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Abstract: [Objective] We used different root and rhizosphere soils in Weinan, Xianyang,
Ankang, Shangluo and Yulin, Shaanxi province of China to isolate plant growth promoting
rhizobacteria (PGPR), and then studied the mechanism why they can promote the growth of
plants. [Methods] Preliminary screening of PGPRs under the premises of PGPR may having
the abilities of phosphate solubilization, N,-fixing, production of NH; and indoleacetic acid
(IAA) and antagonistic activity against three common pathogenic fungi. After that, multiple
plant growth promoting activities were detected, maize growth enhancement by plant inocula-
tion studies with these isolates alone individually and the mixture of each isolates under pot
experiment conditions. [Results] In total of 158 strains were isolated. 17 of which have
mechanismsand astriking plant growth promotingactivity withrespectto various plant parameters.
Underpotcultureconditions,compared with the control, the results showed that the strain which
inoculated in combination was significant increase than inoculated alone, which in shoot
length, root length, stem length, average diameter of stem and plant dry weight, respectively.
[Conclusion] Isolates with multiple PGP activities can also be rhizospheric competent, pro-

viding promising isolates for PGPRs combination to resolve the challenges in field application

of PGPR.

Keywords: Plant growth-promoting rhizobacteria, Maize, Promoting effects, Pot experiment

MEA R h R CE LN RE, M
MBI NS EfIE N R a2 —1,
PR, AnfeT g kX — 38 78 JE BE R faAILEE AR 0
BET . N TWRERIEY AL R A .
BEAEEFRUR, T — B R R X —
H R FEamte. SR, BEE AL A A
ok, HAnmisgm 0 g5 B R, WA E . xR
AEREIRIHAER, Togeas . HIEROKET . fEFHK
Wolk 558 S 4 . IR R IEAE A SR IX R K
ZREPESER,

T W) AR Br A€ 4= & (Plant  growth-promoting
rhizobacteria, PGPR){§ A A7 THHYIRPR L AR F%, IF
A Bz kTR 2 A U sl A A K A
HI TAEAR R A - K e . AR . R
MR, B LIARPR/AR R R AU 2w T
TP AR R XA EE, R ESITE
R SRR FATTR X AR B A ROR AR R AR
VeI 5, FRmf o ey a7 ik
Ykh B eI, Rl g BF5E PGPRHOAE AR ML 2

TR SRR, R JLAER], ol T
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%1 M2 R J (Azospirillum) | [512 # J& (Azotobacter)
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FEN R & (Alcaligens) . AT I & (Arthobacter) . #i
o, B IR 18 [C E (Burkholderia) F1 10 55 K & &
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W) e HAWFRGr; (5) FHERRARIK, (6) 72k ACC i
2, PGPR 7EHE S /EMIE A RE ST . Bt - H8F
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Tl P TR A AL 0 A 1) 8 X 30 B LA A 800
BEMRAZ . T HREFAY AL AAE DL,
AT I3 = FH 2 FPOR R EC T (0 5 3R B M/ INZZE |
TSR — LKA BE Sl B AR B . AR A S AR
PR S ARAS A AR AR A5ONE (A TR AR, IR T Z kil
I 7 T S BALTR B2 b RN G TR 2 bR K A2 A
RN R 22 5, Sy itk — 20 0 A 0 AR B AR A T
(PGPR) R A HE ML R A B AP BT 0 U5

1 RS

1.1 #R

1.1.1 EYIR. RIEF IR SRKIE LTI
TR it R TE R B SH AN 22 B IR AR /N A I
I8 ISR LA S A AR R A4l e o A4
HHAAR A FER +— A2, T 4 °C IKFIRAF. B
TEYIARTR, FICHE ddH,O0 Mkfa vl & FK
IRy 1 g iREIA 100 mL JE7& ddH,0, 180 r/min
IRA 0.5h, BREEREES, 40 0.5 mL R IR AL
T3 Fhif s 3R 5L PDA 5953 . King’s B 535
FUIF NA (Nutrient agar) 353555, 5 BUH L H
ddH,O Ve AURRTE LR 3 PR R TR 2l LA
PAGMR R, KR AT R H TS,
B 1 em R/NB, BT LIk 3 FhdfkgRdtrh, Jf
DIH R AR BT Al IR R VR X IR irfy
FART 28 °C2 °C K53k 72 h, KRI&srBsifels
PIBUE AT, 2ild's, o, A,
L1.2 EYMFRIETHERE: T8
1 55 F875 90 R b /N 22 R A i A0 78 (Fusarium
graminearum, 5| & /NEIRBEEIR) . B B HEE
(Curvularia lunata, 5% 5K BER) AR BHE
I IR S B (Exserohilum turcicum, 5| & B K KBE
I )44 H P AL ARARBLE AR Y R4 27 B 45 5 O
2

113 ZHEIXE T IERIFERAE: AR+
SR R 22 R fr e e, SR PH TR AR R 1R
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LI AR 5 mm IRk, PRS0
SRR R A b (wwy=2:1 IR S5 )5
BAHAR 12em WEEE TR, BHaZ%E T
1.5 kg,
1.1.4 EFE5EFE: (1) King’s B {373 W S %L
BR[7]; (2) 7= IAA B53R3E WS25 S0k [8]; (3) Pik-
ovskaya’s K7 F53E WS % CHK[9]; (4) BE PKO K7
FRILIETE Pikovskaya’s BiFR SN H T i NS
Rl FATHIMR L 0.1 g FEIRKY 15-20 g;
(5) Ashby }5F7 5022 SCHR(10].
1.2 7%
121 FREEZHAZERSE: () HWHGLT
FIMHEE . BBV S AR BOIR e T4 5 FH R
KA T, Fe 75%09 LBEEHE 2-3 min, Jop
ddH,0 Yk 3 Wa, FRA 0.1%01 HgCl, #i
3—7 min, . EIHICHE ddH,0 ik 10 wLd Y,
BT S #REY 1 em /ML, #T PDA . King’s B il
NA (Nutrient agar) 3 FpiEgEsrp, DIBE T AR
B IR S AT B

(2) EAFFHRIHEE. AR HIH
ddH,O R Z MR T, 2T 0.1%0 HgCl, %
10 min™Y, 37 EPHTEE ddH,O #hidk 10 WA
LT, IR AT R R AR
1.2.2 PGPR HE#HEMIBRERENHME: (1)
WERETINE . AR R R R PKO [El{A
FrgRbk |, 28 °C+2 °C 1557 72 h, MR B
S5 HAR R A (HD/CD) R /NG AL 5 % %
BRI SR AR RETGL)S, 4 200 r/min
B0 15 min, 325 FIEW, WA TIOm A
EIKINSS)H, 12, HEA Pikovs-kaya’s JiFEHEH,
IR R A ES FIXTRR, 28 °C+2 °C. 180 r/min
PG FE, B 24 h B s, FHBRAHEE b ik
DU RE R R AT R PR 0 i, TR 7 d, IR
SEXTR Y pH (B!,

(2) [ERAESIFN NH; = A= BE S E o K5 fril]
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FMAZEA Ashby KRR FRFE 1SR 72 h, 620 nm
AN OD {8, HA OD IR/, WIEHES
FRRERRE T KN 3Rl R A S A R
FURK (10 /L5 FM R AT T, 28 °C+2 °C ¥
3872 h, BMRE A 0.5 mL Nessler’s i 51,
HH BB (U0 (1A 7= NH; PEE R

(3) TAA J7AREIIMNAE o FHAFIN R R R 42 3]
King’s B 3: 4L |, 28 °C+2 °C 535 72 h )i, B4
SEHGE N 1 mL B9 Salkowski i85 (45 7} 10.8 mol/L
H,SO4 %% 4.5 g ) FeCly), MR A 1 hG, 1R
P o AL TRIR WAL FIWT = TAA S 20, 5l
B REFE IAA SR EEPIESE 5 d, B2 mL BRI,
10 000 r/min 250> 15 min, & 1 mL I 0.5 mL
Salkowski {7, FiEMEAE A 1 h F, F

Pt TAA (1 85 2R R A BR S w )RR /)
%R BR N, T3 TAA 1977 (mg/L).

(4) MERETIE . $/NERFHRAE . Hr
F SRR R BEN B A R T PDA 1557
Sy, SRBOELAFENTEZE PDA SF-Hr P
— ER R L A, R N B AR BE 24
3.0 em, AFAM0HEE 3 ANEEM, LU BRI A
XF A, 28 °C+2 °C F5 5% % B BVR S T 3 -
MG, 43 o0 e ok A R Ak B Y B VR B, T
THEHH

2R (Yo)=Cf R A v AR A BRAH DA 7% B
)%t B2 TRV LA < 100%
1.2.3 @RI KM FRmFEERE, 45°CHE
K 4 ho FHALFRSE DA TE T A 20 T,
FERBIN 3 IRTHK, WA MMES 3d. O &
ZEMF RIS RRI ) B T 24 h, 2
JE I ERFTFREARAACA D, B 10 kL, IR
2y 1.5 cm, UFETE/K R I, #4678
PricE TEEIFHAE A O R R . R

ddH,O Wil 2 WK, 7 nlfess 3 Fnss 5 Bt
Hi I DA R 1) TR B TR e (B 45249 50 mL),

b 33 d S 0 A5 R A RS RE A R OK A AR
MAFIEEESE, afhitkm . 2K RK . =
Y E AR HETE, 100 °C HET 5 b JE AR &I,
IG5 o
1.3 HiEaE

STIYBUE R ] Excel 2007 HEF 78811254007

2 RS

2.1 PGPR HHBIIFIRLE R

F 3 FOARIRIEC T (ORGSR 5L, AN 5 A FEHL
P [FIAR PR e S AR S rh 00 s . alifb R
3 158 KRB, MRkt 17 MRas FhAe A BE i
FIPE, IXLETR R S AR AR BN 1 Fis.
2.2 PGPR % 3 #im[R EEAKRIMNEIIER

WAL TIEE RS T 3 BREA T i A0 s I B
HAE SRR, 209 SLI-17. AKJ-1 Fil AKJ-3,
SR FH V- M T URF 355 35 7 DU A 4541 2 TR A 110 B
RN 2 fiin . R 2 AT 3X 3 BRI 3 Foi
SRR A PR, R T T R B4,
HATRBE SLI-17 XF 3 Ffid DL T B TR i 1 o) R
AW, FE s 67.60+0.52 (FEbi/hERS
PRAIEE)
2.3 PGPR{E&EBENINELER

RIS BIME T 17 BRASFPIEA: BE SRR 1
WA E TR PR, 2 3 R T4 PGPR HREIfEA:
ROV, HA A= 4 8k, AT TAA 1Y 8 B, AT
VEWERY 6 Bk, TERE SLI-17 HAPEE F TAA A
W 3 FPR AR o AN R TR (4 02 A2 R0 AN IS AH
Al Hoir, BERk AKI-2 Y72 6E S iR, X R
A AT BEIZ P PR 4 [ AURE ) AR, TR AR XYN-2
1 IAA P7 ik, i85 T 36.61 mg/L, JfHILEK
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F1 17T HRIEEFERKRBEREXER

Table 1 Sources and relevant information of the 17 PGPR strains

IR Rt [Eg7 = S T8 FAEY SR AL P TS

Strain code Characteristics Source of the strains Location of host plant Medium
AKJ-1 T R s N BT 953 SRR BR NA
AKJ-2 TR B AR NA
AKJ-3 T S 953 AR BR PDA
HZB-6 7= IAA B INERR King's B
SLJ-4 77 1AA R INERRBR NA
SLJ-15 77 1AA R INZERRBR NA
SLJ-17 TREL T IAA L BRI SR R A [kt INERRBR NA
WNJ-8 et 7] INZARPR King’s B
WNN-2 et b INERN King’s B
XYB-4 7= IAA JakBH INERR King’s B
XYJ-3 7 1AA JikBH INEARPR NA
XYJ-6 7= IAA Jak A INERRBR NA
XYJ-9 e JRCRH INFZARBR NA
XYJ-12 T JEH INZARPR NA
XYN-2 7= IAA J A INAERR NA
YLIJ-6 TR, Tk KANBE AR NA
YLIJ-7 s Ak KA PDA

&2 3t PGPR MHEEEEMINER

Table 2 Antifungal activity of the 3 PGPR strains (%)

kS INERGHRALTH B A B RIRE I J5 T £
Strain code Fusarium graminearum Curvularia lunata Exserohilum turcicum
SLJ-17 67.60+0.52a 60.10+0.98a 66.86=1.12a
AKJ-1 58.54+0.25b 55.43+2.24b 50.21£1.57b
AKJ-3 44.07+2.01c 35.31+1.15¢ 34.07+2.01c

T R BN P R R R bR 22, AR5 B[R 19 2. 251 25 5 (Duncan-test, P<0.05).

Note: Table values represents mean rate of fungistasis (%) + standard error. Different letters represent significant differences
(Duncan-test, P<0.05).

23 WY 6 BRIEHEE P, BR YLI-7 MEESN,  WFST P AT AS R A A B 1 R A AL
HARYS AR . Hbh WNN-2 JBRe ias, 5 2l T=mrs. MRS s E s,
FT 151.67 mg/L, tHN ML, ZEMIEFRATL pH M SN 106.75 mg/L,
WAL B R R AR o NSRRI LR XS B A BERE F1 I E, AN RER A A
H, JUR FER PR SRS T 100 mg/L I ARRK AR AR R IR 6-8 d Ja HIEFHER L L
B, HE IR pH AMIST 7, Xl TA A SCE B b I A R Y o i, T
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*3 BEKMKIMEERE

Table 3 Plant growth promoting (PGP) activities of each strains in vitro

—— PR IAA P4 VR
Strain cod NH; IAA production Soluble phosphate
raim code pro ductionl il (mg /L) v (mg /L) JIIIAY
SLJ-17 ++ 15.95+5.83¢ 132.33+0.33(3.38+0.11)ab
HZB-6 ND 20.49+7.04¢ ND
SLI-4 ND 26.41£1.21b ND
XYJ-3 ND 12.06+5.20d ND
SLIJ-15 ND 32.99+541a ND
XYB-4 ND 27.69+3.80b ND
XYN-2 ND 36.61+1.57a ND
XYJ-6 ND 24.07£1.01b ND
XYJ-9 ND ND 30.68+0.29(7.43+0.12)d
WNIJ-8 ND ND 49.47+0.28(7.46+0.16)c
YLJ-7 ND ND 121.01+0.32(5.60+0.85)b
XYJ-12 ND ND 45.88+0.05(7.51+0.10)c
WNN-2 ND ND 151.67+0.53(3.24+0.15)a
AKJ-1 “ ND ND
AKIJ-2 “=HE ND ND
AKJ-3 = ND ND
YLIJ-6 4HF ND ND

FE T B FOR R AN F B R R T BRI BEZIE AR, " BUE RS PR R 2 N FE S
TR BE FR B FR I T8 pHEARMER 22, XTIRIY pH & 7.06+0.03;": RI[R] A7 REARF AR 354 25 7 (Duncan-test,
P<0.05).

Note: '

" Values are means + standard error (SE); ": Values in parenthesis represent pH+SE of culture solution, pH of control is 7.06+0.03;

: “+++7 to “— represent the different amount of production according to the color differences; ": Not detected (ND);

¥ Different letters represent significant differences (Duncan-test, P<0.05).

AP MR AR LIRS R MOMRIARERE IR 2E AR, BT B
BB E ARG —, DRI b AT T iU v s e SIGERTFEEIRIG NGRIRREAR, RIIARFE Tk
(I EhA AR T HERG R W il e . AR 24 BRI HIER

KT AT, 801 T 6 PRI BETE YA 2k FORTEREFE 33 d 5, M40 ZH Fx R4l
RS, WE PR HE L ATAL B ERER SIS ESEEE R K 4). hEk 4
HRFRAEAASAL, 6 PRIABEMEMSHER AL RTAL, SRR TR G A R IR AR RN
AR AR, SLI-17. XYJ-9., WNI-8. XYJ-12 f1  BIRALTHREEMIOECR. ZEIRAHEMT EX
WNN-2 PIRAES 5 R ok, m YLI-7 R MRARCRTEE R . IR 22K 2P EEM
FEEE 4 Rick. teAh, B 1 BrTAEH, FUE  TEIFE S50 AR A BsEm T 30.14% .
VEBERE AR AR, A BRI AR LB LA 81.10%. 24.32%. 67.69%F 33.33%,, {HJ2&, PATE

http://journals.im.ac.cn/wswxtbcn
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~SLIT meeXYE9 WIS AR LT AL T Z R G4, FIan bk

3 ae0 p TYEET YRR oA YLI-7 % F K25 K 2 A S50k B2 AT L et n T

sl 50.08%, 111 Z 1A I 4 # Fi M 1 40 S0 A T
£ 100 | 24.32%.
iy 3 g

ﬁ 0T TERLIMBR AL A B AR A2 BT b, 22k

g  EEBRSRRR ARSI A, BUATHY

0 1 2 3 4 5 6 7 SCRRTE I TR EL A A, R e 2 2

1(d) SRR R AT E 5 A BN T 35.5%71 28.9%,

with the change of time 62%H1 54%, Hamdy EI Zemrany “5:!" 4% 5o Ar fif

F4 BHREPZRWARSRBAEKROEESFSH

Table 4 Morphological parameters of maize from plants inoculated each strains or not
inoculated (control) in pot experiment

o B K K ESEITTE E T

Treatments' Plant height Root length Stem length Average diameter of Plapt fresh Plgnt dry
(cm) (cm) (cm) stem (mm) weight (g) weight (g)
Control 35.96+7.95a 14.1849.54a 9.54+2.64a 1.95+0.95a 0.83+0.55a 0.18+1.15a
Combination  46.68+3.99f 25.68+5.74b 11.86+0.65¢ 3.27+0.73b 0.81+0.15a 0.24+0.11b
SLJ-17 43.71+4.64d 11.31+1.08a 11.2343.79¢ 1.48+0.76a 0.40+0.97a 0.11£1.01a
HZB-6 37.16+4.46a 10.90+1.89a 10.83+2.70b 1.67+0.41a 0.25+0.84a 0.12+0.99a
SLJ-4 43.65+4.69d 12.74+1.08a 9.31+1.41a 1.65+0.44a 0.20+1.15a 0.12+1.10a
XYJ-3 39.95+4.53b 11.80+1.57a 14.37+4.89d 2.00+0.67a 0.33£0.77a 0.13+0.55a
SLJ-15 41.90+4.95¢ 11.06+1.04a 14.54+2.31d 1.91+0.83a 0.18+0.67a 0.12+0.45a
XYB-4 39.97+4.17b 11.47+1.84a 11.23+2.16¢ 1.90+0.3%9a 0.26+0.58a 0.12+0.95a
XYN-2 38.81+4.54a 10.34+1.86a 7.60+2.59a 1.83+0.61a 0.24+0.99a 0.11+0.50a
XYJ-6 39.22+3.97b 10.16+1.01a 10.68+2.26b 2.27+0.57a 0.48+1.00a 0.16+0.41a
XYJ-9 38.67+7.57a 9.78+1.44a 9.83+0.82a 1.72+0.51a 0.37+0.89a 0.16+0.53a
WNIJ-8 43.15+3.53d 11.40+0.88a 9.60:+0.80a 2.33+0.50a 0.45+0.95a 0.17+0.49a
YLIJ-7 39.57+5.23b 10.50+1.03a 14.70+2.38d 1.98+0.90a 0.39+1.12a 0.13+0.55a
XYJ-12 44.88+4.74e 10.70+1.36a 11.60+3.50c 1.72+0.78a 0.51+0.88a 0.17+0.42a
WNN-2 42.85+3.31d 11.90+1.56a 11.98+1.54¢ 1.85+0.80a 0.34+0.78a 0.14+0.51a
AKJ-1 40.09+5.51b 11.24+1.65a 14.00+3.42d 2.73+0.58a 0.42+0.51a 0.25+0.53b
AKIJ-2 41.97+4.21c 11.75+1.33a 10.14£2.17b 1.95+0.42a 0.57+0.44a 0.18+0.57a
AKJ-3 41.50+4.29¢ 11.28+0.33a 10.40+1.79b 1.94+0.26a 0.26+0.38a 0.13+0.43a
YLJ-6 43.75+2.63d 11.1340.85a 6.80+1.79a 0.95+0.05a 0.18+0.52a 0.10+0.51a

Al FERRTE 33 d R, TSR EAS YRR, AN TR AN ) 25 22 5 (Duncan-test, P<0.05).

Note: ': Plants were harvested after 33 days. Values are means + standard error. Different letters represent significant differences
(Duncan-test, P<0.05).
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