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Formulation screening of sugar-acetic acid-ethanol-water solutions as food
attractant for the black cutworm, Agrotis ipsilon ( Lepidoptera:

Noctuidae) and enhancing their activity by fermentation
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University, Kunming 650201, China; 2. State Key Laboratory for Biology of Plant Diseases and Insect
Pests, Institute of Plant Protection, Chinese Academy of Agricultural Sciences, Beijing 100193, China)
Abstract: [ Aim] This study aims to screen the optimal formulation and fermentation duration of sugar-
acetic acid-ethanol-water solutions used to trap Agrotis ipsilon adults and to identify active volatile
components from fermentation solutions. [ Methods] Sucrose, acetic acid, ethanol and purified water
were mixed together in different ratios, i.e., 3: 1:3:80, 3:1:3: 160, 3:1:6: 80 and 1: 1:3: 80 (m/v/v/

v) as solutions A, B, C and D, respectively, and sugar, white vinegar, liquor and tap water were mixed
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in the ratio of 6:3:1: 10 (m/v/v/v) as the solution E (the commonly used formulation) , the taxis of A.
ipsilon adults to the fermented sugar-acetic acid-ethanol-water solutions was tested using Y-tube
olfactometer, and the components of volatile compounds from the solutions fermented for 1 — 15 d were
analyzed with GC-MS. [ Results] The taxis test results showed that the solution B showed significantly
higher attractiveness to A. ipsilon adults than the solutions A, C, D and E, and the solution C followed.
The solutions B and C fermented for 8 d showed significantly higher attractiveness to A. ipsilon adults than
the unfermented solution and the solutions B and C fermented for other duration except 5 d and 7 d. In
total, 41 compounds including 17 diolefines, 8 aldehydes, 2 ketones, 4 alcohols, 5 esters and 5 ethers
were identified in the solution B fermented for 8 d. Moreover, the volatile components of the solution B
fermented for 8 d were significantly different from those of the unfermented solution and the solution B
fermented for 4 d and 12 d. [ Conclusion] In this study we screened the optimal formulation (3:1:3:
160, m/v/v/v) of single component sugar-acetic acid-ethanol-water solution used to trap A. ipsilon
adults and proved that their activities can be enhanced by fermentation with the optimal fermentation
duration of 8 d.

Key words; Agrotis ipsilon; sugar-acetic acid-ethanol-water solution; fermentation; volatile; taxis;

behavioral response
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Fig. 2 Behavioral response of Agrotis ipsilon adults to sugar-acetic acid-ethanol-water solution B fermented within 15 d
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water) , respectively. The same for Fig. 3.
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Fig. 3 Behavioral response of Agrotis ipsilon adults to s

*x1
Table 1 Olfactory response of Agrotis ipsilon
and C ferment

ugar-acetic acid-ethanol-water solution C fermented within 15 d

N R AR X & BN B R B RO B A0 C 7 B 77 M S T A B IR B S R

adults to sugar-acetic acid-ethanol-water solutions B
ed for different days

B Bt 7 BHES T Y Solution B

C B /7 BHES T Y Solution C

AEPN

Fermentation days

R (% )

Response rate

PR LA (% )

Selective response rate

0 60.00 £1.92 fg 68.66 2.
1 58.89+2.94 ¢ 62.06 6.
2 54.44 +£5.90 ¢ 75.69 1.
3 70.00 +3.84 cdefg 68.38 +3.
4 60.00 £5.09 fg 78.07 £4.
5 78.89 +4.84 bede 82.77 3.
6 83.33 £6.93 be 74.52 +0.
7 77.78 £4.00 bedef 89.54 +4.
8 96.67 £0.09 a 85.06 1.
9 88.90 £1.11 ab 70.09 £3.
10 58.90 +7.78 g 75.06 1.
11 62.22 +8.68 efg 54.81 2.
12 73.33 +£3.85 cdefg 54.14 £4.
13 80.00 £6.94 bed 41.06 +9.
14 81.11 £5.56 bed 52.38 £3.
15 66.67 £2.00 defg 60.01 2.

SLNZE(% ) FERESIZR (% )

Response rate Selective response rate
79 cdef 46.67 +3.85 ef 59.33 +1.62 def
84 defg 52.22 £9.69 def 65.66 £1.01 cd
01 bed 46.67 £3.33 ef 71.63 £6.82 be
45 cdef 58.89 1. 11 cdef 67.86 £2.25 cd
21 be 67.78 £6.19 abcde 59.02 £2.21 def
39 ab 74.44 £8.68 abc 80.36 £5.40 ab
93 bed 80.00 £7.70 ab 68.17 £0.98 cd
47 ab 77.78 £6.76 ab 78.68 +0.68 ab
15 a 85.56 £1.11 a 85.74 £2.50 a
42 cde 78.89 £5.56 ab 66.72 £3.96 cd
83 bed 71.11 £2.94 abed 62.65 £4.50 cde
44 fgh 80.00 £7.70 ab 58.49 +0.83 def
58 gh S1.11 £1.11 def 47.92 +6.14
49 h 51.11 +£5.88 def 52.08 £2.08 ef
26 gh 62.22 +4.44 bedef 52.08 +£3.56 ef
50 efg 45.56 +2.94 58.49 +0.83 def

P BE R T IE £ FRUELR ; R AN EE G AN R 7B E /R 48 Duncan [CHT B W Z LK 25 82 (P <0.05), Data in the

Different letters following the data in the same column indicate significan

RIS & By 5 5, 5-— 1 2k-1, 3- 3 e -2-
fid (12.54% ) 3-FHE I IR (6. 74% ) L5 HG N
Bk (5. 48% ) 2-HI LT ] (5. 43% ) | LR 5 TN Hi

table are mean + SE.

t difference (P <0.05) by Duncan’s new multiple range test.

M5 (5.30% ) Y EBE (4. 34% ) (4-— F -2 )5 I
(4.32% ) FUf N FEARK H g (3. 14% ) SF4153 .
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Table 2 Components of the volatiles from sugar-acetic acid-ethanol-water solution B fermented for 8 d
o ey A MXNSTEE MFEE RIARLE
No. P Molecular Molecular Match Peak area
formula weight quality (%)
1 3-FEZEEyH S Pentane, 3-methyl- CeH,y 86 91 6.74
2 ZHEMSTRILRE Allyl ethyl ether CsHy0 86 84 5.48
3 NN 2-Pentanone ,4-hydroxy<4-methyl- CeH}, 0, 116 79 4.34
4 TS5 K B Mk Oxirane, [ (2-propenyloxy ) methyl |- CeH,00, 114 86 3.14
5 2-H3E T k¢ Butane, 2-methyl- CsHy, 72 84 1.55
6 2-FIL-1-1%0 1-Pentene, 2-methyl- CeHip 84 73 1.29
7 6,6- " HIRE-S5-T B E-1,3-3F7 )% "4 1,3-Cyclopentadiene ,5-( 1-methylethylidene ) - CgHyy 106 76 0.56
8 I\ Octadecanal CgH3,0 268 95 0.31
9 (- )-F¥EHS Cyclohexene, 1-methyl4-( 1-methylethenyl)-, (S)- CyoHyg 136 78 0.29
10 (Z)9-F \BhisEE 9-Octadecenal, (Z)- C,gHy, 0 266 97 0.26
11 L Heptadecanal C;H;,0 254 93 0.21
12 o, B-—-H KK Z ¥ Benzeneethanol , alpha, beta-dimethyl- CyyH,,0 150 69 0.15
3 1-Z M- 1- P2 (1-H R L HE ) - 4 -(1-F BRI &) R 2 4 Crally, 204 %6 0.15
Cyclohexane, 1 -ethenyl-1-methyl-2-( 1 -methylethenyl ) 4-( 1-methylethylidene ) -
1-FAHe4-(1-F L 2 58 3R Ol L TR TR

14 Cycluhexar(wl, l—methki—4—)( l—mj;ylelhjlil Y-, acetate CioHa0; 196 & 0-14
15 4-Z. 3305 3-5-H 3-Nonen-5-yne , 4-ethyl- Cy Hyg 150 83 0.11
16  B-#%iJ Beta-Humulene CysHy, 204 82 0.11
17 3-BREHs-1-3£-%€ Benzene, 3-cyclohexen-1-yl- CpHy, 158 93 0.11
18 Z,Z-1,15-F /\@Ils-1-l L BRWR Z,Z-2 ,15-Octadecedien-1-ol acetate CyoHs60, 308 83 0.10
19 IE+ )¢ Pentadecane CisH), 212 85 0.10
20 - }hif# Eicosanal- CyoHyyO 296 92 0.07
21  «-3WgM Alpha-Farnesene CsHy, 204 77 0.02
22 4,4-"HF2-1%[ 2-Pentanone, 4 ,4-dimethyl- C,H,,0 114 89 4.32
23 2,2,3-=H3E-T % Butane, 2,2,3-trimethyl- C,Hy4 100 85 2.75
24 L FENYE Ethyl-1-propenyl ether CsH,, O 86 79 2.11
25 Wk D-Limonene CioHye 136 92 0.91
26  o-ZFET NS Alpha-Acetobutyrolactone CeHg 04 128 78 0.34
27 X ZHZK p-Xylene CgHyo 106 73 0.24
28 (Z)-9,17-1 /\l — %M 9,17-Octadecadienal, (Z)- CsHyp O 264 92 0.11
29 (Z)-T-F7SikiE 7-Hexadecenal, (Z) - Ci6Hj0 238 82 0.10
30  A47Z Caryophyllene oxide CsHy O 220 68 0.06
31 5,5-H3E-1,3- 38522 5,5-Dimethyl-1 ,3-dioxan-2-one CeH,0; 130 80 12.54
32 2-HHILTFE Butanal, 2-methyl- CsH,,0 86 84 5.43
33 LFRSTIMETE 1-Propen-2-ol, acetate CsH, 0, 100 90 5.30
34 2T Mg Ethanedioic acid, dibutyl ester CoHy50, 202 81 2.03
35  (E)-2-%#-1-F% 2-Penten-1-ol, (E)- CsH,, O 86 74 1.55
36 1,3-—HI 5 Benzene, 1,3-dimethyl- CgHyp 106 97 1.04
37 2,3-FF4E-2-H EL T 4% Oxirane, trimethyl- CsH,, O 86 76 0.66
38 4EJ5ME 1-Cyclohexene-1-carboxaldehyde , 4-( 1-methylethenyl) - CyoH,,0 150 61 0.12
39 Jra-1,2-(1-H 3L 238 ) 2R T 4% Cyclobutane, 1,2-bis( 1-methylethenyl) -, trans- CoHis 136 85 0.09
40 %I B p-Mentha-1 ,8-dien-7-ol CioH;6O 152 73 0.04
41 =Yz Tridecane C3Hyg 184 77 0.03
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2.4 AFREIREER¥ B B HEEERIEL YA T L
0 dORK®E) K4, 8 A1 12 d W B IET5
LRI R o8 7 BE B T N e O i S S
Sl AR L 30 AR B R AR (0 d)
5RIEA, 8 F12 d AR 4 A ) oy FP R 2L
FAIR), AR g a2l B2l RS RS (RS LI R
WEY . REBEREINAGER Y24 14 5, A
M8 d MK D 27 R W), SR X

Ak BAE RN iR WM AR, o g 12 F
BRI K4 d BRI P EE A H 37
P B R B2 S d IR 4 LY, IR TR EE 4- 2
FE-3- IR -5 - s Hor 22 MR S R EE 8 d 1Y
WP R YR K 12 d (w33 Fhig
Ry, e kw8 d RG> 8 FE &Y, 1 =
Bt 2-H LT EER(E) 2- 130 -1-BE4E , — 345 Z [0 A )

LG 1 20 Bl

®3 FRRERHY B EAERERNEFELERST LR

Table 3 Comparison of components of the volatiles from sugar-acetic acid-ethanol-water

solution B fermented for different days

0d 4d

8d

12d

2,2, 3- = Ak
Pentane, 2,2 ,3-trimethyl-

2, 3- Ik
Pentane, 2,3-dimethyl-

#

- L J5¢ Heptadecane
ST IR L
Oxirane, (3-methylbutyl) -

LI THET I

1,1-Diisobutoxy-butane

2-C RN T b
2-Ethyl-oxetane

%

1-HEES-(1-2 06 58) SR e 4

- )-A-j =
(=)-AH TEZHA Cyclohexene , I -methyl-5-

Neoclovene
( 1-methylethenyl) -

1-+ =4 1-Tridecene *

*

- a-AEEHE Alpha-Humulene
- v-#5FH Gamma-Elemene

%0

1,5-Cyclodecadiene

2,5,5- = H1gk-1,3,6-5¢ =
1,3,6-Heptatriene,2,5 ,5-trimethyl-

3-H LK) B g Pentane, 3-methyl-

2-HIRET e (e ik )
Butane, 2-methyl-
1O 1-H 2 (1 R 23 4-
(1-H T 258 -H e
Cyclohexane, 1 -ethenyl-1-methyl-2-

(1-methylethenyl ) 4-( 1-methylethylidene ) -

1E+ 1% Pentadecane

2,3 2- T b
Oxirane, trimethyl-

2,2, 3- =T
Butane, 2,2 ,3-trimethyl-
J2al-1,2-Z(1-HIRE L) 31 T 4
Cyclobutane, 1,2-
bis( 1-methylethenyl) -, trans-

+ = %¢ Tridecane

6,6- " HIJE-S5 - RE-1, 3-3R % 0
1,3-Cyclopentadiene ,
5-(1-methylethylidene ) -

(- )i
Cyclohexene, 1-methyl-4-
( 1-methylethenyl) -, (S)-

(Z)9-+ /\ i
9-Octadecenal, (Z)-
K%M D-Limonene
B-#E 5L Beta-Humulene

a-7EWE M Alpha-Farnesene

2, 2- BT LR
Butane, 2,2-dimethyl-

#

Je- 1,2-Z(1-H L)
W ke
Cyclobutane, 1 ,2-bis
(1-methylethenyl) -, trans-

X4t Pentane

2, 2-Z SR T e
Oxetane, 2,2-dimethyl-

2,5- R
Heptane,2 ,5-dimethyl-

1-(2-T s 4L ) - T8
Butane, 1-(2-propenyloxy ) -

2,5,5-=H3}-1,3,6-
BE= M
1,3 ,6-Heptatriene,
2,5 ,5-trimethyl-

A C
1-Hexene, 4-methyl-

*

~- M

Gamma-Elemene

P2 QU

2-Furanol, tetrahydro-
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4732 3 Table 3 continued

0d 4d 8d 12d
(E, E)-1,5-"HE8-(1-FIET. L5 ) -
~ 5 I ~ ~
1,5-dimethyl-8-( 1-methylethylidene ) -,
(E,E)-
- B-f1 114 B-Caryophyllene - -
i ) 4-L 3T SR )
3-Nonen-5-yne, 4-ethyl-
i * 3RO *
Benzene, 3-cyclohexen-1-yl-
- * X —H 2K p-Xylene *
- 48— H 2% 0-Xylene 1,3-—H 37K Benzene, 1,3-dimethyl- *
KEINGVERES
Benzene, 3-cyclohexen-1-yl-
ETEE S N ET R
1-Butanol DL-Isopulegol 2-Pentanone ,4-hydroxy-4-methyl- 1-Butanol
AT FE I AL R o, - L 7-F7-1-1%

Tert-butyl hydroperoxide

—+ H.[i%¥ Pentadecanal-
+ U = B4 Tetradecanal

2-J% il

2-Pentanone

( =) -Globulol

*

57 /% Butanal, 3-methyl-

R
Propanal, 2,2-dimethyl-

(R,S)-5-F2Fk-4-F 53

(R,S)-5-Hydroxy4-

methyl-3-heptanone

3-1% i 3-Pentanone
TNl Acetone

Benzeneethanol, alpha, beta-dimethyl-
1-FE4-(1-H1 B L4 28 ) 312
Cyclohexane, 1 -ethenyl-1-methyl-2-

(1-methylethenyl ) 4-( 1-methylethylidene ) -

(E)2-1%4#-1-i% 2-Penten-1-o0l, (E)-

L5 P-Mentha-1 ,8-dien-7-ol

+/\[# Octadecanal
+-L [ Heptadecanal
—+¥ElEE Eicosanal-
(Z)9, 17+ )\ —Jwii
9,17-Octadecadienal, (Z)-
(2) TSRk
7-Hexadecenal, (Z)-

1-Cyclohexene-1-carboxaldehyde,

4-(1-methylethenyl ) -

2-H LT[ Butanal, 2-methyl-

4, 4- 7 F L2 -1

2-Pentanone, 4 ,4-dimethyl-

5,5- " H -1, 3- k2

5,5-Dimethyl-1,3-dioxan-2-one

ZIEHS I FERE Allyl ethyl ether

05 R 45K H- i g

Oxirane, [ (2-propenyloxy) methyl ] -

7-Hexadecyn-1-ol

2-+ Jukz 2-Nonadecanone
Z AR

Pentanoic acid, 4-oxo-
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4732 3 Table 3 continued

0d 4d 8 d 12d
~ ~ CHEPT M ~
Ethyl-1-propenyl ether
THEIERIL LR T W TEIRIE TR T W I-HUHEA4-(1-H L 204 ) TEIRIE LR T W

Acetic acid, butoxyhydroxy-, Aceticacid , butoxyhydroxy-,

butyl ester

JIE UM IR Y i
Methyl dehydroabietate

butyl ester

HR 5 TR
Oxalic acid, butyl propyl ester

IR T N
Oxalic acid, isobutyl propyl ester

AR CL IR
Propanoic acid, hexyl ester
R 5 T 1
Formic acid, -
2-methylpropyl ester

WL BB Cyclohexanol ,
1 -methyl4-( 1-methylethenyl ) -, acetate

Acetic acid, butoxyhydroxy-,
butyl ester

Z,Z-1 151 )\ e-1 -t £ B It SE R H T
7 ,7Z-2 ,15-Octadecedien-1-ol acetate Methyl dehydroabietate
HR T FEN TR

TR _ T

.. . . Oxalic acid,
Ethanedioic acid, dibutyl ester

butyl propyl ester
R i 12 Y T

Methyl stearate

a-LBET MR

Alpha-Acetobutyrolactone

LIRS NI e

1-Propen-2-ol, acetate

S A I R

Isosteviol methyl ester

f111Z Caryophyllene oxide _

“ . H5EJT B &7 8 d % K& 1Y T A [H] The compound was of the same chemical category as that in the formula B fermented for 8 d; - ; SRS

1E4EY) No similar compound was detected in this treatment compared to other treatments.

3 e

VI 22 8 S WA 77 B0 Z i AN 5808 5%, X4
V5 W EL A ) M (B I SCAE, 20105 Bk 5,
2012) , 20 A2 W), & WA T WORk © 22 T IR Bk il
FHEXS BB i S v, BT BUASR R B4 R a7 A
B AR 3K B K AR B AL 12 A8 4] (Shelly et al.,
2014) o AN[FC Lb B 8 I 05 9 5 SRR ROR A PT AR
], 0 A5 A v b R Pl il FH B L R L TC 7K L BN
KATHIBCH] 4 DT W (m/v/v/v) L4 301 3:
10, 3:1:6:10, 6:3:1:10 A1 3:6:1: 10, H.+p 6:3: 1:
10 FL i fa TR HIL S 40 3 BT = 10% ~
20% ( Fih5E, 2013) o KL (2010) & I, BHES
TR =3 Lo 23 0 R 2. 5%, 12.5% F1 25. 0% K,
515 AR SL0E Bactrocera correcta WRBUR LT LA
10. 0% , 30.0% F1 10. 0% i [ 18 W 1) 5 175 3508 4F
ARG, /)N 2 0 G ARE TP VA 5 ) i
PE AN R B TC 5 %5 /N 25 A SR L R AN ],
e B BS I W B it )7 (31 1:3:160, m/v/v/
V) X /INHE 2 B R B AR SR 5 L T A S Ty (&
1) o PR R] UL, W 7S VA 2500 Joa 1) 5 i A 2H 53 02
BT AROR OGN 2 . 53 4h, AR W — ) oo b
TR TP VR ) B8 S L 235 R hy LS Bt o /) b 2 1 s
R BEEPT VRE 175 0 T O A AL AR

FE] A A G T W PG VR T I o A 0o 3 R Y 15 4

RORA PR BT 50 A, AR A X 7 AT 1
Wt WA (25 £ 1°C) W EAE E M A AR
KEAAET W 1 308 2 A 1 ] LB s 1 7
WG/ N PR R RRCR ; R FUEA B A C Ty
RIS 8 I — RE IR [ (8 ) X /13 5 B2 B L R 5 |
RCR N fe . WS IO I — IR Fr i 0k ) 3l
AT FR , JEAL T A AR SR A BRI BEGE (K
iz, 2008) , IT-#f kg OF 7™ A= Al 5 1 — 72 1 [
Ja A BIA S B AT RE 2 AT P 8 I i (3R
3) o AIRER A B, RS 8 [ — E 75 X He 4% 4 st
ATIE , DR P ek Ii) ( R H80) AN [R) i 7 A 1 942 2 ) 1
IR RIS 2E FRAOR, K 8 d 1 B ST A I 4
IR > i 2 (K 3) o T HRIN, AT RE RS |
BTN LIRS AT S W I Ak A — R IR O 6 14 7™ 1
R T P (i) A [ BRI A 2 B Rt A BT AN ) 5 B e
LA KRR ASBIFTE LA 4 IE RO T RO
LA A2 TR AR B SR E T SV UB T AE L,
TEARSAE T B SfR SONL I A B AT R 2= 8 An
SR EERTL H B A P AR, A9 8 d AR Ao 4%
R IRZ X Z GRS S5 T T
— AR SN, DN IR R R T e e il
JCIES A BT P VR L R A I P R R T Y
I T ARZ ALy, Un K I I BT 7 A 45 K v — R
Lz Ia] Z H R AT 5 R A B IR Y EAG S (1B FF
i, 2014) o KWE IR (3% W or D-Fr e R 2
BEE K OB S o-TR M AL IC 0 TR B W 0 A R
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Helicoverpa armigera 5|75 1% P4 %8 98 ( Gregg et al.,
2016) o XA BT 5 1 AT RE A K T I ) AR
TR AR A e 0 1R 5 B /N b o2 PR ABCR: B 38 G Y
FEF A ELACR B —Fh sl R LR 5 & e Horp
AT H 2B A T G A SCHL R R i AR I o
A W g SRS V4% R W e oy 5 RS
(2011) il fy 42 5 0 1 22 S AE R, T 6 55 5 il
FHIBE OB 6] (48 FURE -5 B BT 1) AR AN [R5 G
FERRATRAEA L 788 S Al IS A AN ] ] RS 3]
ENGLEEEY 27/ %

BRI VI )7 B A%, AN TRITC J7 R BB X A [m] 5 ol
B EBCRAT 2257 . 2 WIFFE R i i 7 e
FHTF A HH S8, DRk EH R AR AT A48 PR 3R 0%, AR
St Y RIS AT I SR A A T 8 d AR TR T
SAERC T 7R R Pl R A5 R I BRAR A RICR , B
DA ik — 25 FF AR 1 %) H TRl 46 A7 Bk, 53
Hb, B ] 7 A i) A Al R g AN Tm] /N o
JE IS R AR T 0 B A 1) 442 ) A5 Sk A PN I
N7 SR B BN/ IN 1l A 1 S R R P M R S
AN TR0y J5 2 TR T 77 A= 5 W) 5 K 55 AR DG ATL i [) L, 38
o B — 2L T R M 3 H A2 0 S B AR B AR AR S
PSRN E RIS AIE . 5 A, A G A T T T A
AEAE D S0 T AT, A3 R T A () 24 T s [) 1 4
TR LS8 S 25 8 (R 1 MR 2) Sk, A e R AR T
W AEE DI ATRE R 1 ~ 3 d S5 2T AR L 1Y
FH ()16 A T 9T
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