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Abstract [Objectives] To study the effects of different slow-release carriers on the release rate of plant volatiles, in order
to provide technical support for the selection of appropriate release carriers for the research of related insect attractants, so as
to achieve the best trapping effect and longer duration. [Methods] The release rate and duration of a-pinene and
cis-3-hexenol in LDPE bottles and LDPE bags with different specifications were measured by weighing method under outdoor
conditions. [Results] The release rate test of LDPE bottles showed that there were significant differences in the release rates
of plant volatiles between different sizes of LDPE bottles and different doses. The average daily release rate of 15 mL LDPE
bottle +15 mL a-pinene within 16 days was the lowest, which was (268.3+70.3) mg-d "', significantly lower than (580.0£119.5)
mg-d™" of 100 mL LDPE bottle +15 mL a-pinene and (913.3£133.8) mg-d ™' of 100 mL LDPE bottle +50 mL a-pinene. The
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duration of 100 mL LDPE bottle +15 mL a-pinene combination is about 16 days, while the duration of 15 mL LDPE bottle +15
mL a-pinene combination and 100 mL LDPE bottle+50 mL o-pinene combination can reach more than 50 days. The release
rate test of LDPE bag showed that, The average daily release rate of 2 mL cis-3-hexenol in 0.02 mm LDPE bag within 12 days
was the highest, which was (110.7£28.0) mg-d ", significantly higher than that of other thickness LDPE bags; The daily
average release rate of 2 mL cis-3-hexenol in 0.06, 0.08, 0.10 and 0.16 mm LDPE bags were (48.3£14.4), (42.0+11.5),
(36.3+14.4) and (31.0£7.9) mg-d "', with no significant difference; The duration of 2 mL cis-3-hexenol in 0.02 mm LDPE bag
is about 16 days, while the release rate on 0.06-0.16 mm LDPE bags is relatively stable, and the duration can reach 50-60 days.
[Conclusion] The test results show that the release rate can be accurately controlled by using different volumes, different

thicknesses of slow-release carriers and different doses of plant volatiles to meet the needs of different insect attractants. The

conclusion of this study can provide some reference for the selection of slow-release carriers of insect attractants in production,

and provide technical support for insect pest monitoring and pest control.

Key words plant volatiles; slow-release carriers; release rate; duration
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G 0.10 mm ZE B4%+2 mL -3 4
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0.16 mm LDPE bag+2 mL cis-3-hexenol
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15 mL ZERi+15 mL o-JRM4E H W5 R
WA, B, 554, 16 F128
FIERERAK, TEH 46 KIGHE K B ITh %
TRE, FESS 60 KEFH B K& AR (20.7+20.1)

mg-d ',

100 mL ZERH+15 mL o-JRISZHA H 3% K
ORI R, H s 2 R GERR K, 16
516 RIGHERIT IR 8% TR, 7658 28 KA
H B L RN (56.7£36.4) mg-d ™',

100 mL ZEBSH+50 mL o-JEM 24 H 25 &
R —E s, Hss 4. 16 F1 28
RBEHGE R K, RIS 15 mL Z2RBi+15 mL
TR LA AR R, 755 50 RIGHEERTT
I W M, TE55 60 KEF H ¥E & % 5

(156.7+48.8) mgd ' (&l 3) .

w15 mLEFRE+15 mL o-JE%
15 mL LDPE bottle+15 mL a-pinene

—e— 100 mLZERSH+15 mL o-JEK
100 mL LDPE bottle+15 mL a-pinene
- & - 100 mLZEFESR+50 mL o-JERS

= 100 mL LDPE bottle+50 mL a-pinene
To1200F :lb afc 3
10008t S ae B e
‘\ ’l\ll \?if’dg & /A\ ef dff ef
800 ot A 3
600 - ¢ | \

a
400 fagcbq,;.‘ ¢ ¥ . oo g N
200 ¥V Nk VYo,

HERBER (mgd™)

The daily average release rate (mg

<]

0 4 812162024283236404448525660
if16] (d) Time (d)

E 3 ARXMEBRMINAEFEEY
BRMBHBRERNETL
Fig. 3 Dynamic daily releaserate of different

slow-release bottle and different dose of plant volatiles
P T b ARAT A ) 7 B A QSR ] — b BN [ s ] H 24
OHEREF B (P<0.05, Duncan [REEH ) o Kl 5 [,

Different letters above broken lines indicate that the daily

average release rate between different times of the same

treatment are significantly different (P<0.05, Duncan’s
multiple range test). The same as Fig. 5.

0

22 ZER[/ERER

FZRASRHGE R K (& 4), 0.02 mm
GeREAE 12 d WHBB G SRR, M (110.7+
28.0) mg-d™', BEHTHAEFMERE (P<
0.05) ; 0.06. 0.08. 0.10 1 0.16 mm ZEF4EH
PIREHICHR AT R (48.3+14.4 ) , (42.0+11.5) ,



+ 626 * o B 3244 Chinese Journal of Applied Entomology

60 4%

—_

D

(=]
1

—_— =
[ I
S O

T T

5

&
~&
o2

5 E
Eg 100t

]
®e g0t
s b
Be 60 b b
%8 b
F& 40
=

F 20t

é 0 1 L L L 1

002 006 008 0.1 016

AREEZERL (mm )
LDPE bag sizes (mm)

B4 AEEEZBEEMELY 12d BHRRER
Fig. 4 Dailyreleaserate of plant volatilesin
different slow-releasebag within 12 days

(36.3£14.4) F1 (31.047.9) mg-d™', ZHFAE
#F (P>0.05) .

0.02 mm ZEREAS R IAENI IR BRI H X RETiR
HRFA R, K (139.0£1.4) mgd™', ZJE
ERW TR, FES 16 K H B¥RBERENY

(19.8£2.4) mg-d™', #WIMAHIRERCE R4
BEMEZES . 0.06 mm RS H A BHOGERAEA
[ B ) B AT — 5 1Bl e, (R BRI, (E5R
40 KJ5, BHGEFAFHREE TR (P<0.05) ,
TE4F 48 KPR ERIL P AE, 0.08 mm R
LS1 H B HGETESS 48 KR TFin & T 1%

(P<0.05) , 7% 56 KEfFENE (E5: A)

—
(=)
(=]

rA

— — e
(= S T
(=4 (=]
T ds

(o)
(=]

H IR (mg-d")
The daily average release rate (mg-d™)
S o0
S S
40

[\
(=]

(=]

AfiE] (d) Time (d)

4 8 1216202428 3236 4044 48 52 56 60 64

0.10 F1 0.16 mm ZZREAS (1) H BIREHGH R AR & 7E
%52 RIETFRBETRE (P < 0.05) , 765 60
K535 A (8.3+3.5) mg-d ' Hl (10.742.5)
mg-d' (5: B) .,

3 WiE&®
31 itig

AP ERIRR B, FEE 15 mL a-JR 4
£ 100 mL ZZ R A BEHGE R 2 15 mL B R
BEHCE R 215 £, AT WAEIN K28 Bk (A3 1
UG, BRGHER B, X555 (2017) 1)
R R—3 7i4b, [FIMEAE 100 mL 22880,
50 mL o-JEME L 15 mL -9 K B0 SR 41
56.90% , 1 1t B 2 14 P4 Ak A 05791 o th S 52 T g
R —AEEFNZE, v Ll ik & 95 a
AR RECR . B, 15 Al 100 mL 2R
JREH 1 H B R AE 278-918 mg-d ™' Z[A],
AR T EE R B R ARG 2, AT LR KA
TR 22 R b i 2 A i B AR 2 i A B ok S B
a-JRIG S YIRS B R 200 mL (15 209
BHH, BEHCGEZEN 4 000 pL-d ' (BEEREL
2013 ) , 1fi 20 mL o-JR M 7E 2 R4S i (R RS il R
J32gd ' (Tealeetal., 2011) .

L A B A2 1 o R I R 5 R R AR
MR 56, BERRREIRIRNE | KDL

60r B
a —=— (.10 mm

W
(=}

N
(=}

HIERE R # (mg-d!)
S

The daily average release rate (mg-d™)
w
(=}

—_
(=4

0 1 1 | 1 1 | | 1 | | 1 1 | 1 1 |
4 8 1216202428 3236 40 44 48 52 56 60 64
AtiE] (d) Time (d)

B 5 AEEEZBREEPELZYBHBMERHNETT
Fig. 5 Dynamic daily releaserate of plant volatilesin different slow-release bag
A.0.02, 0.04 1 0.06 mm JEEZRELS; B.0.10 1 0.16 mm JEEERLE .
A. 0.02, 0.04 and 0.06 mm slow-release bag; B. 0.10 and 0.16 mm slow-release bag.



24 BHEFSSE: GRS W R ALY 14 5 0 R R 1) S - 627 -

HIF D4R Z (Gallego etal., 2008 ) ., RAEHE
A2 AT LAGE 3 G RS RE I T ML R, T
1 RE JEE ]l B AL 2E P 0 A B 228 ( Hodges
et al., 2004; ZE2EBRAE, 2015) , PRI W] LA 24
TEPRHERE A T 2 R o AR SCER BRASIA 0 45 2 ik
TN, GEREAR I RE JEEXHAE P45 2 W H 2R i
A WERW, AT 2 mL -3-C B
0.02-0.16 mm ZZREAS Y H M REHGE R AE 31-
111 mg-d ™" 2 [], a] DLk 2 H 2% RO o AR (4 B
HRIK-,

FEZRBERARFERAIN 1, 100 mL ZRSH+
15 mL o-JRMZH & H 4R BAES 16 KTt
WREE R, M 15 mL ZZRIH+15 mL o-JRM 2
A H I KBRS 46 RA TR R, i,
A R /N GR RE LA AR k] LA B SE K 5 13
FIFSANAROR . 1 100 mL ZEBH+50 mL o-
TR A WA LA E] 50 d LA _E R, A,
HEGRBIEAZIEOLT , 8k &7 st ]
PLIE ) E K 5 A RIRR800 0 B 1

0.02 mm ZZBE4% H B REHUE R T REIEH P,
FRRO R AA 16 d, 1M 0.06-0.16 mm ZE B4R
HR AR E, RO LIk E] 50-60 do Bk
HRAMERRZERRL R DR, TEE R HTR
T RRAEREfS , AT LR HAE B R RO 7 d
$2E%3) 14 d ( Yasui et al., 2021 ) . A CHH7EZRE
SEPIRIN T B RAC R, SRR SRR,
A LR B 3 K RO i B

FER B BRI =R b, T KR
R B 1A, ORERT LA B8/ 0 B i, Y
BNT AR B, B, i g B Ao
WA EE,

ARSI R HC T R A2 B A T S %
AR R B, 18 A A IR R WSS 5
R T2, — B H S BGERAE L T2 e sk
HILTZ w2z, s B R AR E M H
BIREIGE R N, — ek 2 T 2 AR KOF
(ZEPRHESE, 2012), WHATREEGIE M RERk Ik,
AN EANAS TGS SR 46 , (EAS Pl — 98 iTie

32 &g
ATHIF 5 v W A B0 4 2 ) T 3 R I 9% TR 2R,

I ] UARZE R 50-60 d (100 mL ZEBHi+
15 mL o-JR % A1 0.02 mm 2% BE48+2 mL JIi-3-C 45
BERRAL ), B —aMERIIRE, ARG IR E
Az 1 R SRRSO A R, AR SO 45 5
IR iEu e S N CIEAY AN NG 8§75 22 - 2NV 9
AN TR A B A T 55 T AT DLGK B B 4
R R B Y, DA R R R A5 AR 7
B NS @ 1 R ot I e sl W Sl S A B3 1| g .
IR B U —E S5, I R I AN 3
B PR AR SR

Sk (References)

Bruce TJ, Martin JL, Smart LE, Pickett JA, 2011. Development of
semiochemical attractants for monitoring bean seed beetle,
Bruchus rufimanus. Pest Management Science, 67(10):
1303—-1308.

Byers JA, 1988. Novel diffusion-dilution method for release of
semiochemicals: Testing pheromone component ratios on
western pine beetle. Journal of Chemical Ecology, 14(1):
199-212.

Chenier JV, Philogene BJ, 1989. Field responses of certain forest
Coleoplera to conifer monoterpenes and ethanol. Journal of
Chemical Ecology, 15(6): 19291945

De Vlieger JJ, 2001. Development of a sprayable slow-release
formulation for the sex pheromone of the Mediterranean corn
borer, Sesamia nonagroides. The Environmentalist, 28(1):
45-48.

Evenden M, Gries R, 2010. Assessment of commercially available
pheromone lures for monitoring diamondback moth (Lepidoptera:
Plutellidae) in Canola. Journal of Economic Entomology, 103(3):
654-661.

Fan JT, Meng JG, Baode W, Zhao LL, Sun JH, 2013. Field trapping
the Japanese pine sawyer Monochamus alternatus Hope
(Coleoptera: Cerambycidae) using an aggregation pheromone
and host volatiles. Chinese Journal of Applied Entomology, 50(5):
1274-1279. [$#HEE, FRE, Baode Wang, #XFTi, FMTAE,
2013, RALMERE SR YR BRI SR A I 5754
FEF. R E H224R, 50(5): 1274-1279.]

Fan JT, Zhang DY, Zhang ZP, Meng JG, Wang YP, 2014. Feeding
behavior of Monochamus alternatus and its relationship with the
host volatiles. Journal of Zhejiang A & F University, 31(1):
78-82. [BEgERE, whAH, FHE, HEE, TIOF, 2014, #
BRAWEAT N MG T TRV R, IR =%
1, 31(1): 78-82.]



-+ 628 - o B 3244 Chinese Journal of Applied Entomology 60 %

Gallego D, Galian J, Diez JJ, Pajares JA, 2008. Kairomonal
responses of Tomicus destruens (Col., Scolytidae) to host
volatiles a-pinene and ethanol. Journal of Applied Entomology,
132(8): 654—662.

Gharaei AM, Ziaaddini M, Frérot B, Ebrahimi SN, Jalali MA, Reddy
GVP, 2020. Identification and evaluation of four cucurbitaceous
host plant volatiles attractive to Diaphania indica (Saunders)
(Lepidoptera: Pyralidae). Chemoecology, 30(4): 173—182.

Hodges RJ, Addo S, Farman DI, Hall DR, 2004. Optimising
pheromone lures and trapping methodology for Prostephanus
truncatus (Horn) (Coleoptera: Bostrichidae). Journal of Sored
Products Research, 40(4): 439-449.

Johansson BG, Anderbrant O, Simandl J, Avtzis ND, Salvadori C,
Hedenstrom E, Edlund H, Hogberg HE, 2001. Release rates for
pine sawfly pheromones from two types of dispensers and
phenology of Neodiprion sertifer. Journal of Chemical Ecology,
27(4): 733-745.

Jordan TA, Zhang A. Pfeiffer DG, 2013. Blend chemistry and field
attraction of commercial sex pheromone lures to grape berry
moth (Lepidoptera: Tortricidae), and a nontarget tortricid in
vineyards. Environmental Entomology, 42(3): 558—563.

Knight AL, 2003. Testing an attracticide hollow fibre formulation
for control of codling moth, Cydia pomonella (Lepidoptera:
Tortricidae). Journal of the Entomological Society of British
Columbia, 100: 71-78.

Li QY, Liu JL, Zhao LL, Ma RY, 2012. Applications of slow release

technique of sex pheromone in pest control. Chinese Journal of
Biological Control, 28(4): 589-593. [ZEpEatE, X4 e, &,
g, 2012, SEREEORTEMER S RPNAHE RPN, P
HYIiIR2ER, 28(4): 589-593.]

Li XL, Kong XB, Zhang SF, Wang HB, Zhang Z, Yang MF, 2015.

Researches on the release rates of four types of insect
semiochemicals from four dispenser types. Scientia Slvae
Sinicae, 51(12): 63—70. [Z=2¢ 3k, fLARNE, BKI507, IR, 7%
H, Wik, 2015, 4 RE UGB YTEAR SR L
RYRERE . MolkB2E, 51(12): 63-70.]

Liu XL, Zhang J, Yan Q, Miao CL, Han WK, Hou W, Yang K,
Hansson BS, Peng YC, Guo JM, Xu H, Wang CZ, Dong SL,
Knaden M, 2020. The molecular basis of host selection in a
crucifer-specialized moth. Current Biology, 30(22): 1-7.

Liu L, Sun LN, Zhang HJ, Qiu GS, Yan WT, Yue Q, 2022. EAG and
olfactory behavior responses of Carposina sasakii female adults
to 22 volatiles from apple fruit. China Fruits, 221(3): 69-73. [X1]
B, PNIEHE, SRVRIL, DA, EISCH, iR, 2022, BMVELG
SRR O IERIREE 22 FE LY EAG FIRRGEFT .

ERARE, 221(3): 69-73.]

Lu W, Hou ML, Wen JH, Li JW, 2007. Effects of plant volatiles on
herbivorous insects. Plant Protection, 33(3):7-11. [J5{F, 5%
R, SCHEE, BRI, 2007, FEHHE AU A Y B AR B R
WAL FEYPAY, 33(3):7-11.]

Ma T, Wen XJ, Li XW, 2012. Research advance in artificial
synthesis of insect sex pheromone. World Forestry Research,
25(6): 46-51. [hiF, IRFHLE, 222430, 2012, RAEMFEERA
TABEARMITE R, ML, 25(6): 46-51.]

Qin JD, 1985. The relationship between insects and plants. Bulletin
of Biology, 20(10): 16—18.[#f21&, 1985. R SHHMIMCHK.
HEWpeFiE R, 20(10): 16-18.]

Ren LL, Balakrishnan K, Luo YQ, Schiitz S, 2017. EAG response
and behavioral orientation of Dastarcus helophoroides
(Fairmaire) (Coleoptera: Bothrideridae) to synthetic host-
associated volatiles. PLOSONE, 12(12): €0190067.

Ruther J, 2004. Male-biassed response of garden chafer,
Phyllopertha horticola L., to leaf alcohol and attraction of both
sexes to floral plant volatiles. Chemoecology, 14(3): 187-192.

Teale SA, Wickham JD, Zhang F, Su J, Chen Y, Xiao W, Hanks LM,
Millar JD, 2011. A male-produced aggregation pheromone of
Monochamus alternatus (Coleoptera: Cerambycidae), a major
vector of pine wood nematode. Journal of Economic Entomology,
104(5): 1592—-1598.

Torr SJ, Hall DR, Phelps RJ, 1997. Methods for dispensing odour
attractants for tsetse flies (Diptera: Glossinidae). Bulletin of
Entomological Research, 87(3): 299-311.

von Arx M, Schmidt-Biisser D, Guerin PM, 2011. Host plant
volatiles induce oriented flight behaviour in male European
grapevine moths, Lobesia botrana. Journal of Insect Physiology,
57(10): 1323-1331.

Xu ZH, Cui SR, He Y, Li D, Zhao M, Zhang X, Yu LQ, 2004. Plant
secondary metabolites and their effects on insect management.
Plant Protection, 30(4): 8-11. [fRIEH:, BZI%E, 755, =i,
B, SRR, ARANTE, 2004. RO BRI BB,
TEYIRY, 30(4): 8-11.]

Yasui H, Fujiwara-Tsujii N, Kugimiya S, Haruyama N, 2021.
Extension of sustained pheromone release for monitoring an
emerging invader, red-necked longicorn beetle Aromia bungii
(Coleoptera: Cerambycidae). Applied Entomology and Zoology,
56(2): 291-297.

Zhang Y, 2017. The study of the semiochemical and dispensers of
Monochamus alternatus. Master dissertation. Guangzhou: South
China Agricultural University. [5K¥i, 2017. #ABKAF B L
YRS ZEREARITE. LA 003 T M AR R ]



