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B E [H&)] Hil N ER KB Exserohilum turcicum &4 5 B BB AL Z RIBE R, B d A
X F R KRB R RS . [ A& ] Zam R EIAMALE | REE N R B A Ry T
Py e s 1 o B PR BESER FORRIE R [ SR ] 3850 X F P K KB & A= B A B e 2k
FEALAAE , KPR H N R BEEYH o H, 45 R, 60 FhE B AR, MEMUAE . M E . 8
WH ., EEE . B E . b E . o E . B E R E . o, s H O e SRE, O E
30 H 38 i % P UARBER IR A TR . A B Al Ak SO R4 DNA PRI AE LLXE, 2 B P R AL ik
BEYE FOR KRBERIRY . S E 2 FER dufAEJEF Notoxus monoceros F1XUBER: M F Monolepta
hieroglyphica #%%  #& TAGH H R H& (P<0.05) , {H#ERE RFE/D T 000 H o B KK BER R &k
FH P9 B s S 5 R RTS8 90 S A DG A A SR 2R B, Bt 2 B 2 6 K B 155 174 Jon 26 177 22 30 1
MR, [ ] A H PR AT NS TR KBERR A — i ek, B HUARBEHEAT TR KB
93 L %ok 5 K KBS A 6 VE AR B
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The relationship between the insect community and
Exserohilum turcicum in corn fields

FENG Li-Chao'~ GENG Kai' ZHANG Shao-Qing® ZHOU Yan' ZHANG Yu-Feng'
ZHANG Shuang' ZHAO Li-Na' CHEN Dian-Yuan'

(1. Department of Plant Protection, Jilin Agricultural Science and Technology University, Jilin 132101, China; 2. Testing and Analysis
Center, Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130102, China)

Abstract [Objectives] To explore the relationship between the occurrence of northern corn leaf blight and insect
community composition in farmland, and identify insect vectors of this pathogen. [Methods] Field investigation, pathogen
separation and purification, physiological identification and biochemistry and molecular biology, were used to identify insects
carrying Exserohilum turcicum. [Results] ~Sixty insect species, from forty-five families and nine orders (Diptera, Coleoptera,
Lepidoptera, Hemiptera, Hymenoptera, Ephemeroptera, Neuroptera, Orthoptera and Dermaptera) were investigated during an
outbreak of northern corn leaf blight (Exserohilum turcicum) in corn fields. The Diptera were the dominant order and the
Coleoptera the second most abundant. Microscopy and DNA analysis revealed that the E. turcicum pathogen was present in
insect species. We suspect that the two Coleoptera species (Notoxus monoceros and Monolepta hieroglyphica) carry
more pathogen than the Diptera (P<0.05), however, the species richness of virus vectors was lower among the Coleoptera than
among the Diptera. There was a correlation between insect species and the incidence E. turcicum in corn crops. [Conclusion]
Transmission of E. turcicum by insects may play a small role in outbreaks of this disease.
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ARG E A TR AR R E AT
H 20 4 50 400G, G 23 205 KR
K, EARTF IR I F AR oK (ke sl Bt
2006 ), Efi E K H g A 0 A R EOR 8
Herb R BERR A UL HL A 3 85k 7™ B 1 A T R e
F L, REARE P T E AR . BRI B
Exserohilum turcicum & KCEER ™Y [ i 76 18 5 | A
RN E, RN, JTERUREE, %R
fEE M AL RN S A A, FEESTATAK K
AL, 7 H I A R U80™ (e AR
M, 1993 ), SR, TEARF T RZEIHYIG
JE A ARG B A, e e S e T L A
TSN R N B N R AR SN SN (£ ]
H. Z83H . HE#@E . F#E . 858 H MG H
( Leath and Newton, 1969; Kalb and Millar,
1986; SBexta, 2012 ), LUFHIHE U A B,
Joa S A 40 T2 R AR O B TR R R AR P X A
YU U5 1 28l O 24 TR B 5 (it
4, 2013) o Hoh[RBEE H B SRS A Y 2
T RB AR, X A8 W B8 9 15 15 1F T B o B
( Nault, 1997; Mitchell, 2004 ), XtTH A4
Yy S LT, A e BRI A AR A7 G
B . WIS 1R S i 40 4 R A X I ) 1
&, Horh @ H R dC AT B @ i gl |
2y HuHEE A 0T 1398 N AR W A A Ve TR T | B R
e R B AE HE, LR M N & o
( El-Hamalawi and Stanghellini , 2007 ;
El-Hamalawi, 2010 ) ; XU# H R HREE o] #5747
IR 25 BT R BUTUR 3 , IO 1200 5 78
= NIEHE (Jarvis etal., 2010) o EHXTTFH
YR IS A Wy 5T, — 5 T T RE SR AR Shid AR
TS, SORE SRR S — T
W H 5853 B B XHZ S I B ) P
M 1% #% (Kennedy, 1974; Goldberg, 1990;
Stanghellini et al., 1990) .

TR KB 2GR F , 24 EARIEE
e ffF 36 oK K B 98 )i 9 € 38 B — & 1Y TR
(Newton et al., 2009 ), X1 fE&HE KR H AR RE
P I LA AR RE T X FOK N B R 26
BRI A, JF 0 Bt e AT (R B T A it

NS, SR DNA X0 b F oK I 7o 3t
EARIEY S B EEAT R R, Bk HARS KRR
P I3 I A 17 B A8 Tl B RO AR I B AE T i
B RIS KRB A LE AR TR , 4R AR
L BEBHG FEAR S B B0k

1 #R5HE

1.1 RSN

M JE R R R R KR, R
HERINEW, LA T, ZHIEZ MR
RS ) JL B WA, 7-8 HFE¥ AR, — i
£ 21-28 °C, 7-8 HyBE/KEAE 190 mm 47,
WHZ., PRk 20 43R kM, AR
Nh&R 5 (pH 6.3-6.5, THIEAPLT A&
i 0.22%-0.24%, TIESKE 14%-22%, )
Mo P ), JE A AR KA TR 0.5 hm?,
PR S FP oA S 335,

1.2 REANBTSHZ*

121 EARKHHHEREE LK KER AR
TR M0 9bnife (GB/T 23391.1-2009 ), 434 1
K3, ST, THRMOK, HS5G,
122 HERHMAEPFPE TEKKEHRRELK
B, KM transect P87 /75 ( Andersen et al.,
2015; Lefebvre et al., 2018 ), 7EiR4 X Ik 5
ANX, X HNHLIBEE 10 NMREERT, &4
B 1 m?®, 3504, WA IR R R R
o SR MECEERE T R A, 5l 5
PR KRB CAE N, Al S0 2 2
(X1 7R, 2013 ),
1.2.3 ERNHREEFIEIE KA PDA Bkl
Tt 90 1F 5 T o 3k PR 568 e 2 AR AH 45 6 il RS
HARBEHE R 5

(1) ¥eREMRMHEAN RS TS, 7
2o FAVKFR R o FH 75% TP AE X 0 8
FRIHEE , B2 ) B BB B0 Y, INA 1 mL
TCHK , AR R A AR B b B Bl G
AT ) 2 S T A IR B e ) O R, A TR A
( El-Hamalawi and Stanghellini, 2007 ), k5
KIEEI T 4RSI FT PDA fERh4lifl ( Ansari
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etal., 2009 ). HiFRSLdl il : D44 200 g, Hi4
B 20 g, B 20 g, 7K 1000 mL, HAnALE &
PRI R A A K (R EadE, 2004 ), XPA
[ A B A A B0 5 G TR, T R s
Fh 20 1%

(2) %7 B TH DNA $2H. H I H 4 DNA
AL BCR ] CTAB ¥ (Koljalg etal., 2013 ),

(3) FEEJFHNY 1 5T . FHEEUY DNA
R A 518 1TS1: 5'-TCCGTAGGTG-
AACCTGCGG-3', ITS2: 5-TCCTCCGCTTAT-
TGATATGC-3"# 179 34, AR N 25 uL:
10xPCR Buffer( 2.5 uL ), 25 mmol MgClLy( 1 uL ),
10 mmol dNTP (2 uL ), 5 U/uL TaqgDNA [
(0.5puL), HiMFER 4] DNA (1 pL), EFiFE5]
¥ (% 1 uL), ddH,0 (16 pL), PCR i &1t
J: 95 CHIZEYE 5 min, 94 °C78ME 40's, 57 °C
1B & 1 min, 72 °CZEfH 90 s, 3t 35 AMFER, 72 °C
HEIA 10 min, 4 °CLRAF; IR 1.0%35 IR b EE
FEHL KA, 54T DNA T o

(4) JEE X oHr - B 1) B Rk T 9 7
GenBank H 1A% 2 B8 12 v 3R 47 40 5 7 91 1R #H
oI b, o Hor ey o

1.3 BEsEitS5SHT

KRR R I 2500 ( Z E L Turkey 5 )
NAESHHG R Kruskal-Wallis . Median . Jonckheere-
Terpstra Jyik LW el il 22 50k BRI5 1K
RBER A A R AP E AR R Geiticas:
BPE 4 At “pairs’ . “corrplot’ . Hmisc |

‘PerformanceAnalytics’ 1,

2 GREHSH

21 KEHNEBHREBAR

MR 1 AT, RN R HREHEYIH 9 1~
B, HrOSGHE | H5EE | S5 H
BmZ, 430 14, 11 A 1L, B 6405
H22.33%. 18.33%F11 18.33%, 1fij B H Al #

K1 KBFRERBAKENEREFAN

Table 1 The composition of insect community during the occurrence of northern corn leaf blight
s BE 5 E (% 455
S H i & ﬂj fl?tpcig;s;:ﬂ')ﬁl.lndancoe) Abiﬁ . i
Number Order Family Genus Species P revia-
Percentage tions
I HH fe ikt EXIE e £ ¢ 0.22 LS
Coleoptera Crioceridae Lilioceris Lilioceris sinca
2 - R IR U 16.13 MH
Chrysomelidae Monolepta Monolepta hieroglyphica
3 /Nt g WAg /N 0.16 GG
Galerucella Galerucella grisescens
4 At 7.26 CH
Galeruca Galeruca sp.
5 PhtF R Pt s RN R 1.21 LN
Lgariinae Lagria Lagria nigricollis
6 LB LR AL H 0.22 ES
Curculionidae Echinocnemus  Echinocnemus squameus
7 BB oA s gl 8.21 PJ
Coccinellidae Propylea Propylea japonica
8 2R R 2.32 HD
Harmonia Harmonia dimidiata
9 o g S A 8.53 HA
Harmonia Harmonia axyridis
10 KR s Harmonia sp. 1.27 (0]

Harmonia
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££3% 1 ( Table 1 continued )
' WHZE L (%) 455
FE H At I fi Speciesy;bundancue Abéfr:;ia_
Number Order Family Genus Species X
Percentage tions
11 WOE R FWOE s A OB H 33.25 NM
Anthicidae Notoxus Notoxus monoceros
12 XG#H Fe WO JE IR A 0.04 AS
Diptera Anophelinae Anopheles Anopheles sinensis
13 JE I Rk JE IR T PRI 0.04 CuU
Culicinae Culex Culex tritaeniorhynchus
14 SELUESE SELE BEM 0.05 BE
Bibionidae Bibio Bibio emphysetarsus
15 SR RIS TR AR 0.11 DM
Drosophilidae Drosophila Drosophila melanogaster
16 FLi Drosophila sp. 0.08 DR
Drosophila
17 fEginas AR R MR R 1.21 7B
Syrphidae Zyistrophe Zyistrophe balteata
18 KEZFIRTA  KEFME  Dedasp.l 2.05 CA
Dexiinae Dexia
19 K LR Dexia sp.2 0.03 DE
Dexia
20 R R R Sarcophaga sp. 0.5 SA
Sarcophagidae Sarcophaga
21 MR 7] ik 2 i Homoneura sp. 0.32 LA
Sapromyzidae Homoneura
22 £ R iR Laphria sp. 0.12 LAP
Asilidae Laphria
23 R KJE Z)E Dolichocoxys sp. 0.08 DO
Tachinidae Dolichocoxys
24 Sy 1.37 TE
Tephritidae
25 Ll 0.06 PI
Pipunculidae
26 k@A RIS R A B 0.32 cs
Neuroptera Chrysopidae Chrysoperla Chrysoperla sinica
27 R 0.03 CHR
Chrysopidae
28 B EL Osmylidae 0.23 oS
29 BEHH W IFL Noctuidae G120 I8 = B SN2 1k 0.02 Al
Lepidoptera Acronicta Acronicta incretata
30 SISRIRIR AL 0.1 AR
Acronicta Acronicta rumicis
31 e R N B 0.03 AG
Agrotis Agrotisypsilon
32 JCHE R I FKRG 0.03 MS

Mythimna

Mythimna separata
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43R 1 ( Table 1 continued )

VRZELI (%) $HE

. Y
P H ﬂ, I ﬁq, Species abundance Abbrevia-
Number Order Family Genus Species .
Percentage tions
33 WEIREl Pyralidae BFFFUIE R PN T A 0.12 OST
Ostrinia Ostrinia furnacalis
34 BEIAR LI R B A7 LI 0.02 PS
Zygaenidae Pryeria Pryeria sinica
35 LR} IR GRS 0.95 YE
Yponomeutidae  Yponomeuta Yponomeuta evonymallus
36 B RSy R EE 0.03 PH
Tortricidae Pandemis Pandemis heparana
37 SR LEYSE:19e NS5 AT 0.04 SS
Arctiidae Silarctia Spilarctia subcarnea
38 NS S iR Labdia sp. 0.03 LAB
Cosmopterigidae  Labdia
39 IEIREL Pyralidae 0.03 OSTR
40 R H o i 7} 7 R R i ) 7 R o 0.03 BW
Heteroptera Tingidae Birgitta Birgitta wuorentausi
41 ARy LT 6 )R HLZH 0.03 PT
Pyrrhocoridae Pyrrhocoris Pyrrhocoris tibiali
42 %R PS Lo Sl 0.12 HP
Pentatomidae Halyomrpha Halyomrpha picus
43 SR INBEHAHEG 0.02 ED
Eurydema Eurydema dominulus
44 LRI iR Vi FE 0.03 PV
Pentatominae Palomena Palomena viridissim
45 ZIEFlL Coreidae 0.02 HE
46 HI%ER Miridae 0.03 MD
47 [ H g SR 4 B )m AR 10.24 RM
Homoptera Aphidoidea Rhopalosiphum  Rhopal osiphum maidis
48 PRIARL MR EEE MR 0.06 APH
Cercopidae Aphrophora Aphrophora intermedia
49 kR 0.03 DEL
Delphacidae
50 JEAH R FH )R 2 WO v 1.03 HH
Hymenoptera  Braconidae Habrobracon ~ Habrobracon hebetor
51 =R S it 0.25 AC
Argidae Arge Arge captiva
52 ol g ) P R 0 Rl HL A g 0.22 VL
Ichneumonidae Vulgichneumon  Vulgichneumon leucaniae
53 MR SN YN T RSN YN 0.5 BL
Chalalcididae Brachymeria Brachymeria lasus
54 A Eumenidae 0.22 EPW
S5 ipkiEH YR /N I vt N 0 0.06 PC

Ephemeroptera Ephemeridae Potamanthellus Potamanthellus chinensis
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ZE3R 1 ( Table 1 continued )

IR Z LA (%) 455

5 H B & Fh : .
] . Species abundance Abbrevia-
Number Order Family Genus Species -
Percentage tions
56 W Wi T 0.06 EK
Ephemera Ephemera kirinensis
57 LA Ephemera sp.1 0.03 EP
Ephemera
58 W Ephemera sp.2 0.01 EPH
Ephemera
59 A R 0.02 FL
Dermaptera Labiduridae
60  HWH B R INTE R ) S YH /NG 0.17 LO
Orthoptera Oedipodidae Oedaleus Oedaleus decorus asiaticus

H IR BORARA 1, BT 5 B 1.67%. 45
RPN o5 LA Sy - X0 H > H >
H >80 H > H >0z 5> o B> H =
FH o AR PEA N B RS Y Rl £ B X
B, MABOEH (NM) FIRUBER i H Y Fh £ 5

(MH) 7E4 H i 2w FHAER & (P<0.05) ,
A3 b7 R Y 33%F0 16%, KR AFIRE,

22 ARNHERSHEEHABRSERKBRE
SEFN

R 1l B B MR A 2 R Bl A T
SRR PSP 175 4 K038 e 103 22 0 Ao S50k
0.5 Fl 1 ARXTEARGON Y, A H N R RAME
o T RIVE . T A N Ee R 2, K
TR E 2 AR R, ORI A S5 2
& B R R A3 I T o RSP BT A SR
KW (E2), BABIERS FORABER R A %

N
S
o
=)

, | RMF

2 Insect species 450 -
2 30 F—— piEHEE ~8
i -2 251 Disease index 40 X 3
# w ~ 3
&3 20 30 .8
$ 9] _SPE ]
E 20 & §
w8 10 ER

g 10

= 5

0 0

7-15  7-24 83 813 8-23
H #§ Date
B1 ARMNPERARSERARRREETLXR
Fig.1 The relationship between insect species richness
and occurrence of northern corn leaf blight

TG R BIE AR o 2 FOR K BERG &
b 0.5 G, A F b R OB S FOR BB AH G
P RN 0.095 24 FOKKBEE LN 1 9T,
THAE R, RECH 0.29; 1Y TR KELR
RIRREE R 2 G, Ak H P B BB S R OK KB
I A TR A SRR 1 . FORRBE &
WERN 3 K, AN R R & IR R
55 BRI RIS — BRI A O o A R R
VIR Z 5 FORRBE ) & A BA — e i,

8
“ 3
=) o I\ & ? o
Sa@AadamE =S Lo
@
0.5%% 0.6
Level 0.5 0.4
3% 0.2
Level 3 0
24
Level 2 ° —02
Insect species -0.6
ol
Level 1 1.0

B2 EXABRRERESZHNSERMBEHEHEINE
Fig. 2 The correlation between insect community and
severity of northern corn leaf blight

Level 0.5, 1. 2. 3 750 ER T KRB AR LR HHK;
LIV //E U o

Level in 0.5, 1, 2, 3 represent the different incidence
grade; Insect species represent insects species richness.
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ECHES s N R R I A S N E BE g L SR
T, TR KBS A1 B A T 1] B R 3R AN I 3
R, A A A T i A T 7 g i JRE 3 R

23 BEFEREZLEBERASHEEY DNA F5
ST

HI3E 2 AT LA Y, S (R BE S5 K CHE
T Iy [ RS2 R 3 F OO s R
FAWOEH ;s B0 HSCHERL B iRt | KO AT
WA BORE . AR H R HUARRE TR KB

o R A R, A s B SRR Y 20%
H125%, AGHA H K MR, SRS R
A%, AR 5%; R A i pras R =
BH, G H L B BEE A ) B SR 22l
TR E (B 3) o ZatieE sk Rt R b
YRR AL 00955 )5 ) 1) ' DNA-TTS 42751434t
e S5 R . WA %) tDNA-ITS X751
PCR #2148 550 bp MIRZTHIRES], 5
GenBank "1 EA BYFF)#E1T Blast 43471, EB —
HONFE—FhEE, BDEKRKEDR (K 4) .

®2 FARRHEBOREMEEFENERKBFREYHIER

Table 2 The number of Exserohilum turcicum in culture medium after inoculation with different insect centrifuges

EA LB AR R BRI BAIERR (%)
Insect species Number of insect inoculation Number of carrying pathogen Carrying pathogen rate

XUBE A - H 20 4 20
Monolepta hieroglyphica

A AWOE H Notoxus monoceros 20 5 25
rhAEFZ I Anopheles sinensis 20 1 5
KAEFIE Dexa 20 1 5
FR)E Laphria 20 2 10
SCEEAL Tephritidae 20 3 15

B BN CRECJES IR HE 5 R 8 B K R B o J ) B R 2R B AR

Insects don’t carry the pathogen are not included in the table.

16 - B EAh R dRh
141 ] Inoculated insect species
) W R Rk
Carrying pathogen

_—
(=}

insects species

B
Insect species richness

K ) QQ@& QQ‘@“ QQ@& o‘é& o‘Q@&
gﬁéf %§§§§£@@>
2 <8

‘@’)@ *3’2@ ©@%&’®@ @s@

F HUEHY

Insect species community

3 KRHEMNEEERMEHEK

Fig.3  Number of carrying pathogen insects
species in the community in the field

bp bp

700
600

500 550

B 4 J%EHEA rDNA-ITS X3 PCR =4
Fig. 4 PCR of rDNA-ITS of the pathogen

1. HE R NSRRI FORKBERFEREY; 2. X
R b2 IR AL B R R B[54 5
M: DNA 73 FHbrifE.
1: Isolation of E. turcicum from the insects body leaf;
2: Isolation of E. turcicum from corn leaf (2); M: DNA marker.
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3 @S

ARSI I8 X6 K R B s A B P A S LR
e A, JRE 9 H, 60 PR A, Hh#i#H
B AU As B &, B0 H 7 H ) e 2 i R i
2 A% B K P KB K0 7 B S5 RO A A
SR AR A B EA R SR, K
HH P EOK KBRS A WIS 7-8 A, MR A2
AT SR BRI T, FEIA IR &R
B, B AEEY N E S ( Zebitz et al., 1990;
Simon and Hilker, 2005 ) , R %& A= st i) i B2 &
S SRS B R A B R I O S E L
BERE O A WOE H, XGH H R 2 iR
KRRl | SEh R BT ORI R
Yo RS RN B AT F 2 & T 208 50
FE I B2 S sh K LA T SNk AT 42 e
3% (RA53C4E, 2005) , BRI, BT
A R R A IR A v R A T
( Johnson et al., 2003 ; Simon and Hilker, 2005 ),
TR AR PR B HURP 25 B i3, T T
TR SR R 1R S JL% ( Tack et al., 2012),
IS, FE A5 S0 1) 42 G th 3072 T 06 B SR 5 1
YEHILL M 25 (8]0 45 ( Simon and Hilker, 2015 ),
7 B B AR BEHE AR R T N, AHOCM M4 R 3R
W S W R =F B R 5 T K R B & e e AR
MR RS, ik, B A SRR R E ok
KEBEG K KA LR JCsem o AP R ) ——H
Pk B M2 A N7 1 BB KRR ES R & ( Karban
etal., 1987), WHESTE F KA HRIAR L A2 i
A N Tk KB 5 LU BE LR R A o B
P R HL B T A R AR i 25 SR &R iE— 25
o, a6 R AR SHEYREY R,
FEA H L B 5 FOR KB BR R AL .
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