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GD2 432 F , 5 GD1 & 2220 25 FARAL, B AR NISZ-13 &L 3220 0] 55 H 4k GD1 A= GD2 #9 45 R AR R, 4%
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Effects of three strains of Bacillus spp. on the survival and reproduction of
pine wood nematode Bursaphelenchus xylophilus at low-temperature
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Abstract: In order to explore the role of bacteria in the ecological adaptability of pine wood nematode
(PWN), Bursaphelenchus xylophilus, the changes of the survival and reproduction of PWNs treated
with bacteria, the effects of specific bacteria (nematode-carried bacteria GD1, Pinus massoniana endo-
phyte GD2 and endophyte NJSZ-13 of P. elliottii with nematicidal activity) on the freeze resistance of
PWNs with different virulence types (strongly virulent isolate AMA3, normally virulent isolate AA3,
weakly virulent isolate YW4) were studied after the three specific Bacillus strains at three different con-
centrations acclimated for 10, 15 and 20 d. The results showed that, in the low-temperature survival test,
the effect of bacteria on the survival of nematodes belonging to different virulence types was more sig-
nificant in the treatment group after 15 days and 20 days of low temperature acclimation than that after
ten days of acclimation. The survival rates of AMA3, AA3 and YW4 were 77.22%, 83.68% and
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84.26%, respectively, which were significantly different from their control groups after 15 days of cryo-
preservation at —20°C for 1 h with 5x10° CFU/mL strain GD1. Under the treatment with 5x10° CFU/mL
strain GD1, the survival rates of AMA3, AA3 and YW4 were 75.76%, 80.67% and 81.50%, respective-
ly. The differences were significant when compared with each control group. The results of the strain GD2
treatment with 5x10° CFU/mL and 5x10° CFU/mL were similar to the results in the GDI treatment
group, while the results of the strain NJSZ-13 treatment group were opposite with GD1 and GD2
strains. In the experiment of low temperature reproduction, after 15 days of low-temperature acclima-
tion and freezing treatment at —20°C for 1 h, under the treatment of 5x10° CFU/mL strain GD1, the fe-
cundities of AMA3, AA3 and YW4 were 7 530, 9 317 and 12 793 per plate, respectively, which were
significantly different from those of their corresponding control groups (3 192, 3 840 and 5 823 per
plate, respectively). There were significant differences among the three strains and their control groups
when treated with 5x10° CFU/mL. However, there was no significant change in the reproduction of the
three strains after treatment with GD2 and NJSZ-13. The results suggested that different bacteria had
different effects on the freezing resistance of PWNs. The nematode-carried bacteria GD1 and P. masso-
niana endophyte GD2 could enhance their low-temperature adaptability, while the P. elliottii endophyte
NISZ-13 was on the contrary.

Key words: Bursaphelenchus xylophilus; PWN-carried bacteria; pine endophyte; low-temperature
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FEEY R EIET GBS ,2020) o FABF 2 L Bur-
saphelenchus xylophilus JEAEY) 77 A 2 b R 35 ™8
() —Ff o HEH B AR 2 Huii 2 4 R A B A 1 5%
KB RREPERRMN F Z — (Toth,2011), 2016 4F1%
o TE TR [ il i XA T8 T R R I (MK
)R 2017 4555 4 5 04, T4 (2019) i — Dk
PR L A SRS RN & 27 A 1T AR Larix
olgensis . H A V% W ¥5 L. kaempferi FIHE L& H4 L.
principis-rupprechtii %5 16 77 3 5 R R, DL B
RIS A L dUig © 28 m b 985, 7™ 5 gl i 4 3 5
T ARARTEIEAN A SRS, XA TR A R JE I
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etal.,2006;2011) . KEFERIAAJE, AN B A
A A TR 32 DL ZF MUAT IR ® Bacillus & En-
terobacter 25K F , 31 H. 8 4 345 5 B (Bal et al.,
2012) . MEAh, A BIFTERIIAAIA L H i A 4 PR IR
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H B ZERUAT T B. subtilis 77 HE WA BRI R 1R
SXT PRI ANAE A 2 DL R S e A R
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B (Ogura & Nakashima, 1997; Grewal & Jagdale,
2002) , 17 £ Wi ok W R4 A B S IR AR AT
Xenorhabdus spp.(Jagdale & Grewal, 2003 ) ; - {# 3¢
S5 (2017) W58 45 5 L ARG 8 W I ] 45 A B
28 1 Bx-SCD RN 35 e g R BUIR TR R | 1
A BB e e aE AR IR R 2 — o (R TEARIR 5%
PN AR T 2 M A 2 HUA 38 ) ANV AE
kg W 20 T R A P e AT IR 335 17 1 1) 52 ), A
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A2k SR BE L RR AMAS 35 HURR AA3 FES 35 HUBR
Y W4 A7 R EH A B AKX 3 AR PR R XA B £k
R Rk BB I, DAY SRy itk — 20 B A A B
2 AU T AR PR LA

1 #R57E

1.1 ##

P YRR BRI AR < A AE 2R 5 5 HUBE AMA3 H
TAB B BN Pinus thunbergii 43585, WP 7 HURR
AA3 HZHEAE B E LA P taiwanensis 1535, 55
B IR YW4 B = B A B P A P kesiya var.
langbianensis 14325, 3 BRIE R B R mt Motk R 2 2%
ARG SC0 ZE R A7 o ZEAEAT R GD1 Wik B A AF
SRR B RN PR A AN, 28 BT R GD2 P bk
R R S R A A3 B AR B AR P9 A A TR, SRR
ZEMFF 1 Bacillus cereus NISZ-13 ¥k H 1T H A
Hh o B A R A R MR N A 40T, BT B
TR RS FH R ROl 27 AR B S g g 4L

Re #2358 #3018 (nutrient agar, NA ) 55 35 Al
SrREES ¢ EEM 10 g FRE 3 ¢ 3R 20 g\
ZXAB 7K 1 000 mL, pH 7.2~7.4; & 3% B g (nutrient
broth, NB) 35 7R B A 70 W S AEN 5 g R R 10 g 4
3 g 7818 7K 1 000 mL,pH 7.2~7.4; Th44 A 4
B (potato dextrose agar, PDA ) 5 37 35 il 43 by #r fif 1
5200 g A 20 g BHIE 20 ¢ ZEIE K 1000 mL,
pH 7.2~7.4.

GRS : A G 0 B = sl Leica
DMS500 & {5 , AL s Bl k REERHE A RS W EYE-
LA Z A EE R AR AR s Bk g ik X 254
MIR0553 fH IR F46 , H A = Vel LR 2 4E
1.2 FHi&

121 &k k&g H &

FARE 26 HU5E 7 PR AMA3 5 HURR AA3 155
T HUPBR YW4 HURR Y T K 3 %5 10 Botrytis cinerea “F-
e EEEFR, T UKAR 4 CORAT . B0 mi 7% =K
B JC 145 1604 PDA A |, B TR 25°C AT
MR BE N 60% Y TE IR 35 SR A vh A TR R IR, R Uty
IRAG LT 22 R e I 0 DR 2l < ki A T4k
HU 5B SR IR Y 50 mL AMA3  AA3 FlI
YW4 HUE T 4 500 r/min &0 5 min, 3 FIEW, ITA
SRR 3% i S AL EAEFE 15 min, T4 500 t/min &
x5 min, 3 B, TCRE KM YE 3 W, A SRR
0.05% fii 1 4% % Z AL FE 15 min, 4 500 r/min | 2.0
5 min, 3% _FIE W, FHICTRZK 0Pk 3 00, B vk B

%5000 £%/mL,
1.2.2 34RFAOATE R RRE &R 6y H) &
FHAZRD PR PRI 1 PR B TR V% 25 AT I GD1 4%
AFIEA 50 mL NB #5525 150 mL #EE i, T
28°C . 220 r/min | %35 48 h, 3515 & W, B HoAE
10 000 r/min 4°C F &0 10 min, 7535 F W, 45
O RUK E B RARTIVE , 40 A A R e B A6
JE S 1x107, 1x10°, 1x10° CFU/mL B B 2 . ZF
FF 1R GD2 FIEAE 28 JLAT B NISZ-13 T 2 I 1 il 4%
/] 2 M AT 18 GD 1.,
1.2.3 AR AL B AT AN & R B E R0 e
TCR AT 3 IO BE 2R 5000 4%/mL A FA B4
2% R U AMA3 U S mL, 5 34N 1 2
FFA GD1 . ZF M AT GD2 FEEFE 25 AT 7 NJSZ-13
PRI S mLIRA, RIS 2 20k B 4301l o 5%10°, 5%
10°.5%10* CFU/mL ¥ i HIR AW, LIINA S5 5 TR
FEFANRT IR, KSR AW 10 mL I &
DT TR G LS G 43 B 0.5 mL 3 2R
FER IR A 22 b, B TR R 25°C X
K 60% W TH R B T4 N A PARE R R . RR U
SEXEFR ML 3/4 TR 2215)  F 35 52 UE T 5 CHE 340
94k 10 .15 #1120 d, B MAEFE S ANEREE L &4uk
FRACIR YA SE G I DLJR 2 s S o6 L2 stk 47
SYEKE B AR IR 2 B2 E 1S mL R B O
#3000 r/min | &0 3 min, 3 _E R, FHCHE
IRIREAT B O WPk 3 U, W b 5 i) 5 Ak B P VB =
1 000 5/mL, 73| H 2 mL HURFE RS 280 TG B 2540
R, =20°C R RAL PR 1 b B 3w TR R R A B
H12 he FHIR AR 7 1R 50 HO, I E S50 uL HL
FESIEE oA pr 2 R BORIAE 16 B, THBAE T
R, SR 2 T RO, T T R N AR
SLETPE B0 sl B, A AR AN B A S A
Too AR R=4 AT B/ 2 U E<100% . B4~ 4b
PISATEE . W URRE L 3 AR ZE AT B A b1 26 L
B bR AA3 F155 75 HUBR Y W4 7715 SR A 520 1 56 7]
SR R AMA3.
124 AR A B3 AT T R R H I E 0 o
FRAE 1.2.3 100025 e £ 3 AR ZE AT B X A bh £k
HAEIE 2R ) f 0 2 R AR AR (R A 7 i
RISk MO BRF] 1.2.3, AR 2R L 7e =30 T i
12 hJ& , AR A FRA 0 UM I A% 10 R B T
I K AR PDA Al ok B IR R 25°C
FHXHAERE 60% MUTERIEFRAA N 2RI 10 d, HI
IR B 2 BT, ITC A 2 88 /K kit
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K FH Prism 6 04X 16 B 2E 4 7 WLR R Oy 22
53T, W H Tukey Kz g 6P BE 1 725 S5 i B TR 56

2 ERESH

2.1 RFELEFETEXN LM ERFEER
2.1.1 STIAME KR FE RMRAE YR

34K 2T PR 5 B HURR AMAS 715 22 114 52 i)
FETE2E 5, bk GD1 1 GD2 B 1 3 45 s R 7 bk
AMAS3 (A7 5 T PR AR NISZ-13 & 35 R AIK s 2
Pk AMAS FUFERE 3, bk GD1 X5 Bk AMA3 %

IRZE

mm AMA3 = AMA3+GDI1
A :*** ok e Bx
2 e o WlE
Q
*’»Iiéii 60 60
%E 40 40
3 20 20
0 0
5x108 5x10° 5x10* 5x10°

TG R R B B VR GD2 T I 3 5 TR AR B R AR TR 9 £k
15 dJ& , 5B AR AMA3 U770 R B AR TR 9
k.10 d #1120 d FIAEIE 2, 3D BIK B[R] AS [m] e )
PR BT 25 bR AMAS A7 2R 52 M R 32 ]
(E 1) 7EAGRYIME 15 d.-20CER AR 1 hiE), 5x
10° CFU/mL F15x10° CFU/mL ¢ £ & £k GD1 kb B
SR EE R AMA3 BAETE 50510 77.22% F175.76%,
P18 3w T3 5 5x10° CFU/mL i1 5x10° CFU/mL
VB TR R GD2 Ah LS 3 B HAR AMAS (715 R 53
5K 78.46% F1 73.24% , ¥4 i 3 =5 T 5 B 3 AUk
PR AR NISZ-13 Ah PR 58 5 HUbR AMAS3 FAETE 2R 5051
F744.38% A1.41%139.25% , ¥ B ZKTRHR (& 1),

= AMA3+GD2 3 AMA3+NIJSZ-13

C kok %

I_T

sk sk

F** ,»—*** 100
60

40

20
0

5x10°

5x10*

5x10°
B HIE-&YRIR E Mixture concentration of bacteria and nematode/(CFU/mL)

GD1. GD2 FINISZ-13 43511 by 2F MUFT B . 2F IO R FE A 2 BEAT TR P ok

GD1, GD2 and NJSZ-13 are Bacillus spp., Bacillus spp. and Bacillus cereus strains, respectively.

E1 {REYML 10 d(A) 15 d(B)F120 d(C)JF 3 BRI BT B E I FAR 22 IR R AMA3 77 R
Fig. 1 Effects of three Bacillus spp. strains domesticated at low temperature for 10 d (A), 15 d (B) and 20 d (C)

5x10* 5x10°

on the survival rate of strongly virulent strain AMA3 of Bursaphelenchus xylophilus
BB A B pR R . * % % o xR 28 Tukey TAKE 6 7E P<0.0 001, P<0.001, P<0.01 1 P<0.05 7K
S22 Data are meanESE. * * * * ¥ % * * * and * indicate significant difference at P<0.0 001, P<0.001, P<0.01 and P<0.05

levels by Tukey test, respectively.

SN R A R AR E R

3 AR ZE LT X P EE HUBR AAS AETE RS2 AT
TEW] B 22 5%, oA Rk GD1 Xt rp 3 bk AAS 1775 R
452 TR 58 BT AR GD2 B fim Sk 3 5 TR) R BT AR I TR 9 Ak
15 dJi, HhEE Bk AA3 BYAE T R B B AR TR 94k
10 d F120 d BYAFIE 2 5 3 DI A RS [l B [ ik o
PRXT B PR AA3 A5 R 52 I AR R (181 2) .
fRIRYIAE 15 . —20°CAFRALEE T h i), 3NV B BB
GD1 b3R5 bk AA3 FETE 245 31 83.68% .
80.67% H173.91% , ¥4 il 3 755 T XF B8 5 3 - o5 TR Pk
GD2 4b i J5 A8 kR AA3 BAFIE R33N 72.34% |
75.08% F1170.09% , 34t 25 v T X% 5 3 4> Wk TR bk
NJSZ-13 4b P J5 v 8 B PR AA3 1Y 77 1 2 5 5l
H 42.37% . 28.24% F 20.06% , ¥ i 3 % T %) B
(F2).

2.1.2

STAME 4R, & 35 B R AR E R Fm
3 BR 25 AT B 0 55 B HUORETE 1 YW4 [R5 10 47
TE24 5, Hor Bk GD1 X 555 bk YW4 1715 1
S S B R GD2 22 55 AN 8.3, 1M T8 R NJSZ-13 X 55
B MR Y WA LEIE 20 500 /R B 38 5 R B AR A TR 9
B 15 dF120 d 5 , 595 B Y W4 BOAFEE R B I =
IR YA 10 d A7 R 5 3 A DIR B [R]AS [R] ¥ 2 )
PR A RR X 55 75 HURR Y W4 BOA7-35 R 52 0 4 4 [H) (14
3), RIEYIME 15 d.-20°C 2 ZRA B 1 hinf, e 5%
10° CFU/mL Fkk GD1.GD2 1 NJSZ-13 4h 3 J5 54 75
MRk YW4 1 £7 15 253 5l R 84.26%. 76.38% FiI
45.33%, H P 0 35 TR R B SRR 2E R
3 ;5x10° CFU/mL ¥ & 1# ¥k GD1.,GD2 #1 NJSZ-13
b B I 55 7 HORR YW4 B AE 6 R 43500 o 81.50%
77.75% F147.16% , il P #5355 T R, J5 3 5 0t

2.1.3
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MR 22 R B3, 5%10* CFU/mL ¥ B B Fk GD1.GD2
FINISZ-13 &b B 55 75 R YW4 194705 55 501
84.18% .82.27% F162.81% , B & &= TX R, 5

mAA3 =AA3+GD1 =AA3+GD2 =AA3+NJSZ-13
A B « stk ok C s
o

Rk % [k **:: 100 sk ok l@k*
Aok [k o
80

FEHNRERARE . KRIIE20 dEFrZ5 R 51K
TR 15 d B ZE AR

N
%:g 80 80
= 60 60
Jﬁ? 40 40

2
2 20 20
0 0

5x10¢ 5x10° 5x10* 5x10¢ 5x10° 5x10*
B IR &K B Mixture concentration of bacteria and nematode/(CFU/mL)
GD1 ., GD2 FINJSZ-13 73511 0 25 HUFT B | ZFHOAT B AR 25 AT TR R R
GD1, GD2 and NJSZ-13 are Bacillus spp., Bacillus spp. and Bacillus cereus strains, respectively.
B2 KR 10 d(A) 15 d(B)FA20 d(C) 5 3 REFRAT R XTHAH £k L rh B AR AA3 TR R AN
Fig. 2 Effects of three Bacillus spp. strains domesticated at low temperature for 10 d (A), 15 d (B) and 20 d (C) on the survival rate

5x10° 5x105 5x10*

of normally virulent strain AA3 of Bursaphelenchus xylophilus
P PR Ry T R R DR o % % kR IR R OR 28 Tukey KRS0 7E P<0.0 001, P<0.001, P<0.01 1 P<0.05 7K
2255 B 2% . Data are mean+SE, * * * * % % * k% and * indicate significant difference at P<0.0 001, P<0.001, P<0.01 and P<0.05
levels by Tukey test, respectively.

N YW4 B YW4IGDI O3 YW4+GD2 3 YW4+NISZ-13
B
ffg;:; 60 60
2 40 40
2 20 20
0 0
5x10° 5x10°  5x10°¢ 5x10°  5x105  5x10* 5x10°  5x105 5x10*

B HIE &K E Mixture concentration of bacteria and nematode/(CFU/mL)

GD1. GD2 HINISZ-13 535311 hy 2 MUFT 14T S MUAT 11 A A 2F AT AT R BR
GD1, GD2 and NJSZ-13 are Bacillus spp., Bacillus spp. and Bacillus cereus strains, respectively.

3 RIBYIME 10 d(A) 15 d(B)F120 d(C)J5 3 BRZFREAFT B X #A%T £k R3S bk YW4 FFiE R B9 #00
Fig. 3 Effects of three Bacillus spp. strains domesticated at low temperature for 10 d (A), 15 d (B) and 20 d (C) on the survival rate
of weakly virulent strain YW4 of Bursaphelenchus xylophilus
Pl B A BRI o o ok ok kR 3B SRR 28 Tukey 15K 55 7E P<0.0 001, P<0.001. P<0.01 1 P<0.057K
7. Data are meantSE, * * * * % % * % * and * indicate significant difference at P<0.0 001, P<0.001, P<0.01 and P<0.05
levels by Tukey test, respectively.

2.2 AFREFHEFREMNIRMEREESHRN Je P 50 B 22 5 N 12 3 5 1 5%10* CFU/mL B #R

YR URAL RS |, 3 MR 28 T TR XA [R]85 0 R b 4R
HUBEE RS AT AR 25 5, B Ak GD1 BB HE AR TR
FIRS AL B BB, 1T B R GD2 FINJSZ-13 B35
ARHIE . 5x10° CFU/mL ¥ B 18 & GD1 AR FE T, £
Mk i AMA3 L AA3 FIl YW4 HUBR 19 58 B 43 5
h7530.9 317 #1112 793 £/, ¥4 3 w5 T IR (P<
0.05) ;5x10° CFU/mL ¥ & i #k GD1 ALEL T, A bF 2k
HAMA3 AA3FIY W4 HUBR I S0 15351 13 602
6 253 F110 773 4%/1IL, 7 & .35 = F % IR (P<0.05)

GDI1 AbBRR , FABF 26 1 AMA3  AA3 FI YW4 HUER 1)
BHE 0 4 439 .4 813 F18 273 4%/1IIL, S5} HE 2%
SARE (R . 183 MR EE bk GD2 FINJSZ-13
REBETR  AAE R M 3 MR ) HObk Y 45 B 1 5 0 IR
EFAREED,

3 iTig

RGIR T £ HRIE g SR A 2 R TR O PR A R
Fr (Jagdale & Grewal, 2003 ; Adhikari et al., 2010; &

S
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B 54 ,2014) o ABFIRAE R Bon AR IE 15 d,
5x10° CFU/mL ¥ EEH#k GD1.GD2 4b BRJS AA kA £k it
5 B HUAR AMA3 | HEE HUER AA3 RIS B HUAR YW4
() A7 35 i G IR 17 B AR NISZ-13 AR5 1Y
FENG AU T4 8 5 5% 10° CFU/mL ¥k JiF 3 4k 1 Bk Ak
FHIS , 45 5 5 4 i 5x10° CFU/mL &b B (1 45 S A [H]
FHTEARIR AL B S AR GD1 Al GD2 e i M E
fi i E e m AR ML ORI AT R IR
H 4 M REHT (2003) 48 H R #% GD1 A GD2 43+l 4
FAAAA 2 HUPE AR 20 58 RN 25 R A N AR AR, A IR AR
FYIRBAE AR B AEIE I E] . PRIAR NISZ-13 &
— Wk E TR A S S P A A B, KRR A B B

28 48 h 5 AR H I BBE R 3K 86.5% (24258 5E
8,2017) , A5 25 LRI PR NISZ-13 b 35
AR LR FE VS R A1 T AET- R g 3 7, HARIR
Yk 15 dF120 d )5, B RRTAS [R]85 5 26 H i AT
KA EAC PR 10 AT B 3% . #2545 (2014)F
FEAR Y  FE—E ST YL [a] S AA A LR B A7 TG
RIE X iR T ARG 45 3 b Bl A G 9k
k) PR REE A, 286 HUA s R D R St e P B 7
DI E] R EA  ZEAR B VR, b4 2R B HR
(438 07 P S 3 R, X T R R O A U TR
FEVR WAL T BENS AR A7 I H S BOR AN B AR & 2
FIRIR IR Z—

F1 RFLHEFREFEANARZ R REEEHZMN

Table 1 Effects of Bacillus spp. on the reproduction of Bursaphelenchus xylophilus with different virulences after freezing treatment

NIRRT R b 2 I BB/ (2% /10

— i Reproduction of different virulent Bursaphelenchus xylophilus per dish

2] .

Strain No. of bacteria/ YL bR AMA3 P bk AA3 S5 LT Y W4

(CFU/mL) Strongly virulent isolate Normally virulent isolate Weakly virulent isolate
AMA3 AA3 YW4

JCHIK Sterile water (CK) 31924824 cd 3 840+604 be 582342 267 be

GD1 5x10° 7 530+2216b 9317+686 a 12793+2 815 a
5x10° 13 602+3 163 a 6 253+1 869 b 10 773+2 348 ab
5x10* 4 4394887 ¢ 4 813+1 006 be 8273+352b

GD2 5x10° 27174415 cd 5853+£1952b 8973+1423 b
5x10° 6 989+2 700 b 4 480+312 be 6 800+799 be
5x10* 3181+1 078 cd 4307+1 099 be 8 680977 b

NJSZ-13 5x10° 1433+581d 1 667804 d 4 893+1 860 ¢
5x10° 1812+785d 3000+144 ¢ 4267+1 211 ¢
5x10* 1 667+289 d 1 960+349 d 8934+142 b

Z PR R R AR . RV S A RNG FRER AR ZS Tukey B IR P<0.05 /K F-7% 5 8.3 . Data are mean+SE. Dif-

ferent lowercase letters in the same column indicated significant difference at P<0.05 level by Tukey test.

4 W A R A e 2 ORI M 1 o — A
IR R A5, 2014) . B A WF5E R IATE W A
T B E b GD1 I GD2 Y RELE AR 2 1y
ZhH , H PR GD1 RUR Bk GD2 B &, I
AIRES R4 N GD1 FIZR L 2 [A] L AFAEE PR (R
F 4 AR, 2003) . ABFFEZE R R R YIE
15 dB], ZERAFT B2 UG R A 52 i S 2, DRI
AHFFE B IR IIAE 15 d IF 0 bk 17 20
5o AHESE B EH I 45 R o, 5%10° CFU/mL Fl
5x10° CFU/mL &k GD1 AbFE S | 3 BRTFE JI AR it
Tk AMA3 AA3FITY W4 [ Z5E w43 BIEXT BEY 245
DL L, RO GD1 7R RV T B e A R b
PG AR B 4 i ol 5iIRF & ML &5
(2003) 75 & T AT FERUEEAR R o H ] O, A

2 PR A 40 TR GD1 RJ LA 35 Ae R Ve VR AL B 2k iR
(Y BEFE ), 3 T RERR e 1AM R TR AT
ALT7 )5, o TR AR AR R 4 P B 1 o S T B ok
S A B X R B A3 S

L5 LTIk AN Z R A AN TR GD 1A PN A
2 GD2 FE IR IR 5T T B AR 1 35 (2 A [R5 1A
FAER U A7 0 AR SEFH A, K 2 PR 2R AR BT
R PN A S R T DR B AABA 2kt 3= Sl 17 b B TR 2
SR s A O, AUITRRER T
2 AT 0 TAR A A AT R T B BRI A
ESRTEARIRAAE N FABA 2 s A Al R S AR R P A=
240 B S B B A A 2k H TSI B AN IR IR A 5
ik ik = TRABIBEST o [RIIN, 25 B AT S R BA 2k ol
AR A R MR Y N AERL IR 75 1 — R



448 iR/ B A= S 1 484

2 # X ikt (References)

Adhikari BN, Wall DH, Adams BJ. 2010. Effect of slow desiccation
and freezing on gene transcription and stress survival of an Ant-
arctic nematode. The Journal of Experimental Biology, 213(11):
1803-1812

Bal A, Anand R, Berge O, Chanway CP. 2012. Isolation and identifica-
tion of diazotrophic bacteria from internal tissues of Pinus con-
torta and Thuja plicata. Canadian Journal of Forest Research, 42
(4): 807-813

Grewal PS, Jagdale GB. 2002. Enhanced trehalose accumulation and
desiccation survival of entomopathogenic nematodes through
cold preacclimation. Biocontrol Science & Technology, 12(5):
533-545

Huang RF, Gao RH, Shi J, Song DW, Li ZM. 2014. Cold tolerance of
Bursaphelenchus xylophilus in the Three Gorges region of Hubei
Province. Journal of Northeast Forestry University, 42(11): 138-
141 (in Chinese) [ #Jii 25, % % BT, 4747, ARAESC, 24 A .
2014, AL =0 b IXAA T 28 U TR FE A . AR MOl 274,
42(11): 138-141]

Jagdale GB, Grewal PS. 2003. Acclimation of entomopathogenic nema-
todes to novel temperatures: trehalose accumulation and the ac-
quisition of thermotolerance. International Journal for Parasitolo-
gy, 33: 145-152

Kawazu K, Zhang H, Kanzaki H. 1996a. Accumulation of benzoic acid
in suspension cultured cells of Pinus thunbergii Parl. in response
to phenylacetic acid administration. Bioscience, Biotechnology, &
Biochemistry, 60(9): 1410-1412

Kawazu K, Zhang H, Yamashita H, Kanzaki H. 1996b. Relationship be-
tween the pathogenicity of the pine wood nematode, Bursa-
phelenchus xylophilus, and phenylacetic acid production. Biosci-
ence, Biotechnology & Biochemistry, 60(9): 1413-1415

Kikuchi T, Cotton JA, Dalzell JJ, Hasegawa K, Kanzaki N, McVeigh P,
Takanashi T, Tsai 1J, Assefa SA, Cock PJA, et al. 2011. Genomic
insights into the origin of parasitism in the emerging plant patho-
gen Bursaphelenchus xylophilus. PLoS Pathogens,7(9): 1002219

Kikuchi T, Shibuya H, Aikawa T, Jones JT. 2006. Cloning and charac-
terization of pectate lyases expressed in the esophageal gland of
the pine wood nematode Bursaphelenchus xylophilus. Molecular
Plant-Microbe Interactions, 19(3): 280-287

Klosin A, Casas E, Hidalgo-Carcedo C, Vavouri T, Lehner B. 2017.
Transgenerational transmission of environmental information in
C. elegans. Science, 356: 320

Li LL, Tan JJ, Chen FM. 2017. The screening and identification of two
bacterial strains with nematicidal activity against Bursaphelen-
chus xylophilus. Journal of Nanjing Forestry University (Natural
Sciences Edition) , 41(4): 37-41 (in Chinese) [Z55555, iR % 42,
FRIRE . 2017 PRRAA A 2k HURS AR B RO S8 FEE . Btk
W RAEZAA R HAATRIERR), 41(4): 37-41]

Li YX, Zhang XY. 2018. High risk of invasion and expansion of pine

wood nematode in middle temperate zone of China. Journal of

Temperate Forestry Research, 1(1): 3—6 (in Chinese) [F/KES, 5K
SRR . 2018, F I il s DI AR A4 28 BUAR T 5K  RUR: . TR
HMLAFSE, 1(1): 3-6]

Ogura N, Nakashima T. 1997. Cold tolerance and preconditioning of in-
fective juveniles of Steinernema kushidai (Nematoda: Steinerne-
matidae). Nematologica, 43: 107-115

Proenca DN, Grass G, Morais PV. 2017. Understanding pine wilt dis-
ease: roles of the pine endophytic bacteria and of the bacteria
carried by the disease-causing pinewood nematode. Microbiolo-
gyOpen, 6(2): e00415

Tan JJ, Feng ZX. 2003. Effect of two bacteria strains on the survival
and reproduction of Bursaphelenchus xylophilus. Acta Phyto-
pathologica Sinica, 33(6): 557-558 (in Chinese) [k % 4, {5 ik
BT . 2003, 22 B TR RR XA A L R AR 5 BB A L )
FHRAFAR, 33(6): 557-558]

Toth A. 2011. Bursaphelenchus xylophilus, the pinewood nematode: its
significance and a historical review. Acta Biologica Szegedien-
sis, 55(2): 213-217

Wang BW, Liu WL, Wang F, Ma L, Li DL, Wang BY, Hao X. 2017. Fat
accumulation in Bursaphelenchus xylophilus by positively regu-
lating Bx-SCD under low temperature. Journal of Northeast For-
estry University, 45(7): 89-93 (in Chinese) [ L1# 3¢, XIFH#%, L
Ve, ThEy, PR, FARE, RIT . 2017 (IR A Be-SCD fiE it
AP BUIR IR . ARALMOl 22431, 45(7): 89-93]

Wang LS, Zhang TT, Pan ZS, Lin LL, Dong GQ, Wang M, Li RG.
2019. The alcohol dehydrogenase with a broad range of sub-
strate specificity regulates vitality and reproduction of the plant-
parasitic nematode Bursaphelenchus xylophilus. Parasitology,
146(4): 497-505

Yu HY, Wu H, Zhang XD, Wang LM, Zhang XF, Song YS. 2019. Pre-
liminary study on Larix spp. infected by Bursaphelenchus xy-
lophilus in natural environment. Forest Pest and Disease, 38(4):
7-10 (in Chinese) [ T3, 258, KA, Er ], KHKIE, K
FXL. 2019, FEHHS FAIRSFAF T IRYAR L AR . E ARk
i, 38(4): 7-10]

Yin YN, Wu JW, Tan JJ, Hao DJ. 2020. Optimization of medium and
culture conditions for Bacillus cereus NJSZ-13. Journal of Zheji-
ang Forestry Science and Technology, 40(6): 9—17 (in Chinese)
[FHHA, SRAERE, R4, ABAET . 2020. MR P9 A B R ZE FUFT
T NISZ-13 T bk & B b 3% 3 K R Ak . #nvemkoll B4, 40
(6): 9-17]

Zhang W, Zhang S, Kong XB, Zhao LL. 2014. Inbreeding and repro-
ductive comparison of Bursaphelenchus xylophilus. Acta Ecolog-
ica Sinica, 34(14): 3932-3936 (in Chinese) [3K 55, i, FLEE
W, BT . 2014, ANBTERIRIT S R BT M A ) LA . A2
%, 34(14): 3932-3936]

Zhao J, Peng DL, Liu SM. 2020. Progresses in the researches on the ef-
fectors of plant parasitic nematodes. Journal of Plant Protection,
47(2): 245-254 (in Chinese) [#X 7%, S K, X144 . 2020. ¥
A ELR AN AT AR AR, 47(2): 245-254]

(FTAERHE  RIR )



