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ZEHRBEE Rhs-P27 IR L FEERE
X #A 7 2 97 B9 B RUAAF 3R

BiEE R X&' NEHR ELE FERT

(1 PUACRAMBIH R MR BE, BTG B 7121005 2. BEVGA MO B2 BE, BEVG 754 710016)
HEE . FAB 2k 29 (pine wilt disease, PWD) ™ 2 gl ik A [ A28 b A 285 8 R, R FH 138 26 400 9% 6O Joe A 0 B 9 2 6 0 o7 4%
MBI, ARG E LS FEME L 16S 1DNA 751 50 87, Xt il #S Pinus tabuliformis Carriére AR Pr 1 € 41 7 Rhs-
P27 WE AT % 52 5 WF 5% 1% I R XF #A K £k B8 Bursaphelenchus xylophilus (Steiner & Buhrer)Nickle %) 5 W £ X # 4 28 B 9% B9 B
VAR . 45 R W, Rhs-P27 1Y 16S rDNA ¥ 51 55 4% 41 i %A )l B Pseudomonas chlororaphis (Guignard & Sauvageau)
Bergey 1Y [A] J5 P4 3% 98% DL I, DN ok FL 45 2 Ol S ST IR B MU T . Rhs-P27 & 8% 14 % % ( Bacterial fermentation suspension,
BFS) il % 8% 1€ ¥ Ji ¥ ( Bacterial fermentation filtrate, BFF) i A2 1 £k Ht 347 3¢ B0 0 Al 5% 119 B 3% % 1k, 6 3K 1 o YA 4% 4k 3
JA 2% BB R B0 B R —0.41 10,79, 77 B £ S %) B 0.01 1 0.03 £ 5 28921 O Y €4 % B, Rhs-P27 1 B IR HA 41
2% RN A BR TR S, i ORI AR 0 U/ o A AR R B X Rhs-P27 Y B 36 SO PR A FE B, {8 H Rhs-P27 & 1 B = i 0F
AT 1057 M T Ak B, AR A0 W A 4 LR IR, N Ak HUUS 35 d A BT A 54.17%:; FA B R N 4R U R
AR, A IR AY 0.41 1%, FLiZ Ak BE5 S 9 A 1 K N i 4 fk AU (catalase, CAT) . £ B 48 1L iff ( polyphenol oxidase,
PPO) . %A b I AL i ( superoxide dismutase, SOD) Fl % N 4 & fif: 2 /i ( phenylalanine ammonia-lyase, PAL) 1) 7% 1 £ Tt .
BT R T 4B 5 B Rhs-P27 7E WA B4 4 5 B 5 o B 3 0 A= W0 B A 18 00, AT Dl 320 7 e Ak g (B 7 4
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Nematicidal activity of Pseudomonas chlororaphis Rhs-P27 and its biocontrol

efficacy against pine wilt disease
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Abstract: Pine wilt disease (PWD) poses a serious threat to the ecological health of pine forests in China. Utilizing microbial
resources for biological control represents an important approach for its environmentally friendly management. In this study, a
bacterial strain Rhs-P27, isolated from the rhizosphere soil of Pinus tabuliformis Carriere, was identified based on morphological
characteristics and 16S rDNA sequence analysis. Its effects on Bursaphelenchus xylophilus (Steiner & Buhrer)Nickle and its
control efficacy against PWD were investigated. The results indicated that the 16S rDNA sequence of Rhs-P27 exhibited over 98%
identity with that of Pseudomonas chlororaphis (Guignard & Sauvageau) Bergey, leading to its identification as P. chlororaphis.
The impact of Rhs-P27 on B. xylophilus was manifested as potent nematicidal activity exhibited by both its bacterial fermentation
suspension (BFS) and bacterial fermentation filtrate (BFF). After treatment with these liquids, the nematode reproduction
coefficients were —0.41 and 0.79, respectively, and egg production was reduced to 0.01-fold and 0.03-fold of the control,
respectively. Oil Red O staining revealed that Rhs-P27 disrupted the morphology of lipid droplets in B. xylophilus and significantly
reduced their size. Pot experiments were conducted to evaluate the control efficacy of Rhs-P27 against PWD. The results indicated

that preventive trunk injection with Rhs-P27 BFS effectively alleviated PWD symptoms, achieving a control efficacy of 54.17% at
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35 days after inoculation. It also significantly reduced the nematode density in pine seedlings to 0.41-fold that of the control and

induced increased activities of defense enzymes, including catalase (CAT), polyphenol oxidase (PPO), superoxide dismutase

(SOD), and phenylalanine ammonia-lyase (PAL). This study reveals that P. chlororaphis Rhs-P27 possesses significant

biocontrol potential against PWD, providing a theoretical foundation and microbial resource for the development of efficient and

environmentally friendly control technologies.
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AR 28 ] Bursaphelenchus xylophilus (Steiner & Buhrer)
Nickle( Bx) 8 51 2y Fe [ 3k 5 Mol kg 2 ¥4 3 A2, 1
5| & B ¥ B £& HUJ% (pine wilt disease, PWD) J& — Fh 8¢
KRR, AR | SO B IR
KA, X Y 2 A BRI MR AR 38 R G ™
B . PWD B S 2 v Ko Ik i R R A
AR AR N 7 2 ) B e W BAE G &, #E— 2B g i
TR EEMERE o YT, B B AOR R E B E ARE
TR 27 24 790 it ] 45 25 1 i (v 24, 2019), Horp
A~ T S o A e e R R T B A, R 2y
7 40, 45 B] 2 T & (abamectin) (5 A5 , 2017) . B & 3%
By 24 T 3% 4% B R 4 (emamectin benzoate) (7K Jik £ 4%,
2019; Xu et al., 2024) M Mt H Bk (imidacloprid) ( [m] 1 45,
2025) 5 o AR, KA 27 FH 25 AT R 3135 75 G A
TETE Y B B XU, 3 7T BE 5 5 P B e L7 A e
2tk . AWBIIG N LB IR AL . A S R b
SEOL A, B B A ECRN SE AL S B YR L 52 B PWD 4%
RS B A Rk i . I, T IR LT
Xt PWD ) A= ) 7 i 12 A F™ i

TE AR 22 A2 B IH 1, A A 0 0 5 D] HG R 2 B
Z . B | AE DT AR (AR Ak T ERER
ERER B SF M & Z KT, SikiEM
PWD A= B A A 435 B0 R R AH B K2, o, A
5 O 92 B 500 Ak i A AR T IR R & B
Esteya vermicola 1.Y. Liou, J.Y. Shih & Tzean(Xue et al.,
2014; Wang et al., 2017; = # 18 55, 2020) 1 47 il &
Aspergillus fumigatus Fresen( Hayashi et al., 2007) . 7} &
Fusarium bulbicola Nirenberg & O'Donnell( Shimada et al.,
2010) . KEEH Trichoderma asperellum Samuels, Lieckf. &
Nirenberg( Chen et al., 2024) %% . 7 4 3¢ (1) 40 B 0f
R, W A B BT Stenotrophomnas maltophilia
(Hugh and Ryschenkow) Palleroni and Bradbury Smal-007
SR A 7004k R (kA1 45, 20185 =4, 2022) 5 ZE AT
W J& Bacillus spp. FE 5. B J& Pseudomonas spp. %5 4l
T PR G 58 5 BE BE 0 A WF AR, O & 4 A SR AT
W B. thuringiensis Berliner( Guo et al., 2022) , I #f 2 g
T & B. cereus Frankland & Frankland, %2 /N ZF # #1 & B.

pumilus Trevisan( 25 5% 5% 55, 2017), & ¥ 28 AT & B.
simplex Priest, 3% R AR PRI & P. putida (Trevisan) Migula
(Nascimento et al., 2013), 8 £¢ {5 5. 0 & P. aeruginosa
(Schroeter) Migula( %% il #F 45, 2022) Fl ¥4 42 18 5§ B
P. abietaniphila Mohn(Peng et al., 2024 ) 2 ¥4 4% R i85 A
#AE R PWD A 7 B 19 7

SR, BLA PWD A By R R IR 2, 0 B A A [
AR S ECH A AS [R] M X RN R g A5 R
ST S £ 3 2 S e T S D i B o B e A
Hi R S A A R BE 0 T BE TR AR, X v A B YRR E
FSCHMEEXEZ, LT, AR REZRB X
PWD (1) B ¥ 75 3K, 45 A 10 0 65 10 A AR Br 1 3 A=
& ER I PR Y 0 A 45 R, T 2023—2024 4F X Jil A AR Br
T E AN TR Rhs-P27 HEAT 4878 , 5 48 40 B FE XA 4 2 1l
(R BE 2 16 Mk L ST 0 0 R I 00 5 e, RS 32 TR
Xt PWD i) B i 208, DU O O e 28 I X PWD &
0 7 455 AR R0 7 i B AR i

1 ARSIk

1.1 ke
L1 XK RSB 54

PP B £ B AR 52 56 2 HI 3 B A BV 4
JE T B L 2% 14 MK X (33°18725"N, 108°18'39"E) PWD
T A K (Sun et al., 2024) 1Y H kK QL-1, T K i JK #i
% 4 # Botrytis cinerea Pers [ PDA( Potato dextrose agar)
Wi B 125 C O35 7 d AT BAH . o K A AR
PP 20k 2 B R, I JC R K TR O B O E
(1500 r/min, 3 min), 7 B K I 3 (Olympus Corporation
BX53F) )2 Wi Be T S i i & .
1.12 X EAEY

PR Pk Rhs-P27 73 1 H Bk 74 45 4 FE i1 7 Bk 8 Ak
[X (33°18"25"N, 108°18'39"E) 20 4F A= i fi & W #% P.
tabuliformis K2 br + 58, (58 T b [ 307 1% 55 ) Of e
> (CCTCC M 20242846) .
1.1.3 AR

P B B 3R 60 B, 395K 3 AR AR SEA T, Ik
5 50 om, VR T PR VE A PE AT B 2 B Rk R
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BEUR A 25 2 B MBS0 MO T Rhs-P27 ) 23 23 T B 0T A B £ R 1) B 2800 2 47

B R E SR AHUIE - EA=311, BF
A A AR T IR T PE AL AR MR R K AR Y 8 5
B g 45 (25+1) CL MR 75%. Y68 120 : 12D,
1.2 Rhs-P27THEE
12.1 Rhs-P27 B % B SIE R F I E

& | LBA( Luria-Bertani agar) 1% 7 2L £% 5% Rhs-P27,
WLEE FL TR 75 T8 A R AE, 10 SR LR 454 . 3 G RR AT I
0 2 oy WG 0 o TE AT 2 R YR 6k (TR T R R 1) AR
2018) K I Rhs-P27 2 75 H & JE U ZF L RE T -
122 Rhs-P27 8945 F A FER

% 11 16S tDNA J¥ 41| 53 #7 % Xf Rhs-P27 #4753 ¥
Az W) 2 45 5E (Sun et al, 2024) o i 357 4 32 B Rhs-
P27 ) & DNA. 5| % K 27F(5-AGAGTTTGATCCTG
GCTCAG -3') fil 1492R(5-TACGGCTACCTTGTTACGA
CTT-3"), fii F§ PCR 4" 3§ 16S rDNA ¥ 31|, ¥ 3 p= ¥ 4
T M R E I L Uk R B AR S, BAEAE TAY TR (L
) A3 BR A R o K A 7 0 16 35 B R R A R
{5 B, 7.0 (National Center for Biotechnology Information,
NCBI) H1 i 17 BLAST [R] 98 Lt X 43 A, & 2% ) 1 4%
o 1Y 2 LT R Y 2 KLY 9, fd ] MEGA 11 81 2 T
4% 32 1 (Neighbor-joining, NJ) #4 # 2 48 % & W, 20 #r
Rhs-P27 I RGEKE L F . IJa, FriZE R 16S tDNA
J7 %) 2 22 3| GenBank 45 R IF $E BUE % 5, H & 5
54 0Q581531,
1.3 Rhs-P27 WG R & BELE 55
1.3.1 Rhs-P27 #F R A F i h) &

$5—80 °C ¥ R AR 77 19 Rhs-P27 H i i Fh JE 4% - 2%
Pt F LBA -4, 25 °C 15 3% 2~3 d Ji5 Bk B L 700 o 3R %
% 1LB(Luria-Bertani) ¥ {4 1% 5% 3& 16 1L £5 % 2~3 ik, 5
kS A Ze gl Al RIS A TH R bR . (R A &
T L %5 A Rhs-P27 I #% I BRI, % A B A 30 mL
LB 55 35 2L 0 = M D, R EFD 2~3 AN DE, DA
AR HETR 9 LB WA Bs 77 HeAE X IR, 8 TR R | 25
125 r/min #% 37 55 7% 48 h, 15 2 Fh T -
1.3.2 Rhs-P27 & B H) & ik Ao X BE 0% ik A AR IR ) &

U1 mL Ff 7 ¥ £ Fp 2 20 mL LB H, 7£ 25 C.
125 r/min Z5F T 15 3% 96 h, K15 Rhs-P27 Y & I 141 22
J&L % ( Bacterial fermentation suspension, 1xBFS), H: B {A&
WeFE A 1x10° CFU/mL, 28 LB WM K: 5% 34K U 1 5 £
110 1%, 4875 0.2xBFS il 0.1xBFS i B i . Mok, ¥
1xBFS B0, W b W 2 0.22 pm JC 1 2o 38 45 1
1€, 3R 15 Rhs-P27 K I UE 7 i i ( Bacterial fermentation
filtrate, 1xBFF) . & H#H [5] J5 % i 4 0.2xBFF 5 0.1x
BFF #ii BE W -

1.4 Rhs-P27 3t #2471 & A9 52
1.4.1 Rhs-P27 sFA At & & 4 7 7 F o) 2

Fis F £ o B W B T A L RS AR S T R IR
W L% 35 T T R R 2 IR P o 5 A (2025) #23E 1)
ko BARBRAEUT: ¥ 20 L #A M 2R d B i (&
AN T] TR A WA B R 124 200 3k ) 43 51 5 480 pL A ]
W Y BFS B BFF(1x, 0.2x, 0.1x) & T 5.0 & iR
AL, fE2s CHE R 240G, Bl FARCLE/ES
W2 (1% T 2R A 4 28 HUAF 3 5 L ——FE T > 1A
Ye ler @IF R “C” 8“0 B, X B OGN
FENMEAEOIFZHE MEIRE . DB
SEAFRVE R IR, BN ESE 3R, R TFA
FTT AN B £R LY FE T 3R MRS 1E K T2 3R ( Corrected
mortality, CM), HH CM ] F ¥ 4 Rhs-P27 X # #1 £&
HUBBE R TS M, CM A U] 3% 2 T 1 i
_ BETCRARE R B

‘4’ 3 b — 1
WT3 (%) YT x 100 (1)
FEIEFET R (%) =
AEPRZA AN 2R M AET- 2R — X BRLA MM R B TR e
1 — X HRZH AN RFER Bt T 2R ()
2

1.42 Rhs-P27 4t & & % 35 44 % v
Z: [ Sun 55 (2024) 19 75 15 43 7 Rhs-P27 X #5 1 £&
HOEFE RS o 43 B P4l R PR Rhs-P27 (4 41 1 &
U (BFF) 5 4 11 & 19 TR 2 W ( BFS) X # b1 2kt B3
URZ . BFF A PR - B 3 450y 20 pl A b4 28 LB 77
W CRE A0 B 200 Sk A A1 4R AL, oK ] dL s 19 TR 5 )
5O FIRE R K R A L M
2k U3 b S A 0.5 mL Rhs-P27 f#) BFF. BFS #b ¥4 .
TR b, AR RS B b £ HUEE R S A 0.5 mL BFS,
DL LB B3R 3L IR (CK), 25 °C g% 7d A,
A A B b £ o R TR, T O A B OB SR S A
TG (RSB 2 s AN BN A e, B b B A 3 Ik, iR
PATR 28 20T A8 b 2 o i) S50 R 4, ok 250 R 4
FIUHT 7= B0 R B A Rhs-P27 Xif A8 b1 26 L 250 (4 52 g, ¢
B Z BB B /), ] e ) i
e IR AJEAM LR BB
A = P2 e
1.43 Rhs-P27 s 4t & k 5 7E B & 09 %
Z: BB AR ¥ 25 (2021) 48 A9 Ih 40 O B 3k, 43
BT Rhs-P27 X #24 b1 2 5 6 JE 25 19 52 o X #A b1 £k
HUR AL BETE] 141, AbFRJS MRS B 2R 4 1% Z BT
15 [ 52 J5, BT 80 C M BT VR 15 min, = IR i 4 )5
[ N N ST | =T N = ol N /A S S I 5
(phosphate buffered saline) ¥t ¥ 3 ¥, H] 60% 5+ P4 it Jii

(3)
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7K 2 min, B J5 L O TAEW (5 g/L) Yt 1 h, &
PBS ¥k ¥ 3 WA, 7862 W G T WL A b 2k He fA Py
JIE T T A5 1 2B Ak
1.5 Rhs-P27 3t PWD B 2 5 Bh 8 2 R4l
151 AT BAMME KR E KL T RER

Z: M8 Sun 5 (2024) 2 18 19 J5 3% F Al Rhs-P27 Xf
PWD (B IGRCH o HiF 050 3% W, Rhs-P27 & 9% 14 &
TRORT RS WA 22 R B 2 0 P R B 0 R Y T R T
UV, PRI I A BT 5% 0 3 A T T 8 VR VR A AT AR B U
ORI, LA 3 ARA AR BN i g X 42, 8 S A
AR, 43500 CK 4 ([UHH LB 15 37 AL ¥ ) | Bx 20
(AN H22 Fh b iF 2 SR B P2 W) . Rhs-P27 20 ({4 Fl Rhs-
P27 K EH R ) . Rhs-P27-Bx 41 (Jgi M Rhs-P27 % [i%
PRER, 7 d 5 PR RIS A4 26 B VR W ) A Bx—Rhs-P27
Y (SeHe P b b 28 BB VE W, 7 d J5 PR Rhs-P27 & T
W) . BAEAE 4 MmN, EEE 3K, %
FTA AL A T ) TR R SR = R

A AERRWAE ET LHg 21 ER
4.5 mm, ¥ 5 mm /ML, BFLMEEE 10 cm, CK 417,
AS/INFL e L JE v A A 2, T 1) LA i A S mL LB #3557
5, BEJE HREE A A BT 1E78 %, 7d J5 RBR ISR AR
B 555 Bx 2l v, B /NFL SE 45 Bl 20 wL A AF 4R R TR
O[] A s b1 2R 0, 3000 3k ), I FH 98 b I 40 78 422
Pl Az 5, 7 d 5 28R Rhs-P27 40 (9 ¥ 4F 55 CK 4 — %,
1V LA Rhs-P27 & i B Bk Y R ¥ LB 1% 37 3% ; Rhs-P27-Bx
4, BA /N TR AR 2, R S mL & I I &
W, AR i 6 2 DA BT 1k 78 K, 7 d U5 25 B JC AR R
SRR RS, T ) A AL 2 B 20 uL B A 26 HUBOVE IR, IF A
SR AL AL, 7 d J5 PR OB Bx-Rhs-P27 41,
BEAS/INFL A 2 Bl 20 nL PA M 26 HUR VR, 7 d 5 R H
Y5 Rhs-P27 21 HH [A] 1) J7 32 0647 T T 2 Y Ah 3

R ML S, B 7 d WEIHHA IR, SEiT &R
R A I . MR PN T R S (2025) 1Y)
J5 VR 2% Ak 32 TR VN T RE AT A ), RS
TR B BORMP A ROR, AT

A5 Kb BREE R 1A TS T AR

B () = S “204)
it =
DRI ;ﬁ@ﬁ?@@ﬁ@ X100 (5)
BRARCE (%) =
XL A
XS R e 6
6

152 & &RFEAMN

TEAERAA B 26 )5 35 d, Bx 4H %) 12 Bk AR ¥ 2
AT E AL TARAS, 43 W4 Bx 24H . Rhs-P27-Bx 4H
F1 Bx—Rhs-P27 41 5 AR JHFA T AR L ZE R0, 85 Al /N,
REHL, E . R IR & 0w F ik o0 5 i b 4
(1B, 2005), Jf 16 B B T e it i b & g &2
(number of nematode, NN) . A~ [f] &b # T Ji #2475 P 1)
s bF 2 %5 B FH 5 v Jil s i i 20 2 (fresh weight, FW)
AR L BB R R (NN/g FW) o R T A =t
RN
IR EIE (NN/gFW) = ﬁgﬁi;ﬁ;

7

1.6 Rhs-P27 X it #2 By ] B 5 14 B9 22 0

X5 1.5.1 Fr R (14 5 ol A ) Ak BG4 Jih A 1 7 40 G 3%
PEHEAT TR 5 34T , A A ALY ( peroxidase, POD) |
i 48k S (catalase, CAT) . 2 B % 1L i (polyphenol
oxidase, PPO) . # %A 1L ¥ 157 1L i} (superoxide dismutase,
SOD) . KN & R f# & ¥ ( phenylalanine ammonia-lyase,
PAL) #1JL T i i ( chitinase, CHI) , #A#4 2k {2 4L 5,
P W) e B3R B0 1 B AT DR AR A B i S R, HOR AR BT
At AT S B A T R M N, PR O AR B Y R R
A g 1577 080 il % A A O P R ORE L 0l T % A RS R S
0. 7. 14, 21, 28, 35 d R AL HE Al , B R4y B WO SR 301
#rif. POD. PPO. CHI 1 PAL HH il i () 42 B 2 [ Li
25(2016) #3819 77 %, CAT F1 SOD HH i (1) $2 B 2 [
Li 45 (2024) 38 B9 77 5 SOD 37t 1 5% FH &0 0 Y 4 e vk
I 52 (Jiang et al., 2020), CHI {if 14 >R H Ferrari % (2014)
I 9 75 2 0 E , POD 1 #E I 5E 77 1% 2 IR Li 45 (2016)
38 B9 7 2200 %€, CAT, PPO 1 PAL 3% 1 % FH H B 4
il Bk He i R R AT . B AR PRI E 3N ER
1.7 #ES W

K FHI SPSS 18.0 # 4 X Ko 2t 11 G0t o0 #r, FIH
Duncan [CH &2 W% 2275 647 25 7 B F PER 50 (P < 0.05),
I 14 F Microsoft Office Excel 2021 £ il K 5% .

2 HER 54

2.1 Rhs-P27 MELETFE

FE LBA - # I-, B Bk Rhs-P27 F B 7% &t 8 o £
TR, T TR, ANE ], GBS (K 1A);
AR AT DL AR 2 B AR, P A (B 1B) . T
Pk Rhs-P27 (1) 16S rDNA 7 5114 Ji& 4 1 428 bp, GenBank
sk 5o 0Q581531, i if BLAST M X, K ¥l H 5
ok &1 I8 A 0B Pseudomonas chlororaphis (Guignard &
Sauvageau) Bergey 1 [A] I M f =, #4358 98% L) 15
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Pseudomonas chlororaphis PQ578317
Pseudomonas chlororaphis KR259218
3 Pseudomonas chlororaphis OP986015

Pseudomonas chlororaphis OP986064

10
L— .Rhs-P27 OQ581531
8
Pseudomonas aurantiaca EU761590
Pseudomonas beijingensis NR 197706
Pseudomonas svalbardensis NR 197749
36)

Pseudomonas fragariae NR 197684

Azotobacter vinelandii NR 041039

1 Rhs-P27 FJEE ST
Fig. 1 Identification of Rhs-P27

: A. Rhs-P27 i 7%; B.2EMYL 5; C: 2T 168 IDNA FFIMA RS L BT .

Notes: A. Colony of Rhs-P27; B. Endospore staining; C. Phylogenetic tree based on 16S rDNA sequences.

AW 4k T 7 W] Rhs-P27 55 S B B2 M 11 3R T — 37
(K 1C) o %454 Rhs-P27 & R P 45 %% F# AiE F1 16S rDNA
YoE g5, W LK R BT R SR ML TR P. chlororaphis.
2.2 F5HREBME Rhs-P27 X #3 # 2 BB S0
221 stHEFRFRGH A

4% EH B M BT Rhs-P27 & I B 2 0 (BFS) 5 & 1
U8 W (BFF) X 48 b4 2k HU A9 35 % 06 1k 40 B 45 SR R 01,

CK

L o /& 500 um K -

IxBFS
A
N /

4 . 7 1
W E - :
(4 |4 ,\‘\ -

BFS 5 BFF 4 2% 4 1 Pk Bl BE A5 5 i R R, 5
X B 2 A e (FE 2A), Rhs-P27 (1) 1xBFS 5 1xBFF &
R24h 5, MM AR IRE . s FLLQ G
Z1 0, UL WAL B 2 il 56 42 A K (181 2B, C), & &)
Fis b 28 ML B A% 06 1 293K 100% (3% 1); 0.2xBFS 5
0.1xBFS & £ 1 £ 43 %}y 37.77% 1 22.57%, 0.2xBFF
55 0.1xBFF 7% 21 P 43 %1l hy 28.88% F1 19.65%( 4 1) .

1xBFF
CpFy 57

o’ | - e :
\VE= | - — ',\

- s
o ’/ [ L .
g R

B2 SREHREME Rhs-P27 XH#A#f 4k RIFEKR M
Fig. 2 Effect of P. chlororaphis Rhs-P27 on the survival of B. xylophilus

F1 ZEHBPIE Rhs-P27 A& R FRFEDH
Tab.1 The nematicidal activity analyses of P. chlororaphis Rhs-
P27 against B. xylophilus

Bxt& R %

ﬂ IE X& IE ﬁE T #KT'_‘ i 0

Corrected mortality

Treatment
BFS BFF

1x 100.00+0.00 a 100.00+0.00 a
0.2x 37.77£291 b 28.88+0.93 b
0.1x 22.57£2.50 ¢ 19.65+3.83 ¢

TE: R T BUE  T H h5 v 22, AN RVNG 558 78 AN [R] 4k 2
fi) 22 5 2% (P<0.05) .

Notes: Data in the table are mean+SD. Different lowercase letters
indicate significant differences among treatments (P<0.05).

222 MEEWG YA

43 &1 B PR T Rhs-P27 () BFF Al BFS 35 A
AR b 2 R BB, H b BFS (1% 40 i 80OR B R 3
(£2), CKZH WAL H B 5 R H5 15 55.56, 4 Rhs-
P27 BFF il BFS 4b # J5 , %580 2 %4 5 0.79 A
—0.41; CK £H 45 INLFA BF 2 HOF- 27 B i &y 3k 4 165.33 1,
BFF F1 BFS 4k # J5 & L35 77 51 & 43 03 o 138.67 4~
158.67 41>, #4° CK 11 0.03 £5 11 0.01 f5 (£ 2) .
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x2 FHHBREME Rhs-P27 XM HEIHMIR I
Tab.2 Effects of P. chlororaphis Rhs-P27 on the reproduction

of B. xylophilus
Jib 20 LB G H B A

Treatment group Reproductive coefficient ~ Egg amount
R TR R —0.41+0.29 ¢ 58.67+8.50 ¢
Bacterial fermentation suspension
T8 W 0.79+0.05 b 138.67+11.93 b
Bacterial fermentation filtrate
CK 55.56+7.2 a 4165.33+299.10 a

T 2 BSR4 M bR o 22, WA EHE S R R NG R R
7 AN [R) A 3] 25 57 1 3 (P<0.05) .

Notes: Data in the table are mean+SD. Different lowercase letters after

L P b £ BB 1 - YRR K (6.33+2.35) um( 8] 3A);
284k Rhs-P27 BFS Ab 5, Fi b4 42 i T 1 1 4R 4%
4 (2.48+1.08) pm( % 3B), {X & CK 2H i 0.39 £i%; BFF
Ab B S, A8 bE 2 R T 04 SF- 240k AR O (3.73+1.37) pm
(E3C), L CK 411 0.59 % .
2.3 Z5HER B Rhs-P27 X PWD B2 H AR
5 CK 41y #a i (18 4A. B) M L, Rhs-P27 41 1Y
TASET (1 4C, D) A RKARAS RAT, A 3 BT o] 2 R,
Ui B Rhs-P27 X il b B TG 5 35 1E 5 Bx 7R HE M AR B4
LHUE 14 d FFUG R, KRR I R 800001 58.33%
F16.67(3% 3, 4); W IE K % 35 d, T f il i ¥ &

the same column indicate significant differences among treatments (P<0.05).

6 (4B, F), 5 1% 8 B0A 21158 100.000% 4) . H L,
223 RS IEH A H e A B 5% 05 32 R WA B 26 B 35 d 35 E SN 95 R0 BT Y B
Rhs-P27 Ab F £ i 0 b1 25 b A RS T R0 A2/ . CK 24 JE] A

BFF

20 pm

B3 ZEHEFEME Rhs-P27 X #AH 2 RBEE R SRR
Fig.3 Effect of P. chlororaphis Rhs-P27 on lipid droplet morphology in B. xylophilus
TE: A, CK 4 IUIRTHIEAS; B. BFS ALBSAMA 2RI S; C. BFF AbHUS AR L HUIRRIE S . LD: i .
Notes: A. Lipid droplet morphology of B. xylophilus in CK group; B. B. xylophilus lipid droplet morphology after BFS treatment; C. B. xylophilus lipid droplet
morphology after BFF treatment. LD: lipid droplet.

CK Rhs-P27 Bx Rhs-P27-Bx Bx—Rhs-P27

B4 AELLETHMREER
Fig. 4 Symptoms of P. tabuliformis seedlings under different treatments
E: A-B. CK 4174 T; C-D. Rhs-P27 41 ; E-F. {UZMHIAMZE LS 35 d AYFATH; G-H. Rhs-P27-Bx LR HUS 35 d AL T 1. Bx-Rhs-
P27 AAEHFP AL U 35 d I
Notes: A-B. P. tabuliformis seedlings of CK group; C-D. P. tabuliformis seedlings of Rhs-P27 group; E-F. P. tabuliformis seedlings at 35 days post-inoculation
with B. xylophilus; G-H. P. tabuliformis seedlings of the Rhs-P27-Bx group at 35 days post-inoculation with B. xylophilus; 1-J. P. tabuliformis seedlings of the

Bx—Rhs-P27 group at 35 days post-inoculation with B. xylophilus.

T PWD B B5 88 43 9 2l 42.50%., 53.16% Fl 54.16%
(3 5); 1M Bx—Rhs-P27 40 % PWD B & £ Fl & R I% A
BFERANHIE R (K 41, 1), 3R b 28t 35 d i), 1%

18 3 43 #7 Rhs-P27 P A A [6) (4 it FH 4H & %7 PWD
% H RS, % BE Rhs-P27-Bx 41 BE W 1% PWD 11 & A
(K 4G, H) ., TEEFS A2k di 21, 28, 35d )5, At
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MM RIR RS Be H I 2 5 (£ 3), R85
HWE ik 79.17(K 4) . H—2 1T Bx 41, Rhs-P27-Bx
2H 1 Bx—Rhs-P27 2H 75 42 F 35 d I I #A 1 HP 09 4 b1 26

BB, & P Rhs-P27 A8 5 35 410 1] #3128 du A2 40 A 44
N ) 25, Bx—Rhs-P27 4H Fil Rhs-P27—Bx 4 1 1 #5 #1
2 h 35 B 2 1] Bx 4H Y 0.65 151 0.41 f5 (£ 6) o

3 MREEMAL B ERER AR REN

Tab.3 Analyses of incidence rates in P. tabuliformis seedlings at different times post-inoculation with B. xylophilus

A 5 %%
Ak 2 Incidence of different days after inoculation with B. xylophilus
Treatment
7d 14d 21d 28d 35d
Bx 0.00+0.00 a 58.33+38.19a 100.00+0.00 a 100.00+0.00 a 100.00+0.00 a
Rhs-P27-Bx 0.00+0.00 a 8.33£17.67 ¢ 58.33£17.68 b 83.33£17.68 a 83.33+17.68 a
Bx-Rhs-P27 0.00+0.00 a 33.33£17.68 b 100.00+0.00 a 100.00+0.00 a 100.00+0.00 a

TE: R AP B Dy S S B bR R 22 o [ B0 B J5 R Rl /NS 5 B 3 [R] — I ) AN [ Ak B ) 22 7 2 2 (P<0.05) o

Notes: Data in the table are mean+SD. Different lowercase letters after the same column indicate significant differences among treatment groups (P<0.05).

R4 HREEMRMERET R AR EIEERS T

Tab.4 Analyses of disease index in P. tabuliformis seedlings at different times post-inoculation with B. xylophilus

9 1 4 2K
Ak Disease index
Treatment
7d 14d 21d 28d 35d
Bx 0.00+0.00 a 16.67+7.22 a 62.50£12.50 a 89.58+7.22 a 100.00+0.00 a
Rhs-P27-Bx 0.00+0.00 a 8.33+3.61 b 35.42+3.61 ¢ 41.67+3.61 ¢ 45.67£9.55 ¢
Bx—Rhs-P27 0.00+0.00 a 10.4243.61 b 45.83+3.61 b 66.67+3.61 b 79.1746.25 b

T 3RO P b o 22 . R B R R A R /NS 5 RE 2R R (R — I [B) AN () 4b B 4 [A] 22 S 2 (P<0.05) .

Notes: Data in the table are mean+SD. Different lowercase letters after the same column indicate significant differences among treatment groups (P<0.05).

x5 FHHREME Rhs-P27 Ml ERM & HFEH
Bria R
Tab.5 Control efficacy analyses of P. chlororaphis Rhs-P27
against pine wilt disease in P. tabuliformis seedlings

By 6 2R 1%
ik 5 Control efficacy
Treatment
21d 28d 35d
Rhs-P27-Bx 42.50+6.61 ab 53.1646.92 a 54.16+9.54 a
Bx—Rhs-P27 24.72+15.15b 25.47+2.07 b 20.83+7.21 b

W R BRI E AR 2 . A R/NG PR R AN R b
P [R) 22 5 8 3 (P<0.05) .

Notes: Data in the table are mean+SD. Different lowercase letters
indicate significant differences among treatments (P<0.05).

R 6 HARETERMRIL R 35 d REYRRBEST
Tab. 6 B. xylophilus density analyses in P. tabuliformis

seedlings at 35 d post-inoculation

4b T ¥ bt 4% L% BF /NN g™ FW

Treatment Density of B. xylophilus
Bx 1454.33+375.57 a
Rhs-P27-Bx 594.33+173.39 b
Bx—Rhs-P27 951.00+252.25 ab

s R P B A B E AR 22 . A RNE S8R IR R A Ak
0] 22 5 g 3 (P<0.05) .

Notes: Data in the table are mean+SD. Different lowercase letters
indicate significant differences among treatments( P<0.05) .

2.4 % $HR %M E Rhs-P27 X i # B 40 B8 7& 14 B9
=0

43 BT Rhs-P27 45 Ak 3141 Xof i 4 17 75 40 1l 905 1 A 52
Wi, % ¥ Rhs-P27 X} il #4 i 1 POD., CAT. PPO. SOD,
PAL Fll CHI 1 P35 7= A T K [W) B2 3 ) 52

BAOMh it ] Rhs-P27( Rhs-P27 20 ) 430 F 1 16 Ak B i
o (7~28 ) POD I P 34 {2 25 1 F Bx 41 (18] 5A); it
i ] Rhs-P27(Rhs-P27 20 ) (1) i A 14 78 4b R % A
W1(7~21 d) CAT ¥ L 34 % T Bx 4, Je iR & )5
Jiti 7 ( Bx—Rhs-P27 20 ) (34 7 AL LAE 14 d F1 28 d 122 3%
PEFHT CAT i 1k (5] 5B); S i B Ji5 4% A 48 1 (Rhs-
P27-Bx 41 ) (1) $9i B A 3, FEHT H ] (7~21 d) W 3 4 0
T PPO I T, I T 14 d 3k B AF (K] 5C) 5 2 i By &b
J (Rhs-P27-Bx 21 ) F1if 7 4k 3 ( Bx—Rhs-P27 2H ) 119 i
i 1 7E Ab B S 11 (21~35 d) SOD §if M & 2% /= F Bx 41,
HAEWE44 SOD 4 45 75 — & Y il N PR 7 5 CK 2H A >4
(1 7K SF- (] SD) 5 i By Ak 2 R I6 7 Ak 219 9k 428 7 7 A
B 5 11 (21~35 d) PAL {1 1 % & F Bx 41 (€] SE); #&
1T, 7E AL 355 AR ) B[] 6, AN [a) 4 35020 il 74 17 /9 CHI
PR 35 25 & (18 5F) .
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Fig. 5 Dynamics of defensive enzyme activities in P. tabuliformis seedlings under different treatments
E: A. POD i #; B. CAT {fi ¥4 C. PPO i #; D. SOD ¥ #; E. PAL {& 1 F. CHIWE ¥ o AN [ /N5 578 32 8 18 7] — I 8] A (7] Ack B 4 22 1) 22 57

#(P<0.05),

Notes: A. POD activity; B. CAT activity; C. PPO activity; D. SOD activity; E. PAL activity; F. CHI activity. Different lowercase letters indicate significant

differences among treatments at the same time point (P < 0.05).
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30 F$HREME Rhs-PI MM EHNERFY
BEERHEH

ST BB M 1 Rhs-P27 X A b1 48 R B k35 0 7
AP 5 Z A T A0 ) A% B BH ) i R IR AR
FH, 3% 263y 8 W] g 5 L4 W0 1 IR AR AR 2 DA DG .

H T, I A= B 5 B 18 PWD B 5k 4 15 77 b ik
R TTHRE Lk & R ) BB I 2 — o AN R T B AR X
MERMERGEEAEREER . AR REY,
THRA AR B - 38 40 B £ B AR5 I TR Rhs-P27 X #A 1 £
HEAT W EE R IE R, LR IR TR R N K I U R
JETRAh BB AF £k PR 24 h R #E RS PR Y R IR 100%.
i 2 PR B NZMI3-11 B & 1% 08 T R 24 h X A8
LR Y A P 97.2% (B EN R4, 2022), KT
Rhs-P27 Y A% £ 1 P 5 1M % 55 2R 18 UW4 B8R fig
P AN 7 Az PWD $T 1k, (H & % 0 VR 20 i 24 i
TRORH AN b4 28 i 1 T 3% 2 3% PE (Nascimento et al., 2013) .

TE AT A A 2 o BEBE 5 T, 560 RUAE (2025) & B
K Vb 55 KW Serratia sp. BRC-CXG2 W] 1E #3 #1 26 it
TN E T T AR AR, W BRI M 2 sl = B i | R AL
R ME M Ll s T3 S B A (2021) ¢ RIS R 2F AT IR
NISZ-13 & % T 2 W1 24 T U8 VA 3549 w410 ) A28 oA 2k e
YR . B O Ab RN BB AS A 5T 3 B A A PRI T Rhs-P27

) A TR AT 2 TR R A T R X2 T i A ) A A R
B 1B

AN, AW 5T IE & B Rhs-P27 BERE IR A4 41 £k i fig
IR A, S8R k2 B E /N, LS5 Pan 55
(2023) K Zhou 45 (2020) 42 18 14 At A= By 515 J —
o Mg A b Sk A A R S A OC B A M A%, X
AEAF IR Y 2 O E B, U H R ARIR 4 12 4 L (J4) 58 4
WCASE I AE N B i A o0 LT A E R gead B . I,
Rhs-P27 5| 2 9 JIg 1k BL 28 98 /N T 2 ) B T 4% P o
fith 5 W 7™ L AE R . 3K Fh RE B 1B = DR G 2 I 55
HE Ty, TR R T, 40 2 OG5 B B i e e, o T
MR A b 453 3 HAR Y B8 ) FEORS g (T35 R 58 16 24
2009; F 13045, 2017; Pimentel and Ayres, 2022) o

ARWTFELE R, LB B T8 Rhs-P27 K 19 1 &
W) A LG 1 L XA B 2 H BB B ] L X A B 2k
JE T 5% 1 5 TR BRI, (A2 =K 2 F A E, R
R AR T M B4 T BE A AR T A o 0 (4 AR
Yrh . AR, PWD AR B Al = A 2R HAG R4
OGRS Y B, UK B 8 Trichoderma sp. YMF 1.004 16
B = A 6-1% i - 2H-lE 1 -2 (6-pentyl-2H-pyran-2-
one) (Yang et al., 2012) . {& %5 #l % % 4 Paecilomyces
lilacinus (Thom) Samson ZBY-1 =4 (Y X /1§ cerebroside
(5K 80055, 2018) | I = 4 FAEAT I 7 AL 1 2 Fh i A
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# 1 7 % (Guo et al,, 2022) J I # 2 1 4T 15 NISZ-13
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