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Abstract

The peach fruit fly (PFF), Bactrocera zonata (Saunders) (Diptera: Tephritidae), is one of the most invasive
and economically significant pests in Egypt for a variety of fruits in temperate, tropical, and subtropical regions.
The efficacy and the latent effect of Eucalyptus citradora (Hook.) extract on the newly formed pupae of B. zonata
were assessed. Results indicated that the efficacy of E. citradora extract increased as the applied concentration
increased. The highest concentration of the E. citradora extract (2.5%) had a significant effect and caused high
mortality among pupae reaching 92% and the LCso = 2.20. The investigations showed inhibition in the feeding
ability, delaying sexual maturity and eggs hatching rate. On the other hand, the histological sections showed a
change in inner tissues such as the basement membrane of the midgut which was destructed. Also, sections in the
female reproductive system showed mal-developing oocyte chambers before sexual maturity, shrank oocytes, and
degenerated leaving vacuoles after sexual maturity. Also, cross sections in testis showed mild reduction of

spermatogenesis series.
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1. Introduction

The genus Bactrocera spp cause harm to the
infested fruits because of the extensive host ranges of
its members and the invasive potential of certain of
those species [6]. According to [12], the peach fruit
fly (PFF), B. zonata (Diptera: Tephritidae) has a wide
variety of hosts, including fruits and vegetables. It
spread quickly in great numbers throughout Egyptian
Governorates. This insect lowers fruit quality, which
in turn has a negative impact on fruit exportation [24].
The indiscriminate application of chemical pesticides
led to several health problems, environmental issues,
insecticide resistance, and harm to natural enemies
[26]. As a result, research on safer and more effective
substitutes for the classical chemical insecticides is
necessary. The natural plant products are inbetween
these options.

Numerous aromatic secondary metabolites,
including phenols, phenolic acids, quinones,
flavones, flavonoids, flavonols, tannins, and
coumarins, are produced by plants and have the
potential to harm insects [7]. Essential oils from
different plant species possess ovicidal, larvicidal,
and repellent properties against various insect
species and are regarded as environmentally
compatible pesticides [14] and [5]. [3] indicated that
Eucalyptus leaf extracts (Eucalyptus globulus) are
effective against Bactrocera cucurbitae. In mature
specimens of several pest species, extracts of
Northern Pakistani plants, such as Eucalyptus
sideroxylon, Isodon  rugosus, Cinnamomum
camphora, Calotropis procera, Boenninghausenia
albiflora, Tagetes minuta, and Daphne mucronate
discourage oviposition, and cause high mortality
rates [15].

The present investigation was undertaken to
study the toxicity and latent effect of Eucalyptus
citradora (Hook.) extract against B. zonata one day
old pupae. Also, the present study aimed at find out
histological effects on the midgut, ovaries and testes
of the emerged B. zonata adults resulted from one
day treated old pupae with 2.5 % E. citradora
extract.

2. Materials and Methods
Insect culture

The stock culture of B. zonata flies used in the
present study were reared in cages measured 35 x 30
x 30 cm at the Biological Control Department, Plant
Protection Research Institute, Agricultural Research
Center Giza - Egypt. Rearing was carried out under
greenhouse conditions of 25+ 2°C. and 54 — 65 % R
.H. and the photoperiod ranged between 14/ 8: 16 /10
L: D. on artificial diet. The artificial diet for larvae
was prepared according to [13] as follows: 1000 gm
short wheat, 300 gm sugar, 250 gm yeast, 10 gm
sodium benzoate, one ml Conc. HCL (or 20 ml HCL
2N) and 300 ml water.

Adults feeding diet was described by [18] as: 2
pieces of Bananas, yolk from 6 Eggs, 4 table spoon
honey, 2 table spoons Vit. B. Complex, one table
spoon yeast, and 8 table spoons sugar. All these
components were mixed in a blinder to make a thick
syrup solution to be stored in the refrigerator for
further use. For pupation, the third instar larvae were
relocated to plastic strainers and placed inside or on
large plastic boxes after being later covered with a
thin layer of fine sand. After pupation, the sand was
sifted to extract pupae which were transmitted to
adult cages till emergence according to [13] and [21].
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Laboratory experiment (inside incubator) using
Eucalyptus citradora (Hook.) essential oil against
one day old pupae of B. zonata.

The E. citradora essential oil was purchased
from the oil extraction unit of the National Research
Center (NRC), Dokki, Giza. The E. citradora extract
concentrations were prepared from the stock solution
at 10% concentration. The concentrations 0.5, 1, 1.5,
2, and 2.5% were prepared by dilution with water and
adding 2 drops of Tween 80 as emulsifying agent.
Freshly formed 150 B. zonata pupae (in 5 replicates
of 30 pupae / each) were used for each concentration
that was no older than one day old and were added to
23gm sandy soil in plastic cans of 5.5 x 4 cm. sprayed
with 3ml of E. citradora extract emulsion at the
above-mentioned concentrations. Five replicates
were used for each concentration [4]. The pupal
mortality was estimated 9 days post-treatment and the
LCso was calculated.

Biological effects of E. citradora extract against
B. zonata one day old pupae

Control and treated pupae were placed in
separate cages measured (35 x 30 x 30cm) under
greenhouse conditions (252 °C and 54-65
% R.H. and photoperiod ranged between 14-16: 8 -
10 L: D) and monitored for two generations in terms
of emergence time, feeding behavior, sexual maturity
period, and egg-hatching rate. For the egg hatching
rate, ten replicates were used, and 100 eggs were used
for each replicate placed in Petri-dishes by Syringe
above a black piece of cloth to make eggs easier to

see and counted under light microscope using a brush.
Thereafter, eggs were mixed with the previous
mentioned larval artificial diet and incubated at 25+2
°C and 60-70% R.H..

Histopathological studies

For histological studies on mid-gut and ovaries
to detect changes and distortions, if any, that occurred
on these organs after treatment by E. citradora extract
concentration (2.5%). The PFF, B. zonata adults
emerged from treated one-day-old pupae were placed
in fixative solution (formalin 10%) for 24 hours in
order to process them for general histopathological
techniques, which were carried out by standard
methods of microtomy. Sections were cut at 3-4
thickness using HistoCore Biocut microtome, stained
with hematoxylin-eosin (H&E), and examinated
under Leica DMLS light microscope [9].

Statistical analysis

Obtained data were analyzed according to [11]
using Ehabsoft LDP line software to calculate probit
analysis (www.Ehabsoft.com/LDP line).

3. Results and Discussion

Toxicity of E. citradora extract on B. zonata one
day old pupae

Data in Table (1) revealed that E. citradora
extract had high toxicity on the PFF, B. zonata freshly
formed pupae (LCsp=2.20% & LCgs = 5.86% ).

Table (1) Mortality percentages among freshly formed B. zonata pupae treated with different concentrations of E.

citradora extract 9 days post treatment.

Eucalyptus Conc. 05% 1% 1.5% 2.5% LCso (%) LCos (%) Slope
Mortality % 3.33 20 26.66  41.33 92 2.20 5.86 3.86
Control 1.33

Data clarified that the increasing concentrations
of E. citradora extract caused an increase in
mortality which ranged between 3.33% for treatment
with the lowest concentration (0.5%) and 92 % in case
of the highest concentration (2.5%). So, the highest
concentration caused the highest mortality
percentages on the one day-old pupae.

Results in Table (1) and Fig. (1) clarified, also,
that the LCsp of E. citradora oil extract after 9 days
post-treatment on the 1% day old pupae of the PFF, B.
zonata was 2.20 %. The current results are similar to
those recorded by [19] who tested Moringa oleifera
oil, lemon peel oil and M. oleifera leaf extract on B.
zonata pupae. The authors™ data indicated that pupal
mortality percent increased gradually with increased
of the applied concentration. On the other hand, these
results differed from those obtained by [4] who tested
some plant extracts against one day old pupae of B.

zonata and results revealed that Eucalyptus oil had
the highest toxicity against B. zonata pupae with low
LCso value of 38.88 ml/L The insecticidal
constituents of many plant extracts and essential oils
were described as monoterpenoids due to their high
volatility, they have fumigant activity that might be
of importance for controlling stored-product insects
[17]; [22] and [2]. In the present study, the E.
citradora extract showed insecticidal activity against
the pupae and adults resulted from treated B. zonata
pupae. The toxic effects of the main components in
the essential oil of 15 Eucalyptus species were
reported by [10] to be 1,8-cineole, followed by
spathulenol. The high toxicity of linalool, linalyl
acetate and 1.8-cineole was reported against the rice
weevil Sitophilus oryzae and Rhyzopertha dominica
[23].
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Fig (1) Concentration/mortality line of E. citradora extract as surface
contact against B. zonata one-day-old pupae .

Biological aspects as affected by E. citradora
extract on B. zonata one day old pupae

Results showed that the E. citradora extract
(2.5%) had a biological action on adults which
emerged from one-day-old pupae (treated pupae).
These effects were observed in some aspects of
adults' behavior or life (Table 2), those may be noted
as follows:

B. zonata pupal period

Comparing the control insect adults with those
emerged from pupae treated with E. citradora
extract, it was found that the untreated (control)
insects showed nine days as pupal period, while the
treated insects emerged one to three days later with
an average of 11 days in the first generation. But, in
the second generation, the treated adults emerged
nine days post-pupation, being the same as that of the
control pupae. Statistical analysis showed highly
significant differences, as P-value = 0.0004 and the
LSD =0.86. These results are similar to that recorded
by [27] who tested an aqueous extract of Centrum
parqui L. ground leaves (which contain saponins) on
Ceratitis capitata larvae and found a substantial
reduction in the emergence rate of flies. [20] showed
that the tested concentrations of Novaluron,
significantly, reduced B. zonata adults’ emergence.
Also, [19] studied the effect of different
concentrations of Moringa oleifera oil, lemon peel oil
and M. oleifera leaf extract on some biological

aspects such as adults emergence of the peach fly, B.
zonata. Data indicated that adult emergence
decreased with increase of concentrations until
reached to very low emergence rate.

Behavioral resistance.

By observing the feeding behavior of both
control and adults of B. zonata resulting from treated
pupae, it was noticed that the insects from treated
pupae have a very weak feeding activity and need to
renew feeding at very long intervals for both first and
second generations.

B. zonata adults sexual maturity period

Data in Table (2) revealed that there was a delay
in sexual maturity and the beginning of laying of eggs
(pre oviposition period) estimated at 25 days in the
first generation and 35 days in the second generation.
Sexual maturity of control insects which take 15 days
was compared with treated insects. Statistical analysis
showed highly significant differences with P-value =
0.0001 and the LSD = 0.

B. zonata eggs hatching rate

Results recorded in Table (2) indicated that the
egg-hatching percentage varied in both the first and
second generations. The mean hatching percentage
was 20% in the first generation and decreased in the
subsequent generation to 15% on average. However,
in control treatments, the mean of egg-hatching
percentage was 62.7%. Statistical analysis showed
highly significant differences at P-value = 0.0001 and
the LSD =13.02.
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Table (2) Changes in biological aspects occurred in B. zonata adults resulted from newly formed pupae treated

with E. citradora extract 2.5%.

Biological aspects Mean (days) P-value LSD
Pupal period G1 11
Control 9 0.0004 0.86
Sexual maturity G1 25
Sexual maturity G2 35 0.0001 0.00
Control 15
Eggs’ hatching G1 Mean percent %

20%
Eggs’ hatching G2 15% 0.0001 13.02
Control 62.7%

The previous results are similar to those
recorded by [8] who reported that derivatives of
parthenin (1), obtained from wild
feverfew, Parthenium hysterophorus act as anti-
feedants, repellents, and egg-laying deterrents. [3]
found that Eucalyptus leaf extracts (Eucalyptus
globulus) are effective against B. cucurbitae which
minimize population numbers. Also, [15] tested some
plant extracts including Eucalyptus sideroxylon, and
reported that these extracts caused resistance,
discourage oviposition, and caused, also, high
mortality percentage.

Histopathological effects of E. citradora extract on
the PFF, B. zonata midgut, female ovaries, and
male testis post emergence.

1- Effect on midgut: Transverse sections of the
midgut from the control and treated adults (adults
emerged from one-day-old pupae treated with E.
citradora extract 2.5%) were observed under
light microscopy (Plate; 1 A & B). In controls,
the midgut epithelium appeared formed by large
similar cells with central nuclei, and small cells,
the regenerative cells, regrouped as crypts. The
regenerative cells are located at base of the
epithelium. The lumen contained some food
surrounded by the peritrophic membrane. By the
high concentration (2.5%) treatment; the
peritrophic membrane seen less distended (Plate,
1 B) compared to control and the epithelial
tissues were destroyed. Cross sections of the
midgut, cleared the destruction of epithelial cells
and autophagic vacuoles in the lumen (black
arrow).

2- Effect of E. citradora extract on ovary 27" day
after sexual maturity: Sections of control ovary
showed the nutritive (nurse) cells within the
ovariole (red arrow) (Plate, 1 C) and clumped
shrunk oocyte, semi absorbed or degenerated
leaving vacuoles in treated insects (Plate, 1 D).

3- Effect of E. citradora extract on testis 27" day
after sexual maturity: Testis of control insect
show intact follicular cells with spermatogonia,
spermatide and spermatocyte cells. The testis are
full of sperm bundles (blue arrow), spermatids
attached to sperm bundles and free sperms (Plate,
1 E) but, mild reduction of spermatogenesis
series (black arrow) could be verified in treated
insects (Plate, 1 F).

Histopathological results are similar to those
recorded by [1] whose findings indicated that
monoterpenes delayed the formation of female
ovarioles in B. zonata adults when three oxygenated
monoterpenes  were assayed against adults.
Histopathological alterations were noted, including
unfilled egg chambers, germarium construction,
empty spaces between ovarioles, and failure of oocyte
development. Also, [16] treated the early 3" instar
larvae and pupae of Dacus ciliates (Diptera:
Tephritidae) with Azadrachtin formulation and his
results showed that treatment induced severe effect on
the midgut where destruction of muscular cells and
detachment of the basement memberane. Different
results were reported by [25], who tested Licorice
roots aqueous extract against full-grown larvae and
different times after pupation of Ceratitis capitata
Wied. by dipping treatment. Histological studies
showed that the mouth parts and neutrophil foregut
neutrophil areas were severely affected, but female
ovaries and male testes showed normal view of
tissues.
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Plate (1). Cross sections in both midgut and reproductive system of B. zonata: A) Normal midgut of control
insect. B) abnormal midgut of adults resulted from treated pupae. C) Normal ovary of the control insect showing
a normal ovariole with mature oocyte. D) Abnormal ovary of the treated insects showing smaller immature
ovariole with ruptured follicular epithelium, spaces and degenerated oocyte. E) Normal testis of the control
insects showing a normal acini of the testicular follicle. F) Transverse section of the testis of treated insect
showing some abnormal testicular acini with necrotic sperms and spaces.

4, Conclusion

E. citradora extract treatments had a toxicity and
histological effect against B. zonata one day old
pupae. Results revealed that mortality percentage
increased with increasing the applied concentrations.
On the other hand, investigations showed changes in
biological aspects and there were histological
alterations in midgut, ovary and testes tissues.
Therefore, according to the previous results, it could
be suggest compination of E. citradora extract with
Integrated pest control programmes.
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