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ABSTRACT

In Egypt, Trichogramma evanescens Westwood (TE) is extensively used in inundative releases against a number of
lepidopterous pests of several crops and had not been collected from olive groves. Field trials on the use of
commercially available TE against the olive moth, Prays oleae (Bern.) (OM) were carried out for three successive years
(2002-2004). The objective of the present study was to evaluate the efficacy of inundative releases of this wasp on fruit
yield. The obtained results were encouraging since OM attacks were reduced by 42.9,71 and 69.9% and TE-treated trees
yielded significantly greater olive fruits by 10.5 and 12.5% than untreated trees in 2002 and 2004 olive seasons,
respectively. However, parasitization levels indicated that the wasp is not well adapted to local environmental
conditions of olive groves. The suggested measure to improve the quality of released wasps is to mass release of local
wasps isolated during the present work, i.e., T. cordubensis Vargas and Cabello and T, euproctidis Girault.
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INTRODUCTION

The olive moth (OM), Prays oleae has recently
became o serious pest in old and recent established
managed olive plantation, in Egypt, causing
signiticant yield loss as well as aesthetic damage
(Herz et al., 2005). Tt is an important pest of olives
in the Mediterranean basin (Lopez-Villata, 1999). In
Greece. the moth develops three generations per
year vs. two in arid growing olive zones in Egypt
(Agamy, unpublished data). The first generation of
moths appears in April. The females lay eggs on the
fliower buds. The newly hatched larvae live and feed
within the buds and on the flowers at a later stage of
their development. The second generation, emerges
in early June. causes most of the damage. The
females oviposit on the small fruits close to the stem
and the larvae bore into the stone of the olive fruits.
When the larva completes its development in
September and leaves the fruit, it causes spectacular
fruit drop and results in major crop losses. The third
generation attacks the leaves; the emerging larvae
mine in the olive leaves in autumn, hibernate as
larvae and complete their development early at the
next spring (Pelekasis, 1962).

The second and third generations of the moth are
relatively difficalt to reach with insecticides,
because the larvae bore into the fruits and mine
in the leaves immediately after hatching. Only the
first generation is regarded as rather easy to be
controlled by spraying insecticides targeting the
larval stage. The characteristics of the feeding
behaviour of this moth species, during its larval
stage, require an integrated pest management
approuach for its suppression (Mazomenos ef al.,

1999). The damage caused by this pest is at least 49-
63% of production, which equates to 8-11 kg per
tree (Ramos et al., 1998 and Patanita and Mexia,
2004).

Control of the OM is usually achieved by
application of insecticides such as dimethoate,
methidathion, endosulfan, cypermethrin, carbaryl
and trichlorfon (Lopez-Villata, 1999). In general, the
use of insecticides and other chemical treatments
implies the risk of adverse ecological, toxicological
and economic ~effects. Alternative techniques -
mainly biclogical- include the use of insect predators
and parasitoids. Today, Trichogramma species
(Hym.; Trichogrammatidae) are the most widely
used insect natural enemy in the world (Li, 1994).
The Trichogramma genus includes about 180
species of minute egg parasitoids of numerous
insects, especially Lepidoptera (Pintureau, 1990).

The use of polyphagous egg parasitoids of the
genus Trichogramma tor the control of various
species of orchard and field crop Lepidoptera
has received much attention (Parker and Pinnell,
1972 and Ridgway and Vinson, 1977). Very
large numbers of Trichogramma adults are required
for inundative releases (o suppress established
populations of moths in field crops or orchards.
Methods of producing the large numbers of required

Trichogramma are always dependent on use
of a stored-product moth host, such as the
Angoumois grain  moth, Sitorroga  cerealella

(Olivier) (Grimm and lLawrance, 1975; Morrison et
al, 1976 and Hassan, 1981) and on the
Mediterranean flour moth, Anagasta kiiehniella
(Zeller) (Daumal et al., 1975).



The. egg parasitoid, Trichogramma evanescens
Westwood is extensively used in inundative releases
against u number of lepidopterous pests in Europe.
Among the cereal crops, successful attempts to
control the European corn borer, Ostrinia nubilalis
Hbn. with 7. evanescens have been reported from
Germany, France, Switzerland, West European
countries and to control Asian corn borer,
O. furnacalis Guenee from the Philippines (Tran and
Hassan, 1986). Hegazi et al. (2004), reported
that the combined effect of inundative releases
of the egg wasp, Tevanescens, with mating
distuption technique was successful and could
provide a model for control of lepidopterous pests of
olive trees.

The use of commercial strain of T. evanescerns
(TE) as biological control agent for suppression the
olive moth populations have been evaluated, in

Egypt.
MATERIALS AND METHODS

Field experiments were conduocted for three
successive years (2002-2004) in a commercial olive
farm located in the arid olive grove area between
Alexandria and Cairo, 177 km south of Alexandria.
The farm “Paradise Park” is divided into 88 isolated
plots (cach 2.3-3.5 ha). Olive trees were planted in
early 1996 at a density of 336 trees/ha. Trees were
approximately 3-4 m height, planted at 5 m along
the row and 6 m between rows. No applications of
Trichogranma releases were previously performed
in the farm.

The flight phenology of the OM was monitored
by sex pheromone traps supplied by Prof.
B. E. Mazomenos (Chemical Ecology and Natural
Products  Laboratory, NCSR  “Demokritos”,
Greece). Delta-wing  traps (2/ha), baited  with
polyethylene vials loaded with 1.0 mg Z7-14: Ald,
were used for OM. Fresh dispensers were used at the
end of cuch generation. All traps were weekly
counted.

Two olive plots, each 1-1.5 ha, cultivated with
the same olive varieties (Shamy and Toffahi) were
selected to evaluate the efficacy of the commercial
available species (TE). In the first plot, four tree
patches, cach contains 4x4 trees, were selected for
Trichogramma releases (TR), The distance between
patches within or between the second plot was <50
m. Patches of the second olive plot were used as
control, ie, without wasp releases (CO). Mass
production of TE wasps was carried out by the
International Company for Bioagriculture (ICB),

Egypt. At each release, a dose of 3000 wasps/card x
3 cardsftree  was applied. In each curd,
Trichogramma of 3 different ages were released to
keep searching aduits present continuously. Eleven
releases were performed/year at 2 week intervals
from March 1* to the end of October to cover the
first (anthophagous), the second (carpophagous) and
the third (phyllophagous) generations (Herz ez
al 2005) of the olive moth (OM).

The efficacy of inundative releases of the TE
wasps was assessed by comparing egg parasitism
percentage and population size of OM (2004-
season), pre-mature fruit fall, damaged of mature
fruits and fruit yield (2002, 2003 and 2004 seasons)
in control and Trichogramma-treated trees. Egg
parasitism presented on treated trees (TR) and
untreated ones (CQO) was determined once a week in
2004 growing season. Three sampling points were
randomly chosen in the TR and CO sites. On each
sampling point, 3 neighbouring trees were
sampled/tree patch. From each tree, 10 olive shoots
{ca 30 cm long) were removed at each direction. In
the laboratory, the collected eggs were kept in a
climatic chamber (25°C; 70% RH; 16:18 h L:D)
until they either hatched or turned black
(parasitized). The percentages of parasitism/moth
speciesfsample were recorded.

Premature fruit drop caused, in part, by OM
larvae was recorded by spreading 2 plastic nets
covering the area of projection of 2 tree
canopies/treated tree patch from time of fruit setting
to the harvest. All fallen fruits/plastic sheets were
collected and weighed. For each sample, the number
of fruits in 100 g/tree was counted to extrapolate the
total number of fallen fruits/tree. At each sampling
time, 200 fruits/sample were examined o record
reasons of dropping.

Fruit damage was assessed in late August to mid-
September. Five to six hundred fruits were randomly
picked per tree-patch. The mean percentage of fruits
with pest damage was computed. OM damage was
characterized by mines on fruit surface. At harvest
time, fruit yield was assessed by selecting 5 to 6
trees/tree  patch and the total weight of fruit
harvest/tree was determined.

Data analysis

Data were analyzed for normality and mean
values were separated by Student’s t-test.
Percentages of data were transformed to arcsin
square root of proportions before statistical analysis,
but the untransformed means +SD were presented
for comparison (SAS Institute, 1989).



RESULTS AND DISCUSSION

Monitoring of the OM was performed for the
three successive olive seasons. Only, the results of
the 3" year are shown in Fig. 1. Based on the
number of captured OM males, the first adults'
appearance was on March 24® when the
inflorescence reached stage “D7, i ¢, before bloom
(Arambourg and Pralavorio, 1986). Peak catches of
the first flight (anthophagous generation) reached
53.8+36.1 moths/week/trap on April 21% coincided
with the tree phonological stage “F”. Then the trap
catches progressively increased and the peak of the
truit generation (carpophagous) reached 126.7+46.7
moths/week/trap on May 5" (tree phonological stage
“G”, ie, fruit setting). Trap catches of the third
(phvllophagous) generation were recorded from
August 49 to mid-September. The number of adult
moths in the traps was extremely low. The
followings were detected:

1) the first (anthophagous) generation closely
overlapped with the second (carpophagous) one,
2y the OM population was significantly greater
in the high fruiting years (2002 & 2004) than
m the low fruiting year (2003, data not
shown), and
3) monitoring with pheromone traps was not only a

sood method to detect the presence of adults and
o monitor the fluctuation of adult population
densitics, but also gave wuseful data for
evaluation of egg-laying activity on flower and
fiuits, i.e.. a good method for determination of
the most suitable time for Trichogramma
releases.

The females of the anthophagous generation
oviposit on the newly formed fruits and larvae of the
second carpophagous generation bore into the stone
of the olive fruit in May-June. When larvae
complete their development in July-August and
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leave the fruit, they cause spectacular fruit drop
which result in major crop losses. The economic
impact of 8, 11 and 11 TE-wasps releases in 2002,
2003 and 2004, respectively, on the fruit drop of
olive trees is shown in Figs. 2 & 3. In high fruiting
years (2002 and 2004 olive-seasons), significant
{P<0.05) greater fruit drop occurred on control tree
patches compared with those observed on
wasp-freated tree-patches (for total fruit weight:
=3.14, for 2002;=3.7, for 2004, df=§, at
p=0.05,fig.2;for total fruit numbers: t=13.6 for 2002,
t=22.5, for 2004, df=8 at p=0.05,fig.3 ). However.
reverse results were recorded in low fruiting year
(2003 olive season,t=4.9 for total weight, t=13.06, for
total number, df=8, p=0.05y (Figs. 2 & 3,
respectively).

Besides, both of pre-mature fruit fall caused by
feeding damage of the OM during (May-August)
and natural thinning, the OM larvae, mid-late in the
scason, attacked the mature olive fruits especially
table varieties. Damaged fruits deprecated the value
of table varieties and lower the quality of oils
produced from oil varieties. The larva (e) attack (s)
the fruit inducing mine(s) on the fruit’s surface. The
results of this type of damage throughout 3 vears are
shown in Fig. 4. In all the study years, fruit damage
was significantly higher (1=3.9 for 2002, t=7.9 for
2003, t=7.3 for 2004, dt=8 at p=0.05) on tree-
patches vevived no TE wasps compared with those
treated with the wasps. '

In 2004-olive season, parasitization rates by
wasps on treated tree-patches were compared with
natural parasitization in non-releases tree-patches
(Fig. 5). In control tree-patches, the natural
parasitism was very low during the flight period.
{March - June) of OM. The maximum percentage of
parasitism reached 22.6% late in the season
(September 8"). Trichogramina wasps emerged
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Fig:-( l”)’:_-_iNeekly mean numbers (£8E) of catches of P. ofeae males in délta-wing traps.
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Fig. (2): Total weight of premature fruit fali/tree
{May-August} of untreated and treated trees with
T. evanescens (TE).

Means (£SE) of bars per sampling season withl

different letters are significantly different at
P<0.03

280 -
260
240 { 1
220 -
200 4
180
160 4
140 4

120 B
100
80 4
60 -
40
20

0 Untreated trees (CO)

Treated trees with TE

Mean number {x100 g

2002

2003
High fruiting  Low fruifing

Frg. (3): Total numbers of premature fruit fail/tree
(May-August) of unireated and treated trees with
I evanescens (TE).

Means (+SE) of bars per’ sampling season with
different letters are significantly different at
P<(.05.

from naturally parasitized eggs showed that 60.8 and

3%.0% were T. cordubensis Vargas and Cabello (TC)

and T, euproctidis Girault (TEU). On the other hand,

olive tree-patches received TE releases showed
different ranges of parasitism. Parasitism levels
ranged from 02% on April 7% to 54.2% on

Seplember 15" im OM eggs. Emerged wasps from

parasitized eggs in the TE tree-patches showed that

21 and 8% of the individuals were TC and TEU,

respectively. The TC (thelytokous species) and TEU

(arrhenotokous species) were collected several umes

during the olive seasons.

The effect of inundative releases of TE wasps on
the population size of OM larvae was also assessed
by recording the full season counts of host
larvae/sample/tree on both non-treated and treated
tree-patches. Releases of TE wasps caused
significant (t=6.03, df=8, p=0.05) total seasonal
reduction of 22.5% in OM population (Fig. 6). As
far as fruit harvest/tree was concerned, tree-patches
received TE-wasps in only 2002(t=3.3, df=8,
p=0.05) and 2004 (=52, df=8, p=0.05) olive
seasons yielded significantly greater fruits by 10.5
and 12.5% in 2002 and 2004 than the control trees
(Fig. 7), respectively.

£ Untreated trees (CO)
Treated trees with TE wasps

"
!

Fruit infestation (%)
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High Fuiting year
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Low fruiting y car
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High fuiting

Fig. (4): Damaged fruits/tree by £ olewe larvae at
mid-late season period on untreated and reated
trees with 77 evanescens (TE).

Means (+SE} of bars per sampling
different letters are significantly
P<0.05.

season with
different  at



=t ntreacd trees (CO)

weD  Treated trees with TE wasps

a Rl RS
154 L4 2 R3 ; V

March 17 24 31 Aprii714 21
10

28 May 5 12

19 26 June2 9
Date

16 23 30 July7 14 21 28 August 18 25 Sept.d

4

Fig. (5): Weekly means (+SE) of percentage of natural parasitism in non-release tree patches (CO) and tree
patches treated with 7. evanescens (TE) releases (R1-R11), 2004-olive season.

Jarvae/sample/tree on untreated and treated trees

with 7. evanescens.

Means (£SE) of bars with different letters are

significantly different at P<0.05.

4001 OlUntreated trees (CO)
a BdelreummTﬁwups
kb .
3507 b
b
300
250
g m
§ o
Z 150 w
E%E
0! .
50 1 ba
0 - . F——— ) v ’E T T
2003 2004
. Untreated trees Treated trees Low fruiting yoar High fruiting year
Fig. (6): Full season counts of P oleae Fig. (7): Weight of fruit harvest/tree of untreated and

treated trees with T evarescens wasps (TE).

Means (£SE) of bars per sampling season with
different letters are significantly different at
P<0.05.
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Means (+SE) of bars per sampling season with
different letters are significantly different at
P<0.05.

The first serious attempts to use Trichogramma
on olive trees were undertaken by Stavraki (1977,
1985) in Greece, releasing the species; 7. cacoeciae,
T dendrolimi, T. minutum, T. pretiosum, T.
euproctidis and two unidentified strains against the
carpophagous generation of the olive moth in several
field (rials. These species/strains had not been
collected from olive groves, but some of them were
successfully used in other crop systems. TE wasps
are known to attack a wide variety of field crop
moths (Salt, 1935, 1938 and1940). TE parasitoid
was exicnsively used in inundative releases against a
number of lepidopterous pests of several crops (e.g.,
corn, rice, sugarcane, cotton, fruit trees, etc.) (Ram
et al., 1995), but had not been observed in olive
groves. Releases of TE wasps were carried out in an
olive {urm that represents young and large
intensively managed plantations under arid weather
conditions and TE-free. The obtained results were
encouraging since OM attacks were reduced and TE-
treated wrees yielded significantly greater fruits than
the control trees.

Releases were made at a rate of 9000 wasps/tree
(3.000,000 wasps/ha). This dose was fairly larger
than what has been used in other crop system. Rate
of the purusitoid releases adopted in other several
studies ranged from 15000 (Chen and Chiu, 1986) to
450000 adults/ha (Cock, 1985). However, field
parasitization levels by TE indicated poor adaptation
of TE to local environmental conditions of olive
groves. Sithanatham et af. 2001 reported that
trichogrammatid  parasitoids are more habitat-
specific than host-specific. They also reported that
when selecting the species to be used, the naturally
occurring  interspecific  diversity and  the
specialization should be considered. A local species
is generally preferred on the basis that it is likely to
be beiter adapted to the ecological conditions than
an exotic species (Smith, 1996). The obtained results
indicated that pest control by naturally occurring
Trichogramma egg parasitoids was insufficient (Fig.
5) and augmentative releases of reared wasps are
needed. The strains described in this study could all
be eusily propagated on factitious  hosts
(8. cereallela andfor E. kuehniella), thus indicating
their potential for mass production, one important
prerequisite for their use as biological control
agents. Thus, one of the suggested measures to
improve the quality of the parasitoid in release
program is to release the endemic wasp species in
olive groves, e.g., TC or TEU or both togeiher.
Heguzi et wl. (2007) suggested that releases of the

indigenous, T.C and T. TEU could improve controi
of lepidopterous pests on olive. The present work
points on the need of monitoring local
Trichogramma species in a particular area before
inundative releases of species are conducted for the
first time.
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