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ABSTRACT

Field studies were conducted through three successive
seasons 2015, 2016 and 2017 to monitor the different stages
of the leopard moth in apple orchards in Kafr Eldawar,
Albehira Governorate. During Spring, number of active
galleries (larvae) / 10 trees ranged from 2.5 to 3.8 during
the three seasons. The exuvia was not detected during the
period from March 25 to April 25 and began to appear at
May 4 (5.0, 6.0 and 5.5 exuvia / 10 trees during 2015, 2016
and 2017, respectively). Number of larvae / 10 trees
reached to the maximum during the period from August
25 to September 4, where it was 15.5 and 16.0 during 2015,
14.5 and 14.3 during 2016 and 15.3 and 14.0 during 2017.
On the other hand, exuvia reached the highest numbers at
starting period of Summer season and reached to the least
number at July 25. During Autumn season, there was a
slight fluctuations in the number of larvae (active
gallaries) / 10 trees and it was ranged between 11.3 to 22.3,
at the three successive seasons. Exuvia were not detected in
the Autumn and Winter during the three seasons. This
study is useful to determine the suitable time for
application of mechanical and chemical control of larvae
and attracting pheromones and mating disruption in the
integrated pest management programs for leopard moth.
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INTRODUCTION

Apple is considered the most important deciduous
fruit in the world. The leading producer in Africa is
South Africa, followed by Egypt and Kenya (Ntakyo et
al., 2013). The cultivated total area in Egypt reached
around 72,000 Fed. produced about 600,000 tons (Yehia
et al., 2016). Apple is attacked by many pests, between
them the leopard moth, Zeuzera pyrina L. (Lepidoptera:
Cossidae).

The leopard moth was first found in the United
States in New-Jersey in 1887 (Howard and Chittenden,
1916). Leopard moth a dangerous wood borer attacks
many fruit trees such as apple, pear and olive causing
significant yield loss (Ntakyo et al., 2013; Hegazi et al.,
2015). The leopard moth larvae begin boring into the
shoots and spread gradually into branches throughout
the entire plant causing the tree to wither and die.
Pupation and adult emergence take place one or two
years later (Tonini et al., 1986).
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Control of the leopard moth borer depended mainly
on using pheromones, mass trapping, mating disruption
(Avilla and Bosch 2001; Abed El-Hadi et al., 2005) and
the biological control (Abdel-Kawy et al., 1992;
Patanita, 2006). The management of leopard moth by
smallholder farmers at orchards depends on the
application of organic and synthetic insesticides in
different areas (Chouinard et al., 2016). However, the
timing and choosing of the suitable control method is
very important for the successful control of the leopard
moth.

Monitoring of the leopard moth different stages
would be very useful for the timing and choosing of the
control methods. Therefore, the aim of this study was to
monitor the different stages of the leopard moth in apple
orchards in Kafr Eldawar, Albehira Governorate
through three successive seasons 2015, 2016 and 2017.

MATERIALS AND METHODS

Monitoring of leopard moth larvae and exuvia was
carried out in an apple orchard located in Kafr Eldawar,,
Beheira Governorate, Northern Egypt. Apple orchard
was cultivated with Anna cultivar trees (20 years old).
All cultural practices were carried out according to
“good agricultural practice”. The total experiment area,
4 fed., was divided into 4 replicates (1 fed. Each).
Fifteen trees from each replicate were chosen randomly
and investigated for the infestation (larvae and exuvia)
by the leopard moth weekly. The experiment took place
during three successive seasons 2015, 2016 and 2017.
Results were calculated and presented as the number of
larvae or exuvia / 10 trees £ SD.

RESULTS AND DISCUSSIONS

RESULTS

The presence of leopard moth active galleries
(larvae) and exuvia / 10 apple trees in Spring during
three successive seasons 2015, 2016 and 2017 is shown
in Table (1, 2 and 3). The number of active galleries
(larvae) / 10 trees ranged from 2.5 to 3.8 during the
three seasons. The larvae was detected during all the
Spring period from March 25 to June 18. The exuvia
was not detected during the period from March 25 to
April 25. The exuvia began to appear at May 4 (5.0, 6.0
and 5.5 exuvia / 10 trees during 2015, 2016 and 2017,
respectively). The presence of exuvia were continued
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and increased in the remaining period of Spring tell
June 18, and reached to 18.0, 15.0 and 16.3 exuvia / 10
trees during 2015, 2016 and 2017 seasons, respectively.

The larvae were not active during the starting period
of the Summer season from June 25 to July 25 and
began to appear again at August 4. The number of
larvae / 10 trees reached to the maximum during the
period from August 25 to September 4, where it was
15.5 and 16.0 during 2015 (Table 1), 14.5 and 14.3
during 2016 (Table 2) and 15.3 and 14.0 during 2017

(Table 3). Exuvia reached the highest numbers at
starting period of Summer season and reached to the
least number at July 25. Number of exuvia reached to
21.3, 17.8 and 18.3 / 10 trees at June 25 in 2015, 2016
and 2017, respectively (Tables 1, 2 and 3). On the other
hand, number of exuvia / 10 trees were 13.0, 8.0 and 8.3
at July 25 in the three successive seasons 2015, 2016
and 2017, respectively. The exuvia was not detected in
the remaining period of Summer at the three seasons
2015, 2016 and 2017.

Table 1. Occurrence of leopard moth active galleries and exuvia on apple trees during 2015

Month Stage Mean of active galleries and exuvia / 10 trees at Overall
g 4 day 11day  18day 25day mean + SE
] active galleries 16.3£0.4 14.8+0.4 13.840.2 10.0£0.1 13.7£2.7
anuary exuvia 0.0 0.0 0.0 0.0 0.0
active galleries 10.8+0.3 9.5+0.3 7.5£0.3 10.840.3 8.8t£1.6
February ]
exuvia 0.0 0.0 0.0 0.0 0.0
March active galleries 6.0+0.2 5.3+0.2 3.8+0.1 2.8+0.1 45+1.4
arc
exuvia 0.0 0.0 0.0 0.0 0.0
Aoril active galleries 3.0+0.2 3.3+0.2 2.5+0.1 2.8+0.1 2.9+0.3
ri
P exuvia 0.0 0.0 0.0 0.0 0.0
M active galleries 3.0+0.1 3.3+0.2 2.5+0.1 2.8+0.1 2.9+0.3
a
Y exuvia 5.0£0.3 5.8+0.2 7.310.3 7.840.3 6.5+1.3
; active galleries 3.0+0.2 3.3+0.2 2.5+0.1 0.0 22415
une
exuvia 10.310.3 15.8+0.4 18.0+0.5 21.3+0.5 16.4+4.6
1l active galleries 0.0 0.0 0.0 0.0 0.0
u
Y exuvia 18.0+0.4 16.3+0.5 15.0+0.4 13.04£0.3 5.6+2.1
active galleries 8.8+0.4 9.5+0.3 10.8+0.4 15.5+0.4 11.2+3.0
August
exuvia 0.0 0.0 0.0 0.0 0.0
active galleries 16.0+0.3 13.540.2 13.84+0.4 15.04£0.3 14.6+1.2
September ]
exuvia 0.0 0.0 0.0 0.0 0.0
active galleries 11.540.3 13.540.2 14.0+0.4 17.0+0.4 14.04£2.3
October )
exuvia 0.0 0.0 0.0 0.0 0.0
active galleries 15.8+0.4 14.0+0.5 14.5+0.4 16.8+0.5 15.3+1.3
November
exuvia 0.0 0.0 0.0 0.0 0.0
December active galleries 17.5+0.2 18.3+0.4 16.0£0.3 16.3£0.5 17.0£1.1
exuvia 0.0 0.0 0.0 0.0 0.0
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Table 2. Occurrence of leopard moth active galleries and exuvia on apple trees during 2016
Month Stage Mean of active galleries and exuvia / 10 trees at Overall
g 4 day 11 day 18 day 25 day mean = SE
active galleries 14.8+0.3 17.5+0.3 11.8+0.2 9.5+0.3 13.4£3.5
January .
exuvia 0.0 0.0 0.0 0.0 0.0
active galleries 10.0+0.2 9.3+0.2 7.8+0.3 7.3+0.2 8.6+1.3
February .
exuvia 0.0 0.0 0.0 0.0 0.0
March active galleries 5.0+0.1 5.0+0.1 5.0+0.1 3.5+0.2 4.6+0.8
arc
exuvia 0.0 0.0 0.0 0.0 0.0
Aol active galleries 3.0+0.2 2.3+0.1 2.5+0.1 3.5+0.2 2.8+0.5
ri
P exuvia 0.0 0.0 0.0 0.0 0.0
M active galleries 3.0£0.1 2.3+0.1 2.5+0.1 3.5+0.2 3.0£0.6
a
Y exuvia 6.0£0.3 7.0£0.4 9.8+.04 7.0+.02 6.4+1.3
] active galleries 3.0£0.2 2.310.1 2.5+0.1 0.0 2.0£1.3
une
exuvia 8.310.2 16.3+0.3 15.0+0.4 17.840.4 14.4+4.2
1ul active galleries 0.0 0.0 0.0 0.0 0.0
u
y exuvia 20.3+0.5 14.8+0.4 14.0£0.2 8.0£0.1 14.3£5.0
A ) active galleries 8.3+0.3 10.5+0.5 12.0+0.4 14.5+0.3 11.32.6
ugus
J exuvia 0.0 0.0 0.0 0.0 0.0
active galleries 14.3+0.4 13.3+0.3 12.8+0.3 14.5+0.4 13.7+0.8
September .
exuvia 0.0 0.0 0.0 0.0 0.0
active galleries 14.0+0.4 15.5+0.3 11.3+0.4 15.8+0.2 14.2+2.1
October )
exuvia 0.0 0.0 0.0 0.0 0.0
active galleries 13.8+0.5 12.5+0.3 15.8+0.3 13.8+0.5 15.1+2.5
November )
exuvia 0.0 0.0 0.0 0.0 0.0
active galleries 18.3+0.7 22.3+0.5 16.5+0.6 16.0+0.4 18.3+2.9
December )
exuvia 0.0 0.0 0.0 0.0 0.0

During the Autumn season (September 23 to
December 21), there was a slight fluctuations in the
number of larvae (active gallaries) / 10 trees and it was
ranged between 11.3 to 22.3, at the three successive
seasons (Table 3). Exuvia were not detected in the
Autumn season. Larvae started to decrease in the
starting of Winter season and reached to the least
numbers by the end of Winter during the three season
2015, 2016 and 2017. At December 25, number of

larvae were 16.3, 16.0 and 17.0 / 10 trees during 2015,
2016 and 2017, respectively. At March 18 (end of
Winter), number of larvae / 10 trees reached to 3.8, 5.0
and 4.3, at 2015, 2016 and 2017, respectively. On the
other hand, exuvia were not detected at Winter of the
three seasons 2015, 2016 and 2017 (Table 1, 2 and 3).
In the three seasons there was fluctuations in the
number of active gallaries and exuvia (Fig. 1 and 2).
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Table 3. Occurrence of leopard moth active galleries and exuvia on apple trees during 2017

Month Stage Mean of active galleries and exuvia / 10 trees at Overall
g 4 day 11 day 18 day 25day mean + SE
active galleries 15.0£0.4 16.310.3 11.0£0.2 8.310.2 12.743.7
January )
exuvia 0.0 0.0 0.0 0.0 0.0
active galleries 10.3£0.4 9.5+0.2 6.8+0.1 6.5+0.1 8.8+£1.6
February )
exuvia 0.0 0.0 0.0 0.0 0.0
March active galleries 5.8+0.3 5.840.1 4.3+0.1 3.3+0.2 4.8+1.2
arc
exuvia 0.0 0.0 0.0 0.0 0.0
| active galleries 3.8+0.2 2.5+0.1 2.5+0.1 3.3+0.2 3.0+0.6
Apri
exuvia 0.0 0.0 0.0 0.0 0.0
M active galleries 3.8+£0.2 2.5+0.1 2.5+0.1 3.3£0.2 3.0£0.6
ay
exuvia 5.5+0.2 6.0+.2 5.840.2 8.310.2 6.4+1.3
] active galleries 3.8£0.2 2.5+0.1 2.5+0.1 0.0 2.2£1.6
une
exuvia 11.0£0.5 12.8+0.4 16.31£0.4 18.31£0.6 14.6£3.3
| active galleries 0.0 0.0 0.0 0.0 0.0
July
exuvia 16.3+0.3 15.840.3 10.8+0.2 8.31+0.2 12.843.9
active galleries 9.5+0.4 11.5+0.5 13.5+0.3 13.5+0.4 12..0£1.9
August
exuvia 0.0 0.0 0.0 0.0 0.0
active galleries 15.3+0.5 14.0+0.3 12.0+0.4 16.01£0.3 14.3+1.8
September
exuvia 0.0 0.0 0.0 0.0 0.0
active galleries 15.840.3 17.0+£0.5 14.0+0.3 13.840.3 15.2+1.5
October
exuvia 0.0 0.0 0.0 0.0 0.0
active galleries 14.5+0.4 14.5+0.4 16.3£0.4 18.3£0.4 15.9+1.8
November
exuvia 0.0 0.0 0.0 0.0 0.0
active galleries 20.3+0.3 19.310.6 18.310.5 17.0£0.3 18.7+1.4
December
exuvia 0.0 0.0 0.0 0.0 0.0
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Fig. 1. Occurrence of leopard moth active gallaries in apple trees orchard at Kafr-Eldawar, Albehira

governorate
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Fig. 2. Occurrence of exuvia moth gallaries in apple trees orchard at Kafr-Eldawar, Albehira governorate

DISCUSSION

Leopard moth (Lepidoptera: Cossidae) larvae are
drilling holes into the stems and branches of tree. The
attack of this pest may interrupt the transport of
nutrients from the soil to the host plant (Suheri et al.,

2020). The successful control programs of leopard moth
depend mainly on the choose of the suitable time and
control method. Therefore, the present study was carried
out to help those interested in pest control to choose the
suitable time and the efficient control method for this
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dangerous insect pest. Results revealed that, the
existence of exuvia (excavation of moths) were at May,
June and July. Therefore, the suitable control method
for this period is using of pheromone trapping and / or
mating disruption (Pasqualini and Natale, 1999 a and b).

Suheri et al., (2020) installed delta trap + pheromone
of leopard moth in 40 locations at blocks 5™ and 6%
from May to July 2019 at the Mediterranean region. The
highest number (911) of Zeuzera sp. adults was
captured from May to July 2019 and the number would
possibly increase higher. These results are in agreement
with results of the present study where exuvia
(excavation of moths) were detected at the period from
May to July at the three seasons 2015, 2016 and 2017.
In olive orchard, the peak flight of Z. pyrina, was from
late April to October in Egypt (Hegazi et al., 2015). In
addition, Z. pyrina in walnut orchards, Iran, has two
flight peaks in May to July and August to September
(Navon, 1977). A study by Kutinkova et al. (2006) also
showed that Z. pyrina has 2 flight peaks in Bulgaria
(Kutinkova et al., 2006). The variation in population
dynamics were allegedly due to the species differences
of Zeuzera and environmental conditions.

In the present study, active galleries were detected
during all the season except May, June and July.
Mechanical, chemical and biological methods is suitable
for control of leopard moth larvae. Trials to suppress
leopard moth larvae using IPM tactics were applied with
agricultural processes; pruning and mechanical control,
biological control tools using the green lacewing
predator release in addition to chemical pesticide
(Merghem and Ahmed, 2017). Ismail et al., (1992)
stated that, spraying the olive trees with
organophosphorus insecticides three times at 3-week
intervals (the 1t application in the 2" week of July)
gave better control of the leopard moth.

Finally, an integrated controlling system is needed to
control the leopard moth effectively. This integrated
pest management program must depend on collaborated
several techniques based on several aspects, i.e
silviculture, mechanical, biological and chemical. This
method was expected to reduce insecticide resistance
and create sustainable pest control in the field as it was
also stated by Damos et al. (2015). The current study
emphasizes on the appropriate time and technique of
controlling leopard moth larvae and adults.
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