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Isolation, Identification and Pathogenicity of Fungi Associated with Xyleborus saxeseni
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Abstract;: The aim of this study was to identify species and pathogenicity of fungi associated with Xyleborus
saxeseni ,a pest of tree rose. The fungi were isolated and cultured from adults, larvae, tunnels, discolored
sapwood and vascular bundles. The obtained strains were classified and identified based on morphological
and molecular biological features. The pathogenicity was tested by Koch's rule. Ten 10 fungi were isolated
in total,and Fusarium solani had the highest incidence and was dominant among all the isolated materials.
The inoculation to rose plants revealed that F. solani, F. proliferatum and F. fujikuroi were all patho-
genic. Disease spots appeared in the leaves and stems of rose after inoculation, and leaf incidences were
89.73%,34.15% and 63. 24 % ,respectively,and disease areas were 1. 62,0. 20,and 0. 28 cm”, respectively.
Incidences of stem were 55.56%,27. 78% and 30. 0% ,respectively,and lesion length of discoloration were
4.74,2.98,and 4. 33 cm, respectively. The results further reveal the interaction between associated fungi
and X. saxeseni ,and provide a theoretical basis for integrated control of this beetle. In addition,it is also
the first time to report X. saxeseni as a pest on rose.
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VF 223 DORE A Sy 8 1Y el bR 0L 55 A8 0, % AR W
BORAR Ry B BRI E A E BN
ARBEFET 2020 4F 5 F 76 FE 50T i W51 R 5 RER
Z BRI /NR A NG (X yleborus saxeseni) f&FE ¥
FH M T M RO B A8 Y e Ak T
JEE B TR

INEE B — R A ARl L Y A
1% FAHW & A AR A b AT R — R A o )
%0 Hartig™ % BB R ES MR A5 35 DA B K Joi 3 A8
(IR SR Z (A (R TR 5 H I B He PR A T Y BF 5T
— HaRMY R ESFE RN AN EZ —. I
WK /NG (Dendroctonus armandi) B B #5371 A4
HW (Ophiostoma sp. Ml Leptographium sp.) &g
LIAABE T Y 32 2 Pt P 3 2 B R 3 5 A L A RN &
HEAR AR BRI A AR R G P R G, e
SRR RIET . A B AT 22 95 14955 I L T (Ophios-
toma ulmi FO. novo-ulmi) 5 BN Hi /N 5% (Scoly-
tus multistriatus) P Az SO AR 38 B RO A B A
RTTARFE T, ™ F 52 M A= 25 B 85 1 [ i 7= 2 R 1)
UL, LR K/NEE (D, valens) WL BB
(L. procerum) Bl 21 g K /N & B AU 3K 25 £ 9 40
PRI AL 27 £ . A b/ NaE 2Rk B R
I 1) £ AR (ELAT 32 B LAAR W ) K AR . T D
—ZR/INEE Bl I A T AR JBEAR N R DLSCE o R SR R
LT B FE A R A 0 1 B 22 R T O R K /R
PR TR /N o S5 T T B2 R O B /N (B /)N
(Euwallacea fornicatus) & B W /N 1 —Fh, 5 8§
JIT———ZEB00 I 0o 09 2F i e A s A &
BRI 5 T A S8 RACBE 27, X RO A
1™ 2 B B O i /N B (X yvlosandrus
germanus) 4] HUFN AL B 35 DL HLGE B O ME— &
Yy, DLE R AR A T AR B P B0 L X AR 3 A
FREE fEE S MM INEL (X, festivus) g — F i
B EE/NE, HRi 5 2 # 2 H Raffaelea cf.
arxii HHAEEBEPOEAEMH . B2, BE /D
&1 6 5 PR AR T Y K AR AN AT A3 R PR AR TR
WFFE C Ch B /N EE R BRI — > 5,

IR #E /N5 R B 38 H (Coleoptera) /N Bl (Sco-
lytidae) % /NaE W B (Ipinae) #1 /NEE & ( X yleborus)
E—RERE/NGL S A SR A R PR
foF A FEY . HHF ENWER)T, FEEHES AR,
RN BRAZ A2 TR TR SR SR AN AR
{7 NN i B o W o) 1 i s NS
EENR AN IR PR A N E I:(1 15 SO RPANY & % A NY - 41 DR U/}
G EBEE D T /INRLM NEE A ) R S O S 2
fiE S T AT S /INVRERE /) e AR A OB e % A 2= i oF

FEM A HE . 2 T b, AR DLU/AVEL A /) 88 76
BERA Z= 00508 5 /IVRLRE /& R R BaE A
TGN LIy B R FR A B LT, 38 2 3 A 1 bl 6
E P AR B A H Z I EOR T 455 B S
TS J5 31 43 Hr LA S5 5 S0 T bk BT /N B A /N 85
B AR U R RS SR N H R R O T O B B
PE% /N ad S B SRl

1 MHE57%

1.1 R sr

2020 4 5 H UL 70 M ot il B X 2=
(118°32'30"E.32°7"10"N) Wt & fa F ™ E 1y A &
20 #  ARAE 5 X AR B 3EAT #C BUEE T 29 60 om i
A A 350 A L AT 4 B TE P /N R A /0N B R LR 4
JFH TG TR it 500 0 WU N RE b /N B R 0 T L R AR
IR A AL, % 5 5 R A T KA T 8 57
e,
1.2 KIwAH*
12,1 WAeg o & shdt  BEHUNKELAT /NG Y
Sl NEBIE (0.5 ecm X 0.5 em) VA FEH ZEAE M4
0.5 em X 0.5 cm) FIZAEAE W 7 B kL. H
75 Y6 MRS XE 5 R4y B AR RL AT IR M E L TN
45 s [ %A R PDA R33N, 25 CfH I 1 3R 4
WECEE IR . PRI 22K 5 R0 B VR 1 2 10 B 220k
BB 1 8% 75 5 b kAT etk L 15 20 AR T Bk IR AT

#wH .
1.2.2 #mbalx
Lo2.2.1 MEREERR R R Al Ak B 45 bR AE G R

BAER B EAR 0.6 cm FTHL AR BEATHT 47 B DF L BE 45
fa B ZEAE bk BB IC s R, FRORT BT 2 R A
B2 B0 7 4 R A 0 B B R0 TG A3 2 b L A 405 B R
KT B HE B4 R S TR DE T AL e
TN T R RN T b e BERN S AR AR 8 —
WCE TIRE 25 C B 98% L B E NE . X
MR8 11 PDA Ki g gk, L3l ER A ERE
Flv 6 it F

1.2.2.2 ZETHM AZFETRRATFETRE
i, B o3 S Al Ak BT A B BRSO BE R 100 A .
mL " AT BRI . SRR R A KA R e 2
T S R R T . BB AR (0. 5~10 pl)HL
10 pL T2 V2 W A3 5 Be P BE R EH A5 25 T )
RO W A Sk ELEAH A ZE T 1 Ak s ot 3, 65
BVRE A KB RS A L B0 B A A
FET L, MG RS — e TR 25 °C R
BELRHF 98% LI I 2 N AE B . X IR 4 T TR K
W3HEL BAELELMFERA R 3 BET.
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HeFh G % B S AL Skt 7 FZE T R R A AR,
053 2 I ROR s T L G A 2R R s Ah R
) B2 AR (0 IRFE NG B, R 2 A0 3R B L SR R B AR
CREBL . X K 42 B R AT 40 44y S R Al A
PG DU 9631 0 SR 45 2] 9 B0 B bR 45 D 12 M B Rk —
O s =t A B 2o b .

1.2.3 HAABEHBALSE EBEEESH
RS EAT L DA T VR JE S R AR A R S O R
i WA TR TR LA L T 22 B B DL L 5 7 AR R
RGO, FFE0R R K R TS, 2 A IR
(Imager M2, Zeiss) WA FIE 8 S = 254 .

.24 #HAARS>TFTADSYEE NHEEDZ%Hk
HL 40 mg Wi %2, % ] CTAB % #2H DNAYY | ¥ 3k
819 DNA H Btib4T PCR #4385, 519 % H 1TS1
(5'"TCCGTAGGTGAACCTGCGG-3"), ITS4 (5'-
TCCTCCGCTTATTGATATGC-3), ¥ 8 #2 )% Ny

94 °C 4 min.94 °C 30 s.54 °C 30 s.72 °C 45 s,ffi¥
33K ;72 °C 10 min, % PCR 4" 847 ¥y #E 47 1% B
JEHH F KA 1 B Y 45 U aEAT DNA I, T
J¥ TAEf il ARZE A TRA AR B, K55
1 ITS J¥#17E NCBI L # 47 BLAST X, Xf k1%
1 TR 9 FR R MEGA X #4758 50 5007 . e 38 2
BEREW,

2 HER5 0

2.1 HERFR®

ZHEH BRI R A B B R
RSG50 H ZE B bR AR 26 (] 1a 18 1b) . 25T 3R
AL, 235 300 24, ML AL 1 mm, i L &
AT DARER B4 /D 0 @k (B 1o, iz %
A AT DAWLER 3 R BT A 17 22 A F0 0] 8 8 s T, R BT
TR F AL LUVEW 0 & R K Bk (B 1D,

Hiab. ZFHAF e ZEAZK T d ZFHEH TR,
1 ZEAZHERFR

Fig. 1 Field symptoms of infected rose

2.2 BEBER

M5 Bl EAORE o B AR B AR AR BE 10 Bk K
Wi 5 N bs1~bs10, A [6] 43 1 4 KL 53 B 15 DL IS AT 22
Sl HFR 1 AT ARG oy B AT B A A B R R
2, 3 8 F ok & briE 4121, i B 2L A1 5
s B HRUAR R A B 21 4 A AR IR AL 20 45 5 3 A
gk RIS AR AR 2 Bl ELTEIX 5 Fh4r 5 4 k)
TR A BT B bsl, o3 B R A Y Sy de AR il A
F 4 BUARSR YUIE G0 RN GRS R 4 B 850
H9:86.11%.97. 43%.82. 85%.70.73%.75. 00% , X
W bsl Ay /INRLME /N g A A B R R
2.3 BmEESH
2.3.1 vtRBMER HEMAdEHHGEMT,
AP BE bs1.bs2 bs3 A4 BRI - H B0 S R0
TEIRBE, FEFD bs1 By R0 3R 48 B /NBE , 5 AN
T 1) 4 B, s BRE b () P S 3 A R i 30 2%
R LA LTS (R AR B HE R bsT YR R e T
e K, 4 1. 62 em® (B 2a, B 2b), ZW FH
89. 73 %0 s ¥ bs2 MYt i & M AE AR A BT W, i B R
ANELIIE AR o r ) L 0 2% 2048 €5, 995 B 1 AR 0. 20
em’ (B 2¢ B 2d) . KWK 34, 15% ; 2 Fh bs3 )5

I 535 B 22 AN UL R R, 0 4 20465 €60 3 1B 42 5 o i)
T A 5 i G BE T AR 0. 28 em” (8] 2e & 20) . &
Ny 63. 24 % s M bsd ~bs10 By i H e mIE R
B BE A — A AL AR AL S Ew i B R
X R it Rt JE B AR (B 2 2h) . TR
WL T AR R S R B ARk, 5 IE R T A R
Xof 9 R AR R AT B0 B L A5 B 0 B0 T 5 R
PP AR — 2.
£l FTASEMHEESBEEE

Table 1 Separation results of different separation materials

FH R0

B %

ARR ghmikR bl WA R
bsl 86. 11 97.43 82.85 70.73 75.00
bs2 2.28 - 2.86 9.76 13. 89
bs3 5.56 - 8.57 7.32 11.11
bs4 5.56 - 2.86 2.44 —
bs5 — 2.57 — — —
bs6 — - - 4.88 -
bs7 - - - 2.44 -
bs8 — — - 2. 44 -
bs9 — - 2.86 - -
bs10 — - - 4.88 -
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2.3.2 EZFBHLER 15dE.AGEMB, EMN
P PE bsl.bs2.bs3 M Z2 25 1 BLAR €8 )2 I, 2
EETERB TR PAAGRZEKL, #IFR
B 0 S BB N R RIS 5 R A4, AR A R A e R ER AL
] SN HL, He A bsl MZETAR B RN XK ERK, N
4. 74 cm (& 3a. 8 3b) . KW AN 55. 56 %0 5 HeFl bs2
MIZET R 27. 78 % . 0 W XK Ry 2. 98

em (B 3¢, B 3d); R bs3 EZET KR EN
30.00 %0, A € W XK By 4. 33 em (] 3e [l 3D) 5
P bsd~bs10 [ H Z225 1 J0 B @ A8 4k s X B 4 25
T A R B AR A ) 2 3R B SR R R ST
EHIEH RS (K 3¢ K 3h) . Joli R iy T 251
SMWLTC I AR AE . % e A Bk HE AT U W L A
) 1 B0 B 5 R TR ik — 2

HE:ab 2y bsl AR cod N bs2 $EFEER e T O bs3 $EEER g h N AX LR, TR,
B2 #HEEEMNAEMHAFBBRY

Fig. 2 Pathogenicity of associated fungi to rose leaves
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B3 HEEEMNAFETHRRY

Fig. 3 Pathogenicity of associated fungi to rose stems

2.4 HEEESEIE

2.4.1 HARWERBS HR-BENEE. LR
W VRIS 500028 bs1, B TE B ks . TR 2 50 B AR, R
AT 23R 3R (L da) s bs2, T 7% B0 2% L TR 22 fin 22
R 22 ik, 3R ot i, 8 IR 5 A (E
Ab) 5 bs3, T V& 1 B L B 22 FORECB AR, A K
B RUETE 22 KGR RN T IR R A (E 40
bsd, T IE B 4 [0 B, T 22 9% B R, 3R 10 1 3
AR O (8] 4d) s bsb B T8 AN B 2280 2R A K
HGHL B W) 5 S R 0 I T 52 W A Ry R A 5, B
ARt (& de) s bsb, BT B IL . W 2250 B, B 8

(A1) s bs7, T T& 160, B » T 22 98 B4R AT 1] B
OF B EL L A T W AR T 24 2B I LA (A
4g) ;bs8, W IE %, 22 F B A KIVE, I i &2
P68, Ji 328 3 708 1 e £ 5 FB A8 (5 (8] 4h) 3 bs9, 2E
KGR0, T T 3R TH T T RN R T, % TR A (]
41) 3 bs10, TR & R F1 €, IR BN 3 SR 5L, R A
o (& 4)) .

2.4.2 BARARTHE PR E] BB X 3
FURTE (bs1.bs2.bs3) I FHEFT WSS, PDA K¢
LR bs1 K43 A A 52 8k JTIE L 9 ot B, ek T
(17~29) pm X (3. 2~5. 1) pm, B 3~5 Mg, £
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J9 3 A4 ANBL 3 A A BRI IR (8 ~10) pum X (2. 5~
3Dpm, B 0~2 NFEE(E 5a) ;3 bs2 KA 1 F 2
e )R B 5 R Y L T O 48 bs1 AR, (12 ~25) pm X
(2.8~4.5) pm, H 3~5 MR, £ R 3 4, /N5

AT Z R R B AF, (6~8) pm X (2. 3~
2. Dpm (& 5b) s bs3 A WL H KA 43 2 L+, /N AL
SHERTFIRIE, (5~8)pm X (2. 2~2. 7) pm, H
0~2 Rl CE 50)

¥ :a:bsl,b:bs2,c:bs3,d:bs4,e:bs5,f:bs6,g:bs7.h:bs8,i:bs9,j:bsl0,
B4 10FMEEERRERS

Fig. 4 Colony morphology of 10 associated fungi

VE:a:bsl.b:bs2,c:bs3,
5 HRHEERRTES

Fig.5 Spore morphology of associated fungi

2.5 HEERNSTERE

2.5.1 AFA AW DNARMF LR X DNA W F
LRI AT 50 40 . 4E NCBL ' M L Xt 4r 8515
FI Y T bR 220 25 Lok 43 5 R RS Bz 8k 71 1R (F . sola-
ni) 2 Bk T E (F. proliferatum) | B0 4k J] A
(F. fujikuroi) MH%E W (Bjerkandera adusta) K
WRE B (Rhizopus sp.) . Fe fL B (Coriolopsis tro-
git) JAFEE B (Schizophyllum sp.) /N 7R 1@
%(Neofusicoccum parvum) AR (Graphi-
um sp. ) PIZE BB (Phomopsis sp. ) (F 2),
2.5.2 HRAFZARXAMUME U Gen-
Bank B e b 3 5 gt 3 F B0 7 2 A 5 IR
WRYERY ITS FPo) R R LB, 6 al . &
Bk bsl 5568 5 i 7 B (MK110648. 1, KT583184. 1) %
N A S AR bs2 52 H 8 T (MT441906. 1,
MN871574. 1 . MN871570. 1 ,MG543689. 1) [a] # # Jt ,

BN —0 3 HRE bs3 54k VT 7 (MWO016433. 1,
MN955526. 1,MN955525. 1, MF510817. 1, MN871566. 1,
MZ648250. 1) % hy — 3, e A RE Ui B 1)@, B B A& bsl
o JEE B2 iR I s bs2 Ry J2 Bl D TR L bs3 A TR i D
XS FRATHT I P A5 3L

F2 HEHHELMER

Table 2 Comparison results of associated fungi

-~ -
Ok 4 % A

bsl F. solani 99 99.05 MN960016. 1
bs2 F. proli feratum 98 97.88 KX595184.1
bs3 F. fujikuroi 99 99.42 MNB871566. 1
bs4 B. adusta 97 99.12 MNB856332. 1
bs5 Rhizopus sp. 100 100.00 LC514322.1
bs6 C. trogii 99 99.67 MW335162. 1
bs7 Schizophyllum sp. 100 99.67 MNS821481.1
bs8 N. parvum 97 97.25 JX096635.1
bs9 Graphium sp. 97 98.66 KF887074.1
bs10 Phomopsis sp. 81 100. 00 MF800891. 1
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i
A

i 38 %

Fusarium proliferatum MT441906.1
bs2

Fusarium proliferatum MN871574.1
Fusarium proliferatum MN871570.1
24| Fusarium proliferatum MG543689.1
Fusarium fujikuroi MW016433.1
Fusarium fujikuroi MN955526.1

100 || Fusarium fujikuroi MN955525.1

<| Fusarium solani MK110648.1
&3 bsl
Fusarium solani KT583184.1
99| Fusarium solani JF912885.1
Fusarium solani MH400187.1
Fusarium solani MN013859.1
Fusarium solani MW 453190.1

—
0.020

Fusarium fujikuroi MF510817.1
Fusarium fujikuroi MN871566.1

——————————— bs3
Fusarium fujikuroi MZ648250.1

— Fusarium neocosmosporiellum ON248462.1

6 HRFEEERRFZ LB (ML, Tamura-Nei model, Bootstrap 1 000)
Fig. 6 Phylogenetic tree of associated fungi (ML, Tamura-Nei model, Bootstrap 1 000)
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AW TE SR 225 Ho VKL /N e 0 PR AR LR
HEAT 3 B 458 /IVREAE /N i 1L L 4y B SR BEIE
TF AR AR X 5 Fh o B ROk AL Ay B 15
F 10 BRAEAR T o 8 R B T B o B R A
S FELL 1L A3 B b RL P A B M, B R
T8 b /N S A A= LT R I 5 b R B L 9k 0 T
JRRMNER R EENAEEM R X A
FEAF BB A R AN AT . Bl T T8 0 A 2 M A 9
JZ o AT TE [ AR A v etk A A O AR AR TG L i
15 Y AL 1) 4 A8 TR R G A L IS S L e A AR
BEIVE 2l SR €3 /37 VARSI E ok -
JIH REAE il = LR AE @)1 B IE T, P 2
ARl 1 AT B A A M R AR e 1
T U 22— S BRI AT P AR R L BT R A X
R MIAC AR P 5 B R 2 B R R I A A
Fh(F. graminearum sensu lato) 12 4L 5|8 ) /N2 IR
B 0 4 T B BN A8 /0N 22 3 1T ™ R A o Db
FIE b 28 4 A5 )5 A, M SE R 5 R W, Bk V)
AW G 27 4 — RV BE W) BT X W) ot
AAXE N Bl ) R ) 45 77 A 8 T [ It 2 % He A
ol 24 A% TR A AR IO AT R S kA — R
AR T AHIESY S B AT B B AR T AR S AR D 1
JRA

T E 10 bl 25 B8 X H 2= (8 B0 1 B H L AR i
R SR T AR 25 2 0 X R K BE A0 R E
B B e TR R /N KR /0 i B O 3 PE AR TR R L B0
AR DO B SN TTRSITIE AV NN - €6 2 oI AR 2 s |
M O. shennongensis BUR ST XTE 55, & T 59 BUR
PEECE Y X 5 A 5T B 458 M R L B X R O

4 B PR AT BE 5 LR BT A Y B ORI R O ARl R
RN e 2 0 B L i DX PR 1) S A 1 oL ey
5 o P A EC T R/ gk AR BT B AR P O/
ah AR LS IR U B/ 82 O T E BE L BT L SR B0
I AR s W /NVREA /R R TR R /N ak  EEARKEE
Az R AT T T AR L WS8R BT S A A A
Wy 21 S 45 K 78 A R A A AT 5 A Y BT N A B
ATROE R AT R R I SOt A A B B R
ST AMEFE AR Nk — 2 WP AR TR X A 2 R B
T WL T B 20 P A 04 5 A S 8L ML R L R B A
UNEE R R A B EAR R RN A E R A
YERIBLN . 45 ZNRE RS /N GE DL K H 2200 35 1 25
Bij it 4 Ak 2L FE A
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