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Prescription screening and trapping effect of plant volatile attractants
to northern China scarab beetle Holotrichia oblita
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State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection,
Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract: To select the attractants of plant origin for the ecological management of northern China scar-
ab beetle Holotrichia oblita, seven of the volatile components were selected and optimal attractant con-
centration was screened. Accordingly, 35 formulas consisting of three ingredients were designed, and
each formula with strong attraction to female and male H. oblita adults was screened out through the
measurement of antennal potential response of H. oblita adults and further behavioral trend test. The
trapping effects of the selected formulas on H. oblita adults were tested by using enveloping and trap-
ping tests. The result showed that, in the behavioral trend test, female adults were better seduced by for-
mula 5 (dibutyl phthalate+linalool+benzyl alcohol), formula 14 (cinnamaldehyde+benzyl alcohol+(Z2)-3-
hexenyl acetate), formula 27 (1-hexanol+cinnamaldehyde+benzyl alcohol) and formula 35 (1-hexanol+
(Z)-3-hexenyl acetate+ (Z) -3-hexenylisobutyrate), with a selection response rate of 62.09%, 62.79%,
60.22% and 85.13%, respectively; male adults were better seduced by formula 3 (dibutyl phthalate+cin-
namaldehyde+(Z)-3-hexenyl acetate), formula 6 (dibutyl phthalate+linalool+(Z)-3-hexenyl acetate), and
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formula 35, with a selection response rate of 69.12%, 64.22% and 89.05%, respectively. The results of

enveloping and trapping tests showed that the response rates of adults to formula 3, formula 6 and for-

mula 35 were 68.16%, 60.24% and 70.59%, respectively, all greater than to other formulas. The number

of trapped adults by formula 3, formula 6 and formula 35 were 61, 61 and 72 heads, respectively, signifi-

cantly higher than the controls (29, 40 and 30 heads, respectively). It is concluded that formula 3, formu-

la 6 and formula 35 had a significant trapping effect on the adult of H. oblita, and they can be used as an

alternative attractant for ecological prevention and control of this pest insect.

Key words: Holotrichia oblita; plant volatile; formulation selection; trapping effect
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Table 1 Effects of seven plant volatile monomers on the attraction of Holotrichia oblita adults

‘ WIE/(/L) % S . WIE/(L)  RRIRI% IEFE
| = J R % R e 1%
Concentration Response rate . Concentration Response rate .
Reagent Selection Reagent Selection
response rate response rate
BRoE — HIfiR 0.11 86.02+16.11 ab 60.33+4.06a | JIi-3-C. %7k 0.11 87.69+2.31b  50.68+1.09 ab
—ThR 0.33 69.35+3.14b  60.12+4.01a | L&k 0.33 92.35+4.08b  44.16+5.04 be
Dibutyl phthalate 1.00 94.2249.08a  41.35+2.34b | (Z)-3-hexenyl 1.00 90.93+2.06b  59.34+6.41 a
3.00 86.92+14.27 ab 56.14+0.00 a | acetate 3.00 92.88+4.03b  24.25+5.14 d
9.00 75.06£2.11b  54.49+3.11 a 9.00 97.00£2.05a  35.22+3.98 cd
PRI A 0.11 91.98+4.05a  47.24+7.28 ab | JIi-3-C0J7 3t 0.11 98.1742.01a  38.58+7.43 b
Cinnamaldehyde 0.33 87.2246.26 ab  64.33+6.89a | 7 T MR 0.33 78264233 ¢ 44.34+6.67 b
1.00 88.31+7.89 ab  47.26+3.15ab | (Z)-3-hexenyl 1.00 88.11+10.22 be 46.37+9.13 b
3.00 87.01+7.24 ab  39.4146.01 b | isobutyrate 3.00 91.78+4.31ab 67.23+5.15a
9.00 77.94+521b  46.23+5.92 ab 9.00 93.23+2.09 ab 40.80+2.24 b
Ty 0.11 97.34+0.00a  45.14+3.22bc | 1-CLJEE 0.11 90.36+3.56 ab  36.24+1.99 ¢
Linalool 0.33 89.03+3.18 b 49.04+7.17 be | 1-hexanol 0.33 87.15+4.24b  69.68+1.11 a
1.00 89.25+1.98b  70.16+3.19 a 1.00 95.45£0.00a 51.1246.33 b
3.00 97.09+2.00a  55.11+2.08 ab 3.00 92.25+3.58 ab  52.24+0.93 b
9.00 84.15+5.14b  32.25+11.45¢ 9.00 90.31+2.69a 68.79+4.32 a
IR 0.11 91.23+3.88b  60.31+3.27 a
Benzyl alcohol 0.33 91.01£3.26 b 48.13£7.08 a
1.00 92.26+7.78b  58.36+3.13 a
3.00 98.3142.06a  57.28+3.94a
9.00 88.9142.04b  27.63+6.45b

F P B B AR DR o TR R BAS [R) 88 36 /8 4 Duncan FHT 8 Ml 22 A 98 78 P<0.05 /K FE- 22 5% 3% . Data are
mean+SE. Different letters in the same column for the same reagent indicate significant difference at P<0.05 level by Duncan’s new
multiple range test.

R2 [SNMEMFESFFEANEIREE

Table 2 Compositions and contents of 35 formulas of attractants of plant origin

[WE = % TrE/mg
Formula no. Composition Content
1 A2 — FHER — T s+ A RERE+J5 15 Dibutyl phthalate+cinnamaldehyde+linalool 11.1+33.3+100.0
2 SRR AR T iR+ A RERE -+ T B Dibutyl phthalate+cinnamaldehyde+benzyl alcohol 11.1433.3+11.1

3 SRR R T R+ R HI0-3- MR ik £ R i
Dibutyl phthalate+cinnamaldehyde+(Z)-3-hexenyl acetate
4 AR R T MR PRI - 3- AR e T R P
Dibutyl phthalate+cinnamaldehyde+(Z)-3-hexenyl isobutyrate
5 AR FH R — T FiR+05 Falis+% U 5 Dibutyl phthalate+linalool+benzyl alcohol
6 SRR R T W+ R R -3- MR £ TR e
Dibutyl phthalate+linalool+(Z)-3-hexenyl acetate
7 ABIR R T BRI R B3 O JE S T R R
Dibutyl phthalate+linalool+(Z)-3-hexenyl isobutyrate
8 AR R T WA Y B3 - O s Bk S R i
Dibutyl phthalatet+benzyl alcohol+(Z)-3-hexenyl acetate
9 BRI HIRR T BRI BEI-3- O JE S T R R
Dibutyl phthalate+benzyl alcohol+(Z)-3-hexenyl isobutyrate
10 AR R T R H-3- O SRR TR H-3- (R SE 5 T R TR
Dibutyl phthalate+(Z)-3-hexenyl acetate+(Z)-3-hexenyl isobutyrate

11.1+33.3+100.0

11.1+33.3+300.0

11.1+100.0+11.1
11.1+100.0+100.0

11.1+100.0+300.0

11.1+11.1+100.0

11.1+11.1+300.0

11.1+11.1+300.0

11 PR A P+ o - Y i Cinnamaldehyde-+tlinalool+benzyl alcohol 33.3+100.0+11.1
12 N FERE+ SRR -3- C A 22 28T Cinnamaldehyde-+linalool+(Z)-3-hexenyl acetate 33.3+100.0+100.0
13 PN RS+ 5 Rl -3 - M 5% T R Cinnamaldehyde-+linalool+(Z)-3-hexenyl isobutyrate  33.3+100.0+300.0
14 PARETEE 5 F i+ -3- O 5 3 £ FRTER Cinnamaldehyde+benzyl alcohol+(Z)-3-hexenyl acetate  33.3+11.1+100.0

1S PORERESETEINS-CR LR T IR
Cinnamaldehyde+benzyl alcohol+(Z)-3-hexenyl isobutyrate

33.3+11.1+300.0
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ZE3R 2 Continued

TE 7 G5 % Frig/mg
Formula no. Composition Content
16 PRRERE-HI-3- CL 4 HE LR IR+ 3- CR R 5 T R IR 33.3+100.0+300.0

Cinnamaldehyde+(Z)-3-hexenyl acetate+(Z)-3-hexenyl isobutyrate

17 AR AR F B+ -3- M5 3 ZFRTER Linalool+benzyl alcohol+(Z)-3-hexenyl acetate 100.0+11.1+100.0
18 TR B -3 O M5 3L 5 T RS Linalool+benzyl alcohol+(Z)-3-hexenyl isobutyrate  100.0+11.1+300.0
19 5 R+ -3- CL 4 B L RRIR - 3- AR 2R 57 T IR IR 100.0+100.0+300.0
Linalool+(Z)-3-hexenyl acetate+(Z)-3-hexenyl isobutyrate
20 A - 3- AR HE CTRIRHI-3- D S 5 T R K 11.1+100.0+300.0
Benzyl alcohol+(Z)-3-hexenyl acetate+(Z)-3-hexenyl isobutyrate
21 1-CLEEHERR — H R — T BB+ A EEE 1-hexanol+dibutyl phthalate+cinnamaldehyde 33.3+11.1+33.3
22 1-CU AR iR T E+55 58S 1-hexanol+dibutyl phthalate+linalool 33.3+11.1+100.0
23 1-C AR — R — T lE+2E I 1-hexanol+dibutyl phthalate+benzyl alcohol 33.3+11.1+11.1
24 1- 2 05 R T PR+ -3- L 0 Bk £ R R 33.3+11.1+100.0
1-hexanol+dibutyl phthalate+(Z)-3-hexenyl acetate
25 1-C AR IR — T T+ -3-CL Ak 57 T TR R 33.3+11.1+300.0
1-hexanol+dibutyl phthalate+(Z)-3-hexenyl isobutyrate
26 1-CL B+ A+ 5 FERE 1-hexanol+cinnamaldehyde+linalool 33.3+33.3+100.0
27 1-C EE+ A+ 2K H B 1-hexanol+cinnamaldehyde+benzyl alcohol 33.3+33.3+11.1
28 1-CL P+ PR3- 45 36 R TSR 1-hexanol+cinnamaldehyde+(Z)-3-hexenyl acetate 33.3+33.3+100.0
29 1- O P+ PUREE -3 O 4 3 5 T RS 1-hexanol+cinnamaldehyde+(Z)-3-hexenyl isobutyrate 33.3+33.3+300.0
30 1-C B+ f -+ 25 H 5 1-hexanol+linalool+benzyl alcohol 33.3+100.0+11.1
31 1-CV B+ 5 R -3 O 3 £ BRTE 1-hexanol+linalool+(Z)-3-hexenyl acetate 33.3+100.0+100.0
32 1-CL B+ R+ -3- CL s B 5 T TRTR 1-hexanol+linalool+(Z)-3-hexenyl isobutyrate 33.3+100.0+300.0
33 1- O P+ F s+ -3- L5 3 £ BRTRR 1-hexanol+benzyl alcohol+(Z)-3-hexenyl acetate 33.3+11.1+100.0
34 1-C AR FH S -3- U L 55 TR TE 1-hexanol+benzyl alcohol+(Z)-3-hexenyl isobutyrate  33.3+11.1+300.0
35 1-C BEHI-3- ARk SR IR-HI-3- AR R 57 T RIS 33.3+100.0+300.0
1-hexanol+(Z)-3-hexenyl acetate+(Z)-3-hexenyl isobutyrate
R3 LA KBRS AE RIS 35 NMEYIR S FIBL 77 B0 F R L R AR XS (E
Table 3 Relative values of antennal potential response of 35 formulas of attractants of plant origin
in male and female adults of Holotrichia oblita
[ ik £7y F S B IS AR X/ % BeJr fih £y AL SN AR R AEL 9%
%'z Relative value of antennal potential response 95 Relative value of antennal potential response
Formula HfE i R T Al R Formula I G, e 1 R
no. Female adult Male adult no. Female adult Male adult
1 227.45449.13 defg 378.43+20.36 d 19 86.27+16.23 jklm 217.65+19.18 ef
2 180.49+25.02 ghi 423.53+£31.15cd 20 43.14+13.96 lmn 266.67x11.25 ¢
3 490.204+22.18 a 560.78+34.44 ab 21 211.76+26.88 efgh 133.33+6.45 hi
4 188.24+20.96 fghi 84.31£18.11 ijk 22 435.29+50.96 ab 52.94+17.99 jkl
5 270.59+18.35 cde 515.69+43.16 b 23 198.04+18.23 fgh 16.00+4.33 kl
6 329.41+£22.21 ¢ 580.39+44.87 a 24 11.76+£5.79 n 127.45+6.27 hi
7 131.37436.45 ij 374.51484.35d 25 13.73£2.02 n 62.75+10.69 jkll
8 109.80+15.88 jk 411.76+31.28 cd 26 39.22+22.13 Imn 25.49+8.44 ki
9 7.84+4.04 n 264.71+£12.23 ¢ 27 427.45+29.28 ab 15.69+1.98 kil
10 19.61£2.16 mn 450.98+8.06 ¢ 28 47.06£5.35 klmn 5.88+0.00 1
11 315.69+23.69 ¢ 380.39+17.33 d 29 11.76+6.34 n 11.76+£3.251
12 33.33£10.45 mn 201.96+21.38 efg 30 31.37£1.93 mn 94.12+11.92 hij
13 243.1448.06 defg 56.86+2.46 jkl 31 413.73+18.09 b 203.92428.37 efg
14 250.98+16.13 def 60.78+4.92 jkl 32 15.69+£5.19 n 152.94+9.78 fgh
15 101.96+5.34 jkl 5.88+0.00 1 33 21.57£3.06 mn 203.92+4.31 efg
16 241.18424.86 defg 31.37+8.08 jkl 34 286.27+30.25 cd 141.18+13.65 ghi
17 149.02+8.02 hij 3.9242.321 35 441.18+55.86 ab 370.59+58.47 d
18 49.02+13.28 klmn 213.73+16.35 ef

T B B E R . RPN R 7 BE 2R 78 42 Duncan [GGf B 22 46 5678 P<0.05 /K F-22 57 . 3 . Data are mean=

SE. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.
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2.3 et AKEBEBEAEITI0NME FHHEBIT AR
T 22 fink A7 LT 5 7 3R 3 0 42 L 7 10 A4 AE ) T
SIERIEC T T, BT 5,14 .27 1135 51 AE L R B
84 e S R B 40 R 53 .54 53 FN 61 3k i
e THOOT B [ A M R R i (32,3235 F 11 3k, P<
0.05) , FLAEC Ty 35 5 1375 (4 M okt HORRC A, I8 2 = T X
HE(P<0.01) ; it J5 11,22 #1134 3% 3 MW IR 5 157

W5 75 1375 P o R 4 0 28I T R (P<0.05, (K]
1-A) o M A H X 3X 10 AN R 5 B9 F2 v SR 2 T
79.41% 5 FLHE I W A T 25.25%~85.13% Z 1],
LR EE 7 35 M RERR SN A i L 3k 85.13%, i 3
e X B Ty A R R R R (P<0.05) , UK L
T35 14 0127, i 1 LA 35 45 B 7 200 Sl 3k 62.09%
62.79% .60.22% (% 4) ,

R4S A EAHE B
Foitirila i, Formula no. O %8 Control
35 "ok 35 o | B Ab# Treatment
34 o — 11 )
3] e — 10 [ —
27 * I 8 | —
22 [ eeee— 7 [ —
14 PR — 6 «
11 L — 5 L —
6  ee— 3 *x I
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3 [ | 1 [ |
X T

I
-80 =30 20 70
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Bl1 £t XBEEAMA)., (BRI 10 MNMEMIRSFFIE A RERITA RN

Fig. 1 Tropism response of female (A) and male (B) adults of Holotrichia oblita to ten formulas of attractants of plant origin

* xR I FEOR AL PILS X I 2 0] 28 2 K A P<0.05 Fil P<0.01 KF- 22 53 B 2.

*, ** indicate significant differences between

treatment and control at P<0.05 or P<0.01 level by j” test, respectively.

R4 LA KRS RBERRX 10 MEWIES]E

7570 B 77 B e R 22 A0 I R

Table 4 Differences in the tropism response of female adults of Holotrichia oblita to ten formulas of attractants of plant origin

it 77 4= Formula no. J2Jui *R Response rate/% PEPEIZ N R Selection response rate/%
3 95.68+12.06 ab 51.16+£6.42 bed
5 94.34+11.34 abc 62.09+1.78 be
6 98.224+6.13 a 52.274+6.29 bed
11 83.25+6.58 abc 25.25+16.43 ¢
14 96.33+11.87 ab 62.79+1.62 be
22 97.23+9.01 ab 39.12+7.43 cde
27 98.08+5.32 ab 60.22+2.45 be
31 86.41£18.21 abc 51.68+6.34 bed
34 79.41+6.81 ¢ 28.15+8.67 de
35 79.75+5.22 be 85.13£5.03 a

L PSR B ERR AR . R B A [ 7 8 45 Duncan G B 22546 5676 P<0.05 /K F-22 53 8 % . Data are mean+

SE. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’new multiple range test.

25 il ff R S 7 5 11 10 AR DR 5 137557
Be A, BT 3.6 F135 575 I AR AL R S 68 4 F I g
BB 9 57 .56 T 71 Sk, B0 35w T R
51375 ) e i HR R (26,31 F19 3k, P<0.01) ; it J7 S .
78 1 10 7|15 (1) e pig M A i 2 (IR T 30T BR 5 1511

T B HUBCR: (P<0.05, &1 1-B) o B HU %3¢ 10 M4

Py 137500 B 7 A8 S BE R 14 8 T 83.119% 5 Hk I
IV R AT 28.08%~89.05% =[] , Hor G fic 77 35 Bk
PR A, 35 89.05%, 2% v T X H e L 7 Y
TEFE S 2K (P<0.05) , BL 5 3 R 6 2, M j L Ay ik

PR A 155 69.12% F1164.22% (3 5)
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Table 5 Differences in tropism response of male adults of Holotrichia oblita to ten formulas of attractants of plant origin

Bt 7 45 Formula no. SR Response rate/% JEPE SN 2R Selective response rate/%
1 92.69+4.21 ab 50.13+7.68 bed
2 83.11£11.36 b 60.314+48.03 be
3 92.35+20.21 ab 69.12+5.05 b
5 88.74+8.21 ab 38.06+6.69 cd
6 97.43+8.17 a 64.22+10.13 b
7 87.05£2.95b 29.69+10.35d
8 91.88+12.26 ab 37.16+2.84 cd

10 87.26+0.00 b 28.08+8.25d
11 90.59+4.33 ab 49.17+8.82 bed
35 89.3742.24 ab 89.05+6.37 a

FPEHE PR R R o [R5 A [R] 77 £ 27 28 Duncan [RGB 2 M 22 1K 5078 P<0.05 7KF- 22 5+ 2. %% . Data are mean+

SE. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

2.5 6N ERAXT L A BESEHEES]FRE
ZoRANEA T A I ARG I 1 AR IR 5 A5 R BC
5.14.27 .35 3 F16 R, B J5 3 Fl16 51 AE AL K B AR

4 B B (19 3k R 22 3k, P<0.05) , HirP it 5 3
5 |75 Rl i R S 5 Ml PR S 2 (R TR B (5 2
5 (P<0.01) , H & i 7575 1375 Al e i o 5 i il e 50

SRMERCRECR N 42 M 393k BERTIIE ZEEIEEER (K2),
E The
Formula no. W 1 Female
35 L I O & Male
27 L I
14 L I
6 I ] *
L I
I ] **
40 20 0 20 40 60

R HBE Number of test insects
B2 6 MEWESIFFIE ALt X BB S A, R RPNESSHERR

Fig. 2 Effects of six formulas of plant origin attractants on enveloping and trapping of male and female adults of Holotrichia oblita
o SRR 515 0 M R RO RR L R B R B 8 2 A S TE P<0.05 AT P<0.01 /K- 25 5+ 3% . *, ** indicate signifi-

cant difference between the number of female and male adults attracted at P<0.05 or P<0.01 level by j* test, respectively.

Bt J5 3.6 135 5 175 A AR b R B8 4 e pi He (O
HES) B> 51k 61 .61 F1172 3k, ¥ B 3 = T Hxt
HE 5137 1Y i i (29,40 #1130 3k, P<0.05) , Hoic
J5 3 F1 35 517 Y A ORGSR 2 (8] 25 S
(P<0.01, & 3) it )7 5.14.27 51375 54 ¥, R 550 5 %)
MR E2ZRARRE . Il KR4 il U 6 L
J5 0 207 2 4 1 T 74.68% ; FL gk B R N R AT
47.419%~70.59% Z [a], ForpowF L 77 35 (035 88 S R
5, 38 70.59% , FLUORBC 7 3 A6, ARl K R T 4
R A R S 430 K 68.16% Fil 60.24% , H.
FOXFIX 34N 7 e B B I 2R 440 J 3 v e e i
T WIEERE SN #8(P<0.05,466) o

3 iTig
AT 45 R0, PRI SR P s 7
R4 2 ) A A 5 R FEE T e b St

SRR RI—E 5 ERCR . ML) e
PR LA™, AR N S R AR, AR BEARAR
IR S T, A, 2k e i g i T RETC A 5 |
R SRR (2016) FI FHARI#E K W) S A A T
A, A E W SRR AR R, ok B s
RN 25 B HEAT IEC e JEE A B0 JEE B B, BT Hh AL 4
KRR SR R B ARG 0T |
AR A . 70 E 51 V550 o J7 Hh 4% 4o i, 28
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Fig. 3 Effects of six formulas of attractants of plant origin on enveloping and trapping of adult of Holotrichia oblita
oy G TR AL B 5 X BE 2 (R 28 2 R TG AE P<0.05 FT P<0.01 K V25 5+ 3% . *, ** indicate significant difference between
treatment and control at P<0.05 or P<0.01 levels by j* test, respectively.

K6 LI XRBE B HXT 6 MEVIIRGFFIE 77 H) R B R NG F R B R

Table 6 Response rates and selection response rates of Holotrichia oblita adults to six formulas of plant origin attractants

fit }7 4w Formula no. SR Response rate/% e W % Selective response rate/%
3 74.68£1.73 b 68.16+2.40 ab
5 87.41x1.33 a 48.824+2.73 ¢
6 84.03+4.91 ab 60.24+2.00 b
14 88.35+2.67 a 47.41£3.00 ¢
27 90.12+4.00 a 52.59£1.76 ¢
35 85.00+6.08 a 70.59+3.38 a

TP AR R . IS [T B 2 25 45 Duncan [GHT &2 % 22 B2 46 56 4F P<0.05 /K- 25 7 8 % . Data are mean+

SE. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.
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