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BRElE BP16 By B £ E K HEY R A IR FORL M
Wbyl ZEA REE? Bl TH' BEX! EER® SR

(1. NI RRZFE MBI 2EBEME AR E N5 PR 010018)
(2. W5 BIRRMOLREERBE N5 FERESF 010010)
(3. idbdbrABE  dk 5KZ 1 075000)

B ZE: [#-5]1 Pseudomonas x & 69 40 1% 24 AR 2 5T #5484 = R Ak e 4, 2 2L € 1T
A MRIREART A Y, [ B #9] 84 Pseudomonas sp. BP16 9/ 42 A& Hak, 8wt &%)
WA LA A HOR, ARh L Ak B R SRS, [k ] AT AMEE R,
VAR AT X BB AR BAT B Ak 1T S A0 £t BPL6 #AT AL R, ASBERIEALSILE
R R A MR AT R R M, K E 3 A4 pBP16. VK. CK, £ Al4K &40
4 BP16 ¢ A M IEHr. ko RAH 0 Z BARTE . FURMA W fettFo = BARFAL AR
e E AR, KA ZHIRE AT AR LT 6 e 4% A KR A FEARE £ 320H R
I, [4R] 2538133 41 %E; 1 %% 54 BPL6 H4ked 16S rRNA AR A5 5 P,
brassicacearum subsp. neoaurantiaca #4481 3R 2 (99.38%), f2— & A 22 A A4 AE S B IRAL
Hl—7 W EF; BP16 HAReMGARRAS-BEAE ) iR, HA MR T KEMEESETA 67.15
ng/mL #i&, @ ELiZEH LA E R4S . 7~ IAA (Indole-3-acetic acid) 4t 77 (8.93 mg/L). 4k Bk
ft /1 (DId % 2.46). ACC L& BEZ e, R fESI7HlEdmE H LA ZWRAERARE . LI
ZrmmRAFE B RAERARE, LWEHES 5 H 76.19%. 32.00%F» 22.22%; pBP16 481k
VK #= CK &3, LERZT MEH®RG. BRK. TEREFLEUARATEIR S 5.29%-90.90%),

ARE L AR RS TR FRG, 54 8.63%-83.81%; F&f, pBPL6 4k VK f= CK 432
B AR EABARE ik A H A M B E RS, B ARKTST CK. [4#4£] H4k BP16
4 P. brassicacearum ¢ —/AN# At , BA S AT A MR, ST A BN BT, TTEAM
WAL E AR A B A BA BIFE A A .

XHEiE: HMYRERAR, Frmidiest, Pseudomonas, &, LAE
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| solation and identification of Pseudomonas sp. BP16 and its plant
growth-promoting traits and effects

YANG Shan-Shan® LI Guo-Guang® ZHANG Sheng-Nan® LU Xiao-Pei' DING Yue!
GUO Qing-Wen' TIAN Zai-Min® FENG Fu-Ying"

(1. Laboratory for Environmental Microbiology, College of Life Sciences, Inner Mongolia Agricultural University,
Hohhot, Inner Mongolia 010018, China)
(2. Inner Mongolia Academy of Forestry Science, Hohhat, Inner Mongolia 010010, China)
(3. Hebei North University, Zhangjiakou, Hebei 075000, China)

Abstract: [Background] Pseudomonas is well known to inhibit plant pathogenic microorganisms.
However, other plant growth-promoting traits are less reported. [Objective] To characterize the plant
growth-promoting traits of Pseudomonas sp. BP16, and reveal its growth promoting effect on wheat
seedling and potato. [M ethods] The strain was isolated through spread and streak plating on medium
of inorganic-phosphorus. We identified the taxonomic position based on polyphasic taxonomy and
characterized plant growth-promoting traits on selective media or colorimetry. Wheat and potato
were plot planted with 3 treatments, the first adding fertilizer containing BP16, second adding null
carrier without inoculant, and third not adding any of them. [Results] 16S rRNA gene sequence of
BP16 showed the highest similarity to that of P. brassicacearum subsp. neoaurantiaca (99.38%), and
yet there were some major differences in physiochemical characters between them. Beside
nitrogen-fixation, BP16 also possessed strong capabilities of Ca-phosphate-solubilizing (water-soluble
phosphorus in fermentation solution reached 67.15 ug/mL), and production of indole-3-acetic acid
(8.93 mg/L), siderophore (2.46 of D/d) and 1-aminocyclopropane-1-carboxylate deaminase.
Additionally, BP16 remarkably inhabited the potato late blight, flax fusarium wilt and sunflower
sclerotinia pathogens with inhibitory rates of 76.19%, 32.00% and 22.22%, respectively. Compared
with the controls, wheat inoculated by BP16 increased plant height, root length, chlorophyll content
and biomass. The content of rhizospheric available phosphorus and nitrogen also increased by the
range from 8.63% to 83.81%. BP16 significantly enhanced the potato yield. [Conclusion] BP16
represents a new subspecies of P. brassicacearum and has multiple plant growth promoting traits. It
can be used as a plant growth promoting agent.

Keywords: Plant growth-promoting rhizobacteria, Granule microbial fertilizer, Pseudomonas, Wheat
(Triticum aestivum), Potato (Solanum tuberosum)
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FEAN A 77 07 R R AR R SR T E R T B
A DI, AR AR SR R AR AR
HMELARIE, ARG 4R N O B S AR
PGP JE H 25 58th o DRET IR A 7 h AT
AN I iR 2 b R AR IE 5 1k 2 A 2 il
RN R R, (X Ly KR
fi R BO™ 5 A PR TS YL SF (a8, AR AR
FRIfIE2E 4 (Plant growth-promoting rhizobacteria,

PGPR) 1] g 2 I/ IE AR 25 0 . PRI 4
St EERANY, (LR E e . ek

Pseudomonas 2 -3 W2H Fh e g A A,
TEAR [) - HEAR BEREVS P I o FL T 15 1%-34%,
SRR e A i (Plant.: growth-promoting
rhizobacteria, PGPR), ¥ H TR EYR i ™
w0 H, BB L9 Pseudomonas 5 57 %
T, A EATHE R T AR bR A Y E e
fa A, dn, Pseudomonas A 1 il /N2 8¢
At OV T gt T 0 2 U o 1 R T S R 1
W, FF AT RIS b o a5 | 1 2 o B A 25
o 1 2 R 1B B 2R AR A M b TR AT
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UITIRH, W ot AR R e EEL it
Pseudomonas MY b1 iR T iE L B . . 7 IAA
(Indole-3-acetic acid, 1AA)., FE4kak s ZRpEErE
AR e KM, LR SR A KA T
WG IE g e Y B, R EA
RAHE ZFEY4E A PR B Pseudomonas T 1
A BB R AXT 5D

AHIFFE I T TR ) 5 AR L S AR AR — Rk 2
Pseudomonas sp. BP16, HEA [ &L K& HE £
FiiE P AR L MR, i ELRE IR, X /NEE S
FAREENOMREER, X OZEH TR
BLARMLFR AL T B AR A A S e Atk
1 MEETE
11 RELXRE

SIS HET TR, D RIRETHIRE
31 55 S TR HE R 95 F (Zygophyllum xanthonylon) F1'%E
W B AR AR 1
1.2 FEXFIFLE

DL2000 DNA marker, SYBR Green I 2¢)34%
BE, XS EYBEARG R A FH AL
YR ot e, E2EB A=A R A R

PCR1X, BiometraZywl; 4 A 8l s R K
iy, Tomy Kogyo AFRAF; AW, HML
BRESBARARAE; HIROEIEE RS, Rk
FLI AR A
1.3 EFE

MR SR BE(Q/L) . #i4g 0% 10.00, iR &%
0.50, S ft#410.00, #fLH0.30, HELEE0.30, W
BR%5 10.00, iERIEA% 0.03, Filksh 0.03, BilEk:
20.00, JmzEiE/K= 1L, pH 7.50,

LB WIRFi IR E(gL): EHAMK 100, BEt:ky
5.0, #AfbHN 5.0, MMzEB/AKE 1L, pH HA.

Ashby FiFebk(g/L): B2 4 0.2, BRIERTS
5.0, filREE0.2, #i%jHE10.0, & LEN0.2, HRfRES
0.1, ZEky 20.0, fnzZEiKE 1L, pH A,

R2A JEFRHE(g/L): BERHEHUY 0.50, A2~

HE MR 0.50, FRKfRIEZE 0.50, #i%ikH 0.50, Al
PEVEN 0.50, BEERE 4 0.30, INHEHEREN 0.30, L
KEHERSE 0.05, TES 1.00, hnzgiEKk%E 1L, pH
P/

DF 5L (g/L): Bl — S8 4.0, BEfRE 40
6.0, FilREE 0.2, Hi%iWE 2.0, AR 2.0, 15
M2 2.0, MifR2d 2.0, fNzEi\/KZ= 1L, pH 7.2,

ADF J:3:3(g/L): ACC ¥ T K i By 8 4li /K
Ja., F 022 pm i yEAR UK, IMAZIASH
(NH4),SO0, 1) DF #3235, ACC ULk B
3.00 mmol/L .

PDA KiFF3(glL): D4 % 2000, 4 %M
20.0, 3iflg 20.0, ZEMWK 1L, pH HR, DR L
B, VIRgHeE s 30 min, SRIE AL g, P&
BNg, WALEAMEKZE 1L, 1x10° Pa K4 20 min,

G TEREREAR AL . FRBURSE 50.0 g, EHE T
1L EEFK PR, 1x10° PaKH 40 min, i
4)ZLPAE g, WURUEW, I ARERE 20.009, MK
1L, pH B,

14 TOREAFERBIREAE S BLELRIFIE

DAEREE RS IR 0 B OO PGPR: FRHX
0.5 g M3 Bl -3k A 49.5 mL T KB =i, W
30 min J5#kE 10 min; AAJEWREC L mL By, H
THKFRN 10-10° 6 MESEEIEEM, 209
WA T AU RS SR 5L, R R B4
WE 34FAT, 26°CHiFE 4d, HRBUEE AR
B 75 Rk alifb ZARTG A B 5, e BURBEEE ) ik
SRR BP16 HHT IS 22001 5T
15 Btk BPI6 BN LLE
151 WEFNE

WEBETE R2A AR 3535 48 h, WESTHTEA:
KRHE, FHAEICSE; S BOCHk[12) E47 4 2 R
(o AEPRAE AL SE H IR e LN T R G T )1
FiA T,

152 H#kBP16 ] 16SrRNA ERE & FF| 247

DA FE BP16 £: (K21 DNA H#itk, 27F (5-AG
AGTTTGATCATGGCTCAG-3) I 1492R (5-TACGG
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TTACCTTGTTACGACTT-3) N5 ¥, £ CHk[11]
P hE 16SrRNA JE[H . PCRPEIEA: T A TR (-
W) B A PR w gl A B Ty o K BT AR )T 8 L
EzTaxon 7EZ AT 432550 B I 4R BUE Zrisd LR 7
515 3&F Neighbor-Joiningi:, Fl I MEGA 6.0%k{4:
AR R 5k B . BP1611% 16S rRNA 3t
[R5 MG881764.
1.6 Bk BP16 {2 R4
161 BERHEFHE

W Hitk BP16 R E] Ashby IR 3L, 31K
T, JET 28 C AR, 5d)E, HIH
AR, REAE K R T T WD DA L AR
J1o [RIEFI PR FGPH19 (5-CTCCGGGC
CRCCNGAY TC-3)#l polR (5-ATSGCCATCATYTC
RCCGGA-3) 5 polF (5-TGCGAY CCSAARGCBGAC
TC-3)#1 AQER (5-GACGATGTAGATYTCCTG-3),
DI PCR 1 [ LD nifHI 63 3 [ 00k
fit. BP16 [ nifH ZEH & %54 MG881763.
1.6.2 RN

27 SCRR[ L)% TR R 0 it JC ALl (B R 5 ) A AT
BILBA (R R 188 ) AR e T 44 T =
1.6.3 4k |AA BEHBIME

225 SCHR[ 5] 6 AR = |AA BE ST 43 47 -
164 ACC i=BgiE M E D

PRI T 5 R3] 8 mL LB Hi W, T
28°C, 160r/min 53512 h; ZJ5H0.2 mL K555
ez A 8 mL DF 1573k, TSI TR 24 h;
SRJE P 0.2 mL BEFR M R A 8 mL ADF B5571
FHLAIARE ACC., 845 1) ADF 5537 564 M B M
B, 537 24-48 h, WE ODeoo AW . A4k
PR3, HOXT REIR AR A AR A PR TR -
1.65 FEEkEIKREE T HINIE

S5 SCHR[ LA BRIRR A R AR 1A T
1.6.6 NH3 =4 &8 HHINE

SRRSO 7
1.6.7 HIHFIEE RN E

e W s 0 0 7). 7 B R B 5 ik B

PDA FEF AR EEE B L 2 om B PRLALE 53514
Tl 5t L T T T 43 i A1 A AT [ PR A7 B R 0 L e
HUR R (Phytophthora infestans); 7£ PDA HiFEkk
Ay B Rh A A0 4 70 i (Fusarium: oxyspor um) Fli%
## (Sclerotinia sclerotiorum)] . &b 3 R E
5, DA R0 R LR AN BT o B AR AR TR AR
XFHR, 18 °C (B di)ak 25 °C (RMFRIIE . %
R ERFR, 7 d FEWEHMESCRIF A
o MTEF(%)=C0 BT E A2 - BTV 2 A2) 0
HE TR V% ~F 42 % 100,

e AR E . X 2,4- T LR
(2,4-Diacetylphloroglucinol , DAPG) | J 4 1% 5t A
phiD &8, A% (Hydrogen cyanide, HCN)
(1477 £ 5 75 1) FH B 2 2 08 ey et
17 HEMIRELR S

W HIPR BP16 Hefi AL/ nUWORL i A= )
NEKHE.2x10° CRUJg BORLBE PN RS, A mfE
A BRI A 2 2304 (3 TR

FARSLYS . W 3FALFRAN 5 AN, RIASHE N
25 AR FORL A E WIIERH(CK) | A 2R (VK) |
it Jin 5 R BPL6 ) ORI A PR KH(pBPL6), 75 %k
PRFSURLIRAE I AE R N i34 3.43 gl (/A2 ) sk
#1944 oI () EROIBRLEQ2 A
FHF/NE N EAZR 21 cmxi 21 om, T D485
HH AR 50 cmx i 50 cm) A - CR A E R ) 2
FEAE S S em b, TERRZEAYH IS G RD 15 R
/NPT LA BRI L ZFRIR, /N
i 5 cmx5 cmx5 cm), il il S AR FURTRL AR P L
HRF 1R Kb B A v g i A AH N 2 AR AUk
APNEE, L 2om; BAHEER S, B TR
% FiFR(RLEE 25 °C, JG/ME R 14 W10 h), R —
SERFRI(NE N 50 d, 4% 135 d)fE, MEkk
fL R TE L RS R DL AR
FR LR % 1 o
1.8 HitHh

BIRAIGT MR Excel, Tk AR
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25041 (One-way, ANOVA)FI T EH: 251 (SD), %
BEZEFKF 001 HREFEFRR, BEERK
F- 0.05 H/NEFERERIR

2 ZR 5o
21 TEEARFIREBIREMNE S BLELRIFIE

PITCHLBE RS 738, MR F AR [l 10 2 4lifk
| AL RRLEREFRY) . Horp, w5 BP16 R AT
RO T, TR ZLaa.
2.2 BEHkBPI6 BN ELE
221 WITHFEESFETE

XTTR PR BPL16 114 241 JifL T 285 F BT 95 Rk i2E 4 5 08
£, WM E L RAYEG), TR, BEREFR.
F 25 °CF, 7E R2A 533 FHE9% 48 h )5, W&
TEARRE R RIE . W46 . R, Bl
HHE M, AR/ A (0.8-1.6) umx(0.3-0.6) um.
222 HIBA{V4FE

FEk BP16 (U WA BARARE LR 1, HA
ST (4-37 °C). pH (4.0-10.0)F1Ek A (NaCl
0-5%) A= K3 N Y R, AN BE K A B e 1 LA ML de
S A ) AR A RN A AL S TS L S ASIR A R
PSP
223 16S rRNA ERFEFIINhRERFK A ERE)
HIFE

TS HiRk BP16 1Y 16S rRNA R[N B K
JE -l 1349 bp, Ez-Taxon Z3Hr2E, IS S5EA

£ 1 Hkk BP16 B4 IR A (V41T

s E #k P. brassicacearum subsp. neoaurantiaca
ATCC 49054 F/1 P. brassi cacearum subsp. brassicacearum
DBK1L" BHIUPEST 5l 99.85%H1 99.55%. F4E
RE a8 1), P. brassicacearum subsp.
neoaurantiaca ATCC 49054 1 P. brassicacearum
subsp. brassicacearum strain DBK 11" [FAb /M3 32 ;
Hikk BP16 55 P. brassicacearum CL 1A 2 4N 354
KRG, HATFRS 532 . HakErE s A 2
FREST, FKHERR BPL6 Ik 3 AN — A,
2.3 E¥k BP16 {RAE MK o 47

PPk BP16 7E NBRIP A F- 5557 7d, T
IKVEPERE ST BN 67.15 ng/mb BV, PRI pH Hh 751 [
N 4.49; KIERAELE Ashoy [FIRERIE B K
o nifH JEDR 344 5 S0 L R (Hydrogenophaga)
FROAEURE i s (72%) , -5 [ U8R i (Aspiril Tum) B K
151 (66%) (&l 2); ASBETE LAEFR B h Ml — Wi IR (4 355 5%
B PAK, RHAMEARRE ) (BEEA IAA T
REJT, TRV IAA YRIEERTIA 893 mg/L; HAT” NHs,
ACC Jiia B Ak AR e 1 (F (2 e AR S VR A
A D/d hy 2.46); TRFE BP16 f-1£ DAPG G ik
SHEEEI LR AT LA™ HCN ;. XTIRESEEG 25 SR (& 3A-C) I
/N, Bk BP16 RRfE[RIEREHUAE v e e S S
Y J97 J5L I (Phytophthora infestans) . WV FRALE 255
I J5L T (Fusarium  oxysporum) A ] H 3% [# 42 9% il
J5LH (Sclerotinia sclerotiorum), HANE K435k

Tablel Physiological and biochemical characteristics of the strain BP16

A AR AU ARAAIE SLIGAE R | AR ALARHIE SEIRAE R
Physiological and biochemical characteristics Results . Physiological and biochemical characteristics Results

fitiik £k 14 J51 Nitrate reduction W ' Jik i Urease +
S 1L Oxidase + 7% 2 Maltose =
i 4A b U Catalase + Frigemash Citrate +
HE SR SUK i Arginine dihydrolase TS £ 7K Aesculin hydrolysis _
Wik /K i Gelatin hydrolysis - pH range (optimum) 4.0-100(7.0)
W5|ESLE 1dol test + NaCl range (optimum) (%, W/V) 0.0-5.0 (0.0)
V-Ptest = Temperature range (optimum) (°C) 4.0-37.0 (29.0)

T +: FHYESCRERRIT; — BIPESURBERIT; W: SMME.

Note: +: Positive (growth or reaction); —: Negative (no growth or no reaction); W: Weakly positive.
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Pseudomonas brassicacearum subsp. neoaurantiaca CIP 109457" (NR116299)

77
66 52 Pseudomonas brassicacearum subsp. brassicacearum DBK11' (NR024950)
BP16 (MG881764)
Pseudomonas thivervalensis SBK26" (NR024951)

i{— Pseudomonas frederiksbergensis DSM 13022" (NR117177)
Pseudomonas lini DLE411J" (NR029042)
4{ Pseudomonas caspiana FBF102" (NR152639)

Pseudomonas chlororaphis NBRC 3904 (NR113581)
Pseudomonas migulae NBRC 1031577 (NR114223)

Pseudomonas fluorescens NBRC 14160" (NR113647)
——— Pseudomonas kilonensis 520-20" (NR028929)

Pseudomonas corrugata Slade 939/17 (NR037135)

0.002

B 1 ¥k BP16 £ F 16SrRNA EF B R %% B 3L

Figurel Phylogenetic treebased on 16SrRNA genefor the strain BP16
IE: 55 5 AAFRFH GenBank 5% 55 /03 mAMURI/R KT 50%09 75 rifH(1 000 YR E AL 43 ); 0.002 #r RACERIF S

]G EE .

Note: Numbers in parentheses represent the sequences’ accession number in GenBank; Bootstrap values higher than 50% are shown at
branching points (expressed as percentages of 1 000 replications); Bar 0.002 represents sequence divergence.

100  Azospirillum brasilense (CEG06602)

L Azospirillum sp. TN09 (SBV08692)
Magnetospiritlum sp. VITRISS (ASI80907)

Hydrogenophaga sp. T4 (EWS63537)

1

BP16 (MG881763)

Bradyrhizobium sp. P3-24 (SCQ83735)
Pseudomonas sp. T16 (BAJ11610)

Agrobacterium sp. P7-7 (SCQ83756)

431‘— Pseudomonas sp. P6-16 (SCQ83750)

Mesorhizobium loti (BAJ11583)

99 Mesorhizobium sp. D25a (BAJ11583)

96 ' Mesorhizobium sp. D26a (CEE15406)

|
0.05

2 Btk BP16 £ F nifH EHSEBRFIIH ALK L B B LR
Figure2 Phylogenetic treebased on nifH protein amino acid sequence for the strain BP16
TE: 5P SERFS] GenBank k'S5 73 3 AU /R KT 50%H 15 s {E(1 000 WKHESZAAEAY [ 43 bL) s 0.05 brRAREF 41

E] 43 L

Note: Numbers in parentheses represent the sequences accession number in GenBank; Bootstrap values higher than 50% are shown at
branching points (expressed as percentages of 1 000 replications); Bar 0.05 represents sequence divergence.

76.19%. 32.00%71 22.22%. A] L, BP16 J&HA [#
RUAS LT Z MR E TR Ak
2.4 Ttk BP16 BUEYR S R

R RE BP16 RE BRI NEMAEK, &4k
PRIRER . R MEESEULTENET CK
(ANt s 2 A FsoRE G2 IR Ab 3 5 VK (e
nzs FARR A FE) 5 X SR AR A CK 43 i3S m
6.97%. 18.17%. 55.32%. 90.90%, % VK 435l

529, 12.95%. 10.61%. 58.53%. It4h, F%EEEAL
BN AR MR AR - A B i CKL VK 23]
i 18.23%. 8.63%, HAWEF L CK. VK 437
H1169.41%. 83.81%, ik EZEFKI-(FK2),

Ffis, Hitk BP16 tuxt 445 HA RIFHLE
AR, RITEHAH L VK Fl CK Y B bk ™ R DL &
R ] A ARl A R e, AU
F CK HAETF VK (& 3).
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Figure3 Inhibition of strain BP16 against Phytophthora infestans, Fusarium oxysporum and Sclerotinia sclerotiorum

e Cl: [RlINHR R R FI BP16 RXTIR: s CK: RESRETERIXT IR, AL B Al CArlHefl AR Behs . MRRAL 22 Al m H 25 %
S I

Note: ClI: Co-inoculating with pathogen and BP16; CK: Inoculating with pathogen only. A, B and C showed pathogens Phytophthora
infestans, Fusarium oxysporum and Sclerotinia sclerotiorum inocul ated, respectively.

2 Etk BP16 #EfIT/NE EEAE KHI R
Table2 Inoculation effects of the strain BP16 on the growth of wheat seedling

fbg 3] T MaR R A R TR A
Trestments Plant height Dry weight Chlorophyll content Root length Available phosphorus Available nitrogen
(cm) (9/pot) (mg/g) (cm) (mg/kg dry soil) (mg/kg dry soil)
pBP16 35+0.61°  0.62+0.05" 5.62+0.08" 38.37+1.10° 5.71+0.49" 81.97+0.67
VK 33.24+0.87°  0.39+0.01° 5.08+0.03° 33.97+0.68° 3.11+0.03° 75.46+2.04°
CK 32.72+050°  0.33+0.05° 3.62+0.13° 32.47+1.21° 3.37+0.37° 69.34+1.08°

T CK: ANz g4l BUR EE WA R 25 FAR S VK. JEINZS 3k pBP16: il itk BP16 moMURHEE MR, T
FRRE TR 0.01 2257 B E TR

Note: CK, VK and pBP16 represent the treatments adding neither null-carrier nor microbia fertilizer particle, null-carrier and particle
fertilizer contained the strain BP16, respectively. The superscript in upper lettersindicate significant difference level of 0.01.
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% 3 EHk BP16 #HiX D EE KRN

Table3 Inoculation effects of the strain BP16 on the growth of potato

Lbpp HUbR = A A
Treatments Per plant tuber weight (g/plant) Available phosphorus (mg/kg dry soil) Available nitrogen (mg/kg dry soil)
pBP16 36.17+0.76" 9.81+0.58" 54.33+1.76°
VK 25.03+0.45° 6.27+0.18° 62.67+3.55"
CK 26.63+0.78° 6.12+0.12° 43.83+1.76°

{E: CK. VK Fll pBP16 73 il fCFAGE N 2S 2SOk (A UL 25 AR B L n s ARG 5 T bk BP16 AYURL A MR

MR ERRRS TR 0.01 225 BE MR

Note: CK, VK and pBP16 represent the treatments adding neither null-carrier nor microbial fertilizer particle, null-carrier and particle
fertilizer contained the strain BP16, respectively. The superscript in upper lettersindicate significant difference level of 0.01.

3 Wi

TP EIS A Z T ZRERE LY, v A
PRALEE I MR . RG] T RS 1Y
FEFH . Hdr, XHEYA & A TE N PGPR;
PGPR idf B . sk . AR . TR
77 ACC it 22 il A s Il A ) S R A A A Y
AP0 T, NSET AT AL PGPR B
PR pseudomonas 24 KT Negev Fi i
th i1 A 355 F (Zygophyl lum  dumosum) i Y i i 22
(Atriplex halimus)# 40 & H A ILRAEE s e
F4iREFEY S P. stutze A1 P. brassicacearum it
%, ENTESEA - EREAREE T, (Bik= I
fie 1P, WS & B Pseudomonas s 2 A K- T )
IR 22 W ie I B TR B R PR A TR Y R
—; BT 16S rRNA BRI ALl A= BRA Ak ) o B
By, Ho—tkgm'5 8 BPL6 MEH)E FF P.
brassicacearum, 5iF# P. brassicacearum subsp.
neoaurantiaca 4 X< R fcifi . F' P. brassicacearum
ok 2 AR, B P. brassicacearum subsp.
brassicacearum #1 P. brassicacearum subsp.
neoaurantiaca, iX 2 MMEFPEA B AL B Y
AP, Hibk BP16 A IR AN pH U SR A
5RGR R BRI 2 ORI AN, T H AT
APl ZYM ., API 20NE £/ Biolog Genel Il [ itHis Fif
TEAR s A5 R R AR )W AFAE LT — S 2
25 5 (il = W A0 B RS A e 7 LA R 55 BB R R 34 i
fEJ1). HAii, Pseudomonas HiiA T H A [# A fE
J18y HAT P. sensu stricto,  P. stutzeri Fil P. azotifigens

HANZ HR, Bk BP16 43 HI7E TCHLBEFI Asebey
Figp ik b ARG, 150 B2 TR R ] sp B A A 5 1Y)
fie Jo ML (BERR A5 ) A T ARE ), JF BRI bR E (W)
BFHA BRI IAA ., BREAAFT ACC i 2 il 55
fEAERETT, XTEC B MY Pseudomonas B ik H 2R
AU, G, Rk BP16 ATRERE T P
brassicacearum H 73 Z i — AR (AT fir 44 4 P.
brassicacearum subsp. azotifigens). P. brassicacearum
Al if 1 7 2,4-Diacetylphloroglucinol (DAPG) il
Hydrogen cyanide (HCN)d il i ™, i
H DAPG it 515553 DU LAY BEIE R A
421 pseudomonas 1 A i AL I £E 7 B 37 T v
Z—, MFZHYE R EA RIBTARCE,
MREELR . /N2 il . BRABCRE NS R 28 B0
252 bk BP16 X AR SEHERERT . WRRAGZE A
] H 2% B A% 0 S A e R B T R4 iy 4
HlRE S, XA[HE S H A4 DAPG Fll HCN A %]
KFR. AN, Htk BP16 [AFEHAGE A . fEE .
77 1AA Fil” ACC AR HIAE IR AEPEAR, (R
FHALHE TNE DR E T Y R R (YR
), JFHEERS TIX 2 Fh e SR
MBS, E2BERS T SRE Rk ™
. MHHE PGPR, Pseudomonas [ & BE J11R
2B, HHEA1XRE 1Y Pseudomonas sp. K1
f T AR B B K A A 2R K12 B R A K
PR R EILE 2 —P ) AT A KR IAA
AR ICHLEERY P. extremaustralis HLBH B4 5 T /N
e B 2R PR A PR ) PGPR X
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RPN B, ATz G R
HA Z R AL PER AT 4 o ik PGPR A EE 224K
P, MR BPL6 FF A XA BRI

4

258
Fikk BP16 Al g~ P. brassicacearum f{— 87

WA, HARE . MEERRES-uE. ™ IAA, 78R3
& 5= ACC iz . i HCN il DAPG %5 Zfifi
PIPE AR , AHOCAE A BE S 05k, XA A 5
R4, AIYE AR AL A R s P, HAA R b
FHHTS
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