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ABSTRACT

Hwang, J. S.**, Yen, Y. P.2, Chang, M. C.?, and Liu, C. Y.} 2002. Extraction and

identification of volatile components of guava fruits and their attraction to
Oriental fruit fly, Bactrocera dorsalis (Hendel). Plant Prot. Bull. 44 : 279-302.
(‘Taiwan Agricultural Chemicals and Toxic Substances Research Institute, Council of
Agriculture, Wufeng, Taichung, Taiwan 413, ROC; ‘Department of Applied
Chemistry, Providence University, Shalu, Taichung, Taiwan 433, ROC)

The volatile organic components of ripe guava fruit were extracted by solid
phase micro-extraction ( SPME ) and subsequently analyzed and identified by GC
and GC-MS to develop attractant formulations for female adults of Oriental fruit fly,
Bactorcera dorsalis ( Hendel ) . Results showed that 24 components were identified
from guava fruits, and among them, the contents with more than 1% composition were
in the following order of decreasing quantity: hexanal 32.97% , Z-3-hexenyl acetate
12.19% , Z-3-hexenal 7.29% , ethyl butyrate 6.18% , ethyl acetate 6.14% , S -
caryophyllene 5.01% , acetone 4.04% , ethyl hexanoate 2.88% , [ -pinene 2.43Y% ,
ocimene 2.09% , hexyl acetate 1.93% , E-2-hexenal 1.81% , butanal 1.45% etc. Nine
components of ethanol, acetone, ethyl acetate, 2-ethylfuran, toluene, « -pinene, S -
pinene, limonene, and cineol were extracted for the first time from guava fruit by the
SPME method. According to bioassay results in the net house, the single component
of either ethyl acetate or /3 -caryophyllene more effectively attracted female and male
adults of the Oriental fruit fly than any other single component. The formulations,
such as Yen-C, Yen-G, Yen-H, Yen-K, Yen-M, and Yen-O prepared from multiple
components, were found to be more attractive than other formulations. However, in a
comparison with ethyl acetate, their attractions were showed no significant
differences among themselves. Recently, three new formulations, JGS1, JGS3, and
JGS7, each was found to have three-fold higher attraction than that of either Yen-C or
ethyl acetate. Since they are potentially effective attractants, their modified formula
and bioassays need to be further studied. Fortunately, a new formulation was also
developed as 3% ethyl acetate or Yen-C added into a 50% molasses solution. The
attraction was increased to two-fold over the 50% molasses solution by itself, and this
novel and effective formulation will be recommended for use in controlling the
Oriental fruit fly in the field.

(Key words : Oriental fruit fly, Bactrocera dorsalis, volatile components of guava
fruit, attractant, attraction)

Corresponding author. E-mail: jshwang@tactri.gov.tw
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Table 1. The purity and origin of tested chemicals

Chemicals in Chinese Chemicals in English Purity (%)  Company
SRk Ether >99 Merk
55k Pentane >99 Merk
v 15k Hexane >99 Merk
i Ethanol >99 Merk
I Jﬂﬁf Acetone >99 Merk
e Dichloromethane >99 Merk
ok EIFI Ethyl acetate >99 Merk
RAELS Toluene >99 Merk
ko Ethyl octanoate (caprylate) >99 Merk
w I Hexanal >98 Aldrich
- @g’é@ﬁ Ethyl butyrate (butanoate ) >99 Aldrich
o it Hexanol >99 Aldrich
B-F AR B-Myrcene >170 Aldrich
el Limonene >97 Aldrich
o-FE R, a-Cubebene >97 Aldrich
R -2-s 1T E-2-Hexenal >95 TCI
’"EI -3¢ Vit 7-3-Hexen-l-ol >97 TCI
rh [ﬁ a-Terpineol >90 TCI
o BT RS a-Pinene >95 TCI
[3 ?“'h T B-Pinene >95 TCI
cl @{4 ¢ fﬁ Ethyl hexanoate (caproate) >99 TCI
Fi-3-c I f" 7-3-Hexenyl acetate >97 TCI
_4 i [fﬂ Hexyl acetate >99 TCI
H%HF Cineol >98 TCI
LR EE; 3-Phenylpropyl acetate >98 TCI
B-7 A B-Caryophyllene >80 TCI
3-f! Vﬁ BANIES 3-(methylthio)propanoic acid ~ >97 TCI
A@f( 2-FIREL-1-17) ﬁ 2-Methyl-1-propyl acetate >99 TCI
B-= EEH@‘ B-Ionone >95 TCI
CCTfRFIRLE Acetoin >95 TCI
R Acetic acid >99 Showa
E:éﬁf%ﬂjj[‘ Ocimene >50 Wei-The Co.
’"E-3-c a3 Z-3-Hexenal >70 Synthesized
ﬁ NS Myrcene >90 Acros
S LAl S Pyridinium chlorochromate >98 Acros
Fi ¢ @&fﬁ Cinnamy] acetate >97 Acros
F' Jips Benzaldehyde >98 Acros
HIPIpRT 4 ﬁﬁ Diethyl phthalate >98 Acros
A [ e Cinnamy] alcohol >98 Lancaster
H PP 4 Ethyl benzoate >99 Lancaster
2 F' LT JE{ 2-Methyl-1-propanol >99 Lancaster
Eas3 Styrene >99 Lancaster
K2 E&F' Jis] Methyl acetate >99 Lancaster
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Table 2. The retention time and area of volatile components of guava fruits isolated by SPME

method and analysed by GC and GC-MS with HP-5 and Carbowax 20 M columns

Peak Components HP-5 column Carbowax 20 M column
No. R¢ (min) Area (%) Rg(min)” R;(min) Area (%) R (min)”
1 Ethanol 2921  0.58 1.773 9427 1.02°Y 3.634
2 Acetone 3.082  4.04 1.881 6.099 0.32 2.642
3 Methyl acetate 3.203 0.70 2.000 -- -- --
4  Butanal 3.848  1.45 2316 - - -

5  Ethyl acetate 4.034 6.14 2.712 7.989 1.25 2.908
6  2-Ethylfuran 5915  0.79 3.881 9427 1.02°Y  3.150
7 Toluene 8392  0.96 6.000 12.608 2.75%% 4901
8  Z-3-Hexenal 10.054 7.29%Y 7292 18.199 5.31 7.422
9  Hexanal 10.139  32.97*% 7361 14.736 22.12°% 5.121
10  Ethyl butyrate 10218 6.18 7.732 12311 1.80 4.224
11 B-2-Hexenal 13.394 1.81 10.409  23.001 2.48 10.693
12 Z-3-Hexen-l-ol 13.695 0.94 10973  36.879 2.45 22.575
13 Hexanol 14.781 0.62 11.612 34871 2.71 20.870
14 @ -Pinene 19.078 0.48 15.674  12.608 2.75%Y 4897
15 Benzaldehyde 21.456 0.18 17.602 45236 0.17 31.182
16 [3-Pinene 22346 2.43 18.344 14736 22.12°Y 5.823
17  Ethyl hexanoate 24747 2.88 20919 25355 0.53 12.742
18  Z-3-Hexenyl acetate  25.388 12.19 21.510  31.630 19.14 17.600
19  Hexyl acetate 25.879 1.93 22134 27.695 1.18 14.769
20 Limonene 26.654 0.97°% 22775  20.889 1.04 8.275
21  Cineol 26.854 0.44°3 22932 21.963 0.89 9.493
22 Ocimene 27.694 2.07 23.748 24706 1.72 11.548
23 3-Phenylpropyl acetate 51.099 0.37 47.700 59.871 1.75 52.032
24 B -Caryophyllene 52.641 5.01 49957  49.820 8.52 35.672

Y The componens were arranged by the order of retention time from HP-5 column.
% The R¢ (min) from GC-MS.

Ya, b, ¢, d, e mean the area was overlap, and values followed by a and b were estimated.
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Table 3. The molecular weight and boiling point of volatile
components of guava fruits

Peak No. Components M. W. B.P.(C)
1 Ethanol 46 78

2 Acetone 58 56

3 Methyl acetate 74 57.5
4 Butanal 72 75.7
5 Ethyl acetate 88 77

6 2-Ethylfuran 96 92

7 Toluene 92 110.7
8 Z-3-Hexenal 98 120

9 Hexanal 100 131
10 Ethyl butyrate 116 120.6
11 E-2-Hexenal 98 146
12 Z-3-Hexen-1-ol 100 157
13 Hexanol 102 157.2
14 a -Pinene 136 160
15 Benzaldehyde 106 171
16 (3 -Pinene 136 169
17 Ethyl hexanoate 144 167
18 Z-3-Hexenyl acetate 142 169
19 Hexyl acetate 144 169.2
20 Limonene 136 176.4
21 Cineol 154 176
22 Ocimene 136 180
23 3-Phenylpropyl acetate 178 245
24 /3 -Caryophyllene 204 245
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Table 4-1.The chemical composition ratio of different attractants prepared

from volatile components of guava fruits for oriental fruit fly (mL)

No. Components G-1 G-2 G-3 G-4
5 Ethyl acetate 2.45 14.1 1.98 1.98
8  Hexanal 3.65 10.2 1.63 1.63
9  Ethyl butyrate 3.65 5.9 1.07 1.07
10 E-2-Hexenal 4.2 1.9 2.35 2.35
12 Hexanol 1.7 -- -- --

15 Ethyl hexanoate 0.95 3.7 -- --

16 Z-3-Hexenyl acetate 1.35 24 0.3 0.3
18 Cinnamyl acetate 0.85 -- 0.49 0.49
20 Cineol 5.55 1.6 1.22 1.22
21  Ocimene -- -- -- 1.59
22 3-Phenylpropyl acetate -- -- 1.06 1.06
23 [§-Caryophyllene 5.0 1.0 2.81 2.81
24 Ethyl octanoate -- 0.4 -- --
32 Benzaldehyde 0.25 -- -- --
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Table 4-2.The chemical composition ratio of different attractants prepared from volatile

components of guava fruits for oriental fruit fly (mL)

No. Components Yen-A Yen-B Yen-C Yen-D Yen-E Yen-F Yen-G Yen-H
1 Ethanol -- -- 636 531 531 531 3.18 3.18
5 Ethyl acetate -- -- 648 539 539 539 324 324
8 Hexanal -- -- 0.84 -- 0.7 -- 042 0.42
9  Ethyl butyrate 075 1.0 216 1.78 1.78 1.78 1.08 1.08
10 E-2-Hexenal -- -- -- -- -- -- 1.07 1.07
11 Z-3-Hexen-l-ol -- -- 024 -- 0.2 -- 0.12 0.12
12 Hexanol -- -- -- -- -- -- 0.1 0.1
15 Ethyl hexanoate 1.0 1.0 384 -- 039 -- 1.92 192
16 Z-3-Hexenyl acetate -- -- 0.12 -- 0.1 -- 0.06 0.06
17 Hexyl acetate -- -- -- 20 20 - -- --
22 3-Phenylpropyl acetate -- -- -- 2.0 2.0 -- -- --
23 [ -Caryophyllene 1.0 1.0 0.12 -- 0.1 -- 0.06 0.06
24 Ethyl octanoate -- -- 048 039 039 039 024 0.24
27 Myrcene -- -- 0.72 056 0.56 0.56 036 0.36
28 Methyl acetate 0.5 0.1 -- -- -- -- -- --
32 Acetoin -- -- -- -- -- -- -- 0.4
35 2-methyl propyl acetate - -- -- 02 02 - -- --
37 Benzaldehyde -- -- -- 0.2 0.2 -- -- --
38 [-lonone -- -- -- 02 02 - -- --
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Table 4-3.The chemical composition ratio of different attractants prepared from volatile

components of guava fruits for oriental fruit fly (mL)

No. Components Yen-I Yen-J Yen-K Yen-L Yen- Yen-N Yen-O Yen-2000
M

1 Ethanol 3.18 3.18 636 0.194 -- -- -- --
5 Ethyl acetate 324 324 648 194 -- -- -- 11.4
8 Hexanal 042 042 084 372 - 1.27 - 10.6
9  Ethyl butyrate 1.08 1.08 2.16 1.681 0.065 -- 0.065 3.8
10 E-2-Hexenal 1.07 1.07 -- 0.071 0.175 232 0.175 6.1
11 Z-3-Hexen-l-ol 0.12 0.12 024 -- 242 2205 242 38
12 Hexanol 0.1 0.1 -- -- 0.67 0.775 0.67 3.0
13 «a-Pinene -- -- -- 1.532 0.14 0.13 0.14 ~
15 Ethyl hexanoate 1.92 192 384 024 -- -- -- 16.7
16 Z-3-Hexenyl acetate 0.06 0.06 0.12 0214 271 022 271 152
17 Hexyl acetate -- -- -- -- 0.17 - 0.17 -
18 Cinnamyl acetate -- -- -- -- -- -- 0.21 8.3
20 Cineol -- -- -- 0.568 3.825 3.8 3.825 9.1
22 3-Phenylpropyl acetate -- -- -- -- -- 1.625 -- 23
23 [ -Caryophyllene 0.06 0.06 0.12 -- 037 3.59 037 3.8
24 Ethyl octanoate 024 024 048 -- -- -- -- 3.0
25 Cinnamyl alcohol -- -- -- -- -- -- 027 1.5
26  -Terpineol -- -- -- -- -- -- 1.33 1.5
27 Myrcene 036 036 0.72 0.158 -- 0.145 -- --
32 Acetoin 04 04 08 - - - - -
33 Ethyl benzoate 0.5 - -- -- -- -- -- --
34 2-methyl-1-propanol -- 0.14 - -- -- -- -- --
35 2-methyl propyl acetate ~ -- 0.08 -- -- -- -- -- --
36 Styrene -- -- -- 0.174 -- -- -- --
37 Benzaldehyde -- -- -- -- 0.735 0.13 0.735 --
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Table 4-4.The chemical composition ratio of different attractants prepared from volatile

components of guava fruits for oriental fruit fly (mL) "

No. Components JGS2 JGS6 JGS8 JGS9 JGSI0 JGS11 JGSI2
1 Ethanol 6.6 -- -- 1.0 -- -- --
2 Acetone 1.3 -- 0.1 -- 1.0 -- --
3 Dichloromethane -- -- 0.2 -- 1.0 -- --
4 Acetic acid -- -- -- 1.0 -- -- --
5 Ethyl acetate 13.1 - 0.1 1.0 -- 2.0 0.2
6 Toluene 6.6 1.0 02 - -- -- --
7  Z-3-Hexenal -- -- 3.9 -- -- -- 1.6
8 Hexanal 10.8 - 39 -- 1.0 0.4 7.2
9  Ethyl butyrate 7.1 -- -- 1.0 -- 0.1 0.3
10 E-2-Hexenal 15,6 1.0 62.6 -- -- 1.5 2.7
11 Z-3-Hexen-l-ol -- -- 1.6  -- -- 1.5 2.1
12 Hexanol -- -- 0.5 -- -- 0.3 1.2
13 a-Pinene -- -- 46  -- -- 0.03 0.3
14 /3 -Pinene -- -- 56 - -- -- --
15 Ethyl hexanoate -- -- -- -- -- 0.1 0.1
16 Z-3-Hexenyl acetate 2.0 -- -- -- 1.0 0.1 2.5
17 Hexyl acetate -- -- -- -- -- -- 0.1
18 Cinnamyl acetate 3.2 -- -- -- 1.0 -- --
19 Limonene -- -- 1.3 -- -- 0.2 0.24
20 Cineol 8.1 1.0 56 - -- 0.5 0.6
21 Ocimene -- -- -- -- -- 1.7 0.6
22 3-Phenylpropyl acetate 7.0 1.0 -- -- -- 0.2 0.1
23 3 -Caryophyllene 18.6  -- 0.2 1.0 -- 11.3 0.6
27 Myrcene -- -- 9.7 -- -- -- --
28 Benzaldehyde -- -- -- -- -- 0.1 --

D The chemical composition ratio of JGS1, 3, 4, 5, 7 were kept blank for intellectual
property.
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Table 5-1. Attraction of attractants derived from guava fruit components

to oriental fruit fly tested by rotated wheel method in net house

% of total flies attracted

Attractants

22 34

B-Caryophyllene 20.7+89¢c " 20.5+7.3¢c

Cineol l4+2.6a 1.0£14a
Cinnamyl acetate 0.7£09a 14+ 19a
E-2-Hexenal 1.0£13a 1.0£1.2a

Ethyl acetate 13.1£9.5b 9.6+£7.2b

Blamk . 06£08a 1.0£1.3a
Benzaldehyde 3.5+ 4.7 ab 7.2+ 5.8 bc
Z-3-Hexenyl acetate 7.0£5.5 be 6.1£4.1b
Z-3-Hexenyl-1-o0l 7.3+49c 12.5£6.2b
a-Terpineol 1.2+£30a 2043 a

Ethyl butyrate 20.6+7.1d 10.3£ 4.6 bc
Blank 07£0%a 1L721.9a
Ethyl caproate 7.1£52b 11.1£8.1b
Ethanol 43+ 1.8b 10.1£5.0b

Ethyl acetate 232+ 6.2 ¢ 16.3£5.7b
Diethyl phthalate 8.1+3.6b 16.1+11.0b

Blank ] 1.1£09a 23£22a
Methyl benzoate 2.1+£34b 3.7£50b

Methyl hexanoate 23+33b 29+4.4b

Methyl acetate 148+ 8.1a 15.8+8.1a
B-caryophyllene 10.5£6.8 a 10.4+10.2a

Ethyl butyrate 13.2+33a 103+5.0a

Blank 0.1£0.2¢ 0.7+14b

Y Mean+ S.D. derived from 8~10 trials. Data were transformed to arc sin
V x prior to analysis, and means followed by the same letters were not
significantly different at 5% level by DMRT.
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Table 5-2. Attraction of attractants derived from guava fruit components

to oriental fruit fly tested by rotated wheel method in net house

Attractants

% of total flies attracted

22 dd

Methyl acetate 1.4+ 1.4 bc" 2.4+ 3.6 bc

Ethyl acetate 155+7.1a 15.8+6.8a

Ethyl propionate 59+6.2b 44+£3.7b

Ethyl butyrate 43+4.7b 2.6+3.1 bc
B-Caryophyllene 2.7£5.3 be 1.4£3.2 bc

Blank 02£02¢ 1 02£02d
Ethyl propionate 13.8+5.0¢c 144+ 6.1 ¢

Ethyl acetate 14.6+7.2c 13.3£59¢
Hexan-1-01 1.2+ 14a 20+ 1.7a
(Z)-3-hexen-1-01 45+34b 7.1+£4.2b

Yen-C 122+2.7¢ 9.4+ 1.2 bc

Blank 09+12a 124192
B-Caryophyllene 12.8+6.7a 114+48a

Ethyl acetate 11.6£89a 10.1+11.9 a

Ethyl butyrate 8.4+ 8.8 ab 58£6.0a

Diethyl phthalate 4.1+4.6b 6.9£58a

Yen-C 7.7+ 3.1 ab 7.5£6.0a

Blank 0.1402¢c 1 08£08b
Ethyl acetate 13.0£53b 11.8+79b

Ethyl propionate 9.4+ 6.5b 12.1£109b
B-Caryophyllene 21.0£59a 32.5¢14.0 a

Ethyl butyrate 7.8+3.8b 5.6+ 3.8 bc
Yen-M 11.1£7.1b 34+33c

Blank 0.1£0.2 ¢ 0.1£0.2d

Y Mean+ S.D. derived from 8~10 trials. Data were transformed to arc sin
V x prior to analysis, and means followed by the same letters were not

significantly different at 5% level by DMRT.
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Table 6. Attraction of different attractant formulations derived from
guava and pineapple fruit and soursop leaf extract components
to oriental fruit fly tested by rotated wheel method in net house

% of total flies attracted

Attractants 00 EX¥]

G-1 103+ 8.6a° 14+ 13¢

G-2 154+ 7.1a 3.8+ 2.1bc

Ethyl acetate 13.2+£10.7 a 94+ 99b
B-Caryophyllene 11.8+ 7.5a 29.4+19.6a

Yen-C 80+ 39a 3.9+ 2.7bc

Blank 01£02b 00£00
Pineapple-1 D 1.5+ 1.8 bc 1.5+ 1.8 bc

G-3 22.0+10.8a 117+ 53a

Ethyl acetate 134+ 6.2a 146+ 7.0a

Yen-C 50+ 48b 42+ 460

Blank 01+02c¢ 04+ 06c
Soursop leaf- 03+ 04b 02+ 03¢

G-3 13.7+12.5a 6.2+ 60D

Ethyl acetate 11.6+ 82a 133+ 58a

Yen-C 123+ 83 a 10.1+ 49a

Blank 04+07b 03+05¢c
G-4 70+ 63a 3.1+ 19b

G-3 82+ 6.7a 44+ 370

Ethyl acetate 100+ 8.6a 95+ 6.7a

Yen-C 6.1+ 44a 53+ 33ab

Blank 0.1+ 02b 04+ 0.7c¢

" The chemical composition ratio of Pineapple-1 and Soursop leaf-1
refered to Chang report .

) Meanz S.D. derived from 8~10 trials. Data were transformed to arc sin
V x prior to analysis, and means followed by the same letters were not
significantly different at 5% level by DMRT.
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Table 7-1. Attraction of attractants derived from guava fruit components
to oriental fruit fly tested by rotated wheel method in net house
Trial No. Attractants

of total flies attracted

29 34
I Yen-A 82+4.8a " 44+22a
Yen-B 72+3.0a 11.0+£2.6 b
Yen-C 132+78a 10.6+ 6.7 ab
_______________ Blank _  _64+2la  74+39ab
1l Yen-C 23.3+13.1b 13.7410.2 a
_______________ Blank _ 82+¥29a  7.0+40a
1l Yen-A+B+C 21.7+10.7 b 9.9+ 59b
_______________ Blank . 37£30a  63£56a
\Y Yen-C 23.0+143 ¢ 11.5+10.8 b
H1=1A+1B+2C 12.1£11.9b 2.9+43a
H2=1A+2B+1C 25+19a 2.1£29a
H3=2A+1B+1C 4.9+ 4.4 ab 3.7+44a
_______________ Blank _  L1*22a  35*43a
\Y% Yen-C 223+12.5¢ 10.2£11.4 b
Yen-D 2.7£2.9 ab 0.8+1.0a
Yen-E 42+3.0b 1.8+t14a
_______________ Blank _  04x10a  04+09a
VI Yen-C 15.5+£7.0c¢ 5.6£22Db
Yen-F 6.0£6.9b 4.6+3.8b
_______________ Blank . 02+04a  18£20a
VII Yen-C 13.0£3.1b 6.9+32a
Yen-C+D+E 9.1+42b 44+49a
Yen-C+D-+E+F 10.1£9.3 b 29+3.1a
Blank 20+£24a 34+28a

Y Mean+ S.D. derived from 8~10 trials. Data were transformed to arc sin
V x prior to analysis, and means followed by the same letters were not

significantly different at 5% level by DMRT.
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Table 7-2. Attraction of attractants derived from guava fruit components

to oriental fruit fly tested by rotated wheel method in net house
Trial No. Attractants

of total flies attracted

PP 44
VIII Yen-C 13.7£82b " 6.3+ 4.8b
Yen-G 109+ 8.7b 45+23Db
Yen-H 14.0£10.7 b 52+39b
_______________ Blank _  _02£06a _ 0817a
X Yen-C 14.8£12.8 ¢ 6.1+5.9 ¢
Yen-I 6.2+3.7b 2.0+ 2.0 ab
Yen-J 6.4+50Db 29+3.7b
_______________ Blank _ _ _ 04£07a  02+05a
X Yen-C 21.3£12.6 b 15.7£11.0 b
Yen-K 25.0£152b 157+ 7.0b
_______________ Blank _  _03£05a  12+28a
X1 Yen-C 74+ 5.1b 6.6:4.5b
Yen-L 83+£3.8Db 5.82.5Db
Yen-M 13.87.2 b 47+£3.1b
Yen-N 73+£56Db 48+25Db
_______________ Blank ~~~~~ 04+07a  10+08a
XII Yen-C 12.0£6.2 b 13.5¢11.1 ¢
Yen-M 1524 59b 59+23b
Yen-O 14.6£52b 5.0+2.7b
Blank 0.6£1.0a 0.809a

D Mean+ S.D. derived from 8~10 trials. Data were transformed to arc sin

V x prior to analysis, and means followed by the same letters were not
significantly different at 5% level by DMRT.
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Table 8-1. Attraction of attractants derived from guava fruit components
to oriental fruit fly tested by rotated wheel method in net house
of total flies attracted

Trial No.

Attractants

22 34

I JGS1 8.6+10.0a"” 7.6£9.5a

Ethyl acetate 34+ 39ab 3.3+4.1ab

Yen-C 24+ 40D 1.3+1.3 ab
_______________ Blank 01+ 02c = 03+05b
II JGSI1 3.6+6.1a 2.2+2.6 ab

JGS2 0.8+1.4bc 02+04c¢

Ethyl acetate 7.1+£92a 47+43a

Yen-C 3.8+4.7 ab 2.1£3.2b
_______________ Blank  01£02¢  01£02c
11 Yen-2000 3.3+£35Db 28£1.0b

JGSI1 144+49a 8.6+2.8a

Yen-C 7.8+6.5b 82+69b

Ethyl acetate 7.4+6.1Db 6.8+49b
_______________ Blank _0609¢c  08%0lc
v JGS1 63+44a 43+38a

JGS2 2.6+2.5ab 0.5+0.5 ab

JGS3 63+4.7a 43+44a

Yen-C 3.9+6.1 ab 34+7.2ab

Ethyl acetate 59+104a 3.9+6.6 ab
_______________ Blank  01%02bc  01%£02bc
v JGS4 177474 a 10.1+4.5a

Yen-C 42+3.1b 6.1+42a

Ethyl acetate 63+3.0b 6.6+3.0a
_______________ Blank  04+02c  04%05b
VI JGS1 18.6 £9.1a 123+7.9a

JGS4 49+32Db 27+1.4D

Yen-C 566+7.1b 6.6+8.0b

Ethyl acetate 80£7.2b 57+4.4b

Blank 0.1£0.2¢ 04+05c¢

D Mean= S.D. derived from 8~10 trials. Data were transformed to arc sin
V x prior to analysis, and means followed by the same letters were not

significantly different at 5% level by DMRT.
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Table 8-2. Attraction of afﬁactants derived from guava fruit components
to oriental fruit fly tested by rotated wheel method in net house

of total flies attracted

Trial No. Attractants

£2 34

VII JGS5 9.5+34ab"”  10.0%0.6a
JGS6 04+£03c 03+0.5b
JGS1 121+55a 11.6+0.5a
Yen-C 74+70b 74+52a
Ethyl acetate 73+5.1Db 95+8.1a
Blank 04+£05¢ 1.3+1.8b

vir IGS7 91#91a 58+56a
JGS1 7.1£48a 4.1+2.6a
Yen-C 4.7+2.5ab 28+14a
Ethyl acetate 3.1£29b 35142 a
Blank 02+£03c¢ 0 0

X JGS8 21£12b  13+08b
JGS1 18.8+99a 10.0+2.7a
Yen-C 34£29b 29+24b
Ethyl acetate 2.0+x23bc 1.6£2.7b
Blank 02+£03c¢ 03+05¢c

X IGS9  67+32b 132+72a
JGS10 0.3+£0.5cd 09+0.7¢
JGSI1 12.7+7.7a 9.9+3.9ab
Yen-C 74+57b 64+39D
Ethyl acetate 1.4+09c¢ 1.6+19c
Blank 0.1+02d 0.3+0.5¢

XI e T 80+49ab 54+33b
JGS12 57+3.2ab 4.4+4.8Dbc
JGS7 12.5+6.7a 11.3+5.0a
Yen-C 39+4.1b 29+3.4bc
Ethyl acetate 3.8£3.0b 5.8+4.6 ab
Blank 03+£03c¢ 0.8£0.5¢

D Mean= S.D. derived from 8~10 trials. Data were transformed to arc sin

V x prior to analysis, and means followed by the same letters were not
significantly different at 5% level by DMRT.
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Table 9. Attraction of molasses, protein hydrolysates and ethyl acetate to oriental fruit

fly tested by rotated wheel method in net house

of total flies attracted

Attractants
22 34
Protein hydrolysates ImL+Water 100mL 92+ 48c" 6.8+ 1.5b
+Malathion ImL
Protein hydrolysates ImL+Water 100mL 99+ 52¢ 95+ 44b
Molasses S0mL+ Water SOmL+ Malathion 1mL 19.1+ 8.0ab 102+ 3.6b
Molasses 50mL+ Water 50mL 253+ 7.6a 188+ 6.0a
Ethyl acetate 3mL+ Water 97mL+ Malathion ImL ~ 15.8+ 4.7 b 223+ 93a
Ethyl acetate 3mL+ Water9/mL 40+ 4ld 21+ 19¢
Ethyl acetate 3mL+ Water 97mL+ Malathion ImL ~ 21.7+ 6.3 a 149+ 6.2a
Ethyl acetate 17mL+ Water 83mL+ Malathion 16,6+ 6.5ab 15.1+ 6.1a
ImL
Ethyl acetate 33mL+ Water 67mL+ Malathion 210+ 45a 154+ 45a
ImL
Ethyl acetate 3mL+ Water 97mL 6.0+ 7.6¢ 48+ 56b
Water 100mL+ Malathion ImL 126 +162bc 19.0+£135a
Water 100mL 0.6+ 05¢c  09£07b
Molasses S0mL+ Water SOmL 189+ 73 a 180+ 6.3a
Molasses 25mL+ Water 75mL 150+ 59ab 15.6+ 48a
Molasses 12.5mL+ Water 87.5mL 193+ 96a 13.6+ 5.4 ab
Molasses 6.3mL+ Water 93.7mL 104+ 3.8b 109+ 42D
Molasses 3.2mL+ Water 96.8mL 93+ 48¢c 16.8+ 63 a
Water 100mL 20+ 17d 1.8+ 1.6¢
Molasses S0mL+ Water SOmL 139+ 6.7c 187+ 32a
Molasses 50mL+ Water 50mL+ Malathion 1mL 93+ 49d 126+ 52D
Molasses 50mL+ Water SOmL +Ethyl acetate 3mL. 253+ 8.8 a 20.7+ 5.8 a
Molasses S0mL+ Water SOmL +Ethyl acetate 3mL. ~ 18.7+ 4.2b 144+ 38D
+ Malathion 1mL
Ethyl acetate 3mL+ Water 97mL+ Malathion 1mL 97+ 37cd 136+ 4.6Db
Water 100mL 0.7+ 0.7 1.5+ 15¢

Y Mean+ S.D. derived from 10~12trials. Data were transformed to arc sinV x prior to

analysis, and means followed by the same letters were not significantly different at

5% level by DMRT.
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Table 10. Attraction of molasses mixed with ethyl acetate or ethyl butyrate to oriental

fruit fly tested by rotated wheel method in net house

of total flies attracted

Attractants
22 34
Molasses 50mL+ Water 50mL 144+142bc” 21.4+10.8 a
Molasses 50mL+ Water 5S0mL+Ethyl acetate 3mL 314+ 74a 244+10.7a
Molasses 50mL+Water S0mL+Ethyl butyrate 3mL 123+ 48¢c 87+ 38D
Molasses 12.5mL+ Water 87.5mL 75+ 50bc 11.8+ 34D

Molasses 12.5mL+ Water 87.5mL+Ethyl acetate 3mL 154+ 46b 210+ 4.0a
Molasses 12.5mL+ Water 87.5mL+Ethyl butyrate 3mL 6.6+ 3.1c 7.1+ 24b

DMeant S.D. derived from 8 trials. Data were transformed to arc sinV x prior to analysis,

and means followed by the same letters were not significantly different at 5% level by
DMRT.
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Table 11. Comparison of attraction of molasses mixed with ethyl acetate or Yen-C,

and protein hydrolysates to oriental fruit fly tested in guava orchard

Attractants Total no. of trapped flies

2% 34
1998/4/15-1999/4/14
Protein hydrolysates 3mL+ Water 300mL 391 417
+ Malathion 3mL
Molasses 150mL+ Water 150mL+ Malathion 3mL 209 193
Molasses 150mL+ Water 150mL+ Ethyl acetate 6mL 607 544
+ Malathion 3mL
Molasses 150mL+ Water 150mL+ Yen-C 6mL 472 294
+Malathion 3mL
Water 300mL+ Malathion 3mL 22 21
1999/4/14-2000/4/12
Protein hydrolysates 3mL+ Water 300mL 235 252
+ Malathion 3mL
Molasses 150mL+ Water 150mL+ Malathion 3mL 45 57
Molasses 150mL+ Water 150mL+ Ethyl acetate 6mL 227 195
+ Malathion 3mL
Molasses 150mL+ Water 150mL+ Yen-C 6mL 203 179
- Malathion 3mL
Water 300mL+ Malathion 3mL 9 11
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Table 12. Comparison of attraction of dome-shape traps contained molasses mixed with ethyl

acetate and guava chip to oriental fruit fly tested by rotated wheel method in net house

of total flies attracted

Attractants 00 a3

Molasses 5S0mL  Water 5S0mL  Ethyl acetate 3mL 21.8+83a") 260+8.6a
Molasses 50mL  Water 50mL  Ethyl acetate 3mL. DDVP strip 10.4+5.1b 151£79b
Guava chip 100g DDVP strip 25.3+7.8a 184+£6.8D

Y Mean+ S.D. derived from 6 trials. Data were transformed to arc sinV x prior to analysis, and

means followed by the same letters were not significantly different at 5% level by DMRT.

E I T LR o e
Table 13. Comparison of trapping efficacy of different type traps
contained molasses mixed with ethyl acetate to oriental fruit fly

tested by rotated wheel method in net house

of total flies attracted

Trap type 00 a3

Dome-shape " 205+ 8.7b 343+ 9.1a
Boat-shape 68+ 32¢ 54+ 2.4b
Dome-shape * 42.1+135a 36.7+11.4a
Boat-shape * 113+ 50c¢ 52+ 6.8b

D Attractant was Molasses 50mL+Water 50 mL.
2 Attractant was Molasses 50mL+Water 50mL+Ethyl acetate 3mL.
3 Mean+ S.D. derived from § trials. Data were transformed to arc sinV x

prior to analysis, and means followed by the same letters were not
significantly different at 5% level by DMRT.
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