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Abstract: To understand the release dynamics of the three thrips aggregation pheromone compounds,
the extraction efficiency under different pheromone doses and solid phase microextraction (SPME) ex-
traction time was investigated for the three thrips aggregation pheromone compounds from two kinds of
dispensers by using SPME and gas chromatography-mass spectrometer (GC-MS). The effect of storage
temperature on the release rates of aggregation pheromone compounds from dispensers was also investi-
gated. The results showed that, for both dispensers, the SPME fiber extraction efficiency of the three ag-
gregation pheromone compounds extracted for 60 min or 120 min was either not significantly different,

or significantly lower compared with extraction for 30 min. The doses had significant effect on SPME
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extraction efficiency of the three aggregation pheromone compounds: the higher the dose, the higher the
extraction efficiency. Consequently, the optimal experimental conditions for release rate measurement
were 30 min of SPME extraction and 100 pg of pheromone compounds. When stored at room tempera-
ture (25°C) , the release rates of the three aggregation pheromone compounds from two dispensers were
the highest after stored for 2 d; the release rates then decreased with the storage time. By contrast, when
stored at —20°C, the release rates of the three aggregation pheromone compounds from two dispensers
either stayed stable or fluctuated along the storage time, but for 56 d, the release rates were consistently
higher than those stored at 25°C. The results indicated that storing at —20°C could greatly reduce the
loss of pheromone compounds during storage. Consequently, —20°C is recommended as the storage tem-
perature for aggregation pheromone dispensers.

Key words: aggregation pheromone; dispenser; solid phase microextraction (SPME); release rate; stor-
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] B 3 30 o A IR SR AL e B, VR
APtk T B RINETHR AN EY) B Wy B
FH (Lewis, 1997) . HBITEABRMi LA Hank
YEW1E 1B RS 3 A B R 32 A i) L Ja (1) e
i) 5y Thrips palmi A€ 5 J& 1) 4£ %] 5 Frankliniella
intonsa PG AL #] T F occidentalis %5 (Lewis, 1997
Wang et al.,2010;Reitz et al.,2011), H T&ij 5 A
(NN Y WAL & Nl sk i e e
i) {5 B R 5T S ARSI 5 B 45 b B Rk 1
P OO SR AR B R M ) iz, SR
B By YA L fE ] L AR ] S
Ly Megalurothrips usitatus F122 K 5 M. sjostedti 1)
REGE RO B Y0E (FESF ,2019a, b; Niassy
etal.,2019). PUAEH] T FIIEH] D RAEFE R E FE
TEPERL AT AR TR, 358 (S) -2-H 3L T RS AEBE A1 (R) -
CTRFEACHE  AH3X 2 28 43 B4 Tk Eb 491 7 P4 A6 i
LA i) rh 22 5 4E 5 K (Hamilton et al., 20055
Zhang et al.,2011; BLIHE =55 ,2012) o AR & Hy (1) 5
A5 B R IG5 5 AL B RN PG AL & SR [A], 2
I PEZH 534 (R)-3- Wk -3- T R FE A B i (Akella
etal.,2014) . FoFTHE Wos , 22 K i B ke R g
g = RS BR , HFRE I (R)-3-T IR
A EHE A (R) - FEAC KLY (Niassy et al., 2019) ; 1 3
R ET R R B R AN EE &5
LTRTR (ZFHedESE,2019a) o BT PUAES] T LR 5
REMFEBRIMC I L SR80 195 i, e 5
Ak (B4 A 38— i (B ZORAF , 2015a,b) .

T RAFEERNA S Z BAE L, TEAK
M T G R AR, T E S D Z R E R
=R I I AT DL B A B ik (VikoC et al.,
1988). RHEERIF LMW SEETEERR

TR 23 46 DR 3R B UIAH DG ORI R SRR XI 59, 1996) , T
ot rp B AUE BB MR A7 R R SRR
AT RS e o Rt 3 5 2 R 3R 52 ) (R IR X
E17,1990) . [FIM, B HAE B R B TR 5 L
T AR S AR [RRE 23 R A B R I IS Ak
it o PRI, B A Th A5 R A A A R = S H
SRR AR AT B R 5O A N H B A Y
SR
[EIAHIHZEHL (solid phase microextraction, SPME )
e R AL AR S AT AR BREOR gz T 2
W S8 (fE45 4%, 2008) . SPME HjC TR H
7R/ Hr %€ (Hamilton et al., 2005 ; fLAF 5SS
2010; XIAL 5545, 2018) BT AT (4= e 2 55
2017) %577 i, SPME (4 BN I 2 A 4 )
FHOG . 520 SPME (14 PR 23 A0 56 R i it FE i pHL A
BRUHST [] A€ B B AR B2 PS4 (Ridgway et al.,
2007 ; Wardencki et al.,2007) . Bid#Fos 45 R FH
2 [# Supelco 2 7] A SPME #£ B3k (polydimethylsi-
loxane coating, 100 pum) 7] F F#i 2 RAE (5 B R 4 7
19 43 #1 (Hamilton et al., 2005; Zhang et al., 2011;
Akella et al.,2014) . SR, XTI 5 B BER A
T BUREEAT B R A o W 2 R o R W
I, AW 5% R H SPME FIAAH {8,35% - 5 i (gas chro-
matography-mass spectrometer, GC-MS ) ¢ F 4 AR il
TE SPME ZE Ik 0 4 (AR S ZE I PV C A 2 i L4
PRRE Y 3 Al N T4 BUR AR5 8 3R 4 43 1 22 B
2, BTy SPME Al GC-MS H AR A 7 ] 2 A5 B
BRI R I () B I 25 A, TRD I3 B fi e O 2 Xk 75
O HVE B R A BHCE R AR, RS AR
s I SR AR BT B, DA D) Sy i) 5 SR AT LR
PR BEHOAR A%
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2153 (R)- L TR FEA L ((R) -lavandulyl acetate) il
(8)-2-H JE T R ¥ AL T8 (neryl (S)-2-methylbutanoate )
% & Hamilton et al. (2005) J5 4 1%, 415 >98% , Jig
TSR =99% 5 B ] T TREAE A B R 415 (R)-3-H
Fe-3- T TR FE A LS ( (R) -lavandulyl 3-methyl-3-
butenoate ) §% i Akella et al. (2014) J7 5%, 4l &>
98% , eGSR =99% .

AR VPR 2 BT I LT N R R A
BRIIZILIERMPVCE . SEAKRIGILIELIE 1 cm,
K 1.5 om, I FALI REE D A R A R L A
HETHIE CBEiRH 24 h, T 80°CHET 2 h, FFIE O b
PR T 5 8 A% B i b 4 F s PVC 48 AR
1.2 mm BEJE0.25 mm ., K 8 em, I T4 FIAR A
B THRAH

TR BANER : 99% 1E C kot , (i ali, 1 I/ Hi fk
SRR PR ] HARRRE o B = bt AR
AR T Bl R AR R A Ik 4R, A Gk [
FEAH R I Ak AU, [ AR 2R EE A 100 pm,
3% [ Supelco 23 F) ; QP2010 Plus S AH (3% — i 1 1k FH
1L, HAS S N 7] s GXZ R RE R IR B 3748 , Tk
FANEEE)E TN
1.2 Ak
121 RER G ZHn4nfwKey 1k

FIFHIE CBEE o i (R) - TR SEA R TR A e
$90.1.10.50.100.200 ng/uL R AN ¥4 (S)-2-F
BT TRFSAERE AN (R)-3-H HE-3- TR 26 A B iR 4
B 0.1.5.10.50 ng/pL RFNHE , 537 ML 3 FP R 4R
15 B Z UL B VR EE DUV 1wl T 515 GC-MS Bk
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Sl 3 P ERAESE B Z AR S H g m A )
Frifeh 2.

GC-MS B AL TAE 2544« 354 Rxi-5MS, K
30 m, A2 0.32 mm R 0.25 pm; oo HEFE ; 72
TR : 40°CAR4% 2 min, L 10°C/min TF3] 120°C )
PL6°C/min F+#] 180°C , F-LA 10°C/min F+51 250°C , £
F¥ 1 min; #FAE 1T IRJE S 200°C 5 3 AW He (>
99.999% ) ; &5 - E1, B I B2 230°C 5 U ZAT il
JE150°C ; HLFRE 1= 70 eV ; F1 4 i i 7 [l T 35~
320 amu Z 8] (Zhang et al.,2011) . S5 Z A
533 B 5 2 A AR B 4HF B9 NISTOS i K1 12 12 3 Fp
A S Y B A T LEXT

1.2.2  SPME F Bk af R 245 8 B R 0yl 2

FHRS W R R 23 5INKS 710 2R 1,10, 100 pg
(1) 3 FP R AR LR AL A SR AR IS SE M PVC & 2 Ff
A PVC A TERE S Wi FH AT KHLE O . B A5
g 1 s R 2 (AR S A TR E R 251 °C A X B
(60+5)% JGHR MK 14 L: 10 D BOGIRIEFR46 T,
2 h i R FHT0 25 SR AR 12 F) ] SPME 26 B Sk 43 1 26 B
MR R RS B ZE 4153 30,60, 120 min, %
HUHT B SPME ZEBCL AR AR (8 3% A 11 7 200°C
TG h, DA BRAEHCK T R 2 T AEHR,
AR AR R A 20 mL B B A RE O
H A Gk R SR R T A B A B R
23 A 2 AR BT R AR S B R 0 2 P AE
FERRFR I AR AE U ) A B R Y 3K E R .
1 GC-MS B A 2 AN [R] 5] 22 AN [) 26 s [|]
SPME #£ B it 28k (AR il 1) 3 A R A5 18 R I AE HL
BOR, TAEZMR 1.2.1, 2T GC-MS B AL 53 #r
193 3 Fp AT B 0B T i g i AL, AR
P 1.2.1 FrAspnife i 263155 SPME A Bk X 3 F 2R 4
FE RN ARG, IR AL ] N SPME 2Bk
P RAEAE B RN AR, LU R E G B R R
FEREEURA:
1.2.3  5RUR AT F RS B EBSGR R0 Fm

FRAE 1.2.2 9 1 H R B A AR B ARA: , 43 s vk
100 pg ) 3 FPERAE(F B R 45 - RS W AG FnE AR
INALR OGN FER PVC 4 2 Fha ik PVC 45 R
JE s T KL o Rl A R A A
AT S AR R 25£1°C AR B A (60+
5)% JERE T A 14 L2 10 D AYYG IR B 3246 fn-20C
VKA L B 2 d S B SR T2 R RE 1R R
SPME #£ Bk 2 B 30 min, ZE BT kTR 1.2.2, 58
S o o AR I e DR AR B AR N, 2 e
7 dFE R EIR RN E 1R ESEIAE 8 IR . FEFP I
(5 B R AR AR AR R PP RT3 4 1K
HE, i GC-MS B & g Fh kA B
T EE R R 3 IR AR B R B A, TR
PR 1.2.1. 3EF GC-MS B/ A5 51 3 Fh R 4R
TR R R U R I R AR 1.2.1 BF R4S
HE 2RI T3 SPME A Bk X AR B R A B,
Piman - AR PANIEITAE 5 YN Nep == DNk
Tt 0 AR SR A B R BGH R A 52
1.3 HiRaH

IR I6 B8 B FH SPSS 16.0 B4 #4748 343 Hr .
RAEAT B L 5370 et AR IR ) o g e 2 A R
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#2011 (two-way analysis of variance , two-way ANO-
VA), ¥ 1] Tukey HSD V£ #F4T 22 7 W kA 40 . 2 %
Fotrh 3 PP IR AE(E B R A 507 2 P AE R B R R
TR LR — e e AR v iy i A N 5y 2593
Hr. K H Sigma Plot 12.5%4AEK .
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2.1 SPME ZEEUS IR ZE AR &S B EMEERBE

TELR ORI FE AT A5 B Z R X 3 Fh IR AR
SR 51 SPME A BRI 1 35 52 ), 2 U
(]SO0 (R)-3-H J-3- T M TR 36 AX HE R ) SPME A5 1L
RORAT 035 R 5 AR ] MR AR5 B R A= 128

HAEHIN(R)- R HEAHEBEAN (S)-2-FH T Wke AL e
() SPME AE BRI B & 52 (EXF (R)-3-F 3E-3-T
IR HEAC LR 1Y) SPME A< UHCRAT 550 (3R 1) .

AR AL BUR ] R, SPME A% Bk % 2 (745 Jie 28
3R R B R A (R) - R FEA FEE (30 min:
F,=162.069,P<0.001;60 min: F, ,=95.869, P<0.001;
120 min: F, ;(=326.900, P<0.001) . (S)-2-F1 3£ T R #5
£ 1 (30 min: F, (=162.069, P<0.001; 60 min: F, =
122.517, P<0.001; 120 min: F, =8.281, P=0.019) F/I
(R)-3-HJE-3- TG MR HEACHEINE (30 min: F, (=47.113,
P<0.001; 60 min: F, =20.251, P=0.002; 120 min:
F, =75.170, P<0.001 ) [t 2 HUAK 248 12 i 751) s 34 o i
WERR(E ),

F1 ERREMEEREFNEURAELENFRESRERMMIMREFEERANERRERNNEARAES

Table 1 Two-way ANOVA for the effects of extraction time, dose of pheromones and their interaction on the extraction efficiency

of three aggregation pheromone compounds released from green rubber septa

REGERMAS S EREE)E F p

Aggregation pheromone compound Factor df

(R)-Z BRTEAC R FEHU 1] Extraction time 2 1.715 0.208

(R)-lavandulyl acetate |+ Dose 2 118.962 <0.001
HE IS ] > 351 i 4 1.204 0.343
Extraction timexdose

(S)-2-H 3L TRIE AL R A BN ] Extraction time 2 0.176 0.840

Neryl (S)-2-methylbutanoate Fl+ Dose 2 55.538 <0.001
HE TR 7] 1) e 4 0.187 0.942
Extraction timexdose

(R)-3-H3L-3- TR HEAC Hi i A B ] Extraction time 2 13.022 <0.001

(R)-lavandulyl 3-methyl-3-butenoate I Dose 2 78.654 <0.001
AEEUAR ] <) 4 11.821 <0.001

Extraction timexdose

FHIFI A, SPME AEHEK X4 (AG I ZE 1 (R) -
LTRTEA HETE (100 pg: F, =1.369, P=0.324; 10 pg:
F, =1.860, P=0.235; | pg: F, ,=1.854, P=0.236) fll
(S) -2- H 3 T g 18 4 s (100 pg: F, ,=0.183, P=
0.837; 10 pg: F, (=4.419, P=0.066) it £ BUSCRAEA
[7i) A R ] =2 [A] 35 G J 2 25 5 (8] 1-A~B) . SPME
AR NT (R)-3-F -3 T T H A e i P A TR %
Wi 75 A LS (1] S A 177 4 2 AR (100 pg: F, =12.229,
P=0.008; 10 pg: F, =7.918, P=0.021; & 1-C) , H:#f
ZHX 30 min Kb B 4 3 1R T AL HL 120 min b3, P 3
LU 60 min b FEYTC 35 25 57 (8)-2-FH L TR
FEALHE AN (R)-3-F BE-3- T I i 3 A B PR A e I
1 pg B, B TR P 25 ARG T BR , AR AG I 21

24 FIRIREG 25 SR N5 S KB I 2 Y
HR B E AU ] 30 min R AE(E B R 100 pg
R ORI FERR AR 3 Fh IR AR B R K IR R

W ) e 250
2.2 SPMEZEELIT PVCEHRRER BRHIRERREE
TEPVC A HAR T, R 1 AU E] X (S)-2- F 5k
T RIS AETR 1Y) SPME A& AL TC 1 25 52 i A1 , 26 HL
B ] A 8 7 1 DA R 2 1 28 BAE DR 3 b SR 42
{5 B R4 31 SPME - BUSCR I A i 52 mm (R 2) .
FATRIAE BT[] R, SPME AEHSk X PVC 45 3 Fif
REFEBEASS (R)-LRFEA TR (30 min: F, ;=
117.142, P<0.001; 60 min: F, ;=99.097, P<0.001;
120 min: F, ;=1 050.789, P<0.001) . (S)-2-H 3£ T iR
FEAETE (30 min: F, =421.771,P<0.001;60 min: F, ;=
83.913,P<0.001;120 min: F, (=101.642, P<0.001) I
(R)-3-FE-3- TR A HEINE (30 min: F, ,=150.195,
P<0.001; 60 min: F, =408.079, P<0.001; 120 min:
F, ,=1137.450, P<0.001) 1Y) #& B3R 24 it 25 791 1 114
S e E R (1 2) .
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A: (R)-LIRFEACH TS ; B: (8)-2-HIHET WAL ; C: (R)-3-MAE-3- T R AR .
A: (R)-lavandulyl acetate; B: neryl (S)-2-methylbutanoate; C: (R)-lavandulyl 3-methyl-3-butenoate.
B 1 A[EZEEEE A EF ZAE T SPME B X4k B R ER A 3 R ERFE B RADMWERE
Fig. 1 The SPME fiber extraction efficiency of the three aggregation pheromone compounds released from green rubber septa
at different extraction times and different doses
P T B dl b P S B bR R o AN TR DR /N S Bk 3 31 2 7S R[] 25 R ) AN [ 50 k22 ) A [ 550 ek A ] 5 BB 1] 22 i) 28
Tukey HSD EHG I 7E P<0.05 /K -2 5 [ 3% . Data are mean=SE. Different uppercase or lowercase letters indicate significant differ-
ence among different doses for the same extraction time or among different extraction times at the same dose at P<0.05 level by

Tukey HSD test, respectively.
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Table 2 Two-way ANOVA for the effects of extraction time, dose of pheromones and their interaction on the extraction efficiency

of three aggregation pheromone compounds released from PVC tubes

REGFERAS IS A R r P

Aggregation pheromone compound Factor df

(R)- TR A K g BN E] Extraction time 2 25327 <0.001

(R)-lavandulyl acetate %I+ Dose 2 326.382 <0.001
FEHUT ()< 5] 4 20.846 <0.001
Extraction timexdose

(8)-2-H I T G ALl < B[R] Extraction time 2 3.461 0.053

Neryl (§)-2-methylbutanoate 7+ Dose 2 332.246 <0.001
AT ] > 1] 1t 4 3.371 0.032
Extraction timexdose

(R)-3-FJE-3- T I i B A iR HEIBU ] Extraction time 2 7.641 0.004

(R)-lavandulyl 3-methyl-3-butenoate 48 Dose 2 757.416 <0.001
HETRUT i) < 71) 1 4 7.242 0.001

Extraction timexdose

AH A &, SPME #E Gk X PVC & H1 (R) -2
T T A L 174) 2 HUBRAC % it A BT[] 74 SEE K T 40 25
(100 pg: F, =22.420,P=0.002; 10 pg: F, (=11.094,
P=0.010; 1 pg: F, (=20.931, P=0.002; [ 2-A) . 1E
100 pg #1110 pug ¥ , SPME # Bk X (§) -2- FH 3
TR AR AT 0 2 HURK R 2 HCERT 1) 1) S 4 1 2
25(100 pg: F, =3.638,P=0.092; 10 pg: F, ~0. 177
P=0.842) 7€ 1 pg i T, 25 120 min &b PR i 2
FAH 30 min 4 F (F, (=7.368,P=0.024) Jﬂﬂﬁ%ﬁ
AL 60 min AR TC i 22 5 (K1 2-B) o 7F 100 pg Al
1 pg M T, SPME Z Bk Xt (R) -3-H JE-3- T M i
A HEE 1) AL BCCRAE ZE B 30 min B 55 (100 pg:

F, =7.575,P=0.023; 1 pg: F, ,=12.016, P=0.008) , 7

10 pg M HE T, 3 AT ] b 2 1) 24 TG 4 25 25 5
(F, ~0.098,P=0.908; & 2-C) .

Zra IR s R AN S SR I RO 2 1)
FESR B E AU ] 30 min GRAE(E B R K= 100 pg
N PVCAEH AR 3 R RS BRI R AR &

R e S

2.3 fEEREXRRERRERE SRREMERN I
it MU E ot 2 (B A e ZE PP 3 R IR (S L R 4Ly

(R)- TR FE A B iR (F=4 546.086, df=1, P<0.001) .

(8)-2-H B T RRIE A£G (F=119.307,df=1, P<0.001)

F(R)-3-MEE-3- T IR PRIEACHR (F=141.556,df=1,
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P<0.001) R I A7 25 52 (1€ 3) o

FIR 25 CHME T AP R X aR (A s 2 3 Fh
RAE(GB R (R)-LREAR R (F=100.701 , df=
1.185,P=0.001; K 3-A) . (S)-2- 1 B T FRIE AL (F=
98.790, df=1.842, P<0.001; [¥] 3-B) Fl (R)-3- HI % -3-
TR TR AR BEHE (F=69.393, df=1.398, P=0.001; ||
3-C) M RE i 3 Fe 35 I 25 T, R T 8 I 45 A7 A
B ] 1) 4 2R TR AT . —20°C 2% AR T, A7 5 ] X6
LA IET (R) - LR AR (F=12.673, df=
2.132,P=0.006) I (R)-3-H JE-3- T MR HEA FE g (F=
5.101,df=2.360, P=0.039) ) & Jilt B KAt 3 52

TR0 R B s (] AR A A — 5 R AR, (R R AR PR R
o PR BT 285 {EL X (1§) -2- P 5L T TR WS A6 T ) R
R T A (F=3.514, df=2.032, P=0.096) , ¥
iR — R R KT (B13) o BRT (R)-3-F3E-
3- TN TR S AK R R P R S R E -20 °C T 25 °C R ik
92 d G 2 25 Ak, —20°C R i 2~56 d AR i
FEF 3P REG B RANNBHGERY B E S T=
T R R A 3 AL I B GE  ((R) - TR TR
K EE . F=4 546.086, df=1, P<0.001; (S)-2-FH 3T
FRAE AL : F=119.307,df=1,P<0.001; (R)-3-F %k-3-
TR A . F=141.556,df=1,P<0.001).

25014 . 9B, 309C A, — 28 min
i 27 4 = 60 min
. 200 18 4 Aar Ab — 120 min
= 2 150+ Ab - ' 244 Aab
22 100 Ab Ag 214
1 g 12 | 18
=1
4107 1 1
g 7] Baalicc 0 CbBabBa BaBbCab
T 1 T T T
100 10 1 100 10 1 100 10 1
FUIE Dose/ug

A: (R)-CRHAR R Be (8)-2-HEE TR C: (R)-3-HHE-3- TURAR AR Wl o
A: (R)-lavandulyl acetate; B: neryl (S)-2-methylbutanoate; C: (R)-lavandulyl 3-methyl-3-butenoate.
B2 A[EZEERA ) AR F 24038 T SPME B Xf PVC EH AR A 3 MEEESRHSHEIHE
Fig. 2 The SPME fiber extraction efficiency of the three aggregation pheromone compounds released from PVC tubes

at different extraction times and different doses
Pl P s S BRI TRI R /N SR 55 2 s R ) A% BT [R] AN ] 590 2k 22 ] A ] 78] AN ] 4% BBk i) 22 1] 28
Tukey HSD EAG I TE P<0.05 7K -5 5 B 3 . Data are mean=SE. Different uppercase or lowercase letters indicate significant differ-

ence among different doses for the same extraction time or among different extraction times at the same dose at P<0.05 level by

Tukey HSD test, respectively.

3509 A 301 B 307 C —25C —--20C
| R
2 £ 200 207 207
g 2 150 15 157
R 2 1004 104
S 10
EM 50_ \—‘—'—0—0—’_4 5 5_
0+ T 04
T T T T T T 1 0 T T T T T T T T 1 T T T T T T 1

T T
2 7 14 2128354249 56

2 7 14 21 28 35 42 49 56

T T
2 7 14 21 28 35 42 49 56
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Fig. 3 Release rates of three aggregation pheromone compounds from green rubber septa under two storage temperatures
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Fig. 4 Release rates of three aggregation pheromone compounds from PVC tubes under two storage temperatures
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