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Olfactory responses of fall webworm, Hyphantria cunea (L epidoptera:
Erebidae) to common and specific active volatilesin threetree species
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Abstract [Aim] The fall webworm, Hyphantria cunea (Lepidoptera: Erebidae), is a significant pest affecting agriculture
and forestry. The aim of this study was to investigate the effects of common and specific active volatiles from two host plants,
Fraxinus mandshurica and Ulmus pumila, and one non-host plant, Larix olgensis, on the olfactory behavior of adult fall
webworm moths. Our findings will assist the development of plant-derived attractants and repellents for the prevention and

control of the fall webworm. [Methods] The dynamic headspace adsorption method was used to collect plant volatiles. The
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active volatiles were identified using gas chromatography-mass spectrometry (GC-MS) and gas chromatography coupled with
electroantennogram detection (GC-EAD). A Y-tube olfactometer was used to measure the olfactory responses of adult fall
webworm moths to different doses of standard compounds. [Results] Eight GC-EAD-active volatiles were identified. The
specific active volatiles in F. mandshurica and L. olgensis were f-Phellandrene and 3-Carene, while the common active
volatiles in the three tree species were a-Pinene, 1,3-Diethylbenzene, 1,4-Diethylbenzene, p-Cymene, 3'-Ethylacetophenone,
and 4'-Ethylacetophenone. Of these, 0.1, 1, 100 pg/uL B-Phellandrene, and 0.1 pg/uL 4'-Ethylacetophenone had significant
luring effects on unmated female fall webworm moths. Conversely, 0.01 and 100 pg/pL a-Pinene and 0.1 pg/uL p-Cymene had
a significant repellent effect. There was a significant luring effect of 0.1, 1, 10 pg/uL S-Phellandrene, 1, 100 pg/pL
3'-Ethylacetophenone and 1,3-Diethylbenzene, and 10 pg/uL 1,4-Diethylbenzene on unmated males, while 100 pg/uL
o-Pinene and 0.01 pg/uL 1,4-Diethylbenzene had a significant repellent effect. A significant luring effect was observed on
mated females exposed to 0.01, 0.1, 1, 10 pg/uL 3-Carene, 1, 100 pg/uL a-Pinene, 0.01 pg/uL 3'-Ethylacetophenone, 0.01
pg/pL 1,3-Diethylbenzene and 100 pg/uL 1,4-Diethylbenzene. Whereas, 10 pg/puL 3'-Ethylacetophenone, 0.01, 100 pg/uL
4'-Ethylacetophenone, and 100 pg/uL 1,3-Diethylbenzene had a significant repellent effect. [Conclusion] Among the
common active volatiles of the three tree species, unmated female moths showed a negative taxis response to a-Pinene.
Unmated male moths displayed a positive taxis response to high concentrations of 1,4-Diethylbenzene but a negative taxis
response to lower concentrations. Mated females showed a negative taxis response to 3'-Ethylacetophenone and

1,3-Diethylbenzene at high concentrations, and a positive taxis response to 4'-Ethylacetophenone at low concentrations. Within

the specific active volatiles of L. olgensis and F. mandshurica, mated females exhibited a positive taxis response to 3-Carene,

while unmated females and males showed a positive taxis response to f-Phellandrene.

Key words Hyphantria cunea; active volatiles; GC-EAD/MS; Y-tube olfactometer; behavioral response

% E [ W Hyphantria cunea J& ¥ H
Lepidoptera H & F} Erebidae ( #i#EHk, 2019 ),
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KRSz ZR I X O 34, T ek S8 Je VA8 o i
R 3 O IS AR ML X (XIS, 2023 ), T
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MZH Ulmus pumila ZE PR AR 26 18] H 5
FEIE AR (B fh5E, 20215 B4&T4%, 2023),
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B fE, M%E LY ( Volatile organic
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R L BKRER AT DL A2 2 ORI SR 1 1

ZhE ( B45MEm%, 2022), Hil, &f
SEH R T A i A e R R, B
anz=ae (2020) WAL, W Morus alba ., ¥
H W Fraxinus pennsylvanica . ¥ Ailanthus
altissima . A1 . [EM Sophora japonica . 4" i
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Fig.1 GC-EAD responses of Hyphantria cunea antennae to the plant volatiles
a: o-IRM; b BOKEM; o 3-BEME; d: 13- e 1,4-T LK,
f: XA FFIRE; g 3-CHKLE; h: 4-LFFZH,
a: a-Pinene; b: p-Phellandrene; c: 3-Carene; d: 1,3-Diethylbenzene; e: 1,4-Diethylbenzene; f: p-Cymene;
g: 3'-Ethylacetophenone; h: 4'-Ethylacetophenone.
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11.17,P<0.01 ) a-JRMEA 02 MR,
WPERN 27.36%; XHEANWREE K kR
PR TR, Horxf 0.1 pg/uL( *=14.50, P<0.01 ).
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EHER YIS FREAEE (ng/ul) RBI% (%) EHERE
The name and concentration of Response  Selection
active volatiles (ug/pL) [ 1 %}H8 Control [ #-F# Treatment  rate (%) coefficient

3R 100} 49.92 ] 50.08 70.00 0.00  ns

3-Carene 100 4896 | 51.04 81.67 0.02 s

1t 5000 | 50.00 43.33 0.00 s

0.1} 4669 | 53.31 7833 007 s

0.01} 46.08 ] 53.92 83.33 0.08 s

oa-JERE 100} 72.96 ] 27.04 7500  —0.46  *x

aPinene 10t 5970 | 40.30 86.67 —0.19  ns

1t 4906 | 50.94 71.67 0.02 s

0.1} 5157 | 48.43 80.00 —0.03  ns

001} 67.08 ] 32.92 76.67  —0.34 *

FATER 100 e 08 B33 04

3 r A7 ] . . . ns

p-Phellandrene "7 3482 ] 65.18  80.00 0.30 *

0.1} 30.90 ] 69.10 91.67 038

0.01} 4501 54.99 80.00 0.10  ns

3-ZHEFEZE 100+ 2186.7229 — 55132781 gg.gg 0.07 ns

,_ 10 T2 ] . . 0.03 ns

3"-Ethylacetophenone  “j'[ 4510 5490  81.67 010 ns

0.1} LR i — 5759  93.33 0.15 s

0.01} 3889 | 61.11  86.67 022  ns

H-CIRCI 1001 S0 e 1329 oler 01

" 10+ 24 . .67 . ns

4-Ethylacetophenone | 41.03 ] 5897 9333 018 s

0.1} 31.92 ] 68.08 83.33 0.36 *

0.01} 5250 ] 47.50 8833  —0.05 ns

13-~ 2% 1(1)8 [ e —— ) 83 0%

: r . . . —U. ns

1.3-Diethylbenzene "7 ~g 6o —— 5140 8833 003 ns

0.1t 4692 53.08 85.00 0.06 s

001} 6198 | 38.02 8833  —024 s

14-—ZHR 1(1)8 I 6507.2(214 I 3492-7966 96.67 —0.14  ns

Di - 24 | ) 8833  —020 ns

14-Diethylbenzene 77| VY] — 5577 95.00 012  ms

0.1F 5885 | 41.15 85.00 —0.18 ns

0.01F 6143 ] 38.57 95.00 023 ns

STEPFEPHE 100+ 46.10 ] 53.90 93.33 0.08 s

p-Cymene 10 59.84 — 40.16 8833  —020 ns

1r 5799 1 42.01 91.67 —0.16 ns

01F 64350 | 35.65 86.67  —0.29 *

001} 5665 ] 4335 8833  —0.13  ns

10080 60 40 20 0 20 40 60 80 100
PR (%) Selection rate (%)
B2 FEE AR TR EEIE R Y8R 5K R
Fig. 2 Olfactory responses of unmated female Hyphantria cunea to the active volatiles
SRR I7 K5 A Fisher's 1656008 3¢ [ 1k SN AR AT 22 57 E VR0, * RN N ER % (P<0.05),
RN AEFMRE (P<0.01), ns FRZEFRARZE (P>0.05), B8R BN IERIN LRz iG v
Fr e A SRR, D OB 2 s B R E T . R TR
Chi-square test and Fisher's test was used to analyze the different significance of response rate of the H.cunea, * indicates
significant difference at P < 0.05, ** indicates extremely significant difference at P < 0.01, ns indicates no significant

difference. Selection coefficient for positive number means that active volatile is attractive to H. cunea, conversely, negative
number indicates a repellent effect. The same below.

T B0 S S A R, SRR 27.11%,  WUEAT R RN b R B A S T (1 3),
Qi‘ 3 jz r e & =

AR TR 3L IARLTIM 13— L0,  REERERREMNFARERLRR
URSREVE T, T 1,4-— O HEIR B R 5 1A AV vk

£ RS 9 UL R T, T R 26 el P 0o 5 R e ik FEE PR SRR 0.01 pg/uL(;7=13.33,
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EHEEEY AR IRE (pg/ul)
The name and concentration of
active volatiles (ug/uL)

1 %{H8 Control [ 4b¥ Treatment

RN (%) BaPEAREL
Response  Selection
rate (%) coefficient

3EHE 100F 5246 ] 47.54 7833 —0.05 ns

3-Carene 10T 39540 | 6046 9000 021 ns

1t 42650 5735 9000 015 ns

01F 5319 46.81 7833  —0.06 ns

001} 212 — 47.88 81.67 —0.04 ns

a-JEME 100 7264 | 27.36 75.00 —0.45 sk

-Pinene N X — 47.43 8333  —0.05 ns

1t 5644 43.56 95.00 —0.13 ns

01F 5958 | 40.42 90.00 —0.19 ns

0.01} 5046 4954 8667 —0.01 ns

B-IKFEHE 100 | 4025839 59.43701 gg.go 8 Al‘g ns

_ r 99 [ ] 71. .67 : ko
f-Phellandrene . 3008 | 69.02 81.67 038 *ok
0.1} 24.09 ] 7591 75.00  0.52 *k

0.01 | 3778 6222 80.00 024 ns

SLEACE 1000 33 e fe 01 .

12 [ . . . . ns
3'"-Ethylacetophenone "7 | 3688 | 63.12 7833 026 .
0.1} 4685 | 5315 9167  0.06 ns

0.01} Yy — 5555 90.00  0.11 ns

4L AR L 1(1)8 i 524 %31 475 2'78 i 8%26’% (())' %)g ns

’ r . . . —0. ns
4-Ethylacetophenone 71 4676 ] 5324 8667  0.06 ns
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Fig. 3 Olfactory responses of unmated male Hyphantria cunea to the active volatiles
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Fig. 4 Olfactory responses of mated female Hyphantria cunea to the active volatiles
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