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3~ 4 AR AR AR
1.2 EFE SDREHEMLUEE IR (PDA); ¥ (4Areca catechu Linn.) . AWK ( Casuarina equis-
etifolia) . )i 2548 ( Pterocarpus indicus) . }3 EW (Hevea brasiliensis) . B-W#188. (Acacia auriculiformis) .
HRA W (Leucaena leucocephala) 6 T A (A e A sl ks 4532 185 FR 3E, R A SCHK [7 — 8] B9 7 ik T e
ills AJE G FREEREC K27 SR [9] %
1.3 RFIKZILEE DNA $2HGXH] & OMEGA Fungal DNA Kit 14 [ 35 OMEGA /A 7, 2xTaq plus PCR
Master Mix 14 | Biosharp /A ], D2000DNA Ladder 14 H & AEISE AR A BRTHEA A . B A Bk
BN HA Olympus BX-51,
1.4 BEHRMSBEL SRR IRALUr L, SO [6] 0 M 11840 85, X4 25155
TRV HEAT Z2 R 24k, 345 10 ARIE S AH R A B AR, S UL rP R 3V R 1Y 3 BREEIARE1T rDNA-ITS #ailll,
MF2 R —3U5, Wb U CRYER TR (45 MMHIF001), it & T PDA #5570 I, 28 °C 1HIRE
SRR, A5
1.5 EMAFIZ N MMHIF001 V&I ZFTBGHEK A 1 emx1 em BB 22 2R 21 KR 5 B A8 A
Brgedtrp, 28 °C fHIEREFRZY 30 d, FF B A AR R R LR & H
1.6 BURMMZE S 3CHK [9] M7k, BESsh. H 70% [ L BEXT 3 ~ 4 AR AR RREE DA IR =5 1
FMATIHEE, 5 IGLH A T AR TITERFHEMARR R 25T I ALH] 25 1 2 R K™ AR, #K
MMHIFO01 & 22 (1) 45 Bl AR S W 75 43 B AL, JF FIR AR A6 2F 47 ORI, SR 5 1 O S RS0 422 Pl 44418 6 5]
o WE 8 ANEE, HIFIFER T s a8 IR RS RD 3 MR REARR BN o 50 5 2 TWLEE IRk, 411
a8
1.7 #BFRIFS T MMHIF001 P& 4 1Y TR 22 J 0 & TR AR E By 35 3 (2 KB, #7401 205
S BCETENSEARM M EIRIARIESE, 2B,
1.8 WEEMNEE K EEEE: 5T/ B RZR)UOICr ER A FE Y SE5EREX 9 i B T
TINS5, PSS A= ) b A o D T 110 S G s P A T O . T AR K MMIHIF001 B
FREESR 5 d J5, ffiF OMEGA Fungal DNA Kit #25UHEL DNA . RAES 19 ITS1(5-TCCGTAGGTGAACC
TGCGG-3")/ 1TS4(5'-TCCTCCGCTTATTGATATGC-3") ¥ 4 rDNA Jt [K P 5% 5% [0] [ X F1 3@ FH 51 4
NS1(5-GTAGTCATATGCTTGTCTC-3')/NS4(5-CTTCCGTCAATTCCTTTAAG-3") 4 # k% A /N 7 K25
e, yrra e gl U, 264 T ARIETIRAIE o K TR T S 4E NCBI #5417 Blast HoXf, -4
L7 5. ffiH Sequence Matrix A #EAT 5 HF422, ffi H MEGA6.0 x4 LA e KARISA 12 (Maximum Likeli-
hood) H 8 R 48 & & ML,
1.9  MMHJFOO1 EHKEMZFHMENE U E 5 mm AU KEITFLESEESE 5 d 19 MMHIF001 BHRE TN
ST R 22, 7 PR i 2 e R B3R b, S d SRR s SRR I VR A B AR . RN Ab B 3 AT
52 KRR 22 L PDA B5R3E, 739 8 F 15, 18, 20, 23, 25, 28, 30, 33, 35, 37, 40 C 3 11 P AH
TS RO T EIERE B 3R . B 1 mol-L™' A9 HCL A1 1 mol-L™' Y NaOH ¥4 PDA 55731 pH 43 58 &
2.3.4.5.6.7.8.9. 10 3 9 PEREE, Tl OPARUS HEA BRI 2230, 28 °C fE IR BRE G IR, WG L
% PDA VL, A BIFEESDEIR , E B 12 h YRGS 3 FORE & TR 9% (28 C).

PR 22800 R4 T 6 6 A AR T REFRAE [, 28 °C PRI & T 15 5%
110 HIBALIE  FIH SAS 8.1 F A1 Excel 2019 AR X B 4i #4748 1143 #1, R A Duncan’s multiple
range test #1725 5 &M
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21 ARIREHEZRIER ARRER ORI R R DR R RIERGT, Bk 2, itz (K 1A), J5 1
RERRAZ B IE (B 1B, (8 1C) o FEAW AR ZE TR BT LU B A CEF (K 1D) . ZHZ, i
PREEFETL A8 IR B0 i 2 240 R (] 1E, & 1F) .

2.2 HURMEME RN 3T 5 WA MMHIFOOL TR R A PR EE A SE 5 2 UL 1 1 100, 45 5 & B, Sk
WOERR B, 2B KRN R, MR, R AR SE (5] 2A), ZETHERMIRAL K M (U 22, 22 T N TR ZUA TS
(1 2B, 181 2C), 55 [ EYR FAERARF o X BRARI AR IE R, IO A S R 212, NTRZH 4

L1 AR 1Y H ] A IR
A SRR EL: B, C: R EEBRAGSE: D i 25 TR BT AL U E, Fr i 2558 A R i TR
Fig. 1 Field symptoms of diseased Casuarina equisetifolia

A: Sparse crown of the infected tree; B and C: The trees died of infection; D: White rot of stem xylem tissue of the infected
tree; E and F: Basidiocarps on the stem base of the infected tree.

K2 BRI E

A 3R S A H IR BIARBRE RN SE; B C: o I O AR AR 2 5, INFRZLZN A s D: X I e Rl B AR A
JB RIS SR A TR
Fig. 2 Pathogenicity test of Ganoderma australe (Fr.) Pat
A: The whole plant died after 5 months of inoculation; B and C: Pathogens have colonized at the inoculation site, and white

rot appeared on the internal tissue; D: Healthy plant; E: Isolated strains were developed into basidiocarps in bottled sawdust
medium.
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FE(E 2D) o SRAERA LT -5 B 3R A5 0 R AR 5 MMHJIF001 AHTR] . FBH 2325 5 MMHJIF001 A Ui
W o B RREEFD ZDRER AR B 52, 6 1 A K2R 5 R R AR ZEF A K A 8 SR A
[ (& 2E) .

23 HWEELTE HELE (1) FEEEE: 76 PDA FH EH 3R MMHIF001 BB 74 Ry R (A 2, %%
Y S IE , B 22 200 i, BB, vk 2 e R E (8 3A) . Q) #HPR: HPR -4 EL
AR, TOAN, BERRR B, Ak MRS . R R RFDE, K/ A (8.0 ~21.8) emx(5.8 ~ 12.5) cm, JEZ
4 cm, A B B[RO IR SO, B 35 0 S 4050 1 F2R DR B0 2 e (. H 48 s B @, TRt
B, NGEEE, A, TRITKAC, BB T AR FREUEEER, 56T A K A 7R 206 F
%o FARREOKAER, & 1.5~2.1 cm, ME®RGIREE S, £ 0.5~ 0.7 cm(& 3B~ K 3E). (3) B
S W R AS A B 90 TR SR ) R TP, SUZBE, 48 (8 s IR M {5, K/ A (5.5 ~ 6.5) pm x(8.7 ~
11.1) pm, *F-34 5.9 pumx10.0 pum, Kl [5, /N 2 (B HE T, LT I (507 B, $H A g — KR
T ZRAGE AT/ N, O E IS, KN (5.8 ~6.8) umx(7.4 ~ 8.8) um, 14 6.1 umx8.3 pum, XUZ
BERA 5, BEms IR (] 3F) .

K3 R EIES

A: PDA RiFRJE FAER 5 R (IETD; B: S50 T A KRAYH TR C: 3806 T AR KA 7254 D: 17 R (IEM); E: 421
SO5m); F: 1781

Fig. 3 Morphology of pathogen

A: Colony morphology of 5 days old culture on PDA medium (front side); B: Basidiocarps growing in a low light condition;
C: Basidiocarp growing in a strong light condition; D: Basidiocarp (front side); E: Basidiocarp (back side); F: Basidiospores.

A3 F U E T S 3545 MMHIF001 TE A% Y rDNA-ITS F1 SSU JF 51K 5 43 511k 635 bp(NCBI %555
A MN696209.1) 1 1076 bp(& 554 MN696211.1) K5 /55143 7 NCBI _Li#E4T BLAST HXT, 255
755 NCBI 2650 MN689631.1. LC084663.1. AF0266291.1 255577 R 2 [Ganoderma australe (Fr.) Pat.]
Y FE AL EE 15 99%., 1E NCBI B % H e B rDNA-ITS, SSU AHIC LR A (6 1), %5 2 Fh 551 Pt
FIFH MEGA 6.0 BAFEC G R G L B, 45 R R W, Bk MMHIF001 555 2 2 1t fL R B/,
R, [FEPEIS 100%(El 4) . S5GTERSL0E, i MMHIFO001 MR )7 R 2 [Ganoderma australe
(Fr.) Pat.]
24 E£EFEHME A S WAL MMHIF001 FRRTR 2278 15 ~ 37 C ¥ReA K, 78 15 ~ 28 C BBl IR
B TH B VE BN, 1E 28 ~ 37 C BV BEE IR 1Y b TV B W )N, 40 C BHE kAR K, 25 ~
30 CIRELEE A K, 28 C HE2ZE KIRIERE .

ML 6 AL 5 )5 MMHIFOO1 ARTE pH o~ 3 ~ 9 JuFINBIREAE K, pH3 ~ 7 B T 22 2 K s 3 P,
pH7 B 7% EAR KR, W B3 s T HAbACFE, 0] pHT Fof B 224 K. SR R B, l R ZHE T
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Tab. 1 Accession number of sequences of fungal strains in GeneBank

GeneBank % 35 GenBank accession number

144 Species E PR Strain No
ITS SSU
RS bR MMHJF001 MN696209. 1 MN696211.1
Ganoderma australe XJSJF003 MN747808.1 MN747807.1
G.australe YLJF001 MN689631.1 MN689632.1
G.boninense Gl14 KR093028.1 JQ665238.1
G.sinense CACP17101260 MK313125.1 MK341562.1
G.tropicum Loe31 MKO007291.1 MK235148.1
G.applanatum XC14080601 MK345426.1 MK346838.1
G.gibbosum SPC2 KU569547.1 KU695655.1
G.tsugae Yuan5649 JQ781854.1 JX029986.1
G.resinaceum HSBU200870 KT343307.1 KT353526.1
G.lucidum HSBU20089 KT343301.1 KT353544.1
G.lucidum G32 KX055534.1 KP101172.1
Amauroderma subresinosum THP16 FJ154782.1 FJ154783.1
Amauroderma subresinosum THP48 FJ154784.1 FJ154785.1
Amauroderma subresinosum MLS2 FJ154779.1 FJ154780.1
Phellinus nigricans T.Niemela9065 MF319077.1 MF319008.1

95| Amauroderma subresinosum THP16
100 [ Amauroderma subresinosum THP48

43 Amauroderma subresinosum ML82
100| m—— Ganoderma gibbosum
Ganoderma resinaceun HSBU200870
99 92 Ganoderma tsugae

99 Ganoderma lucidum HSBU20089

34 4|— Ganoderma lucidum
100 Ganoderma boninense

Ganoderma applanatum

47 Ganoderma sinense

51 Ganoderma tropicum

Ganoderma australe
MMHIJF001 A
4}1 00 JFOO

Ganoderma australe

Phellinus nigricans T Niemela 9065

0.05
e

K4 JET rDNA-ITS & SSU FEFIERT Y Fk MMHIF001 5 HiAh R 2 @ISR R G & B
Fig.4 Phylogenetic trees of the strain MMHJF001 based on rDNA-ITS and SSU sequences and other related species of
Ganoderma
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Fig. 5 Colony diameter of the strain MMHJFO001 cultured at

different temperatures

Lowercase letters represent significant differences at the
P<0.05 level; uppercase letters represent highly significant
differences at the P<0.01 level, similarly hereinafter.
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6 P IR FIgREAE A . TR HE i AH R AR
BRAL AR G 7 3 RSy, KRR S5
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Fig. 6 Colony diameter of the strain MMHJFO001 cultured at
different pH values
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Fig. 7 Colony diameter of the strain MMHIJF001 cultured
under different light conditions

®2 ARIEMRLRIEFREX MMHIF001 E2£4 KAIFNT
Tab. 2 Effect of different culture mediums on the mycelium growth of the strain MMHJF001

KW BIVKHHIE Colony characteristics

Plant extract 221 ROIRZS Mycelium growth status 7% £i4%/em Colony diameter
AR PR 22 ORI, R 223K, MG TR AR, RIUAR 6.58bB

) WL AR, WK, NG RES, 2HUIR 8.08aA

TR 222 5Fm IR, T 223500, SN GV M, S IR, TR 22 TR 5.00cC

eI W22 A OEWRIR, WK, hE T RELE, BRIk 6.74bB

AR WL AR, WK, NG RESE, 2HUIR 8.17aA

HAHE W22 A OEMRIR, 22K, NGV REFRR BT, SRR 8.23aA

NG FRHRIEP<0.05/K 25 B E, REFERAEP<0.0UKFE 2 5400 0 .

Note: Lowercase letters represent significant differences at the P<0.05 level, uppercase letters represent highly significant

differences at the P<0.01 level.
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RZJ& (Ganoderma) 0 & FEE M ATEAR MR IR AT . R & A SR AR . H T A A A
MR ZRA 224 DR, R JE AR, Hrb, JLEeRh Ve S m 25 BT, 7 —LaRh ) mT 27
AETE SR, SRR PR R E R R, & AR ™ S R ARAGIE, e — R E L RRIR . TR 2R
— i 223 F 0 R T, AR G 2 R R IXMOR, IR BRI 20 @AY, IR SE T, H )
ATAEAR D | AEZRFNAE I L DX FARARFD A AR, 1 7 2R 257 1 e 5 T B A L, if v 32 2 11 B
HERZHRZ —. BT, ENSM R T R 2 B9 0E T2 e Sk 1oy . AR YR AR N 21
SEJTE 0, w5 R 2T IR R A o B A B, B IRGF A 25 AR AN, TR VIR T
T A Wl K i 2 BT BE T o R IR R 2 5 AR ZE R R ARE . AR NI R T T
AR LR B AR B R 22 2K, R B M F A2 S5 0, i 2 25 e IR i p T R 2
(Ganoderma australe (Fr.) Pat.) o ANF5T 45 R 3R, 12000 i 18 B AR IR EEYE B R 25 ~ 30 C, feadi K
W 28 °C, il pH o 7. X5 LUANGHARN %50 ff 55 vt 52 22 18 22 1A A= 1 1 die A 25 44 (pHL
7~ 8, M FEH 25 ~ 30 °CI AR —F, JEIOH B 22 A KA MBIVEH; i R ZIE TR | A%, H
AR AR T TR A AR

BB A X Vg e AN ] T L P TR A P 2 B, AGBERE L AT i L RSEARE L RS ORI AR AR AR ) B3
AR 2R R ZES . E1 0 B, 7T BT LA AR BB 5k &2 28, Wil
TR A SRR B AR A i 8 e, IXUBKITRS 22 ) bk bt Ao i Rt R] 2 B2 O R PR e 0 7K S, A T 8t B KA
TR R 2T SARBYIE ORI 7 A, 5 5 S B8 ) A 0 D0 A R e 2R 22 P A I AR 46 A
=g,

FUAT, i R 2R 7T 5 B A AC IR 8 25 s FARB s R F A A D, SR AR A5 e 3, AR v —
14 2 (Amauroderma subresinosum) 7] 75| & A JBR 25 JE 9%, PRALTR 80 AU 0F 58 45 IR R W, $hoal R 2
(Ganoderma tropicum) REG | A MR LLAYIE S . HAMITE L LA RS 7 R 2 51 E B AR BB ZE IR 3547 L
B, m R Z T RITCRIBEFOGRE, B0 52 Kk (kA8 6, T A S AR G R (0, T A iy R
ZHFRIGTA RIEADGEE, P R 20 e R R IS LT8R (L B0E S (6, AR 6, A prtf i
TREMLARC, BEAE R BAE 6O, WREE BTG A, BRETARIESARRLSN, BT R Z M
B2 5 g i ZE AR L S, TRty R 22 05 RS AR B £ LARRG , A AR SR F-RG— 208 10, i e T T I
R AR AR TR, EH AL, R ZFHrh 2 B AT 5 | AR B MO B 2515 98 SO R
o ANTRLIR AP SIE Y R 2 TR [ B AR ZE S I A R i — 2D IR AT, DM HERRIZ TR B A I 2
TS

SE
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Identification and Biological Characteristics of a Ganoderma Stem
Rot Pathogen Infecting Casuarina equisetifolia

SHAN Jinxue, LI Zengping, ZHANG Yu, FAN Yuhuang
(Institute of Plant Protection/Ministry of Education Key laboratory of Green Prevention and Control of
Tropical Plant Diseases and Pests, Hainan University, Haikou, Hainan 570228, China)

Abstract: A Ganoderma stem rot disease was found to infect Casuarina equisetifolia in 2018 in Wanning City,
Hainan Province. In order to clarify the pathogen species and biological characteristics of the disease, 10 strains
with the same morphology were isolated from basidiocarps by using the conventional tissue separation method.
MMHIJF001, a representative strain with excellent growth, was selected for pathogenicity determination,
morphological identification, sequence analysis of TDNA-ITS and SSU, phylogenetic tree construction, and
biological characteristics determination. The results showed that the pathogen causing the stem rot of C.
equisetifolia was Ganoderma australe (Fr.) Pat. The optimum temperature for mycelial growth of the pathogen
is 28 °C, and the optimum pH is 7.0. Dark conditions are conducive to mycelial growth of the pathogen, and the
pathogen grows better on the plant extract media from Acacia auriculiformis, Leucaena leucocephala (Lam.)

and Hevea brasiliensis.
Keywords: Casuarina equisetifolia; Ganoderma stem rot; Ganoderma australe (Fr.) Pat.; biological

characteristics
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