d, WA TCIRBE BT &, D2 ek B B2 (D) HVE ELAE (d) 1R
T REAS = IR B EUR D/ d (B K/ NIRRT R AR A OB RE 1 SOm B e S KN
1.3.3 B GAHYRE N A T A T

SR A B RE ) R I TR, B0 5 I R0 , S0 A DX B AR AR P SR R R R B A PR
3WHE , BT 28 CHIRIEF: 4—7 d, WA 5E 17 W B R 75 B AR K/
1.3.4 ARG FREL A BRI B ARUCR

FEREA JC I NBRIP JRIABE SR B0 = M b3 2% 2 i i 4 ATREO, bk 3 N, AN 1Y NBRIP 1)
PRREFRILANTIE . BT 28 °C 150 o/min FE 3R 7 d )5, B HEHZ 8000 v/min 4°C A ENL 15 min, BUE
W1 mL T 100 mL 25, SR AR BL L Gk e 55 3 P 5wl & 0 I ER S mL B0 5 1V VO
pH 1 85 52 W pH {8
1.4 e RS E
1.4.1  FRARTHER AR 70

Iy WIEL & NaCl ¥ 4% 5% 6% 1% 8% 9% 1) YMA [H AR 37 3 | 4 07 106 B bk 12 A 76 A [R) 6 BF NaCl
B YMA 55383k I HA R4 0.01% /) YMA K5I8 A — 0B 3 IREE , 7E28 C FHFE3—5d W
SR, ERKIE R+ A ERIE -7 KRBWIFRH+" 205K,
1.4.2  HERARAE S 2

WE pH A 54 5.6.7.8.9.10, 11 i) YMA $5373E, UL pH {H 7 MYLRIRE 323 0 X B], B4 4b 2 3 Yk
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. F 1 mol/L ) NaOH 5 HC1 % YMA 3308 218 pH A, = i XK 35 PO pH (H 2 1REE, M5
TR o H 07 3 TR ARFE AR ZE A [R] pH (RS YMA 35585 | 8 T 28 CHHIREFE ,3—5 d JE A KRN, id
AR
1.4.3 EHEPUENE

PEHCET B R VB A E A B R S YMA 555 IR PO B AR TR G35, iTA 0.5 mmol/L
EDTA , it & S 29K Pb™ .2 .3 4.5 mmol/L;Ni**:1.0.1.2.1.4 1.6 mmol/L;Hg** :0.025.0.05.0.075.0.1 mmol/
L;Cr*.0.3.0.6.0.9.1.2 mmol/L;Cu* :0.15.0.35.0.5.0.7.0.9 . 1.2 mmol/L, LLIEH YMA 35555 Jy %) IR 45—
AAEEE 3 RES AR ARG , BT 28 CHEIRETIR 3—5 d WA KARDL, 1E SR A5
1.5 AR R BRAE LR AN 0 I A5 RRAE I

PEHRAR TS Bk o O e T i R OR A T A B A AR AT, PR AR A A 5 o 2 R e e 2R T
TR R INEFE R I A
1.6 16S rDNA Fll recA BRI 07510 E e R 40 K B 531

KA FE R 2H DNA 357 & OSR-M502 ( RARA AR A BR S w42 7 ) SR I TR 5L K 4 DNA |, 47 163
rDNA Fll recA FEPRIAGY 3 . TSI B8R ZR OB A5 D Sciik' >0 33 7= ik b AR B A W R4 A
RELZA w300 7 | MR AN 2 5 W B8 75 B A S0 7E GenBank 24T BLAST 434, F DNAMANG.0 #E47 %41
U4, i3 Clustal-X1.81 F1 TREECONW 4% 14 ( version 1.3b) , LA Neighbor-joining J5 M R 450 & B W,
Bootstrap ( 1000 K H & ) #1740 .
1.7 R

XoF i PR AR A TR 4l B (R P . SRR (R KN — R R G R TR AN B R 2F R
ARG | BRI E K B ST % B ( Control Check, CK) , BARZ WLSCHL™ AR 1 N AICSREE 1,
AHN BB 1 BRR SARIE I Sinorhizobium fredii UDSA205" hZ% | 35 K T M98 P9 A 1 AU AR 2B AR FH R4 T H 8%
GuitHakE AR e A febn (B ANTE =) o FH SPSS 11.0 A4S Hr , R 42 P A= B T <l B AR AR A
AT

2 HRE5HH

2.1 BRI
2.1.1  GRipEss

324 BRK SRR N AR TR AP FE TOHLBR 3G 95 2 b e i o B AR ARV EAR KN, SRR, ikt
A TEIEAT 36 R, MRS S R EL 20 PRI BEGE ) BCR 1Y TR MR IR T B0, 45 SRR W IR RE ) SR Y TR R
DD291,D/d 5 3.550( % 1),
2.1.2  WEARIGFRIE N A IR RACR

ARG 20 RRISBERE SRR AR TR SRR S TR G B R A e RE 1 . R BRI P A A i
FOGTREAH EE3E I 1—11.9 £% . %8R KT 300 mg/L fUA 9 #£(DD291 ,DD284 . DD283 .DD140,DD142 . DD167 ,
DD161.DD312 .DD311) , HA R #k DD291 A Bk vl s i 1% 12 e i (452 mg/L) ,DD284 IR Z. (439 mg/L)
R pH H 5% HEAH L, 34 R R REEE TR, e KRR IR K 2.92 4> pH BA07 , RIS PERERG NS pH ERFATH —
FEARCME (H pH (EAE AR IA B A2 R (B 1) .
2.2 IEBEE ARSI
2.2.1 TitdhARES

%2 AT, 20 BR B 24 AT TR 52 4% F 5% $h v BE, 18 #k T AT i 52 6% L FF , 7 #& i ( DD028 . DD140
DD167 .DD186 ,DD283 .DD284 . DD167) Al M52 7% LU FE , Horp 1 B4R ( DD140) Wi 52 8% L e B, 9% £h vk iE
TCAETH bR, VLT B A 3R VAR N A B E 4% —6% NaCl e BE 55 37 3 | BAT 809 IR 32 1k, fe KT i 52
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Table 1 The secondary screening results of dissolved inorganic phosphorus by endophytic bacteria from soybean nodules

[E5k73 IR AR (D) /cm WS EHAZ(d)/cm B (D/d)
Strains Diameter of dissolved phosphorus halo Colony diameter Ratio
DD291 3.97+0.121 0.42+0.052 3.550+0.327a
DD284 3.93+0.121 0.47+0.041 3.460+0.146h
DD283 2.87+0.110 0.83+0.121 3.458+0.163bc
DD140 2.13+0.369 0.65+0.328 3.277+0.051a
DD167 3.72+0.325 1.18+0.172 3.153+0.065a
DD186 3.68+0.264 1.13+0.200 3.257+0.024a
DD028 3.53+0.372 1.15+0.327 3.070+0.049a
DD264 2.88+0.075 1.43+0.110 2.014+0.203bc
DD273 2.83+0.121 1.57+0.121 1.803+0.163bc
DD272 1.98+0.130 1.43+0.151 1.385+0.218bc
DD312 1.93+0.163 1.47+0.163 1.313+0.203be
DD270 1.87+0.121 1.65+0.105 1.133+0.067be
DD274 0.88+0.117 0.68+0.117 1.294+0.057¢
DD142 2.43+0.258 1.92+0.147 1.266+0.057a
DD161 2.27+0.301 1.82+0.248 1.247+0.036a
DD168 2.45£0.123 1.97+0.186 1.244+0.063a
DD138 2.30+0.219 1.87+0.187 1.230+0.030a
DD062 2.37+0.163 1.93+0.163 1.228+0.037a
DD125 2.55+0.321 2.08+0.232 1.226+0.046a
DD126 2.40+0.190 1.97+0.186 1.218+0.035a

W L AR VR AR SR 4—T d IS 6 IREE B RIE AR 22 B/ NS TR 2R 23 (P<0.05)

600 - - 8.00
AR —e— pH
17.00

500 |
—
% 1 6.00
on
E 400}
~ 4 5.00
2
2 300} 1400 T
A
= 43.00
200 |
p
= 42.00

100 | 1100

0

—~ ¥ M O A > = % o0 A N O T 0 0 O A NN 0 O M

XN o W F T O O O~~~ &~ O m % o A A N
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Fig.1 Dissolving capacity of endophytic bacteria to Ca;(PO, ), under liquid culture conditions

F2 MEENAE NaCliREmMZ

Table 2 The tolerance of endophytic bacteria to different concentration of NaCl

NaCl % NaCl concentration/ % 4 5 6 7 8 9
TG AR Survival strains 20 20 18 7 1 0
LA Proportion/ % 100 100 90 35 5 0
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222 Tl FR6HEE

XPTRER Y 7 MR pH A 5—11 J353E B (38 3) 1595 3 d J5 %L, 7 BRIILE pH {E 8—10 5555 |-
PR R A 1 78 pH {H 6 BB RRAE K AR T X5 B 7€ pH {5 BB K DD140 ., DD283 . DD291 W] A=K, 156 H i
SETMRA —E MR AE /) . 76 pH {H 11 T & #k DD283 ,DD284 KA REAE K, DD291 A K ALK T4 it A 4 B
P (DD028 . DD140 . DD167 .DD186 ) REAFH , 14 B — L il P A PR Ak LA ek i e

#3 pHXEMENEREKNZIN
Table 3 The effect of pH on growth of soluble phosphorus endophytes

pH 5 6 8 9 10 11 X} R/ CK
DD028 + ++ ++ ++ ++ + +++
DD140 ++ ++ +++ +++ +++ + +++
DD167 - ++ +++ +++ ++ + +++
DD186 - ++ +++ +++ +++ + +++
DD283 ++ ++ +++ +++ ++ - +++
DD284 + ++ +++ ++ +++ - +++
DD291 ++ +++ +++ +++ +++ ++ +++

“obr” FOR R RARSE ,  ++7 FORTMRAE R RAF, 7 RN R, -7 FOn BN BEAE K

223 HERbMH

R4 01,7 #REE XS Pb™ (Heg™ | Cr® Hl Co® A8 3Z M, M52 5 mmol/L Pb™ (Y4 3 ¥k (DD186,
DD284 .DD291) , BEMi3Z 4 mmol/L Pb* {A 3 #k, BEMT3Z 3 mmol/L Ph* BY{LA 1 £k, 7F 1.0 mmol/L Ni** ¥ &
I DD283 773G , AN s bk K2 Ml . BEMT5Z 0.05 mmol/L He™ A 2 #%, HiAxy 5 #RIIRENY % 0.025
mmol/L Hg™ . HEM3Z 1.2 mmol/L Cr* B9 6 #k, M52 0.9 mmol/L Cr™ B4 1 #k(DDI186) ., HEFE Cu’ &
A 1.2 mmol/L 5% FAE KA DD028 , fENi 32 0.9 mmol/L 1A 4 &, BEMHZ 0.7 mmol/L Cu™ VA 2
FE(DD167 .DD186) . G2, 71 B I T 4 Jm v B [N, 7 BRIS B O 1 8K B8 DD283 J [A]F i 52 5 Fh
&8, Hx 6 ¥R RN 372 4 MR E N HETE

x4 BEBIEHRESERME
Table 4 Heavy metal toxicity testing of the soluble phosphorus endophytes
4 JEWE Heavy metal concentration/ ( mmol/L)

ik strain Ph2* Ni2* Hg?* Crb* Cu2
DD028 4.0 — 0.050 1.2 1.2
DD140 4.0 — 0.025 1.2 0.9
DD167 4.0 — 0.050 1.2 0.7
DD186 5.0 — 0.025 0.9 0.7
DD283 3.0 1.0 0.025 1.2 0.9
DD284 5.0 — 0.025 1.2 0.9
DD291 5.0 — 0.025 1.2 0.9

— EHRTE TR G R T AR R

2.3 VAR TE A AL RN TS SRR

i kgl I Tt 7 Bk N A B EA T A0 MO SRR AE A A B AR AR (6 5)  FERMARRE FR 3L Eas5R
48h, Pk DD028 ,DD140 . DD167 .DD186 [ B 7% 1 AN 125 B 5li - 45 W S8 e, TR 5 T G AN A0, 52 3L 1 6 ELYR I
PVE EAR 1—5 mm, RS F 22 QYL@ B APIRBUE IR IR K/N(0.96—1.27) x(1.44—4.36) pum, %24 [T
Jufe 2 HME A 2R ., DD283 . DD284 ¥ =2 [CRAE TR, JC2F /AR i, T 7% 2B W SO & I, 58 i
ZrIAEE W AR S AT AR EEROIR . TRRR DD291 TR B B R & R FLE R, EARFFAR, Kb
(0.11—0.26) x(1.54—1.92) pm, &= QR TC2EA
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F5 IHEBEMRERE L GEREHE

Table 5 Physiological and biochemical tests and cell characteristics of screened strains

BALRRE

Physiological and biochemical DD028 DD140 DD167 DD186 DD283 DD284 DD291
characteristics

Bl Catalase test + + + + n " +
V-P i35 V-P test + + + + + I _
D HE =R D-glucose acid yield + + + + + + i
LRS- BR L-Arab sugar acid yield - - + + - - +
D-H & D-mannitol - + - + I " +
A Xylose - - + _ _ _ +
1% Broth (pH5.0) + + + + + n +
EH Starch + + + + + + _
RN R % B Phenylalanine transaminase - - - - _ _ +
GN B BEAGM Lecithinase + + + + + ' N
THERIE S Nitrate reductase + + + + + 4 +
i 2 /3 Casein decomposition + + + + + + +
FrEERRED Citrate utilization + + + + + + _
i & B K f# Tyrosine hydrolysate + + + n " + _
JE45 Morphology TR RN FAR SUIRIN 2 EIN LRI FRIR
e ST G s g G
H22 QP Gram stain G* G* G G G G G
ZEHA4 TC Spore forming + + n + _ _ _

T FIRIME, ¢ FR B

2.4 TRGEERRGL T

i HY 7 BRTA ) 16S tDNA Fl recA 3K 2 PCR( Polymerase Chain Reaction) § 4301 | § 34 ;= K g 43531l
5 1.5 kb Fi1 485 bp, 7E GenBank T JF 41 & 105~ KJ596324-KJ596330, KM216215-KM216221 , ¥ T bk 7 41
SRR S LR P T EEXT, 16S tDNA P 543 M4 L B, B Ak DD283 . DD284 5 i #k Enterobacter
ludwigii EN-119"( AJ853891) Enterobacter cancerogenus LMG 2693"( 296078 ) \i T 22 4t k& B W 4332 1 1y [H]— /I
S B (E 2), 58 E BR Enterobacter cancerogenus LMG 2693" ( 296078 ) | Enterobacter ludwigii EN- 119"
(AJ853891) Ky [RI UL 3 99.7% 1 98.3% , THFREEIN recA RGEK T 431 (18 3) W] DD283 . DD284 &
Enterobacter cancerogenus 1CMP5706 ( DQ859855) ( [A] #ii ¥£ 98. 9%) . Enterobacter cloacae SA-ENCLREC25
(HF569037) ( [A] J 1 99.2%) 73 5l A3 i K R PE 25 & I BEAL H5 P MBS FR R AL, 2000 J& T Enterobacter
cancerogenus , Enterobacter cloacae, Btk DD291 £ F 16S tDNA ARG LK EW 432 11 I, S ERE Pseudomonas
putida ATCC 12633"( AF094736) HA e KA [EJET: (99.3%) |, 1M recA RGE LB M5 Pseudomonas putida El
A FEE, SCHE T 168 1DNA 1Y R G0 K B ML, 25 A AL AR AE FE 245 22 5 4F, DD291 J& T Pseudomonas
putida I & DD028 . DD140 DD167 #1 DD186 fi T R A K & 43> W I, HENT S5 XKk Bacillus cereus
ATCC14579" ( AF290547 ) HA f 5 [ UR A%, 98 100% , 117 recA Z 58 % & A 45 S (RIIEPE 53 318 97.7% |
96.7% 98% 98% ) #t—LEIUE T 168 rDNA W) R G R T HAL , 455 A BAALRHIE LA SR FRIFAE | 3X 4 BRIAE )R
F Bacillus cereus
2.5 PNAETRIERRNS 4 H Y5

1 6 TN, He A N AR T AR TE SO0 RAR LE, B R A T A (U TR R R N, A Sinorhizobium
fredii USDA205" . DD284 . DD186 ., DD167, 43 il & & ¥4 il T 35.43% , 29. 86% , 27. 06% . 29. 86%, S. fredii
USDA205" H4 iz 22 ,DD284 \DD167 IR Z , X4y fif A 52k DD284 A5 g 3 i JE PRI 18 S. fredii
USDA205" (i B £ (104% ) ,DD167 K. (58.46% ) , (R , B He i )N A T 4 AN RE il 40y 1 2570
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100 (L Enterobacter oryzae Ola 517 (EF488759)
Enterobacter arachidis Ah-143T (EU672801)
- Enterobacter cowanii CIP107300" (AJ508303)
Enterobacter dissolvens LMG 26837 (Z96079)
-[ Enterobacter cloacae ATCC130477 (AJ251469)
DD284 (KJ596329)
97 Enterobacter ludwigii EN-119T (AJ853891)
8 DD283 (KJ596328)

Enterobacter cancerogenus LMG 2693" (Z96078)
Enterobacter helveticus LMG 237327 (DQ273688)

—— Pseudomonas aeruginosa ATCC 101457 (AF094713)
100 r DD291 (KJ596330)

92<|‘|: Kosakonia radicincitans D5/23T (AY563134)
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Pseudomonas moorei RW10T (AM293566)
Pseudomonas jessenii CIP 105274T (AF068259)
Pseudomonas koreensis KACC10848T (AF468452)
Pseudomonas reinekei MT1T (AM293565)
Paenibacillus polymyxa 1AM 134197 (D16276)

Bacillus amyloliquefaciens NRRL B-14393T (EU138458)
97 [ Bacillus mojavensis BCRC 17124T (EU433405)
100 [ Bacillus subtilis NRRL NRS-744T (EU138520)
Bacillus atrophaeus NRRL NRS-213T (EU138516)
Bacillus megaterium 1AM 134187 (D16273)
Bacillus thuringiensis ATCC 107927 (AF290545)

100 | DD186 (KJ596327)

DD167 (KJ596326)
66 | Bacillus cereus ATCC 145797 (AF290547)

DD140 (KJ596325)
DD028 (KJ596324)

84
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83

>k 1

> A

> VAl

2 AR LB 16S rDNA FIIRGER BRI (RGR B4 X ERBUEERR KT 50% 0 B 24(E, 3755 B J2 GenBank %575 HLAR T

DB, bR RUE A R R

Fig.2 Phylogenetic tree generated by the neighbor-joining method based on 16S rDNA sequences of selected strains ( Bootstrap values ( 1000

replicates) above 50% are indicated above the branches. Strains tested are labeled in bold. Scale bar indicates 0.05% substitution of nucleotide )

R6o NEEERMAEHHABRER

Table 6 Results of inoculation tests

Itk HiH/em B/ (g/Hk) R (/8
Strains Seedling shoot length Seedling fresh weight Number of nodules
DD284 34.31£1.92a" 11.23+1.65¢cd Oa
DD283 32.53+0.72ab 12.31+1.18bc Oa
DD291 31.46+3.82ab 13.15£0.61bc 0Oa
DD186 33.57+2.56a 12.54+0.60bc 0Oa
DD167 34.31+1.03a 14.23+0.57b Oa
DD140 33.29+1.22ab 13.16+1.19bc Oa
DDO028 29.14+5.18ab 13.72+0.31bc 0Oa

CK 26.42+0.80b 8.98+0.09d Oa
Sinorhizobium fredii USDA205" 35.78+0.46a 18.32+1.22a 28h

 RAPEAE IS 3 RE AT AP bR E2E B E ARG PR R 25 B3 (P<0.05)
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99 | Enterobacter cancerogenus ICMP 5706 (DQ859855)
W{L DD283 (KM216220)

100 Enterobacter cloacaesub sp. dissolvens ICMP1570 (DQ859854)
100 Enterobacter cloacae SA-ENCLREC25 (HF569037)
100 DD284 (KM216219)

DD291 (KM216221)

Pseudomonas fluorescens 2-79 (F1652633)

Pseudomonas putida ICMP2758 (AJ316160)
Bacillus megaterium (AY 147927)
100 Bacillus anthracis DSM 319(AF229167)
Bacillus cereus (AY 147925)
DD028 (KM216215)
DD167 (KM216218)
DD140 (KM216216)
DD186 (KM216217)

100

0.1
(I

3 EBERNEEK recA BEF I REEZBR(REREW 3 LBUHZRR KT 50% 010 H 2, ML AR A5 I B bR, B5 U  IREAR
#0)
Fig.3 Phylogenetic tree generated by the neighbor-joining method based on recA gene sequences of selected strains ( Bootstrap values ( 1000

replicates) above 50% are indicated above the branches. Strains tested are labeled in bold. Scale bar indicates 0.05% substitution of nucleotide

3 iTFig

— PR A ARACEEE R 3 W Y H AR IR I LA R 3 VR A ) R I  [) e o 7 W T
TEALER TR AR Ak NH* il r B HY 20 P2 AR BE B AR pH L, ST 58k 40 4555 B 745 &, NI i
MESPERERRER I ) FLAE RN R AR P T 20 W R Fp 2 R, 0 5 L v e RE LA A DL S & s 1
(Ca™) /A A b PR PEBR G N AT pH (A — 2 BEAK, (E358 53 pH AR L 08 b 725 0 ek A7 AE 2
Sto RN 2R A5 R — B, VI T E G IR R v A W — 2E ) T, 5 30 pH AR, Tlmer AN
Schinme " IRy, 43 WA I B 35 KA S 2 8 VA S i, LR 5 405 8 7 A 2% A BB AR T (B R R T A
ARG K BB BERRAES , i 75 X S BERE AT 2 VAL . Rt T Xt Z RE Xk 17 o9 A= T i
BRE M E 0 VA BEAE CIE R 4 15 v e DA S o9 A TR ML AR AP T 0 — 2B AT

R, ZFIAF R ( Bacillus ) 7& ARMVE TR WM AT, RIS 7™ AR KB BEY) BT A K R A9,
T 5 Fmh UREIT KOk W S AT R ST R G AR AR Y AR O 1 S
PEAN B DD028 . DD140 . DD167 .DD186 34J& T Bacillus , i T HIE i 2540, 43 BY T 1% 240 s 7E A% 35 . =5 8 An T
B S T R B USRI | HEAT R it 8 808 ) A0 SR BT, P T i v A 14 I 2
FIFH . DRI 2 i nT PO e P /N2 0 ROk PR A AT AT AN TARTR , i 1 R AR A
AR RGO B B A A e AR B O ARBTRE 1. Bai 457 AR GARIRI 20 B 11 3 Bk A B
Y)&ET Bacillus (VAJ& T B. subtilis, B. thuringiensis) , 042 R AN BB AR A 15 5 458 AN EE 14 0, (H3X 3 4K B A
Bradyrhizobium japonicum Y& HRN  FETC RS N YIRS MIAE MR 0 8 &, 53X AU 78 45 A K — 3, HplEz
FN A DD284 . DD186 .DD167 52X HAH L , AL SAIG N T AEY) 1 bk =5, Bk DD284 Fh i di i 344 b 34 0
XS WA AR 8 (U5 T BE R AR A Enterobacter cancerogenus , Pseudomonas putida . Bacillus cereus) [
AR AT O, Ak 6 TR R AR EL U W A R 0 A R R, AR T S v, X R R B R R AR R
Sinorhizobium fredii USDA 205" I | 5 BLHEFP VA B TR LU | G v ey R0 6 e 28 by de iy, oA RO 7 26 D, ) 28
PRS0, AR BT ) £ A A P W 2 8 TV Wl v R AV T o TR 1 At R AP0 A R R M A 7 ) TAA
(indole-3-acetic acid) REAAR , DLW A FIARIE RNE & B R O 48 TAE IEAEMF R Z

Enterobacter cloacae J&=HeME R AE NG , 4325 B /K FEAR o, ELAT 3008 1) [ /B8, 78 85 3% A2 b ml 7= A= LR
A AR & KR, IR — e &k R, Honla@ it 7= 4 ACC (1-aminocyclopropane- 1-
carboxylate ) % 2 F KA ERIAR IR N CAR/KF AR ARG S eAh T /K SRR B SR S5 A4 P Bl i LA
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N AL FEFR T B I BRSR I & A2 o W E. cloacae CAL2 F1 UW4 0] LI HESEMR 24K E. cloacae UWS &%
FYIBCE TAA S IAR B IS AR B2 | E. cloacae RRC 101 &5 T ERAEE N, VE R MR 38 2 2E 1A By
IERZIR A A A ARSE T A R DD284 BR EL BRI FH AN, 0 M A i H 4 Ja R AR A, 30 X R
HH ¥R 355 HLA 2 00 oy A AL

R DD291 J& T3 BABC A B ( Pseudomonas putida) | —Fh )12 4347 T i Ho A0 /K A= R85 B R Ak , 78 28
HIPIAR A F BB YRR MRICHLBE B E BN AR, X s B B (AR K AEA A0 P. putida GR12-
2 W] SE B AE A EAE YIRS, A UEAR B I B, 35 A0 AR B R AN DY SRR DY IESE T P, putida
KT2440 () TCEEMEFIL | i IABE A W) AR 7 T i o R (L T B SEAl

AIRI 1 | T 52 7%NaCl (1IN A2 DD283 . DD284 . DD028 AS{Y & 31 H 5 o i e v | il ELX pH . F 4>
JEHT %ﬁ]{ﬂﬁf&@ﬂﬁ%@ 7 MR REMT 7 4 FPLA L E 4R, X AT AE R PN A R A o e R T R R A
HFENR, A RRE WM ESE , SRR Y 5 E LS B A MBI, i 2R 4R HA it 2
PECST DRI, Vi BE 0 i B R X B 2 T 4 I o A R A2 M, 1T RE -5 B A T AT A 3 8 ML A
Ko f—&ét%ﬁTﬁﬂ“ B EREE  IRNIE L T 6 2 E’\Jhﬁwﬁ’iﬁm%” LG AN AN HE M AMTTTE P4
PRSP BT | F2 sk A A o A AR AN A o 4 i R e S MR e AR A O, WKE
MO ﬁﬁf‘ﬁa\%‘ﬁﬁ?ﬁﬁm@é\iﬁi@%’%ﬂ%ﬁmﬁﬂﬁﬁcElﬁ*ﬁk,ﬂ%w%Hﬁ%ﬁf%k%ﬁﬁﬁﬂf&ﬁiﬁﬂ%ﬂi

AUFFE R R A EEE L

Bt YR BRI A B 5 — B e % Ak B 2 A g Tl TR XA SCE VR 45745 Bl R 80t
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