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Abstract: Pomegranate fruit moth (PFM), Apomyelois ceratoniae Zeller is a
major pest of pomegranate in Iran. In this study, the effect of four diets including
pistachio, pomegranate, semi-artificial and artificial diets were studied on
biological parameters of PFM in a growth chamber under controlled conditions
at 30 + 2 °C, 65 + 5% RH and 16:8 (L: D) h. The results demonstrated that the
longest incubation period, larval developmental time and preimaginal
development time was observed on artificial diet and the shortest was on the
pomegranate. The highest and lowest body length of fifth instar larvae were
observed on pistachio and artificial diet, respectively. The heaviest weight of
third day pupae was recorded for the larvae that were reared on pistachio (0.0275
+ 0.0004 g) while the lightest was on artificial diet (0.0216 + 0.0004 g). In the
next experiment, the effect of four diets was considered to assess the efficiency
of pheromone traps in a twenty year old pomegranate orchard cultivated with
Malasse Yazdi cultivars. The effect of food on catch of traps showed a
significant difference. The virgin PFM that were fed with pomegranate attracted
more males. Also the traps caught the males mostly from 11:00 pm until 4:00
am, with the peak time between 23:00 and midnight. No significant difference
was seen between diet and time of catch, indicating that starting or ending time
and the maximum time of catch was not affected by the diets.

Keywords: biological parameters, catch time, Pomegranate fruit moth, Malasse
Yazdi cultivar, artificial diet

Introduction

Pomegranate, Punica granatum (Punicacae), is
one of the important horticultural products
throughout the Indian subcontinent, Central Asia,
the drier parts of southeast Asia (e.g. China) and
the Middle East (e.g. Iran). Pomegranate is
renowned as an important fruit because of its high
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economic  value (Vozarayi, 1987). The
pomegranate tree is attacked by several insect
species that decrease the quality and quantity of
its product, among which pomegranate fruit moth
is considered to be the most serious one
(Shakeri, 1992). The Pomegranate fruit moth (PFM),
Apomyelois ceratoniae (Zeller), is the major pest
of pomegranate in Iran (Shakeri, 2004). The
damage starts in early May, when the fruits are
small and continues during the rest of growing
season. Besides consuming the fruit, it opens an
avenue for penetration of saprophytic fungi and
other pests into the fruit in the orchards and
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storage. Chemical control cannot be effective on
the population of this pest as the eggs are laid in
the calyx and all stages develop inside the fruit
(Shakeri and Sadatakhavi, 2004). Various
methods are used to control the PFM including,
collecting infested fruits from orchards as a
mechanical control (Shahrokhi and Zare, 1994
Shakeri, 1992), pomegranate calyx stuffing
(Mirkarimi,  2002), removing pomegranate
stamens (Farazmand, 2009) to avoid egg laying,
use of biological control agent Trichogramma spp
egg parasitoids (Mirkarimi, 2002), resistant
varieties (Shakeri and Sadatakhavi, 2004), and
insect sterile technique (Tabatabaii, 2011; Tan,
2000; Zolfagharieh et al., 2009).

Sex pheromones are considered to play an
important role in the integrated pest management.
Species pheromone communication system is
affected by different geographical conditions and
diet (Noldus and Potting, 1990). In addition host
plant has a significant effect on the physiological
and behavioral parameters associated with
pheromone production (Landolt and Phillips,
1997). For example, secondary plant compounds
such as pyrrolizidine alkaloids, in male of some
species of Nymphalidae butterflies and Arctiidae
moths could be used as a pheromone precursor
(McNeil and Delisle, 1989).

The importance of natural diet for rearing has
been documented in different studies such as
using almond with cracked shell (Navarro et al.,
1986), pomegranate (Ghavami, 2006;
(Mozaffarian et al., 2008; Norouzi et al., 2008),
pistachio, walnut (Mozaffarian et al., 2008), fig
(Norouzi et al., 2008; Mozaffarian et al., 2008)
pistachio (Ziaadini et al., 2010; Norouzi et al.,
2008) and date (Norouzi et al., 2008). Since
rearing of PFM for the whole year on natural host
plant would be, use of artificial diet becomes
necessary for mass rearing in laboratory.
Pomegranate fruit moth was reared in the
laboratory in 1968, for the first time (Gothilf
1970). In addition, artificial diets also have been
addressed by using soy flour, casein and lysine
(Al-Izzi, 1988), ground whole wheat, date syrup
and glycerol (Alrubeai, 1987); agar, sweet corn
and yeast (Hung et al., 2003); wheat bran,
sucrose, yeast, lysine, glycerine (Mediouni and
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Dhouibi, 2007); soybean meal and oil (Ghavami,
2006); wheat flour, honey, glycerin, yeast and
water (Zolfagharieh et al., 2009); X-soy protein,
sucrose, multivitamin, linoleic acid, B-sitosterol
and salt mixture (Levinson and Gothlif, 1965).

In this study the effect of four diets
including, two natural plant foods, one artificial
and one semi-artificial diet on biological
parameters and efficiency of virgin females’
pheromone traps were assessed in order to find
suitable diet for rearing of PFM and also
increasing the efficiency of pheromone traps.

Materials and Methods

Insect culture and experimental condition

The infested fruits were collected from Yazd
Agricultural Research Center orchards. Fruits were
transferred to a growth chamber with controlled
condition at 30 + 2 °C, 65% + 5% RH and 16:8 (L:
D) h. Adults emerging from infested fruits were
transferred to the mating cages (50 x 50 x 80 cm)
for one night (Gothilf, 1968; Navarro et al., 1986).
After mating each mated female was released
separately into a Plexiglas cylindrical container (25
x 15 cm) for laying eggs. During the reproduction
period a cotton wool, which was soaked with 5%
honey water solution, was placed in the container
as a diet for female moth. The PFM was reared on
each diet for five generations in the laboratory
before being used in the main experiments.

Diet preparation
In this test, four diets were prepared as
following:
1- Artificial diet: wheat bran (600 g), sucrose (120
g), yeast (23 g), salt mixture (20 g),vitamin C
(6.7g), aureomycin (6.7 g), methyl paraben (1.3
g), lysine (3 g), glycerine (150 ml) and distilled
water (250 ml) (Mediouni and Dhouibi, 2007). 2-
Natural fruit diets: pistachio nut (Kaleghoochi
cultivar). 3- Natural fruit diets: fresh pomegranate
(Meykhosh cultivar). 4- Semi-artificial diet: wheat
bran (432 g), pistachio (400 g), yeast (6 g),
aureomycin (7 g), glycerine (60 ml), honey (72
ml) and distilled water (30 ml).

Wheat bran and pistachio were disinfected
in the microwave before diet preparation.
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The effect of diets on biology of the PFM

The new (one day old) eggs of the PFM were
separately placed in Petri dishes (60 mm in
diameter) on the four different diets. For each
treatment, 120 eggs were used as three
replicates. Developmental stages were checked
daily by a scaled binocular with measuring head
capsule according to Dyar's rule (Dyar, 1890).
Developmental periods and mortality of eggs,
larvae, pupae and adults were recorded. Also,
the length of last wandering larvae, the weight
of the pupae and sex ratio of moths were
determined during the test.

Evaluation of moths produced from diets as
natural pheromone trap

This study was conducted in the orchard of Yazd
Agricultural Research Center where pomegranates
are the predominant fruit trees. The selected
pomegranate orchards were cultivated with
Malasse Yazdi cultivar of similar age (20 years
old) and horticultural operations. The natural
pheromone traps were constructed of PVC tubes
(11 x 25 cm) the inner surface of which was
covered with a thin layer of sticky aluminum sheet.
An oval container (size of salt-sprinkler 4x8 cm)
containing a one-day old virgin female moth, fed
on one of the four rearing diets, was placed in the
top and middle of tube in hanging traps (1.5 m.
height). The catches were counted during trapping,
then the average of daily catch was calculated for
each treatment and analysis was conducted
according to these data.

The experiment was conducted according to a
randomized complete block design with four
blocks and four treatments of moth pheromone
traps containing females fed on four diets, as
described above (16 traps: 4 traps for each diet).
The four blocks were situated at a distance of 50
meters from each other. Treatments were set at a
distance of 30 meters from each other in every
block.

Effects of diet on diurnal catch

This experiment was conducted according to a
previous test with three blocks and five
treatments including one-day old virgin female
moths fed on the four different diets (two natural
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diets, one artificial and one semi-artificial diet)
and moths which were at darkness some hours
earlier than other treatments (fed on semi-
artificial diet), as fifth treatment. All traps were
checked and the caught moths were counted at
10, 11, 12 pmand 2, 3,4, 5, 6 and 7 am.

The effect of darkness on trap catches

The experiment was conducted with three blocks
and two treatments containing female moths fed
on semi-artificial diet in normal condition and
female moths fed on semi-artificial diet that were
exposed to treatment in the dark a few hours
earlier. This experiment was continued for four
consecutive nights. Specifications of blocks and
distance between blocks and treatments were
same as in the previous experiment.

Statistical analysis

The analysis of data was performed using SPSS
16. The post-test analysis of variance (ANOVA)
was used to compare means by Tukey’s test
among treatments. Independent T- student test
was used to compare significant differences
between two treatments. Differences among
means were considered significant at P <0.05.

Results

Dietary effects on biological parameters

The results showed that different diets affected the
biological parameters including the egg incubation
(F35=56.93, P =0.0001, CV = 10%), the 1* instar
larvae (Fs5=482.8, P =0.0001, CV =26%), the 2™
instar larvae (F;5 = 1219, P =0.0001, CV = 29%),
the 3" instar larvae (F33=44.54,P =0.0001, CV =
9%), the 4™ instar larvae (Fig= 19.24, P = 0.001,
CV = 5%), the fifth instar larvae (F35= 7.15, P =
0.012, CV = 2%), prepupal (F;3 = 19.72, P =
0.0001, CV = 13%), pupal (F;5 = 4723, P =
0.0001, CV = 6%), larval development time (F55 =
161.72, P = 0.0001, CV = 11%), and preimaginal
development time (F;55 = 194.86, P =0.0001, CV =
10%), body length of 5 instar larvae (F35=68.1, P
= 0.0001, CV = 4%) and weight of the 3™ day
pupae (Fs5 = 23.96, P = 0.0001, CV = 8%)
significantly but, there were no significant
differences between sex ratios (Fz3 = 0.968, P =
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0.454, CV = 16%). Average of variables was
grouped using Tukey's test at 5% level (Table 1).
The results showed that the eggs of moths fed with
artificial food and pomegranates had the longest
and the shortest incubation period, respectively.
The first and second instar larvae had the
maximum period on artificial diet and the
minimum period on pomegranate. The longest
third instar larvae developmental time was
observed on pistachio and the shortest on
pomegranate and semi-artificial food. The longest
fourth instar larvae development time was obtained
on pistachio and artificial food and the shortest on
pomegranate and semi-artificial food. The fifth
instar larvae had the maximum developmental time
on pistachio and minimum on semi-artificial food.
Prepupal period was the longest on the artificial
and semi-artificial diet and the shortest on pistachio
and pomegranate. Pupae that were fed with
artificial food during their larval stages had the
longest pupal period and those fed on the
pomegranate and semi-artificial food had the
shortest. The longest and shortest larval
development time and also  preimaginal
development time were observed on artificial diet
and pomegranate. Body size of 5" instar larvae and
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weight of third day pupae were maximum on
pistachio and minimum on artificial diet.

The effect of diets on mortality of different
growth stages revealed the following results: The
averages of treatment effects on stage specific
mortality are shown in Table 2. Stage mortality is
obtained using equation: Stage mortality = The
number of alive in previous level — The number of
alive in present level/ The number of alive in
previous level (Carey, 2001).The highest and
lowest mortality of 1% instar larvae was observed
on artificial diet and pistachio, respectively.
Totally, the 1" and 2™ instar larvae had the
maximum mortality, whereas the 5" instar larvae
had the minimum. The stage specific mortality of
the 1¥ instar larvae were significantly different (Fs,
g = 1038, P = 0.004, CV = 35%) but, no
significant differences were observed among the
other stages including: the 2™ instar larvae (F3g=
2.54,P = 0.13, CV = 36%), the 3" instar larvae
(Fss= 1.13, P = 0.395, CV = 36%), the 4™ instar
larvae (F 35 = 0.48, P = 0.705, CV = 37%), the 5"
instar larvae (F3,8 = 1.83, P = 0.22, CV = 31%)
and total mortality prepupal period (F55 = 0.75, P
= 0.553, CV = 32%) and pupal developmental
time(Fs3=0.75, P =0.553, CV = 32%).

Table 1 Developmental time, body size, 3™ day pupal weight and sex ratio of Apomyelois ceratoniae on four diets.

Parameters Artificial Pistachio Pomegranate Semi-artificial
Development time (days)

Embryonic period 4.75 £ 0.09° 3.69+0.04° 3.61+£0.04° 426+0.08°
1* instar larvae 6.90 £0.12° 6.18 £0.07° 3.15 + 0.05¢ 6.47 £ 0.04°
2" instar larvae 6.61 £0.01* 4.40 £0.02° 3.32+0.07 3.47 £0.02°
3" instar larvae 437 +0.04° 4.85+0.08" 4.02 +0.08° 3.86£0.01°
4™ instar larvae 5.61 £0.09* 5.67 £0.05" 5.00 + 0.06° 5.07 +£0.09°
5™ instar larvae 7.582£0.002" 7.678 £0.002*  7.331£0.001*°  7.15+0.001°
Prepupal period 1.69 + 0.05* 1.42 +0.03° 1.22 +0.09° 1.84 +0.05*
Pupal period 8.09 + 0.06 7.49 +£0.07° 7.00 + 0.09° 6.85 + 0.08°
Larval development time 31.08 £0.37* 28.78 £ 0.26" 22.83 +0.29¢ 26.02 £0.15°
Preimaginal development time 45.61 £ 0.44° 4138 +0.31° 34.66 + 0.23¢ 38.96 +0.28°
Body length of 5™ instar wandering larvae (cm) 120£0.01  1.354+0.005*  1.31£0.003°  1.27+0.009°
3" day pupal weight (g) 0.022 + 0.0004 ¢ 0.028 £ 0.0004* 0.025 + 0.0002° 0.025 + 0.0007°
Sex ratio (female / total) 43.04+3.49° 5039294  5243+4.99°  4511+5.84°

Means with different letters in a row indicate significant differences (Tukey’s test, P < 0.05).
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Table 2 The effect of diets on stage specific mortality of Apomyelois ceratoniae.

Stages Mortality + SE (%)
Artificial Pistachio Pomegranate Semi-artificial

1* instar larvae 0.22+£0.01° 0.09 £ 0.00° 0.15+0.01° 0.13 £ 0.02"
2" instar larvae 0.17 £0.02° 0.06 = 0.02° 0.09 £ 0.02° 0.15 £ 0.04°
3" instar larvae 0.05+0.01° 0.02 £ 0.00° 0.05 +0.02° 0.02 £0.01°
4™ instar larvae 0.04 £ 0.02° 0.02 £0.01° 0.02 £ 0.02° 0.01+0.0°
5™ instar larvae 0.00 £ 0.00° 0.02 £0.01° 0.01+0.01° 0.00 £ 0.00°
prepupae 0.32 £ 0.09° 0.21 £0.03° 0.30 £ 0.03° 0.29 £ 0.04°
pupae 0.32 £ 0.09° 0.21 £0.03° 0.30 + 0.030° 0.29 £ 0.04°

"Means with different letters in a row indicate significant differences (Tukey’s test, P < 0.05).

Effect of diet on catch of moths used as
natural pheromone trap

Effect of food on catch of traps

The result showed that the effect of diets on traps
from 30 July to 4 August (F5 o= 5.52, P =0.013,
CV = 49%) and from 26 September to 1 October
2012 (F5,1,=5.93,P=0.01, CV = 51%) and also in
general attractant traps for these durations (Fs 3 =
7.07, P =0.001, CV = 57%) were significant. The
averages of variables are shown in Table 3. The
most catch was recorded in traps with females that
were fed by pomegranate, for both durations.

Effect of diets on trap catches at different
night hours

There were no significant relation between
interaction of diet and time of catch (F5 o= 0.55, P
=0.93). It means that different diets had no effect
on time of catch. Also no significant difference
was observed between catch of traps in different
hours in treatment containing moths that were fed
by semi-artificial diet and were at darkness a few
hours earlier than the other treatments (Fs 15 =

0.926, P = 0.512) (Table 4). The maximum catch
was recorded at 23 and 24 o’clock on artificial
diet, 24 o’clock for pistachio, at 23 and 24 o’clock
for pomegranate and at 24 o’clock for semi-
artificial diet treatments. There were no
significant differences between catch of traps at
different hours on semi-artificial diet treatment in
darkness condition, although the most catch was
recorded at 23 o’clock. However, there was
significant difference between catch of traps at
different hours in treatments including artificial
diet (Fs 1= 3.8, P =0.009), pistachio (Fg ;3= 2.68,
P = 0.039), pomegranate (Fs ;3= 3.03, P = 0.024)
and semi-artificial diet (Fg 15=4.02, P =0.007).

Effect of darkness on general catch of traps
General catch of traps were counted for four
consecutive nights and mean catch of
treatments were analyzed. There was no
significant differences in the number of insects
in the trap when the adults were kept in the dark
compared with the insects were kept in the light
(t=-1.308 df =2 p = 0.204) (Table 5).

Table 3 The effect of food on catch of Apomyelois ceratoniae males for each duration dates.

Date No. of males / trap / five days (Mean % SE)’

Artificial Pistachio Pomegranate Semi-artificial
30 July to 4 August 30.25 £ 7.79° 45.50 + 5.00° 74.00 + 5.60° 35.25+12.65°
26 September to 1 October 14.50 + 3.28° 28.25 +3.90® 43.00 £ 7.27° 22.00 + 4.45°
Total 22.37 + 4.90° 36.87 £ 4.39° 58.50 + 7.24* 28.62 £ 6.69°

1 Means with different letters in each row indicate significant differences (Tukey’s test, P < 0.05).
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Table 4 Effects of diets on catch of Apomyelois ceratoniae males at different hours.

Treatment No. of males / trap (Mean % SE)’

10 pm 11 pm 12 pm 2 am 3 am 4 am 5 am 6 am 7 am
Artificial diet o° 6.60+4.40° 7.00+427° 130+ 1.10° 0.33+0.33° 0.00+£0.00° 0.00+£0.00° O° °
Pistachio o° 2.00+1.15% 416+ 130" 2.60+2.10° 033+0.33" 033+0.33° 0.00+£0.00° 0° °
Pomegranate o 6.00+£3.05% 6.80+3.60" 6.16+1.36° 0.00+£0.00° 0.66+0.66" 033+033" 0° (°
Semi-artificial diet o° 230+230° 550+ 1.40° 2.00+0.57° 033+0.33°033+0.33° 0.00+£0.00° 0° O°

Semi-artificial dietand ~ 2.60+0.33* 7.00+6.50° 6.33+5.36"

darkness condition

1.60 + 1.60°

0.00+0.00* 0.00+0.00° 0.00+0.00° 0* 0

"Means with different letters in each row indicate significant differences (Tukey’s test, P < 0.05).

Table 5 Comparison of conditioning of females in
light and dark in catch of males for four consecutive
nights.

Diet No. of males / trap (Mean = SE)’

Darkness”
9.00 + 4.56™

Lightness
2.87 +£1.03

Semi-artificial diet

! Means of catch for four consecutive nights.

? Females were kept in light or dark few hours before use
in trap

™ non-significant using independent t-student test at P > 0.05.

Discussion

The results showed that developmental time
and pupal weight are affected by the four
different diets but not the mortality.
Preimaginal development time was 45.61,
41.38, 34.66 and 38.96 days on artificial diet,
pistachio, pomegranate and semi-artificial
diet, respectively. Since the short life cycle
indicates suitability of the food source, it can
be concluded that pomegranate is the most
suitable food, whereas semi-artificial diet,
pistachio and artificial diet are the next
suitable diets for mass rearing of the PFM,
respectively. Considering that pomegranate is
not always available, artificial and semi-
artificial diets have to be used for mass
rearing. Even though artificial diet is
undesirable in comparison to natural and semi
artificial diets, it is easily accessible and more
economical. The pupae that were fed with
pistachio were heavier than those on other
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diets and their adult moths were quite bigger.
Al-1zzi et al. (1987) reared PFM on artificial
diet containing casein, soy protein, dextrose,
cellulose, agar, olive oil, vitamins and other
minerals at 27 £ 2 °C, 65 £ 5% relative
humidity and 16:8 (L: D) h. They reported 5,
20, 1 and 8 days for stages: egg, larval,
prepupal and pupal, respectively. Our results
under similar environmental condition for
artificial diet were 4.7, 31, 1.7 and 8 days.
Hung et al. (2003) used two diets for rearing
of PFM. The first diet had been made by
artificial material including: agar, sweet corn,
yeast, cholesterol, ascorbic acid, aureomycin,
formalin, phosphates and water. The second
diet consisted of almond slices. The results of
life table parameters including eggs, larvae
and female and male pupae for artificial diet
were 3.9+ 0.3,21.4+4.9,11.4+4.5and 9.6
+ 4.8 days, respectively and for natural diet
were 4 +£ 0.3, 68 £ 15.7,10.6 £ 5.2 and 16.5 +
3.4 days respectively. In their tests the period
of larval stage was longer but the pupal stage
was shorter than findings of our test. These
differences in results could be due to types of
food and different experimental
conditions.Mediouni and Dhouibi (2007) used
an artificial diet for rearing of the PFM that
contained wheat bran, yeast, sucrose, salt
mixture, vitamin C, aureomycine and glycerin
28 £ 1 °C, 75 £ 5% R.H and 15 L9 D
photoperiod)). The results of biological
parameters data based on egg incubation, the
first, second, third, fourth, fifth instar larval


https://dorl.net/dor/20.1001.1.22519041.2016.5.1.2.1
https://jcp.modares.ac.ir/article-3-1990-en.html

[ Downloaded from jcp.modares.ac.ir on 2025-07-18 ]

[ DOR: 20.1001.1.22519041.2016.5.1.2.1 ]

Mortazavi et al.

J. Crop Prot. (2016) Vol. 5 (1)

and pupal stages were 3.14, 5.01, 4.58, 4.56,
4.67, 4.89 and 7.33, respectively. This
artificial diet was similar to artificial diet in
this study. The slight difference may be due
to differences in experimental conditions.
Ghavami (2006) used pomegranate (peel and
seed) for laboratory rearing. She reported
3.61, 22.83, and 1.22 and 7 days respectively
for egg incubation, larvae, prepupae and
pupae stages for natural diet which are similar
to our data. Norouzi et al. (2008) reported
rearing of PFM on four diets including
pomegranate, pistachio, fig and date. His
results for using pomegranate and pistachio
were similar to ours. Zare (2011) studied
developmental parameters of this pest on
three cultivars of pomegranate including
Malass Dane Siah, Gabri and Shahvar at 30 +
1 °C, 70 = 5% RH and 16L: 8D. His results
on Shahvar cultivar were similar to our
results on Meykhosh cultivar. Fakharzadeh
(2004) found that some substrate like protein
(wheat flour, soy flour and corn flour), and
syrup (honey and date syrup) are very
effective on biological parameters like larval
period, pupae weight, adult longevity and
fertility rate. Mozaffarian et al. (2008)
reported that the moths that were fed with fig,
pistachio and walnut have higher fecundity
and overwintered more successfully than
those that were fed with pomegranate. Since
the short life cycle on the food source
indicates its suitability for the pest, it can be
concluded that pomegranate is the most
suitable food for PFM and this factor can
increase the release of sex pheromone and
males attraction. On the other hand, some
insects use host plant compounds to
synthesize sex pheromones or sex pheromone
precursor Chemicals from host plants often
intensify insect responses to sex pheromones
(Landolt and Phillips, 1997). When PFM was
fed with pomegranate and placed in the
pomegranate orchard and received chemicals
of host, it released sex pheromones in
response to particular cues from host plant, so
that catch was more in comparison with other
treatments. Researches conducted on the
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European corn borer in France showed that in
wind tunnel experiments males fed on maize
(Zea mais L.) were attracted to females fed on
maize and males fed on mugwort (Artemisia
vulgaris L.) and hop (Humulus lupulus L.)
were attracted to females fed on mugwort and
hop (Pélozuelo et al., 2004). Therefore more
catch of traps containing female moths fed on
pomegranate is also likewise justified. Some
parts of the calling behavior like the starting
time of pheromone release and duration of
pheromone secreting are quite specific and
depend on limited time of day or night
(Calatayud et al., 2007). In present study,
catch time started from 23 o’clock to 4 but
the maximum catch was recorded between 11
to 12 pm. Whereas when the moth
encountered darkness before being attached
to trap, calling behavior started immediately
at 10 p.m. without any delay. Vetter et al.
(1997) reported that female PFM reared at
photoperiod of 16:8 (L: D) started their
mating behavior from 4-6 hours after
darkening time. This result is consistent with
the time of catch onset in our study. Ziaadini
et al., (2010) studied the calling behavior of
the PFM in three different geographical
populations. They found that in all 3
population calling behavior started five hours
after darkening phase and then it gradually
increased. We found that the efficiency of
female moths on trap increased if they were
kept for four hours in darkness

In summary, since the natural pheromone
traps with female moths and sterilization of
males are two effective methods for pest
control, thus it is necessary to find a suitable
diet for mass rearing of the PFM. Based on
this research, we know that the most desirable
food for this pest is pomegranate but it is not
affordable, while it can be replaced with
artificial diet which is applicable and
economic. In  addition, details about
pheromone traps catch can be helpful to
improve the efficiency of catching. A suitable
diet (and keeping the PFM females in the dark
for a few hours before being used in the traps,
can increase the attraction of males.


https://dorl.net/dor/20.1001.1.22519041.2016.5.1.2.1
https://jcp.modares.ac.ir/article-3-1990-en.html

[ Downloaded from jcp.modares.ac.ir on 2025-07-18 ]

[ DOR: 20.1001.1.22519041.2016.5.1.2.1 ]

Effect diets on biological parameters of A. ceratoniae

Acknowledgements

This research was
University of Tehran.

financially supported by

References

Al-Izzi, M. 1988. Effect of supplemental dietary
L-Lysine and soybean flour on growth and
fertility of Ectomyelois ceratoniae Zeller (Lep:
Pyralidae). Journal of Economic Entomology,
81: 970-976.

Al-Izzi, M. A., Al-Maliky, S. K. and Jabbo, N.
1987. Culturing the carob moth, Ectomyelois
ceratoniae (Zeller) (Lepidoptera: Pyralidae),
on an artificial diet. Journal of Economic
Entomology, 80 (1): 277-280.

Alrubeai, H. 1987. Growth and development of
Ectomyelois  ceratoniae  Zeller  (Lep:
Pyralidae). Journal Stored Products Research,
23:133-135.

Calatayud, P. A., Guénégo, H., LeRii, B., Silvain,
J. F. and Frérot, B. 2007. Temporal patterns of
emergence, calling behaviour and oviposition
period of the maize stem borer, Busseola fissca
(Fuller) (Lepidoptera: Noctuidae). Annales de
la Sociét¢ Entomologique de France, 43 (1):
63-68.

Carey, J. R. 2001. Insect biodemography.Annual
Review of Entomology, 46: 79-110.

Dyar, H. G. 1890. The number of molts of
lepidopterous larvae. Psyche, 5 (175-176):
420-422.

Fakharzadeh, S. 2004. Investigation on effect of
the main components of artificial foods on
biological indicators of Carob moth,
Ectomyelois ceratoniae, Proceeding of 16"
Iranian Plant Protection Congress, Tabriz, Iran.

Farazmand, H. 2009. Effect of stamens
elimination methods on reducing damages of
pomegranate  fruit ~moth,  Ectomyelois
ceratoniae  (Lep.,Pyralidae), Journal of
Entomological Research, 1 (2): 159-167.

Ghavami, S. 2006. Effects of three artificial
diets on biological characteristics of the
carob moth, Ectomyelois ceratoniae (Lep.:
Pyralidae). Journal of Entomological Society
of Iran, 25 (2): 63-76.

J. Crop Prot.

122

Gothilf, S. 1968. The biology of the carob moth
Ectomyelois ceratoniae (Zell.) in Israel. L
Mass culture on artificial diet. Israel Journal
of Entomology, 3: 109-118.

Gothilf, S. 1970. The biology of the carob moth
Ectomyelois ceratoniae (Zell.) in Israel. IIL
Phenology on various hosts. Israel Journal of
Entomology, 5: 161-175.

Gothilf, S. 1984. Biology of Spectrobates
ceratoniae  on almonds in  Israel
Phytoparasitica, 12 (2): 77-87.

Hung, C., Chiang, B. and Wang, W. 2003.
Development and fecundity of the Carob
moth, Apomyelois ceratoniae, reared on
different foods and its eclosion, mating, and
ovipositing  behavior. Plant  Protection
Bulletin Taipei, 45 (3): 185-197.

Landolt, P. and Phillips, T. 1997. Host-plant
influence on sex pheromone behavior of
phytophagous insects. Journal Chemical
Ecology, 42: 371-391.

Levinson, H. and Gothlif, S. 1965. A semi
artificial diet for axenic growth of the carob
moth  Ectomyelois  ceratoniae  (Zell.).
Review Parasitology, 22: 19-56.

McNeil, J. and Delisle, J. 1989. Are host plants
important in pheromone-mediated mating
systems of Lepidoptera? Experientia, 45 (3):
236-240.

Mediouni, J. and Dhouibi, M. 2007. Mass-rearing
and field performance of irradiated carob moth
Ectomyelois ceratoniae in Tunisia. Area-Wide
Control of Insect Pests, p. 265-273.

Mirkarimi, A. 2002. The effect of stuffing
pomegranate neck (calyx) on reduction of
pomegranate neck worm  Spectrobates
ceratoniae Zeller (Lep.:Pyralidae) damage.
Iranian Journal of Agricultural Science, 33 (3):
375-383.

Mozaffarian, F., Mardi, M., Sarafrazi, A. and
Ganbalani, G. N. 2008. Assessment of
geographic and host-associated population
variations of the carob moth, Ectomyelois
ceratoniae, on pomegranate, fig, pistachio and
walnut, using AFLP markers. Journal of Insect
Science, 8 (6): 1-9.

Navarro, S., Donahaye, E. and Calderon, M.
1986. Development of the carob moth,


https://dorl.net/dor/20.1001.1.22519041.2016.5.1.2.1
https://jcp.modares.ac.ir/article-3-1990-en.html

[ Downloaded from jcp.modares.ac.ir on 2025-07-18 ]

[ DOR: 20.1001.1.22519041.2016.5.1.2.1 ]

Mortazavi et al.

J. Crop Prot. (2016) Vol. 5 (1)

Spectrobates ceratoniae, on stored almonds.
Phytoparasitica, 14 (3): 177-186.

Noldus, L., Potting, R. 1990. Calling behaviour
of Mamestra brassicae: effect of age and
photoperiod. Entomological Experimentalis
et Applicata, 56 (1): 23-30.

Norouzi, A., Talebi, A. A. and Fathipour, Y.
2008. Development and demographic
parameters of the carob moth Apomyelois
ceratoniae on four diet regimes. Bulletin of
Insectology, 61 (2): 291-297.

Pélozuelo, L., Malosse, C., Genestier, G.,
Guenego, H. and Frérot, B. 2004. Host-plant
specialization in pheromone strains of the
European corn borer Ostrinia nubilalis in
France. Journal Chemical Ecology, 30 (2):
335-352.

Shahrokhi, M. and Zare, A. 1994. Effect of
collecting and burning of infected fruits in
reduction of the population of pomegranate
fruit moth, Mashhad: Khorasan Agricultural
Research Center.

Shakeri, M. 1992. Effect of infected fruits
collection in reduction of the infection of
pomegranate  fruitmoth, Yazd: Yazd
Agricultural Research Center.

Shakeri, M. and Sadatakhavi, Y. 2004. Diseases
and pests of pomegranate, Yazd: Tasbih
Publications,Iran,126 pp.

Tabatabaii, J. 2011. Comparing of artificial
diets for the mass-rearing of carob mouth,
Ectomyelois ceratonia Zeller and evaluation
of gamma ray doses for male sterility of this
pest under laboratory condition.MSc.

123

Dissertation, Vali-e-Asr
Rafsanjan, 113 pp.

Tan, K. 2000. Area-wide control of fruit flies
and other insect pests, Joint proceedings of
the international conference on area-wide
control of insect pests. Penerbit University
Sains, Malaysia.Penang.

Vetter, R., Tatevossian, S. and Baker, T. C.
1997. Reproductive behavior of the female
carob moth, (Lepidoptera: Pyralidae). The
Pan-Pacific Entomologist, 73 (1): 28-35.

Vozarayi, A. 1987. History,botanical, ecology
and geographic expansion of pomegranate in
Iran, Joint Proceedings of the Conference on
pomegranate in Iran. Karaj Campus, Tehran
University, 20-26.

Zare, D. 2011. Comparison of biological and
physiological characteristics of Carob moth,
Ectomyelois ceratoniae Zeller (Lep.: Pyralidae)
on three pomegranate varieties. M. Sc.
Dissertation, Guilan University, Guilan, 65 pp.

Ziaadini, M., Goldansaz, H., Ashoori, A. and
Ghasempoor, A. 2010. A comparison of the
calling behavior and some biological
characters of three different geographic
populations of Ectomyelois ceratoniae under
laboratory conditions. Iranian Journal of
Agricultural Science, 41 (1): 81-94.

Zolfagharieh, H., VafayiShooshtari, R.,
Farazmand, H., Ardakani, M., Babayi, M.
and Mostafavi, H. 2009. Using nuclear
technology to determine the controller dose
of Ectomyelois ceratoniae. Iranian Journal
of Entomological, 1 (1): 35-42.

University,


https://dorl.net/dor/20.1001.1.22519041.2016.5.1.2.1
https://jcp.modares.ac.ir/article-3-1990-en.html

[ Downloaded from jcp.modares.ac.ir on 2025-07-18 ]

[ DOR: 20.1001.1.22519041.2016.5.1.2.1 ]

Effect diets on biological parameters of A. ceratoniae J. Crop Prot.

Apomyelois ceratoniae Zeller (Lep.: Pyralidae) «,Ul sl 0,5 old8 o5y w51 cwyp
ST GLEL 30 (st (Fga,8 soali (T 9 (s s sl ially (69,

v . Y ) . \
Srxz e g goow olieze ¢ 4 )l BB des (G945 po ouw

Ol R QA8 Ol oKl oyl (3 ((SB5alS 09,5 )

Ol eglesS eolmind) pae Jg olRiils «(53,5LaS” oaSisls (( Si5alS 09,5 Y
Olpl o on b glie 5 65,5lis Dladod 5 e oy T
hghajar@ut.ac.ir:asle Jobus odiunn g5 Sy ,iSl oy 32

VWAF 08 Y5 1500 FAY (63 1A sl

e Gl j0 U1 8T oy St Apomyelois ceratoniae Zell. (Lep.: Pyralidae) olS¢lS ¢S :00uSe
Lyl 59, (Eyvas 5 (Eoacdas G138 Uiy Jold oI5 o3, Jlez Sl Giegh ool o
S5 0,95 9 9= ) PO D (cos Cugh ) cugrmdis az 0 Ve £V (glos )0 ol5olS 0,5 S
239 @35 (ygeligSSl 093 Jsbo (n 5 e 45 0lo (LAS gl D (o p Sl VA (SO0 1 0l
N Jsb (e o saalie Ul g5, ol 2505 5 e ras 5108 g3, €5l 5l e 0)90 5 59,Y
ez ol S oz o5 (Sshan I (55, O D25 5 ey (595 035 A 0 (339 5 0 (o 9,Y
oS ols (i bl ad oy Al Yo g0 o 08, JUT EL 50 (G0 8 slods ()1 (2S¢ 3,
w2, b aS U elSlS 05 oole sloo pnds a5 Glej 05 Yy ine Laals )5 5 Bl i IS0 (g5, 138 S
S S jeba ol el I s 0 eolainl Sge 8 slaali jo wiud aydss Ul slaasls ol
w5y Sl oy ol S Y o TY lacels ;o boali IS0 iSTas g 09 oo § B VY Celes 5l loals
oLl 5 9,0 cclu (59, 651 Galise lié sloms), (s 09 o sine baali (I8 5 celis g plae
e 5 cnlin (B350 9 ST slp (i (0l 8 )gliaws il laals K& sSla> el

855 1,8 ool 0590 wilgy g0 C8l Lo Lo Bali o o Aol (6l

sEyas G135 (g8 b 08, Ul oIS 0,5 IS Hlaj Sty sl el b rguads” (55l

124


https://dorl.net/dor/20.1001.1.22519041.2016.5.1.2.1
https://jcp.modares.ac.ir/article-3-1990-en.html
http://www.tcpdf.org

