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B E. HWRERMEATE (Plant growth—promoting rhizobacteria, PGPR) HAGHRHTAL W% F, (e dbAid 4= K 55
YER . ATITE L ZRAS 8 & BB AR R AR bR 3 rh 20 B AR A BORR PR A TR D BTSSR 52, 0 e SRA X R AR i
JE A H5 ( Setophoma terrestris ) 1 HO ( Fusarium solani ) E AT I 45 TR A9 B Bk DS7, 28 16S rRNA 5 A )7 51
PRI E, R RIE T2 TR R (Bacillus ). DYREFFTERFTE R HIER Bacillus sp. DST Xf HS il 515
) 51.72%, X HO Ml ik 5 42.31%; ##k DS7T HA 7 1AA (1929+0) pg/ml., PRk, KEH. Hik
ey, EAEA ™ ACC B MRE J) . MRHEAIAIRZS R /R 5AHE X A L, M bk DST 5 K5
PR 15.42%; - SRR REME AT M ADR S P T IR e, A SRR R T IR, 25 B W
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TR

TR s I B - HS ( Setophoma terrestris )
SRS % N DL TEAR 0 1) R R AR 43 B 1 3
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72 HCN REJIKES : King’s B £5573&: MgS0, + 7H,0
15g, KHPO,15g, HufitomL"™, 1.8% Biflg, &
20 ¢, pHE 7.2,

PR R IR . R ARG I R

VS FRBERE IR . WS FRAPLBRRE ST A PRGN
WFRE T BRTCHLBERE . oML 1

TIAA fEJIISE : DF B53eE ),

ACC g JIMIE : ADF B3t [

FRRE IR AR,

1.3 0 R X R EC B S P

KW AU A 0 78 PDA AR b, FEAR
5 mm FT L B F R o Jir 0 1T B8 D 42 T R
SEARIE 2 em AbAY— o5 b, A R — BRI R0 AR
ST B 55— B 2 W L AR, A E
3ANERE , H9 MALFRE F 28 CHHIER FRAE R 7% 7
d, H5 FACFE T 28 ClHHIEE FAH 57 14 d,
EMERR, THEIER,

TR EAR TR A
TR AR = X BB VR AR — Ab3ATR B
PER (%) = (X B R - A% EHAR ) /
X RRTRVE B % 100
1.4 PR 16S rRNA JHJFFI &

1.4.1 Tk 168 tDNA ) PCR 4" 1%

IR PV, T4 100 L JCE /K P EP 48
RA1, 95°C/KIB 15 minJ5, T -20°C KA ¥ ¥ 1
min, 12 000 r/min % & B 0> 2 min, 4 °C VK55 &
1, BB By, PCR ¥ 445 % i 5|
Y, P8I BORE 6 A BT A T A BR S /R4
J¥, 7E EzTaxon 508 B 12K 3845 104 77 51 2 17 7 471
FeX
1.42 Witk gyrB BRI PCR 94

SR AN TR DNA 355 & 7 i 2 BUR #% DNA, 5]
Y oh: UP-1 M1 UP-2r, JR Wit K : 95°C 5 min,
94°C 1 min, 58°C 1 min, 72°C 2 min, 30 1FH %,
72°C 10 min, ¥ 345 BAE AL LR 1.4.1,

1.5 TRRRGE A Rl B
1.5.1 W fRwRe e

WA T 2 wL AR TFR, Red s
IR AT LIS F2 35 T, Cay (PO, ) , VE N EHLBE,
B A RAE AU, A 3 RER, A
FRFRAE 28°C, 14 do 2EABHBFEZIE, kA
A HR S HAT I s 1 g
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553 d BPE AR R ARG, BT AT 7E A
B A KR FOR B ARE T . XA B ARE
(1 200 TR AT 20 e DB I 5 o AR T IR
FUAT [ UGS T P BRIAR AT nafH SERIAT 38, O
N 95%C 1 min, 58°C 1 min, 72°C 1 min, 3£ 35
MG

. W 5 % [nmol/ (mg + h), protein | =C,H,
(nmol /[ R HE (mg, protein ) x SUWATE (h)
1.53  IAA BE7E

TAA 72 A (9 g g T HE e kil s U, 7 DF 1%
FedERh R MR K 24 h F B RIS A 0.1% L3,
AR DF K783k, BT 28CH 34, 7d)5,
8 000 r/min 50> 10 min,

IS Fe-H,S0, W (1:2) BE, W&
WCE 45 min, I 450 nm ZRRE OGRS
WEMR R, bR 2 .

1.5.4  ACC it 22t 7% 1 T AR 1) 7 126

%% Glick ' B977 4, 7E 5 mL [ SRR S 5%
B EEAHEF, 28°C 200 v/min 551 R AR R 1
d, WeHL 0.1 mL B 1P ZE 5 mL i DF 55239, [A]
SR EER SR 1 d R, R 0.1 mL 27FRE 5 mL Y
ADF B3R 3Erh, R SRR gh 23R 1 ~ 2.d. BT HE
ADF JEFR 3 AR K R A — IR, AR ACC
() ADF 3% 57 3 4 BT B, 53 51 AR 2 T 19 ADF
AT ACC %) ADF 353 566 B, % 600 nm Ak
FEIRIWOCEEE, B2 ACC IR B0 FHE R
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SR FH 00 7 PG DU 355 57 JEE X6T DA R ™ 2k Ak i
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Pl P TR PR e 2 Sl R R AR R B B bR . HLA
I AUNTPA
1.6 Haj4Fp
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B S JtifH DST WM SR ANt DS7
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SR P e R AR VR DM R e AR SR A 5
SRR — YCGARREN L LRI E KB ;L IEE
BERGTEHER 3, 5- TRSSKRRLL @ikmle ',
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2.1 FHPURPR AL

PR PR Y FHRTE L AR 4 2 B
SRR A A R s - e b A B Al AL i 4 s, A
PDA $i7R2E EHEAT XIS, SPIRiXTIS SR, &
LT R DST Xof I b 7 AR 9 i It L T 34 A A5 e
2 H, DST % HS ( Setophoma terrestris ) ]I S
F) 51.72%, Xt H9 ( Fusarium solani ) 1 il % ik 2|
4231% (& 1),

1 Btk DST M AFREG HixEEERETE

g

2.2 THFk DS7 1Y 168 rRNA JEHF3 5047

F BB DST JET 168 rDNA R A5 (1 3 K5 51 Al
BT gyrB PAFWFEIRFF, 43531 5 A0 T A 0
PR 51 AE ETaxon K e rh AT HOW I, AR 403
TEWZE & MEGA 7.0 F S R GUR B LR,
B2, B3, 456 T IE AT E Wtk DST R ie
WY ZEAOFFTE ( Bacillus amyloliquefaciens ) ',

Bacillus methylotrophicus HB26" (KM659227.1)

Bacillus sp. DS7

Bacillus siamensis FJAT-46919" (MG651530.1)

100

—
10

Bacillus amyloliquefaciens K32" (KU922448.1)

Bacillus velezensis WGB1" (KY962345.1)

Bacillus vallismortis LZH-Z11" (KY049897.1)
[ Virgibacillus salarius SA—VblT(AB197851.2)
Virgibacillus olivae E308 T (DQ139839.3)

B2 ETF 16SDNA EEFINHERRR DS7T Rk B LR

3 Bacillus mojavensis BCRC 1753 17 (DQ309303.1)

14

Bacillus subtilis BCRC 17441 (DQ309320.1)

2
Bacillus axarquiensis LMG 22476" (DQ903178.1)

11

Bacillus velezensis BCRC 17467" (DQ903176.1)

0.50

1
0 Bacillus amyloliquefaciens ATCC 21556" (DQ309308.1)
Bacillus amyloliquefaciens ATCC 158417 (DQ309310.1)
Bacillus sp. DS7

Bacillus amyloliquefaciens BCRC 116017 (EF433406.1)

3 ET gyrB BEEFIIMZEE DST RER B #ALR

2.3 WAk DST BT RERF TS
PR DS7 REAEHE I BEAS AL H BB (475 B
K AEIE, FIHHEA EAKMRES); 7E King’s B 15

FRE B, ERER DST R LT H PR (A A8 4k, 1
B H B A5 7= HCN B8 J1; B #k DS7 7] LUfifi CAS
0K T VR P A A 0 P BB, U0 B LA P ke gk
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RAETI. DST HA - EBRBURIIEE S RAWMA
PLBEFICHLBERIRE ) RAKMERRES; A7
IAA BEJ1; AHA A ACC AR RE S, 4%
W1 R, AR DST fE-F A ERE O, ik 4
J7s o

& 1 HE¥k Bacillus sp. DS7 HIThBEHL

hResstE Wtk DS7 Ikt Ttk DS7
P EARE S + IKAEE I RE TS +
A DU RE ) ++ I UAE ) +
TARICHUBERE TS + ACC Fri -
77 HCN fig /s + IAA FH 192920 ((pgml)

T FAPAS 7 RN EA MBI RE S, “+" R
HA H5 AT I ) RE RE 1 5T BN E RS B R ) RE R

b
He/J o

B 4 Bk Bacillus sp. DS7 HITheE e

VE: BIA: bR DST U RREIKAE S, FEB. bk DST I %A B
e, . bk DST VAT HLBEAE 1. B D: Bk DS HON
)1, B bk DST KAE 1RE

DS7 A LATE RS SRSk rh R 75, L AU 1
J5 (0.41£0.09) nmol/(mg -+ h); BN FHEXT IR
I%] 2 b PR 1 [ S0 it SRR 3G 25 B a1l 5 B
M F2A A T — R WAk DS7 MR, H
HERBES

2000 bp

1000 bp

5 B#K Bacillus sp. DS7 Bl &g nifH B E K
PCR #5845 %
. VKiB 125 DNA marker, JKi 2 NHE#E DS7, JKiE 3 AFHHEXTR,
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2.4  FEFRERR DST7 X H 8] Kown e Al 52 i

FH () p= 25 S an ¢ 2, it F DS7 B 5 Kawf)
e AN AR AT 7 i B 6 B ZH A R B IS N 24
15.42%,

*F2 HENFEER

Qb Pt (kg/m®) e (%)
popitst 6.29 +0.47a —
DS7 7.26 +0.76a 15.42

Ve B R /NG 5 B R A B ] 9% B (P<0.05, n=10),
T

2.5 HEFRERIRE DS7 X FH R A AR B - 8 G 14 1
Al

R RE DST J5 58 b a1 . o

A AL U TS PR RIR B S R 3 S BRI 1 S S

o R DST WG, L HEREAR G A X X R

L= 12.95%, AT ULEERD DST WK 5 LRI A

FrdEIt s, WAL SRR R, A

BEAK 2.75%, 35 b R W 04 A i 1 3 R 1S

AT RER AR DST J5 24l A 58 v A i A M i T

Bl RN DST FTINERZ AR, S0 RRATAR g

B 6.80%, LEFWFE 3,
£3 HREEHER
s e
Nt DS7 (%)

T IERET VR bR

i AL ARG PE (mL)
WREE S (mg)

23.791 +0.122a  26.872+0.049a 12.95
0218 £0.012a  0.212+0.078a -2.75

258.284 +0.013a 275.844 +0.018a  6.80

3 SFitHitie

bR A= (PGPR ) TEAL ) A K ad A
R A KR TR — 2R AT B LR RE, PGPR 7EAE
PIRAR ZE B R e A, WS o O =0k
bR D A L R AR B 2 B e
BAEYBRA AR o Y il e
J& (pseudomonas ) . #F fFF B JE ( Bacillus ) Fl4&
FrE & (Agrobacterium ), X EE5 AWK 2 BHA Bi
WA TRE, W LA SO T Bia e . By
PGPR 16X H 4 LE If o) 4of - 356 2 0,
DIAEACEDT & Byt #2 b 7853 #FH PGPR RS REREIE
JefU AR A 4G | I8 A 55 R) R — P R [
M. FESEPRA 7 2 IR A ] PGPR ik
AR AR PRI L 0 2R AT R SR BN
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MR GAVEY, B I T2, PTRIR 4
IO B T R A KGR
B 62 MRy Az B X 4 Floi R B #R R A S P
ML PR R B 5 B 84.2% . FRVER 2
FRFTF T SR b R I AT AR i B IR AR, 1
e IRIRBER, BRBEMORERS 70 e
ZEFTF R ( Bacillus amyloliquefaciens ) F.A5 41 il E
T MZ BT A PEROAE T, SRR AR Rl R
A PR A O AT 5 ) (4 AR 2
DS7 ( Bacillus amyloliquefaciens ) %} R R 5 95 9 )i
B A0 RS XF HS ( Setophoma terrestris ) 411 il
B3] 51.72%, % H9 ( Fusarium solani ) %153
42.31%, SHRZREWY, Wbk DST X GAARE
HHABIEIIRCR

PR A Y PGPR BE W i 3 v Y k0T R 42
HEA kI, A RERS D RIR R % 7. AR
RETT . W RwERe I AR BRI AE Y, WL A SR
MY AE— e R At n] A A A AW, InpeAs
Wi 2R K O PGPR B, AN A R 2E A
¥ ( Bacillus subtilis ) . B R ZFFAFF B ( Bacillus
megaterium ) , REPEHE B KA K, HA B M I
B, A HLEE, 4r W TAA BE 71 ", Burkholderia sp.
7016 HAT A . #WE. 7 ACC Tz HE, et 3
PR AR i LA S 2 AR L A
SLES B ST O L ) 9 DST B Z R O REREME: KR
WL PURRER. BEAL WA PLEE. THLEER
72 IAA BRET . MRS PR B T S B IR
ST LA S 3 A I A A TR S RE S RS .
S B B PR 5 P A ARG R R RE R 4 B
BRI TR U b AR A T A
g% FEVEM TIRNE Ty . RSREIN | Ao - A A
TA T IZVER, AT e A B AR AR
B N e IR A S SR e YR +
HEA R ARSI ) R — A
TEOK AT, TR T LRI AL REME 0 B S 7 A A A
S, ORI AR TR AR IR 0,
it SR S Y SRR R 5 3 A - SR A P 2
G, REARYT ki AL AR, e Ry T
A SERBHE RN T 2 A 1 R K
FAYUERESE S L3P A LB & &, JFH S 13
JURTEE | W il I AL T TG MR S AR OCHE . MR
FFHE ( Paenibacillus spp. ) J& 38 i % 14 5 485 9 19
AR IEARDG, BEfSSR IR, W HA

PR PR IIRE Y RIS ST A L, B
DS7 ( Bacillus amyloliquefaciens ) J5i Kgsr= & H X R
3G 15.42%, $E7 DST A B TR i otk
RIS DST B L AR MU B X B2
e LR TEE, M S RS MR bR T
i, DS7 Al e 2 ] S b S AR B G A A T 2
(ELE it T Tk SRS PR Tt DST ml S
IR E R AR, HeE IR T, BERIRR
TIERVER]. I, DS7T G2 R, * R
B0 S EC BRI AT RIS TIOR8 )™ ) ] i ]
PABRE 3N Ty, 2 — i R4 A A MRS R BT D
[EEi
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Study on the characteristics of a rhizosphere bacteria in garlic and its effect on garlic yield and soil enzyme activities
in field

CUI Man" ?, YIN Yan-shu®, ZHANG Meng—qi', BU Ning', CHEN Yun-yun’, GAO Miao”, MA Lian-ju '
(1. College of Life Science, Shenyang Normal University, Shenyang Liaoning 110034; 2. Institute of Agricultural
Resources and Regional Planning, Chinese Academy of Agricultural Sciences/Key Laboratory of Microbial Resources
Collection and Preservation, Ministry of Agriculture and Rural Affairs, Beijing 100081 )

Abstract: Plant growth-promoting rhizobacteria ( PGPR ) has the function of resisting plant diseases and promoting plant
growth. The rhizosphere bacteria previously isolated from the rhizosphere soil of garlic in continuous cropland in Jinxiang
County of Shandong Province were studied. The results showed that the selected strains had good antagonism on the pathogens
H5 ( Setophoma terrestris ) and H9 ( Fusarium solani ) of garlic root rot. The strain DS7 was initially identified by the
sequence analysis of the 16S rRNA gene, which belongs to the genus Bacillus. The study of functional properties showed that
the inhibition rate of strain Bacillus sp. DS7 inhibition to HS5 reached 51.72%, and the inhibition rate to H9 reached 42.31%.
The strain DS7 carrys the abilities of producinged TAA (19.29+0) wg/ml, producing iron-producing carrier, hydrolyzing
ed protein, and dissolving phosphorus-dissolving ability, but does can’t have the ability to produce ACC deaminase.
The field inoculation test results showed that the garlic yield increased by 15.42% after inoculation with strain DS7, and
the invertase activity and urease activity of soil were higher than that of the control soil, and the catalase activity was lower
than that of the control soil. In summary, the plant rhizosphere growth-promoting strain Bacillus sp. DS7 has a variety of
functional properties, which can increase the yield of garlic in the field and improve the soil. It is a potential microbe
fertilizer production strain.
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