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ABSTRACT

In promising experiments, boric acid has been tested as a safe and environmentally friendly insecticide for
controlling Ceratitis capitata Wiedeman, a mediterranean fruit fly diptera belonging the Tephritidae
family. Obtaining encouraging results can partially solve insecticidal pollution caused by chemical
insecticides. Boric acid was applied in five baits that were, water, 5 and 10% sugar solutions, and 2.5 and
5% protein solutions on just emerged and 24-hour-old flies. For each bait, boric acid was presented by
successive concentrations of 0.5%, 1%, 1.5%, and 2%. After 24 hours, the aged-fly death percentage
ranged from 12.2 to 69.4 % and from 48 to 99.4% after 48 hours for just-emerged flies. However, for 24-
hour-old flies, the percentage of death ranged from 32.6 to 90.4% after 24 hours and 65 to 99.6% after 48
hours. The current study shows the existence of a a direct proportionality between death percentage and
the concentration of boric acid in the five baits, as death percentage increased with boric acid
concentration. In addition, different baits had some effect on death percentage, but without a noticeable
correlation. To avoid direct contact with the host plant and the boric acid-based baits, it is strongly

encouraged to utilize boric acid in medfly control methods like the mass trapping technique.
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I.  INTRODUCTION

Fruits represent a very important component of world
agricultural production due to their high export returns, high
production, and income per unit area [1]. However, medfly
Ceratitis capitata (Wiedemann) (Diptera: Tephritidae) as an
invasive pest of horticultural crops, has become very dangerous
[2-8]. The great restrictions on insecticide use from one the one
hand, and the high demand for healthy food all over the world
on the other, a new generation of environmentally friendly fruit
fly control techniques is emerging [9].

Boron can be found in combination with other elements
[10]. It is the main constituent of boric acid and its chemical
relatives. These can be found in a variety of water
environments like oceans, seas, rivers, groundwater and
streams; as well as in the soils [11]. It is also an essential
nutrient for plants [12] and human food [13]. Boron
compounds are often recommended low-toxicity pesticides for
controlling a wide range of damaging pests such as algae,
fungi, mites and insects, and even some vascular plants [14].
Compared to pesticides, boric acid is a low-toxicity, non-
volatile mineral with insecticidal, fungicidal, and herbicidal
properties that make it a safer replacement for highly volatile
synthetic chemical pesticides. It comes in naturally occurring
compounds, as opposed to many insecticides, which contain
synthetic substances [15]. Boric acid and its compounds are
stable and do not break down, unlike pesticides composed of

complex molecules. These substances easily and quickly
degrade in water and soil to become borates, which is boron in
its native state [16].
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Fig. 1. Boric acid.

Boric acid is a low-toxicity pesticide, has low insect
resistance and does not repel insects, so it is considered an ideal
pesticide in bait products [17]. The integrated pest control
(IPM) program, which combines sanitary, cultural, mechanical,
and biological activities, also makes use of some boric acid
[12]. It was registered as a pesticide in the US in 1948 and and
in, boric acid or any of its sodium salts are an active component
in about 189 registered pesticide formulations [17]. Boric acid
is applied in many medical and agricultural fields and
industries, since, when used in low concentrations, birds,
aquatic creatures, beneficial insects (honey bees and biological
control agents), and mammals are not harmed by it, but it is
detrimental to small animals [18]. It is employed as a inorganic
pesticide on various dangerous insects such as ants,
cockroaches, and mosquitos, and it also has a stomach toxic
effect [19]. Increasing nutrient consumption is necessary
because it interferes with the absorption of vitamins,
nucleotides, and carbohydrates by forming complexes with
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these substances. As its negative effects on insects is that it acts
as a stomach toxin, it can be used in a food-attracting bait
formulation. When used in the form of dry powder and
ingested, it causes death a few days later due to malnutrition
and dehydration [14, 15, 17]. In [20], Attractive Toxic Sugar
Baits (ATSBs) that contained the harmful active ingredient
boric acid, were used. It was suggested to be an efficient bait,
since it is environmentally friendly compound [21-23]. In [21,
22, 24-26], recent successful ATSB evaluations were
performed in tropical environments. In terms of plants, all
species require small amounts of boron, it is "one of the more
essential elements for plant growth" [27], but high
concentrations are toxic since it desiccates the plant and
interrupts photosynthesis. The signs of boron poisoning include
leaf burn, dead patches inside of fruits, dead parts of bark, and
stem dieback [28-29]. They also inhibit the production of
spores by fungus. Also, for a long period, either alone or in
combination, for vermin control [21]. For mammals, such as
dogs and rats, they are toxic to the testes at high dosages,
producing histopathological alterations and even sterility.
Because it can be toxic if intentionally consumed, it must be
stored away from food, children, and pets, not breathed in the
dust when applied and used in locations where it will not move
about [30]. The bioactive element boron, which is
advantageous for many species, belongs to a separate group
(Group D) than boron oxide and boric acid (BA, H3BO3) [31].
In [14], tests were performed on the peach fruit fly Bactrocera
zonata Saunders (Diptera: Tephritidae) using boric acid as an
effective pesticide with extremely optimistic outcomes that
served as the foundation for the current investigation.

Synthetic baits contain a mixture of boric acid and other
nutrients, such as sugar and proteins that are more pest-
attractive, and provide effective results in pest control [32-33].
This study aimed to test different bait mixtures made of water,
sugar, or proteins and boric acid on the percentage of deaths of
the Mediterranean fruit fly Ceratitis capitata.

II. MATERIALS & METHOD

A. Fly Strain

This study used laboratory strains of Mediterranean fruit
flies that were reared in the laboratory of the biology
department using a synthetic larval meal that contained the
following ingredients:

e Sugar 8.45%: source for carbohydrate

e Sterilized dried yeast 8.45%: source for protein
e Grain bran 33%: agent for bulking

e Benzoate of sodium 0.3%

e Water with vitric acid 0.3%

e  Water 50%.

The adult flies were fed normal food sources for adult flies
including water, sugar, and hydrolyzed protein (4:1).

B. Experiments

1) The Solutions

The experiments were carried out with four different
concentrations of boric acid (0.5%, 1%, 1.5%, and 2%), that
was used to treat medflies (just emerged and 24 hours after
emergence).

2) Cages

A 1000 ml transparent plastic cube, with a piece of fiber net
fixed to the top (in the lid), was used to supply insects with
different formulations and aeration. For each treatment, five
replicates were produced. The insects were placed at 100 flies
per cage.

3) Data Collection
Data were recorded after 24 and 48 hours.

4) Data Statistical Analysis

Data of calculated death percentages were examined using
a one-way ANOVA test in IBM SPSS Statistics version 23.

III. RESULTS
A. Just Emerged Flies Supplied with Boric Acid Formulations

1) Death Percentage after 24 Hours

Table 1 shows the results obtained, indicating a direct
proportionality between death percentage and concentration of
boric acid in the five feeding regimes. The death percentage
increased as the boric acid concentration increased but with a
significant difference between the 4 concentration groups
within the 5 feeding regimes. For water feeding regime 0.5 %
boric acid resulted with the least death percentage, followed by
1%, 1.5%, and 2.0% with means of 12.2, 43, 54.2 and 63.2%
respectively. For 5% sugar solution regime, 0.5% boric acid
resulted with the least death percentage, followed by 1%, 1.5%
and 2.0% with means of 18.2, 224, 434 and 69.4%,
respectively. For 10% sugar solution regime 0.5% boric acid
resulted with the least death percentage, followed by 1%, 1.5%,
and 2.0% with means of 15.8, 32.6, 44.6 and 47.8%,
respectively. For 2.5% protein solution regime, 0.5% boric acid
resulted with the least death percentage, followed by 1%, 1.5%,
and 2.0% with means of 28, 50, 53.8 and 65% respectively. For
5% protein solution regime 0.5% boric acid resulted with the
least death percentage, followed by 1%, 1.5%, and 2.0% with
means of 31, 36.2, 62 and 67.5%, respectively. For the 2.5%
protein solution regime, the death percentage means were 28,
50, 53.8, and 65% for 0.5, 1, 1.5, and 2.0% boric acid,
respectively. For the 5% protein solution regime, the death
percentage means were 31, 36.2, 62, and 67.5% for 0.5, 1, 1.5,
and 2.0% boric acid, respectively. The lowest death percentage
was observed with 0.5% boric acid in the water feeding regime
with a mean of 12.2 %, while the highest death percentages
were observed with 2% boric acid in the 5% sugar solution and
the 5% protein solution feeding regimes with means of 69.4
and 65%, respectively. The results show that the feeding
regimes have some effect on death percentages, since there was
a significant difference between them under the same boric
acid concentration, without any noticeable correlation between
death percentage and feeding regime.
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TABLE 1. DEATH PERCENTAGE OF JUST EMERGED FLIES
AFTER 24 HOURS OF FEEDING
Boric acid concentration
0.5% 1% 1.5% 2%

Water 122 +0.58 43+0.32¢ 542 +0.37c | 63.2+0.37b
Sugar 5% 182+037h | 224+040h | 43.4+051e| 694+£0.51 a
Sugar 10% | 15.8+0.37i | 32.6 +0.51g | 44.6+0.51e | 47.8+0.66¢
Protein 2.5% | 28.0+0.50 g | 50.0 £0.45d | 53.8 £0.58c| 65.0+0.32a
Protein5% |31.0 £045g| 362 £037f |62.0 £084b| 67.5+0.51 a

2) Death Percentage after 48 Hours

The results in Table II showed that fly mortality kept rising
after 48 hours, reaching a death rate of 99.4%. The same
relationship between fly mortality rate and boric acid
concentration in the five feeding regimes (water, sugar, or
protein solutions) persisted, with a significant difference
between the four concentration groups within the five feeding
regimes. The water feeding regime of 0.5% boric acid resulted
with the least death percentage, followed by 1%, then 1.5%,
and 2.0% came with the highest death percentage with means
of 40.4, 86.4, 99.6 and 99.4% respectively. For 5% sugar
solution regime, 0.5% boric acid resulted with the least death
percentage, followed by 1%, then 1.5% and 2.0% with the
highest death percentage with means of 54.2, 68.2, 77.4 and
99.4% respectively. For 10% sugar solution regime, 0.5 %
boric acid resulted with the least death percentage, followed by
1%, then 1.5%, and 2.0% with the highest death percentage
with means of 62.2, 67.6, 82.4 and 94.4%, respectively. For
2.5% protein solution regime 0.5% boric acid resulted with the
least death percentage, followed by 1%, 1.5%, and 2.0% with
means of 41, 90.4, 90.4 and 94.8% respectively. For 5%
protein solution regime, 0.5% boric acid resulted with the least
death percentage, followed by 1%, 1.5%, and 2.0% come with
means of 70.4, 85.2, 99.2 and 99.4% respectively. The least
death percentage resulted with 0.5% boric acid in water feeding
regime with a mean of 40.42%, while the highest death
percentage resulted with 1.5% boric acid in water and in 5%
protein solution and 2% boric acid in water, in 5% sugar
solution and 5% protein solution feeding regimes with means
of 99.6, 99.2, 99.4, 99.4 and 99.4%, respectively without any
significant differences among them. The results show that the
feeding regime has some effect on death percentage since there
were significant differences between feeding regimes under the

percentage and concentration of boric acid in all feeding
regimes. For the water feeding regime, the death percentage
means were 70.8, 73.2, 85.6, and 90.4 for 0.5, 1, 1.5, and 2.0%
boric acid, respectively. For the 5% sugar solution regime, the
death percentage means were 53.4, 67.8, 7.2, and 83.4% for
0.5, 1, 1.5, and 2.0% boric acid, respectively. For the 10%
sugar solution regime, the death percentage means were 43.4,
53, 65.2, and 73.2% for 0.5, 1, 1.5, and 2.0% boric acid,
respectively. For the 2.5 % protein solution regime, the death
percentage means were 43.2, 50.2, 63, and 74.2% for 0.5, 1,
1.5, and 2.0% boric acid, respectively. For the 5% protein
solution regime, the death percentage means were 32.6, 48.2,
70.2, and 75.8% for 0.5, 1, 1.5, and 2.0% boric acid,
respectively. The lowest death percentage was observed with
0.5% boric acid in the 5% protein feeding regime (32.6%),
while the highest death percentages were observed with 2%
boric acid in the water feeding regime (90.4%). The results
show that the feeding regime has some effect on death
percentage since there were significant differences between
feeding regimes under the same boric acid concentrations,
without any noticeable correlation.

TABLE III. DEATH PERCENTAGE OF 24 HOURS AGED-
FLIES AFTER 24 HOURS OF FEEDING
Boric acid concentration
0.5% 1% 1.5% 2%
Water 70.8+0.66d [73.2+0.37c| 85.6+0.68b [90.4+0.51a
Sugar 5% 53.4+051f [67.8+037d| 77.2+0.74c |834+0.25b
Sugar 10% | 434£0.51g|53.0£0.55f] 65.2+0.66e |732+0.80c
Protein 2.5 % | 43.2+049¢ | 50.2+0.66f| 63.0+0.84e [74.2+0.37c
Protein 5 % | 32.6+0.51h [482+037f| 70.2+0.66d +037c¢
TABLEIV. DEATH PERCENTAGE OF FLIES AFTER 48
HOURS OF FEEDING
Boric acid concentration
0.5% 1% 1.5% 2%
Water 88.2+0.37b |95.6+0.25a| 97.0+£0.32a |99.6+0.25a
Sugar 5% 82.2+0.66c |924+043b| 94.6+04a |97.0+0.32a
Sugar 10% | 90.8 £0.37b |96.8+0.37a| 982+0.37a |994+04a
Protein 2.5% | 77.0+0.55d [80.8+0.37c| 99.2+0.37a |99.8+0.2a
Protein 5% | 65.0+0.55¢ [75.8+0.37d| 99.4+0.24a +0.58a

2) Death Percentage after 48 Hours

same boric acid concentrations,

without any noticeable

correlation.
TABLE II. DEATH PERCENTAGE OF FLIES AFTER 48
HOURS OF FEEDING
Boric acid concentration
0.5% 1% 1.5% 2%
Water 404+051k|864+051d[994+025a[99.6+0.25a
Sugar 5% 542+037j | 682+037g|774+£051f[994+£040a
Sugar 10% 62.2+037h| 67.6+0.51g | 824 +0.51e [944+0.51b
Protein 2.5% | 41.0+045k | 904 +0.51¢c|904+0.40c |94.8+0.37b
Protein5% | 704+0.51g|852+0.58d]99.2+0.37a[994+040a

B. Flies at 24 Hours Supplied with Boric Acid Formulations

1) Death Percentage after 24 Hours

The results in Table III show that after 24 hours of the
experiment, there was a proportionality between death

Table IV shows a respective proportionality for the results
after 48 hours between the death percentage and boric acid
concentrations in the five feeding regimes. For the water
feeding regime, the death percentage means were 88.2, 95.6,
97, and 99.6% for 0.5, 1, 1.5, and 2.0% boric acid, respectively.
For the 5% sugar solution regime, the death percentage means
were 82.2, 92.4, 94.6, and 97% for 0.5, 1, 1.5, and 2.0% boric
acid, respectively. For the 10% sugar solution regime, the death
percentage means were 90.8, 96.8, 98.2, and 99.4% for 0.5, 1,
1.5, and 2.0% boric acid, respectively. For the 2.5% protein
solution regime, the death percentage means were 77, 80.8,
99.2, and 99.8% for 0.5, 1, 1.5, and 2.0% boric acid,
respectively. For the 5% protein solution regime, the death
percentage means were 65, 75.8, 99.4, and 99.2% for 0.5, 1,
1.5, and 2.0% boric acid, respectively. The lowest death
percentage was observed with 0.5% boric acid in the 5%
protein feeding regime (65.0%), while most treatments had a
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high death percentage (above 95%) without significant
differences. The results show that the feeding regime has some
effect on death percentage since there were significant
differences between feeding regimes under the same boric acid
concentrations, without any noticeable correlation.

IV. DISCUSSION

The Mediterranean fruit fly Ceratitis capitata causes
enormous damage to fruit transport and conservation. At
present, the main method of controlling this fruit fly is
chemical control [34]. However, the long-term use of
insecticides makes the resistance of Ceratitis capitata stronger
[35-36]. Long employed as an insecticide in urban pest
management, boric acid dust has been shown to be a successful
alternative for application [37]. However, dust formulations are
difficult to apply and require specialized equipment. This study
aimed to evaluate the efficacy of liquid baits containing boric
acid for the control of Ceratitis capitata in fruit transport and
conservation. Toxic sugar and protein baits were prepared
using boric acid at different concentrations, from 0.5 to 2%.
Because it has been used in past tests on harmful sugar baits
and is secure and environmentally friendly, boric acid was
chosen [26]. In this study, no significant differences were
observed in the rate of insect deaths between baits containing
water, sugar, or proteins. However, differences were observed
according to insect ages with a maximum death rate of 67.5%
for just-emerged flies after 24 hours and 99.8% after 48 hours
of feeding. The relationship between insect age and mortality
was also studied in [38-39]. The application of ATSBs can
increase the average mortality of the Mediterranean fruit fly
Ceratitis capitata by up to 99.6%, by increasing attraction and
not toxicity. The results of this study were similar to [40],
which reported that the death rate of resistant Aedes aegypti
mosquitoes in toxic sugar baits was 90.8%. In [41], the
attractive toxic baits treatment containing 1% of boric acid
decreased the number of mosquitos substantially. Male
mosquitos were decreased by 93%, while female mosquitos
were reduced by 90%. These results were also supported by
many other studies [34, 42-43].

To prevent the spread of fruit diseases, novel techniques
that use automated detection can offer very useful tools to
detect pest damage [44-46]. In [46], an innovative method was
presented to automate the detection of damage caused by a
devastating tomato pest, known as Tuta absoluta. Biocontrol
using plant extracts can also improve fruit and seed storage and
protection [47].

V. CONCLUSION

This study showed that baits containing boric acid are
effective in controlling the Mediterranean fruit fly Ceratitis
capitata, as they can increase their death rate to 99.8%. The
death rate is positively correlated with the increase in boric acid
concentration (from 0.5 to 2%). The baits containing boric acid
with sugar or proteins have no significant differences with an
aqueous solution, and thus nutrients can be applied to make
baits more attractive to pests without influencing death rates.
On the other hand, applying boric acid baits for 48 hours gave
better fly death rates than for 24 hours. However, as the
consumption of different boric acid formulations increased, the

death percentage increased as the starvation period prolonged.
It is strongly recommended to use boric acid for the control of
medflies by trapping or any effective technique that ensures no
direct contact between the host plant and the boric acid
formulation. The application of mixed boric acid baits is an
effective and environmentally friendly alternative way of
controlling Ceratitis capitata. Knowing which compounds or
characteristics of the bait make it more palatable for the species
to be controlled will result in higher bait consumption and
effectiveness. Boric acid appears to be an excellent candidate
for pest control baiting systems. Its solubility and stability in
water, low mammalian toxicity, low cost, and no evidence of
resistance to it in any insect species make it a particularly
appealing candidate.
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