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Optimization of sex pheromone-based mating disruption products and their
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Abstract: To improve the control efficacy of sex pheromone-based mating disruption (MD) against ori-
ental fruit moth Grapholita molesta, an orthogonal design was employed using two carriers (polyethyl-
ene and polyvinyl chloride), two antioxidants (butylated hydroxytoluene and propyl gallate), and two
UV-protective agents (UV-531 and UV-P) to formulate four homemade MD dispensers. Two commer-
cially available MD products were used as controls. Field experiments were conducted in Pu County
(Linfen City) and Taigu District (Jinzhong City) of Shanxi Province to evaluate the effects of the six
MD products on moth catches, mating disruption rate, shoot infestation ratio, and field control efficacy,
as well as the pheromone release rate and stability. The results showed that the four homemade MD

products significantly reduced moth catches in peach orchards in Pu County (31-314 moths) and Taigu
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District (3—18 moths). The mating disruption rate reached 71%—-98%, comparable to or exceeding that
of the two commercial products. Regional differences were observed in field control efficacy. In Pu
County, homemade MD products #1 and #3, as well as the commercial long-lasting MD product,
reduced shoot infestation to below 5%, with control efficacy exceeding 50%. In Taigu District, all six
MD products significantly reduced shoot infestation to 5% or lower, with control efficacy greater than
60%. The pheromone release rate of the six MD products ranged from 0.249 mg/d to 0.522 mg/d. After
field deployment, the remaining relative content of the main pheromone component (cis-8-dodecenyl
acetate) in the four homemade products showed little deviation from its initial level. Orthogonal range
analysis indicated that antioxidants contributed more to field efficacy than UV-protective agents. The
effect of carriers varied by region, showing the lowest contribution in Pu County but the highest in
Taigu District. Based on all indicators, the optimal combination of carrier, antioxidant, and UV-
protective agent was polyethylene tubing, butylated hydroxytoluene, and UV-531 (homemade MD prod-
uct #1).

Key words: Grapholita molesta; sex pheromone-based mating disruption; carrier; antioxidant; UV-

protective agent; field control efficacy
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disruption products; SF and BY: commercially available long-duration and short-duration mating disruption products, respectively.
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Fig. 1 Moth catches in plots with different mating disruption products in peach orchards of Pu County (A) and Taigu District (B)
& Bl NS B R . ARG F B8 4 Games-Howell 6 56 725 46 56 2% 5+ & 2 (P<0.05) . Data are mean+SE.

Different lowercase letters indicate significant differences according to Games-Howell test (P<0.05).
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BLER K [ 22, #1-#4: Four homemade mating

disruption products; SF and BY: commercially available long-duration and short-duration mating disruption products, respectively.
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Fig. 2 Mating disruption rates in plots with different mating disruption products in peach orchards
of Pu County (A) and Taigu District (B)
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Data are mean+SE. Different

lowercase letters indicate significant differences according to Games-Howell test (P<0.05).
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disruption products; SF and BY: commercially available long-duration and short-duration mating disruption products, respectively.
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Fig. 3 Shoot infestation ratios in plots with different mating disruption products in peach orchards
of Pu County (A) and Taigu District (B)
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B ik n 22 . #1-#4: Four homemade mating

disruption products; SF and BY: commercially available long-duration and short-duration mating disruption products, respectively.
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Fig. 4 Control efficacy of different mating disruption products against Grapholita molesta in peach orchards
of Pu County (A) and Taigu District (B)
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Data are mean+SE. Different

lowercase letters indicate significant differences according to Games-Howell test (P<0.05).
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Table 1 Range analysis of mating disruption rate and control

efficacy in peach orchards of Pu County

Fetr L%y ik PrEAA  PUERAMER
Index  Component Carrier Antioxidant UV stabilizer
P[RS K1 164 189 173
Mating K2 168 142 158
disruption Xl 2 94 ’7
rate
K2 84 71 79
R 4 47 15
RELEN K1 67 107 94
Control K2 88 48 62
efficacy Kl 34 54 47
K2 44 24 31
R 21 59 32

K1 7K 1R K2: K 2 50R k127K 1398 5 42K
-2 H{E s R M 7% . K1: Sum of level 1; K2: sum of level 2;

k1: mean of level 1; k2: mean of level 2; R: range.
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it RS A G 1) R RT3 K 0.14% , AR 3 b 1 I PEAS L
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B R R 24#4(P<0.05, 18 5-A) .

R2 KERHEEEZESHNRED T
Table 2 Range analysis of mating disruption rate and control
efficacy in peach orchards of Taigu District

SN oy ik YA PURSNGH

Index  Component Carrier Antioxidant UV stabilizer

s K1 186 177 179
Mating K2 175 183 182
disruption l 93 89 89
rate %) 87 92 91

R 11 6 3
REEES K1 140 139 139
Control K2 133 133 134
efficacy Kl 70 70 69

k2 66 67 67

R 7 6 5

K1 7K1 K2 K2 A5 k1K 1 394E 5 k20K
2 ME s R: M 2% . K1: Sum of level 1; K2: sum of level 2;

k1: mean of level 1; k2: mean of level 2; R: range.

FERAT X BRI, 7 #1~#4 PUFR F FE(S B E 4k

Tia] 2 v - 8- il s T i T P 194 R %% 2 2 1) Ay
63.14% .72.86% .68.00% .80.29% ; TE#1~#4 VU Ff [
PEAF B2 2 1) 22 TP S -8- B s T I R 1140 4 X
TR 05 TE#L~#4 VOB HIEAF B R 2K ) 22
JIBE -8- - ik s B %) AH 6 B i 4 A 20.00%
23.14% .20.71% F119.43% ; 31X 3 Fel 737 4 Fh [ Hil 14
GRRRMLhEFALE, 5 AN 2. 1F
#1~#4 VUFP A 6 MEAE B2k 22 v k- 1-FERY A
Xt A N 16.86% .3.86% . 11.14% .0, PU 3 2 [i]
255 3 Hoh B RIPE AR B R A ) 2241 TR R AR
AR, W T E IR S R R 0 2242 A4 (P<
0.05,&5-B).
3 g

JESCHENAE (2024) WFGE 45 Bos 4 Fp DS B
AR A 220 B VB U R 17 R 24 15 1 80% . St
JHAE (2011) 7EMk Fel A7 B i 85 PR A5 B 32 28 17] 22 450
900 1 1 350 #/hm? , HXT AL /N0 LR K 1] 543 5
4 67.80% .80.14% . 89.29%., AW 5% 45 R 4 Fh
H P R B 1 22 5 PR TR G B R ik m 221y
A G 2 AR i, X AL/ VRO ORI B Y R
RO, Hor 4 o 3 AR S 3R 0K ] 22 1 i ] 324
T 71.00%~98.00% Z.[b] , PN T A5 B 28 2K n] 22
B 28 1] 24 T~ 58.009%~96.00% =2 [i] , 2 B A 55 1
il ) 4 Fhp A B 2R K [ 22 6 ok 1) 2R 1 55 4 7= A
M H ARG AL A ARk R R EAR

R3 EHEMASRREAREERRE@LPERRNRNERR B 3HEEN

Table 3 Dynamic changes in pheromone release amounts of different mating disruption products over time in peach

orchards of Pu County and Taigu District

.‘f i Jﬁ‘: . 17'5 12t R 3 & Pu County Qj%ﬁjiﬁi(ﬁlé Taigu District
Mating disruption product s ] R’ P 7 ] R? F P
Linear equation Linear equation
#1 y=1.901x-1.783  0.960  168.580  <0.05  y=2.280x-3.557  0.837 36.045  <0.05
#2 »=1.519x-1.750 0982  371.654 <0.05 »=1.337x-0.636  0.886 54378  <0.05
#3 y=2.864x-2.973  0.975 275568 <0.05 y=1.878x+0.507  0.945 119.271  <0.05
#4 y=2.758x-3.827 0971 231.874 <0.05 y=2.470x-1.704 0935 101.133  <0.05
SF y=1.468x-2.698  0.911 71.807 <0.05  »=1.391x-2.703  0.870 47.053  <0.05
BY y=1918x-1.684  0.982 375.624 <0.05  y=1.289x-0.708  0.913 73.829  <0.05

#1~#4 - ATl HIPERS BR 2K 1 22 5 SF R BY « & KA SUN P E MR RSO PR B ZGR 1 22 I E] 5y - PEAR B Bk 0 22vh

PAs B E W B i . #1-#4: Four homemade mating disruption products; SF and BY: commercially available long-duration and

short-duration mating disruption products. x: Time; y: pheromone release amount in mating disruption products.

AWFTEEE R s e B F R B 2Rk 1)
22#1 A3 DAL B R AR RO PR A5 B 3R 2k 1) 22 X AL
ANELG BT RO , AR TR A R 2 59 LI

N FERATIX 4 R B VAR R ARk 1 22 5 PR T
PEAR B 2k ) 22 2 nD s 47 A R B PR = 5% LI
L XERU IV B B A B A LI 4 B
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PR B2 2k (i) 22 83 EL AR B ] i FH ) Bl 3k 43
WA T 31.009%~58.00% F1 66.00%~73.00% 2 [a] , P
Tl B B 2 2 1 22 i EL AR 4 XK e 11 H 1)
B4 I T 38.00%~65.00% F1 60.00%~73.00% 2.
] o PEA S R I 2 7E AR XU ALV O HU Y ]
Bl TR R AR i BBk el D PR ] BB A Xk el 1Y)
ALINE D HUR R B /N T BBk P . Sower et al.

(1975) F1 Palaniswamy et al.(1982) [F]#4% i bifi % 1k
s HURPHE 5 B 038, PR A5 B 2R R 28 BE AR 41 i &%
SRR, PR R Ay B e A RS D) B4R T 3R, 28 e A T
R EL RV BDE . BEAh, BNV HURE R
FA 2RSS AR, (45 H 1] 272 D) 4 1l HRO K 44
e, SEEES TR B 1 22 B AL (Kong et al.,
2024).

8- ZBRIFEEBE TR (Z)-8-dodecenyl acetate  wmm )ifi-8-+ —BRIBEE (Z)-8-dodecenol
= X-8-T BRIFEEEEERES (E)-8-dodecenyl acetate == —+—J-1-B¥ Dodecanol

100 1 A

80

HXHE & Relative content/%

A5 30 3 1A 25 0 A e IRAE i Sk el o 2k
Tia) 22 [ 34 (1) 52 M) ER R 81 /MU & Bt AR R e 25 41
SRR AR AR 5 T E A DX el o) 32 i) 22 B 55 P9 2 i)
R BN IMK R # AR B LRI RIS . X
Fh 22 5 0] BE -5 P A b BB A DA O . i Bkl
Hi 5T LT, SRR 1250 my, 3R BRI 1] S 245
TR 15~29 °C, BB 4 119.7 mm, 73 XU R
9.2 ~13.3 km/h, Y JERIE , GRS EHT . RAR A
5T LI, ¥R 24 870 m, i 56 31 1] S 1 < IR N
15~30 °C, 5 [ F & K 44.9 mm, 3 XU hy 7.3~
9.6 km/h, Bk REAIR R , ERTF R MR, BT
Bl X R AN 35 A A b DX B i ok v 390 4 A o
AT LEPUEINEAN A, SA SRS RAH 5 .
PR Ak el AR e A2 5 340 A RIS S R 2k ) 22
#1 (PE # A +BHT $it 8 AL I +UV-531 BT 2S5 )
A ) 22 ST PE S B R IR ) 2 BRSO Y FERE
T BBk AT A 2 E LT i B R U EF B R ik
[P

BHT B4 A AL PERESE T PG (Millar, 1995; Kong
et al.,2020b) . ¥R 5%~10% BHT Ji7 % 5 452 - ik

a
80
a L a

60 60 4
40 - 40 -

a a a
20 < a 20 -
04 — ;i 2 - L —alb 0

#1 # #3 #4

1001 B

#1 #2 #3 #4
AR5 B E R L Different mating disruption products
Es5 EHEEAMAEXB)RE4FHEFIEEEZRELPHEERNENEE
Fig. 5 Relative content of sex pheromone in four homemade mating disruption products in peach orchards
of Pu County (A) and Taigu District (B)
B AR . AR LR ING TR 7R 4 Games-Howell Kz 3672 K56 2 57+ 8. 3 (P<0.05) . Data are mean+

SE. Different lowercase letters on the same color bars indicate significant differences according to Games-Howell test (P<0.05).

Acleris fimbriana Y375 7] 1 H ) KR 2000 AT &k 35 48 <
% 6~8 J# (Liu & Meng,2003) . Hi A UV-531
TR T UV-P, 3X 0] 58 55 9 F 4 o3 1) W e i K A1
%, UV-531 BE W% Wiz 240~340 nm B9 25406, XF 270~
330 nm 45 A1t B W G SR 5 ZU 5 i UV-P fig UL
270~380 nm 2851, W ISCUAEAE hy 343 nm., ARy 5641
TG T, e R R, B PR XU Y BE )t
JIr LA UV-531 %8 UV-P BE 5 4 0z 1500 i 0 < 19 45 411
I, NI ORAFPES B R o . ASIFSE a0 R 0 B A
KA XM b PVC A8 i 45 B 2 B HGH % 4% PE
W, 43518 0.268~0.454 mg/d F10.362~0.522 mg/d.,
A A4 (2022) W58 & 81 >4 PE 45 FI PVC & 43 1R
REARET BN AR SR R E 0 5
0.32~1.62 mg/d F10.71~6.86 mg/d, #AHF I T RS
TR R, 585 R AT RS 2K ) 22 Hh g i T A Ak
FURIBTEEANH . BEAh , AT F2 45 9 s T ) 5
FF PR B2 3B 0 0 -8- 1 e I S 7R G 1)
XS & AT 63.19%~80.3% Z 6], S0 AH XS &
(76.2% ) 2 538/, T W HIFRE 5 IR B A7 i -8-
T RS B BE TR TR -8t AR BT -1
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ALK o AN[F R AR B R AE Rl — 2 A gk
MR filn, X2 A (2012) F58 K304
FATE (S B3R DA PE A W 2k AR, Je8i 07 ES,27
Fa TR e | R ) R A SRR T AR I 1Y) ZS,E7 44
IR CHE %, HBE R 2R MRS B R B R AT
BRIIBEHGER . I, 242k F PE VR oA R
PEAG B R MR BG4 & BAR L& Py itk
ATEHTINE , ISR PR B R e ST EE
AWIE RGN E T AR AR BRI
AN X R /I U HUCPE AR S FR T JR] 2 ] RO 1 5%
Wi, B D vk B LR 2 A, B PE A5/ M #i4& \BHT
VERPUAATI T UV-531/E AP SR AN . Skii, 7F
AL/ INED O H P [ oRRf 2 J3  vm 1)v BBk Il A
5 L ZE 0k 1) 22X L 1) T SR (H— BB ] A T
AR B HTRS R IR A B B RCR . ik
T FIGERY IVE O R AR N S R R k)
FEAAE FH 0 B B ] R 2R EA T RIS, B X b A v
PEA B 2k AR AE H R 38 I AR RS X
AUV U AE R 2 SR T TR LR
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