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Abstract

Fusarium spps. are diverse and exist widely, with a large range of hosts and capability of rapid
propagation, making them as pathogens even lethal to most of plants. Recently, diseases caused by
Fusarium spps. occur frequently in rubber tree plantation in China. In order to find the death rea-
son of a young rubber tree in Hainan Guangba region, one pathogen was finally identified as Fusa-
rium equiseti based on its pathogenicity, morphology and molecular identification, named as Fu-
sarium-Hb in this study. Owing to its high pathogenicity and its easy adaption to light, temperature
and a large range of pH 4 - 11 growth condition, this Fusarium-Hb could produce abundant micro-
spores, macrospores and chlamydospores, which should be given enough attention in future. In
addition, the most efficient fungicide agents and adoptions were screened by comparison with the
inhibition effect of five fungicide single agents on Fusarium-Hb. These results showed that 40%
Fuxing emulsifiable concentrates were the first choice for killing Fusarium-Hb and 70% thiopha-
nate methyl powder was the second. In a word, Fusarium-Hb was firstly identified as pathogen of
killing rubber tree and the most efficient fungicides were selected out for application to field
management in this study.
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BRER FEORER, XERAEEE (16 C~35C)ApHEMIERE) (pH 4~11), KB ERELMHGTE
GEBMAT, B RER. MAERTFRAEEAT, DMiZREREEREIEERNKRER. FIt
A ST SR BN ZG R IR R, 40% B E I MRPE ZEIITE M EESR; HIKAN70%FEE
ﬁﬁﬁf;{ﬁﬁ%ﬁﬂ o ARSCRATRSR ) H 5 AR B FEHBUR S BB RIRIE, A RKHEBRRE T B
B ¥6 2555
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1. 5|

FARGIR T BORIET RS K (Hevea brasiliensis), X Kfr A4 K A4 60 4, LirEdnN
25~40 . REBEHMEX FE M THEE. =/ | ASIERSEERK. XFERXBEZ, TH
T BEE MG IR AR BR R I B AN AR ZS A= S AR A% A, — LB I U S L HE SR, 1 2006 4 7 XL
FRANAHL T T Fusarium sp., HAR G5 25118 B I 2555 [ 1], 2013 4R A1 2014 FEAEAE PE XK
PRE AR R BIL T H R4 7 1 (Fusarium venfricosum Appel & Wollen weber) 122 [ 4 7] i (Fusarium de-
cemcellulare Brick.) 7|2 FIAZ B i 5 —— AR A 2 J55 93 (Collar rot) AR -4 3455 (Stem brown spot) [2] [3].

WiRiE, RJEELT I REMEERRENRE, —HEAEERRGERYD FEESE, 74
BRI, AW AR, SEURKZE T RS BRI, SRS RIR KR . ST AR
ERPERRE, AR, WERRELZ[4], T PEISIBAR6], LT REE 7], BR8]
o WROJHE M ETERE )10, KR AHEY) BA BRSO (7], EATTCATE ARk R A AR R AR
BRI R4S, SR ARG . TR K TR B AR ZE S TR N N
AT, FRAVSENER AR T7 ) IR A MGG EAE S, FREIRE LS T i3] B fa FREIR
FAAL: FEARZE B G BRSO BT, M58, BIRSAREE, Wi, mARMZBINT. N T EWIEE
J IR FZ DX (473K LEAG R 40 A B 1 Ji DT, RT3 5 S5 B 20 5 TS o T AR S RN B0 1 e TV
H T B W BUR T A — Rl AR W 7] (Fusarium equiseti). HRT, B T — Lo e 4 71 B RS oM 10 1 55 B
YEAM2] [3], A RS T BE 5 T4 58 FAE 2, [ I AME R WA HRIE, DRI AR SO 2 % e H B
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TATE, A ME 1R RUE pH E B IS DR O B B 22 A IO RE s s L 24 75 3] S5
i 26 vt AR AR B A 243 791 LA 28 T FER DB B 90 ) o 2 8 93 s T B 4

2. M E
2.1, #HRHR

PR 2017 45 6 H RETIRE R T IR C LR 4 FFRIR MR FER Ak o

PEBAR A B e AL : i F it A EAEIE 7-33-97 E AR TCME AR VE AN AR 1, AW ST BT A R ZEL £
Tl A4 T 7 B B TG 1 97 5L (PDA) . 70% 1 J:4E47 7 (hiophanate-Methyl) [9] 7T #4403 71 (PG 22 W15 4 A AL A TR
AFIEFF). 50%FMEE Rl (Rovral) rT Ve M B 77 (22 R E VIR A | A2 7). 50%% B & (Carbendazim) i] i 14
B R A B RH B PR A T A2 72) 40%4 S 3L (Fuxing EC) (R SR A Dl i IR A 7 A2 72) %
7 R (Hymnopsis) (75 M & 20 78 2 Wi AL 22 R 25 A7) o

2.2. MIRESERRE

TSR 3 BRI 2300 BEA[10], BYHUR T FEACHOMR SR 25 S0 (@ 5 S A RE, I T5%I) L BE AL
2 7Bl FEHT 20% A0 EBRINIE R TF 10 08k, ARJE FEHIJCRUKIEDE 5 Ok, KA 2] PDA TR L,
FE 28°C A, B TR WP A AEMAE K, SRR — RS a5 7%, WEF
e VR R . WP OEE . NECR BT EEHIL . RSRHE. WREEEENER, H PDA U8 R
1 & T 4 CURFEHIRAT

221 WINENSFEES X

T R T TR AR B TR MR Gt e B W ST AR EAT HOE A S S SIS R AL TR
AR, AR KBS AMTHE. BR, R, FIEATIRA L. R4E Booth 73 RSN
PRITRREAT R EE 1]

222 R ERESE

AR SR AR Pk s BT 43 B i D TR P B0 M o B i D R RN I TR K Ot R B K A — BRI R IR B AR
Tt 2 7-33-97 WA b, ISR HE =N — AN ER, LR 3 IRER. B RWEEME. W
JE TR B R BT ARSI AR KRS O, 2B 12 KRG — ARG AR IR W g i iRk s I B R
HN A FIRE R bR 53 B 200 S A

2.3 MITEHEFEES

WIEILSZ e, HWG 2R pHAE. SGI. B SRR . AR5 R A%
FAE S I SRR854 B9 A3 BN B D R REAT AN pH 4~11, JeRREk B . A BRI IR A F A
R, WA AR KR

2.4. rDNA ITS ¥ # 50 F KR H iz 2

B TIHTIEAS SIS, BATBEIL TS A, /b RGuikb NI 4 200 . BL CTAB ¥E[514 HUR
LA 2 DNA, DAELTEEH 514 1TS5 (5'-GGAAGTAAAAGTCGTAACAAGG-3')Hl
ITS4 (5-TCCTCCGCTTATTGATATGC-3") 5| #1347 PCR 7 1¥4[12], I #4451 J2&: 95°C, A E 3 4%k,
95°C, A¢tk 30 2, 58°C, Bk 30, 72°C, 1.5 /r#hatfi, F734 30 4~ cycle, 72°C, 5 /¥4, &id
PCR F=#mlii, 3R, etk BT PCR % 516 AR . 3% NCBI, ¥4Fi13 7 51T 7 HUAR B b
S, RN IEEFS, H ClustalX BAEsEAT X ALHER, HE T RS0
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2.5. BEaRIIESTIRTE S E RO

ZHOCHR[9], SR E WA KRR I EGENE T 5 e i) 2% B 76 8k ) B (Fusarium-Hb) )35 /), 1X 5
T B 71 A2 4094 J2 FLIH  70% T AT W] IR oKD 771) L 50064 DR T 3 14453 711) L 509% 25 B R AT 144 771
99%: % F R Al MR . FARME R AFRT IR K A M & 65°C I, 0 3ol MR AN [ 3R 2 F1 24 ¥ 81 3 7 3
H, 2 BIEC B K 50%22 B R Al IR IR RE K 250 400, 500 1, 5094 AR A T i 144 77 Bk 1000
1200. 1500 fi5, 70%H FFEA AT MER 7B RC 2500, 3000, 4000 5, 40%q 5 LB A 12,000
15,000, 20,000 %, 99%:%7F % BEEk 3000, 3500. 4000 {5k I3, FMKE 4 REE, RN LLLHE K
RERZ AN FETRH KT, BAREFRIMEMN 1 AN FEPFRIG TR g, T 28°CIIEIRM N FR. 72
h Ja, F+758 SGEN IR AR IR LN BYE BAmm), AR5 R E XT3 )@ F. equiseti
MoFmbI=E, R Excel #Ad sk H & 50708 77 [EIA 7 F2E . ECasoo

HEARWT: MHR (%) = [(HREEER - AR E R R EE B %] x 100

DLAR Z59R L HL LA 10 MR AT AR AL bR, B B A S ITHLRE R, LS AN IR FE I ) 256 1
I TLRAEAE NN As AR, SRV REANRIE IR FE 10 [R1A T FEFIAH ¢ R 20 R F ECaso 1o

3. HRENH
3.1 BRENBESKESLEE

T 4 FIBRIMIIE T o BUR I SRR RAR S 4R AT BB, s, MRS &
B, AR IO  WIEIR T8 FIWT R 48 O T, B LS SR i i T B8 fE FREIRAR LA 1(A)~(C)).

274 IR A Fusarium-Hb 7 28°C 1 7 4H B IE 55 97 3 K, ‘BI7E PDA LA N 22k, HAK 2y 16 mm;
FEda N 213 95 3 E I B T (B 2(A) K 2(B)). M AE P B E R 2477 E, 5 3 Mok,
K/NA 12~13.5%1~1.25 pum, FEFER(E 2(C))s (HRFEE TR 4L 10 7 AR f 74 = A (1] 2(C)), B2
R AERT REF A, BNRAEMTH 7 A0, K/ANVN 40~43.5%1.25~1.5 um (4] 2(D)); JEIE#LT
A, BUREERRCT, BRIZ(E 2(E)).

e

Figure 1. Rubber tree died of Fusarium-Hb. (A) Dead tree attacked by Fusarium-Hb; (B) Dead stem; (C) Black and rot vas-
cular bundle in stem
[& 1. B3 Fusarium-Hb MZET-AYMAERE . (A) Fusarium-Hb SN LEET; (B) MIEMNZEFT; (C) HEREFER
EHRERTER=
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Figure 2. Morphology of Fusarium-Hb. (A) Character of Fusarium-Hb on PDA media; (B) Fusarium-Hb on Rose
Bengal Agar media produced yellow pigment; (C) Conidia and conidiophore of Fusarium-Hb, 400x; (D) Macroconidia
and conidiophore of Fusarium-Hb, 400x; (E) Chlamydospore of Fusarium-Hb, 400x

2. Fusarium-Hb BOFSZS4FME. (A) Fusarium-Hb 7£ PDA FHI4E K454E; (B) Fusarium-Hb ZE&NRI4IiEF 4
FEREEER; (C) RIAN/NDERFRANDERFIBFHE, bar = 10 um, X 400 f&; (D) KPEEFIE
BARSTEMFHHE, bar =10 pm, K 400 £5; (E) $RTJEEEMFHHE, bar =10 um, K 400 £

3.2. WIIE S FHM ST

ATy 85995 JE B Fusarium-Hb [ 1TS 781K 5 517 bp, 454055 Fusarium F28 (1 5 513347 [F] Y5 EL 5
Witk Fusarium-Hb [¥] ITS #4155 KR094457.1 (F. equiseti) Rtk i, 1A% 100%, FrLLZEFEN N F.
equiseti AL JJTH . Fusarium-Hb 5N I . DO BME .. REHIERERAR—4; 520k
B REALHRI . =R TE . FHESE TR RN B TR TR A PR Rz (1 3)

3.3 HifsttEE

IR 1.2.2 SEge Uik, BUmtt e g REY, EREGE #R AR Fusarium-Hb 3 RitE Fi%
T BAEZ RO, 5 6 RITURE B FP ) B AL B i AR A4, 58 12 R B B350, R
RIGIEAT R, HHES, ERKEW. HORRERMOH ZhE IR (E 4(B)), 2Ky H i [R5
B2, By 2RI R R TERAS o (R R TE B K O HR) IRIAR SRR By v 2E i i, (s, iRARAE
KHERERIE (K 4(A))s XTELILEFE AT A0, Hefbil 8 B2 20130 . AT WAz 0% 1 205 158, R
(AR R R MR KL 22 A B A R 1) o A B S 55 12 TR 435 SR 3R WA A1 11 Ak JE i 1) R AK B 7 (3.4845 g) MR I
R84 )BT R (5.5245 g A1 6 F), WA EEGE 1.

3.4. Fusarium-Hb B4 #5451

PI0 25 H R BH Fusarium-Hb [ B 14 AR 5% , 0 B AE K AR B Va9 16°C~35°C, B dd B I 30°C,
AR Z )9 50°C (10 min), iR 10°C A 5 RAGIHBEORFRFE 1, M HAECHR R N AR, 554K
AR (B 5(A), [ 2(C)FMIE 2((D)). 7 6 MrAFRIBRIES: FREE FAEKEEEAHZEA KR, DAZZHFM. H4
WEAERE A KB, 70 H B AL LR A K 2 (B 5(B), % 2)s 1E 6 FPARUERG IR (AL, MR
TEEREY, JRE. MHIRIAFIIHIREY) b2 R IR W2, X RRAE S B iR S B LAV, e R A
RIS A TERR AR > AHEREY > fEERE > JRE (I 5(C), & 2). TERFFREE pH 4~11 JE A e A= K (14
5(D), # 2).
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Fusarium_Hb
F.equiseti_KR094457.1

[ F.equiseti_ EU595566.1
F.incarnatum_KX184815.1

F.oxysporum_EU839393.1

F .proliferatum_EU364856.1

F .lateritium__AY266406.1

—— F.tricinctum_AF008921.1

F.avenaceum_KU529155.1
F.acuminatum_LC193726.1

0.04 0.03 0.02 0.01 0.00

Figure 3. Minimum evolution tree inferred from partial ITS sequence data. KR094457.7 and EU595566.1 F.
equiseti, EU839393.1 F. oxysporum, EU364856.1 F. proliferatum, AY266406.1 F. lateritium, AF008921.1
F. tricinctum, KU529155.1 F. avenaceum, LC193726.1 F. acuminatum

[& 3. #R#E ITS FFER Fusarium-Hb BYE /ML F. equiseti KR094457.7 F1 EU595566.1 7KW $& 7]
B&; F.incarnatum ZE£I4k7; F. oxysporum EU839393.1 27k J1E; F. proliferatum EU364856.1 &1
RTOE; F. lateritium AY266406.1 FE4T8k7E; F. tricinctum AF008921.1 =#:$&JJE; F. avenaceum
KU529155.1 #E24E71; F.acuminatum LC193726.1 £ T5sE7m &

Figure 4. Pathogenicity of Fusarium-Hb to rubber tree seedlings. (A) Control seedlings; (B) Seedlings in-
oculated of Fusarium-Hb

4, Fusarium-Hb TGRS A& BURE. (A) MEBLIE; (B) $#M Fusarium-Hb BIIGAS 4 sy

Table 1. The inhibitory effect of Fusarium-Hb on growth of rubber tree seedling
= 1. BIRARMW S TIE Fusarium-Ho XT4& B 488 4 K a9 30E14E B

Fresh weight (g) Leaf number/seedling Height (cm)
Control 5.5245% 6? 15.65%
Treatment 3.4845" 40 15.55°

Note: Different litter letter denote significant difference between control and treatments (p < 0.01) and the same litter letter denote no difference (p <
0.05) after Duncan’s test.
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Figure 5. Growth profiles of Fusarium-Hb on different media
5. Fusarium-Hb ZER G157 LAY KCHHIE

Table 2. Growth rate of Fusarium-Hb on different carbon and nitrogen sources media
Fz 2. Fusarium-Hb ZE A EIRRFI RIS 7R 8 E A CRE

Carbon source Rate of growth mm/d Nitrogen source Rate of growth mm/d Different pH Rate of growth mm/d
EX 1.46 KNO; 1.48 4 1.29
B 1.49 NaNO; 1.1 5 1.43
FEHE 1.35 NH,NO; 1.2 8 0.94
A MEERR 124 CO(NH,), 1.06 9 1.18
HEEmE 1.13 NH,CI 0.2 10 1.2
AL 1.12 (NH4),S0, 0.2 11 1.4

Note: The growth data was average value of three days based on four replicates.

3.5. BIAEFIROTHIE

5 R B XS Fusarium-Hb #4525 538 81 (G5 3): 40%4 & 7L XT Fusarium-Hb #1125 R &
I, A LARRE 20,000 /%48, F ECso /)N, A 0.0554 pg/ml; kA 70% 1 BEFEAT Al S PR 77, 7T LA
Hi%E 4000 1518 FH , ECso 18y 0.3870 pg/ml; 99%:% %5 R W] MHn 71 #1) 5UR AN W &2, . ECso {24 0.1874
pg/mls  50%FMAE R AT 1K 71 RN 50% 2 B 8 AT P 0 751 (CBR 0 e ) 5o 48 0 11 38 A AT AT 0 ) 28 R

4. SrthAnitie

ASCHIS LA P> TEW AT BEEE T RS 2 59 (1 BU% B —— AWk 7] % Fusarium-Hb
(151 3), FFEEERAEH AR A B (= BUR TER A 6T, BEPOEBIMER IR R) (K 4). BIIZHEAR
I(>37°C) PG AR, W SR N2, (H2 HRA T2 R e M (pH 4~11) iR ik I (1 #E /1 (10°C,
5 RAGE, 16°CHEEAK), HlB PP A KR = A A (] 5(A)), F=fls K IR, AN,
R EMRTREEM T (K 2), Blt— BRI, R YR AT RE R SO YR E, DA —Fh i
i AL O
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Table 3. Effect of four fungicides on growth of Fusarium-Hb
7 3. M#REEFIXT Fusarium-Hb 4 K HIER

Name_of Ti'me_s of Reagent Log qf Probability Virulgnce regression EC50 R?
fungicide dilution  concentration (ug/ml)  concentration (x) value () equation Y = a + bx (ng/ml)
3000 0.33 —0.4815 5.6219
g?gjéf}% 3500 0.29 —0.5376 5.5622 Y =6.9325 +2.6572x  0.1874  0.9099
4000 0.25 —0.6021 5.3055
1000 1.00 0 4.1110
?:g{;f} 1200 0.83 —0.0809 3.9197 Y =4.1438 + 3.5295x  1.7482 0.9709
1500 0.76 -0.1739 3.5015
2500 0.40 —-0.3979 5.0728
70% i},ﬁ;ﬁﬁﬁ 3000 0.33 —0.4815 45155 Y =8.3307 +8.0776x  0.3870  0.994
4000 0.25 —0.6021 3.4368
12,000 0.0833 -1.0794 5.4565
40% 4 B2 LI 15,000 0.0667 -1.1759 5.1738 Y =8.1243 +2.4859x  0.0554  0.9927
20,000 0.0500 -1.3010 4.9021

AN, 5 R FRIG S R, 40%48 S FL MG Fusarium-Hb % 8 R0 B0, wI A N ia 9k T B
WL, JLHIE 40%4E B FLI (REEME) J& T A HUEES R, T LA A F T EM4hmidn 28, Rtk e
i F¢ 10,000~20,000 15 ) 40064 5 FL i AE 7 BAZ AT ZEAT Tl 22, Re s PR GF RO TR E L, 4Rt T
VERRAL BB G R R . LUK 7000 H R FEAT A nT IR 4K 751, W] A 3000~4000 A #f FH T HEMR (72 3). #iikid
ERE N, LRSS EURER S, WS, BRERRGERZ, MEREKBISNEE: 1 H R
ARG T L /N R T 25 5 i s RES R BRI 2, AR T AR KRR e, 08 b S 2 AR A
AT . AMRAE Fusarium-Ho FIZER I REME, BT B A 22 pa] DS i it P 6 25 S0 IR 40 s L < A
B Ao, WARILJUVFE SR W AR X BLRAR SRR i ) 0 TR, IR BT A T A 4 AT
FENDIEX N F SR ARSI 554 B FRBCAE AR, DU 3 1 28 5 i Ar A AE T
WA LLAR AEREEE] . 4 )50 75 E0 ORGSR S T AR 603 1o i B FRE 7, gk — 0 B R A
FEFEOLLL BRI, HE LR A TR RS IR AR, buiik & AR H A 1 BE i L

B

A RO T L 2 4 5 BRI Ml R P 2R AR k6 e SR R O 8
E&ME

R A M 2 i HE ARl 45 9% - T51 5% 4:(1630022016006-01)
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