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Isolation and identification of pathogen causing rice panicle
browning in Heilongjiang province
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Abstract: [Background] The occurrence of rice panicle browning disease is more common in
Heilongjiang province, and it can reduce production and quality of rice. [Objective] To identify the
pathogen of rice panicle browning in Heilongjiang province. [Methods] Samples of rice panicle browning
were collected from different rice producing areas. The pathogens were isolated. The pathogens were
confirmed pathogenicity according to Koch’s postulates, and identified by morphologic and molecular
biological characteristics. [Results] Four isolates were obtained. The symptoms of rice panicle inoculated
by the four fungi were similar to that observed under natural conditions. Based on morphologic
characteristics and rDNA ITS sequences analysis, four pathogens were identified as Fusarium
graminearum Schwabe, Alternaria alternata (Fr.) Keissler, Nigrospora oryzae Petch and Epicoccum
nigrun Link. Dominant pathogens could change in different years. [Conclusion] The identification of
pathogenic fungi causing rice panicle browning in Heilongjiang province could be references to develop
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disease management strategies.

Keywords: Rice, Panicle browning, Pathogenic fungi
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HEAT ITS JE9I4 3, PCR %A & (25 uL): dNTP
Mixture 4.0 pL . ITS1.ITS4 (10 umol/mL)#% 1.0 uL .
10xPCR buffer 5.0 uL. Tag DNA B4 0.25 uL .
DNA 1.0 pL .ddH,0 12.75 pL,PCR % 5544: 95 °C
Smin; 95°C30s, 55°C40s, 72°C 1 min, 354
fE¥R; 72 °C 10 min, PCR P*¥14s3d 1%38 I8 ke
JRE AT R PRCRS I - (RS, T 4y Pl A o SRR o
AR BR AR AT . )7 ST NCBI £
P T BLAST Huxt, JF4248 % GenBank 3£1%
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R
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F 4 BRFEESFEY), WISHEESE | TSR
[, Z+7l#rk HBF, HBA. HBN. HBE.

KA AR AR HH A] 3 22 R AR AEFRER, JFIRTEK
FEL A 5 20 vty i 00 TR S IRTR e (ALK A, BB TS
K, A REE OEREOARMNIE, &GWRNIEY
Je B EEANBRL(E 1A). KIFE MR, 4558
KRR, FOKRWIE A€, 52 s 0 A5 . 8
4 F /3 #54 HBF ., HBA. HBN. HBE 7E /K fififi il
PAC XS KRR AEA T M BOR PRI . #2280 12 h
J&, Witk HBF A DLH] W45 (i 5, APk HBA A
DAB GBS, BEFP 24 h )5, Witk HBN, HBE nf

1 KFEFBTHELZFEREBUFENELS R
Figure 1 Symptoms of rice panicle browning in field and
results of pathogenicity test

TE: A HIERRHER; B: HFh HBF Wbk 7 d J5 19 & ek ;
C: %A HBA Witk 7 d JR B AAGAER ;s D: %40 HBN itk 7 d
JRBYREFFAEIR s B 4F HBE Witk 7 d J5 B AWIER; F: T
B KRN AR R

Note: A: Symptoms in field; B: Symptoms on rice panicle at
7 days post inoculation (dpi) with HBF isolate; C: Symptoms on
rice panicle at 7 dpi with HBA isolate; D: Symptoms on rice
panicle at 7 dpi with HBN isolate; E: Symptoms on rice panicle
at 7 dpi with HBE isolate; F: No visible symptom occurred on
rice panicle inoculated with sterile water.
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LB o HeFp 7 d J5, FBUH 55 B AH R A9 5 R
(Kl 1B, C. D. E)o DATCHRI/KERAGXTIE, R
WBE(E 1F)o MFZRN AN A b 07 43 5 B0
JiE#, UERH>ESY) HBF . HBA . HBN, HBE &5
RS 7K e AR 722 1) 5 L TR o
22 REEMEE
2.2.1 HBF EHEE

¥ HBF FFEIERNTE PDA BiJR 5L PSA B5353k
INEERIRESRIE | ORIREEFREL | Billai’s Ki RIS .
HBF FHRTE PDA 85353k AR KR, SRR
W, 2R, WZAGELRAE, WEhRELE
0, VR A SR L A2 A AR (B 2A. B).
TE PSA FRAEWZMER, Hazalirg, &Y
RIEATTE. Billais FRZMEL, HIRLL, 59
JRRRAR KL o KRG FRIE FE . N A b

2 HBF BRI SHHE
Figure 2 Morphological characters of HBF strain

W, KRAGyHfiF7E PDA B597 56 . PSA B3t b
Hoit/b, e Billai's Ji7RJk . CMC R grHk | A2k
FrEE b AR R R AT, TR YR 5
RIVE, Tifdrde, SRR R R, 2503518,
K/IM30.5-56.0) umx(3.3-6.0) um, FAAT IO
(181 2C), JBEHATEIE, P4 (4 2D).
MR ASFHE, % HBF W) 508 RS I
HBF F#k PCR 434 K 5 E 5 , K 1TS Jf
FI4R5E GenBank, k{3 HAE K5 KU254606, 1
NCBI H13#£47 ITS J¥ 41| LX), HBF ik 5 550 T et
W (Fusarium acuminatum) . RATHEAH (Fusarium
graminearum) . ¥ ORA R (Fusarium culmorum))¥
GIRARIES 99%, HMERGELEN, HITHR
S iEfk 3BT (Kl 3). HBF TE#E S5 3 PR RAE )
—or3 b, GE TR AR KRR | B, T

TE: A: PDA BRI IEMITER; B: PDA BREVEH; C: 0BT D: JMEMTHR R AT
Note: A: Front morphology of colony on PDA; B: Back morphology of colony on PDA; C: Conidia; D: Conidiophore and conidia.

Fusarium acuminatum (KJ562375.1)
100 | Fusarium graminearum (KC577195.1)

72

Fusarium culmorum (JX125046.1)
HBF (KU254606)

99| Fusarium oxysporum (AF322076.1)

Fusarium oxysporum (EF611085.1)

o

72\ | Fysarium acutatum (AY213653.1)
Fusarium proliferatum (EU151490.1)
76! Gibberella moniliformis (EU364864.1)
Fusarium tricinctum (FJ459979.1)
Fusarium avenaceum (FJ478097.1)

0.02
3 ETITS F5#& HBF Bk R Z L BN

Monilochaetes infuscans (JQ005780.1)

Figure 3 Phylogenetic tree of HBF strain based on ITS sequence
433 E AR R Bootstrap K3 0 S 1 A 403, B B 5 Bootstrap>50%HY R TE& A HEAL 4> 399 5 F 3755 8 GenBank

S PR R AL A AR AU

Note: The confidence values over 50% from 1 000 replicate bootstrap samplings are shown at each node. GenBank accession numbers
are shown in the parentheses. Scale bar indicates the base substitution rate.
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KA ARFEA T RERAE %, HBF %
TE R BRI
2.2.2 HBA BE#HEE

HBA WPRTE PDA Bigidt oV, Mgk,
IREBEREHFHO, FHBG, UERZKIE, V)
Toasl A, J5 A8 AN R R ) JE A 5. (8] 4A . B).
£ PCA ¥i3R3t R 22 Msi, B Taisg,
R s 0, ELECES i, 43 BR , K/N(47-70) pmx
(4.0-5.6) pm, ST RAE U EEE, FIRYE . B
Bk, BB, W, REDLHE, H 3-7 MR
1-4 NYRRRE, S BRAbms fa 4 , K/1N22.5-40.0) pmx
(8.5-13.7) pm . & Bk AR, B (0-19.5) pmx
(2.5-4.5) um (& 4C. D). WHIESFHE, K HBA
PRIMEA) 26 S 8 M A FRL I

B4 HBA EHKFSHIE
Figure 4 Morphological characters of HBA strain

HBA Wtk PCR ¥ 3 S p s f5, # ITS ¥
H$E38 GenBank, FRFFILERSES K KU254607, 1E
NCBI H1if47 ITS J41I Hxt, HBA Wbk SHEHS 708
ZAFI AR 99%, BN ERZELT
B, T RGP (K] 5). HBA BEPE S AtkdE
¥ i (Alternaria tenuissima) . % A% 7 (Alternaria
alternata). = & 5ir& i (Alternaria brassicae). KAH
BEM AL (Alternaria longipes)TERl—/ % b o ZEAH
MRETEARKEE . B, SERTRRN, JBR
MEAT, PRI, BN, HBA %
TE N BEAR AL
2.2.3 HBN EHEE

HBN 7E PDA 5706 b, W&V A6, 2
AR, SR RE, A RED(E 6A | B). 7 PDA

b 7\
A ‘uﬁn: Iy

TF: A: PDA B:SRIVEIEEIED; B: PDA BSFRIVETIE; C: PCA Ly EMrA:fF; D: PCA HIEMUIN A4 FAE.
Note: A: Front morphology of colony on PDA; B: Back morphology of colony on PDA; C: Conidia on PCA; D: Conidiophore on PCA.

Alternaria longipes (AY751457.1)
HBA (AKU254607)
Y Alternaria brassicae (F1869872.1)
61 Alternaria tenuissima (EU326181.1)

Alternaria alternata (KM458821.1)
L—— Alternaria brassicicola (AF229462.1)
Alternaria triticina (AY278834.1)
100 | Alternaria leucanthemi (AY372684.1)

| Alternaria helianthi (DQ156343.1)

0.05
5 ETFITS 12 HBA Bk RF A B R

Fusarium graminearum (KC577195.1)

Figure 5 Phylogenetic tree of HBA strain based on ITS sequence
T 4337 BRI Bootstrap K56 (19 325 H 4%, A & X HFE Bootstrap>50%01Y B /R 7E AL 43 3235 5 _F 5 555 N A GenBank

FPoN S B bR RACRAL s R B AU

Note: The confidence values over 50% from 1 000 replicate bootstrap samplings are shown at each node. GenBank accession numbers
are shown in the parentheses. Scale bar indicates the base substitution rate.
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B BRI R, AR A, B, B
PR, EA% 3.4-7.0 um. A TAEfE—TC
EUIRRCR M, A= 96F  BRE BUEIKIE , 9
BEEA, FARNERG, B, O, KA
(9.5-11.6) pmx(11-15.1) um (/& 6C).

HBN Rtk PCR 484 S P9l € J= , K ITS 'y
HIHEAE GenBank, R1FHIAER 565 KU254608, 7E
NCBI H1 k47 1TS JF51) F X}, HBN B bk -5 e SE 1 55
(Nigrospora oryzae) % 3% 5y EU918714.1 #l
KJ572186.1, JFAIAHMIM: R 99%, it iy Rk
W RGEHAA (I 7). HBN WikS
Nigrospora oryzae TE[A—/43 3 b, G TEAFRHE,
HBN %3¢ A HE B fEs
2.2.4 HBE BEHEE

HBE 7£ PDA }i##3t I, WEWIFAE, FEH
AR IEH AR, WiRE Ry EE e, AR
e A I B A BT A A A 2K (K] 8A L B). A UL
ARKESBEPERIEFEE DM v EXE, &

B 6 HBN HRMISHHE
Figure 6 Morphological characters of HBN strain
[E: A: PDA BiFREVKIEIIEL; B: PDA G IR 1l ;

PDA [y Ao R AP R . oA 16 4
. B, HUESCRAE, S TRTFIE . EEDE,
AR G, PSRBT, REH Y,
17 R/N14.4-19.9) umx(16.0-22.5) pm, A
(6L IR L AR A L (] 8C).

HBE [tk PCR § 3% )P4 5 , #F 1TS J¥
H|$25¢ GenBank, 345 HAF 50 KU254609, 1E
NCBI H#E17 1TS 41 b Xt , HBE Btk 5 A~
BR(Epicoccum nigrum) AR T 916 55 20 99%,
FHRIPEIRE] 100%. B ERGELETW, HITR
Gtk M (K 9) HBE WHES Epicoccum nigrum
TEIR—43 37 b, HBE %5E Hy AR
23 ARIFEKEEBETRERNS S

2013 4F 2014 4EF 2016 4F A [F] 4 25 R AR5
T, B AR L A 200 576 RPN AT 3 T B I 1A
SYESH 4 BRI, ARG L ASRRAE SR
PR A B 1 HL 25 S B (R 1. 3R 2).

C: AT M AT
Note: A: Front morphology of colony on PDA; B: Back morphology of colony on PDA; C: Conidiophore and conidia.

HBN (KU254608)
99 Nigrospora oryzae (KJ572186.1)
ey Nigrospora oryzae (EU918714.1)

L Nigrospora sphaerica (JF738028.1)
Nigrospora sphaerica (KM893076.1)
Fusarium graminearum (KC577195.1)

0.02

7 ETFITS I HBN Bk RF A EH

Figure 7 Phylogenetic tree of HBN strain based on ITS sequence

. 3 B EIEFR R Bootstrap KIS HF 4%, HE S EFHE (Bootstrap)>50% 10 BN E S A #EAL A T A B BN
GenBank J751'5 5 B H R R RN s ISR K.

Note: The confidence values over 50% from 1 000 replicate bootstrap samplings are shown at each node. GenBank accession numbers
are shown in the parentheses. Scale bar indicates the base substitution rate.
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8 HBE B SHE
Figure 8 Morphological characters of HBN strain

)

/

20 pm

¢

[E: A: PDA BiFR V& IEHIEZ; B: PDA BiFR vk iml; C: 4MEHRT.
Note: A: Front morphology of colony on PDA; B: Back morphology of colony on PDA; C: Conidia.

0.05

B9 ETFITS F5#E HBE B RKELBH

Epicoccum nigrum (JQ619838.1)
Epicoccum nigrum (EU232716.2)
Epicoccum nigrum (AF455395.1)
Epicoccum nigrum (JN689342.1)
Epicoccum nigrum (KC867291.1)
HBE (KU254609)

Fusarium graminearum (KC577195.1)

Figure 9 Phylogenetic tree of HBE strain based on ITS sequence
{E: 455NN GenBank J¥415 5 AR RACK AL AOBRE ALK,

Note: GenBank accession numbers are shown in the parentheses. Scale bar indicates the base substitution rate.

25 B3 PN B ORF R 14 4 78 0 5e Y TR A B A R AL
2 1, 2013 4E R HA(Fusarium graminearum)’sy i
PIREES, N 42.3%-46.3%, ARHIRIEE, H:
T 20 55 (Nigrospora oryzae) FIEEAS Fi T (Alternaria
alternata), 738 RS R R 21.1%-35.4% .
17.2%—-28.2% , IS ERE (Epicoccum nigrum)43 &5 1
WRMET 5% 2014 HFREMINHE, HEM IR
WEE L, N 27.1%-76.0%, Jeti#mEE, Hik
B RAE . BIEKETE SRR T H R
BIRES R, N 25.3%, KRR B HL] R
B 2016 A REAEMIRE, BR 856 K fHRIE
o3 B BRI, AR AR B Hh B
SRR A BIR N 42.3%-90.0% , A 5
JEARTITEY 854 4R 375 RS b T 1) BH 4 3 R A ke £t

1B BB W R, 2l i 40.8%F1 46.5%

BRI e R A TR B A B, AR
F 2,203 ERBBMAEME RS, N
29.3%46.3%, HUEREM AR, 432 n AN
26.7%%—40.0%; 2014 FFE4EAK 1 B& 43 25 40 R b5
H 23.7%-80.0%, HAth 3 FhEE Yo BT R Bk 22
AR 2016 4F 43 B RSTRFRL, ARA SR AL R 7E T
R, 854 ARIGHNE BHA 3753 B W5 R A v 43 i)
K 22.7%. 37.1%. 36.5%. HEMEHORERTIEA S
597 kY. 854 RIGFNLIEEA ) i B MR &, 43
M 30.1%, 34.1%., 33.0%. 26.3%. BT H
TE 597 R4y BB, i 50.0%, AFEREAEE
T 854 37 T 856 KIG /B HER, /5
4 33.0%. 26.2%;
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Table 1 The isolation frequencies of main pathogens from brown glume

Gy RER st o JEL A1 B P A%

Year  Collection point Varieties The isolation frequencies of pathogens (%)
Fusarium Alternaria  Nigrospora Epicoccum
graminearum alternata oryzae nigrum

2013 AL [ilipii%27 Z5H 131 46.3 19.0 21.1 4.2

Tongjiang city Qianjin farm Kongyu 131
JeHE 37 423 28.2 25.6 2.6
Longjing 37
XU 1L T 853 &3 JeAE 31 29.3 20.2 35.4 2.0
Shuangyashan city 853 farm Longjing 31
AWy 27 Jeg 31 44.4 17.2 30.3 1.0
Honggqiling farm  Longjing 31
2014 AL HIAEAR G Tt 37 8.8 58.9 15.3 11.2
Tongjiang city Qianjin farm Longjing 37
X PH T 856 k7 JEHE 31Longjing 31 5.0 60.0 11.7 8.3
Jixi city 856 farm A1 Unknown 7.7 13.2 65.9 8.8
FEFFIR IR T HRE A% Unknown 9.3 37.3 213 253
Qiqihaer city Gannan county
R A% Unknown 2.0 76.0 4.0 2.0
Fuyu county
FoR A A4 Unknown 2.0 48.0 4.0 2.0
Tailai county
MR A1 Unknown 14.3 27.1 14.3 18.6
Halahai farm
hEeai BN A% Unknown 9.5 60.3 12.7 17.5
Yichun city Tieli farm
2016  [RIVTHI ARk B 03-169 4.4 24.4 50.0 8.0
Tongjiang city Qianjin farm Kendao 03-169
S 111 7 597 K% MR 518 0.0 2.7 90.0 0.0
Shuangyashan city 597 farm Xingsheng518
BH3 0.0 10.0 84.0 0.0
Kendao3
FeAkT 854 43 Ba15 40.8 5.0 423 4.4
Hulin city 854 farm Jiahe 1
X PG T 856 JekE 46 0.0 32.6 18.4 28.0
Jixi city 856 farm Longjing 46
1 5 S Er ] JeHE 46 46.5 2.4 78.1 12.5
Hegang city Puyang farm Longjiang 46
LAY JeAE 31 12.1 12.5 72.8 18.0
Jiangbin farm Longjing 31

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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Table 2 The isolation frequencies of main pathogens from kernels removed brown glume

Hy RER A 3 JE T 1 B0 g AR 3
Year Collection point Varieties The isolation frequencies of pathogens (%)
Fusarium Alternaria  Nigrospora Epicoccum
graminearum alternata oryzae nigrum
2013 [ElVLHT [[lpiiZiE7 ZSH 131 45.0 26.7 1.7 11.7
Tongjiang city Qianjin farm Kongyu 131
JEHE 37 49.3 34.3 1.7 6.0
Longjing 37
XU L7 853 415 JeXE 31 333 40.0 4.4 44
Shuangyashan city 853 farm Longjing 31
LI A JeHi 31 Longjing 31 473 27.0 1.4 5.4
Hongqiling farm
2014 [RIYLHT ARy Je¥f 37 Longjing 37 6.9 50.0 8.3 4.6
Tongjiang city Qianjin farm
X P4 856 3% J¢H 31 Longjing 31 4.3 58.6 21.4 5.7
Jixi city 856 farm
AR A1 Unknown 9.8 45.1 7.8 19.6
IR Hr& %1 Unknown 19.5 36.6 9.8 19.5
Qigihaer city Gannan county
HRE 1 Unknown 2.5 80.0 1.3 6.3
Fuyu county
R A1 Unknown 2.0 30.0 0.0 4.0
Tailai county
UEEDAITY (S A% Unknown 22.4 23.7 1.3 7.9
Halahai farm
izl Bk %1 Unknown 10.2 67.4 6.1 16.3
Yichun city Tieli farm
2016  [FlYLT AR ) B 03-169 22.7 30.1 8.9 22.1
Tongjiang city Qianjin farm Kendao 03-169
S 111 7 597 K% MR 518 2.0 26.5 30.0 0.0
Shuangyashan city 597 farm Xingsheng 518
B3 0.0 34.1 4.4 4.0
Kendao3
PRk 854 3% B&15 37.1 33.0 1.3 33.0
Hulin city 854 farm Jiahe 1
XU G i 856 4<% Je ki 46 18.2 16.4 18.5 26.2
Jixi city 856 farm Longjing 46
8 e Tl LA JeHE 46 36.5 2.0 16.0 8.0
Hegang city Puyang farm Longjing 46
LR Y JeAE 31 6.0 26.3 4.0 10.0
Jiangbin farm Longjing 31
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X BEETTA8 7K R 3277 X B 7K A R A g a7
W A B SR, AR 4 M REREE, &
S8 AR R BT E AR AR . BEAR AR . FEIR
iz FR M ER G 2 EEBORH, X5 IRIERIK
R AR 2 05 S A 58 A AH [R] AN (]l IX 22 57458
Ko ABFFHER 4 FhBOR S S HGE |
EHTM K FERE B (RS A2 I 4 R0 TE )2 ) ik
JITA . AHACHERTR . B 2 TR AR R i
AT e A AR TR, 3 AT Al i T A A3 43 A
AR ABETE S B IR PR AR BRI
FEXT KRB A AT BOR P, SR KRR AR ) T R
TR Z—, X5 U PR AP A i E R R AR R
IR . TLVG A KRS BRI 0 I 1R 2 — 1
SR — O SRR AR T B VT AR K R R A
DX PR 4 728 BECRAE R A T A 20 B, IR B B AR £
B R R AR E RS AR
o e A R B R TR R | K R R A A R
) F LR, X 5 IRRAESEM R A RA 2L,
Al BE SRR ARy . 0 BT BRI AN TR . 0
R B Y FEIAS TR G o ASBIF 9% 18 UK o AR A Bk
o e A 5 AR R B R R A TR e VAR K R A
BN . TEDESE 4 Fh o0 TR B0 P g R e
rh e R AT i feL RO BEAS F0 5 AR A5 T 8, AL
SR O, R PRI R RN R BN ER A G | R AR AR A
B2, ULIEOR RS o A SCHERARE 40 R 7R B G T
(Burkholderia glumae)t 7] 5| R A REAS RiAs A8 A
WFFETE 53 B () 2k B v o A AR B %) B, (BN KA
A BORTE A #E— 2 5Y, TENSR MBS T
YRR AT A TR T

2013 FRIEVLARFK A A8 A R, A
2T 3 AR ST BN RE, O RS KR
FoC B RFRLAR A Gl A0 53 BOURER R iy, 2L H
BUR A U YR BE YT B 5T N B
RRFRL, HUORBEAR I 0 BOR A S o 2014 48
IKFEREAE S 1Y R AR B2 F 2013 45, DB JE VT & /KA

FAEIX 4 AT 8 AREE G B RE, BEAR fRL R 20
BRI frimy, RAUHOE R, MRAEET
2013 4FF1 2016 A REEFE D ERTE, ZHORE
AT B B AR R, (B R BRBE R RPRL R R
T 1N 2 B BRI AR, T BB 1A 32 2R et
7, ARDYTERIN TR, ARG . AR X
O B I Y LU R BN, AT RES PR | X
A ETI KR

TR 2293 (RS ) 25 b 1 AS (7 9 JL 1T 5
i, YU E B AR AT A 24 M 3 2 SRR A
frafhe 7oh, A5 BmsE 2y R ik, ikt x
4 Pt I R BCR B i 2550, U S G Ml 42
KRR A
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