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Wheat resistance induced by exogenous chemicals to the wheat aphid, Sitobion

avenae (F.) and the oriental armyworm, Mythimna separata( Walker )

YIN Jiao™ » CHEN Ju-Lian™ , CAO Ya-Zhong™, LI Ke-Bin, HU Yi, SUN Jing-Rui (State Key Laboratory for Biology of
Plant Diseases and Insect Pests, Institute of Plant Protection, Chinese Academy of Agricultural Sciences, Beijing
100094, China)

Abstract: Application of exogenous chemicals and feeding of insect pests can induce wheat to produce various defense
responsess such as changing in the composition of volatiles and contents of other secondary metabolites; which in turn will
affect the behavior of phytophagous insects and their natural enemies. The concentration of DIMBOA (2, 4-dihydroxy-7-
methoxy-1,4 ( 2H)-benzoxazin-3-one ) increased in wheat seedlings after jasmonic acid (JA) or chitin solution was
sprayed, but no change of DIMBOA concentration was found in the wheat treated with methyl jasmonate. Application of
JA and feeding on the wheat by the wheat aphid, Sitobion avenae (F.) and the oriental armyworm, Mythimna separata
(Walker) could induce the change of volatile profiles in wheat seedlings. The volatiles emitted from JA-applied plants
could attract the parasitoid, Microplitis tuberculifer Wesmael, one of the natural enemies of the oriental armyworm.
Furthermore, when they were feeding on the wheat sprayed with JA, the development and weight of the wheat aphids and
oriental armyworms were restrained significantly, and the fecundity of the wheat aphids decreased significantly. The
results indicated that application of JA in wheat seedlings can induce wheat to produce both direct defenses and indirect
defenses by emitting specific blends of volatiles that attract natural enemies.
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Jii(Kessler and Baldwin, 2001) 806 KECE A 5] 55 1E
HI (4% ) (Meiners and Hilker, 20000 K 4 % 1,
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VP K F R (Jasmonic acid, JAD S 3L H R (MeJA)
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G HECLOXOMEA I, 7B e R A S 84k ), P48
S S A I i A 2 A D ) ik (0 A I I T B
12-0x0-PDA, SR J5 PR &34 J5U A H LA I 22 IR -4 A, I
JE B R JACER TN PE A0 BT 525, 1997) . CAT IIWF5T43
51, JA TS 5 R B A A OC A Bt
BEER AR Ml A A R DA R B H K A 1 Farmer
and Ryan, 1990, 1992; Andressen, 1992; Sembdner
and Parthier, 1993; Baldwin et al ., 1997; Dam et al . »
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JA BE 5 3 A W R R K W) A T B dU Ak
(Walling, 2000; Dicke and Bruin, 2001; Farmer,2001:
Preston et al .» 20015 H:1%E A5, 2004a, bs B 22w Al
XA, 2004) 0 34k, B HUHCE XA AT vk
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1998; 2K AMRAIFE SR %, 1997, 20005 553 W45, 20035 X1
PTAE, 2004

F KA Sitobion avenae (F.)J& N % 32 X 1]
Pess 2k M 2, K5 2 Mythimna: separata ( Walker) 14, 72
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Ryan, 1990, 1992; Andressen, 1992; Sembdner and
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2001as Pohlon and Baldwin, 2001; Slesak et al.> 2001;
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1.1 HERRAM/NE

HOE A = N TR R R T AR RN 2 KA
ef FHORG R, JE BT RN RE — B4 AR Dy S5
M. KA MIE PN 18 £ 1°C, L12: D12, RH
70% ~ 80% ; K L1 4al 75 4511 4 23 = 1°C, L16: D8, RH
70% ~ 80% o

DA V) B0 Microplitis tuberculifer Wesmael 1F
DRl R A AR () S G U . HUESR BT R AR
R HE ORI 0 FR (R S50 R, = AR TR 24 +
1°C,L16:D8, RH 70% ~ 80% ; P4 24 h 1A 11 M A
AR

TEPEIKAE 5 B M 5389 AP LR ity Fih T 4 TC
T2 N A, TR 18 ~ 23°C Il & B ARG A
N EEER, BT A 2 SIS AT R N S
1.2 ARRFFESRNEFTHEENNE

SRR 2R F10 18 FH G A1 )L T 38 0 3 36 [ 1)
Sigma A T o A FHTHT e AR /D 5 10 T AR, SRS 58
NZENRIK LK 5 pmol e mL ™" RV R F o JEIROAE N
5380 {1t 2 W JINF 43 1) W5 e =46 315 12 S 7 1R Y 15 A )L
T, WO 0.5 pmol/BR, X T TR K.
B 24 148 h 5 S A0SR~ 4 BRI, 4 B4
B —Ab 3R, % b 3T 5T 3 IR FR S JROLE fR B 4%
o BT 20 VKA A

A S R = R E 2 AR )1 A (2002) 1)
Tiike WERSALBNEZLH, N 0.5 mlL (128108
KA1, AT 3 IR, il FERFE 15 min, H 0.1 mol ®
L' H,PO, #715 pH % 3.0, 13 000 r*min"' &5 10
min, B0 EIE R B SRR CBERE L 3 IR AR 25T
LBk I T AR, 4°C UKAA it 47 LA % HPLC
M5E o A HT 4t R

A S HP-1100 = RCHAH LAY

{01545« Sapharisorh C18 #1, A% 4 4.6 mm x 250
mm (R BRAL 2250 A2 7 ) 5
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WA A W EZFEE, B4 0.5 mL H,PO,
BACGERR 1 Le VEBEEE A0~ 7.2 min A ¥ 25%
B 75%:7.2 ~ 8 mins A ¥ 45%, B ¥ 55%: 8 ~ 15
min, A ¥ 25% , B ¥ 75%

LA : 262 nms Wi : g, = 1.2 mL/min.

1.3 FRARNFSNERELYHINE

Ak M 5389 , FEAL 100 Bk, FEZE T 2 W4
ST i 2 AT R (7 ¥k ) b | e e CRE AR B2 B0 2
SKOFIHRG HLCRERR ) 95 4 He 2 SO HCRr, JF 50 f
CRMAT AT Ab H), Ab P 24 h J5 WA /N 22 R FR 15
Yo & ACERE R W) (152 BT 122 I 55 (200100 1)
A RPER T I e i /NZZE 2 W T O (R AR 7
(P Eag dO— K& T2 A1, Bl Tenax GR(5
@) AW PR T, A B 24 h(12 h 5 S IREE D,
AURE 1 Lemin™ s AR IECHE 5 ~ 6 mL UEM, W4
H 4 mL, HTHTE T - 20°CUKFERAF - GC-MS 73 #T
%A1 S HP6890 1H: I HP5973 Ji i 1, HP6890 T
fEuE, B4 HE HP-5(30 m x 0.25 mm), ZEAF 1 5
200°C, LIt FE, GC-MS #2 ML FE 280°C » v il
J& 509C 5% * min~" % 200°C » 200°C {R +F 2 min, HL &
AE 70 eV, BTN 99.999% <, Wi 1.0 mL-e
min~", # 36 cmesec™ ", EFEH 2 ple
1.4 FXARBSEXNEZFMEEHEFEREKE
BRI

JEH A 5389 FH H 4 TG 2 A L B/
R B AR AR BRI, 55— B Wi JA
24 h Ja RO JCE S A R IR 4R A B R LB M, £E 5%
FRILAT T 5 20 Sk T 3 11 Ak Lo WF 51 16 Sk 3 WK
4,15 min~30 min~60 min- 120 min J& K 2 & 5 -7
b e OECRS R, Mk 9 IS

AR A 5380 , BEFE 10 BR, WK AIR 1 h )5
Gy RS HORN g, 54 o g, HorboRh du g 4 S
Sk, W AR 50 Sk, AN —HE. 12 RKakE
7 FRURI 2 0F 11 250 I Pk R T Ol HURR 5 S RN R 4
R PR TR, 2 AR AR AR D
1.5 FFABRIFSEIHEBFEET ARG

Pk 24 b PRI Bk S FH 0, NS
FhAI AL BE DT VE A 1.4 1o A Sk W %2 30 min,
LI 10 55 B AR W 0) AR RS 1R 45 - ICHORN [ 5 G
b A B ]
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IS HH K SPSS Geit-4: M iEAT T3 2 40 #T s
H Duncan K2 T LLEAT ¢ 46 56 3E 4T Ab B TR) 1) 25 3¢
BEER .

2 HRE5SH

2.1 ARARFIFSHENERTHEENTK

I =FIAS [R5 T R AR B /INZE Jo T A it an 1
1 FioRe WG S 24 h F1 48 h, AR LT iy
REfS B W T A ECP <0.05), HK
FIRAL T AT T A& B & 2, v WL, oK
RN LT BOR N o T A (i S AE AT . bR
PAALTE 24 h F1 48 h Ja M 45,48 h Lk 24 h T
A B A AT T v A Ak 3 W 2 S, U SR AT R
AMJUT BRI T AT SRR v LAFFSE 48 h
PLE. Wi/ NEBERF R PG Zwh T Mo eEs
TR W% 2= R .

O %F® Jasmonic acid

8 OJLTH Chitin
B ¥HMPE Methyl jasmonate g
7 B X Control a

T

TARE R
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Fig. 1 The concentration of DIMBOA in wheat seedlings
treated with jasmonic acid> methyl jasmonate or chitin
B A BRI Duncan G2 U ZE R W3 (P <0.05),
The different letters in the figure represent significant

difference by Duncan’s multiple range test ( P <0.05).
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M SEZHG 25 B RT DU Y SR ATR A B S /N 22 14 15
RSy 555 AT W R AN, 380 T 7 ALy, oy
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L5 PR -2, 2R T IR, 5 45 1, 3-3F M (I 2:
AsD)o HUFRRNZ R R P ot R AT U, 1Y
T s Al s, B 1-CRE S -3-Cu - 1-17 . 6- FF -5
PRS- 2P 2+ = FE Wi A 1, 6-F —M-3-BECIE] 2: B,
D), 5 SRF R 5T 5 ¥ R WA 3 1 OB IR A 56 4
FHTA], AN S -3- O 45 -1-BE A 6- F J-5- B O -2- i g 3L
JEIRI BN A5 P 2: A, BD, b BH 22 o BC£ SR A
FR A H X /INAZ (15 S HLERAF AR 25 5% o Rl B XS/
RN 5 W o S Ak &9 11 F,
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Fig. 2 Volatile profiling emitting from wheat with different treatments
A: RFRALFL Treated with JA; B: FZEFHUE Infested by S. avenae: C: KiMtHUE Infested by M. separata: D: ARAEFL/NFE Untreated. 1. T
% Hexanal; 2. ¥/ Octanal; 3. T Nonanal; 4. JX-2-CS#E E-2-hexenal; 5. 1-CA % Hexanols 6. 2- 1 Wi 2-Butanones; 7. /-2-C\4fi-1-F% E-
2-hexen-1-ol; 8. Mi-3-Ci/fi-1-B% Z-3-hexen-1-ol; 9. JX-3-CiHi-1-BF E-3-hexen-1-ol; 10. X-2-CiMi LBE E-2-hexenyl acetates 11. i-2-C4fi &
Mg Z-2-hexenyl acetate: 12. 3-¥ /i 3-Carenes 13. —H 2K p-Xylenes 14. 6-H H5-PEMi-2-BF 6-methyl-5-hepten-2-ol;: 15. Wi-2-CL I 7-2-
hexenal: 16. 6-TJE-5-PE)fi-2-H 6-methyl-5-hepten-2-one: 17. 25 Decanal: 18. ZKAIM Jasmone: 19. ¥/ Limonenes 20. 1,3-% "M 1,3-
Octadienes 21. o-J&Mi o-Pinene: 22. 2-3KMi Camphors 23. Z% H % Benzaldehyde: 24. HLMBI Linalool: 25. %% Naphthalene: 26. o-f17THi o-
Caryophyllene: 27. T =% Tridecane: 28. WMk Indole: 29. +PU%E Tetradecanes 30. 3 5 -4,8-—Ik-1,3,7-F =4 3E-4, 8-Dimethyl-1,3,7-
nonatriene; 31. 2-T =%t 2-tridecanones 32. 1-JMi-3-H¥ 1-Pentene-3-ols 33. 1,6-F —Hi-3-I 1,6-Octadien-3-ol: 34. 2,4, 6-F =Hi-1-F 2,
4,6-Octatrien-1-ol; 35. 1-J&Jii-3-Bt & 1-Pentene-3-ol acetates 36. 7N 4¢ Hexadecane; 37. I /\Ft Octadecane: 38. 7K H' TiE Methyl

salicylate.
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B 2- T W\ e -3-CMi-1-1, W-2- U0 1, 5% M 5 -9k
W5 a1 P70 WIS, 3 -4, 8- H3E-1, 3, 7-F: =44,
2- T el 18803 1-10 0 -3-E 2 R (I 2: ¢
D). Horh 5 SR R 15 3 3G 00 I A R 4 3 A A, 4y
A -3 O -1-BER 05 (B 2: AL O HEZ S
SEAOAR R R IR A A B S -3- - 1-BE A 2 =8
FRCE 2:B, €

2.3 FRFBLALIR/NERXT G R FIZ EF AT 200

2.3.1  RPRE HURT 2 M B E R e s DA SR R R Ak
FH/INAZ xRl ORI 22 g BB B ) R e 4 B (R
D] LU R U 48 S 3R 2 Ak 2 52 vt ) e R L
AR BRI AN [R]F Be 34 20 10 I CELAE AN /N 22 b
il BRI 30 FZFAE 4 Tor N R Bk
T AH ) 4 CHE B M 5389 b Al AR AE — & =
S HZ ¢ MG 245, 28 JA AR B 5556 2 [A]
RIEFN W EER.

F 1 FEFBLALIR /N E X E TR HEVE IR TR0
Table 1 Feeding selection of the wheat aphid and the oriental armyworm to wheat sprayed with JA

F M 5389 Zhengzhou 5389

" 4 JoT" Zhong 4 wumang

Ak B[R]
Time after
treatment (min)

FURIIPIE 3

Observed pest

PN s v/ QS 2 1 O N 52 s w2 )
IIHE# Percent of pest
on leaves with JA (%)

Xof b H B L
MEZ Percent of pest on
leaves of CK (%)

MEZE Percent of pest
on leaves of CK (%)

MEZ Percent of pest
on leaves with JA (%)

15 Kt Oriental armyworm 30.56 +15.45
F W Wheat aphid 21.11+8.58
30 A5 L Oriental armyworm 29.86 + 14.58
A2 W Wheat aphid 19.44 + 14.88
” Kt Oriental armyworm 25.69 + 12.67
W Wheat aphid 24.44 +13.09
120 A HL Oriental armyworm 25.69 + 14.47
ZWF Wheat aphid 21.11+10.24

31.94+8.53 42.36 + 11.59 44.44 £ 12.28
20.0+10.31 26.67+13.23 23.89+11.93
31.25+8.27 42.36 + 15.56 45.14 £ 12.41
20.56 £ 8.08 30.00 + 13.69 24.44 +11.84
34.03+9.94 41.67 +12.88 43.06+£9.08
20.56+9.82 26.67+11.18 29.44+11.30
34.03+9.94 45.14+11.17 48.61 +14.91
22.78 +8.70 23.33+11.99 30.00+11.18

FPEAR I« AR . ¢ A5 BRI E 2 2 22 5 (P > 0.05)- The data in the table are mean + SE; the same below. There

was no significant difference( P < 0.05) between treatment and CK by ¢ test.

2.3.2 PRGN WF AR 7 B BT K 2
SRR, SR AL B (10 22 7 AU A W EE 1) 22
o A WY S 75 3 2 L X EL U RS TR
WA AT W A H R . X AR Bl R
T R AL B Vi (Y 2 WO PR R 7 U LU AR T U

ST W] T8 10 LR bt 38 0% BT B IR SR
PR ML B T PR Tt B AR 7 1 A
IR EE R CORS BUAC P I, R BEWL IR S
PRI o

F2 FHELENEZE R XEXNEFMHBERKEEREBEIZI
Table 2 Effects of JA-treated wheat on development and fecundity of the wheat aphid and the oriental armyworm 12 d after treatment

Hi HL Oriental armyworm

15 3t Wheat aphid

4k 3 IS B (D LA U LNy LERENEL () B 4 AR U
Treatment Number of larvae Weight of larvae Weight of single Number of aphids o Weight of aphids
. . Populaton trend index
survived (per pot) per pot (mg) larva (mg) survived per pot (mg)
JA 1.8+1.4 4.73+6.25 1.70+1.81 129.3 £51.8 1.29+0.52 19.13+7.72
CK 2.3+1.3 11.03+8.31 4.30+1.27 324.5+45.0 3.25+0.45 51.10+3.15
PAH P Value 0.25 0.01™ 0.004™ 0.001"" 0.001"" 0.002"

“oox PRIRHEAT ¢ KB AL BEE X R TE 0.01 AKP B R, o "ROR AL PG X RN TE 0.001 ACE EZE R o “ox” and “xoxx” indicate
significant differences at P <0.01 level and P <0.001 level between JA treatment and CK by ¢ tests respectively.

2.4 FARFSEXHBFEETHNRME

SRR (R 3D M, SRR Ak B/ A2 Bk 15
TLERIT R, 368l 2R 3 A A DRSO ) 7
FAT B WG VR R, FE AN N ZE S bh B3 e
JIE K ASE B I Th) 5 £ 2 A 48 3807 T Ab BEURTGS JE
) B A 72 A HR IS B 2K

3 FFAMLENEREFEAFEEEMNIRENTMN
Table 3 Response of Microplitis tuberculifer

Wesmael to wheat sprayed with JA
/NZZ A SUSEINNRA < 51 55 /€ QIR a5 < AT

Varieties of wheat Treatment Mean searching times Mean settling time (min)

X8I 5389 JA 2.5+2.71 20.77 +11.07"
Zhengzhou 5389 CK 1.8+3.04 8.27+10.69

g T JA 2.31+£1.99 19.96 +9.95"
Zhong 4 wumang CK 1.67+1.86 8.29+9.69

“ox RONBEAT ¢ SR Y AL B 0 HELAE 0.05 K B = R

% 7 indicates significant difference (P <0.05) between JA treatment and
CK by ¢ test.
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W AN 9T O 2R SEORFTR AR A+ ) B e (5
Tl FRRAR R hL 2 R B 3 B AR S O
KA 2004) 0 AT ST Sk e, HUEE AT IR Ak 21 s
2V AR 2 RS W RORY TR R R ) B S 2, JL Ak
FAIAE G R R AR (3R 2); RIS R AL B /N 22
PR AT G AR B . A WSS,
ANZEHTTT AT R N 2 KA BT R R
FH SRR 145, 2002 5 T At AT LA S Wi IEL g B £ 2
HRE , W EKEE Ostrinia nubilalis < Y F K
W Ostrinia furnacalis (Klun et al ., 1967; Campos et
al . 1989; [l A G4, 19960 AHIT T A Ik 45 R
RFRAC B A W ) T AR R (D, X
VoW SRATR Ab I/ ZZ 7 A BT R ) O 55 B
MBI 538k, SRFTIR 5 T 1L 2 0 /N 5 )
5 7P AR GG ] 20 o 8 SRR AL B S (1) /N 22
L 0] HECHH G 3G I £ PR ARG 73 (6-methyl-5-hepten-2-one
H1 6-methyl-5-hepten-2-ol) T 48 B Ui S X} 27 K 457 10F (1)
T AR W R W WS Aphidius picipes 1T IR ZL IS [ AF
U5, 2001b)  £EANHIF I H 2R 1R Ak 21 5 11 7>
A 55508 HRAH EL , 6t ER i) 32 2 A AR e v g
ARERRGIER . 8RR, KA T
e R EHUPE B[R I, 38 e 3 FORE O 51 R
B S MEA S P AR TR R Ui, DA oK Gk 21y 2D 3
HEFHIH K.

HP AR S5 L AIE SE TG 18 2 AN 5 -5 771 Clnn e
HIIR )5 310 i B JU I B BE W6 ) Sl e 400 1) 977 40
2, B MW RGN AR MR K 2,
1997,2000; < 845, 20035 FEE ACSF, 20042) - AS IR
FERH, SN TS 3 A AAS [R5 o R s &/ 22
PO E AR A W) 22 5, JC IR AR 15 3 R
PRI R ) 7 T = SR TR 75 5 M 22 KA IEF O U
PRI I S Z N8 B A7 AE — AR B Z Ak, L [R] In
INFAE S F I 75 5o v, SRR M 22 ek B £ 22 U5
PN ZERE TN F2 W A AL AT iR ZU S IR T HY 6- T ik
-5-PEM-2-W, [ I, P 2 R OKRE AR v KA 1R T IS
R 5 T 7K A 12 T TG P Sl 3 9 e ERORE A R 1)
A (Pettersson et al .» 1994). 55— J7 Ifl, K F R 5 F
U2 U BT R A A5 ) 5 0] JERAH B R /D T 0] 22
wef HA W 51 AE O &-2-C Mi-1-BF ( Quiroz  and
Niemeyer, 1998): 72 F B €& 5 T 3R 453 11 2--1 = ¢ 1
XF 22 W A 5 A W W AE H CQuiroz et al s

1997)0 i HUBCEr 75 3 3R HO45 R 4L 0% 55 R AT
AN AL B LA K0S [ 22 [0) AR LE B 4 8 Fldk &4, 4
kM3 -4, 8- W1, 3, 7- T =M s oA 1
WA 1SR -3- T S PR AS: , SX Al 5 A ]t 2 W RS E
()2 A 1 R BORG H9k 8508 Cotesia kariyai Watanabe
(Takabayashi et al ., 1995). AT DLHED, SR AT R
FAS [ g 7 5 5 AL AR A IR A R B 0 3 ) 17
RGUFARUE 1 )\ B (5 5t i i@ 45, W REAF A
NIRRT S AR AR A HUIE T S LB A
I 5 3 B SR /] — Rh AR I, A 0 55
BRSO AT AE — 5 22 5. PRI, AR AT A 400 0 AN
RIS AL 3 P SRV 0 B v 7% 57t AR FIBLEE & o 1
LTSRS & VR AT FR) L A
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