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insecticide to use against this pest uncertain and risky.

to 6 days old after treatment.

Background: The high yield loss reported from the infestations of fruits by Bactrocera invadens Drew, Tsuruta and
White in West Africa can impact negatively on the growth of horticulture in the region. Similarly, the shortage of
insecticides specifically registered for the control of this pest in Ghana makes decision by farmers on which

Results: The result for the acute lethal toxicity shows that the lethal concentration (LC) values of the tested
insecticides are 0.59 (diazinon (Diazol)), 0.81 (chlorpyrifos (Pyrinex)), 1.21 (cypermethrin+dimethoate (Cydim super)),
and 3.12 (deltamethrin (Deltapaz)) m! L~ of water. The result for the residual toxicities of three concentrations for
each of the tested insecticides shows that the lethal times LT (LTsg and o) for the adult B. invadens differed
significantly for all the ages of the residues. Some insecticides exhibited low lethal time even on panels that are up

Conclusion: We concluded that the acute lethal toxicity of the insecticides from most-to-least toxic are diazinon
(Diazol) > chlorpyrifos (Pyrinex) > cypermethrin + dimethoate (Cydim super) > deltamethrin (Deltapaz). The residual
toxicity of the label rates of all the insecticides are equal to those of the higher doses but better than those of the
least doses. The implication of these findings for the management of B. invadens has been discussed.
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Introduction

Tephritid fruit flies are pest of major significance in
most fruit and fruity vegetable crops (Vayssiéres et al.,
2011; Vayssiéres, Sanogo, & Noussourou, 2007; White &
Elson-Harris, 1992; Wih & Billah, 2012). They have been
reported to cause colossal economic destruction and
losses in important tropical crops like citrus, mangoes,
papaya, and guava (Badii, Billah, Afreh-Nuamah, &
Obeng-Ofori, 2015; Ekesi & Billah, 2006; Umeh, Garcia,
& De Meyer, 2008; Vayssieres et al., 2007, 2011). Several
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species of fruit flies including Bactrocera invadens Drew,
Tsuruta and White, Ceratitis capitata (Wiedemann), B.
dorsalis (Hendel), and B. curcubitacea (Coquillett)
among others have been implicated globally in causing
the afore mentioned damage leading to vast economic
loss (Badii et al., 2015; Ekesi, Nderitu, & Rwomushana,
2006; Rwomushana, Ekesi, Gordon, & Ogal, 2008).

In west Africa, B. invadens have been reported to
cause damage in the range of 17-73% on total fruits
yield in Mango (Vayssiéres et al., 2007, 2011). This dam-
age regime will have monumental effects on the sustain-
able productions of fruits (especially mango) in the
region and other similar ecologies known to be within
the geographical range of this pest (Copeland, 2006).
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Sequel to this, exploring effective and appropriate man-
agement strategies to protect plantation from tephritid
fruit flies pressure has become a matter of great urgency
(Vayssieres et al., 2011).

Despite the existence of other control methods against
B. invadens, the use of synthetic insecticides still plays a
central role in adult population suppressions pro-
grammes (Bateman, 1982; Vayssiéres et al.,, 2011), as the
eggs are normally deposited inside the fruit and hatch
therein into a larvae that feeds and develop to the last
instars within the fruits, creating galleries that permits
the opportunist micro-organism invasion with conse-
quent decay of tissues around such galleries (Ekesi &
Billah, 2006). Likewise, given the array of insecticidal
products used by farmers for the control of fruit flies in
Ghana, there are limited products that have been specif-
ically registered for this purpose (Badii, Billah, Afreh-
Nuamah, & Obeng-Ofori, 2012; EPA, 2008). Also, infor-
mation on both the acute and residual toxicities of these
products against especially B. invadens are lacking in the
literature. Hence, the choice of the mango farmers of
any of these insecticides depends on recommendations
of such insecticides for control of other pests on mango
and other fruits, a practice which does not work well for
most pest problems (Raga & Sato, 2006; Vayssiéres et al.,
2011). This study was therefore carried out with the sole
aim of generating information on the acute and dose-
dependent residual toxicities of some selected insecti-
cides commonly used by mango farmers in Ghana
against B. invadens.
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Materials and methods
Rearing of the Adult B. invadens used
Adult fruit flies used in this experiment were reared out
of infested fruits collected from the field and processed
as described by Copeland (2006) and Rwomushana et al.
(2008). Fruits were placed on large plastic racks with
trays of pre-sterilized moistened sand under the con-
tainer to collect exiting larvae (Fig. 1a) or incubated in
plastic bowls lined with sand (Fig. 1b). The sand was
heat-sterilized at 100 °C for 12 h. Fruits were dissected
after 2 weeks of incubation to remove any remaining lar-
vae that may prefer to remain inside the rotting fruit if
the outside environment is not conducive (Billah, per-
sonal communication). After 3 days, the sand was sieved
to recollect the puparia, which were placed in petri
dishes lined with moist filter paper. Daily check for
emerged insect was done, and the emerged insects were
transferred into holding cages (Fig. 1c). Adult insects
were allowed to stay for 3—4 days to achieve full adult
characteristics to facilitate proper identification. They
were provided with water-soaked cotton wool and fed
on a diet containing pure baker’s yeast and sugar (1
yeast to 3 sugar or natural honey, v/v combination).
Adult fruit flies were identified using literature and
keys of Billah and Mansell (2006); De Meyer (1998,
2000); Drew, Tsuruta, and White (2005) and White and
Elson-Harris (1992). Where there was doubt, flies were
sent to Dr. M. K. Billah (Department Animal biology
and conservation studies, University of Ghana) for
confirmation.

a

Fig. 1 Incubation of mango/fruits on (a) plastic racks and in (b) plastic bowls for rearing flies, Adult fruit flies holding cages (c)

.
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Insecticides products used

Four commercial insecticidal products: cypermethrin-+di-
methoate (Cydim super™), chlorpyrifos (Pyrinex 48 EC™),
diazinon (Diazol 50 EW™), and deltamethrin (Deltapaz™)
were evaluated during the study. Cydim super is an
emulsifiable concentrate containing 36 g cypermethrin
and 400 g dimethoate per liter. It is manufactured by
Iprochem Company limited (Shenzen, China) and dis-
tributed in Ghana by Agrimat Ltd (Agrimat House,
Madina). Pyrinex 48 EC™ contains chlorpyrifos 480 g/L.
It is manufactured by Makhteshim Chemical Works Ltd
(Beer Sheva, Israel) and distributed in Ghana by Dizeng-
off (Gh) Ltd. Diazol 50 EW contains diazinon 500 g/L. It
is manufactured by Makhteshim chemical works Ltd
(Beer Sheva, Israel) and distributed in Ghana by Dizeng-
off (Gh) Ltd. Deltamethrin (Deltapaz) contains delta-
methrin 12,5 g/L, manufactured by Makhteshim
chemical works Ltd, Beer sheva, Israel, and distributed
in Ghana by Dizengoff (Ghana) Ltd.

Determination of acute toxicities of the insecticidal
product

To determine the lethal concentration (LC) values of the
products, the commercial grade of each product was di-
luted as follows: cypermethrin + dimethoate, 0.90, 1.60,
2.30, and 3.00 ml L™ chlorpyrifos, 0.80, 0.90, 1.00, and
1.10 ml L™ diazol, 1.20, 1.80, 2.50, and 3.20 ml L™", and
detamethrin, 2.00, 2.60, 3.40, and 4.00 ml L', The hard
cardboard panels were dipped into the solution of the
respective concentration for each product and allowed
to dry for 10 min under the shade in the lab. The bioas-
says were conducted in 1-L transparent bottles fitted
with yellow caps, from which treated cardboard panels
(4 x 4 cm) were hanged (Fig. 2). A hundred and fifty
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(150) holes of 1.5 mm diameter were made on the sides
of the bottles for ventilation during the bioassay (Cheng,
Cho, & Li, 2009). A hole of 1.5 mm in diameter was
made at the center of the bottles’ yellow cap to hang the
treated panels with the aid of a string attached to the
panels (Fig. 2). Ten adult B. invadens of mixed sexes in
three replicates for each product were added to the
treated panels in transparent bottles. Observations for
mortalities were done every 2 min for 30 min. Data on
mortalities were recorded at each interval and used to
determine the LC values.

Insecticide concentration-dependent efficacy bioassay

Insecticide concentration-dependent efficacy was deter-
mined by calculating the lethal time (LT5y and LT o)
values for the field strain of adult B. invadens for each
candidate insecticide. All bioassays were conducted in
the Research Laboratory at the African Regional Post-
graduate Programme in Insect Science (ARPPIS) build-
ing, University of Ghana, Legon, under 28 + 2°C, RH
68—81% and photoperiod of 12:12 D to L hours. Bioas-
says were conducted in a 1-L transparent bottle as de-
scribed in Section 2.3 above with modification on the
mode of treatment of hard cardboard panels. Here, the
hardboard panels were dipped into a solution of the test
insecticides at three different concentrations for each in-
secticidal product for 2 min. The rates used to get the
respective solutions are 10 ml below the manufacturers’
recommended rate (lowest concentration), the manufac-
turers’ recommended field label rate (median concentra-
tion), and 10 ml above the manufacturers’ recommended
rate (highest concentration) (Moore and Miller 2006).
Thus, 1.6, 2.3, and 3.0 ml of cypermethrin+dimethoate
(Cydim super) per liter of water chlorpyrifos (Pyrinex)

Fig. 2 Insecticides efficacy bioassay system
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48 EC were used at the rates of 0.9, 1.0, and 1.10 ml L™
of water, diazinon (Diazol) 50 EW was used at the rates
of 1.8, 2.5, and 3.2 ml L™* of water, and deltamethrin
(Deltapaz) was used at the rate of 2.6, 3.4, and 4.0 ml
L 'of water for the concentration-dependent and re-
sidual toxicity bioassay. Prior to introduction of the in-
sects, the treated panels were allowed to dry under
laboratory condition for 20 min. Then, ten adult B.inva-
dens of mixed sexes (five males and five females) aged
4-12 days were collected from the rearing cages using a
1.5 cm diameter vial and introduced into the bioassay
bottles containing the treated panels. The lids of the bot-
tles were replaced and keep in an upright position (Fig.
2).

Observations for mortalities were made at least once
every 5 min. Adult flies that were knocked down and
could not move any appendages for 30 s after respond-
ing to the insecticides were considered dead. The re-
spective mortalities and times taken (lethal time (LT))
for 50 and 90% of the introduced flies to die were re-
corded and used to determine LT5y, and LTy, for a
treatment and concentration level using probit analysis.
Three experiments were conducted based on the age (in
days) of the treated panels to test the residual toxicities
of the insecticides for each of concentration. Thus, (1)
freshly treated panels (20 min after dipping), (2) 3-day-
old treated panels (72 hours after dipping), and (3) 6-
day-old treated panels (144 h after dipping) (Urbaneja
et al. 2009). In each experiment, all treatments were rep-
licated three (3) times. A similar panel treated with only
water before exposure to insects was used as a control
for the different doses of the four insecticides.

Statistical analysis

Insecticide acute toxicities were determined within 30
min and expressed in LC values, and their 95% confi-
dence limits and slope of regression lines determined by
probit analysis (EPA probit analysis program, version
1.5). Data on lethal times were subjected to one-way
ANOVA in GENSTAT statistical packages (GenStat Re-
lease 9.2 (PC/Windows) Genstat, 2007, Lawes Agricul-
tural Trust (Rothamsted Experimental Station) O9th
Edition). Means were separated using the least
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significant difference (LSD; P < 0.05). Prior to analysis,
mortalities exceeding 5% in the controls were corrected
for natural mortality using Abbotts’ formula (Abbott,
1925).

Results

Acute toxicities of the selected insecticidal products

The acute toxicities of the insecticidal products tested
are shown in Table 1. The LCs, values of all tested prod-
ucts are low, ranging from 0.59 (diazinon (Diazol)) to
3.10 (deltamethrin (Deltapaz)) ml L™'. The toxicity
ranges from most-to-least toxic are diazinon (Diazol) >
chlorpyrifos  (Pyrinex) > cypermethrin+dimethoate
(Cydim super) > deltamethrin (Deltapaz), respectively.
The LCq values of the tested products ranged from 1.03
chlorpyrifos (Pyrinex) to 5.23 deltamethrin (Deltapaz) ml
L% hence, the toxicity ranges from most-to-least toxic
are chlorpyrifos (Pyrinex) > diazinon (Diazol) > cyper-
methrin+dimethoate (Cydim super) and deltamethrin
(Deltapaz). Similarly, the 95% fiducial limits (FL) (0.55—
0.89 ml L") for chlorpyrifos (Pyrinex) and cyperme-
thrin+dimethoate (Cydim super) (LCs, 0.4-1.68 ml L")
for the LCs, overlapped. Also, the 95% FL for deltameth-
rin (Deltapaz) (4.01-18.49 ml L") and cypermethrin+di-
methoate (Cydim super) (2.11-15.56 ml L") overlapped
at their LCy values (Table 1).

Concentration-dependent lethal times residual toxicities
of the insecticidal products

Cypermethrin+dimethoate (Cydim super)

The results of the concentration-dependent toxicity level
comparisons for cypermethrin+dimethoate (Cydim
super) across the residue ages are shown in Table 2. As
expected, freshly treated panels with 3.0 ml L™ cyper-
methrin+dimethoate (Cydim super) was more toxic to
the flies and gave the least mortality times (LT59 = 29.67
+ 13.68 and LTyy = 73.67 + 41.67 min). However, the
differences between the mean LT;, values for all con-
centration levels were not significant except for the con-
trol that was highly significantly (P < 0.001) higher than
all. However, the difference between LTy, values of the
least and the highest concentration (1.6 and 3.0 ml LY
were highly significant (P < 0.001) (LTgo = 128.00 +
20.81 and 73.67 + 41.67 min, respectively).

Table 1 Probit analysis of mortality of adult B. invadens to insecticides

Insecticides No. exposed Slope + SE LCso (FL) ml/L™" LCo (FL) ml/L™" X

Cypermethrin+dimethoate 30 318 £1.15 1.20 (0.4-1.68) 3.04(2.11-15.56) 229
Chlorpyrifos (Pyrinex) 30 1267 £ 093 0.81 (0.55-0.89) 1.03 (0.93-1.58) 1.04
Diazinon (Diazol) 30 392 +233 059 () 125 () 0.54
Deltamethrin (Deltapaz) 30 566 + 1.98 3.10 (2.53-4.09) 523(4.01-1849) 041

Legend: FL fiducial limits
“Fuducial limit could not be established
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Table 2 Mean lethal time (LT) for different concentrations of cypermethrin+dimethoate (Cydim super) and age of residues

Mean = S. E. lethal time (min)

Age of residue Concentration (ml L™ LTso LTog

FTP 0.0 >2880.00 + 0.00 >2880.00 + 0.00
16 66.33 + 878 128.00 + 20.81
23 62.00 + 15.52 103.00 £ 14.18
3.00 29.67 £ 13.68 7367 £ 4167
LSD (P < 0.05) 50.22 56.24
f-value 10238.18 3257.96
P <.001 <.001

3-DOTP 0.0 >2880.00 + 0.00 >2880.00 + 0.00
1.6 127.00 + 54.20 194.00 + 72.00
23 66.00 = 1740 105.33 + 27.51
30 4467 + 14.66 6033 + 1846
LSD (P < 0.05) 96.00 129.19
f~value 2270.89 1217.66
P <.001 <.001

6-DOTP 0.0 > 2880.00 + 0.00 > 2880.00 + 0.00
16 14433 + 5547 199.67 + 129.66
23 7433 £ 1732 9433 +21.30
3.0 4267 +9.74 62.00 + 1762
LSD (P < 0.05) 96.10 11430
f~value 224890 155547
p <.001 <.001

Legend: FTP freshly treated panels, 3-DOTP 3-day-old-treated panels, 6-DOTP 6-day-old-treated panels

In the 3-day-old treated panels experiment, the highest
concentration (3.0 ml L™!) was more toxic to the flies
(LTso = 44.67 + 14.66 min; LTo, = 60.33 + 18.46 min),
but was only highly significantly (P < 0.001) more toxic
than the least concentration level (1.6 ml L™') (LTso =
127 + 54.20 min; LT9y = 194 + 72.00 min). All concen-
tration levels were significantly more toxic (P < 0.001)
than the control (LTg, > 2880.0 min).

Mean toxicity difference among concentration levels
in the 6-day-old treated panels was the same as the 3-
day-old treated panels. Difference between the LT of the
flies on the panels treated with 2.3 and 3.0 ml L 'were
not significant. Both concentration levels were, however,
significantly more toxic (P < 0.001) to the adult B. inva-
dens than the controls panels.

Chlorpyrifos (Pyrinex 48 EC)

Table 3 summarizes the within treatment comparisons
for the different doses of chlorpyrifos (Pyrinex) over the
residues ages. The result for the freshly treated panel ex-
periment indicated that all concentrations were highly
significantly (P < 0.001) more toxic to the adult B. inva-
dens than the controls. The median concentration (1.0
ml L) was more toxic (LTsy = 39.33 + 9.39 and LTy, =
56.67 + 2.40 min) than the least concentration, but these
mean mortality times were not significantly different

from the highest (1.1 ml L™") and the lowest concentra-
tion (0.9 ml L™Y).

On the 3-day-old treated panel experiments, there was
a highly significant difference (P < 0.001) among mean
lethal times for all treatment levels. The adult flies were
more susceptible to the highest concentration (1.1 ml
L") and gave the least lethal times (LT5, = 19.33 + 5.28;
LTgy = 31.00 + 3.00 min), acting faster than the same
concentration on the freshly treated panels (LT5, =
29.67 + 7.13 and LTgy = 43.66 + 6.64 min). Similarly, the
results obtained with the 6-day-old treated panels
showed a similar pattern of toxicity to those for the 3-
day-old panels treated with chlorpyrifos (Pyrinex).

Diazinon (Diazol 50 EW)
The result for experiments with panels freshly treated with
varying concentrations of diazinon (Diazol) is shown in
Table 4. It indicated that the highest concentration (3.2 ml
L") was more toxic to the adult B. invadens and gave the
lowest mean LT values (LT5y = 25.33 + 4.41 and LTqy =
30.67 + 6.38 min). Mean lethal time comparisons across
the dosage concentrations were, however, not significantly
different from each other, but were highly significantly dif-
ferent (P < 0.001) from the control.

Experiments with 3-day-old treated panels showed
that all concentration levels significantly acted faster
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Table 3 Mean lethal time (LT) for different concentrations of chlorpyrifos (Pyrinex) and age of Residues
Mean = S. E. lethal time (min)
Age of residue Concentration (ml L™ LTso LTog
09 66.33 + 16.50 74.67 £ 9.60
1.0 3933 £9.39 56.67 = 240
1.1 2967 £ 713 43.66 £ 6.64
LSD (P < 0.05) 33.06 1943
f-value 19569.51 56073.58
p <.001 <.001
3- DOTP 0.0 >2880.00 £+ 0.00 >2880.00 £ 0.00
09 38.00 + 458 53.00 + 9.00
1.0 3333 + 441 31.00 + 3.00
1.1 1933 +£5.28 31.00 + 3.00
LSD (P < 0.05) 1344 17.06
f-value 119600.00 73617.82
p <.001 <.001
6-DOTP 0.0 >2880.00 + 0.00 >2880.00 + 0.00
09 3433 +£ 233 4833 +4.10
1.0 3733 +£1.20 50.00 + 6.11
1.1 2633 + 146 3533+ 133
LSD (P < 0.05) 5.00 12.19
f-value 900800.00 143800.00
p <001 <001
Legend: FTP freshly treated panels, 3-DOTP 3-day-old-treated panels, 6-DOTP 6-day-old-treated panels
Table 4 Mean lethal time (LT) for different concentrations of diazinon (Diazol) and age of residues
Mean + S. E. lethal time (min)
Age of residue Concentration (ml L™ LTso LToo
FTP 0.0 > 2880.00 + 0.00 >2880.00 £+ 0.00
1.8 3370 £ 165 4888 £ 7.00
25 3467 = 3.76 39.00 = 7.00
32 2533 + 441 3067 = 6.38
LSD (P < 0.05) 12.38 19.21
f-value 140700.00 58152.10
p <001 <001
3-DOTP 0.0 > 2880.00 + 0.00 > 2880.00 + 0.00
1.8 2767 =338 40.00 + 5.00
25 24.00 + 3.06 3833 £5.36
32 13.67 + 273 2867 +4.70
LSD (P < 0.05) 8.66 14.20
f-value 289500.00 106600.00
p <001 <001
6-DOTP 0.0 > 2880.00 + 0.00 > 2880.00 + 0.00
1.8 2467 + 338 30.66 + 340
25 19.00 + 1.16 2633 £ 6.11
32 1467 + 2.33 2066 + 1.86
LSD (P < 0.05) 7.00 8.37
f-value 449100.00 309300.00
p <.001 <.001

Legend: FTP freshly treated panels, 3-DOTP 3-day-old-treated panels, 6-DOTP 6-day-old-treated panels
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than the control. The highest concentration level (3.2 ml
L") was highly significantly (P < 0.001) more toxic to
the flies than the least concentration (1.8 ml L™") (LTs0s
= 13.67 and 33.7; LTgs = 2867 and 40 min,
respectively).

On 6-day-old treated panels experiment with diazinon
(Diazol), only the mean mortality times of the least con-
centration (1.8 ml L™%) and the highest concentration
(32 ml L) were highly significantly different (P <
0.001). Generally, there was an overall surprising de-
crease in mortality times with increase in the age of resi-
dues on panels treated with diazinon (Diazol) over the
experimental period (Table 4).

Deltamethrin (Deltapaz)
The results for the mean lethal times (LT) for different
concentrations of deltamethrin (Deltapaz) across the
ages of residues are presented in Table 5. In the freshly
treated panels experiments, the highest concentration
was highly significantly (P < 0.001) more toxic than all
the treatment levels and the control. There were, how-
ever, no significant differences between the least concen-
tration and the median concentration (2.6 ml L™ and
3.4 ml L™, respectively).

On the 3-day-old panel experiments, control panels
significantly (P < 0.001) exhibited no toxicity (LT >
2880.00 min) to the adult B. invadens relative to all the
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three concentration levels of deltamethrin (Deltapaz).
LT5q of the highest concentration (411.67 + 243.68 min)
was highly significantly (P < 0.001) lower than that of
the least concentration (1291.00 + 38.67 min). The LTg,
however, indicated that median concentration level was
also highly significantly different (P < 0.001) from the
least doses, but not from the highest concentration. The
pattern of toxicity of 6-day-old treated panels was simi-
lar to that of the freshly treated panels. Deltamethrin
(Deltapaz), however, showed a progressive decrease in
toxicity with increase in the age of residues.

Discussion

The pestilence of B. invadens on host fruits depends on
the mobility of the adult flies and most especially the fe-
males that lay the eggs (Vayserres et al. 2008). Labora-
tory studies provide avenue to estimate the toxicities of
insecticides on adult flies by excluding the effects of the
environmental factors/variables and their variation and
can also raise reproducible quantitative data (Mahmoud-
vand et al,, 2011; Raga & Sato, 2006). Similarly, tephritid
fruit flies control relies on adult suppression ((Ekesi &
Billah, 2006). Similarly, the LC data can be used to rate
the acute insecticides toxicities (Mahmoudvand et al.,
2011), from highly toxic LCsy 0.001-1.99, moderately
toxic 2.0-10.99, and non-toxic >11.0 ml L™ (Sunil,
Thippaiah, Jagadish, & Chakravarthy, 2016). Lethal

Table 5 Mean lethal time (LT) for different concentrations of deltamethrin (Deltapaz)

Age of residues Concentration (ml L™

Mean + S. E. lethal time (min)

LTso LToo

FTP 00
26
34
4.0

LSD (P < 0.05)
f~value

p
3 -DOTP 0.0

26
34
40

LSD (P < 0.05)
f~value
p

6- DOTP 00
26
34
40

LSD (P < 0.05)
f~value

p

> 2880.00 + 0.00 > 2880.00 + 0.00

360.30 + 2491 54733 + 3227
31833 +61.76 462.00 + 14.76
153.00 + 14.53 43133 + 1476
111.20 64.84

1464.50 3648.17

<.001 <.001
>2880.00 + 0.00 > 2880.00 + 0.00
1291.00 + 29.20 1691.00 + 51.00
669.67 £ 136.01 84467 + 93.18
41167 £ 243,68 77167 +£93.18
45750 233.90

62.36 187.39

<.001 <.001

>2880.00 + 0.00
1335.00 + 33.76

> 2880.00 + 0.00
1733.00 £ 210.00

127733 £ 3876 1459.00 + 51.10
790.00 + 14731 111033 £ 205.00
35240 485.50

135.06 26.51

<.001 <.001

Legend: FTP freshly treated panels, 3-DOTP 3-day-old-treated panels, 6-DOTP 6-day-old-treated panels
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concentration (LC) values obtained in our study are,
therefore, in the overall low, ranging from 0.59 to 3.10
ml L', This implies that all the chemical insecticides
tested are good candidate products for the containment
of B. invadens adult population explosions.

This study also reveal that diazinon (Diazol) had the
highest toxicity (LCso 0.59 ml L") > chlorpyrifos (Pyri-
nex) (LCso 0.81 ml L) > cypermethrin+dimethoate
(Cydim super) (LCs50 1.20 ml LY > deltamethrin (Delta-
paz) (LCso 3.10 ml LY. This implies that deltamethrin
is the least effective against the adult B. invadens. How-
ever, our result appears to be in contrast with the find-
ings of Mahmoudvand et al. (2011) and Mehta et al.
(2000) who reported that deltamethrin is more effective
against Dacus ciliates Loew compared to dimethoate,
malathion, endosulfan, and chlorpyrifos, an active ingre-
dients similar to that of cypermethrin+dimethoate
(Cydim super) and chlorpyrifos (Pyrinex) used in our
studies. Also, contrary to our findings, chlorpyrifos has
been reported to be of inferior efficacy when compared
with lamba-cyhalothrin a pyrethroids like deltamethrin
in our study (Khursheed & Raj, 2012). This disparity in
result may be partly attributed to species differential re-
sponse to insecticidal products or due to variable envir-
onmental conditions of the test scenarios or both factors
combined (Bradbury & Coats, 1989; Worthing, 1991).
Ours was a laboratory trial while Khursheed and Raj
(2012) results are from field trials. Also, in a bait study,
Mahat and Drew (2015) reported that females of B. tyr-
oni, a close relative of B. invadens (Ekesi & Billah, 2006),
were found to be more deterred from feeding of baits
containing chlorpyrifos and malathion with a resultant
rapid knockdown and higher mortalities. This is in tan-
dem with our findings in this study that chlorpyrifos
(chlorpyrifos (Pyrinex) is more effective than deltameth-
rin (Deltapaz) and cypermethrin+dimethoate (Cydim
super). Conversely, an overlap was found between the
95% FL of the tested products with exception to dizinon
(FL could not be established) indicating that all the com-
pounds exhibited significant toxicities to the adult B.
invadens. Furthermore, the B. invadens adults were
more sensitive to diazinon (Diazol) and most tolerant to
deltamethrin (Deltapaz). This implies that diazinon (Dia-
zol) is the most efficacious among the entire insecticidal
products tested in this study for the suppression of adult
population of B. invadens. Other trials on the control of
fruit flies using similar products include Khan and Khat-
tak (2000) which tested trichlorfon and malathion as
both cover sprays and bait against melon fruit flies Bac-
trocera cucurbitacea on musk melon Cucumis melon
with both products performing much better than the
control plots. Similar studies with Trichlorfon, mala-
thion, endosulfan, Dimetheote, and Curbicron reported
impressive performance against B. curcubitae on C.
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melon (Agarwal, Sharma, & Rehman, 1987; Chughtai &
Baloch, 1988; Chughtai, Khan, & Islam, 1984; Hussain &
Khan, 1980).

The result of the dose-dependent residual response of
the adult B. invadens to cypermethrin+dimethoate
(Cydim super) concentrations exhibited a variable
concentration-dependent residual lethal times (LT5o and
LT o9). The highest concentration has shown to exert
least mortality times which were only significantly (P <
0.001) lower at LT o for the freshly treated panel experi-
ment. This implies that even concentrations lower than
the field recommended rate for this insecticide can still
give a good control of adult B. invadens. Residual toxic-
ities on 3- and 6-day-old treated panels showed low le-
thal times for the adult B. invadens (LTg, 42.67 + 7.4—
144; LT 99 62-199.67 min on 6-day-old treated panels).

Cypermethrin acts as a stomach and contact insecti-
cide. Its structure is based on pyrethrum, a natural in-
secticide found in chrysanthemum flowers, but it has a
higher biological activity and is more stable than its nat-
ural model (Anonymous, 1995; Leahey, 1985). The rela-
tively rapid degradation of cypermethrin means that it is
not generally found as a residue in food (Anonymous,
1995). Cypermethrin is therefore classified by the World
Health Organization (WHO) as “moderately hazardous”
(Class II) (FAO/ WHO, 1996). Dimethoate on the other
hand is a widely used organophosphorus (OP) insecti-
cide applied to kill mites and insects systemically and on
contact (EXTOXNET, 1996). Like all OPs, dimethoate
acts by interfering with the activities of cholinesterase,
an enzyme essential for the proper functioning of the
nervous system of insects and humans (EXTOXNET,
1996). The foregoing coupled with our findings can add
up to guarantee the safe use of cypermethrin+dimetho-
ate (Cydim super) for B. invadens control.

chlorpyrifos (Pyrinex) (chlorpyrifos 480 g/L) showed
the same trend of result as the freshly treated panels
across the concentrations tested. Residual toxicities were
found to be more acute on the 3- and 6-day-old treated
panels relative to freshly treated panels. Chlorpyrifos
(Pyrinex) contains chlorpyrifos 480 g/L. Chlorpyrifos is a
broad-spectrum organophosphate insecticide that in-
hibits acetyl cholinesterase in insect nervous system.
Chlorpyrifos acts on pests primarily as a contact poison,
with some action as a stomach poison (EXTOXNET,
1993, 1996). Our study equally demonstrates that it can
be used successfully for the control of fruit flies with
particular emphasis on adult B. invadens.

Trends of lethal times among concentrations across
the ages of treated panels similar to those of cyperme-
thrin+dimethoate (Cydim super) and chlorpyrifos (Pyri-
nex) were found for both diazinon (Diazol) and
deltamethrin (Deltapaz). Diazinon (Diazol) is a broad-
spectrum insecticide that contains diazinon and is an
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organophosphate and a non-systemic insecticide, effect-
ive against a wide range of insect pest on all major agri-
cultural crops. Our study points to its greater propensity
of serving as a dependable insecticide against adult B.
invadens. Deltamethrin on the one hand is a synthetic
insecticide based structurally on natural pyrethrums,
which rapidly paralyze the insect nervous system giving
a quick knockdown effect (Haug & Hoffman, 1990;
Hayes & Laws, 1990). Death of insects exposed to delta-
methrin seems to be due to irreversible damage to the
nervous system occurring when poisoning lasts more
than a few hours (Leahey, 1985). Its poisoning occurs
through cuticular penetration or oral uptake (EXTOX-
NET, 1995: Hayes & Laws, 1990), with high compatibil-
ities with other common insecticides and fungicides
(Thompson 1998). Deltamethrin is also reported to have
a very good residual activity for outdoor uses (field
crops, cattle dip, and tsetse) as well as indoor uses (mos-
quitoes, stable flies, horseflies, fleas, cockroaches, stored
product insects) (Bradbury & Coats, 1989; Worthing,
1991). It is considered the most powerful of the syn-
thetic pyrethroids. It is up to three orders more active
than some pyrethroids (Bradbury & Coats, 1989; Spencer
1981). However, it has shown a lesser residual toxicities
in this our study, even when compared to its sister syn-
thetic pyrethroids, cypermethrin on the acute toxicity
ratings.

Lastly, this study revealed a general trend of the lowest
doses becoming less effective in causing significantly
slower mortalities along the ages of the panels. There is,
therefore, a general decline of the efficiency of the least
doses levels for all the tested products with an increasing
age of the residues. Decline in toxicities of insecticides
in the field as well as under laboratory conditions against
fruit flies with an increasing treatment time has been re-
ported (Mahat & Drew, 2015; Peck & Mcquate, 2000;
Reynolds, Osborne, & Barchia, 2017; William, Valle, &
Vanuela, 2003)

Conclusion

In conclusion, the results of this study suggest that all
the tested insecticidal products can be a potential tool
for the control of B. invadens in Ghana and similar ecol-
ogies. Diazinon is, however, the most effect product
owing to the least LC and LT times. However, actual
field trials are required to validate our result under the
prevailing agro-climatic conditions.
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