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Sex-biased attraction of Cotesia vestalis by herbivore-induced plant volatiles
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Abstract Cotesia vestalis (Hymenoptera: Braconidae) is an important parasitoid wasp for the larvae of Plutella
xylostella , and represents an effective natural enemy for biological control. Damage induced by herbivores alter
the profile of plant volatiles that can attract the parasitoid wasp. However, so far it was unclear whether males
and females are equally attracted by these odorants. In this study, 32 herbivore-induced plant volatiles, 3 sex
pheromone of P. xylostella and 2 larval frass volatiles in different concentrations were used to record electroanten-
nograms (EAG) and observe behavior from both sexes of C. vestalis. Different responses were observed between
sexes with (E)-4, 8-dimethyl-1, 3, 7-nonatriene (DMNT), benzyl cyanide, (R)-(-+)-limonene and n-heptanal,
used at the concentrations of 100 pg/pL, 100 pg/pmL, 1 pg/pL and 1 pg/pL, respectively. Y-tube behavior tests
performed with these four odorants revealed significant difference between males and females for DMNT, (R)-
(+)-limonene and n-heptanal, at the concentrations of 10 pg/pL, 10 pg/pL and 0.1 pg/pL, respectively.
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Table 1 List of odorant compounds tested in this study

G (acr/ et e CASS  4fE/% IR

No. Compound Compound type  CAS no. Purity Source
1 Ji-3-C -1 cis-3-hexen-1-ol Y5 S ) 928-96-1 98 S
2 IECEE 1-hexanol 111-27-3 98 S
3 O IFHEEE ()-linalool 126-91-0 97 S
4 #EAEHEE Nerolidol 40716-66-3 98 S
5  F¥gHMZE Eucalyptol 13877-91-3 99 S
6 ZHE Benzyl alcohol 100-51-6 99 S
7 1-C4-3-FE 1-hexen-3-ol 4798-44-1 98 S
8 B-HM:M pmyrcene 123-35-3 95 S
9 (R-CH#rER (R)-(4)-limonene 5989-27-5 97 S
10 (S)-(—) 478k (S)-(—)-limonene 5989-54-8 96 S
11 o JRMs a-pinene 80-56-8 98 S
12 (—) - a1 (—)-trans-caryophyllene 87-44-5 98.5 S
13 o #EE)F a-humulene 6753-98-6 96 S
14 (E,E)-a &5 S HIEIRESY) (E,E)-o-farnesene, mixture of isom C15H24 S
15 Z## Ocimene 13877-91-3 90 S
16 Ft2M Sabinene 3387-41-5 75 S
17 (E)-4,8-—H3-1,3,7-T =% (E)-4,8-dimethyl-1,3,7-nonatriene(DMNT) 51911-82-1 95 J
18 (E,E)»-4,8,12-=H$-1,3,7, 11+ =kl (E,E)-4,8,12-trimethyl-1,3,7,11- tridecatetraene( TMIT) 62235-06-7 97 Al
19 Jx-2-CU )il (E)-2-hexenal 6728-26-3 98 S
20 ZKHEE Benzaldehyde 100-52-7 99 S
21 IEBERE n-heptanal 111-71-7 96 S
22 Tl Nonanal 124-19-6 95 S
23 2E[E Octanal 124-13-0 99 S
24 1FC Hexanal 66-25-1 98 S
25 B4 2 Bionone 79-77-6 96 S
26 ATl (S)-(+)-carvone 2244-16-8 96 S
27 N Benzyl cyanide 140-29-4 98 S
28 #&Ji Camphor 76-22-2 95 S
29 I-3-CL L ZRHE (2)-3-hexenyl acetate 3681-71-8 99 S
30 ZMRE Mg Hexyl acetate 142-92-7 97 S
31 ZEF[HAER B EE Methyl jasmonate(MeJ A) 39924-52-2 95 S
32 LIREFEME Geranyl acetate 105-87-3 97 S
33 J-11-+7Shieks-1-f% Z11-16 . OH » 56683-54-6 95 (®
34 -11-FSBRAERE Z11-16.: Ald ’?ffg 53939289 95  C
35 W-11— MR- 1-ZRAS Z11-16, Ac "R 3m010214 95 C
36 SmiEERKE R Allylisothiocyanate 7N ik 40y H 1957/6/7 99 S
37 “HIEE ALY Dimethyl trisulfide RMEHELY 3658808 95 S
1 S:SIGMA; J: JEK; Co HMTRAEYREARAF.

S:SIGMA; J: J&K; C: Nimrod.
1.3 ftAEA(EAG)E P1000/G-1276(Sutter Instrument, USA) ] £ B 5
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Table 2  Electroantennogram (EAG) responses from both sexes of Cotesia vestalis in different concentrations of odorant compounds

&K E Concentration of odorant compounds

ETRE)
No. 100 pg/pL 10 pg/pL 1 pg/pL
it . Female JifE HL Male it . Female T HL Male Bt H{ Female T H Male

1 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000
% 0. 6294-0. 234 0. 9594-0. 323 0. 47540. 226 1. 113+£1. 417 0. 6864-0. 307 2.18941. 049
3 0. 39140. 495 0. 76210. 459 0. 890=+0. 284 2.823+1. 816 1. 095+0. 303 2.763+1. 646
4 0. 14640. 232 0. 14540. 122 0. 64640. 202 0. 68640. 337 0. 80940. 301 0. 700£0. 216
5 0.1484-0. 193 0. 0434=0. 102 —0.01640. 392 0. 0684-0. 241 0. 4574-0. 899 0.972+1.168
6 0.1794-0. 164 0. 2454-0. 180 —0.1444-0. 238 —0. 2234:0. 597 0. 15740. 452 —0.05340. 617
7 0.4104=0. 332 0. 5984-0. 309 0.47140. 915 0. 0484-0. 480 0. 4194-0. 375 0.821=0. 633
8 0. 04540. 246 0.1694-0. 130 0. 02940. 130 —0. 48041. 301 0.03840. 176 —0.17340. 232
9 0.21740. 233 0. 2574-0. 163 0.40740. 173 0. 2614-0. 899 0. 20240. 385 1. 693+0. 729 **
10 —0.00440. 189 0. 0634-0. 084 0. 04540. 081 —0. 73340. 235 —0.0544-0. 202 —0.32140. 234
11 —0.0194-0. 198 0.0804=0. 117 0.0954-0. 170 —0.5764=0. 465 0. 12140. 156 0.073=0. 186
12 0. 020=40. 201 0.10740. 083 0.10240. 236 0.52441. 560 0.27440. 158 1. 031£0. 608
13 —0.04240. 133 0. 07740. 159 0.09740. 152 —0.51840. 496 0. 33240. 223 1. 23310. 749
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475K 2 Table 2(Continued)
&K Concentration of odorant compounds
55
No. 100 pg/pL 10 pg/pl 1 pg/pl
1 1 Female i Male I d1 Female i Male i it Female JfE . Male

14 0.213+0. 196 0.160+0. 140 0. 806+0. 734 0.331%1. 095 0. 74540. 476 2.248+0. 910
15 0. 183+£0. 246 0. 268=+£0. 237 0. 393+£0. 423 0. 6490. 906 0. 376£0. 524 0. 774=0. 291
16 0.149+0. 134 0.162+0. 133 0. 331+£0. 377 —0.04140. 218 0. 483+£0. 480 1. 07440. 988
17 0.168+0. 332 0. 605£0. 202 * 0. 455+0. 259 0.618+£1. 101 0. 681+£0. 666 3.707+3. 431
18 0.011+0. 164 0.287+0. 142 0.467+0. 174 —0. 28940. 243 0.738+0. 411 1. 30941. 069
19 0. 925+0. 269 0. 990=+£0. 235 1. 46640. 729 1.594+1. 952 1. 348+0. 173 1. 76140. 816
20 0. 745+0. 591 0.797+£0. 426 1. 00840. 566 1.52841. 249 0. 686+0. 536 2.938+1. 477
21 1. 28840. 513 1. 59740. 803 2. 46641, 474 2.49941. 501 1. 68040. 506 3.610£0. 329 *
22 1. 38340. 538 3.01342. 528 3.56841. 985 8.43747.947 3.86141. 397 4, 475+3. 373
23 1. 47240. 449 2.351%1. 247 1. 92941. 383 5.42343. 076 3.613%1. 290 4, 934+2. 247
24 1. 09940. 415 1. 25140. 693 0.461+0. 489 0. 475+0. 249 1. 8574+1. 318 1.19242. 075
25 0. 475+0. 249 0. 357=£0. 107 0.573%£0. 229 1. 58840. 659 1. 30940. 559 1. 46840. 849
26 0. 345+0. 285 0. 682+£0. 373 0. 943+0. 466 0. 939+£0. 551 1. 323£0. 708 2.779+1. 737
27 0. 582+0. 071 0. 864=0. 137 ** 1. 02640. 504 1.9784+1. 127 0. 765=+0. 300 1. 20341. 135
28 0. 285+0. 293 0. 087+£0. 153 0.392+0. 116 0. 479=+£0. 304 0.173+£0. 145 0.266+0. 231
29 1. 16440. 713 1. 49540. 425 2.190=+£1. 859 2.209=%1. 460 1. 44040. 582 3.207%£2. 325
30 0. 981+£0. 483 1. 004=0. 329 1. 833=£1. 650 2.488%+1.182 1. 110=£0. 440 2.379+1. 315
31 0.271%£0. 101 0. 201£0. 136 0.412+0. 219 —0.08140. 448 0.916+0. 599 1. 83941. 971
32 0. 398+0. 285 0. 486+0. 162 0. 878=0. 509 2.623%1. 674 1. 47640. 856 2.375742.185
33 0. 223+0. 107 0.248+0. 119 0. 005+0. 221 0.189+0. 274 0. 320£0. 220 0. 891+0. 622
34 0. 281+£0. 147 0. 307=0. 100 0. 949+0. 662 1. 9494+1. 568 0. 836=+0. 606 0. 555+0. 622
35 0. 106£0. 059 0. 015+0. 192 —0.09240. 261 0. 399+0. 481 0. 261+£0. 234 0.199=+0. 267
36 0. 1350. 151 0. 3320. 259 0. 339+£0. 420 0. 2090. 424 0. 344=+0. 287 0. 181+£0. 251
37 0. 459+0. 280 0. 810=£0. 772 0.891+1. 101 1. 000=£1. 417 0. 320+£0. 213 0. 744=+0. 685

D) R 1A URIEE WM TR 1o R PR F I E AR - FORMERER 7778 B2 22 57 (P<T 0. 05) 5 = FRs MEMERIT7AEAR .35

225 (P<<0.01),

The serial number of odorant compounds are shown as the same as in table 1. The data are as mean =+ SD.

found between sexes with P value less than 0. 05; **
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BHER G =24. 554, df=1,P=0. 000; X’ =12. 343,
df=1,P=0.001), ¥R 100 pg/pll B X A WY
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P=0.025 (A 4¢).
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CK [ICK
100 pg/pL H H & 100 pg/pL  H i+ .
a I T T T T T T T T 1
_1I()() _;;0 _6|() _4|1() _|20 0 2|0 4|0 6|0 SIO 1(1)0 -100 -80 -60 -40 -20 O 20 40 60 80 100
3%%%/% Choice #%#%/% Choice
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X o 60
~ .2
gl
RO 401
20—ﬁ ﬁ
1 1 1 1 1 J C
0 100 10 1 0.1 0.01
B /ng - uL~' Concentration
1 /SR 28 4 A 0 I HR AN X R [R) PR FE Y DMINT B94T A #4[8) ) BZ ( + : P<C0. 05)
Fig. 1 Behavioral differences observed from female and male of Cotesia vestalis in response to
(E)-4,8-Dimethyl-1,3,7-nonatriene (DMNT) in different concentrations ( * ; P<<0. 05)
0.01 pg/pL H I—| 0.01 pg/pL H H
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1 pg/pl f h 1 pg/pL q *#EMI
F ] VA ale
0pg/ul 1 - E‘wﬁ;";ﬁ; 0pg/ul %z
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[ T T T T T T T T 1 a I T T T T T T T T 1
-100 -80 -60 -40 -20 0 20 40 60 80 100 -100 -80 -60 -40 -20 O 20 40 60 80 100

%4%/% Choice

#%$%/% Choice

100~
S0 1 M Female
[ % Male e T
X o 60
~ .2
£33
RO 401
201
0 . . . . . c
100 10 1 0.1 0.01

Y /pg - uL~' Concentration
B2 /NSRS R R R ERERE Z BT AME RE( + . P<0.05)

Fig. 2 Behavioral differences observed from female and male of Cotesia vestalis in response to

benzyl cyanide in different concentrations ( * : P<Z0. 05)
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Fig. 3 Behavioral differences observed from female and male of Cotesia vestalis in response to
(R)-(+)-limonene in different concentrations (c * : P<0. 05)
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Fig. 4 Behavioral differences observed from female and male of Cotesia vestalis in response to

n-heptanal in different concentrations ( * : P<Z0, 05)
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