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Ectomyelois ceratoniae (Zeller) (Lep.: Pyralidae)
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Table 1. Volatile organic compounds of foliage in Kadro cultivar of Pomegranate

No. Compounds RT"(min) Relative percent (%)
1 2,6-Dimethoxyphenol 9.07 51.01
2 3-Methoxy-4-hydroxybenzaldehyde (Vanillin) 12.79 4.34
3 0-Methoxyphenol 4.91 12.63
4 1-(3,4-dimethoxyphenyl)-2-carbethoxy-2-(2- 21.10 0.16

methoxyphenoxy)ethanol
5 2-Methoxy-4-methylphenol ( p-Methylguaiacol ) 5.84 4.78
6 2-Methoxy-4-methylphenol ( p-Methylguaiacol ) 5.88 421
7 3,4—Bls—(p_—oxocyclohexyl)—hexane (mixture of racemic 2113 0.48
and meso isomers)
8 4H-1-Benzopyran-4-one, 7-hydroxy-3-[2,4-dihydroxy-5- 2120 018
methoxy-6-(2,3-epoxy-3-methylbutyl)phenyl]- ’ ’
9 Benzenecarbothioamide 21.08 0.38
10 Benzyl butyl phthalate 22.00 1.53
Cyclohexanone, 2-(dimethylamino)-4-(1,1-
1 dimethylethyl)-, oxime (CAS) 21.05 0.70
12 Dibutyl phthalate 22.03 0.22
13 DIBUTYLPHTALATE 18.63 0.65
14 Di-n-octyl phthalate 18.65 1.30
15 Hydroxyoxindole 18.60 0.70
Pentacyclo[9.1.0.0(2,4).0(5,7).0(8,10)]dodecane,
16 3,3,6,6,9,9,12,12-octaethyl- 2098 0.42
17 Phenol 5.14 16.33

* RT: Retention time
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Table 2. Volatile organic compounds of fruit in Kadro cultivar of Pomegranate

No. Compound RT* (min) Relative percent (%)
1 Tricosanoic acid, 2-hydroxy-, methyl ester 20.99 0.07
2 14B-PREGNANE 731 0.08
3 6-Aza-5,7,12,14-tetrathiapentacene 4.23 36.92
4 octadecamethyl cyclononasiloxane 5.49 10.25

1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-
5 Hexadecamethyloctasiloxane 315 0.24
1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-
6 Hexadecamethyloctasiloxane 3.20 1.86
7 n-Heptadecane 5.82 0.27
8 n-Heptadecane 5.87 121
9 5.alpha.-Cholest-3-ene, 2.alpha.-methyl- 24.80 0.30

10 5.alpha.-Cholest-3-ene, 2.alpha.-methyl- 25.08 0.28
11 5-.beta.-Cholest-7-en-6-one 23.55 0.37
12 E-15-Heptadecenal 5.73 0.19

1,3,5-Triazine-2,4-diamine, 6-chloro-N-

13 ethyl- (CAS) 6.44 0.12

1,3-Dioxane, 5-(hexadecyloxy)-2- 301 0.05

14 pentadecyl-, trans- ' '

1,3-Dioxane, 5-(hexadecyloxy)-2- 3.06 0.18

15 pentadecyl-, trans- ' :

2-benzoyl-6,7-dimethoxy-4-methylidene-

16 2H-1,3-benzothiazine 3.88 0.08
17 Hexadecane 4.99 1.47
18 Hexadecane 4.96 2.12
19 Hexadecane 5.05 1.19
20 (2)-9-Tricosene 7.78 0.17

1,1,3,3-TETRAMETHYL-1,3-

21 DISILAINDAN 9.05 0.16
22 1,1-Bis(p-tolyl)ethane 9.95 1.16
23 1,1-Bis(p-tolyl)ethane 11.40 0.40

1,1-Bis[4-(dimethylamino)phenyl]-5- 398 0.09

24 (dimethylamino)-isobenzofuran-3-one ' '

25 Diethyl phthalate 13.16 0.87
1,3,5-Pentanetricarboxamide, N,N',N"-

26 triheptyl-N,N',N"-trimethyl- 8.00 0.39
10,10-ethylenedithio-3,3-dimethyl-2,4-
dioxadispiro[5.0.5.4]hexadecane-1,5,14- 22.98 0.16

27 trione
28 2,3',5-Trimethyldiphenylmethane 10.62 0.19

4H-1-Benzopyran-4-one, 7-hydroxy-3-
[2,4-dihydroxy-5-methoxy-6-(2,3-epoxy- 24.27 0.30

29 3-methylbutyl)phenyl]-

5,6-dihydro-5,6-
30 dimethylbenzo[c]cinnoline $$ 10.45 1.89
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Benzo[c]cinnoline, 5,6-dihydro-5,6-
dimethyl- (CAS)
5-[(tert-Butyldimethylsilyl)oxy]-
1,2,3,4,6,6a,12a,12b-octahydro-12H-
31 benz[a]xanthen-12-one
5-[(tert-Butyldimethylsilyl)oxy]-
1,2,3,4,6,6a,12a,12b-octahydro-12H-

32 benz[a]xanthen-12-one

33 9,9'-DIANTHRAQUINONE
34 9,9'-DIANTHRAQUINONE
35 9,9'-DIANTHRAQUINONE

Benzeneacetic acid, 2,5-

bis[(trimethylsilyl)oxy]-, trimethylsilyl
36 ester (CAS)

Benzeneacetic acid, 2,5-

bis[(trimethylsilyl)oxy]-, trimethylsilyl

37 ester (CAS)
Cholest-2-ene, 4-methyl-,
38 (4.alpha.,5.alpha.)-
Cholest-2-ene, 4-methyl-,
39 (4.alpha.,5.alpha.)-
40 Dibutyl phthalate
41 Dibutyl phthalate
42 Dibutyl phthalate
43 Ethoxycarbony! derivative of (+),(R)p-17
44 8-hexyl-8-pentyl-hexadecane
45 Insovitamin D3
46 Insovitamin D3

Iron, monocarbonyl-(1,3-butadiene-1,4-
dicarbonic acid, diethyl ester) a,a'-

47 dipyridyl
Iron, monocarbonyl-(1,3-butadiene-1,4-
dicarbonic acid, diethyl ester) a,a'-

48 dipyridyl
Iron, monocarbonyl-(1,3-butadiene-1,4-
dicarbonic acid, diethyl ester) a,a'-

49 dipyridyl
Iron, monocarbonyl-(1,3-butadiene-1,4-
dicarbonic acid, diethyl ester) a,a'-

50 dipyridyl
Iron, monocarbonyl-(1,3-butadiene-1,4-
dicarbonic acid, diethyl ester) a,a'-

51 dipyridyl
Iron, monocarbonyl-(1,3-butadiene-1,4-
dicarbonic acid, diethyl ester) a,a'-

52 dipyridyl

2212 0.05
23.79 0.26
21.05 0.06
23.24 0.08
23.87 0.06
23.97 0.05
24.02 0.04
21.23 0.07
24.57 0.14
20.31 0.68
21.99 0.67
18.65 2.45
22.58 0.17
6.79 1.66
21.02 0.04
23.13 0.13
6.77 1.36
17.58 6.26
17.64 6.78
18.85 12.33
19.13 0.78
19.17 2.83

* RT: Retention time
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Table 3. Volatile organic compounds of foliage in Rabbab cultivar of Pomegranate

No. Compound RT* (min) Relative percent (%)
1 Ethenylbenzene 4.53 4.65
2 Z-3-Hexenol 3.83 0.46
3 2-Ethyl-1-hexanol 8.18 0.57
4 3-Hexen-1-ol, acetate, (2)- 7.47 2.24
5 METHYLLAURATE 3.98 0.50
6 Bis(2-ethylhexyl) phthalate 56.91 46.37
3-Isopropoxy-1,1,1,7,7,7-hexamethyl-3,5,5-
tris(trimethylsiloxy)tetrasiloxane 27.35 2.05
2-Pentanone, 4-hydroxy-4-methyl- (CAS) 3.63 0.38
Heneicosane 52.23 0.70
10 Heptadecane 34.71 0.37
11 Heptadecane 14.75 0.28
12 Hexacosane 58.16 13.20
13 6-Aza-5,7,12,14-tetrathiapentacene 33.78 3.14
14 Nonanal 10.92 0.64
15 Pentacosane 55.78 8.69
16 Pentadecane 27.16 0.76
17 Tetracosane 53.86 3.71
18 Tetradecane 23.13 0.61
19 Hexadecane 31.02 1.30
20 1-Ethyl-2-methylbenzene 6.19 0.75
21 1,2,4-Trimethylbenzene 7.10 0.79
22 Dodecamethylcyclohexasiloxane 20.31 0.32
23 Decamethylcyclopentasiloxane 13.01 3.04
1,1,3,3,55,7,7-OCTAMETHYL-
24 CYCLOOCTASILOXANE 7.15 1.30
1,1,3,3,5,5,7,7-OCTAMETHYL-
25 CYCLOOCTASILOXANE 3.24 1.12
26 p-Xylene 411 2.04

*RT: Retention time
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Table 4. Volatile organic compounds of fruit in Rabbab cultivar of Pomegranate

< -
No. Compound (ﬁ;li-n) peljsel,\?lttl\zs/o)

1 Phenol, 2,6-bis(1,1-dimethylethyl)- 9.00 0.66
2 Phenol, 2,6-bis(1,1-dimethylethyl)-4-methyl- 6.94 2.14
3 14B-PREGNANE 4.75 0.05
4 14B-PREGNANE 5.73 0.43
5 14B-PREGNANE 6.19 0.80
6 1,1,3,3,5,5,7,7,9,9,11,11-dodecamethylhexasiloxane 6.77 3.86
7 1,1,1,5,7,7,7-Heptamethyl-3,3-bis(trimethylsiloxy)tetrasiloxane 8.76 0.30
8 1,1,1,5,7,7,7-Heptamethyl-3,3-bis(trimethylsiloxy)tetrasiloxane 10.27 0.14
9 6-Aza-5,7,12,14-tetrathiapentacene 4.22 15.17
10 6-Aza-5,7,12,14-tetrathiapentacene 424 17.08
11 Cyclononasiloxane, octadecamethyl- 5.49 10.19
12 Octadecanoic acid, etheny! ester 5.71 0.24
13 Eicosane (CAS) 3.66 0.01
14 Eicosane (CAS) 3.74 0.12
15 5.alpha.-Cholest-3-ene, 2.alpha.-methyl- 23.08 0.02
16 5.alpha.-Cholest-3-ene, 2.alpha.-methyl- 24.85 0.06
17 5.alpha.-Cholest-3-ene, 2.alpha.-methyl- 24.89 0.04
18 1-Bromo-11-iodoundecane 4.77 0.03
19 5.beta.-Cholest-7-en-6-one 5- 23.35 0.06
20 Thiocolchicine 3.86 1.00
21 Ledene oxide-(11) 6.23 1.05
22 Tetracosamethyl-cyclododecasiloxane 8.09 0.15
23 1-Heptadecanamine 3.79 0.37
24 1-Pentadecene 3.71 0.09
25 Hexadecane 5.02 3.42
26 Hexadecane 5.04 2.48
27 (2)-1,5-DIMETHYLSPIRO[3.5]NONAN-(Z)-7-ONE-8-

DIMETHYLAMINOMETHYLENE 7.63 0.15
28 1-(2,4-Dicyanophenyl)-2,3-dimethyl-2-butene 11.42 0.03
29 1-(3-phenyl-2-propynyl)-2-endo-methyldecahydroquinolin-4-one 8.58 0.24
30 _1,1-Bis[4-(dimethylamino)phenyl]-5-(dimethylamino)-

isobenzofuran-3-one 3.95 0.12
31 Isobutyl phthalate 18.64 11.08
32 Ethyl phthalate 13.14 1.25
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10,10-ethylenedithio-3,3-dimethyl-2,4-

33 dioxadispiro[5.0.5.4]hexadecane-1,5,14-trione 24.47 0.04

34 12.beta.-hydroxy-5.alpha.-pregna-7-en-20-one 4.78 0.05

35 2(1H)-Pyrimidinone, 4-(4-methoxyphenyl)-5-(4-methylphenoxy)-6-
phenyl- 25.05 0.02

36 2-Nonen-1-ol, 2-methyl- 7.77 1.06
3,5-CYCLOCHOLESTAN-6-ONE $$ 17-(1,5-Dimethylhexyl)-
10,13-dimethyl-1,2,3,7,8,9,10,11,12,13,14,15,16,17-

37 tetradecahydrocyclopenta[a]phenanthren-6-one 20.90 0.03

38 3-Furancarboxylic acid, 2-(ethoxymethyl)-5-methyl-, methyl ester 10.91 0.01

39 4,5-Dimethyltetrahydro-1,3-oxazine-2-thione 8.01 0.94
4H-1-Benzopyran-4-one, 7-hydroxy-3-[2,4-dihydroxy-5-methoxy-6-

40 (2,3-epoxy-3-methylbutyl)phenyl]- 21.11 0.05
4H-1-Benzopyran-4-one, 7-hydroxy-3-[2,4-dihydroxy-5-methoxy-6-

41 (2,3-epoxy-3-methylbutyl)phenyl]- 21.20 0.05
4H-1-Benzopyran-4-one, 7-hydroxy-3-[2,4-dihydroxy-5-methoxy-6-

42 (2,3-epoxy-3-methylbutyl)phenyl]- 22.87 0.05
4H-1-Benzopyran-4-one, 7-hydroxy-3-[2,4-dihydroxy-5-methoxy-6-

43 (2,3-epoxy-3-methylbutyl)phenyl]- 23.12 0.11
4H-1-Benzopyran-4-one, 7-hydroxy-3-[2,4-dihydroxy-5-methoxy-6-

44 (2,3-epoxy-3-methylbutyl)phenyl]- 23.29 0.06
4H-1-Benzopyran-4-one, 7-hydroxy-3-[2,4-dihydroxy-5-methoxy-6-

45 (2,3-epoxy-3-methylbutyl)phenyl]- 24.22 0.05
5-[(tert-Butyldimethylsilyl)oxy]-1,2,3,4,6,6a,12a,12b-octahydro-

46 12H-benz[a]xanthen-12-one 20.96 0.08
5-[(tert-Butyldimethylsilyl)oxy]-1,2,3,4,6,6a,12a,12b-octahydro-

47 12H-benz[a]xanthen-12-one 22.95 0.07
5-[(tert-Butyldimethylsilyl)oxy]-1,2,3,4,6,6a,12a,12b-octahydro-

48 12H-benz[a]xanthen-12-one 23.25 0.05
5-[(tert-Butyldimethylsilyl)oxy]-1,2,3,4,6,6a,12a,12b-octahydro-

49 12H-benz[a]xanthen-12-one 23.75 0.08

50 9,9-DIANTHRAQUINONE 22.35 0.02

51 9,9-DIANTHRAQUINONE 24.29 0.07

52 9,9-DIANTHRAQUINONE 24.75 0.08

53 Amiphenazole 9.94 0.66

54 Benzamide, N-[2-(2-oxopropyl)phenyl]- 10.41 0.98

55 Benzoic acid, pentyl ester 5.90 6.31

56 Benzoic acid, pentyl ester 6.46 5.04

57 Dibutyl phthalate 20.30 5.78

58 Dibutyl phthalate 22.00 2.63

59 Ethoxycarbony! derivative of (+),(R)p-17 2221 0.04

60 Ethoxycarbony! derivative of (+),(R)p-17 23.43 0.07

61 Ethoxycarbony! derivative of (+),(R)p-17 23.53 0.04

62 Ethoxycarbony! derivative of (+),(R)p-17 25.02 0.04

63 Ethoxycarbony! derivative of (+),(R)p-17 25.12 0.03

64 Insovitamin D3 21.29 0.05

65 Insovitamin D3 23.50 0.07

66 Insovitamin D3 25.19 0.04
Iron, monocarbonyl-(1,3-butadiene-1,4-dicarbonic acid, diethyl ester)

67 a,a-dipyridy 8.13 0.60
Iron, monocarbonyl-(1,3-butadiene-1,4-dicarbonic acid, diethyl ester)

68 a,a-dipyridyl 9.68 0.29

69 Isoxazole, 3,5-diphenyl- 9.61 0.30

70 Naphthalene, 2,3,6-trimethyl- 8.44 0.41

71 Naphthalene, 2,7-dimethyl- 7.33 0.86

* RT: Retention time



VEes Jle dF o)lad ) s o ol BT Sl

B0 54 e 035 68 5 s 5 JT slacS 5 -0 U
Table 5. Volatile organic compounds of foliage in Shirin Shahvar cultivar of Pomegranate

No. Compound RT* (min) Relative percent (%)
1 11-Dodecen-1-ol trifluoroacetate 10.53 0.08
2 9,12-Octadecadienoic acid (Z,2)- 10.74 0.32
3 9,12-Octadecadienoic acid (Z,2)- 10.77 0.11
4 9,12-Octadecadienoic acid (Z,2)- 10.79 0.23
5 9,12-Octadecadienoic acid (Z,2)- 10.91 0.12
6 9,12-Octadecadienoic acid (Z,2)- 10.97 0.09
7 9,12-Octadecadienoic acid (Z,2)- 11.14 0.55
8 9,12-Octadecadienoic acid (Z,2)- 11.16 0.15
9 9,12-Octadecadienoic acid, methyl ester 20.00 2.83
10 9,17-Octadecadienal, (Z)- 28.14 24.79
11 Hexadecanoic acid, methyl ester 15.06 1.22
12 1-Ethylpyrrole 33.75 0.31
13 1-Hexadecene 25.84 15.30
14 9,17-Octadecadienal, (2)- 10.70 0.44
15 9,17-Octadecadienal, (Z)- 11.29 1.69
16 9,17-Octadecadienal, (2)- 11.33 0.56
17 9,17-Octadecadienal, (Z)- 11.37 0.15
18 Bicyclo[2.2.2]octanone 34.58 0.56
(-)-(1R,5S)-ex0-2(R)-

19 Methylbicyclo[3.2.1]octan-3-one 27.87 5.19
(-)-(1R,5S)-ex0-2(R)-

20 Methylbicyclo[3.2.1]octan-3-one 28.44 5.80
(-)-(1R,5S)-ex0-2(R)-

21 Methylbicyclo[3.2.1]octan-3-one 30.67 0.81
22 1,2-dideuteriobicyclo[3.2.0]hept-2-ene 30.43 0.67
23 6,8-Nonadien-2-one 3294 0.67
24 Bicyclo[2.2.2]oct-5-ene-2-carbonitrile 33.80 0.74
25 Bicyclo[2.2.2]octanone 26.35 1.09
26 Bicyclo[3.2.1]octan-2-one 30.40 0.87
27 Bicyclo[3.2.1]octan-2-one 30.84 0.60
28 Bicyclo[3.2.1]octan-2-one 26.32 1.59
29 Bicyclo[3.2.1]octan-2-one 32.92 1.01
30 Bicyclo[3.2.1]octan-3-one 29.04 2.27
31 Bicyclo[3.2.1]octan-3-one 30.82 0.70
32 Cycloocta-2,4-dien-1-ol 28.33 4.27
33 Cycloocta-2,4-dien-1-ol 30.55 4.05
34 1,2-dideuteriobicyclo[3.2.0]hept-2-ene 33.90 1.69
35 1,2-Epoxy-4-vinylcyclohexane 20.20 3.92
36 2,3-dioxabicyclo[2.2.2]oct-2-ene 20.42 4.70
37 Dimethyl phosphite 25.95 1.39
38 Dimethyl phosphite 33.93 3.34
39 Bicyclo[3.2.1]octan-3-one 10.63 0.17

40 bicyclo[4,2,0]oct-2-ene 10.57 0.06

41 Bicyclo[6.1.0]non-4-ene 27.89 4.46

42 trans-1,4-Diacetoxycyclohexane 5.40 0.45

* RT: Retention time
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Table 6. Volatile organic compounds of fruit in Shirin Shahvar cultivar of Pomegranate

No. Compound RT* (min) Relative percent (%)
1 1,1,1,5,7,7,7-Heptamethyl-3,3-bis(trimethylsiloxy)tetrasiloxane 6.75 478
2 2-Methoxy-4-methylphenol 5.86 0.58
3 5,6-dihydro-5,6-dimethylbenzo[c]cinnoline 10.44 0.11

3-Isopropoxy-1,1,1,7,7,7-hexamethyl-3,5,5-
4 tris(trimethylsiloxy)tetrasiloxane 3.18 1.28
5  Docosane 3.84 0.03
6  octadecamethyl cyclononasiloxane 5.48 18.84
7  Heptadecane 5.83 2.03
8  Heptadecane 5.85 0.43
9  Heptadecane 5.88 1.63

10  Benzoic acid, 2,5-bis(trimethylsiloxy)-, trimethylsilyl ester (CAS) 4.22 46.35
11  Eicosane (CAS) 5.11 1.53
12 Methoxy-4-hydroxybenzaldehyde (Vanillin) 12.79 0.51
13 1-(1,5-Dimethyl-4-hexenyl)-4-methoxy-1,4-cyclohexadiene 21.13 0.05
14 Hexadecane 5.02 1.10
15 Hexadecane 5.00 5.28
16  3-Ethyl-5-(2'-ethylbutyl) octadecane 4.49 0.13
17 Phenol, 2,6-dimethoxy- 9.06 9.23
18 Cyclohexanone, 4,4'-(1,2-diethyl-1,2-ethanediyl) bis-, (R*, R*)-(.+-.)- 21.04 0.03

4H-1-Benzopyran-4-one, 7-hydroxy-3-[2,4-dihydroxy-5-methoxy-6-(2,3-

19  epoxy-3-methylbutyl) phenyl]- 25.07 0.13
20 9,9-DIANTHRAQUINONE 25.16 0.07

1-(p-methoxyphenyl)-6-metthoxxy-7,8-dihydroxy-2,5,10-

21  trioxabicyclo[4.4.0]decane 21.02 0.04
22 Isobutyl phthalate 18.64 2.93
23 Butyl phthalate 20.32 0.65
24 4-[4-Nitrophenyl]-3-thiosemicarbazone 2-acetylpyridine 21.01 0.06
25  Dibutyl phthalate 20.29 0.77
26  Dibutyl phthalate 21.98 1.01
27  2-Butenoic acid, 4,4,4-trifluoro-3-methyl-, ethyl ester, (E)- 21.10 0.04
28  1-Methyl-3-(3,4-dimethoxyphenyl)-6,7-dimethoxyisochromene 3.16 0.92
29  1-Methyl-3-(3,4-dimethoxyphenyl)-6,7-dimethoxyisochromene 3.20 -2.61
30  Phenyl carbamate 5.07 1.08
31  Phenyl carbamate 5.09 0.60
32 OXID DTT 1TBDMS 1TMS 3.13 0.41

* RT: Retention time
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Figure 1. Olfactory responses of females of Carob moth to foliage and fruit volatiles of Kadro,

Rabbab, and Shirin Shahvar cultivar of Pomegranate
H: Hexan, SHM: Shirin, RM: Rabab, KM: Kadro cultivar (fruit), SHB: Shirin, RB: Rabbab, KB: Kadro cultivar (foliage)
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Abstract

Carob moth, Ectomyelois ceratoniae is a key pest in pomegranate orchards in Iran. The use of volatile
plant compounds as one of the effective factors in changing the behavior of insects can be an important
step in combating pests and thus reduce the use of pesticides and the risk to humans and the environment.
In this regard, volatile organic compounds from the foliage and fruits of pomegranate trees of Kadro,
Rabbab and Shirin Shahvar varieties were collected and identified by gas chromatography-mass
spectrometry (GC-MS). Respectively, in foliage of mentioned pomegranate varieties, 17, 33 and 24, and
in their fruit 42, 23 and 26 volatile organic compounds were identified. The most abundant constituents
were 2,6-Dimethoxyphenol (51.01%) and 6- Aza-5,7,12,14 - tetrathiapentacene (36.92%) in Kadro
foliage and fruit, respectively. They were in Bis (2-ethylhexyl) phthalate (46.37%) and 6-Aza-5,7,12,14-
tetrathiapentacene (32.24%) respectively in Rabbab foliage and fruit. Besides, 9,17-Octadecadienal, (2)
(27.62%) and Benzoic acid-2,5-bis-(trimethylsiloxy)-trimethylsilyl ester (46.25%) were the major
components respectively in foliage and fruit of Shirin Shahvar variety. Examination of the olfactory
response of female insects of Carob moth in the wind tunnel showed that female insects were differently
attracted to the odor of pomegranate foliage and fruits of Kadro, Rabbab and Shirin Shahvar cultivars
by statistical analysis. These data may be useful in semiochemically-based management strategies in the
pomegranate orchards such as mass trapping or deter of Carob moth or attraction of natural enemies.
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