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Thus, the world community is now emphasizing on the use of bio-rational pesticides.
These are substances of natural origin that have detrimental or lethal effects on
specific target pest(s). They possess a unique mode of action and they are non-toxic
to humans and animals. Furthermore, they do not poliute the environment.*®
Semiochemicals such as pheromones and/or kairomones from both pests and
beneficial insects are among such chemicals and some are already in commercial use.
For example, synthetic sex pheromones are being used for reducing moth population
densities through mating disruption.”® However, successful pest control requires
complementary use of different tactics that are compatible, referred to as Integrated
Pest Management (IPM). The key component of IPM for insect pest management as
far as biorational control is concerned, is to have a greater knowledge of the insect’s
behavior through the understanding of when and where insects are present and at
what stage of their life cycle they are most destructive. This enables those with the
responsibility of managing insect infestations to make informed decisions on when to

implement a control treatment or a combination of different tactics.*
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Table 2.2 Attractancy Indices (A.L £ SE %) of Bactrocera invadens to
Volatiles from Fruits of Terminalia catappa and Sclerocarya birrea
at Different Stages of Maturity in a Dual Choice Wind Tunnel

Attractancy Index Responders ()
Maturity of (A.L %)

Host fruits Females Males Females Males
Terminalia Mature ripe 40.10+£ 040 33.20x0.71 56.00+7.68 47.00+6.11
catappa Mature unripe  14.67+1.12 28.00+1.38 48.00+3.74  44.00+6.00
Sclerocarya Mature ripe 51.68+0.51 4229+1.00 76.00+10.29 56.00=+8.90
birrea Mature unripe  40.76 £0.97 30.19+0.74 58.00+4.89  62.00 = 8.60

Table 2.3 Attraction responses (= SE) of Female and Male Bactrocera
invadens to Volatiles from Fruits of Different Hosts in a Dual
Choice Wind Tunnel. Ten Insects Were Used Per Replicate and
Each Test had Five Replicates. *Same Letters in the Same Row
Indicate Values that are not Significantly Different (Chi-square
test, P <0.05)

Sex Responders Statistics™

Host pairs Response (%) (%)

Female Apple 47.94+9.12a 72.00:4.90 x*= 2.2857, P =0.1306
Sensation 52.06+9.12a
Sensation 61.71+8.00a x> = 10.9286, P = 0.0274
Kent 3829+£8.00b 56.00+7.48
Apple 60.33£8.33a x? =13.6000, P =0.0578
Kent 39.67+833b  56.00%6.00
Apple 4578+ 6.61 a ¥*=03103, P=0.5775
Indianalmond 547716612  58.00+9.70
Apple 46.95+6.67 a x2=0.0345, P=0.1306
Marula 53.05+6.67a 58.00+3.74
Marula x> =0.5775,P = 0.5775
Indian almond 54.00+2.69a 58.00+3.74
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Table 3.1 Percent Amounts of Compounds in Volatiles of Mature Ripe
Mango, M. indica Fruits

%

S/N Compound R.T. (min) Composition
1 3-hydroxy-2-butanone 4.16 0.04
2 1-methyl-1,4-cyclohexadiene 6.38 0.24
3 ethyl butyrate 6.78 0.23
4 2,3-dihydrothiopyran-4-one 7.16 1.19
5 neryl propionate 9.56 0.02
6 tricyclene 9.69 0.06
7 o-pinene 9.96 28.84
8 ethyl tiglate 10.14 0.07
9 camphene 10.28 0.80

10 p-mentha-1,5,8-triene 10.66 0.03
11 PB-pinene 10.86 4.57
12 myrcene 11.17 24.35
13 ethyl hexanoate 11.33 0.29
14 o-phellandrene 11.42 1.49
15 ©-3-carene 11.53 231
16 o-terpinene 11.64 0.33
17 1-methyl-4-(1-methylethyl)- benzene 11.80 0.12
18 sabinene 11.89 6.65
19 cis-ocimene 12.02 0.06
20 trans-B-ocimene 12.20 0.82
21 y-terpinene 12.43 0.70
22 terpinolene 12.94 0.30
23 nonyl aldehyde 13.17 0.01
24 (E/Z)-4,8-dimethyl-1,3,7-nonatriene 13.39 0.10
25 methyl octanoate 13.50 0.01
26 allo-ocimene 13.59 0.02
27 2-aminoimidazole 13.90 0.19
28 ethyl benzoate 14.29 0.02
29 B-phellandrene 14.40 0.10
30 (2)-ethyl-4-octenoate 14.51 0.08
31 ethyl octanoate 14.62 2.02
32 decanal 14.78 0.01
33 berbenone 14.91 0.03
34 2-methyl-ethyloctanoate 15.07 0.01
35 (E)-ethyl-2-octenoate 15.36 0.07
36 y-octanolactone 15.58 0.06
37 ethyl nonanoate (IS) 16.08 113
38 bicycloelemene 16.75 0.06
39 a-cubebene 16.93 0.07
40 o-copaene 17.31 1.15
41 ethyl decanoate 17.42 0.02
42 tetradecane 17.49 0.06
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Table 3.1 Continued

%

S/N  Compound R.T. (min) Composition
43 germacrene-D 17.49 0.06
44 q-gurjunene 17.78 0.71
45 B-caryophyllene 17.91 3.04
46 B-cubebene 18.03 0.18
47 o-guaiene 18.12 1.02
48 a-humulene 18.36 1.87
49 aromadendrene 18.45 0.77
50 a-amorphene 18.61 0.98
51 PB-cubebene 18.70 0.95
52 [-selinene 18.76 0.77
53 y-gurjunene 18.90 1.88
54 ©-guaiene 18.99 1.83
55 ry-cadinene 19.10 0.19
56 O-cadinene 19.17 0.34

1,2,3,4,4a,7-hexahydro-1,6-dimethyl-4-
57 (1-methylethyl)- naphthalene 19.30 0.26
58 elemicin 19.46 0.02
59 ethyl dodecanoate 19.88 0.11
60 neoalloocimene 19.97 0.16
61 y-gurjunene 20.09 0.08
62 cadina-1,4-diene 20.47 0.11
63 o-amorphene 20.62 0.11
64 2-pentadecanone 21.09 0.07
65 2-tridecen-1-ol, 21.27 0.01
66 ethyl tetradecanoate 22.10 0.11
67 farnesol 24.14 0.07
68 1-methylethyl hexadecanoate 24.43 0.04
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Table 3.3 Percent Amounts of Compounds in Volatiles from Ripe Marula,
(S. birrea) Fruits

%

S/N Compound R.T. (min) Compeosition
1 ethyl propionate 425 0.16
2 ethyl isobutyrate 5.60 0.23
3 ethyl isovalerate 8.17 5.09
4 hexanol 8.55 0.01
5 isopropyl 2-methylbutanoate 8.98 0.09
6 isopropyl pentanoate 9.16 1.47
7 oa-pinene 9.96 0.07
8 propyl valerate 10.34 0.02
9 heptanol 10.77 0.02

10 myrcene 11.15 0.04
11 octanal 11.40 0.23
12 o-terpinene 11.64 0.03
13 p-cymene 11.80 0.04
14 limonene 11.87 0.05
15 trans-B-ocimene 12.22 0.67
16 (Z)-3-octen-1-0l 12.34 0.28
17 y-terpinene 12.40 0.05
18 octanol 12.58 1.09
19 octyl formate 12.61 2.18
20 non-1-en-3-ol 12.76 0.11
21 nonan-3-one 12.87 0.03
22 (E)-4-undecene 12.99 0.61
23 linalool 13.10 0.61
24 isoamyl-2-methylbutyrate 13.19 0.25
25 (-)-1-methyl-2-norcaranone 13.99 0.05
26 nonanol 14.24 0.09
27 ethyl benzoate 14.26 0.08
28 1,3,5,8-undecatetraene 14.33 0.02
29 cis-3-hexenyl butyrate 14.46 0.04
30 methyl salicylate 14.67 0.13
31 decanal 14.78 0.15
32 isopropyl benzoate 14.82 0.13
33 2-methylethyl octanoate 15.07 0.03
34 (Z)-3-hexenyl 2-methylbutanoate 15.16 0.34
35 (E)-3-decen-1-ol 15.43 0.76

Table 3.3 Continued
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%

S/N  Compound R.T. (min) Composition
36 (Z)-3-decen-1-ol 15.54 44.65
37 decanol 15.74 1.67
38 dodecanol 15.92 1.03
39 ethyl nonanoate (IS) 16.08 2.29
40 cyclodecene 16.28 0.02
41 trans-dodec-5-enal 17.38 3.38
42 2,4-decadienal 16.41 0.1
43 cyclododecane 16.77 0.02
44 9-decen-1-ol 16.91 0.02
45 (E)-4-tetradecenyl acetate 17.00 0.01
46 bicyclo[3.3.0]Joct-1-ene 17.06 0.02
47 5-dodecen-1-al 17.38 2.82
48 methyl eugenol 17.58 0.68
49 2-octyne 17.82 0.01
50 trans- B-caryophyllene 17.91 0.62
51 hexyl-2-methylbutyrate 17.98 0.03
52 a -bergamotene 18.05 0.14
53 camphene 18.21 1.21
54 5-dodecenol 18.27 5.42
55 bicyclo[5.1.0]octane 18.29 2.65
56 cyclopentadecane 18.54 3.74
57 1-hexadecanol 18.52 2.15
58 pentadecane 18.74 3.45
59 (E,E)-o-farnesene 18.90 0.49
60 cis-calamenene 19.19 0.11
61 O-cadinene 19.17 0.04
62 nerolidol 19.57 0.04
63 cis-3-hexenyl benzoate 19.71 0.45
64 13-tetradecenal 19.91 0.55
65 delican 20.15 0.48
66 2-methyldecane 20.51 0.03
67 1,13-tetradecadiene 20.78 0.12
68 8-heptadecene 20.87 1.9
69 heptadecane 21.07 0.25
70 isopentyl benzoate 21.27 0.03
71 hexadecane 21.56 0.03
72 13-tetradecenal 22.17 0.46
73 hexadecanal 22,37 0.07
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hosts while the rest of the compounds appeared in either of the hosts. These
investigations demonstrated how B. invadens was capable of infesting different hosts

by using different chemical information provided.

In the present investigations, the EAD analyses of antenna of both male and female
flies with volatiles from M. indica and S. birrea indicated the flies to respond to
similar peaks in the EAD plots. This suggested that the volatiles from the two hosts
might have been providing information to both sexes on the possible feeding, mating

sites, as well as oviposition sites to females.

There are several reports that associate the behaviour of flies to fruits odors, since
volatiles have major influence on host searching behaviors of frugivorous tephritid
flies. The flies can detect host fruit volatiles from at least several meters away,
although after encountering a host, shape, color and size of the fruits become added
factors in their choices.'* There is an increasing amount of evidence that fruit
volatiles are important in enabling flies not only to locate host fruits, but also to
discriminate between hosts and non-hosts as well as among fruits at different stages

of ripeness.®®!"?

Volatile fruit odors have been used to successfully attract apple maggot fly,
Rhagoletis pomonella, and the volatiles are highly attractive to both males and
females.!!”” Likewise, volatiles have been shown to be potential sources of

attractants for male and female Anastrepha ludens.!*°
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CHAPTER FOUR

VOLATILE CONSTITUENTS FROM THE INDIAN ALMOND
(TERMINALIA CATAPPA) FRUITS AS POTENTIAL ATTRACTANTS FOR

THE FRUIT FLY BACTROCERA INVADENS (TEPHRITIDAE)

Abstract

GC-MS and GC-EAD analyses were conducted to compare volatile profiles of unripe and ripe fruits
of Terminalia catappa fruits and to identify combounds in ripe fruits that were electrophysiologically
active with respect to antennae of both male and female Bactrocera invadens. The volatiles from ripe
and unripe fruits showed notable differences in composition. Those from ripe fruits were dominated
by esters (89.15 %), with terpenes and alcohols representing only 2.23 and 1.68%, respectively.
Volatiles of unripe fruits contained more terpenes (47.24%), followed by esters (37.58%), with
alcohols being present in relatively small amount (0.67%). The most prominent peak in the volatiles
of ripe fruits was due to 4-penten-1-yl acetate (29.49%) and in that of unripe fruits it was 6-3-carene
(29.53%). GC-EAD analyses indicated 19 electrophysiologically active constituents, including esters,
terpenes and aldehydes, detected by the B. invadens antennae of both males and females. These
included isobutyl acetate, 4-pentenol, butyl acetate, 2-butenyl acetate, ethyl isovalerate, isoamyl
acetate, 4-penten-1-yl acetate, prenyl acetate, B-myrcene, 8-3-carene, limonene, trans-B-ocimene,
terpinolene, benzyl! acetate, citronellyl acetate, gerany! acetate, methyl eugenol, (E E)-o-farnesene and
elemicin, It was concluded that there was a difference in the chemistry of volatiles emanating from
ripe and unripe fruits and that both males and females were able to detect similar compounds from
volatiles of ripe fruits. The ecological implication of these results is discussed in the light of the

current understanding of the dacine lure biology.
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4.1 Introduction

Terminalia catappa L. (Indian almond) belongs to the family Combretaceae and in
East Africa it originated from Malaysia. The tree is generally confined to mesic and
wet coastal habitats and is distributed throughout the Old World tropics and tropical
America.”” It produces fruits (5-10 cm long) with a thin flesh surrounding a large
fibrous nut. Natural products reported from 7. catappa include terpenoids,®®
flavonoids,” tannins® and esters.>’  The plant is one of the hosts for B. invadens
and was recently reported to be highly infested, which results from the female’s

oviposition preference for the plant.

In the literature, it is reported that host odors are critical for the location of potential
oviposition sites by mono- and oligophagous insects.'’*'?! Adult flies can detect host
fruit volatiles from at least several meters away, and can use these olfactory signals
to orient upwind toward fruiting host trees.*'?* For example, leaf extract from T.
catappa preferentially attracts female oriental fruit flies.”® Such behaviour can be a
useful basis for identifying the attractive constituents emanating from host plants and

for developing these as a tool for the control of fruit flies.

Current field control measures for fruit flies in general are based on insecticide cover
sprays, bait sprays, physical control (fruit wrapping or bagging), cultural control
(crop hygiene, early harvesting, use of resistant varieties, etc.), sterile insect
technique (SIT), behavioural control (traps with different colours, shapes, odours,

1'70

male annihilation, protein bait sprays), and biological control.™ None of these
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Table 4.2 Percentage Compositions of the Constituents Identified from

Volatiles of Indian Almond (Terminalia Catappa) Unripe Fruits

%

S/N Compound R.T (min) Abundance
1 3-hydroxy-2-butanone 4.14 2.48
2 acetic acid, butyl ester 7.16 7.64
3 2-buten-1-ol acetate 7.50 8.78
4 isoamyl acetate 8.75 5.03
5 4-penten-1-yl acetate 8.93 1.63
6 meso-2,3-butandiol diacetate 9.13 0.58
7 amyl acetate 9.58 0.50
8 prenyl acetate 9.81 1.84
9 «-pinene, 9.96 4.30

10 B-pinene 10.86 0.57
11 myrcene 11.17 5.20
12 d-3-carene 11.53 29.53
13 1,3-pentadiene, 3-methyl- 11.64 0.46
14 limonene 11.87 243
15 trans-B-ocimene 12.23 0.21
16 y-terpinene 12.40 0.17
17 terpinolene 12.94 1.09
18 nonanal 13.17 0.19
19 methyl salicylate 14.64 0.20
20 citronellol 15.09 0.21
21 geraniol 15.50 0.46
22 geranial 15.74 0.21
23 ethyl nonanoate (IS) 16.08 3.94
24 decyl acetate 16.26 0.26
25 citronellyl acetate 16.86 0.30
26 neryl acetate 17.02 0.42
27 geranyl acetate 17.26 9.75
28 n-tetradecane 17.47 0.32
29 methyl eugenol 17.58 0.23
30 o-gurjunene 17.78 0.21
31 trans-B-caryophyllene 17.91 0.68
32 a-guaiene 18.12 0.24
33 o-humulene 18.36 0.34
34 alloaromadendrene 18.45 0.12
35 y-muurolene 18.61 0.22
36 methyl cis-isoeugenol 18.77 127
37 (E,Z)-a-farnesene 18.90 0.76
38 O-guaiene 18.99 0.37

39 O-cadinene 19.17 0.29
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4.3.3 Coupled Gas Chromatography-Electroantennographic Detection (GC-

EAD) Analysis of Volatiles from Indian almond (7. catappa) Ripe Fruits

The volatiles from Indian almond (Terminalia catappa) ripe fruits (ca. 200 g) were
trapped overnight and then eluted with 150 pl of HPLC grade dichloromethane
(Aldrich, UK). GC-EAD analysis on the antennae of both male and female flies led
to the detection a total of 19 active peaks from the volatile blends of ripe fruits
(Figures 4.10 and 4.11). Identification of the active compounds was facilitated by
GC-MS and the identified compounds included esters, terpenes and a ketone and
these comprised of 3-hydroxy-2-butanone, propy! acetate, isobutyl acetate, isoamyl
acetate, 4-penten-1-yl acetate, prenyl acetate (4.3), B-myrcene, 5-3-carene, trans-p-
ocimene, terpinolene, benzyl acetate, citronellyl acetate (4.4), geranyl acetate (4.5),
and elemicin (4.6). Of these, the EAG activity of eight compounds was confirmed by
GC-EAD through comparison with their synthetic analogues, and upon comparison
with their mass spectra by GC-MS. The compounds were identified as isobutyl
acetate, isoamyl acetate, prenyl acetate, B-myrecene, trams-B-ocimene, benzyl

acetate, citronellyl acetate and geranyl acetate.

In a recent publication, the B. dorsalis female’s antennae were reported to have
detected 22 compounds from volatiles of T. catappa L. fuits using coupled gas
chromatography-electroantennographic  detector (GC-EAD).*' In the present
investigations, a comparable number of constituents (19) was detected by antennae
of both male and female B. invadens. Some of these compounds were not detected by
B. dorsalis™, including 3-hydroxy-2-butanone, propyl acetate, isobutyl acetate,

isoamyl acetate, prenyl acetate, B-myrcene, 0-3-carene, trans-B-ocimene,
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CHAPTER FIVE

CANDIDATE ATTRACTANTS FOR BACTROCERA INVADENS (DIPTERA;
TEPHRITIDAE) MALE FLIES FROM GYNANDROPSIS GYNANDRA

(CAPPARIDACEAE)

Abstract

This Chapter reports candidate attractants of Bactrocera invadens male flies associated with
Gynandropsis gynandra. In addition, the presence of the candidate attractive compounds influencing
the behaviour of the insect was investigated in extracts of the plant and those from guts of the flies.
Field observations on the plant showed that the male fruit flies were attracted to G. gynandra plants
beginning at around 06:30 am to 12:30 pm. The maximum mean number of flies attracted was 65.26
+ 1.06/plant/day recorded between 08:01-08:15 hrs, showing a strong positive correlation to the time
of the day (r* = 0.9423). In GC-EAD and GC-MS analyses, two compounds 4-methyl-3-penten-2-one,
and 4-hydroxy-4-methyl-2-pentanone were identified in both G. gynandra and male B. invadens gut
extracts to be potential candidate attractants and they have not been reported before. The analyses of
the extracts from G. gynandra and gut of both laboratory reared and field flies revealed that, 4-
hydroxy-4-methyl-2-pentanone was present in both sources, however, 4-methyl-3-penten-2-one was
only present in the extracts from the plant and from the gut extract of insects collected from the field
while feeding on the plant. It was concluded that attraction of B. invadens to G. gynandra could be
mediated by two compounds, viz, 4-hydroxy-4-methyl-2-pentanone and 4-methyl-3-penten-2-one,

which could also be candidate attractants for the fruit fly.
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5.1 Introduction

Gynandropsis gynandra belongs to the plant family Capparidaceae that include erect,
branched, somewhat hairy herbs that grow 0.4 - 1 meter high, and usually have

purple stems.'*

The plant has been used for many years in African traditional
medicinal practices. For example, the leaves which have a high content of Vitamin C
are taken as a pot herb in soups, either fresh or dried.”*'** Extracts from the leaves
and stems of G. gynandra have antibacterial activity against Bacillus cereus, Bacillus
subtilis, Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli and
Streptococcus faecalis, and antifungal activity against Candida albicans, Penicillium
sp, Fusarium oxyposirum, Aspergillus flavus and Aspergillus niger.** In a tick-
climbing repellency bioassay, the oil from G. gynandra was repellent to
Rhipicephalus appendiculatus, which at the highest treatment levels was higher than
that by the commercial arthropod repellent N, N-diethyltoluamide.'*® In studies whose

results are reported in this Chapter, this plant species was observed to attract male

fruit flies, Bactrocera invadens in the field.

Males of several economically important Tephritid species are strongly attracted by
specific chemical compounds that are referred to as parapheromones or male lures.
These lures either occur naturally in plants or have been suggested to be synthetic
analogues of plant derived substances.>® Because of their powerful attractiveness to
flies, parapheromones are frequently used in control programmes for detecting and

monitoring fruit fly populations in the wild.
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Most pest species of Bactrocera are attracted to two major natural attractants, namely
the raspberry ketone (RK, cue-lure) and methyl eugenol (ME).1*¢138 Males of the
pest fruit fly species such as Bactrocera cucurbitae and Bactrocera tryoni, are
attracted by raspberry ketone and sequester the chemical into their pheromonal
system. Ingestion of methyl eugenol by Bactrocera dorsalis has been studied
intensively, which showed that the compound is converted in the crop into two major
booster sex pheromonal components namely #rans-coniferyl alcohol and 2-allyl-4,5-

dimethoxyphenol.**

The metabolites are stored in the rectal gland and subsequently
released during fanning, which is performed during courtship. These components
improve the mating competitiveness of males by at least three-fold when compared
with methyl eugenol-deprived males. On the other hand, attractants for male B.
dorsalis also play a role in the survival of the flies since one of the components, 2-

allyl-4,5-dimethoxyphenol, is a very potent allomone, that is a feeding deterent to

vertebrate predators.>

Field observations showed that G. gynandra attracted only males of B. invadens. The
study described here was conceptualized based on this observation. The objective
was to undertake appropriate investigations on the interactions between the plant and
the fruit fly species so as to establish the active chemical constituents mediating these

interactions.
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5.2 Materials and Methods

5.2.1 Insects

Larvae of B. invadens were collected from infested mangoes in the field at
Nguruman, 180 km South West of Nairobi and from Embu, about 140 km from
Nairobi in Eastern Kenya. The larvae were reared in the insectaries at icipe Kasarani
campus to obtain mature flies that were used for wind tunnel assays. The rearing
procedure and maintenance of the fly colony were as previously described in detail in

Chapter Two of this thesis.

5.2.2 Response of Flies to Gynandopsis gynandra in the Field

Observations on the behavioural responses of fruit flies B. invadens towards G.
gynandra were done in the field at Nguruman, Kenya. Four healthy plants growing
in the field were selected and the numbers of the flies on them were counted at
intervals of 15 min beginning at 06:30 am to 12:30 pm, for 9 days. On each day, flies
on the four plants were counted and their mean constituted one replicate. The
average number of flies on the plant for the nine days was calculated. The age of the
plants was not taken into account because these were wild plants whose ages were
not known. The relative humidity and temperatures were also recorded and their

means calculated.
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5.2.3 Dual Choice Olfactometric Bioassays

These were carried out as described in detail in Chapter Two of the Thesis.
Howeyver, in this case plant parts (10 g) including leaves, stems, flowers and pods

were used all together in the bioassays as the source of volatiles.

5.2.4 Solvent Extracts from Gynandropsis gynandra

Extraction of compounds from G. gynandra was carried out in the field at Nguruman
in one of the mango orchards. Plant parts (leaves, pods, flowers and stems) were cut
and dipped in HPLC grade hexane (Aldrich) for 5 min, then decanted to obtain
extracts that were stored in 8 ml glass vials. Vials containing the extracts were then
wrapped with aluminum foil and placed in a cool box containing ice, which was then
quickly transported to the laboratory for analysis. The residuals were also transferred
to the laboratory for weighing. The average weight of the extracted plant materials

was approximately 8.9 g.

5.2.5 Solvent Extracts from the Gut of Male Flies, Bactrocera invadens

Compounds were extracted from the gut of laboratory-reared fruit flies that had been
fed on artificial diet as well as from flies collected from the field while feeding on G.
gynandra. The gut was removed using forceps by pulling gently from the neck while
holding the abdomen. Gut materials from 10 insects were extracted using 1 ml of
HPLC grade acetone (Aldrich), and then concentrated to remove the acetone. The
extract was dissolved in HPLC grade dichloromethane (Aldrich) and the sample was

stored below 20°C prior to analysis on GC-MS.
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5.2.6 GC-EAD and GC-MS Analyses

These were carried out as described in Chapter Three of the Thesis.

5.3 Results

5.3.1 Attraction of Males of Bactrocera invadens to G. gynandra in the Field

Male flies, B. invadens were fortuitously observed to visit Gynandropsis gynandra in
large numbers in the field during the day, which warranted further investigations.
Results on observations on males of B. invadens visiting G. gynandra over a period
of nine days showed a strong positive correlation between the number of flies
visiting the plants and the time of day (r* = 0.9423) for a non-linear model.
Observations were made from 06:30 am to 12:30 pm (Figure 5.1). The number of
visiting flies increased gradually and reached a maximum of 653 %= 1.0
flies/plant/day between 08:01 and 08:15 hrs. Fly numbers then decreased gradually
to 2 insects/plant/day between 12:16-12:30 hrs. In addition, the other ambient factors
recorded were temperature and relative humidity (Figure 5.2). The number of flies on
the plants and the relative humidity were found to decrease with the increase in the
ambient temperature. Thus, there was a strong positive correlation between the flies
on the plants and the relative humidity. While on the plant, flies were observed to
feed on the surface of the plant parts, viz. leaves, flowers, stems and pods (Plate 5.1).
Results of these observations were an indication that, male B. invadens could be
ingesting some chemicals (in the dew on these plant parts) that may play an

important role in the life processes of this species. This is probably part of the reason
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used as sources of odour, flew toward the volatiles and 18% to the control. For male
flies, 54% flew to the volatiles emitted by females and 14% flew to the control side
of the olfactometer (Fig. 6.1). However, these differences were not statistically

significant (x*= 9.6, P = 0.1425 and 5= 8.7059, P = 0.1214 respectively).

These results suggest that, it is most likely that male flies were the ones producing a
pheromone that was being detected by both female and male conspecifics. It has
been reported that, with the exception of Dacus oleae, attractant pheromones in
tropical frugivorous tephritids are produced by male flies.*'*> On the other hand,
attraction of both males and females of B. invadens by the emissions from
conspecific males suggest the possibility that, these volatiles could play two major
roles, as sex and aggregation pheromones. In other species of fruit flies, in particular
those whose males form leks, male flies release pheromones that attract both males
and virgin females.!*® Furthermore, the production of pheromonal constituents by
females as it is hereby reported, is also common to some tephritid species.% Volatile
emissions are also believed to be used as aggregation pheromones for gathering
females at the courtship sites. Several males have been observed to gather in a small

space under tree leaves and then attract other males to form lek.**!%
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Figure 6.1 Response of Male and Female Flies, B. invadens to Volatiles
Emitted by their Live Conspecifics in a Dual-Choice Olfactomer.
Key; @ = female flies, & = male flies, Qvol = volatiles produced by females and

dvol = volatiles produced by males.

6.3.2 GC-MS Analysis

Mass spectrometric GC-MS analysis of volatiles produced by male and female flies,
B. invadens showed the presence of similar compounds that only differed in
quantities (Table 6.1). A detailed analysis of the mass spectral data and upon
comparison with mass spectra of previously reported compounds from a closely
related fruit fly indicated the presence of compounds that have been reported to be

constituents of sex pheromones from other closely related fruit fly species.'**'*®
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Table 6.1 Percent Compositions of Compounds Identified in Volatile Emissions

from Bactrocera invadens

R.T. (min) % Composition
S/N Compound Females Males Females Males
T 3-methyl butanal 343 345 343 161
2 2-methyl butanal 3.56 3.59 3.56 1.28
3 3-hydroxy-2-butanone 4,52 377 4.52 13.56
4 isoamyl alcohol - 4,26 - 0.06
5 3-methyl-1-butanol 311 - 1.76 -
6 hexanal 6.95 - 1.39 -
7 cyclohexanone 9.26 - 0.53 -
8 benzeneacetaldehyde 12.32 - 1.88 1.01
9 nonanal 13.33 13.19 0.97 0.15
10 benzeneethanol 13.55 13.34 1.23 1.01
11 isopropylbutylamine - 13.57 - 0.69
12 N-(3-methylbutyl)acetamide 13.86 13.26 2.03 14.75
2,8-dimethyl-1,7-
13 dioxaspiro[5.5]undecane 13.96 13.79 10.67 5.61
14 methyl salycilate (IS) 14.82 1423 0.49 23.92
15 decyl aldehyde 14.91 - 0.57 -
2-ethyl-8-methyl-1,7-
16 dioxaspiro[S.5]undecane 15.33 14.79 1.14 0.43
2,8-diethyl-1,7-
17 dioxaspiro[5.5]undecane 15.87 15.33 0.34 2.35
18 tridecane - 15.72 - 0.03
2-n-propyl-8-methyl-1,7-
19 dioxaspiro[5.5]Jundecane 15.97 15.97 0.2 0.1
20 3-octene 16.32 16.32 - 0.8
21 ethyl decanoate 17.53 17.04 0.57 0.23
22 methyl dodecanoate 19.14 18.63 1.68 0.31
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ion. Furthermore, subsequent extrusion of ethanal would give a fragment ion whose
peak appeared at m/z 125, corresponding to the formula CgH;30. A peak at m/z 140
was also observed in the MS and this was envisioned to have been produced due to
extrusion of ethanal from the molecular ion of compound 6.1. The base peak was
observed at m/z 112 in the MS resulting from fragmentation of one of the pyran rings
at C-6 and C-10 to produce an ion with formula C;H;0. On the other hand
fragmentation of a pyran ring at C-7 and C-11 would produce a fragment ion whose
peak appeared at m/z 114, corresponding to the formula CgH;oO,. The MS

fragmentation pattern is summarized in Scheme 6.1, and is consistent with structure

6.1.
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Figure 6.5 Mass Spectrum of 2,8-dimethyl-1,7-dioxaspiro[5.5]undecane

(6.1)
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Scheme 6.1 MS Fragmentation Pattern for 2,8-dimethyl-1,7-

dioxaspiro[5.5]undecane (6.1)

6.3.3.2 2,8-Diethyl-1,7-dioxaspiro[5.5S]undecane (6.2)

The MS of compound 6.2 consisted of the molecular ion peak at m/z 212.2,
corresponding to the formula C;3H»40,. A peak due to loss of a methyl and an ethyl
group was observed at m/z 183 and 197 respectively, while a very weak peak due to
extrusion of propanal appeared at m/z 154. The fact that only one peak due to
extrusion of an alkyl group was observed suggested that the compound was
symmetrical as shown by structure 6.2. The base peak was observed at m/z 125 and
this was ascribed to the fragmentation of one of the pyran rings from the fragment
ion whose peak appeared at m/z 183 (Scheme 6.2). The fragmentation process as

shown in Scheme 6.2 was consistent with structure 6.2.
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Figure 6.6  Mass Spectrum of 2,8-diethyl-1,7-dioxaspiro[5.5]undecane (6.2)
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Scheme 6.2 MS Fragmentation Pattern for 2,8-diethyl-1,7-

dioxaspiro[5.5]undecane (6.2)
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6.3.3.3 2-(n-Propyl)-8-methyl-1,7-dioxaspiro[5.5]undecane (6.3)

The MS of compound 6.3 indicated the molecular ion peak to be at m/z 212.1, being
consistent with the molecular formula C;3H,40,. Subsequent fragmentation of the
pyran ring at C-1 and C-5 would account for the base peak appearing at m/z 115,
corresponding to the fragment ion CgH;;0,". On the other hand cleavage of a methyl
group from the molecular ion would yield a fragment ion whose peak appeared at
m/z 197, corresponding to the fragment ion CioHz0,". The MS fragmentation

pattern as summarized in Scheme 6.4 was found to be consistent with structure 6.3.
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Figure 6.7 Mass Spectrum of 2-(n-propyl)-8-methyl-1,7-

dioxaspiro[S.5]undecane (6.3)
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one of the pyranoid ring through the spiran system would lead to the formation of a
diene fragment ion whose peak appeared at m/z 55, corresponding to the formula
CsH;" and a protonated lactone whose peak was observed at m/z 115, corresponding
to the formula C¢H;,0, which was also the base peak. Subsequent loss of water from
the protonated lactone would have produced a fragment ion whose peak appeared at
m/z 97. The MS fragmentation pattern for compound 6.4 is depicted in Scheme 6.4

and it is in agreement with the structure.
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Figure 6.8 Mass Spectrum of 2-ethyl-8-methyl-1,7-dioxaspiro[5.5]undecane
(6.4)
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Scheme 6.4 MS  Fragmentation Pattern for  2-ethyl-8-methyl-1,7-

dioxaspiro[5.5]undecane (6.4)

6.3.3.3 Ethyl tetradecanoate (6.5)

The MS of compound 6.5 showed the molecular ion peak at m/z 256.1 and this was
consistent with the molecular formula Cy¢H3,0,. The MS exhibited the base peak at
m/z 88 that was ascribed to the fragment ion C4H;O,", being formed through a
McLafferty rearrangement characteristic of ethyl esters.'®*' Other characteristic
peaks for ethyl esters were also observed at m/z 101 and 73 due to o and y cleavage

relative to the carbonyl carbon, corresponding to fragment ions CsH;oO,  and
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m/z 87 and 59. The MS fragmentation pattern for compound 6.6 is depicted in

Scheme 6.6 and it is in agreement with the structure.

On the other hand the MS of ethyl dodecanoate (6.7) indicated a molecular ion peak
at m/z 228.2 corresponding to the formula Cy4H230,, having one CH; unit more than
in compound 6.6. Thus, a McLafferty rearrangement type fragmentation  was
indicated by the appearance of a fragment ion peak at m/z 88 which was also the base
peak, and other characteristic fragment ion peaks that appeared at m/z 101 and 73
corresponding to formula CsHgO, and C3HsO; respectively. Cluster of peaks which
were 14 mass units apart were also observed, corresponding to loss of CH; units in
the aliphatic part of the compound. These included peaks at m/z 214, 195, 185, 171,
157, 143, 129 and 115. The MS fragmentation pattern as depicted in Scheme 6.8 was
in agreement with the structure 6.7.
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Figure 6.10 Mass Spectrum of methyl dodecanoate (6.6)
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Bioassays with natural volatiles emitted by the fruits in the wind tunnel experiments
indicated the attraction of both male and female flies. There was no apparent
difference in the responses of the flies to the three hosts, probably reflecting the
polyphagous habits of the insect. However, for mangoes, of the three varieties that
were tested the flies were able to discriminate between sensation and kent varieties.
This could be due to the differences in the quality and quantity of semiochemicals in
the volatiles emitted by the two mango varieties. Attraction of both male and female
flies to crude volatiles may indicate the production of a similar range of attractant
constituents by different hosts that are perceived by both sexes. The male flies were
assumed to be using some components of kairomones for the purposes of sex or
aggregation pheromone synthesis. The preference of flies for mature unripe and
mature ripe fruits indicated the presence of a certain group of compounds that are
produced at a certain level of maturity of the fruits that are perceived by the insects
by olfaction and guide them to their hosts. This may also signal the presence of
enough nutrient resource for the insect’s survival. This and previously reported
evidence indicates that fruit volatiles are important in enabling flies not only to locate
the host plants, but also to discriminate between hosts and non-hosts and among
fruits at different stages of ripeness. This was further confirmed by GC-EAD

analysis, since both male and female flies responded to similar chemical constituents.

The coupled GC-EAD analysis of volatiles was conducted in order to identify
compounds in volatiles from ripe fruits that were detected by the antennal olfactory
receptors of the fruit flies. Results showed that, olfactory receptors in the antennae

of male and female flies detected a wide range of compounds in the crude volatiles
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peaks were shown to be due to 2,8-dimethyl-1,7-dioxaspiro[5.5]undecane (10.67%)

for female and N-(3-methylbutyl)acetamide (14.75%) for male flies.

There were some compounds that were present in volatiles of host fruits and those
produced by the flies. These included 3-hydroxy-2-butanone, methyl and ethyl
tetradecanoate, ethyl hexadecanoate, ethyl decanoate and ethyl dodecanoate. Male
and female flies were observed to use the plant as a rendezvous site for courtship and
mating, a mode of mating behavior typical of many members of the family
Terphtitidae. This further corroborated the possibility that the search for mates by
both sexes is closely linked to the search for the ‘host’ plant. Thus, it is generally
believed that chemical cues used to locate places for mating could also be involved
in the search for hosts. As reported in other studies, the males of many phytophagous
insects tend to aggregate at the primary feeding and oviposition sites and what guides
them are the chemical stimuli emitted not only by a host plant species, but also by
any other plant that is preferred by females. This would ensure high chances for

mating and hence the flies’ survival and proliferation.

In conclusion, the foregoing results constitute a significant contribution toward
understanding the chemical ecology of interspecific interactions between the fruit fly
Bactrocera invadens and some of its host plants and intraspecific communication
between the flies themselves. The results lay down the foundation for the
development of host plant-derived attractants for the management of both male and
female Bactrocera invadens, as an important tool in Integrated Pest Management

(IPM)
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