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Abstract: In this study, the root of the Pennisetum sinese was used as the main research material, screening of growth-
promoting strains from P. sinese, and explore the growlh-promoting effects of growlh-promoting strains. We used the
fblloiwing screening criteria for the determination of multiple growlh-promoting capacities of primary strains; the ability to
solubilize phosphorus, the ability to fix nitrogen, the ability to produce IAA. The strain YB-07 writh the best growrth-pro-
moting effect wras classified and identified through physiological and biochemical characteristics and 16S rDNA sequence
homology analysis. Eleven strains writh better overall performance 'were screened out and used for a pot experiment writh a
single inoculation and multi-microbe mixed inoculation to determine its growth-promoting effect. A total of 101 strains
were isolated from the roots of the P. sinese, and the growth-promoting ability was measured. Among them, the strain
mwith excellent overall performance was YB-07, which had a phosphorus content of 20.1 mg - L, an IAA vyield of 23.7
mg ¢+ L1, and an ability to produce ammonia at the same time. The results of pot experiment showred that the effect of
multi-microbe mixed inoculation on \wheat growlh increased by 24.49% , 31.84% , 28.06% and 34.14% in the height, dry
mweight, fresh ‘weight and chlorophyll content, respectively. Single bacterium inoculation increased the plant height, dry
mweight, fresh ‘weight, and chlorophyll content by 13.54%, 20.45%, 16.84% and 35.19%, respectively, compared \with
the control group. The selected strain has good growth-promoting effect, can provide a good seed resources for the further
construction of the P. sinese flora promoting bacteria.

Key words: Pennisetum sinese, promoting bacteria, screening, growlh-promoting effect, pot experiment
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1. 1458
L 1L1EEEMREASARE L ATEIAEE BEE
FAR A i MR 22 K T 22 b B B Fo S AR R
5 A RURIEE B A R B TR EIE
IREYPERR B AR EAE 801 A KB
BT [ RR = - 4 TR RORiE,48 hNATSE:
1.1.2 781008 1 e fs s A B T 2Rk i 5
By TR EH R KPR RETFENE KER
BEYF IO SLaG = - FHIR T 5 mm kR TR
UL 428 b FE AR AR SE R RS
TSR AT - AR Y gk AR a2 R
YR E 12 om 4SS A 11815 kg, fFH
11355750 1 LBEEFREL &EHAKI0 g
NaCl 10 g B#KbE 5 g Z&1H7K 1 000 mL PH7.00
2 PDARGFREL HE25E200 g #j4&)iE20 g s
15~209g, 7518 7K1 000 mL,E Z3pH = 3 [l
Ashby 5252 5L FEEEH #850$10.0 g,KH=PO.
0.2 9,MgSO. - 7H=0 0.2 g, NaCl 0.2 g, CaSO. -
2H20 0.1 g,CaCO: 5.0 g,%ifl§ 15~20 g,H=0 1 000
mL,pH7.00 4 fFEE4IEEEFR3::NaCl 0.3 g,
MgSO4 - 7H=0 0.3 g,MnSO. - 4H20 0.03 g,KCl 0.3
g, NH: 2S0s 0.5 g, FeSOs - 7H. 0 0. 03 g,
Cas PO. . 5.0 g, 10 g,5ifs 15~20 g,kk-
1 000 mL,pH7.0~7.5 - 5 NA Bz32EL: 448 3 g,
B R10 g,NaCl 5 g,#E 10 g,B2f515 g, 2% 17K
1 000 mL,pH7.0 - 6 /= IAA EZ272%L:KH2PO. 0.5
o.f2RE 1 g, HEERE 10 g,MgS040.2 g,NaCl 0.1 g,
& 100 mg,ZE%7K 1 000 mL,pH6.8~7.2:
1.2755%
1.2 MR EDH T E M EREREHE
SRR E AR B R YR B T e+ 4
FAWR /K 4RI TR ZRIE A /K - BEE RHR SRR =
AR 75%HY ZEEH J=2/82~3 min, CH
ddH-O 32K, K Y /K AR = RARE A
i A R E 0. 1% HYCl-250 H J= s [a]
293 min, B IZBIFH EEddH-O 4 L6 Hafr
SHEE IR - B eI fa—2Oh RN BB

ddHO AR E[EIAFATEE 7R B R TR AR S0 A
WRE HFHEOHIE FEBMXIFELE,2014
1.2 2R E/MImZE RAEDHENENE R
FREPAEAERERZTL emBy/NES AR BT/ e 1%
FRAET B A EFEPDARLFREL PP IAAELFREL
AshbyrF= B Rr 77 505 ) , T 281 TIER
FRERTF3~5 doffg A A ] WLE SR HEL
FEFRIE S AN TR R A HHFTTES A
il g S FIE T4 "CKFETEM - MRfE—X
MR R E KRR TR FRE BRI IR TECR
FRERT R RAEDHFESME
1.3{R4REJIHVIIE

1.3. 14N S E T RN B N5 s 2. % & 5oly
i e IR IV B AR APDARSFRELH 11180 r -
min™ 28 CHYZE/F NREIRETFR48 h - B2FRfE5HL
3 MLAYED®K 10 000 r + min"E%,0,:8 min, BY S50 47
By 5l mL, 31 A2 mLfySalkowski's  10.8
mol + L4 H2S04254.5 giyJFeCls FZNIR © FERSZA
FRER G R N30 min o ] GE ODswo nmfI{E. {5 PR
AR AR 2R o RRSAYEEAR AR A T 25
FAGTsLt 2R S & - FHEEF/KIEANTIRA
B [H72%,2005

1.3. 25H i b e A0 E A BT iy tsh 2 &= 07l
EYACE 450 »g + mL"AYS AR AR 250 0.5
1.01.52.02.5:3.0:3.54.0 mL,5}7&F 20 mL
HEEE T 3 Rloehnza K26 mL, Fhn Al
moL - LAPYRHRESZ5/2 mL 2 mLEEAE A7 SR
5] - FREI15 minkljs AtL&EMAET s E it
ODeso nmyfZ FAAMITE RIS © FH T fSEdE bR
HH 2% FRIEI YR e Rt b £ D712 T
FRAE SR 2 & Sk R, 2008
1.3.3F&FEIVIE  FHFIE R EINARE
FeHch B H180 r o min™ 28 CHYZLE FIRRE?
#7248 h,HY100 »L/5 mL#fhT [0 D {457
i DI R KN IE A3 N EE B
+28 CIEE THEF:,7 A WL G S5
TRAH A A BH VR I EETE BV A E S
EME E4FF,2010 Zahoor et al., 2017 - H2iF
WEREAE SR 10 g - L) BE5RRnyiE
HIA0.5 mL Nessler'sis 7l , 2l B t& ) UERT
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LE S (P F30) WNTTE (ZHE 2 MEE
£1.,2010

1.4.3 16S rDNAFFHINNIIE K 22484 5 A o3 A il
EVITHEAMEAERE TG P EA MR AR
HITCABEIRYB-07 1T L 7E - XTEFRYB-07
16S rDNAKELEA | B A TPCRY B AN > 3K 45
GenBank& 555 iz FAMEGA 6.06%k{4: #eFHAf
F#7% Neighbour-Joining F4) 22 iR B 3 HTE
RN Z SR B FHHIE 5kE6%F 2017 sKi s
2017 -

1.5 A%

LS. UNEMTFAE RA/NE Sfb {225
= BTARGREG KR 225/ NER e LK
TZ/84~6 h, ¥ /5 H52~55 T R/K=/H1~
2 min, {ifpFoREZAE]S0 °C 5 HEASL6 °C
aKHER J=Z5 minHLH, /KA a5
1.5 2R A EAR A EAIMENNR SRR Y
J7ENMNAE R Z B2 SRS TUER o RHsFlAY
TRAEBER T BIPRPR A EIT-PDARE SR AL B
ANECRA T 28 CHEEFE2~-3 d » H AR K2k
SIAEIRRAE S T B WIEEEREI TCHEDLIE R 1087
A LA E &S a7

1.5. 34 7RI il a5 o 2 B (e 28 B BRI iR 32
FRFLBR{AEEFRE S 125 C 180 r - min-1J2%
AT REFR48 h - ZHUZFYEAS mLE LVE
10 000 r » Min-125,0010 min ,ZF_EJFR JIA L
ELKL mLEE AR B R LAVt 7074
(ZEURGH s EE ARG H a6 7
IAARSH [EE BB ST IAARSH A,
S3HIEYL.2 mL 2.0x 1097~ mL-1 BT K &S
HILBR A EEFREH 28 C 160 r » minl 557
2~3 d, F[IRTF IR

40%
22 A BEMETIAARE
Table 1 Treatments of microbial inoculum
et PEE AR
A==
ﬁfﬁ; BIRAATR Inoculation volume
strain Strain treatment processing
(2.0X109-1> mL-1)
N1 N-02 1.2 mL
N2 N-01 1.2 mL
N3 YB-07 1.2 mL
P1 NP-01 12 mL
P2 NP-02 12 mL
P3 NP-03 12 mL

N+P SEEBEIL: N-02.NP-01
Mixed bacteria agent 1: N-02,
NP-01

0.6.0.6 mL

PY SEETER 2 YB-07.YB-08
YB-09.YB-10
Mixed bacteria agent 2: YB-07,
YB-08, YB-09, YB-10

0.3.0.3.0.3.0.3 mL

NPY SEETEER 30 N-01 -N-02.NP-01 0.4.0.4.0.4 mL
Mixed bacteria agent 3: N-01,
N-02, NP-01

CK 72 i 1.2 mLEBK

Blank control 1.2 mL sterile water

1.5. 48R A R GEEVSR T K/ NG5
INEFPFHITREM SRS S MR
+FMH3~5 cm - EPMAHIESPNEE HALR
TEEFR o MRS T B A SR
Bk 4 2.0X109- T~ —mL-1A9 5 2% 1.2 mL,[E
BN IREH PP SE B C R 7K R IR
60%0 15 df=illE /N T uIfkE R fiEE
Hix R ESEER FHMAEitF ot

=ER 55

2. 1 BRIV

FZAA E RS R A M B R SRS S
2207 A EHIRIS LOLPRE R 73 BIIE (e 42 RE
I Mg e A R Y LR R T
gl - a8 A AT ZAES] 6frE
HIEWRET] SIREATIAARET] =2
2. 2{EREJIHIIE

ISR RIIE T 1R e R RE TTEGRE R
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[EslrsTass
Code of strain

N-01

Ammonia production, indole
acetic acid (1AA) solubilization

N-02
N-03

NP-01

NP-02

P-03

YB-09

YB-08

YB-07

YB-10

N-06

HIfre A fatn

freEReE

265 mg - L-1 B

IAART A

MPiE  EEERE AR

LARRf A AR A R PRI E
Table 2 Evaluation of plant growth-promoting traits
of promoting bacteria from 11 strains

A=
Characteristics of
growth-promoting

FEECTEIAA

P28
Ammonia production
P8
Ammonia production
SR
Phosphate solubilization,
ammonia production
TEBE PR
Phosphate solubilization,
ammonia production
e
Phosphate solubilization

TR TTIAA
Phosphate solubilization,
indole acetic acid (I1AA)

solubilization

=&
Ammonia production
FRER AR TEIAA
Ammonia production,
phosphate solubilization,
indole acetic acid ( IAA)
solubilization
PR
Ammonia production
ot
Phosphate solubilization

HEER N3 - MEIFLLELH
HRYB-07[EIN BAT=&AE T T IAATTEY

TIEEH5T:

2. 3R A EERESEAT PRI

Bkk N-02 5 NP-01-N-01'N-02 5 NP-01 %
E#EYB-07  YB-08' YB-09 5 YB-10/% i ] 455 ¥
NSRBI K RIHXEE KR TSP ER o)

DIRERES

Espall:REqI=g

B FRAkAh
Medium type

P 201 I 5% 775
Ashby medium

B DL 7R
Ashby medium
BT L 7 A
Ashby medium
fEt A R R IR L
Phosphorus dissolving
bacteria medium
AR B R e
Phosphorus dissolving
bacteria medium
R A B R R A
Phosphorus dissolving
bacteria medium
fEt A R R IR L
Phosphorus dissolving
bacteria medium

[Pe] 231 D B 5 A
Ashby medium
[t A R R TR B
Phosphorus dissolving
bacteria medium

B 2 DL 7
Ashby medium

PKO

g =
ERIPRNP-O1H 2tk & i s , A 2y
45.1 mg - L-1 EATEIAABE HY =FRE
BEIHHZEAN R HPERN-01 85K AE T
EPRYB-07[EN BAT&EET)
g —Ff e ZERE T, INIE AR EUZ B PR
TENEFRE R

SIAATA

i K HARRAE RN 1327

23 LIPREPR(EARETTIE SR

Table 3 Results of growth-promoting capabilites from 11 strains

N T EEEN] Aty = IAA B
Tﬁkﬁﬁ%_ nhs' Soluble phosphate IAA production
Code of strain  production content
capability (mg . L-l) (mg - L)
N-01 + ND 26.5+2.9a
N-02 + ND ND
N-03 + ND ND
NP-01 + 45.1+3.3a ND
NP-02 + 30.1+2.2bc ND
P-03 ND 24.3+1.9c ND
YB-09 ND 33.1+1.8b 23.0+3.9b
YB-08 + ND ND
YB-07 + 20.1+4.4d 23.7+3.2b
YB-10 + ND ND
N-06 ND 24.5+2.8c ND

X AFOREATTRAES NDFERAMMENZITENR 187
FrAEIRZE « IR REER 314 72 - (Duncan-test, P<0.05)
T

Note: + means NH3 production capability
detected * means standard deviation Different letters represent
significant differences ( Duncan-test, P<0.05). The same below.

ND means no

A ERRYB-0THE S TES
Fig. 1 Colony morphology of strain YB-07

2. 4AEBRYB-0THILE

24 IBFRHIENZE  ROWEEPRYB-071ENAR
FREPIEFR2 dISIPEEVE S TEARATEE R
R FEW L EEST REMELEMEAE
FEL
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P4 FERRYB-O7HYAE B (BEIE
Table 4 Physiological and biochemical
characteristics of strain YB-07

FHIERZ R ERES
Characterization Result
YL -
Gram stain

AT E +
Methyl red assay

V-PilllE +
V-P test

TER 7K i +
Starch hydrolysis

15 B +
Indole test

SRS 7K fi# -
Grease hydrolysis

BHBC K +

Starch hydrolysis

RN N REME - RN BA M
Note: + represents positive reactions - represents negative
reactions:

97
61

;TREREY)

40%
2.4 24 FAABFHE  ERRYB-07HYAE AL
TEERANRAF T~
2.4.3 16S rDNAFFHINIE f 22554 8 57 T
NCBIfYBlastEE 45 5 BoR, B iR Y B-07 SR B
J& (Rhi zobium) HYAH{LLEE /7 99.67% , (Rl fE TR
Jeg &5 & (Rhizobium ) , HoGenBank &5 3557y
KY 852244, H Z Ze i bt 21 E 2P~
2. 5@ ABAIER

/INETEEEFR1S dfE, WHH TR EIA TN
SIS FSEHTIE (F25) - HESHHLER
MRIINEOIAEN 4 22 & AABENI3 S T AR
PY), BUKT & M/ NEAR AN A FR B 45 5
& EfkE R TEMEBEE L S ER SRR
T TR E A, AN + PSR EDRSH
PY NPYFRIN+P 5 SR HERH S A B 7 R 2=

64 Rhizobiumpusense (LMG 25623700)

2

100 R. massiliae (AF531767)
------ R. pongamiae (GQ444136)

- YB-07 (KY852244)

97 —Rhizobium radiobacter (AB247615)

99~

R. skierniewi cense (HQ823551)
[—R. rubi (BBJU01000046)

I-- R. selenitireducens (JAEG01000027)
99—R. naphthalenivorans (AB663504)

0.02
&2

Pseudomonas geniculata (AB021404)

EEIPRYB-07 16S rDNAFFYI Z: 4% B it

Fig. 2 Phylogenntic tree of YB-07 based on 16S rDNA sequence

a. X b, ZEDERIARE o BREEAATE

a CK b. Treatment of multi-bacteria mixed c. Treatment of single bacteria.

S/NE BRI R

Fig. 3 Results of pot experiment of wheat
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Table 5
Proﬁi%iﬁ%o de Pla:ik’riight Rojtﬁlitngth
(cm) (cm)

N1 34.57+0.6d 4.6x1.3e
N2 39.8+4.2bc 4.5+0.7e
N3 40.71+1.0b 6.6x1.1c
P1 37.1+3.0c 5.5+1.2d
P2 39.2+4.3bc 6.3+1.2c
P3 36.3+4.1d 6.0+ 1.4c
N+P 41.9+5.7b 10.1+2.3a
PY 42.1+5.2b 7.4+1.5b
NPY 45+3.1a 7.5+1.6b
CK 31.97+1.5e 4.3+0.7e

# P<0.05 - REEFMTSZEIRGHMSAHEA
HE TN 2R R P<0.05 - fEfke I &
B SN IR LHAHEL ST IR 0 T & 13%
13.54% 16.04%: 22.61%: 31.06% F1 31.69%, 7= =
B3 P<0.05 - ZEREAFEMSIRAMEE I
EfE 7y 21.08%~40.46% 435I} 40.76%: 21.08%
H124.49% ,Z=7E#F P<0.05 - ff+EH L $HEH
D 5 e 2H A EE B g 20/ 10.20% ~41.33%

SYRI7y 16, 84% -~ 10. 20% - 10.20% - 41. 33%:
19. 90%F111.22% = HE% P<0.05 - SR
ErPET S N B ZH AH B e 5 28. 06% ~
52. 55% 43R 28.06%: 28.06%7 52.55% 7%
=EF P<0.05 - {EfifEE b SpEFEMSYTIEA
FHECRE DOE = v18.18% ~ 27. 27% 53R
22.73% 0 18.18%: 20.45% 27.27%# 18.18% |,
ZREF P<0.05 - ZENEGEMSWIRAMEEE
1Tl 28 4 20.45% ~65.91% 4571 765.91%
31.81%F120.45% 55 E% P<0.05 - {4
ZEEX S b REEMR SN IRA MY
DS /16, 13% ~ 35. 19% 4RI 79 28.49%:
16.13%27.43% 34.84% 35.19% F126.16% ,7=
S P<0.05 - ZEEAEMMSYSIBAEMILYY
TS & /917, 19% ~ 34. 14% 45517934, 14%
27.96%F117.19% =5 E%E P<0.05 - Mk

Effects of different treatments on wheat growth

G e T&E e s
Fresh weight Dry weight Chlorophyll content

(9 (9) (SPAD)
0.54+0.02c 0.229+0.01b 36.4+3.9b
0.42+0.02d 0.218+0.04b 32.9+6.2c
0.60+0.03b 0.251+0.02b 38.0+5.3a
0.52+0.01c 0.216+0.08b 36.1+3.0b
0.53+0.03c 0.216+0.02b 33.2+1.2c
0.56+0.02c 0.235+0.05b 35.7+5.8b
0.73+0.01a 0.299+0.05a 38.3+2.2a
0.62+0.04b 0.274+0.04ab 36.2+2.6b
0.63+0.01b 0.251+0.06b 38.2+2.1a
0.44+0.04d 0.196=+0.05c 28.3+7.1d

KE, REEMT S ZEIR SN NEAE KA
—EMRAERCR ZEIRGHEMIH BT R ERE
Tt NI A 58N » (B M FEEE R AR SRR
REPPHSCR A T 2 ER G LOETRNS
PR SR NEH SRR S BT 38.0%, A
HPY RGHEMIH RSB WIN T 36.2%,H
APt A ISR ST iEirty s TH
AR EHER A B HARER 255 E# P <0.05 -
INEARAEFARIANE SFT

3 eSS4t

A5 M E AR i e T LR (E
ERE I RGRAVER & PLE A BERAE 1A 68K
FEIAANYA 3tk - @it @I 7R |AAF 4
B OABRRE SN/ INEIIR S AR B EE T E A
GE RS HABNRERRL NENE KR
(PR MR fif 8 TS SRR EEES)
BHERE ST FEIAARE I Z [ 2 IEFHSS S & o XFE
BRI MR AR MR S E I A E R — 1
JEH IR, WL S R A 7= B FARAE R

N A= 4H B 2 i fi# s Paul & Sundararao,
1997 SruMEYISE PIEE,2011 (BiFEY)N
W BT SERNE 2005 SERIREHEY)
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