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Abstract

Egypt is considered the world leader in date production; yet, Batrachedra amydraula,
Arenipses sabella and Virachola livia are threatening this distinguished position. The current
study aimed to set a new strategy depending on controlling of those pests using a group of
parasitoids and predators. Once the pests appeared in El Bahariya and Siwa Oases’ palm
plantations, Trichogramma sp., Bracon sp., Goniozus sp., Chrysoperlasp. Coccinellasp. and
Oriussp. were released. Results related to infestation%, before and after release, pests’
emergence and intensification were compared in both Oases. By the end of the season, A.
sabella and V. livia infestation percentage in EI Bahariya control farm increased till 82.5 and
70.6%, respectively, while B. amydraula showed less infestation, i.e.39%. Infestation
declined significantly when natural enemies were released and by the end of the season it
reached 2.5, 1.1 and 1.1%, for A. sabella, B. amydruala and V. livia, respectively. In Siwa,
infestation in control recorded 40.2, 52.4 and 58.7 %, while in treatments, it dropped to 1.1, 2
and 2.2%, by the end of the season, for the three pests, respectively. A. sabella infestation was
higher in El Bahariya than Siwa, on the contrary with B. amydraula; while V. livia was higher
in Siwa than EIl Bahariya till Aug., and the opposite case occurred in Sep. Results proved that
using this combination of natural enemiesa proved effective control method against the three
pests under investigation and it is recommended to use this strategy to be integrated in IPM
programs in palm plantations in Egypt.
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Introduction

Fossil records show that the date palm, Phoenix dactylifera L. (Arecales: Arecaceae),
has existed for at least 50 million years (Hai, 2016). Old Egyptians learned to pollinate the
trees by hand 2500 AC as proved by ancient texts, and they used date as food (Paul and lan,
2000). Nowadays, Egypt is considered the world leader in date production and cultivation.
Each year, it produces, approximately, 1.3 million t. of dates. This represents about 16.6% of
global date production and 24.2% of the Arabian output, according to a recent report by the
Ministry of Agriculture (Egypt Independent, 2015). Palm trees occupy 86,000 acres of
Egypt’s lands, with their numbers estimated at 15,582 million trees, as the report mentioned.
The date palm tree has great socioeconomic importance and nutritional value in Egypt. Its
traditional use as a primary source of food and by-products, and its ecological benefits in
oases’ agriculture, make it an important fruit tree and the best crop to be cultivated (Bekheet
and El-Sharabasy, 2015). Consequently, palm trees plantations are spread all over Egypt,
wherever water is available, i.e. Nile Delta, the New Valley and in various oases, i.e. Siwa, El
Bahariya, Farafra, Dakhla, Kharga and Fayoum, as they added.
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Palm production faces serious challenges ranging from diseases to damage by insect pests, all
of which may reduce productivity by as much as 30 % (Gitau et al., 2009). Climate change
and irregular use of chemical pesticides are affecting pests and their natural enemies in the
date palm agricultural ecosystems (Al Dosari and Ali, 2007). Although date palm tree is
subject to damage by numerous arthropod pests, still, specific insect problems vary according
to the geographic area. Pesticides, biological control, pheromone trapping, quarantine, and
sanitation practices are used to control insect pests of date palms (Howard et al., 2001). A
review set by EIl Shafie et al., (2017), listed 132 species of mite and insect pests associated
with date palm. Although their number seems to be large, only a few species exhibit a high
degree of specificity to date palm, among which are the greater and the lesser date moths.
They added that the date dust mite and the lesser date moth, Batrachedra amydraula Meyrick
(Lepidoptera: Cosmopteridae) are by far the most important pests damaging date palm
developing fruits. B. amydraula eats unripe fruit, feeds on the embryos and cuts the
connection between fruits and their stalks, so causing drying and loss of date fruits. Damage
caused by this pest has recently increased in date palm plantations. In addition, a report by
ICARDA, (2014) stated that pests, particularly the lesser date moth, drastically reduce date
palm productivity, quality, and seriously limit farmers' incomes, where it may cause 50-75%
losses due to fruit drop.

On the other hand, El Sherif et al. (1996) stated that the greater date moth Arenipses
sabella Hampson (Pyralidae: Lepidoptera), is one of the pests frequently attack date palm
trees in Al-Arish region, Egypt. He added that larvae of A. sabella attack spathes and fruits
and their damage resemble that caused by B. amydraula. In addition, Gameel et al., (2017)
proved that A. sabella has a great effect on palm trees of different varieties in the New Valley
Governorate, and recommended further studies to develop integrated pest management to
combat this pest. Another important palm tree pest was noticed by Temerak and Sayed (2001)
who stated that pomegranate butterfly, Virachola livia Klug, (Lepidoptera: Lycaenidae) is a
serious pest that occurs on date palm. Moreover, Gameel et al., (2014) stated that the larvae of
V. livia in fest date fruits when they start coloring.

Date palm pests are initially an ecological problem rather than a chemical problem, so
unprincipled use of costly chemical pesticides is a failed strategy (Al Dosari and Ali, 2007)
Using predators and parasitoids to control pests is a strategy well-established although it is
still limited (Alrubea, 2017). El Shafie et al., (2017) listed 90 predators and parasitoids
species, indicating their potential role in date palm pest management. The predators account
for more than 20 different species, mainly in the family Coccinellidae, while most of the
parasitoids belong to the family Braconidae and Trichogrammatidae. Consequently, the
current study was carried out to set a new strategy to control B. amydraula, A. sabella and V
livia in El Baharyia Oasis (370 Km from Cairo) and Siwa Oasis (900 Km from Cairo), both
Oases are located in the Western Desert of Egypt. The study aimed also to monitor pests’
emergence, augmentation and infestation rates during the whole season, under the conditions
of both Oases, to high light the efficiency of the used natural enemies and to compare between
the responses of the three pests to those enemies in terms of their infestation percentages in
both Oases.

Materials and Methods
Location

The current study was conducted in Egypt, in two Oases i.e. Siwa, (Matroh
Governorate) and El Bahariya, (Giza Governorate). Three 10-15 years old farms were

40


http://hortsci.ashspublications.org/content/42/5/1077.full#ref-24
http://hortsci.ashspublications.org/content/42/5/1077.full#ref-24
http://hortsci.ashspublications.org/content/42/5/1077.full#ref-24
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2338.2011.02451.x/full#b19

’?ﬁ‘%‘ Egyptian International Journal of Palms V.1 (1) Jan, 2021 39-56 Egyptian International
G Journal of Palms

selected in each location. Each farm had an area of 5 feddans, with a total area of 30
feddans, in the two locations under study, (1 feddan = 0.42 ha). The estimated palm tree
numbers in each feddan ranged from 70-80, and the whole study area in the two locations
consisted of mature fruit-bearing trees of the variety Sewi.

Control experiment

A fourth farm separated from the experimental area, with the same size and properties of the
treated farms, was used in each Oasis as a control treatment to detect the augmentation and
infestation rates of B. amydraula, A. sabella and V. livia. Pests’ infestation was monitored, in
the absence of their natural enemies, starting from Apr. till Sep., 2017.

Target pests

In April, 2017, investigation of the date palm plantation areas started in order to detect
infestation symptoms appearance. The investigation included both; date bunches and date
fruits. By April 15" the lesser date moth B. amydraula and the greater date moth A. sabella,
started to emerge. On that date, the release of natural enemies was conducted. Numbers of
infested bunches and fruits, for each pest, were recorded before the release. Later, during the
month of July, the pomegranate moth, V. livia, showed up in the experimental areas and its
infestation results were compared to control experiment.

A. sabella

A total number of 30 randomly distributed palm trees were selected in both locations, El
Baharyia and Siwa Oases, (5 replicates x 3 farms x 2 locations). A total number of 450
bunches (15/ tree, 225/ location) were visually examined to detect the presence of A. sabella.
Number of infested bunches was registered on April (before release), May and June.

oA * W
Fig. (1): A. sabella infestation symptoms on a palm tree bunch.
B. amydraula and V. livia:

Each farm had a number of five replicates; each replicate was represented by one
palm tree. Date fruit samples were investigated on palm trees bunches to detect the
infestation by both pests, in Siwa and El Baharyia Oases. Monthly investigation of dates
was conducted and a total number of 3000 date fruits each month were examined for the
presence of each of B. amydraula and V. livia (100 date fruits/ replicate/ farm = 1500/
location/ pest = 6000 date fruits for both pests monthly). Insect penetration holes and
silky remains close to fruit cap were considered as identifying characteristics or signs of
infestation (Ali and Al-Anbaky, 2016), or sometimes date fruits were opened for pest
detection. B. amydraula data collection started Form April. till July, 2017 while V. livia
data collection extended from July to Sep. of the same year.
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Fig. (2): B. amydraula(l) and V. livia (2) infestation symptoms on date fruits.

Natural enemies:

Several common produced parasitoids and predators were tested for their efficiency in
controlling the three previously mentioned pests. Table (1), shows the natural enemies used in
the present study, their parasitism/ predation stage, the number used per feddan and their
sources.

Table (1) Name, pest infected stage, usage per feddan and sources of the natural enemies used in the study.

Natural Name Pest infected stage | Usage/ feddan Source
Enemy
Parasitoids | 1- Trichogramma sp. Egg 10.000 eggs Plant Protection Research Institute-
2- Bracon Sp. ARC
3- Goniozus sp. Larva
Predators 1-  Chrysoperlasp. 500 adults Chrysopa Mass Production Unit,
2- _ Coccinellasp. Eggs and newly Fac. Agric. Cairo Univ.
- hatched larvae
3-  Oriussp.

Releasing the natural enemies started in April, 15", just after the appearance of pests of
interest; (A. sabella and B. amydruala). Results were recorded monthly after the release.
Tricho cards and capsules containing the parasitoids/ predators are inserted within the fruit
bunches.

Data analysis

Results were statistically analyzed using SPSS Statistical Package according to the
analysis of variance (ANOVA). LSD was chosen to determine any significant difference
among various treatments at p<0.05, in addition to the calculation of infestation percentages.

Results
El Bahriya Oasis - Control results

Monitoring the appearance of A. Sabella, B. amydraula and V. livia in El Bahariya Oasis
control farm and the increase in their infestation rates, and consequently their population,
from May to Sep.(2017), was carried out. As illustrated in Fig. (3), infestation percentage of
A. sabella, in May was 41.2 %, and it continued to increase during the next two months where
it recorded 63.6% in June, and 82.5% in July. B. amydraula, on the other hand, appeared in
May, as well, but with less infestation rates than that of A. sabella, i.e. 12%; however, its
infestation continued to increase where it recorded 22, 31 and 39% during June, July and
Aug., respectively. V. livia did emerge till the beginning of July, where it started to infest date
fruits, till the end of Sep. Infestation percentages increased from 12.3% up to 36% till it
reached 70.6%, as shown in Fig. (3).
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Fig. (3): Monitoring infestation % of A. sabella, B. amydraulaand V.
liviain control experimentin El Bahariya Oases (April- Sep.)

A. sabell

Total number of 225 bunches were monthly examined by visual, in the three farms to
detect the infestation percentage of A. sabella, before and after releasing the natural
enemies. Number of infested bunches was recorded in April, May and June, as by the end
of June the pest was completely controlled. Average infestation percentage before release
(B.R.) of natural enemies, in the three treated farms, recorded 28%, as illustrated in Fig.
(4) Results showed that releasing the natural enemies caused a great decline in A. sabella

level of infestation. In May, average infestation percentage dropped to 5%, then to 2.5%,
in July.
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Fig. (4): Avarage infestation % of A. sabellabefore and after the
release of natural enemies in El Bahariya Oases.

B.R. = before release
B. amydraula

Before the release of natural enemies, average infestation percentage of the three farms
recorded 11.3%, however, infestation dropped to 2.5% during May; as natural enemies were
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settled since mid-April. Suppression of the lesser date moth infestation continued to increase
and then continued to decrease till it reached 1.1%, by July.
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Fig. (5): Avarage infestation % of B. amydraulabefore and after
release of the natural enemies in El Bahariya Oases

B.R. = before release
V. livia

A number of 100 dates per replicate, (5 palm trees replicates were used/ farm), and monthly
investigated to detect the infestation of V. livia in ElI Bahariya Oasis experimental farms.
Results showed that the pomegranate butterfly started to appear in July, and infestation % in
the control farm concerning this pest was 12.3, 36, and 70.6, during the months of July, Aug.
and Sep. respectively Meanwhile, treated farms, where natural enemies are settled, V. livia
recorded infestation percentages of 4.6, 1.9 and 1.1, respectively, as illustrated in Fig. (6).
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Fig. (6): Infestation % of V. /iviain control experiement and after release
of natural enemies in El Bahariya Oases
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Control versus treatment

Considering the following figure, it is obvious that using this special group of natural
enemies was highly competence in decreasing the infestation percentages of the three pests
under investigation, i.e. A. sabella, B. amydruala and V. livia, from 82.5, 39 and 70.6 to 2.5,
1.1 and 1.1, respectively, by the end of their activity season (Fig. 7).
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Siwa Oasis
Control results

The control farm in Siwa Oasis showed similar results as compared to El Bahariya
Oasis concerning pests’ emergence date and infestation increase. As shown in Fig. (8),
infestation percentages of A. sabella increased from 21.3% up to 41% till it reached 52.4%,
during the months of May, June and July, respectively. Meanwhile, B. amydraula gave an
infestation % of 22% during May, then, increased to 25.6, 40.2 and 57.3%, during June, July
and Aug., respectively. On the other hand, V. livia started to attack date fruits on the month
of July till the end of Sep. (as was in El Bahariya Oasis) and their infestation increased from
16.3 up to 58.7 %, as illustrated in Fig. (8).

45



’??é% Egyptian International Journal of Palms V.1 (1) Jan, 2021 39-56 Egyptian International
&y Journal of Palms

920
80
70
60
50
40
30
20
10

Ul

=

w
U
0

w3

R m e TR T e T et T T e T

infestation %

e e b )

i

o C S e L L e et e )
x]

o R e e e e e

S L L A

e

=

May June July Aug. Sep.

m A Sabella ~ B. amydraula % V. livia

Fig. (8): Monitoring infestation % of A. sabella, B. amydraulaand V.
liviain control experiment in Siwa Oases (April- Sep.)

A. sabella

The group of natural enemies released was highly capable of controlling A. sabella under
Siwa Oasis conditions as in the case in ElI Bahariya Oasis. Before release, average infestation
percentage in the three farms recorded 18.5%, whereas, it decreased to 5 and 1.1%, after using
the parasitoids and predators, during May and June, respectively, as shown in Fig. (9).

30 y
25 e

15
10

X &\\\\\N At

0

infestation %

B.R. May June
= infestation % 18.5 5.0 1.1

Fig. (9): Avarage infestation % of A. sabellabefore and after
natural enemies' release in Siwa Oasis

B.R. = before release
B. amydraula

Date samples (500 dates/ 5Sreplicate/ farm) were monthly insoected on palm trees
during the months of May, June and July to follow the infestation rates of B. amydraula in
Siwa Oasis. Results showed that B. amydraula recorded an average infestation of 15.5%
before the release of natural enemies. During May, average infestation percentage in the
treated farms decreased to 5.4%. Fortunately, reduction in infestation continued to occur
where it recorded 3, and 2.1 during both June and July, respectively (Fig. 10).
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release of natural enemies in Siwa Oasis

V. livia

B.R. = before release

Comparing the results of control farm, concerning V. livia, to the three treated farms,
data assured again that the used natural enemies were powerful enough to reduce infestation
percentages of this pest till it reached 2 % during Sep., compared to 58.7% in the control
farm, as illustrated in Fig. (11).
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Fig. (11): Infestation % of V. /ivia before and after release of the natural

enemies in Siwa oases

Control versus treatment

Comparing the results of the control farm during the whole seasons to those of
treated farms, results illustrated in Fig. (12) showed that natural enemies under
investigation were vigorous enough to suppress pests attack. Infestation% of A.
sabella, B. amydruala and V. livia decreased by the end of the seasons to reach 1.1,
2.0 and 2.2%, respectively, whereas, infestation in the control recorded 52.5, 57.3 and

58.7, respectively.
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Fig. (12): Infestation% of A. sabella, B. amydrualaand V. liviain the conrol
mtreated farm compared to average of the 3 treated farms in Siwa Oasis
farms

El Bahariya versus Siwa Oases

Results, concerning the three pests under investigation, were statistically analyzed using
ANOVA two ways and the LSD at p<0.05 was, as well, calculated. Data are presented in
Table (2) and the analysis showed the following:

1. A. sabella

During May, infestation mean numbers did not show any significant difference between El
Bahariya and Siwa in the treated farms (4.9 and 5, respectively) meanwhile, control results
revealed significant differences in both locations, as presented in Table (2).

During June, infestation mean numbers reflected significant differences, either in the treated
farms or in control farm. Generally, infestation with A. sabella was higher in El Bahariya than
in Siwa.

2. B. amydruala:

Infestation mean numbers of B. amydruala during the three months of the experiment
significantly differed either in control or treated farms in El Bahariya and Siwa Oases.
However, Siwa farms recorded higher infestation than El Baharia, as by July, a mean number
of 16 was recorded in El Bahariya while Siwa farms recoded 21.1 (LSD was 0.3.), as
mentioned in Table (2).

3. V. livia

Significant differences were detected between infestation’s mean numbers of V. livia during
the whole season in both locations, either in control or treated farms, where it was higher in
Siwa than in EI Bahariya during July and Aug., while the opposite occurred during Sep., as
presented in Table (2).
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Table (2) A. sabella, B. amydruala and V. livia infestation mean numbers in both El Baharia and Siwa Oases in control
and treated farms.

A. sabella B. amydruala V. livia
May June May June July July August September
Farms
B.O. | SO. | BO. | SO. |} BO. | SO. | BO. | SO. | BO. | SO. | BO. | SO. | BO. | SO. | B.O. | SO.
Treat. 49 5 25 1.1 2.46 5.3 0.73 3 11 2.06 4.6 10.3 | 1.86 41 11 1.96
Cont. 412 | 21.3 | 63.6 41 12.4 22 218 | 25.6 31 40.2 | 123 | 16.3 36 35.1 71 58.7
Average/
. 23 13 33 21 743 | 136 | 113 | 143 16 211 8.5 13.3 | 189 | 19.6 | 358 | 30.3
location
LSD 1.01 0.8 0.44 0.27 0.3 0.45 0.23 0.45

B.O. =El Bahariya Oasis- S.O. =Siwa Oasis

Discussion

Siwa Oasis is one of the world’s last remaining pristine Oases, home to spectacular
natural landscapes, ancient historical ruins and unique cultural traditions. There are
approximately 240,000 palm trees in Siwa, with at least five different varieties (Egypt
Independent, 2015). Siwa Oasis became a protectorate in (2002) as per Prime Ministerial
decree number 1219 (Baraka, 2010). On the other hand, population of date palm trees in El
Bahariya Oasis reaches 1.3-1.5 million palm trees (Abd-Allah, 2016). Fortunately, in 2010,
the Egyptian Ministry of Environment has declared El Bahariya Oasis as a protectorate, as per
the Prime Ministerial decree number 2656 (Elaref, et al., 2017). Moreover, the status of being
protected areas prohibits all activities that damage or deplete the natural environment. Due to
those two reasons, i.e. their great importance in palm production in Egypt and being
protectorates, they were chosen as research sites for this investigation.

Chemical insecticides had been, and still are, used as the main control measure against palm
tree pests everywhere in the world, without real consideration to their adverse effects on
environment and human health (Baan good, 2008 and El-Juhany, 2010). Using predators and
parasitoids in pest control is a well-established strategy, although it is still limited, as
mentioned by Alrubea, (2017). Therefore, the present study was implemented as an important
attempt to set a new strategy through releasing a special group of parasitoids along with
predators, together, to control the lesser date moth, the greater date moth and the pomegranate
butterfly.

Trichogramma sp., Bracon sp., Goniozus sp, Chrysoperlasp, Coccinella sp and Orius sp. are
six parasitoids and predators that attack different stages throughout the pest’s life cycle; this is
considered a distinguished point in this study, i.e. trapping eggs and larvae of the pest by the
natural enemies and forbid the continuity of their life cycles. The selection of those natural
enemies in particular, was attributed to their adaptation to the local environment as some of
them were registered associated with Lepidopteran date palm fruit pests in date orchards in
Siwa Oasis by Hussain et al., (2016), i.e. Chrysoperlacarnea, Orius spp. and Braconhebetor
Being local natural enemies raises their efficiency as mentioned by Ali and Mohammed,
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(2013). They explained that when egg and larval parasitoids are native, they prove more
adaptation as successful bio-control agents.

The high infestation percentage of A. sabella in ElI Bahariya control farm by the end of the
season, i.e. 82%, lies in the range found by Abdel Rahman et al., (2007), who stated that
percent of impressively infested trees with A. sabella, in the El Bahariya, ranged between
41% and 100% with a general mean 60%. They added that field observations indicated that
this insect became a serious pest in that region causing enormous damages. On the other hand,
Siwa Oasis control farm was less infested by A. sabella, during the same period but still
causing damage that reached 52.5%. Imam, (2012) ensured this finding when he stated that A.
sabella is one of the most devastating pests that threats palm trees in Siwa. Similar results
were found by Gameel and Sayed (2009) and Gameel et al. (2014), who emphasized that in
the New Valley, Egypt, the rate of infested bunches by A. sabella ranged between 8 and 50%.
In Jordan, Al-Antary et al. (2015) mentioned that A. sabella is considered one of the key pests
due to the high infestation rates, that might exceed 55% of bunches during season, they
emphasized that biological control studies should be encouraged. In addition, Gameel et al.,
(2017) noticed that under El-Kharga Oasis conditions, the main date palm cultivar (Saidi)
suffered from A. sabella attacks. Our results, as well, ensure the importance of this pest and
that it should be highly considerated.

Furthermore, the current study showed that the infestation percentages of both the greater and
the lesser date moths, in the absence of the natural enemies, differed or we might say,
converted, according to location. B. amydruala achieved higher infestation percentages in the
control farm of Siwa than that of EIl Bahariya Oasis. On the contrary, A. sabella showed
higher infestation in El Bahariya than Siwa Oases. The difference in infestation rate between
the two pests was also noticed by Gameel et al., (2014) who reported that infestation with the
lesser date moth was light if compared with the greater date moth in the New Valley region.
This conversion could be attributed to the different environmental conditions between Giza
and Matroh Governorate and suitability of temperature and humidity in each location for both
pests.

In treated farms, natural enemies were able to suppress the population of the greater date moth
where infestation decreased in both EIl Bahariya and Siwa Oases till it reached 2.5 and 11%
after 2 months post-release. Results of El-Dakroury et al., (2002) are consonance with our
findings; they reported that using T. evanescens in Siwa Oasis caused infestation reduction
that reached 97.8% for six lepidopterous pests of date fruits, of which are the greater date
moth, which mean that 2.2% infestation occurred. The difference in infestation% between the
two locations might also due to environmental conditions as explained before. Weather
conditions not only affect the infestation rates of the pests, but also, the activity of the natural
enemies. Several authors stated that environmental conditions have great influence on the
natural enemies’ performance, mainly temperature. Mohammad et al. (2015) stated that the
influence of temperature on the biological performance of Trichogramma parasitoid in
laboratory and in the surrounding environment should be taken into consideration. Alrubeali,
(2017) commented that in stability in climate conditions towards the extreme, especially
increasing in temperature and decreasing in relative humidity, is considered a big challenge to
biological control programs.

Although Argaman, (1991) reported that no parasitoids or predators being used for
management of the lesser date moth comparing to other date palm pests, our results proved
that natural enemies were able to decrease the infestation of B. amydruala to 1.1 and 2.1%, by
July (after 3 months of release), in both EI Baharia and Siwa Oases, respectively. It was found
in the literature that most of the work done concerning the lesser date moth was mainly
related to T. evanescens. Mohammad et al., (2015) believed that T. evanescensis an effective

50



7~ Egyptian International Journal of Palms V.1 (1) Jan, 2021 39-56 Egyptian International
& Journal of Palms

natural enemy against the lesser date moth in Irag. Moreover, Ali et al., (2004) remarked that
using T. evanescens confirmed the efficacy of such good bio-rational agent to reduce the rates
of infestations of lesser date moth in date palm orchards in El-Bahriya Oasis. Gameel et al.,
(2014) recommended the release of the egg parasitoid T. evanescens for one time to control A.
sabella and B. amydraula in at the New Valley. They mentioned that promising data were
obtained and their study ensures the importance of Trichogramma parasitoid as a control
agent for date fruits pests.

In addition, few researchers discussed the effectiveness of the other natural enemies used in
our study. In a survey carried out by Abbas et al., (2014) Goniozus sp., Bracon sp. and
Chrysoperla carnea were mentioned as natural enemies of B. amydraula. Abbas et al. (2008)
mentioned that Goniozus sp. was found to be the most common parasitoid of the lesser date
moth in Sultanate of Oman, and they added that it seems to be a promising bio-control agent
and could be utilized within the IPM program. Moreover, Wakil et al. (2015) reported that
Bracon sp. attacks the lesser date moth.

Concerning the third pest under investigation, i.e. V. livia, Abd-Ella, (2015) stated that the

frequent use of insecticides prompted the development of resistance, although they play a
critical role in the management of pomegranate butterfly. To our knowledge, this is the first
time for studying V. livia is studied in palm plantation in the two Egyptian Oases. Results in
this study showed that the maximum infestation of the pomegranate butterfly in the control
farms, either in El Bahariya or Siwa Oases, occurred during Sep. In addition, natural enemies
used were highly capable of decreasing the infestation of V. livia to 1.1 and 2%, respectively,
during the same month in both Oases. It seems that research work on V. livia infestation in
date palm plantation is limited; very few articles were found discussing this issue.
Fortunately, parasitoids and predators used in the current study are registered as natural
enemies of V. livia as stated by Satyagopal et al., (2014), who mentioned that Trichogramma
sp., Bracon sp., Chrysoperla sp. and Coccinella sp. attack V. livia in India. In (2008), Abbas
imported and relisted two egg parasitoids, Trichogramma, brassicae Bezdenko and .T
evanescens Westw. imported and released in two pomegranate orchards to assess the total
action of the indigenous and such imported parasitoids against V livia. The results showed
that Telenomu sp. had superior role compared to Trichogramma spp. Percentages of
parasitism on the host's eggs by Telenomus sp. ranged from 26.7 to 76.9%, with an average of
58.2% in the first orchard and from 55 to 85% with an average of 70.4% in the second
orchard. On the other hand, % parasitism with T. brassicae released in the first orchard ranged
0.0-52.7%, with an average of 20.9% while in case of T. evanescens released in the 2nd
orchard it ranged 0.0-15.4% with an average of 9.9%.

Conclusion

Results of the present study proved that using a group of natural enemies that attack
different stages during pest’s life cycle, is a competent control strategy. Biological agents are
promising alternatives that can be used in integrated pest management programs to control the
lesser date moth, the greater date moth and the pomegranate butterfly in Egypt, especially in
protected areas where using pesticides may cause problems. Yet, environmental conditions in
the implementation site should be taken into consideration.
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