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Bioactivities of Pseudomonas aeruginosa HZ15
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Abstract: [Background] We have discovered that Pseudomonas aeruginosa HZ15 isolated
from Macrobrochis gigas has a strong antagonistic effect against tobacco black shank. However,
other biological activities of this strain remain to be explored. [Objective] To investigate the
bioactivities of strain HZ15 in agriculture and provide a theoretical basis for the application of
this strain in agricultural production and the development of biocontrol agents with this strain.
[Methods] The agar diffusion method, plate confrontation, feeding method, bioassay, and pot
and field experiments were employed to examine the antimicrobial, plant growth-promoting,
insecticidal, and herbicidal (against ryegrass) activities of strain HZ15. [Results] Strain HZ15
showcased strong inhibitory activities against four species of plant pathogenic bacteria and the
inhibition rates over 60% against 11 species of plant pathogenic fungi, exhibiting a broad
antimicrobial spectrum. The pot experiment showed that the strain had a control effect of
52.48% against tobacco bacterial wilt, which was comparable to that of 52% chloroisobromine
cyanuric acid-copper sulfate soluble powder diluted by 800 times. The field experiment showed
that strain HZ15 significantly increased the number of tobacco leaves and the maximum leaf
area. In addition, both strain HZ15 and its secondary metabolites exhibited strong toxicity
against Solenopsis invicta and Caenorhabditis elegans, with the supernatant and bacterial
culture showing the strongest toxic effects on S invicta and C. elegans, respectively. In
addition, strain HZ15 inhibited the germination of ryegrass by 63.80% and significantly reduced
the root length, stem length, and fresh weight of ryegrass. [Conclusion] P. aeruginosa HZ15
possesses antimicrobial, plant growth-promoting, insecticidal, and ryegrass growth-inhibiting
activities, demonstrating significant potential for application in agriculture and environmental
management.

Keywords: Pseudomonas aeruginosa; bioactivity; antimicrobial activity; insecticidal activity;
herbicidal activity

i 23 A 10 T (Pseudomonas aeruginosa) iy
2 R y BTEATF A, B 1882 AR I IRTE MK
hRBLICK, RO R 2R, A
& KK MY, ST R
TEES FERAG, HHAELO SR B
KEHEAE R AR,

) 2 1B TR 1) 410 T AR P R ST A TR A

RO B IhRE . WylE-1-FR R (phenazine-1-carboxylic
acid, PCA). 5 2¢ It & (pyoluteorin, PLT),

2k e 7 K (pyocyanine, PYO). FfL & (hydrogen
cyanide, HCN), L-2-Z -4- W E - A -3-T
2 (L-2-amino-4-methoxy-trans-3-butenoic acid,
AMB) | 5 [ S JUT Joa 55 1 ) o i) 7 A A
1R HA T SR R S), Hariprasad 41
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Mg rh oy 2 15 2 2R MO TR 2apa, LR
AR AACH = 5 5EAK AL PR (Alternaria alternata) .
2 F14 71 TR (Fusarium oxysporum)fE i 10 F
A MEIER; A, R, %
PR BB AT RO R AR R A e BT . L
W IR . Wang U TR THAR PRAR R 1 18
Hh o3 B 3 A A S BB I TR CQ-4 X il . BN
PUTA SR TE N 1Y) 16 FPRE 400 ) L e 35
A PR A A o % T3 O S T8 DA A 2 AR o 1 3
A3 B ER SR AR PR TR F13 X 8 Fb B AL
A 60%LA IR, XA OB Y I B
MOHZEE 9 d)ik 71.92%.

o] &5 Al BB TR FT 7 15| W £ R (indoleacetic
acid, IAA) ., IRER R EE, HHEPE. M
BLORMRSERE, AR L S Y A KO R
FPTHECS SR A F13 W B e
FAR i, R RN W2 P T A Rk A
R, =N 39.68%; BbAh, XA ]
WERSTMARL PR C Ml EEAR
i, MR & S D, Uzma SU0% M
Fh e 2B PR TR TR 5 e SR R K . B IESK
FrRLEL, BRE ., BFFEALEEE KRS
WA RERS, I HIXE T S A O
Ak BERRE T . KA R AR R
BUAE Y R T2 i . FESC RN R
Y] g A1 B D T 3 e i e KRR B AR T 2 3
IKAEIE A . S AP EA Y R S R, A
R oK R IIE , RS TR RIE
AR, KRR,

] g A PR T R LA R L BRI DL N R A
TG Y ST RE . B A R A AR T — A A
AN 0 B 5 B 4 SR S M P NZM13-11,
T2 TR R XS U A 208 FE e B A 15 1 SO 3R R o R
TH R (AT 100%). Nguyen 25O 4 4% (5 H
JELTE TUNO3 X il £ s g#E A 3 A i a3

GERFHIH MR TUNO3 Sfobinf£R iy 355E R 5
B, N HAET 2RI 100%, HH[R)ZE dAtT
AL A 82.23%, JT HLBRR XS £k B Ay 0 A 1 L
BIHIVER, MHEA 84%., AR, M4k
15 BRLIEL TR T 7 A A LT T R AR A L S AM K
HR LT (AN chiC gmidiy JL T B C) 53R e
FETI), ARt i S U DAL SE T 1 35 A g e
Ay BB AR R A ISAT, HIEBON T EUY
OB RS WA T T, AEOEREAR
(T 40%), SR, A0 i A v 0 4 R L B
FE IR H) 82.53% , ¢ HH I PN 47 ot 4% Ha v 4
o TR OISR R B, 4 4% i B Ik
AR A B 2-GR R ) RIS sk
FAb AW B LA AR VT RE A A RO i Ak B A
Ko Ak, Lakshmi Z5U77EBR B G 150 Hh
IR 53 85 JIT A5 1)) o A B TR K C L TRV () T S
FAMH(P<0.05)Z% F AN ¥ (R DE . Ehiki ) AR |
2K Wu U B4R S I TR L10 2
— PN AT, LA gD BN . BN
it . P U S A TR AR AR DG I LR, e
R RS 7 A0 5 e 3R IR AL B9
25 Lk, R R IR A AR BT DI RE 2 A

HA B R KR T 950 =000 E W & ik
(Macrobrochis gigas)4hi 4t ) 25 15 2] 4l 2% {15 5 i
B HZ15, HOGH e R B B s b e
R, T sz wtk HZ15 /A YBhih ae
71, ARWFFER AR R T SRR AR AR S
PEIEATIRSE, DI IT R F Rtk HZ1S 1)
A= W B T SR W B Bk A Rl

1S

1.1 #&H

A BT B SRR TR HZ 15, 5385 H B M
B RA AIE, T 2020 4 7 AfEREA S
TH T SR X R B B R S TR R A &0 16S rRNA
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FEP 2 e U, BRAE T s R A K2 2

G IR L TR - KBEI B BK ¥ B (Setosphaeria
turcica) . A\ZSHEHSfE(Alternaria panax Whetz) ., ik
E ] f4 [Mycocentrospora acerina (Hartig)
Deighton]. & %21 JIif i ff(Bipolaris maydis) .
BEHE FTE [Alternaria alternate (Fries) Keisslar] .
A 55 9% 25 (Phytophthora nicotiana) . 24 7] 14
(Fusarium oxysporum) , st ffd 7% JH 1 (Colletotrichum
gloeosporioides) . £ I # ffl (& (Corynespora
cassiicola) . 4R ffi s JH & (Colletotrichum
acutatum) . Mt #l & £ £ il [Pestalotiopsis
eriobotrifolia (Guba) Chen et Cao], f#fF T =1
ViQNESY T N

9 S A TR A RS R B aE [ T (Ralstonia
solanacearum) . i 17 5 Y A 2 2R B0 A8
(Xanthomonas citri pv. mangiferaeindicae, Xcm)
7K F B R M T UK AR B0 A4S P (Xanthomonas
oryzae pv. oryzae, Xoo). % b HE K EFFE
(Pectobacterium carotovorum), {&£ 47 F = 5 4l
KPR 2y S 2

JHE R (K326), FEPREFFAFRITE
ocrly BAEZE, MEGRR N R BHECA R A
H L0, FHIRERAT A R, SRS
1.2 EFE. EERFIFNEE

LB }iFf S (g/L): R IR 10.0, EEREERHL
¥ 5.0, FfbAN 10.0, Bk 15.0,

Ty % 248 ) M B8 (potato  dextrose agar,
PDA)}: 54 (g/L): H48 %55 200.0, #i%gH 20.0,
BEhE 15.0,

ML IR Ak (g/L): #e 30.0, HEME 15.0.

BRI . A4ERE . BB, AL
M. BEBE. TAA, B, AR R, =
% 3CHik[6,8,10,20] FL i

JRE PR bR, Je B R A

FARAWRTAE A E] GG RS . A4 0555
Ko E 24 AR A BR A A B, db
AR A BRAF] R IEFREE . CAS K
DB FRHE | PR TR 55, A Y ARG IR
vdl; PBS, mIUEELE R AR AT IR A F o

s TES, ML RESITHEARARAFA,;
ST RZRIRK A By, VL9508 el BT a A BR S ) 5
HL PG T4, Bl —ER A R A E] ;O
AT, 22 v Bl S AR A FR A
1.3 A FFEFRINE

Wtk HZ15 o34 fh T3k . ek
YR, EOME. AVLR . EREG. IAA. [
A AR R [, 28 °CHE R, Hih, &
FIE R SR 97 3 d, HARBEFRMEY 5 d. 2F
A Z W T 1 mg/mL NI HE 21 %) 4b B A 1%
FRHEY 4 20 min, Fff5H 1 mol/L NaCligifl
15 min, HATEKEZNIRLE, WEEE™
A I RE PO A Ab PR 3 IR E A
1.4 AR

B VR A 4 - B VR HZ15 3680 F LB 5595
JL, 28 °CHEFR 4 d HATIEIL, PEEUTR VK A
T LB ARG, 558 24 W BRIF . #%
3% 3R EERN 2 100 mL LB 333, 28 °C,
180 r/min }5i5% 24 h 3R15 HZ15 WK, R
1x10° CFU/mL B ¥ % .

AR S TR B SERIN IR
Mo KR HZ15 TR 53557 1:15 12T,
il B A, BESET 6 mm JE4EH, BUR
[ BT AE 2R (1, 0.5, 0.25, 0.1, 0.05, 0.025,
0.005 mg/mL) 15 uL i fmEIE4CH |, 28 °CfA
M5 FE 24 h JE 0 SRR B TE O
1.5 ERIEIEANE

S A 24 P R B
WE3EFE 4 d R R IR AT 6 mm BDF, H80 T
PDA VA ], FHJCH 4 88wtk HZ15 +5F
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X FREERD T IR BT UE 2 em 224 4L, T 28 °CH;
72 5d, WAL AN TE B KD
1.6 AEANEIEAINE

SR BP0 P A0 s S ., B
W AR R W QTR | MR I P SR R AR
Pl KRR MR KRR BOR AR R L S N RO
IR EAF AR S LB R4 — & Ho il
REYWSOREREER S LB B IRA el
1:20), ISR, &SR ICHATILER(6 mm)
SRR FATSL, BALmA 100 uL &k
HZ15 B KRB, T 28 °ClEIRA 13 2-3 d,
L2 00 7 400 2T Bl /1N o
1.7 ERNZAFHRALE

Z:7% Shi F P vLIF N DAk 3l o 40 B (K 326)
MEWEREFRERREG D, TFHNEKE 56 i
LA, RRUR R R RL R i R A O AR
PR o SR FREAR S, BIEERRIIAT 200 mL ¥R)E
i 1x10° CFU/mL RYRIFIRIEA T EE, DL 52%%
PRGBS AT 7 MR 7 800 359 1 G 1 7K Ak B4
SRR, REASAEEE 9 BRI e sRARFRE 15 d FN
30 d RINIEDL, IR IE TR BB . W1 4
FbRUE . 1 48 EO B R0 RE S 2 it A 2%
Tk
1.8 MHEXARERE XK

WM F R (K326) I B 1 S35 R G B4k,
MK B EAARBIRT(5-6 A E), ARk
200 mL ¥ N 1x10° CFU/mL )58 15 kA 7 i
AL, HI LB WAARRE SR EAE D IPERT IR, T
FK A ZS XTI, 7 d J5 FRRHEAR AL 3T, A4k
O PRI, 50 d R pRe . ZEFL AR A
. ek eRMTE L R AL

T KT =R R R R I 98%0.634 51271,
1.9 XL AR R HIE N E

PRk HZ 15 BB 25 [ 1.4 25 80008 i il
BT B 8 000 r/min 5.0 10 min 53] b

W, 1 0.22 pm JCTRA HLIE BT E , 158080
FIER AR 121 °CZEVRKTA 30 min 3875 K L
B

KR . SR . K EIEWR A 10%0
KRG AW, 5% P PO 8k
HRVEEM . 231 mL ERZEH T 1.5 mL
BLE T, FIMEERIE R WY, KRA 2
B0 B T — R SEHR(250 mL), FEANHRH
A 30 Sk 24 h AYZT kI (Solenopsisinvicta),
WHE 3 ANEKE, 10%EEKENZS XTI, 4
24 h g SRAL K IET R
1.10 ST HERRRA L R RRIFE M E

Fe B 1.4 R A 3RS HZ1S R
W Z75 RIS TR F [ R e 22 B 35 S G R 75
il B A2k 1 (Caenorhabditis elegans), £k Ht [w] 1
ATk s FREO™ B i W4 B0 1) 55 T B AT 2 L T
ZR IR, B 2 h R, CBSOREE,
BT 20 CCREFEA 8 B R 5%, AT LA 2 [ )
AT

PR IEVE R, 26F 15 mL &
O IMZEAK L 10 min, FE8E FIEWR, B4
3K, KA PBS B> 10 min, & FIHW,
INZERKIRS] . 80 Lk RN T 96 FLik H
I AIMA 10 uL W . IR . KR FI IR,
HE 54, UL PBS AN, 45T 24, 48 Ml
72 h G TERF BT T IAA L AT E N, JF
T HBET R EFET- %
1.11 SERZEAREEMENE

%7 Mikulic-Petkovsek 25281 7 B2 3 R E
Bk, F B3z % (Lolium perenne L)Fh T A &
BRI R FEM(EAR 9 em)H, 25IH0A 5 mL
PR 1.4 W45 HZ15 B . K . LB Wik
RiFRIEEE R 1 d, WS FJC R K e fp 1 3 5 46
BEFRIL, H5 e INAGE B TG K T7E S N IREE T KE
F%, WAL 20 WA T, ERE 3K, 6 dJFil
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EHEZER D RK, 2R, #EANTE., 220
HA 1 mm 2 | mm AN EZF, BEE
TH A 20 B E M E R (IR FMT), H
B I ST L AR R AE 55 CCAE T =
E R i
1.12  Zitoth

fii [ SPSS 26.0 Xt #1704, Fdnss
KA BEEARMEZS, IR Duncan 8 & 2
PRI AT i 2 M40 B (P<0.05) . A Origin
2021 AT

2 ZR50M

2.1 EFFEFMELER

R AR P P HZ S A A= Bl PR -2 SR 1
1R, R, BRI, BRikik,
VwE . LFHERE . RO, AR . BT, 1AA
SRR B, R HZ15 BREE ™ A ix s

AR, MR AR A IR L A AR B TR
22 ZHERAEER

W SR M HZ15 X 6 Rtk RN 2
mk 2 P, HXIBMER . MR FIER .
AN THERZNRMETZM, MEER . A%
. WURAREHBUR, 1| mg/mL FEER R 7R
W R, N 12.67 mm, 0.25 mg/mL YR E
MEE RN, & 6.00 mm, oEF/NTHALE
BCHTAE 2R AR B 3 Bl (P<0.05) o TEVR B2
0.5 mg/mL B, 75 Z A4 i (7.17 mm)
WE/NT SRR HEE R IR ICR (P<0.05),
BARTEMR HZ15 WEER . UHR ., sHERA
B —E W RURE, (EURE AR,
2.3 HIEELEER

i SR AL PR HZ1S X 11 P B R A0 4 F
My FE I RARPUERE 2. &3, £4), B
B, X R OKR R B B A R R, i

1 B HZIS BAERTR TSR A-G /il Bk ik, LP4ERTE . EARE. APLR . Bl . 1AA.

Figure 1

Results of biocontrol factors of strain HZ15. A—G refers to siderophore, phosphate-solubilizing,

cellulase, protease, organic acid, esterase, and IAA, respectively.
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z1 EBHREAFER

Table 1 Results of biocontrol factors
Item Result
A Siderophore

7% Phosphate-solubilizing
214 Z il Cellulase

i} Protease

A HLER Organic acid

fig i Esterase

IAA

[% % Nitrogen fixation -
i Phosphate-solubilizing -
+: FHME, - BE

+: Positive, —: Negative.

+ o+ o+ o+ o+ o+ o+

R2 MERHRAM
Table 2 Antibiotic sensitivity

AR W T Rl
Antibiotic Concentration Antibacterial
(mg/mL) circle (mm)
A 3% 0.005-1.000 0
Natamycin
VNS S GS 0.005-1.000 0
Kanamycin sulfate
N RERW 0.005-1.000 0
Ampicillin sodium
HER 0.500 7.17+0.24d
Chloramphenicol 1.000 11.33+0.47b
IEZF S 0.250 6.00+0.00e
Tetracycline 0.500 9.17+0.24c¢
1.000 12.33+0.47ab
EZEEN 0.250 7.33+0.47d
Streptomycin 0.500 9.67+0.47c
1.000 12.67+0.94a

[F) 51 50405 i AN [F) /NS 7 B3R 7R 28 Duncan FOBTNE R 22 HAAG
AE 0.05 K-FZEFEH. T,

Different lowercase letters after data in the same column
indicate significant difference between 0.05 level by
Duncan’s new complex range test. The same below.

82.66%, Xf =L BIBER . FAR/NHERG . JHE R
F2 5 B A R AE 70% A F o X T4 M s
WPk HZ1S R ESRAIGEIER, JLHX A
SRR SO e, WS T A 3 A

4B P 3 (P<0.05) . LAF, FERE HZ15 X755
£ BREI5 R 7K R 1 e A 0 S 7 R P TR A
M, BT RSN, FREEA R EEES
(P<0.05).
24 ERNBEARALER

FNAARBLE R NE 5 R, WELEL
i H SRR BRI T HZ1S B IRTEAR AL BS , 1 15,
30 d B R e 4 15 48 A E IR T E K
SEFR, 5 52%SE IR B R AR T PR ) 800 £
Qb B[R] TG 3 25 25 55 X AR R R S 28 g K
W 52 R PTC 22 5, R BRI BTG
ROR
25 MHEEMRERESR

IRk HZ15 RBAL BRI S, 7efker . A
B, R RRMSE . SRR bR Y
odrcEr, Hodr, m g BRI AE S 0
1581, 124849 cm? (% 6), .3 T X HRAL B,
FKWITEPE HZ15 RERSIE MR B 7 ikt Jf42
R TRIFR,
2.6 XTLLABA9 R HGEM

AR HZ1S AS[R)2H 43 X 20 K W) BOE T
PEUNE 3 s, 1-11 d 9, S8R KOl A%
HOPE PR Ry de o . TRVRCRN K T I R A R LK
B RGNE, 15 4 RIGLKBFET R 1R
EHEM. TE 11 d BHEW . WK ISR
ISR R 100% ., 77.33%F1 61.67%.
2.7 XFEWETFLEANRREMN

HSHE M HZ1S MW . 8. K
VWO 75 T BT 2 R B — B B R AE T
(Kl 4). WA BTG RSR, 7624, 48, 72h
NPk H BT R B 2 (P<0.05) 5 T HoA AL 3
HWRE K FH, HAET KR 82.82%-90.67%,
BoNFaE . TEWRTE 24 h BPRTZR R BIE R N
46.32%, {H7E 72 h B INZE 89.73%, &L KA
ISR
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2 EHR HZ15 XEYS E a4 58 A-K MR E , IRUCH FRRBER . LR, =+t
BUBER . FOK/ANBEG . MBI . RS SRS . R EEARE R . N 2o BRI . IR i
Wi AL IKBERG . L-O A EEE , KUY SRR . SR A DN . KR AR . SR

Figure 2 Inhibition ability of strain HZ15 on plant diseases. A-K refer to fungal diseases (corn spot, Panax
notoginseng black spot disease, Panax notoginseng round rot spot, corn southern leaf blight, tobacco brown
spot, tobacco black shank, tobacco root rot, citrus anthracnose, cucumber target spot disease, anthracnose of

coffee, loquat grey spot). L—O refer to bacterial diseases (tobacco bacterial wilt, mango corner spot disease,
rice bacterial leaf blight, soft rot disease of Chinese cabbage).

*x3 EkHZIS M ERERBRENRGARESD
Table 3 Control ability of strain HZ15 against fungal diseases

I AR o S5 TR IR AR EHIEIES

Name of disease Pathogen Colony Inhibition
diameter (mm) rate (%)

T K KIER Corn spot KPENIEERET Setosphaeria turcica 15.61+0.61d  82.66+0.68a

=R B NS 1 29.20£0.81ab  67.560.90cd

Panax notoginseng black spot disease

Alternaria panax Whetz

=L A 7 25.97+1.08bc  71.15%1.20bc
Panax notoginseng round rot spot Mycocentrospora acerina (Hartig) Deighton

FOK/NBES Corn southern leaf blight T EZ % D Bipolaris maydis 23.52+1.13¢  73.87+1.25b
JH B IR A9 Tobacco brown spot BEML T Alternaria alternate (Fries) Keisslar ~ 28.34+0.62ab  68.52+0.69cd
5 2% Tobacco black shank {5 %E Phytophthora nicotiana 19.15£1.63d  78.72+0.81a
JHELAR K Tobacco root rot Itk J1 T4 Fusarium oxysporum 31.17+0.18a  65.37+0.19d
M7 4% JE9% Citrus anthracnose e RIH A Colletotrichum gloeosporioides 30.65£1.37ab  65.94+1.74cd
5 BB Cucumber target spot disease % F# I 14 Corynespora cassiicola 29.07+0.31ab  67.70+0.34cd
WMESIE SR Anthracnose of coffee R JH T Colletotrichum acutatum 29.48+0.79ab  67.24+0.99cd
A IR R AL 2 B 1 30.80£0.98ab  65.78+0.76¢d
Loquat grey spot Pestalotiopsis eriobotrifolia (Guba) Chen et Cao
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Table 4 Control ability of strain HZ15 against bacterial diseases
AT o J5L TR T el
Bacterial disease Pathogen Inhibition zone (mm)
A B A RS IR S i R 21.96+0.55¢
Tobacco bacterial wilt Ralstonia solanacearum
TR B A B B T R B A 24.52+0.37b
Mango corner spot disease Xanthomonas citri pv. mangiferaeindicae, Xcm
KA Ak 7K e R T K e B 25.18+0.31b
Rice bacterial leaf blight Xanthomonas oryzae pv. oryzae, Xoo
BB 3 B N B I [ A T 29.62+0.69a
Soft rot disease of Chinese cabbage Pectobacterium carotovorum
x5 EH HZIS MHEEFHHEARBYAELER
Table 5 Results of laboratory control experiments of strains HZ15 against tobacco bacterial wilt
Group VEACEE S EHIB R
Disease index Average control efficacy (%)
15d 30d 15d 30d
1x10% CFU/mL T# % 19.63£2.92b 24.81+2.92b  56.91+£6.4a  52.48+5.59a
1x10% CFU/mL bacterial fluid
52% SR I ] AT MR 7 800 A5 14.44£3.95b  17.78+4.54b  68.29£8.68a 65.96+8.69a
52% chloruric acid copper sulfate soluble powder 800% solution
JCTE /K Sterile water 45.56+£2.40a 52.2243.63a - -
- RIEATFBIB TR
—: Does not calculate the average defense effect.
&6 EHK HZI5 X BREMXKBRERE
Table 6 Field growth promotion experiment of strain HZ15 on tobacco
Group PR e i ISUNURS iZNUW S NUNITEA
Plant height Stem Number of  Maximum leaf Maximum leaf Maximum leaf
(cm) circumference (cm) blades (slice) length (cm) width (cm) area (cm?)
1x10% CFU/mL 103.80+£2.57 a 5.43+0.27a 15.81£0.10a 68.63+0.73a 28.67+0.57a 1 248.49+35.30a
bacterial fluid
LB medium 96.38+4.96a 5.66+0.41a 13.22+0.42b 63.59+1.13b  25.11%=1.90b 1014.57+94.91b
Sterile water 100.25+3.90a  6.07+0.52a 13.89+0.74b 64.48+0.52b  27.03+£0.72ab 1 106.29+38.29ab
2.8 MEEFERMEEM 3 it

LR A HZ15 MR LB AbFRXT
FE R R A KIS B —E MHIE R (R 7). H
i, LB AMBITEMR K . 25K | B [ B35 (P<0.05)

L . HUH SR e BROR £
DN SRR e S LI N g LA

RFICHEK; 1 HZ1S B ALFRAELL by 1 o 2
(P<0.05)fl. FICHE /KA LB, IEAh, PR Az A
A 2 3% 55 63.80%

BRG], BREWINAR, (HE R 1385
oo AF . PregthE— R FI RS, HJAT,
AW PG N BA TGN | R B SRR R R
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—u— [ i Bacterial fluid
—e— kWi Filtrate

[ —a—K7# I i i Sterilized supernatant
100F —v—LB "
L —e—JCJ# 7K Sterile water /o/
L ]
80
< 60f
=
s
S 40f
=
201
O L 1

Time (d)

B3 Efk HZ15 RO ABGEM
Figure 3  Activity of strain HZ15 in killing red fire ants.

<7 Bk HZ15 BBRESE M
Table 7 Herbicidal activity of strain HZ15

[ #iBacterial fluid LB
i i Filtrate 1 Joi 7K Sterile water
2 KA i i Sterilized supernatant

100 f :a__ A X ) b b

80 B3 ZH 7 i//{:

_— / R e AN
= AR ? N\
> 60F NN 7N
= NES N

g S d ”/ C s

a0k NS
= ¢ // \\ [ /,/
'//‘ X Ej PN
g N o2 ¥ N

20 NES NS

e 7NN %ol

N N

0 o \ 0.4 ’ o

48 72

Time (h)

& 4 Btk HZ15 REHTEM
Figure 4 Nematocidal activity of strain HZ15

Group R ENN fitf 7 T [ &S [y Sl ES

Root length  Stem length  Fresh weight Dry weight  Germination  Germination

(cm) (cm) (mg) (mg) rate (%) inhibition rate (%)
HZ15 K 1.00£0.16c  3.07£0.57c  245.02+2.88c  77.38+9.14a 35.59+4.15b  63.80+4.22a
HZ15 bacterial fluid
LB 4.69+£0.22b  7.91+0.32b  481.80+17.35b  75.14+1.50a 88.14+2.40a 11.86+2.40b
JEHE /K Sterile water 6.43+0.30a  9.12+0.48a  564.94+74.79a  74.79+4.14a 98.33+2.36a -

— RPEATHE R MR AR

—: Did not calculate the germination inhibition rate.

FLW E DR R ESE R, TEARZ AR Y Biia
R A A T DR L R RS B PR 2 A
AIRAAG I T 2 B)) 2 6, R N
Z A B T 2 — 1200,

) e {15 B T T SRy AR AT R 1Y) 22 EE T 24 M
PHEIS2, FEX R HZ1S B4 4o pr
B A= =t 24 M 25 A 8095 )% (the comprehensive
antibiotic resistance database, CARD) il 2| X
PUFRER . ZAEHETT2E . R NRZE . HERE
PUAERTEN Y 21 P R B A T 251D,
WItR bR HZ15 XMARMhEE R . HRR RIRER

AYEEHRM. AEX. NHFEMEERYH
ﬁh@,@ﬂ%ﬁ?hi%%l%%Lﬁ%K
[F) T U AR A F] (3R 2) AHCHIETE R,
IRV J5 R s B 42 o) A 2% A1 B0 T R R A R
fiif 245 M JE R AR BOR #E AR, X ik R it
TR, IR AL
FIEE L P T AR 2

) o A P B BT ) PR PR R R R AR,
SRR F13 XF FoK/NBEG | & AEAN 250
INFZ IREEIRAE NG 8 ol L TR e A ) R AR
60% LA I8, FEABFIE T, Wik HZ1S XF 11 Fh
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LA 7 A 2R AR K F 60%. Rtk HZ1S
Xof 3 2K R TRE o AR 5 R I 1 A0 A 300 ) Sy
82.66%F1 78.72%, FERGFSMARRT, & T4
SRAR AR 20 16NX T A 355 SR (o il = 43 53]
H 47.06%F1 52.43%)>1, BEkk HZ15 X 4 Fp4
RS  E R B B R AR, Hod, XA
SRR AR E R 2 . AL,
PRk HZ15 XoF T 08 FAH TR 95 35 25 Jr B i 2 A
HRCR, %A SO R T SR S Y
BT . A ZE A AR B IR SR B 43 25 300 4 2 {1
PMUE swu31-2, HAE 24 d iR ARG (4
H, SRR R RO E B 39.50%, KT
H bk HZ15 76 30 d I 08 5555 A 95 14 17 %%
(52.48%), EARELE T EABORE, HA6E
B BB P AR R 2R

A B B T B IE S X e b . SR &%
R onME S AR BT (A A A0,
BEAE, e 2R AP TR A BE = AR M B Ay . S
FEYIA GG 6 . MR VERE I R A,
T3 SR A ) A BT, B A 9 e AR A
BN TR RE A A R ERAA . AR . BT
Faf . TAA 55, DUJCH AR, X e
YU FAER Bk HZ15 Hr gl e BiB7-5100 fH A [H]
PR Z RIAAFE 25 5, Bl andm s i i CQ-4
HA FEAET, Wtk F13 fefgmman, HAM
IAAPL, SRR . Wik TR, TAA B2
AR T, BRI YR K 7R A,
KHGAIR SRR, Bk HZ1S BROSHE M B
T E IR NI 2O S S T s s - <
8 BRI P o A AR A RS B IR AR R A KA, iR
A I 25 380 4 (K 326) H 350 Bl 1% G 48 Ak )
AR i AL A AL R ), AR
BN - P ) R P

AR P p e S ra =Y A CAUNERL N
AW Z —, XA A= = RN fd B AL B R

JEEO ARSI BT HZ15 BIBEIA LT Ao
TGRSR T KB BT, X WX B bk AT e i
7 A A W R 1 B [ A T AT L
FEHIIET-PT, Chin EPNFIE K& B SRR R
L B 7R 57 36 F IO TR E A B IAROR . I,
DB HZ 15 7] B8 LA Bl A 110 75 76 RE
HAR I — LRI &

KRR A, T AETA
SRIL, LA ARAEZ dUR M VR AL, HoAp
K%L fEEREKR, Hfolss i miget,
WFFE I, A B S M TR X e nti . W . AR
FRZE AL HA R G, R IR B
B 36 I A B 121 ] g B M = ™ A
MER . WM. EYEmEiaEsH
T, UUKEEAR . JLT BEGaE A SEI Lk d,
PR HZ15 BB RO 75 T BeoF- 2 i) % Hev 1
ek, B T IR K i, I Rk
REMS A7 ARG R N, INERARIEL L, S8
R S P g 12330

WG REY B MMIE NS, TREHY
M V4 1 7= e R B i, 3 24 1 2% R o 1 i e
BEARAFRCR I, Ak P s ol 2 2 — A TA
(A 4 A R M U628 B SR M HZ1S 1Y
PR (1x10° CFU/mL)XT 2 22 B i & 3 il R 55
63.80%, JFHEEFEIL T BERMMEK . EK
L (P<0.05), 5 Lawrance ZF!'"*F1 Lakshmi
SEUVTIRIE G 118 A o {1 T XoF 2% 2 198 410 ) 55 SR AR
[f]o LB B —2 i 2 Fd i, nrges
HEEHIREA L, Wik HZ15 AhH45 RS LB
FFE 2, XEW HZ15 o6& 5 E m
PSR AY, X A ELAT B SR A IR
FHOCHIEFE R, i S S ML TR 7 A 1Y) S Ak ) e
e imi e A KT peah, HuAE Ry,
2-(FRH B KBy | msmk IS AL A 1 I HLAT A P [ R
HABRE G190, Lakshmi 552 H, 4R
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ZRAR S R VR P T A i A AR A TR R B AT
MR, EHRERT ARG T SR
FHTFlF-m, B B 36 4 i 20 R 68 410 ) FL g 2 A
AR, A BT T A AR R U B A 4
(R (o i R PR N AN (B 7 U R 55 SRR ]
2B M TR TR R Ak, LASR R A T

4 Zik

SRR M HZ15 HAT) 3 HEGm 4L
AR, R AR ARG, EN
fiti . TAA ZFERR . HHA PRI F
TEPERE A . ARaT kol SRR T B
BAERK M AEYEY, LAY BT iR SIS EAT
JTRARI N AT, CHRAETF R BT . IR
R AE AR 2G5 T o AR SY AT i — SRR
FPE HZ1S By3EanfE PG PoAeeAE = A
T2, U HARRED A AT
B 7 3R SR RN A A 2 e
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