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¥ E.NRBEF (Lactuca sativa) R BAREEW®, h B EHHMEDEMA(FE) RERREMN, UEF
MAAMZ AR EEEERELE FABERRABEMANGSR TN A AEmE S aE, W LEskk S E
BE A o WA A A KR AR DA RO A R B R U RE ) 5 AR OR BB B AR #EAT 16S 1DNA o F A K E
HR R E R BB 25 PRI E AR, U #E R ALEE B2 0 60.83~290.66 pg - mL7'( H #k PGBA2 Mi&émm,
H290.66 pg - mL™') VAR AN A H LR B, H 8.12~71.87 wg - mL 7 s 0 B B A AR 20 Ak, B A EE N
8.37~371.54 nmol - h™" - mL™'(GNB6 [ .8 & £ % %, & 371.54 nmol « h™' - mL™") ; 2 & ff 2 2 b 4 47 £ K B &
(TAA) B4k 14 %, 2 B H 0.78~5.29 ug - mL™' (MGBD1 43 IAA #9867 5 5%, 7 5.29 pg - mL™") ; B #k MGNB4,
MGBC3 .PGBA2 3t # Ntk 2 /7 ( Fusarium oxysporum ) A W £ , WHERKLE S0%LL L, 39 %k B PGPR B #k#AT
AT K T % MGBC2 MGBC3 PGBA2 4 Bt B 45 3 AT B ( Acinetobacter calcoaceticus) , T # MGNB3 . MGNB4
K4 E K AT E (Enterobacter huaxiensis) , B % MGBDI1 % 48 £ 8. 2 8 & ( Pseudomonas brassicacearum) , B £ GND5 %
A B3 AT W ( Bacillus subtilis) , T %k GNAG6 % A 3. 4% 4 18 ( Microbacterium aerolatum) , B #k GNB6 # 7% 41 AL AR # 1
( Rhizobium radiobacter)
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Abstract: In order to obtain excellent strains of lettuce ( Lactuca sativa) root growth-promoting bacteria and
provide excellent strains for the subsequent development of microbial inoculants ( bacterial fertilizers) , we took the
root system of lettuce as the research object and used selective incubation culture medium to separate and screen the
ability of lettuce roots in dissolving organic phosphorus ( P), inorganic phosphate solubilizing bacteria, and
nitrogen ( N) -fixing bacteria, and determine their ability to dissolve P, N fixation, plant growth hormone secretion,
and antagonistic ability against plant pathogenic. We also tried to identify excellent strainsby 16S rDNA molecular
biology technology. The results shown that 25 strains of P-dissolving strains were isolated from the roots of lettuce,
and their ability to dissolve inorganic P was 60.83 ~290.66 pg + mL™' (the highest amount of P in PGBA2 was
290.66 wg - mL™') ; The ability to dissolve organic P was generally low, ranging from 8.12 to 71.87 pg + mL™". The
20 strains of N—fixing strains were isolated, and the nitrogenase activity was 8.37 ~371.54 nmol + h™" - mL™"(the
most active nitrogenase activity of GNB6 was 371.54 nmol + h™' - mL™"). Fourteen strains of secreted plant growth

hormone (IAA) strains were isolated and screened, and the secretion amount was 0.78~5.29 wg - mL™' ( MGBD1
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had the strongest ability to secrete IAA at 5.29 pg - mL™"). The strains MGNB4, MGBC3, and PGBA2 had anti-
bacterial activity against Fusarium oxysporum, and the inhibition rate was over 50%. After the molecular biological
identification of 9 excellent PGPR strains, the strains MGBC2, MGBC3, and PGBA2 were Acinetobacter calcoaceti-
cus; the strains MGNB3 and MGNB4 were Enterobacter huaxiensis; the strain MGBD1 was Pseudomonas brassi-

cacearum; the strain GND5 was Bacillus subtilis; the strain GNA6 was Microbacterium aerolatum, and the strain

GNB6 was Rhizobium radiobacter. The excellent root-growth promoting bacteria selected in this study can provide ex-

cellent strains for the future development of lettuce microbial fertilizer,also enriched the PGPR strain resource bank.

Keywords: lettuce; plant growth-promoting rhizobacteria; phosphorus-dissolving bacteria; nitrogen-fixing

bacteria; plant growth hormone (IAA)

T AT i 7 A e, B AR AR 7 e
FEAEANE Bt IE BE 42, AN A X B8 5 10 ™ B YR 9%
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SMERNGRARPRAERE ) 55, [ B33t 2 B2 v AR 7™ i 7™
TR PR E SRR RS

HEFR{EAE T ( plant growth promoting rhizobacteria,
PGPR) 245 REMSAE ALY AR P (AR B L8 AR R K0
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YT DI by 58 S B A P 390 (BT T ) A
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A SR 1) T v S e TR B B R R L
Ffr 4 ASXEFR X IR, B2 )5 BT R IR B 9% (28C 7
d) , B RICsR R /N (D AARE#E B2, d 1R
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BUEFRIS D/d>1.5 (P BETEE B i TR RN
T4 50 mL © K (121°C, 30 min) LB ¥ A5 37 4
HF 28°C,180 v+ min” & FEEFE 7~10 d, HUE %
7 8 mL F4°C 9 000 r - min~' 514 T, B0 15 min, HL
WS mL T 100 ml = A, FEHIA 0.5 mol -

L™'NaHCO,IF 45 mL 12 g TCHEGMERSES), BT
FEIR (180 r + min~',30 min) $£35),30 min J5 FJCHEIE
YR 0E  WERR BCIE R 10 mL T 50 mL &, R
FHAR S Lo et kA p b A >
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O, 76 B R HE 30 min Ji5 s FH /OO C R
WA 530 nm T E 25 R A TR AL, FEBR i Hh 22
AR Y TAA WRE (g - mL™) P
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PR, B0 HE 3 R, I 3 B IR (P plh
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MEH(%)=[ (D-d)/D]x100
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IR FE MGBD1  NGNB3,, [ 40 i 1% 14 52 0 7 bk
GND5 GNA6 , GNB6 , A= BJj BE 7 ¢ 3% T8 #& MGBC3 |
MGNB4 3t 9 Ffli i PGPR HARAEF T LB [E{ARS 5
Forp 7E 28°C 15 5% 48 h, PRKIUHA TR TR0 4%
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3) o 6 PRIl JC AL B AR 5 B it 7E 55.28 ~ 291.99
pg - mL™ 2] K R B SR pH (HAE 4.42~5.87
Z (8], o DL PGBA2 TR A 1 75 W et fe K, o4 291.99
peg - mL™ o SIAN, 19 BRIE A LB R RV Bl A
6.49~76.11 pg + mL™" Z [A], #% F B 5 72 pH (A FE
6.83~8.27 Z [a], H. "4 LI MGBD2 [ Bk 1 1% i & i
K, M 7611 pg - mL™",

2.3 AR PGPR # b &K= (1AA) HIRES

A I 5 b ARG Y 14 RRAG R T AR LA
AR TR (TAA) (RE T &I, 7 BRI R AT 43
W IAA WIBEST, AT I HE 0.78 ~5.29 wg - mL™' 2
], o L MGBD1 B RE A K B R g 1 de ke,
95.29 wg - mL™", E AR MGNB2 43 4 A K i &
FIBE S fe/IN, M 212 pg - mL7' (£ 4)

x1 RARRBRERRBELER
Table 1  Screening results of excellent root-growth promoting bacteria
R PR 5 Strains code
PRI T o o o N
Source R Sy TAA Tk W] 20 B A BT TR B
Phospholytic strain TAA-secreting strain Nitrogen-fixing strain Biocontrol strain
= o1& y D\ D) D\
J’UJ(-ﬁht\lll]%ﬂ’E‘EX%jTF quAI\ 1@‘BA2\ PGNBS, MGBAI. MGBA2. PGBAI. ) ) )
Wenjia Temple, Luomen MGBAI, MGBA2, MGBBI, MGNB2. MCNE3. MCNB4 GBA1.GBA2 ,GNA5 . GNA6, PGBA1, PGBA2, MGNB2,
Town, Waushan,  MGNB1, MGNB2, MGNB3, MCZNBS‘ 7 TP GBB2,GNB1L.GNB2,GNB6  MGNB4
Tianshui City MGNB4 MGNB5
N STy
?ikf\lj_ﬁtm@i%ﬁ{”?? 1# PGBC3, MGBCI, MGBC2, GBC1,GBC2, GBC3, GNC1
ciu ViTage, Luomen TV, MGBC3, MGBC4, MGNCI,  MGNC2 MGBC3 P 7o PR ' MGBC2 MGBC3 MGNC1
Wushan, Tianshui GNC2.GNC3
- MGNC2
City
f7kriﬂtm{%lgw)k%§)i PGND2, PGND3, MGBDL, PGNDI1 .PGND2 GBD1.GBD2,GNDI1,GND2
raziuang, tuomen T, MGBD2, MGBD3, MGBD4, 707 T PR MGBDI MGBD3

Wushan, Tianshui

MGBD5

PGND3 MGBD1 MGBD3

GND3 ,GND5

City
%2 f{LR PGPR EABE B %3 LR PCPR HtkBRBELHIBERE
Table 2 The ability of excellent PGPR strain in Table 3  The ability of excellent PGPR strain
dissolving organic P in dissolving inorganic P
ppk PO WRADLBHES sy PRIEAG,  RWREOEES
Sirain W% HAR Ability to dlSSOh’fi"rgdmC pH Strai WL ER Ability to dissolveinorganic pH
D/d P/(pg - mL™") e D/d P/(pg - mL™")
MGBALI 2.3£0cde 21.73+1.09ef 7.67+0.1cd PGBA1 1.300.06b 123.59+2.36d 5.56+0.06a
MGBA2  2.67+0.13abc 10.76+2.6gh 8.14+0.07a PGBA2  1.93+0.07a 290.66+0.91a 4.530.07d
MGBB1  0.87+0.43h - PGNB5  1.300.06b 125.96+4.92d 4.88+0.03¢
MGNBIL  2.4+0.35bcde 8.12£0.52h 7.17+0.05¢ MGBC3  1.50+0.06b 240.40%2.02b 4.68+0.01cd
MGNB2  2.63+0.12abed - PGND2  1.30+0.10b 60.83+3.63¢ 5.22+0.20b
MGNB3  2.53+0.18abed - PGND3 1.40+0.15b 150.90+5.07¢ 5.8020.04a
MGNB4  2.8+0.1abc 64.72+2.16b 7.89£0.05b
MGNB5  2.47£0.09abcd 22.58+2.08ef 7.28+0.04f F 4 PGPR E#RS i IAA BE
MGBC1  1.57+0.03gh 17.83£5.39fg 7.9+0.05b Table 4 TAA secreting ability of PGPR strains
MGBC2  2.03+0.03defg 71.87%2.53a 7.5620.06de pre ey
MGBC3 3£0.12ab 31.2421.83cd 7.1920.06f ARG g A B
MGBC4  1.2320.03h - 317N BB Growth 7N JN Crowth
MGNCI  1.670.03fgh 15.78:2.96fz 7.55+0.05de Strain - IAA color L one || Strain TAAcolor o ne
MGNC2  2.43+0.23abcde 26.23+2.2de 7.77+0.11be N gl ) N (gl )
MGBD1  1.83%0.12¢fg 29.322.34cde 7.68+0.03cd MGBA1 + MGNC2 -
MGBD2  2.6+0.06abed 64.35+6.06b 7.5120de MGBA2 + 3.49+0.18b || MGBC3 -
MGBD3  3.03+0.35a 36.5920.74c 7.9£0.01b PGBAI - PGNDI -
MGBD4  2.2+0.25cdef 17.14+1.9fg 7.4920.01de MGNB2 + 2.12¢0.05¢ || PGND2 +
MGBD5  1.83+0.09¢fg - MGNB3 + 3.98+0.19b || PGND3 +
] B o o L MGNB4 + 3.1620.62b || MGBD1 + 5.29+0.22a
R PR ARER, - R R A LB MCNBS  + 3.07+0.18b || MGBD3 + 3.14:0.05b

[R5 K540 J S ) - Bk s 25 57 i 35 (P<0.05) , R IR,
Note: The data in the table is the average * standard error.

means no dissolved organic phosphorus. Different letters in the same col-

“

umn indicate significant difference (P<0.05). The same below.

»

TEJAA WS, +7 FRIRLL A -7 FOR TR G

“w

Note: In the TAA color reaction, “+

“w_»

means light red; “—" means

no light red.
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2.4 &R PGPR EI&AEES

FFHBE B B F5 58 NFM ORI CCM, M 55 55 4R 7
HLAVFIAR R AL 25 Y 20 BRI A FE bR, WA VP
SRR, V& B DL AR EL 0 W IR IR
KR53 AR 3D 20061, #4967 7% I SRR
KA AT 0020 ) W B Ak [ R ). i — 2P XL
[F5] ZRU I PR AT O, T RURE T Sk 5 R, 20
e TR AR (1 UG PR SE EL h 8.37 ~ 371.54 nmol - h™!
~ml™", GNB6 [ RS M ey, H o ] UG I P K
T 100 nmol « h™" - mlI™' BB k3 3 ¥, H¥ 5 B
BN AL,
2.5 iR PGPR MHIHEREHIGEN

JEILBFE 10 Bk PGPR X 8 AL 2205 ( Fusarium
oxysporium ) B R ( Alternariasolani) W W e
3, B 10 Bk PGPR X9 J5t B 0 41 1 2% 2R 22 ¢
% AP {UA PGBA2 MGBC3  MGNB4 B #k X # /I
REZAG I %3k 5 509% LA L, BLXE 3 A28 55 G
MEEH (& 6) .
2.6 LR PGPR BI#kHIEE

LEA VRN & TR bR U2 AR R TR T 9 BRAL R
PGPR, % H: k47 16S tDNA %58 | 18 3 43 1 [a] 95 )%
FILLRT B 52 9 Bk H MGBC2 \MGBC3 ,PGBA2 Jy
BETR 5 A BT B (Acinetobacter calcoaceticus) , B
MGNB3 MGNB4 N1 E KT & ( Enterobacter hua-
xiensis) , FAE MGBD1 MM ( Pseudomonas bras-
sicacearum) , 7 £k GND5 A #f BL 25 /0 #T B ( Bacillus
subtilis) , B AR GNAG6 “H S Ui 1k 40 & ( Microbacterium
aerolatum) , T8 #& GNB6 A Jill 5 % AR J83 B ( Rhizobium
radiobacter) , I EFMRGELBM (K 1),

3 0w

AT S 1A i 0 A2 A B, 4 A A HILRE FE
Wil LU O HLIE RE ) 55 , ELVA ik LR /N 5 7 W fE
NAFZLEREEMK R, XL G RN ED
ThIE A B AE A — B, X 2R
JEL PR T RE R T W R o SR BT B RUE Y
BRI LG B AR A HLRRPE | o 3 3 A
VERT, A S 20 B 15 57 i A rp AN 20 I R PR ) o, T A4
A 72 A QI A v 0 A F R TS A R TN R L FL
M CTRFAIIR, My e mes 746, X
SRS S AR E H R ) | R I 5 45 SR A T
s SEAIF SR e R 2 B DL 85 IR 9 pHL (L i 5l
P T ICHLBAESE IR pH (X IR P . LUK, 20 B i
G H A M A AL AT PRV W /DN, T R TR RS
ME PR — 0 5 A v 8] 40 J5, R e A AR ) ]

*£5 {LE PGPR BEMEIREFEM

Table 5 Nitrogenase activity of elite PGPR strain

Ve St O 11

T :
HRE . Tk Nitrogenase
Nitrogenase activity ( C,H . .
Strain 8 v (GH) Strain activity (C,H,)

T B
/(nmol - h ml™) /(nmol + h™' « mI™")

GBAl 86.23+1.62d GBC3 -
GBA2 - GNC1 10.08+0.3f
GNAS 80.1+15.69d GNC2 -
GNA6 122.88+1.24¢ GNC3 -
GBB2 9.34+0.41f GBD1 8.37+0.11f
GNB1 53.63+1.68e GBD2 10.28+0.1f
GNB2 9.12+0.01f GND1 10.21+0.73f
GNB6 371.54x1.7a GND2 8.85+0.23f
GBC1 - GND3 -
GBC2 - GND5 177.2+3.37b

=" R AR

Note: “~"indicates no nitrogen fixation capacity.

&6 PCPR XRREMFHEHMLR
Table 6  Antagonistic effect of PGPR on pathogenic bacteria

APIE WEE CHETEE R MEEERER EER
Biocontrol ~ Pathogenic Handling colony Control colony Inhibition
bacteria fungus rate/ %

radius/mm radius/mm

PGBA1 - - -

PGBA2 15.43+0.03i 38.2+0 59.6+0.09a

PGBC3 - - -

MGBC2 i . - - -

MGBC3 "mﬁfﬁ 17.43+0.12h 38.2+0 54.36+0.31b
Fusarium

MGBD1 . - - -
oxysporium

MGBD3 - - -

MGNB2 - - -

MGNB4 18.13+0.03g 38.2+0 52.53+0.09¢

MGNC1 - - -

PGBA1 - - _
PGBA2 - - _
PGBC3 - - _
MGBC2 AR - - -
MGBC3 Alternariasolani - - _
MGBD1 - - _
MGBD3 - — _
MGNCI - - _

=" FAR MR <50%

Note ; “ =" indicates inhibition rate <50%.

HAEWIA BB ER X Mep ] Y 2 oAb A
Yy oy fi AT BRI BT R | XA W
BECEACSR] 1 AR, A S50 7 s AR 3 B 53
SRR R WA S B TR R RE A TR

AW EC ) A KRR R RS RS
NN EER RO —, HR A T REPEILE, &
TR R, IR AU Y TR
RRM TARKTTRR, ASBIFSE o 18 07 2 i 11 80 v ke
[ SRR PR A v ) 3 R S S L AN 7 ( Miicrobacterium
aerolatum) ST BIARIE B ( Rhizobium radiobacter ) FAd;
AT ( Bacillus subtilis) , & HBE ST (C,H,) 53]
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PGBA2fif FR #5 A & AT 1 (Acinetobacter calcoaceticus)

Tt 2 55 AN S AT 1 (Acinetobacter calcoaceticus) DSM 30006 (AIEC01000170)
MGBC2 iz 5 AN 3 ¥T 1% (Acinetobacter calcoaceticus)

100 MGBC3i 2 £5 A 3 FF # (Acinetobacter calcoaceticus)

85

100

VG [C AN B AT 1# (Acinetobacter pittii) CIP 70.29" (APQP01000001)
— 76— Acinetobacter nosocomialis NTPH 2119" (APOP01000014)
bR (Pseudomonas laurylsulfatiphila) AP3_16"(KY462012)
100 4100|:I:MGB D 14 2% i ¥ B B (Pseudomonas brassicacearum)
100 Lok 25 {8 56 0 1 (Pseudomonas thivervalensis) DSM 13194" (LHVE01000021)
2 (Pantoea rodasis) LMG26273" (MLFP01000054)
100 100 MGNB3E 5 [K W kT 1# (Enterobacter huaxiensis)
L|-7|jMGNB4‘f4 B2 KW ¥ ¥ (Enterobacter huaxiensis)

56 L 5l kT (Enterobacter cancerogenus) ATCC 332417 (FYBA01000020)
100 |— GNBOJH M IR B (Rhizobium radiobacter)
L[Agmbaclerium arsenijevicii KFB 330" (JWIT01000061)
92 L M98 B (Rhizobium nepotum)39/" (JWIJH01000079)
99— Microbacterium shaanxiense CCNWSP60" (KJ735510)
100 W [T B (Microbacterium profundi) Shh49" (EF623999)
GNAGS I F 4l B (Microbacterium aerolatum)
GNDSH 525 b 3 (Bacillus subtilis)
i 55 2E J AT B (Bacillus subtilis subsp stercoris) DTXPN1" (JHCA01000027)

98 L Y /R 2% ZF U #T 14 (Bacillus velezensis) CR-502" (AY603658)

0.020

1 KREK 165DNA BEEF I EIREEMBZHRERER
Fig.1 Phylogenetic tree constructed by homology of 16StDNA gene sequence

371.54 nmol - h™" - ml™", A& A (C,H, ) 8.37 nmol -
h™' - ml™ 2R E . BATRE ) EA AR
RERUT IR 18 AFh X LEF5T & B [l Fh 2 [i]
{18 125 R RS A ], o AN [ PR 2 ) ] 2
RIS L e A 8 U 2 B B R A 32 1
O PR BIRAR , D L322 26 11 R0 i 2 ) A= D AE R AR
A= B Tz B R AT, B AP R
IRZ e R T e T R DOR [RIAE ) R I EA
e R P 1 2R PR AR L2 b DX 2 r Pl T 1 60 FH & 2B 1)
I XIREEE EOE H 4B 10 BREAT
[E AN RE A R A& T2 fAF R e . ASBTIEiE Y
20 PRETRRH E A RE DB 1A 3 vk H 2255 3, 1]
REJF DR 2 [ A B VRS2 R R 5 ek osem
HAT 9 BRAR AR FEPEOL R TR AR, Hh SR B AN 5)
T (Acinetobacter calcoaceticus) 3 B, 7= M WY
PEA AN, 2 BEAFAE AR 3 rh | HOR AL B A
VRBERE ) I B R BRE . SRR T ik IR A
| BRANBIAT T B3521, 22 il | Fis i AR B 05 5 1 48
D N R O L ) S R 1 T
DI L0 F1 I 55 L 1 5, BB TR
BB 36 1E . 2 52 IR B A B ( Enterobacter
huaxiensis ) %2 VE M A HH , H 5 Pantoea B RR 1A
’Eﬁg %ﬂ%( Enterobacter cancerogenus ) *& j‘] *H M , H:LX
7 RPN ST A B [ O 11 T 2
Ik, MGNB4 5 MGNB3 T8 % B H AN I8 BB il /E 73
Az b ) 1 TR R BT R R RS 2 ST R ( Bacillus

subtilis ) JEE PR _EIAATHOE RARPRO2 A2 3, JLSEAHRE
J158 Al HIRA Z 2 LEDIRE, O L B i
(8 AT REPEAI R, J UK X e E AT 0k, ASBIF 5 B 2k
H YRR MGBC3 [R] F HA B0 FE 9 AE ), T8 bk
MGBD1 BAT 73 WAME Y HE ORI RE 1, HLo
R A R BE T By R AN R DL 1 RO REs 2,
HHZ TN PGPR W # d M TR % 5
W, KRB R 1 MRZ D REAR PR IE A T
DD3, HA B W 7 Bk 3 i 7™ HON A& REJT, WK
FRPR G HUMG BE ) SF A B4R, DAL, B 2 2
RERRAEAON A2 7 vh oA 1 25 X, ZIIHE PGPR
BB BRI,

4 7zt B

AW ST S A LB AR 19 PR A TTHL
WEERIME 6 A, [ & B 20 Bk, AR PGPR T KR %
BAERE ) & ECRE ) AFTE B 22 5o T RV A T AL
BEAYRE 138 i s v A AT DL B9 BE 0, T T L
AE 185 M9 290.66 wg - mL™ AR DL RE S B
9 71.87 pg - mL7 AR ZURE M (CLH,) Bem Ry
371.54 nmol + h™" « mL™" ; /M IBAEA A K IR TAA B
Bi 14 B, B FR MGBD1 73 TAA fEJ) fci, h 5.29
pg - mL g A R B AR 3 RR, LA TE R AR
50% VL, 9 BRI PGPR BIFESEE N .3 FRIG AR S
ANEFF R (Acinetobacter calcoaceticus) ,2 HRIEE K
& ( Enterobacter huaxiensis) ,1 BRAREAMIE ( Pseudo-



5534

A R A B SR A TR T e 5 e R R R D 133

monas brassicacearum ) , 1 Bk B 25 f8 F1 B ( Bacillus
subtilis) |1 BRAHUIAR TR ( Microbacterium aerolatum)
1 BRI TR IR B8 ( Rhizobium radiobacter ) , H:0] K J5
ST E P R S AR

2 % X #k:

[1]

(2]

(3]

(4]

[13]

[14]

[15]

[16]

[17]

[18]

[21]

[22]

(23]

Azl PR ARSI, A5 K R LR R )2 M RS H AR 34T M
RIG[ T ] AHUEBIFE,2017,39(9) :190-194.
AT, FEZEIN. AR A fE 3 B k1], FRAH BRI
A, 2011,(3) . 73.

BEAL A RIS S AT 3 R A MR (1],
K ELEFFIFFT, 2003, 10( 1) :83-89.
PHF s, FEAME, Wi 5F. BESRVEIARBRIE A 43 B L M
PEAEAFEE )] A7, 2018,45(04) :836-845.
Wk, 1 ARG A AR PR Al A TR ST B A R L A 2
WHEI[D]. =20 Hfdelk Rz, 2002.

HE, 25608, ET e, 5. AYIRER A TS SRR T R
JE[J] A2, 2016, (6) :181-185.

SRR, ER, JTSCET, A, RUAAR PR AR AR B AW 5  H BER
[J]. 542y, 2018,40(6) :37-43.
FEWIR ZOUE R A A G e AR R
SRR ) ] IR, 2003, (3) :38-41.

XAEWE, 2R FR AR WIS W RIS R [0 ] TR 2R AR
2018, (5) :5-6.

TARYT, WIS, FZemn, AF. BEU)EE A B AR fh RO R fe
HORABITEIERE[ 1], Bt S5 RIET L, 2018,44(2) :278-283.
FISE, BREE, RN, SRR [T ], R T S,
2019,22(2) :41-42.

Jiao Ruzhen, Peng Yuhong, Gilkes R J , et al. Preliminary study on
phosphate solubilization and K-releasing abilities of Rhizobium tropici
Martinez-Romero et al. strains from woody legumes[ C] //Proceedings
of the 19th World Congress of Soil Science: Soil solutions for a chan-
ging world. Brishane, Australia; International Union of Soil Science
(1USS), 2010:104-107.

X, S A LA AR B AE A B BT IR T A S AN 4 E [ D]
2N HAROIR, 2016,

i i UM P S B BRSO TS BE  Fur 25 8RS T
PFERIBEFEL D] ALST R EOVRRERE 2016,

BYRAR. AR IE R M L A A AN 2R E L D ).
2N HARRAE, 2010,

Pikess, i, BOR, 45 BEFRIE PSS B IR R s PEE
BRHLZA KA ], A28, 2019,46(5) : 11081114,
R, I, DO, AR AR L R SR M LR R AR
MBI T]. Tk, 2016,25(11) :173-177.

ZRPRTE. SURRARBRIE G [ 0B 705 i e M 4E5E [ D). 8 1.
FAR2F,2010.

XN, EAER, SRR, S5 RFEHRPR O A: B 1 % 2 K fie
ARETIAMT[ D). Al BRI SRR, 2018,35(2) :119-125.
AEE, BRI, X, . FRMRBREER Bucillusmegaterium
XS2 I SRR T [ ] AR RS 2441, 2018,40
(1) .71-79.

M, Wik, TRAESE. 2N R ROAR BRI TR 20 B SR Wi RE
TIIMAE)]. FESRIT, 2004, (4) :39-41.

K. P AT R FE R i PP AR R A R ST 8 B fr A AL
HERPFE[ D] 22M  H AR R, 2013,

Liu Xiaoxia, Lu Ruixia, Wang Xiaoli, et al. Screening indentification

and growth-promoting effects of inorganic phosphorus-resolving strains

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

of white clover rhizosphere [ J ]. Agricultural Science & Technology,
2012,13(10) :2058-2064.

FXR, W, 4 RASHIARBROEAE B BRI S E KA AAERI[ T ].
TEEY B, 2019,46(3) :548-562.

Tz, W, KA, 55 L= ARBRE R e S R A
R[] Bl 2019,28(1) :170-179.

ZEB, PR, PR, 45, RIS [E U Kosakoniaradicin-
citans GXGL—4A I B2 SEEAHERTE) ], eE i,
2016,43(11) :2456-2463.

Ermnesto S,Fotis S, Falko P, et al. Biological nitrogen fixation in peat-
lands; Comparison between acetylene reduction assay and 15 N 2 as-
similation methods [ J ]. Soil Biology and Biochemistry, 2019, 131;

157-165.

Fan Jun, Hao Mingde. Effects of Long-term rotation and fertilization
on main microbial groups in soil[ J]. Soil and Water Conservation Re-
search, 2003,114(1) .88-89.

SRR AR, SRR 25 Sl Ay IR A [ R - W A R
PELJ] AR, 2018,37(7) 121222129,

0, BARE, TR, % ASNAANTRE I 7 B RSPk Y
G )], R R, 2012,37(11) :1532-1535.

SRR, URINZL = MARBR e A B A SR R ERFSE [ D). 22 H
Aol R2#,2015.

ThYAf, Wkt IR PR A= TR SRR S [T ] B B
¥¥,2018,38(2) : 73-79.

XN SR 58 ZEOR L T RTINS 4 RV PERERRER A AR 0 1Y
WIS 4, 2002, (2) :236-241.

IhYARE, BRI, Th IO, A B EEARBRE AL T (PGPR) it 5 PR
FE[J] HlkAER,2017,26(1) :149-159.

RO/, MRURSE, ZEORE. SRR R RE DS pH M Sr
HLUERISCR[T]. SWdeak, 2003(3) :5-7.

A, NI, 2 e, S [ RS ZF AT B Y 43 B S BOHAR A |
TMBETEPERIIE T ] AR F41, 2019,21(5) :95-103.

Xie J B, Shi H W, Du Z L, et al. Comparative genomic and
functional analysis reveal conservation of plant growth promoting traits
in Paenibacillus polymyxa and its closely related species [ J ].
Scientific Reports, 2016,6(1) ;2-10.

Tt , el X T e AR B il 4 5 [ RN B 2 S
[ RRPERBAARRE T[T ) S i 4, 2016 ,43 (1) :2366-2373.
X, Ut SR ANES AZ AP 8 o] SR S B2 TR 1) A 1A
THFELI ] ARLAERFSE 2018, 31(4) :98-103.

Garbeva P ,van Elsas ] D, van Veen J A. Rhizosphere microbial com-
munity and its response to plant species and soil history[ J].Plant and
Soil ,2008,302(1/2) :19-32.

FAGE, BOCH, RN, VR R RIE SRR KR B
MR S ARBLAIETE ) ] iz, 2008(6) :374-378.
T2, ER, ZRAL. — B ST AR - P I
VERTES R E RIBIABCR ] TP 244, 2010,22(10)
78-79.

HZR, AL, ZRMEN, A 08 R X ALAE SO T 0 T
FZGAEHN )] IR A RS ( FARBIEERR) | 2011,37(1)
52-54.

Tiilin D, Gamze B, Tuncay B, et al. Pneumonia due to Enterobacter
cancerogenus infection [ J ]. Folia Microbiologica, 2014, 59 (6):
527-530.

KEET Mo, RER, A5 Z IR IR PR 4= T DD3 A9 ZhREss
PR IGER A AR LE R [ T A B 3R 5 MU 41, 2017, 23
(3) :748-756.



