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FRFIRGFE S AR RN (ARES . THOMERH ) BRI R BT 085 %08 o X B IR AR H R G K
B, IR TAAMA LB AR FE N SRR s, [ Z5 R 1 MR RN JE 5 AR A P 43 1] 43 25 A5 3]
W19 MESE 106 DR 10 DRI 86 MEK, AR A AREIRER ., A [FHE EE KA
2250, THSAER it (Y 2 B4R s T AR . fERE S R FA EL A % Shannon-Wiener 8 %% ( H) . Simpson 45 %%
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e MMEHRIBAFER, B CBCE AR I e
ML, HIMMEETIS, FFREE AN R, 15
AR DAERR A KU WA AT e v B
A e BB TGRS T T, (B AT BEREE IS 1Y
RIBMIFH A A, RE&PEWARFREN, T
U, AR N AR T A MDA A R Ui 1) e R s v
FEEEMEH . 70 T MR GRUE D RS 45
AT T M B 2w 8, W OR e
FAE 0 2 G R DL RO o U5 I e ) P 4
HES FRL AR

VR 45 SR A 26 H AR XS 27 R 1)
WAETIAE YIRS ZRE A 2, i HAARTY
W2 WNERWEARKAED T, 8 HL5EEN
KA TAME AR ZS BAAS ( Pinus thunbergii Parl. ) #4
WHERE AT T8, RIAEEEFRAS T AR
WA REE, (HRRAEHAHLILEAF, &
U381 TN g BIR S S A (P, massoniana
Lamb. ) IR TN E WA, I
LM T A EAR E AR, TR
U 38 XA 2 HUI 2 A IX R & AR DX (P
tabuliformis Carr. ) MEBEHF AT B AL E, &
PR A AR TRTAR L DA RN (A B PN A TR B AR X =
FEANTR], 3 ] 5E -5 MARE X R R 2k H BT AT G .
Ma 55 AU I H e S P R R 5Y T b 4 A
YT e SRS RIFRAL A A BRI 28540, R IR Ry
FNSZ BT I FIAR AT A0 TR I RF I 25 A AN ], R
AL AT LASE A AF I AN AF 75 4544 . Ponpandian
NN IR#S ( P. densiflora Sieb. et Zuce. ) . I
¥y CP. rigida Mill. ) . TBRAFNZLHS ( P. koraiensis
Sieb. et Zucc. ) A [FZHAUERAL 4 2515 2] 1622 B
A2 ER, DA HP I 0 3 44 BR EL A R 2606 ME R 4n
W, HP7ZEEHREE ( Stenotrophomonas ) F1 %
AP HE IR ( Bacillus ) HTE R ELAEHRREH .
Kim 25 AU AT BRI A 92 BRAAR P A 20 T Hh i 1k
3 BRATE SR A U E AR, S8 i T
X 3 MR B 1) TR A TR XA T S5 R AP A 2 U )
R

L RAME IR R A E MR T, i
ARSI S U TE S R AR il A 2E, (HG T H
P [ AH R T A W v 22 FEME B AN 4
T, XS R WA E Y AP S 5 D RE S = TR
oY, XEBHAS T BRI i — 2 TF R . A5

A XA B U E DX FEAN AN R EE A A M ) 7
B, AT T AR AR ETS S RAAMA A R
PRI 4k, [R)IE el 5 A b iR R
Yy B R A , F 9 A TR W B A R £k
T, IR HABAER B AR B BT 42 B AR B Bl

1 #H5 7 &

1.1 HmEE

T 20194 9 H 7E Wi 148 & BH X ( 30°3'N,
119°58'E ) Fy54¢ H (29°36'N, 118°58'E ) R fikt
J5E 5 FE AN R A A 2 AR G 5 | JEE A A B 55 BB A 45
4RR, AL AN YAERT IR, 4 DR S}
0 B 5 R AR A A R KT 100 3k, fg
2 )t NSRRGSR 1| VN S o S P o e B )
AL, b 3 B AR 2 BRAAE S
Pk A& FHIX, 1 BRI 2 BRAGIE S i
KHER R PREMN TR 25~30 4844,
Wt 17~22 em, BHEh 16~20 mo 20 ilREH
AT A 10 om BRARAGOIAR . M B35 3119
ooy R 3B 2 AR AR, RS I B TR
fiF4S
1.2 R_FIFA5[4

FE )3 R 2 DNA $EGRA & . 4 L R 4
DNA $#EHU7& . 2 x Taq PCR MasterMix, D2000
DNA Marker 19 [ RARAEMFHE (db5) AR
Fl; PCR 5|4¥%} ITS1/1TS4 Fl 27F/1492R Hdb 7S
BHEREERBHCA R A A A
1.3 FambbiE

K HIE AL B 0 B E AN [R) BB A6 1
VRFZHTE o MUAR A AT b AR 2R 1 1% b TSR K
Yek, FMAHKFEEAAE T RS M E TR e
FHBE A9 22 B2 B4 . BT AR S 75% /) IR I
143 e FTC K sk 3 Wk, BUsE 1 IR Pk
WA T PDA B3R5 (200 g 25 D5, 20 g #ii%d
B, 15 g Biledkr, KB T7/K 1000 mL ) Fi4: A EE
HREEFREE (NA) (A 10g, & fkihsg, 4
WIRHK 3 g, BiE15g, 2B T/K 1000 mL)
MR TR BRI . TG R4 T 2 R
B7K 4y, FHTCHAR BT B 2 3 T FR ZPRS A B 1Y
FMEAL, FRERIAR FE TR Z 3 mm x
3mm x 2 mm FIAREL, FHE BT 2 6 mm K1 H
B, HTESmE.
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14 HEVHSE
141 A#®  HICEE KSR HSHE T 90
mm ) PDA 85575 I, BASAE SEEFD 25 418
Yo, EERMATE D RIS 48R, R THE %
200 B, Jt 600 LU, BT 25C HFEMA PR
MR, R Y5 5 TG IR P PRI B 75
G E T PDA KSR L alifb g . v
FRIEAR R R AR T IS S0, B alifb /s A
Ivi) B 75 T2 S O TR AR B2 AP T PDA 553838 |, X5
BRI T4, PR
142 wmi HIEWE T g 542,
BT 5mL BIEEKH, 28°C, 200 r- min ' JRHHE
3% 1h, IR2), WCHL 100 uL BR80T NA 5537
F b, 28C 153F 24 h, PRHUREVE E NA Ki 33k
Falifk, BREEiAL)E Al s s B4 R E AR
Wk (NB) (FEHR10g, SAfkihsg, 4+
WK 3 g, EBEF/K1000mL) 1, 28 °C, 200
r-min' 3535 24 h, 4°C IR1EEH
1.5 HEWHEE
1.5.1 DNA 3B ¥ 1.4.1 %77 0 T bk 8 B 5
T PDA Jigidk, 25°C 5595 7d, PREUAE 2T 2 mL
BT, SR Y 3 H 41 DNA #2505 &
( DP320) $2HUH ¥k DNA, XF T-# & PCR JC&&7H
() 40 AT TR R 61T DNA FRHR . B 1.4.2 W i 187 7
ImLF 15mLELET, 6000 r min' B0 1
min, 5 LR, KA 4 DNA $#250K
Fl& (DP302) RPN S DNA,
1.52 PCR ¥ ¥  RHAAEFZME{A (DNA X H
314 ITS1/1TS4 ( 5'-TCCGTAGGTGAACCTGCGG-
3'/5'-TCCTCCGCTTATTGATATGC-3" ) 47 PCR
P44, PCR VA Z 25 uL £ 7. S 4 DNA
1 uL, 2 x Taq PCR MasterMix ( KT201) 12.5 uL,
5149 ITS1 0.5 uL, 514 1TS4 0.5 L, ddH,O 10.5
uLo P IGRE P . 94°C WA M 3 min; 94°C AE Pk
30s, 55°CIiE K 30s, 72°C ZEH 45 s, 351
5 72°C FEH 10 min,

K FH 40 7 16S rDNA [X 3 FH 51 9 27F/1492R
( 5-AGAGTTTGATCCTGGCTCAG-3'/5'-TACGG
TTACCTTGTTACGACTT-3") #i47 PCR ¥ 14 . #)
FH 4°C 347 /T T ol 35 [ 41 DNA E R PCR A4,
PCR JZ R 2 50 pl £ 55 . B 3L H 41 DNA2
uL, 2 x Tag PCR MasterMix ( KT201) 25 uL, 3|

) 27F 1 uL, 5% 1492R 1 uL, ddH,O 21 puL, ¥~
WAEFE . 94°C T 2% £ 5 min; 94°C 7% 1 30 s,
55C iRk 30s, 72°C #EH 90 s, 35 PMEH; 72°C
FE{H 10 min,
153 LBEFFIRFA  B5 ul PCR =9
1.0% 119 Bt i W 66 i el ok 1 A7 A 0, O ) A% 1
PCR j=¥pi% 2 AL 578 A HE RS R R A R w1
F, MPREEBF S BLAST 8F#E4 755141
I X, 25 B AR/ B BIR B R AR, SEHGH
S ERERREY ITS 751, FIH] MEGA 6.0 #4412
BEMERGE LT, HEM (Bootstrap
replications ) “& 1000 ¥X
1.6 EXEAKE ( Trichoderma spp. ) XF# #14k R
B ERNN

AW /B 2 6 FRER ( Trichoderma )
ELTH 4 34D 2 PDA A b, F 25°C fHRE
7 do BFIEE LRAF AT HULRE Nxy61 281557
7 d IR AA O E T 25°C fHiREEFR, 7d)E
FATCTEACK AR 2R SR VE T, T P K 3 52
Ve 35 A A 43 000 Sk AR HUiE R
TSR 7 WIARFEEA K% ( Botrytis cinerea Pers. )
AR b, T 25C HIREESR 7d, 7 dJEHITERKSE
SRR, AR BB IR A AL U
FREEEc: ., B AREE S ANES, DURKH ARSI
M BT R
1.7 Sitoth

K FH A B R A5y B A T R AAAN RISV 43
B E A R B A, R Shannon-
Wiener 5 %% (H). Simpson 841 (D). 5] BE 485K
() S B0 B B I A RRIE . H Sorenson $5 %X
(C,) Fil Jaccard $5 44 (C;)) 3 A7 A [F) 2H 2L HIAS ] ik e
ARAS D R B B RIS A AR LR LS,

H=- Z P.nP,,

D=>"P

J=— Z P,InP,/InS,

i=1
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K PO RSB SRR S
bl

JHRPIAHE KA B AL, o
b Sl A A B SRR A ) B R

FIIH SPSS 22.0 XA A4 £k U AN R LB 5 1
PR AT B 2R 7 22401 ) Duncan’s £ [t
B (p<0.05).

2 HRERHN

2.1 SDEMAEALRNREDMENR
21,1 LEMFRMALRNGAREE LD R
AT N AE BRI A, Saalifb)fa s B AR S 2
PRI TR 106 Bk, HrbTEmy &R &, N
55% (55 %k ), HUCHEFHFIARES, 785000
46% (46 Bk ) F15% (58 ) 285 ITS FRA LXK
STEERI h 1918, K&EJE (Trichoderma )
AR, SRR SEY 25.47%, 1 AR
ML, WAL EE O _ME
( Lasiodiolodia ), T8N AK%E)E ( Trichoderma ),
NG 7C B & ( Paraconiothyrium ) ( 42 1),
WS AN o B A B LA 86 tk, Hrp B 1Y)
BRI, O 44% (44 Bk ), HUUZ TRRFIR AR,
SYEIRATIN 32% (32 8k ) F110% (10 Bk ). £
1L ITS JE8 LA B Rl 53 10 M8, K&
J& ( Trichoderma ) W AEIAIEHE, 5 H kS Em
34.88%, S ANFEARE, MWHATEHAILEIE
H K% JE ( Trichoderma) , %t W # B 5% J&
( Lophodermium ) (%2 ),
212 LEMFRFIALAMNMEER XHTLDE
AT N AE AR 53 B, alifb)s o B9 2 fid ik o
FEAAIAHTR 59 Kk, 2o )7 91 LIS 2 2 T kRl
s 134 E, KA IREE ( Burkholderia )
18 BROMOLIATERE, 70 B AN S B0W 30.51%; T
FHIRHEE (Serratia) MHFTHE ( Enterobacter)
£ 108k, 15 16.95%; ZH)&E (Pantoea ) 4 ¥k,
6.78%; H TIN5 28.81%. ARHEA[FFBALAY 58
1L, HRER . BRSO DL AT R s I
W& ( Burkholderia ) . W4 ¥F1#E J& ( Enterobacter)
MY EICHEE (Serratia) (3% 3). MAHILE M
AT EIS BT 56 Bk, Zaad P 91 FE XIS 43 2 TR AR
Xk 12408, Ho AR E ( Burkholderia )
22 HRONIEHTERE, o> B ANTE SR 39.29%; 1

58 ( Enterobacter) 8 ¥k, 5 14.29%; VWEHIK
W& ( Serratia) 68k, & 10.71%; ZF AT 15 )&
( Bacillus ) 5%k, i 8.93%; H'E4NH 5 26.78%.
FRAE A [RIFA B o B I O, AR AR A DL A PR
43 902 AA 7 R 1# & ( Burkholderia ) 1 i #1 12 &
( Enterobacter) (3£ 4 ),

22 SDEMHMENERES T SHERECE

A 1 AT, R AN [ 2R B )
MR RZESR, THABERMERA 13108,
FE% %, Shannon-Wiener 848 ( H) b 1.81, %t
B REREA 8 NE, H N 1.68, R/
HHA 240, HM0.50, Simpson3&%L (D) LA
T m, M 0.78, MEEAL, K 0.32; ¥WAER
BO(J) AT, A 045, MM, M 031,
SR AN L, RiFED AR Z150 2 5 1)
ELH R FERAE AR B E] S N E R A
W, HZ2r514 0.99 F11.09, Simpson #6% (D) LA
Fritims, 056, MREEM, 4 0.32; AT
M A R R (J) M, S 0.29, MREBEAL,
F022 (£2),

MFE S FIEH, HEREFIASE S AR A
PEY 0, {5 S AN A e, ARBESS
MR TR A R s, (PR EUE/NT 0.5, &
et B RIS A6 T R P AN ] £ £ 1) %) 2 T T R AT R
HRHAIK

e 1 R 2 W, fERR I R AA Y B A
T A A6 5 B A, Shannon-Wiener 5 40 ( H) .
Simpson 5%k (D) FI¥EIEFREL (J) KWKH 2.37.,
0.87 1 0.51, ¥ THiZL S EM T 1.72. 0.76 F
0.39, MAHIUIVEREBOR A , (dEE AL E AN 1Y H
A TR B 22 ) A L1 821K, Sorenson $5 %% (Cy) I
Jaccard 84 (C) 7341120 0.48 F10.32, HI/NT 0.5,
2.3 SEMRAENEESS S RA T

¢ 3 T, R D ERAAAS R ZH R Y AT R )
MR RZESR, THTER 1LAE (328) 1
M, Pz, HUCRMRTM S ANE (21 8),
BAPRE M (48R, HaEs 3 e 4.
FEANFE S AN, R T3040 1 3] A 4 vl b 2 i
Z, A 10718 (27 k), WREBFEF 53504 25 3
3R (24 8k) 2@ (48k) g (£ 4),
it B FIVAG S8 15 B i i 2518 T3 A 20 TR 22 1 e s
BEE A A0 TR 2RI

fit B FAR 58 55 R AN vh AT I A B AP 25 8 A4
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1 ERSERARSHMLNEERNER RS BIME
Table 1 The fungal composition and isolation frequency of different tissues in healthy Masson pine
& Root -+ Stem " Needle
e TR S FHXTATER
No J& Genus WAk R MR R EREE 9% Total number of  Relative
’ Number of Frequency/ Number of Frequency/ Number of Frequency/ strains frequency/%
strains % strains % strains %
=
1 7!(@)% 0 0 23 21.70 1 0.94 24 22.64
Trichoderma
B | )
2 ﬂﬁ%ﬁﬁ% 0 0 2 1.89 5 4.72 7 6.60
Alternaria
/.
3 MR . 0 0 2 1.89 0 0 2 1.89
Brachysporiella
=
4 e 1 0.94 7 6.60 0 0 8 7.55
Penicillium
5 BAZR 0 0 0 0 7 6.60 7 6.60
Lophodermium
6 ﬁ}ﬁ%%f@ﬁ 0 0 6 5.66 3 2.83 9 8.49
Pestalotiopsis
SR
7 A 0 0 1 0.94 0 0 1 0.94
Aureobasidium
I
E Colletotrichum v v ¢ v @ [ ¢ 28
| FE 2
9 MEAE}E X 0 0 0 0 19 17.92 19 17.92
Paraconiothyrium
B fE
10 Lasiodiolodia 4 3.78 0 0 0 0 4 3.77
11 Mortierella 0 0 3 2.83 0 0 3 2.83
AR
12 FRER . 0 0 5 4.72 0 0 5 4.72
Umbelopsis
13 Zﬁ.rﬂ_‘—‘l‘)% 0 0 1 0.94 0 0 1 0.94
lypoxylon
14 iﬁ%’@%ﬂ}% 0 0 1 0.94 0 0 1 0.94
arrowia
= ==
15 ERRR 0 0 2 1.89 0 0 2 1.89
Pithomyces
16 N]{@‘E 0 0 0 0 2 1.89 2 1.89
igrospora
17 Kirschsteiniothelia L 0 ! U 0 0 ! 2
18 Eurotiomycetes 0 0 1 0.94 0 0 1 0.94
19 Atractidochium 0 0 0 0 ! O ! Lt
41t Total 5 472 55 51.88 46 43.40 106 1
B AR - R NFE 0/ H Shannon-Wiener index/H 0.50 1.81 1.68 2.37
33 A48 /D Simpson index/D 0.32 0.78 0.76 0.87
) 5] B F6 44T Evenness index/.J 0.31 0.45 0.44 0.51

J&, Hrp T A A 8 e, WA 21,
4 14, Sorenson 38 %L (Cy) A1 Jaccard 5 %%
(C) 435124 0.70 F10.53, FUMEFFIHIE D AN
M pE IR BA — 2 r AR
24 REBEENRZZESN

AL R 6 MOREE, TE 6 cm HiFR LA
() PDA 35720k B SR 4 d RIS LA 1. LU
Protocrea farinosa NHMNGERE, 6 AN RAEKE

HEAERTZE R UL 2, 6 PNRPSEAARTEAE LB R IH
T 32, FXY7 5 T harzianum SE %% F
UL, FXY8 5 T spirale 564 % R it , FXY37 4
F longibrachiatum 733, FXY19, FXY32 Fl FXY56
X 3 PR AT A — 3,
2.5 ERAEXNRMEHFMMEHNE NI

FE 3 AT, REIRBEREIR T BIPAATEE sURp
B BA R EES, WEA% FXY8 B L gL
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Table 2 The fungal composition and isolation frequency of different tissues in dead Masson pine
R Root - Stem H Needle i
! B PR A AHXS AR
No Genus MR AESE EfE 28R EHRE S EiER Total number  Relative
’ Number of Frequency/ Number of Frequency/ Number of Frequency/  ofstrains  frequency/%
strains % strains % strains %
=
1 *.ﬁ)'% 8 9.30 22 25.58 0 0 30 34.88
Trichoderma
Lo Eilm
2 ﬂ&%ﬁi}% 0 0 1 1.16 1 1.16 2 2.33
Alternaria
3 j:mf@)% . 0 0 4 4.65 0 0 4 4.65
eptographium
4 AR 0 0 1 1.16 0 0 1 1.16
Brachysporiella
5 HER 5 558 0 0 0 0 e 525
Penicillium
/u ,1:_
6 e %AE 0 0 4 4.65 0 0 4 4.65
Ophiostoma
7 fﬂlmﬁ% . 0 0 0 0 27 31.40 27 31.40
ophodermium
N ﬁx FHJE
8 i?‘ 3;{.3/&% 0 0 0 0 10 11.63 10 11.63
estalotiopsis
s — s
9 Microdiplodia 0 0 0 0 3 3.49 3 3.49
5 ==
10 RRER 0 0 0 0 3 3.49 3 3.49
Aureobasidium
&1t Total 10 11.63 32 37.21 44 51.16 86 1
B A - 4N Fa %/ H Shannon-Wiener index/H 0.50 0.99 1.09 173
W AR FEHUD Simpson index/D 0.32 0.49 0.56 0.76
¥1%5) B 48 40/J Evenness index/J 0.22 0.29 0.29 0.39
R3 BRSERABESMANEMBENER RS BINE
Table 3 The bacterial composition and isolation frequency of different tissues in healthy Masson pine
o
& Root F Stem N I dl )
or) cedle ESE7IEE 4 AEX AR
No. i (G EOSE SRR EHMOR RS bR e Toulnmber Relatve
Number of Frequency/ Number of Frequency/ Number of Frequency/ DI SIS tequency/%
strains % strains % strains %
1 A5 IR E & Burkholderia 15 25.42 3 5.08 0 0 18 30.51
2 Wil KE 8 Serratia 1 1.69 7 11.86 2 3.39 10 16.95
3 JWHT )& Enterobacter 0 0 9 15.25 1 1.69 10 16.95
4 5 /R & Raoultella 1 1.69 2 3.39 0 0 3 5.08
5 12 B )& Pantoea 0 0 4 6.78 0 0 4 6.78
6 BRI g Erwinia 0 0 1 1.69 0 0 1 1.69
7 T J& Bacterium 0 0 2 3.39 1 1.69 3 5.08
8 BB & Pseudomonas 3 5.08 0 0 0 0 3 5.08
9 S B R )8 Sphingomonas 1 1.69 1 1.69 0 0 2 3.39
10 SEEIRRIKHE Kluyvera 0 0 1 1.69 0 0 1 1.69
11 KFMUATEIE Paenibacillus 0 0 1 1.69 0 0 1 1.69
12 Paraburkholderia 0 0 1 1.69 0 0 1 1.69
13 Uncultured bacterium 0 0 2 3.39 0 0 2 3.39
&1t Total 21 35.59 34 57.63 4 6.78 59 1
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Table 4 The bacterial composition and isolation frequency of different tissues in dead Masson pine

HR Root T+ Stem H Needle e
No Genus WA RIE W SRR B Sy BSHiZE  Total number  Relative
’ Number of Frequency/ Number of Frequency/ o o Frequency/  of strains  frequency/%
A A Number of strains
strains % strains % %
1 H 7% I B /8 Burkholderia 19 33.93 3 5.36 0 0 22 39.29
2 WiE KW IR Serratia 2 3.57 4 7.14 0 0 6 10.71
3 AT R Bacillus 3 5.36 0 0 2 3.57 5 8.93
4 [ & Enterobacter 0 0 8 14.29 0 0 8 14.29
5 RIKHF B & Pectobacterium 0 0 3 5.36 0 0 3 5.36
6 $L% )R @ Raoultella 0 0 1 1.79 0 0 1 1.79
7 1Z )& Pantoea 0 0 3 5.36 0 0 3 5.36
8 KK SC BT & Erwinia 0 0 1 1.79 0 0 1 1.79
9 505 A IR & Klebsiella 0 0 1 1.79 0 0 1 1.79
10 AT Bacterium 0 0 2 3.57 2 3.57 4 7.14
11 Paraburkholderia 0 0 1 1.79 0 0 1 1.79
12 Uncultured bacterium 1 1.79 0 0 0 0 1 1.79
&t Total 25 44.64 27 48.21 4 7.14 56 1

£S5 BENHBIEDSERAEMMIEERFRUERE
Table 5 The similarity indexes of fungal community of

different tissue from healthy and dead Masson pine

RS A FEBEL AR
Healthy Masson pine Dead Masson pine

% Root TS tem 417 Needle #2 Root T Stem £} Needle

R Root 0.07 0.00 0.17 0.00
T Stem 0.13 0.17 0.29 0.11
£Fit Needle  0.00  0.29 0.00 02

E: R ALLL E NTaccardf8 %, LAF SorensonfE %

The values above the diagonal in the table were Jaccard index, and the
values below were Sorenson index.

Wik, k5162300 %, W& R TKE A5 5E
MIFAAZE B, BUEREE FXY 7 R L A
e, JA 4275 4%, BARRITAMIE L E5E (F=
621, df=6,28, p<0.05)., H'E 4 FhAREHE 3
RS IKEHMEA BEES, HH FXY19 837
RN AL BRI 5 2 T FXYS6,
3 it

AAIEFE TV AR RS 26 25 A rp 50 sk
J&T 22 4@y 192 vk E A 16 4@ 1Y 105 k4
DL, R RTRS B8 T 8 b B AT D R 2 T ) A L A
1%, AR RAEREAT, EREIEE A
BEJmEN (1 RIER 2), Mg ARG 5E D A 4
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Fig.1 Colony morphology of six Trichoderma species
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Fig. 2 Phylogenetic tree of Trichoderma strains inferred from ITS gene sequences

Protocrea farinosa CBS 121551 (NR_119700)
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Microbial Diversity Analysis of Pinus massoniana Before and After
Infected by Pine Wood Nematode

WEN Xiao-jian', WU Jian-jun®, LI Yong-xian®, WANG Xuan', LI Yong-xia', ZHANG Xing-yao'"

(1. Key Laboratory of Forest Protection of National Forestry and Grassland Administrstion, Institute of Forest Ecology, Environment and
Nature Conservation, Chinese Academy of Forestry, Beijing 100091, China; 2. Suichang County Ecological Forestry Development Center,
Suichang 323399, Zhejiang, China)

Abstract: [Objective] Taking healthy and dead Pinus massoniana Lamb. in Bursaphelenchus xylophilus infected
area in Zhejiang province as research object to examine the differences in the microbial communities structure of P.
massoniana trees before and after infected by B. xylophilus, and to accumulate the microbial resources for con-
trolling pine wilt disease by using endophytic microorganisms of P. massoniana. [Method] The methods of tissue
isolation, morphology and molecular biology were used to isolate and identify the fungi and bacteria in different tis-
sues (root, stem and needle) of healthy and dead P. massoniana. Phylogenetic tree was constructed for the isolated
Trichoderma strains, and the effect of Trichoderma spp. on B. xylophilus population was analyzed by feeding experi-
ments. [Result] 106 fungal strains belonging to 19 genera were isolated from healthy P. massoniana, and 86 strains
belonging to 10 genera were isolated from the dead pine, the dominant genera were both Trichoderma. There were
differences in fungal diversity among different tissues, the diversity indexes of stem and needle were higher than
those of root. The Shannon-Wiener index, Simpson index and evenness index of fungal community from healthy pine
were 2.37, 0.87 and 0.51, respectively, they were all higher than those of dead pine, which were 1.72, 0.76 and 0.39.
The similarity indexes of fungal community in healthy and dead P. massoniana were less than 0.5. 59 bacterial strains
belonging to 13 genera were isolated from healthy P. massoniana, and 56 strains belonging to 12 genera were isol-
ated from the dead pine, the dominant groups were Burkholderia, Enterobacter and Serratia. The bacterial diversity
of stem was the highest in both the healthy and dead pine, and that of needle was the lowest. The similarity indexes of
bacterial community in healthy and dead P. massoniana were more than 0.5. Trichoderma was the dominant group in
P. massoniana, six species were isolated in this study. The feeding experiment showed that the sample FXY7 of
Trichoderma significantly inhibited the population of B. xylophilus. [Conclusion] The fungal diversity in healthy P.
massoniana is higher than that in dead P. massoniana, the similarity of fungal community between healthy and dead
pine is low, and the similarity of fungal community among different tissues is also low. However, the bacterial com-
munities of healthy and dead pine are similar to some extents. This indicates that the invasion of B. xylophilus will af-
fect the fungal community diversity in P. massoniana, but there is a little effect on the bacterial community. In addi-
tion, a number of endophytic bacteria with bio-control potential against pine wilt disease were isolated in this study,
which is helpful for exploring prevention and control technology of pine wilt disease.

Keywords: Bursaphelenchus xylophilus; Pinus massoniana; fungi; bacteria; diversity

(UL I



	1 材料与方法
	1.1 样品采集
	1.2 试剂和引物
	1.3 样品处理
	1.4 微生物的分离
	1.4.1 真菌
	1.4.2 细菌

	1.5 微生物的鉴定
	1.5.1 DNA 提取
	1.5.2 PCR扩增
	1.5.3 基因序列测序及比对

	1.6 取食木霉（Trichoderma spp.）对松材线虫种群数量的影响
	1.7 统计分析

	2 结果与分析
	2.1 马尾松不同组织的微生物组成
	2.1.1 马尾松不同组织内的真菌组成
	2.1.2 马尾松不同组织内的细菌组成

	2.2 马尾松树体内真菌分布多样性及相似性
	2.3 马尾松树体内细菌分布多样性及相似性
	2.4 木霉属真菌的系统发育分析
	2.5 取食木霉对松材线虫种群数量的影响

	3 讨论
	4 结论

