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ABSTRACT

The peach fruit fly, Bactrocera zonata Saunders (Diptera: Tephritidae) is a very deleterious insect
pest for fruits of many horticultural hosts. Boric acid had tested as a safe and friendly-environmental
insecticide against the pest as baits for adults. Five formulations of baits (water, sugar solution at 5 and 10 %
as well as Buminal solutions at 2.5 and 5 %) were applied at 4 concentrations of boric acid (0.5, 1, 1.5 and 2
%)for the newly emerged, 24 hrs old starved flies and 48 hrs old starved flies. The mortality percentages
were recorded after 24 hrs and 48 hrs of application. The mortality percentages significantly ranged between
30- 90.67 for the newly emerged flies after 24 hrs and 34.67- 100 after 48 hrs. Also, the ranges of mortality
for 24 hrs starved flies significantly were 42.33- 88.67 % after 24 hrs and 55- 100 % after 48 hrs, whereas
that recorded for 48 starved flies significantly were 70.33- 93.67 % after 24 hrs and insignificantly 96- 100
% after 48 hrs. Also, results revealed that the mortality percentages increased with the increase of boric acid
concentrations, exposure period of application and starvation duration. According to these results, it is
recommended to use boric acid in control of peach fruit fly as effective partial bait or mass trapping
techniques that ensure no direct contact with the plants.
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INTRODUCTION

For its high production per unit area, and high
income, fruits represent a very important constituent of the
world agricultural production (Ravichandra, 2014). Fruit
flies consider as dangerous pests to horticultural crops all
over the world, because of high ability to adapt with
various environments, high polyphagia and rapid
reproduction (Liquido et al. 1991; White and Elson-
Harris,1992; Barnes, 2004 and Sarwar, 2015) representing
a real threat for fruit production. Recently, high demand for
healthy food and a great restrictions on usage of
insecticides, also, a new generation of fruit fly control
techniques which are friendly to the environment are
arising (Navarro-Llopis et al., 2011). Boric acid and its
chemical relatives are widely found in different water
sources (rivers, streams, oceans, groundwater), and also in
the soil (U.S. Dept.1992a and U.S. EPA. 1993a) as well as
in many human foods (people consume between 10 and 25
milligrams of boron in their food daily (U.S. Dept.1992a)
and also represent as essential plant nutrients (Quarles,
2001). Boric acid applied in many medical and agricultural
fields since it is harmless to birds, aquatic organisms,
beneficial insects (honey bees and biological control
agents) and mammals when used in low doses, (EFSA,
2004). Boron compounds often recommended as least-
toxic pesticides for killing many harmful creatures (insects,
mites, algae, fungi), (U.S. EPA, 1993a). These compounds
are applied for some harmful insects such as ants,
cockroaches and mosquitos (Cochran, 1995). About 189
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registered products as pesticides (containing boric acid or
any of its sodium salts as an active ingredient) in the U.S in
1948 (Wood, 1994). Advantages of boric acid over
pesticides include that boric acid is a low-toxic for
mammals, non-volatile mineral with insecticidal,
fungicidal, and herbicidal properties. The boron
compounds are naturally occurring, composed of complex
molecules that are stable and do not break down, these
compounds rapidly transform to borates, the naturally
occurring form of boron without further degradation, less
toxic to human, few insects have developed resistance to
them also do not repel insects comparing to highly volatile,
synthetic chemical pesticides (Quarles 1992, U.S. Dept.,
1992b, Wood, 1994, Quarles, 2001). Negative effects on
insects including: acting as a stomach poison (Cochran,
1995), used as a food attractant bait formulation (attractive
Toxic Sugar Baits —~ATSBs- contains boric acid as a toxic
active ingredient) against mosquitoes (Miller & Schlein,
2008, Xue et al. 2011, 2013; Qualls et al., 2012 and
Naranjo et al., 2013). Also, Xue and Barnard, 2003; Miiller
et al., 2010; Beier et al., 2012 used boric acid compounds
against mosquitoes. When boric compounds used in the
form of dry powder and ingested, it causes death due to
starvation and dehydration few days later, (U.S. EPA,
1993c). Boric acid compounds absorb via wax layer of the
insects outer surface, causing them to dry out and die
(Quarles, 1992). Also, abrades the exoskeletons (Wood,
1994). For plants, small amounts of boron are needed. It is
“one of the more essential minor elements for plant growth
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(U.S. EPA, 1993a). But, high concentrations are toxic,
since it desiccates the plant, and interrupt photosynthesis
(U.S. EPA, 1993c). So, it is used as herbicides (U.S. EPA,
1993a, U.S. EPA, 1993c). Symptoms of boron
phytotoxicity include leaf burn, dead areas inside fruits,
dead areas of bark, and dieback of stems (Nable et al.,
1997). Also, boron stops fungi from producing spores,
thus, they used for a long time, alone or as compounds for
vermin control (Xue and Barnard, 2003). For mammals
boron have harmful effects on animals (EFSA, 2004).
Daily large chronic doses on dogs and rats shrink testicles,
and affect reproduction causing toxicity to the testes as
well histopathological changes and even sterility (Quarles,
1992).

The present study aims to evaluate the effect of
boric acid as a safety insecticide for controlling peach fruit
fly, B. zonata.

MATERIALS AND METHODS

Flies used

Adults of the peach fruit fly, Bactrocera zonata
used for these experiments were obtained from the
laboratory strain continuously reared in Horticultural
Insects Research Department, Plant Protection Research
Institute using the larval artificial diet (sugar 8.45 %, dried
sterile yeast 8.45 %, wheat bran 33 %, sodium benzoate 0.3
%, citric acid 0.3 % and water 50 %). Adult flies fed on
water and sugar + hydrolyzed protein (4:1). Sand is used as
a pupation substrate (Afia, 2007).
Experimental procedure

Boric acid was used as baits in three formulations
(mixed with water, sugar and Buminal). Sugar was
formulated as a solution in two concentrations (5 and 10
%), whereas, Buminal (a source of protein) was formulated
as a solution in two concentrations (2.5 and 5 %). Each
formulation composed of 4 concentrations of Boric acid
(05, 1, 1.5 and 2 %), these formulations applied to the
newly emerged as well as starved flies for 24 and 48 hours
after emergence (as solution in piece of sponge which put
upon the cup tip top). Transparent plastic cups of 1000 mL
of each were used as cages with a piece of fiber net fixed to
the lid for feeding and aeration. Each treatment had 5
replicates. The insects were placed as adult flies 100 flies

per cage. A label is fixed to each cup to record the data.
The death flies was recorded after 24 and 48 hrs of
application.

Statistical analysis: One-way ANOVA test was used for
statistical analysis of data (IBM SPSS statistics, version
23).

RESULTS AND DISCUSSION

Results
A- The newly emerged flies
1- After 24 hours of application

Results in Table (1), showed that the gradual
increase in boric acid concentrations for all treatments, the
gradual increase in mortality percentages. Mortality
percentages were directly proportional to the used
concentrations of boric acid for the five tested baits (water,
sugar or protein solutions). The differences in % mortality
for the tested treatments were statistically significant. In
case of water formulation, boric acid at 0.5 % showed the
least % mortality of 37.33 that increased to 65 % at 1 %
conc., followed by 1.5 and 2 % conc. Which recorded the
highest mortality percentages (90 and 90.67, respectively).
But, in case of 5 % sugar solution boric acid at 0.5 %,
resulted also the least mortality percentage that gradually
increased with the increase of boric acid concentrations (1,
1.5 and 2.0 %) to record mortality percentages of 36.33,
57.67, 64.67 and 71.67 %, respectively. The same trend
was observed in case of 10 % sugar solution showing %
mortalities of 30, 51, 57.33 and 76 at 0.5, 1, 1.5 and 2 %
boric acid concentrations, respectively. With respect to
baits of protein hydrolysate (Buminal at both 2.5 and 5 %),
mortality percentages of B. zonata were nearly the same as
that recorded with sugar solutions. For 2.5 % buminal, the
mortality percentages were 30, 51, 57.33 and 76 at 0.5, 1,
15 and 2 % boric acid, respectively. Whereas, the
respective mortalities for 5 % Buminal bait were 42.67, 51,
62.33 and 75.67 %. Generally, the newly emerged flies fed
for 24 hours on different boric acid concentrations with
several baits showed significantly and differently mortality
percentages. The lowest mortalities was observed with the
lowest concentrations and vice versa. Results revealed also
that there were no correlation between death percentage
and feeding formulation media. But, boric acid with water
at 1.5 and 2 % recorded the highest mortalities.

Table 1. Mortality percentages of the newly emerged Bactrocera zonata after 24 and 48 hr fed on different baits of

boric acid at different concentrations

% mortality £ SD at

Baits 0.5 15 2
After 24 hr
Water 37.33+145 f 65+2.89 ¢ 90+0.577 a 90.67 £0 .667 a
5 % sugar 36.33+1.45 f 57.67+145d 64.67+0.88 ¢ 71.67+0.88 b
10 % sugar 30+058 g 33+152 g 5233145 e 74.67+0.88 b
2.5 % Buminal 30+058 g 51+0.58 e 57.33+1.45 d 76+£0.58 b
5 % Buminal 4267+145 f 51+0.58 e 62.33+0.88 ¢ 75.67 +0.88 b
After 48 hr
Water 755 ¢ 100+0.0 a 100+£0.0 a 100+0.0 a
5 % sugar 5233+14d 740+10c 98.33+1.67 a 100+£0.0 a
10 % sugar 3467+0.33 f 39.33+145 f 7233+145 ¢ 100+£0.0 a
2.5 % Buminal 55+0.0 d 8233 £145 b 100+£0.0 a 98.67+1.3 a
5 % Buminal 56.37+2.9 d 59.26+29 d 67.67+1.45 ¢ 840+10 b

2- After 48 hours of application
As shown in Table (1), the mortality percentages of
the peach fruit flies significantly increased with the

increase of feeding time on baits of boric acids showing
directly proportional to concentrations of boric acid in the
five feeding formulations (water, sugar or protein
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solutions). Boric acid mixed with water recorded the
highest mortality percentages at the tested concentrations
(0.5, 1. 1.5 and 2 % o boric acid) of 75, 100, 100 and 100,
respectively. For 5 % sugar solution, a gradual decrement
in % mortality was observed (52.33, 74, 98.33 and 100 at
boric acid concentrations of 0.5, 1, 1.5 and 2 %,
respectively). Also, the same was occurred with 10 %
sugar solution to record 34.67, 39.33, 72.33 and 100 %
mortality at 0.5, 1, 1.5 and 2 % concentrations of boric
acid, respectively. With regard to Buminal baits, at 2.5 %
Buminal the mortality percentages were 55, 82.33, 100 and
98.67 % for 0.5, 1, 1.5 and 2 % boric acid, respectively.
But, in case of 5 % Buminal bait the respective mortality
percentages were the lowest of 56.37, 59.26, 67.67 and 84
%.
B - Flies of 24 hr old
1- After 24 hr of application

Results obtained in Table (2), indicated that the
mortality percentages of 24-day-flies significantly differed
with the tested treatments (baits) and increased with the
increase of concentrations of boric acid. The highest

concentration of boric acid (2 %) insignificantly recorded
the highest mortalities for baits of sugar (5 and 10 %) and
Buminal (2.5 and 5 %) which significantly varied with the
same concentration water and the other concentrations of
the used baits. The highest mortalities ranged between
84.67 — 88.67 %. On the other hand, the insignificantly
lowest mortalities of 42.33, 44.33, 45.33 and 47.33 % were
observed with the lowest concentration of boric acid (5 %)
of 5 and 10 % sugar as well as 2.5 and 5 % Buminal baits,
respectively.
2- After 48 hr of application

Data in Table (2), revealed that mortality
percentages of the peach fruit fly adults for all used
concentrations of each treatment significantly increased
with the increase of exposure time. Flies exposed, for 48
hr, to all used baits recorded high mortality percentages
that ranged between 72.0- 100, 73.33- 100, 55.0- 91.33,
81.67- 90.0 and 78.0- 100 for baits of water, 5 % sugar, 10
% sugar, 2.5 % Buminal and 5 % Buminal, respectively.
The mortality percentages of the used baits increased with
the increase of concentrations.

Table 2. Mortality percentages of 24 hr old flies of Bactrocera zonata after 24 and 48 hr fed on different baits of

boric acid at different concentrations

% mortality £ SD at

Baits 05 15 2
After 24 hr
Water 63.33+0.88 d 65.33+1.45 d 65.67+1.45 d 70.33+145 ¢
5 % sugar 4233+145 ¢ 64.67+1.2 d 75.67+£202 c 88.67+£0.88 a
10 % sugar 4433+145 g 59.67+0.88 e 80.67+0.67 b 84.67+145a
2.5 % Buminal 4533 +145 g 61.67+2.02 e 70.67+202 c 86.67+1.33 a
5 % Buminal 4733+145¢g 5233+145 f 650 £1.73 d 87.67+1.76 a
After 48 hr
Water 720+058 d 88+1.16 b 88.67+0.88 b 100+0.0 a
5 % sugar 73.33+0.88 d 8333+133 ¢ 100+£0.0 a 100+£0.0 a
10 % sugar 55.0 £1.16 e 89.67+0.88 b 910 £058 b 91.33+26 b
2.5 % Buminal 81.67 £2.03 ¢ 820+173 ¢ 84.0 £0.58 ¢ 90.0+1.16 b
5 % Buminal 78.0+2.08 ¢ 86.0 +230 b 920+1.73 b 100+£0.0 a

C - Fliesof 48 hr old
1- After 24 hr of application

Results in Table (3), cleared that gradual increase in
mortality percentages of B. zonata adults of 48 hr old with
the increase of boric acid concentration after 24 hr of
application. The statistical analysis if variance proved that
the differences between the tested baits were significant.
For the tested concentrations of boric acid (0.5, 1, 1.5 and 2
%), the mortality percentages of water bait were 74, 75.,
83.33 and 89.67, respectively. Whereas, that recorded with

5 % sugar bait were 71, 91, 91.33 and 93.33%,
respectively. In case of 10 % sugar bait, the lowest
mortality percentage of 70.67 was shown at 1 % boric acid,
but the highest one (93.67 %) was observed at 2 % boric
acid. With regard to Buminal baits (2.5 and 5 %), the
mortality percentages slightly increased with the increase
of boric acid concentrations (0.5, 1, 1.5 and 2 %) to record
71.67, 72.67, 79.33 and 92.67 % (for the first bait) and
70.33, 70.67, 75 and 90.67 % (for the second one),
respectively.

Table 3. Mortality percentages of 48 hr old flies of Bactrocera zonata after 24 and 48 hr fed on different baits of

boric acid at different concentrations

% mortality + SD at

Baits 0.5 1 15 2
After 24 hr
Water 7401058 ¢ 75.33+0.88 ¢ 83.33+1.20b 89.67+1.20 a
5 % sugar 71.0+058 ¢ 91.0+058 a 91.33+0.67 a 93.33+0.68 a
10 % sugar 73.0+1.16 ¢ 7067+12 ¢ 92.33+0.68 a 93.67+0.33 a
2.5 % Buminal 71.67 £0.88 ¢ 7267+0.33 ¢ 79.33+0.88 b 92.67+0.88 a
5 % Buminal 70.33+0.88 ¢ 70.67+0.33 ¢ 75.0+0.57 ¢ 90.67 +0.87 a
After 48 hr
Water 100+£0.0 100+£0.0 96.0 +2.08 100+£0.0
5 % sugar 99.33+£0.67 100+£0.0 98.67 +0.88 100+£0.0
10 % sugar 97 +£1.53 100+0.0 97.67+1.45 99 1.0
2.5% Buminal 100 +0.0 98.67 +1.33 97.67 +0.33 100+£0.0
5 % Buminal 100+ 0.0 99.33 +0.66 98.67 +0.88 100+£0.0
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2- After 48 hr of application

As shown in Table (3), the mortality percentages of
the peach fruit fly adults of 48 hr old fed on several types
of boric acids baits at different concentrations were slightly
and insignificantly varied. The mortality percentages
ranged between 96- 100, 98.67- 100, 97- 100, 97.67- 100
and 98.67- 100 for boric acid baits of water, 5 % sugar, 10
% sugar, 2.5 % Buminal and 5 % Buminal, respectively.
Discussion

This work come in agreement to some extent with
works done previously by other researchers in used doses,
techniques and the results in general. Xue and Barnard,
2003 studied boric acid solutions toxicity to
adult Mosquitoes (Diptera: Culicidae) in the laboratory
and found that, median lethal concentrations (LCso in %) at
24-h and 48-h exposure , to sucrose (10%) water
containing 1% boric acid (boric acid bait) resulted in 98%
mortality in blood fed, gravid, and parous. Hogsette et.al.
2002 uses boric acid as a toxicant against house flies,
Musca domestica L with dose ranges of 3, 5, 7, 8, and
12%, and 3, 5, 9, 17, and 33%., in two bioassays and got
LCsos were 8.97 and 14.33%. Also, Balme et.al. 2013
conducted bait-consumption assays with 0.5% and 1.5%
boric acid in 0.5 M sugar solution fed to house fly, Musca
domestica L. Hooper-Bui and Rust 2000 used 0.5% boric
acid, 1 x 10°%% fipronil, and 0.025% hydramethylnon
against ants, provided 100% mortality of workers. Results
got by Gore and Schal 2004 showed that aqueous
solutions of 0.5-2% boric acid and any of several
inexpensive sugars, including fructose, glucose, maltose,
and sucrose as a phagostimulant, at molar concentrations of
0.05-1.0, can provide rapid and effective kill of German
cockroaches, Blattella germanica (L.). Also Gore et.al.
2004 in another study, found that bait, consisting of 1 or
2% boric acid and 0.5 M sucrose, showed significant
reductions in cockroach populations (Gore et.al. 2004).

Boric acid used in five formulations, water, 5 % ,
10 % sugar solution, 2.5 % and 5 % protein solutions,
applied to just emerged , 24 hrs. & 48 hrs. after emergence
starved flies. gave reduction percentage ranging from of
30 % to 90.67 % after 24 hrs. of just emerged flies feeding
and 34.67 % to 100 % after 48 hrs. for just emerged flies
feeding, and 42.33 % to 88.67 % after 24 hrs. of just
emerged flies feeding and 55 % to 100 % after 48 hrs. of
just emerged flies feeding and for 48 hrs., after emergence
starved flies got 70.33 % to 93.67 % after 24 hrs. and 97 %
to 100 % after 48 hrs., of just emerged flies feeding.

CONCLUSION

There were a direct proportionality between
concentration of boric acid and death percentage in all
feeding formulations, i.e. there is a gradual increase in
death percentage as boric acid concentration increased, i.e.
death percentage is directly proportional to concentration
of boric acid in the five feeding formulations (water, sugar
or protein solutions).

As starvation period prolonged, food consumption
and consequently the amount of boric acid dissolved in the
food formulation increased this resulted in increasing death
percentage

There are differences in reduction percentages
among different formulations with the same boric acid
concentration but there without a distinct correlation
between them.

It is strongly recommended to use boric acid in
control of medfly in the mass trapping technique or any
effective technique ensure no direct contact between the
host plant and the boric acid formulations.
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