OPEN aACCESS Journal of Innovative Biology and Environmental Sciences

21 ¢

Research Article
JIBES

Rearing Techniques of Peach Fruit Fly, Bactrocera zonata
(Diptera: Tephritidae) using Natural and Artificial Diets

Inam Ullah*t, Fawad Khan?, Fazal Said®, Khan Bacha?, Sara Naeem?, Meer Arif Ullah
Khan?, Kamran Khant, Muhammad Wagqas!

Department of Entomology, Faculty of Chemical and Life Sciences, Abdul Wali Khan
University Mardan, Pakistan; “Medical Entomologist, Health Department KPK, Pakistan

Abstract | Fruit flies are responsible for significant agricultural losses, reducing crop values
and creating challenges for exporters. To address these issues, establishing a robust
laboratory-rearing system is crucial for conducting effective research and development
activities, both in controlled environments and field settings. A key aspect of laboratory
rearing is developing an economical and suitable artificial diet that supports the sustainability
and vitality of fruit fly colonies. The two primary nutritional components essential for fruit
fly development are proteins and carbohydrates. Proteins, in particular, play a vital role as
they contain essential amino acids responsible for various metabolic functions. The
availability of an appropriate protein source in the diet significantly influences the
performance, survival, and longevity of fruit flies. Current study was designed to rear fruit
flies on their natural hosts and evaluate the most suitable artificial diet comprising different
protein sources: torula yeast, instant yeast, and hydrolyzed soybean, to determine their impact
on life history traits of Bactrocera zonata. Results indicated that torula yeast is the most
effective protein source for the development of B. zonata. The agar-based diet with instant
yeast also showed promising results, though not as effective as torula yeast. The diet
containing hydrolyzed soybean, however, was found to be the least effective compared to the
other two diets.
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Introduction

Fruit flies (Diptera: Tephritidae) are worldwide, causing severe yield losses,
considered a major agricultural pest reducing crop quality, and disrupting the
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export of horticultural produce (McPheron
and Steck, 1996; Clarke et al., 2005;
Vargas et al., 2015) They pose a
significant threat to a wide range of
horticultural crops (Sarwar, 2015). Due to
their destructive nature, fruit flies are
classified as key quarantine pests and are
often transported across borders through
the international trade of fruits and
vegetables (Permalloo, 1998; McQuate,
2015). The damage inflicted by these pests
leads to a considerable reduction in farm
output, resulting in limited export potential
(Khan et al., 2020).

Among the fruit flies, the genus
Bactrocera is comprised of around 651
documented species, making it one of the
most economically significant fruit fly
genera. Approximately 50 species within
this genus are considered highly
destructive, acting as major polyphagous
pests of various horticultural and vegetable
crops (Ahmad et al., 2005; Vargas et al.,
2015; Saeed et al., 2022). In Pakistan,
species such as Bactrocera zonata, B.
dorsalis, and B. cucurbitae are responsible
for significant losses in a broad range of
fruits and vegetables (Ali et al., 1999;
Ahmad et al., 2019; Sarwar et al, 2023).

The peach fruit fly, Bactrocera zonata, is
widely distributed in tropical, subtropical,
and temperate regions across the world. It
infests a variety of host plants and is
regarded as a key pest of fruits including
apricot, mango, pear, plum, peach, banana,
and apple. Depending on crop species,
environmental conditions, and severity of
infestation, losses can range from 30% to
100% (Dhillon et al., 2005). The abundance
of B. zonata tends to increase when the
temperature falls below 32°C and the
relative humidity ranges around 60+10%
(Bara, 2013). In holometabolous insects,

variation in  diet quality  during
developmental stages significantly
influences key life-history traits (Ben-

Yosef et al., 2023).

Two  essential  dietary  components
responsible for fruit fly growth are
carbohydrates and proteins. Proteins, in
particular, are crucial for metabolic
processes, as they contain essential amino
acids required for various physiological
functions. It has been demonstrated that
protein-rich diets enhance the performance,
longevity, and overall fitness of insects
(Cangussu _and Zucoloto, 1997). In
oviparous insects, proteins are directly
linked to egg production (Braga and
Zucoloto, 1981). In Ceratitis capitata
(Mediterranean fruit fly), an increase in
brewer's yeast concentration in the diet
significantly enhanced egg production and
longevity (Cangussu and Zucoloto, 1997).
Similarly, the dietary protein content has a
marked impact on the larval development
of fruit flies (Lemos et al., 1992). Shelly

and Kennelly (2002) reported that the
addition of protein hydrolysate to the diet
improved male mating success in fruit
flies. Furthermore, imbalances in dietary
amino acids can lead to adverse effects on
growth and overall health (Dadd, 1985;
Nash and Chapman, 2014).

To optimize fruit fly rearing for the
production of parasitoids and facilitate
effective pest management strategies, it is
critical to develop suitable artificial diets
that promote high pupal production.
Present study focused on evaluating the
effects of various protein- based diets on
the mass rearing of Bactrocera zonata, by
identifying the most effective dietary
formulations.

2. Materials and Methods

The present studies were conducted on the
fruit fly (Bactrocera zonata) at the
laboratory of the Plant Protection division,
Nuclear Institute for Meals and Agriculture
(NIFA), Peshawar. Bactrocera zonata was
maintained on natural hosts under managed
laboratory conditions (27+1°C, 60+5%
relative humidity).
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2.1. Handling of larvae and pupae

The host fruits included guava, banana,
mango and peach. Fruit flies were kept in
pre-maintained fly cages for B. zonata
infestation and oviposition by gravid
females. After forty-eight hours, the infested
fruits were accumulated and shifted to the
pupal chamber for larval development and
subsequent  pupal formation.  After
completing three instars inside the host
fruits the third instar larvae emerged out of
the end result to the pupation substrate
(noticed dust or sand) for pupal
development. The newly formed pupae
were collected after noticed dust turned
into sieved. The pupae had been saved in
10cm diameter petri dishes (50 pupae/petri
dish) covered with filter paper and held in
the grownup rearing cages till emergence
of adults.

2.2. Rearing of adult flies

The newly emerged flies were maintained
inside the rearing cages (35%30x35cm).
Each rearing cage had wire mesh on 3 sides
and a round sleeve door within the center
of the front to facilitate the collection of
adult flies and feeding. The male and
female flies were fed seasoned-tein
hydrolysate and sugar in petri dishes as a
meal supplement. Water was provided in a
250ml glass jar and a thumb-sized water-
soaked cotton swab was laid in immersed
in water while the remaining half of stayed
above the rim of the glass jar to preserve the
water.

The artificial diet (provided in Table 1) was
evaluated against infested guava and peach
fruits. Healthy clean specimens of male and
female B. zonata adults were collected from
the pupae colony maintained inside the
laboratory. The adult flies used for egg
laying inside the laboratory-tailored cages
measuring (45x30x35cm) with nylon mesh
covers. The flies were reared on a weight-
reduction plan containing sugar, and yeast
placed in Petri dishes as meal complements.
Water was changed frequently and cotton

wicks were replaced inside a conical flask
to prevent microbial infection, especially
mildew. Flies were allowed to lay eggs
inside plastic jars installed inside the adult
fruit fly cages, having holes and internally
smeared with banana juice. The eggs were
gathered from the jar in a beaker full of
water 24 hours after the flies had been
allowed to lay eggs. The eggs separated
from the holes and settled within the
bottom while the sterile eggs floated on the
surface. The eggs were then cautiously
collected, counted and used for seeding on
an artificial weight-reduction plan.

Table 1: Artificial diets used for
Bactrocera zonata

Diets Ingredients Amount (g/ml)
Diet 1: ‘Wheat bran 400g or as per need
Yeast Torula  Sugar 40g
Torula yeast 80-90g
HCl Sml
Sodium benzoate 1.5g
Nipagen 1g
‘Water 250ml
Diet 2: Sugar 60g
Instant Yeast ~ Yeast instant 60g
‘Wheat flour 60g
Water (distilled) 800ml
Methylparahydroxybenzoate (Nipagen) 8ml
Sodium benzoate 1g
HCl 3ml
Diet 3: Sugar 50g
Soybean Soybean (crushed) 70g
Wheat flour 60g
‘Water (distilled) 800ml or as needed
Methylparahydroxybenzoate (Nipagen) Tml
Sodium benzoate 1.5g
HCl 3ml

=] | s g = f — :
Figure 1: Insect rearing lab at NIFA
Peshawar
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3. Results

The effects of numerous non-natural larval
diets on the B. zonata pupae formation are
shown in Figure 3. The results revealed
that a higher percentage of pupae emerged
as adults in the larvae fed with diet 1,
followed by the larvae fed with diet 2,
whereas larvae fed with diet 3 recorded
considerably low pupae formation and
recovery rates.
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Figure 3: Effects of non-natural larval
diets on the pupae formation and
recovery of B. zonata

The impact of three synthetic larval diets
on the percentage of adult fly emergence
from pupae of B. zonata is offered in
Figure 4. The results showed that there
was a better adult emergence percentage in
diet 1 larvae i.e., food regimen having
Torula yeast as a protein source, followed
by the diet 2 food regimen having instant
yeast, whereas the lowest percentage was
recorded in larvae had been fed diet 3 food
regimen having soybean hydrolysate.
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Figure 4. Effects of non-natural larval
diets on the percentage of adult
emergence from pupae of B. zonata

The impact of three distinct synthetic non-
natural larval diets on the percentage ratio
of B. zonata intercourse is supplied in
Figure 5. It was observed that the
intercourse ratio of B. zonata exhibited
variations among male and female flies.
The intercourse percentage ratio of female
flies was slightly higher than that of males
in all diet regimens.
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Figure 5: Effects of non-natural larval
diets on the percentage of intercourse
ratio of B. zonata.

The impact of three distinct synthetic non-
natural larval diets on the durability and
adult longevity of B. zonata is presented in
Figure 6. Amongst all of the three diet
treatments, diet 1 produced promising
outcomes by showing better durability of
B. zonata male and female flies as
compared to the rest of the diets.
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Figure 6: Effects of non-natural larval
diets on the percentage of durability and
adult longevity of B. zonata

4. Discussion

Present study revealed that troula yeast is
the perfect Dbest protein source for the
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laboratory rearing of B. zonata larvae. The
agar-based food plan in which yeast was
used as a protein source also produced
promising outcomes. These results are
consistent with Paskova (2007), who
reported larvae reared on agar-based total
food regimen with superior outcomes and
higher pupal rearing. Chang and Vargas
(2014) used numerous artificial liquid
larval diets consisting of products of
brewer's  yeast, sugar, antifungal
entrepreneurs  (sodium  benzoate and
nipagen), citric acid, and distilled water.
Fruit fly diet plan larval rearing resulted in
a 10% decrease in pupal weight and a 20%
less pupal output. Similarly, Shelly et al.,
(2005) determined that the inclusion of
protein inside the oriental fruit fly diet
complemented the male mating
performance. Such studies might be useful
in mass rearing to provide the
economically efficient, extensive variety
of healthy fruit flies without difficulty
available all through the year. In addition,
these findings of food components can be
greatly beneficial in the low-cost mass
rearing of fruit flies.

5. Conclusion

It can be concluded from the prevailing
research findings that diet 1 containing
torula yeast as a predominant ingredient is
the best diet plan for laboratory scale
rearing of peach fruit fly B. zonata as
compared to the other two diets evaluated
in current work. Subsequently, based on
present results, it is advocated that
implementation of diet regimen 1 i.e.,
primarily torula yeast based synthetic diet
plan can be used for laboratory rearing and
renovation of peach fruit fly B. zonata
under controlled laboratory conditions.
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