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Abstract

This study was carried out in two oases located in the south-west of Tunisia to investigate the efficacy of
the oophagous parasitoid Trichogramma cacoeciae against Ectomyelois ceratoniae on date palm trees.
The first oasis (Hezoua) is characterized by a cropping system divided into three levels of cultures. In the
second oasis (Douz), orchards were based on the monoculture of the Deglet Noor cultivar. Parasitoids
were released with three doses 26,000, 36,000 and 46,000 Trichogramma/ha. The impact of
Trichogramma releases was evaluated by monitoring the egg parasitism, male catches of E. ceratoniae
through pheromone traps, fruit damage during the whole season and fruit infestation at harvest.
Trichogramma cacoeciae accomplished higher egg parasitism in Hezoua oasis (19.71 + 1.02%) as
compared to Douz oasis (8.43+ 1.03%). Inundative releases of T. cacoeciae in the two oases resulted in
varying degrees of pest control and they were not sufficient to limit economic losses.

Keywords: Biological control, inundative release, egg parasitism, Trichogramma, ectomyelois
ceratoniae, date palm cultivation

1. Introduction

Date palm (Phoenix dactylifera L.) is one of the most important fruit crops in Tunisia, having
a key role in the stability and continuity of life of local populations. Tunisian dates are
exported to more than 80 countries around the world and the Deglet Noor variety accounts for
the majority of date production. The date palm in southern Tunisia is often prone to several
phytosanitary problems, mainly pests which are considered to be a major threat to the date
sector (1, In particular, the carob moth Ectomyelois ceratoniae Zeller (Lepidoptera: Pyralidae)
is a cosmopolitan insect pest of crops of economic importance in many parts of the world 1. In
Tunisia, this highly polyphagous insect is the most destructive pest attacking dates in the field
and storage facilities 1. Indeed, date infestation increases the risk of compromising exports
particularly with the cultivar Deglet Noor which is one of the most affected varieties with
losses that can reach 209% 1.

There is now an urgent need for the implementation of effective control methods to keep carob
moth populations below economic thresholds and satisfy international regulations and
standards necessary for export 1. Chemical control seems to be not satisfactory on dates and
pomegranates due to the endophytic behaviour of E. ceratoniae ¢, Various control techniques
were tested to substitute the use of chemical insecticides and strengthen integrated pest
management (IPM) against E. ceratoniae such as autocidal control 1, biotechnical control by
mass trapping (based on pheromone traps) [l and mating disruption !, and biological control
by the release of egg and larval parasitoids 3 I,

Wasps of the genus Trichogramma oviposit predominantly in the eggs of a large humber of
pests and they eliminate them even before they began to cause damage [°. In fact,
Trichogrammatids are the most widely used parasitoids in the control of agricultural pests,
particularly against Lepidopterans (11,
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In Tunisia, several native species of Trichogramma have been
tested for the biocontrol of E. ceratoniae 2. In particular,
Trichogramma cacoeciae (Marchal) is a thelytokous
parasitoid with a broad geographic distribution [*31. A native
strain of T. cacoeciae, selected by Khoualdia et al. (1995) 4,
is currently used in IPM program against E. ceratoniae in
pomegranate orchards in the south-east and the north of
Tunisia.

The present study allowed us to estimate the field
performance of T. cacoeciae through inundative releases in
two types of oasis during the fruiting season of 2015 and to
outline prospects for practical pest management of the carob
moth by this environmentally friendly and sustainable control
technique.

2. Material and Methods

2.1. Experimental plots

The study was conducted during 2015 in two oases located in
the south-west of Tunisia: (1) Hezoua oasis belonging to the
governorate of Tozeur and (2) Douz oasis belonging to the
governorate of Kebili. For both oases, date palm trees were
planted at 8 m within and between rows, totalling around 150
trees/ha. In Hezoua oasis, the experimental orchard is
characterized by a cropping system divided into three levels
of cultures: date palm trees of the Deglet Noor variety in the
upper level, fruit trees (Ficus carica L.,, Citrus sinensis L.,
Punica granatum L.,) in the second level, vegetable (Solanum
lycopersicum, L., Capsicum annuum L.) and fodder crop
(Medicago sativa L.) in the third level. In Douz oasis, the
experimental orchard is based on the monoculture of the
Deglet Noor cultivar. In each oasis, a 11.5 ha experimental
orchard was partitioned into three replicated blocks of
approximately 3.5 ha each. Each block was divided into four
0.5 ha plots, one for release of each of the three doses of T.
cacoeciae (D1: 26 000 T/ha, D2: 36 000 T/ha, D3: 46 000
T/ha) and one for the control. Plots were separated from each
other by separation areas of 50 m large to avoid interference
between tested doses. Date palm orchards in Hezoua and
Douz oases were irrigated by the flood system and the drip-
irrigated system, respectively.

2.2. Climatic conditions

The experimental orchards were equipped with climatic data
loggers (WatchDog A-Series) to monitor changes in
temperature and relative humidity throughout the period of
study. Precipitations were recorded from two weather stations
located in Tozeur and Kebili.

2.3. Monitoring of Ectomyelois ceratoniae

The flight activity of E. ceratoniae males was monitored by
placing one delta pheromone trap (ISCA® Technologies) per
plot (0.5ha) at a height of 1.5 m on date palm trees to allow
proper timing of Trichogramma releases. Traps were installed
on 04 and 10 September 2015 in all experimental plots in
Hezoua and Douz orchards, respectively. Pheromone traps
were also installed in the center of each of the control plots.
Traps were checked weekly for captures of males. Pheromone
lures (ISCA lure E. ceratoniae) and sticky cards were
renewed every month during all the study period.

2.4. Origin and mass rearing of Trichogramma caoeciae

The indigenous strain of T. cacoeciae used in this study was
obtained from a laboratory colony, initially started with
individuals isolated from eggs of E. ceratoniae in Tozeur
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oases and identified using molecular methods [*°1, Parasitoids
were reared on fresh eggs of the factitious host Ephestia
kuehniella Zeller (Lepidoptera: Pyralidae), which was
maintained at 25+1°C, 70+5% RH and a 16:8 (L:D)
photoperiod 161, Ultraviolet-irradiated eggs of E. kuehniella
were glued on cardboard cards (1 x 5 cm) using arabic gum
(30%) and then offered to parasitoids in culture glass tubes (1
x 10cm) plugged with cotton. Glass tubes were placed in the
climatic room under the same climatic conditions used for the
host. The obtained parasitized eggs were transferred into new
glass tubes until hatching. A drop of honey was placed in the
tube to feed the new emmerged wasps, which were provided
with newly laid E. kuehniella eggs.

2.5. Field releases of Trichogramma cacoeciae

Two inundative releases of T. cacoeciae took place from 11
September to 02 November 2015 at two weeks intervals to
cover the occurrence of the two generations of E. ceratoniae
on date palm trees. Cardboard cards (1 x 5 cm) containing
each 1000 E. kuehniella eggs parasitized by T. cacoeciae
were used as releasing units in this study. Eggs contained
parasitoids of different developmental stages to ensure a
continous emergence and presence of the wasp in the treated
fields. As ants were proven to be predominantly responsible
for the removal of considerable amounts of parasitized eggs
and sentinel eggs in the field > 7, each cardboard card was
protected with a release boxe (5 cm x 3 cm x 2 ¢cm) covered
with 0.75 mm mesh screen to allow Trichogramma
emergence and prevent any predators from entering. Date
palm trees used for Trichogramma releases were selected
folowing a zigzag pattern. Release boxes were installed on
date bunches in the southern direction of palm trees.

2.6. Assessment of the efficacy of Trichogramma cacoeciae
releases

2.6.1 Emergence rate of released Trichogramma cacoeciae
In order to control the emergence rate of T. cacoeciae, ten
cardboards were taken randomly from each experimental plot
seven days after each release and examined under a binocular
microscope (Leica® model MS5). Hatched and unhatched
eggs were counted to compare the emergence rate between
open field conditions and laboratory conditions. The
emergence rate was calculated as follows:

Emergence rate = (Number of eggs with emerged parasitoids/
Total number of eggs) x 100

2.6.2 Evaluation of Trichogramma cacoeciae parasitism
rate in the field

Parasitism was assessed by checking the presence of E.
ceratoniae eggs in fruit samples (200 date fruits/ plot/ week).
Date fruits were collected randomly from the four cardinal
orientations of 10 date palm trees. Eggs of the target pest were
collected from sampled fruits, placed on cardboard cards (1
cm x 4 cm) and kept in a climatic chamber (25°C, about 70%
RH, 16:8h L:D). Eggs were examined daily under a binocular
microscope and those hatching into larvae were recorded.
Parasitized eggs were easily identified by their black color
and their number was recorded. In a separate experiment, the
parasitism rate was determined under laboratory conditions
using cardboard cards containing 100 fresh eggs of E.
ceratoniae.

The parasitism rate was calculated as follows


http://www.entomoljournal.com/

Journal of Entomology and Zoology Studies

Parasitism rate = (Total number of parasitized eggs of E.
ceratoniae/ total number of eggs) x 100

2.6.3Evaluation offield infestation by Ectomyeloisceratoniae
The impact of T. cacoeciae releases on E. ceratoniae density
and damage was determined by the following parameters in
control and treated plots: (1) egg and larval density of the
target pest, (2) fruit damage during the entire season and (3)
fruit infestation at harvest. A sample of 200 date
fruits/week/plot was collected randomly from 10 date palm
trees from 22 September until 02 November 2015. Date fruits
were collected from the four cardinal orientations of the tree.
At harvest time, 5 palm trees/plot were selected randomly and
the infestation rate of fruit harvest/ tree was determined. The
infestation rate was calculated according to the following
formula:

Infestation rate = (NA/NB) *100.

Where:

NA: the number of infested fruits, NB: the total number of
fruits The reduction rate was calculated according to Abbott
(1925) formula as follows:

Reduction rate = ((A-B/A) *100).

Where:
A: the mean infestation of date fruits/ week in the control
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treatment,

B: the mean infestation of date fruits/ week in the treated plot.
2.7. Statistical analyses

IBM SPSS Statistics 20 version was used to perform all
statistical analysis. The obtained data corresponding to the
emergence rate, parasitism rate, and infestation rate caused by
E. ceratoniae. Additional one-way ANOVA followed by
Tukey post hoc tests at p = 0.05 inside each treatment was
carried out after checking the normality test of all data sets.

3. Results

3.1. Emergence rate

On average, the numbers of emerged adults in the Hezoua
oasis during the two releases were 835, 896 and 817
Trichogramma/1000 parasitized eggs respectively for D1.:
26.000, D2: 36.000 and D3: 46.000; corresponding to
emergence rates of 83.5%, 89.6% and 81.7%, respectively.
For all treatments, the emergence rate did not vary
significantly in the field compared to control (under
laboratory conditions) (F (9.23, 4.25) = 10.03; p= 0.993). As
shown in table 1, the emergence rates recorded after the first
and the second release was similar and relatively high,
ranging from 81.46% to 84.93%.

In Douz oasis, the emergence rate was significantly higher in
laboratory conditions compared to first and second releases
for the three doses of T. cacoeciae (F(6.14, 3.21)= 9.87;
p=0.002) (Table 1). The emergence rates registered after the
two releases of parasitoids were relatively low, varying from
34.2% to 48.6%.

Table 1: Emergence rate (+ SE) of T. cacoeciae adults from parasitized eggs of E. kuehniella in experimental orchards and under laboratory
conditions

Emergence rate (%) in laboratory

Emergence rate (%) in Hezoua orchard

Emergence rate (%) in Douz orchard

Release 1 96.7 + 1.03Aa

84.93+ 2.76Aa

34.2 + 3.46aB

Release 2 93.5 + 1.98Aa

81.46 + 3.54Aa

48.6 + 5.66aB

*Numbers followed by the same letter(s) within a row (lower case letter) and within a column (upper case letter) are not significantly different

at 5%.

3.2. Parasitism rate

In Hezoua oasis, the first inundative release was performed at
the beginning of the oviposition period of the first generation
of E. ceratoniae, when the average numbers of eggs on the
sampled fruits were 3, 1 and 5 eggs/ 200 dates, respectively in
plots treated with doses D1, D2 and D3. After the first release,
parasitism rate varied from 5 to 11% and it increased over

time to reach its maximum during the 2" release with 34%,
36% and 41% for D1, D2 and D3, respectively (Figure. 1a).
No significant differences were detected between D1, D2 and
D3 in parasitizing E. ceratoniae eggs. The results in table 2
showed a significant difference in the parasitism rates
between laboratory and plots treated with the three doses (F
(7.54, 3.64) = 13.54; p=0.887).

Table 2: Parasitism rate (+ SE) of T. cacoeciae on E. ceratoniae eggs in laboratory and field conditions.

Laboratory D1 D2 D3
Hezoua 81.43+3.45a 19.71 +1.02b 21.43 +2.87b 24.71 + 3.76b
Douz 81.43+3.45a 8.43+ 1.03b 9.28+0.97b 10+1.12b

*Numbers followed by the same letter(s) are not significantly different at 5%.

In Douz oasis, the first release was conducted in the
beginning of the infestation, when the average numbers of
eggs on the sampled fruits were 1, 2 and 1 eggs/ 200 dates,
respectively for D1, D2 and D3 treated plots. One week after
the 2" release, the maximum parasitism rate in this oasis was
16% for D1 compared to 18% for D2 and 16% for D3
(Figure. 1b). No significant differences were observed

~30~

between the three tested releasing doses in terms of parasitism
of the moth eggs (F (7.89, 8.56) = 11.23; p= 0.993).
Furthermore, results showed a significant differences in the
parasitism rates between laboratory and plots treated with D1,
D2 and D3 (F (6.47, 5.14) = 8.76; p= 0.041). The highest
parasitism rate was recorded at harvest in polts treated with
46.000 T/ha.
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Fig 1: Weekly parasitism rate of E. ceratoniae eggs after releases of 26.000 (D1), 36.000 (D2) and 46,000 (D3) Trichogramma/ha on date palm
trees in Hezoua (a) and Douz (b) orchards during 2015. (Arrows indicate the dates of releases for the three tested doses).

3.3. Male catches on date palm trees

In Hezoua oasis, results of male trapping through pheromone
traps showed the presence of the carob moth in experimental
plots during all the study period (Figure 2). For the first
release of T. cacoeciae, we recorded 0; 1; 1 and 0.5 males/
trap for D1, D2, D3 and control plot, respectively. Fluctuation
of E. ceratoniae males showed maximum catches during the
second release of Trichogramma (12 octobre 2015) with 5; 4;
4 and 6 males/ trap for D1, D2, D3 and control, respectively.
After Trichogramma releases, statistical analyses showed a
significant difference between the treated plots and control in
capturing carob moth males (F(2.035, 27)= 12.46; p= 0.0031).
The pest density was reduced by 22.22% (D1), 30.55% (D2),
and 33.33% (D3), respectively. Similar patterns in male
catches for the three tested doses (F(2.47, 16.53) = 7.83; p =

0.965) were observed.

The flight activities of E. ceratoniae in Douz oasis is shown
in Figure 2b. A major peak of the moth was registered after
one week of the 2" release of T. cacoeciae (21 octobre 2015)
with 4; 4; 3 and 7 males/ trap for D1, D2, D3 and control,
respectively. During this experiment, a total number of
trapped males was 12; 12; 10 and 18 males/trap in D1, D2, D3
and untreated plot, respectively. A significant difference in
the number of trapped males was detected between the treated
plots and the control (F(1.256, 14) = 9.87; p = 0.034). The
pest density was reduced by 30.55, 33.33 and 41.66% for D1,
D2 and D3, respectively. However, the number of trapped
males was similar in plots treated with the three release doses
(F(3.49, 16) = 7.89; p =0.879).
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Fig 2: Weekly catches of E. ceratoniae males per Delta traps on date palm trees in Hezoua (a) and Douz (b) orchards during 2015. (Arrows
indicate release’s date of Trichogramma for the three tested doses)

3.4. Assessment of field
ceratoniae

In Hezoua oasis, the mean infestation rate of date fruits during
the entire season is 7.5, 10 and 11% after treatment with D1,
D2 and D3, respectively. No statistical differences were
recorded between release doses (F(1.27, 13) = 11.24; p =
0.188). However, a significant reduction in the date fruit
infestation was observed between treated and control plots (F

infestation by Ectomyelois

~31~

(3, 27) =1.73, p = 0.003). The highest infestation rates
matched with the second generation of the carob moth (12
octobre 2015) with 22; 14 and 17% for D1, D2 and D3,
respectively (Figure 3a). In Douz oasis, the infestation rate of
fruits in control and treated plots increased gradually until the
end of the season and it was more accentuated in October
compared to September (Figure 3b). The mean infestation rate
during the season was 15, 10 and 11% after releases of D1,
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D2 and D3, respectively. No statistical differences were
recorded between the three released doses (F (3.47, 11) =
9.23; p =0.995). Nevertheless, results showed a significant
difference in the infestation rates between the control and the
treated plots (F(3,27)=0.851, p = 0.048). At the harvest
(November), the infestation rate of fruits in the Hezoua oasis
was significantly higher in the control plots with 16.8%
compared to 8.6, 8 and 7.8% after treatment with D1, D2 and

http://www.entomoljournal.com

D3, respectively (Figure 11). Therefore, we registered a
reduction rate of 48.81, 52.38 and 53.57% for D1, D2 and D3,
respectively. In Douz oasis, date fruits infestation was high at
harvest with 35% for control plots and 25; 34 and 33% for
D1, D2 and D3, respectively (Figure 4). The reduction rates
registered in treated plots were 28.57; 2.85 and 5.71% for D1,
D2 and D3, respectively.
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Fig 3: Weekly evolution of the infestation rate of fruits in Hezoua (a) and Douz (b) orchards during 2015. (Arrows indicate the release’s date of
Trichogramma for the three tested doses)
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4. Discussion

In Hezoua oasis, the emergence rate in experimental plots was
relatively high for the three tested doses (> 80%). However,
in Douz oasis field conditions have significantly influenced
parasitoid emergence from E. kuehniella eggs and the
emergence rates were higher in the laboratory. This difference
between field and laboratory conditions could be explained by
several factors such as weather and predation 8. In Douz
oasis, we registered extreme tempertaures throughout the
period of study and the maximum temperature recorded was
37.5°C which can affect the emergence rate of T. cacoeciae.
Zouba et al. (2021) [9 showed that T. cacoeciae emerged
successfully from host eggs at 15, 20, 25 and 30°C but not at
35°C. Similarly, Ghosh et al. (2017) % showed that
Trichogramma exiguum Pinto & Platner emergence was
significantly reduced in response to increasing temperatures
of 35°C or higher. Experimental plots in Douz oasis are
considered as areas of bright light intensity and of dry climate

~3)~

(22 - 37.5 °C, HR<50%) due to the monoculture of the Deglet
noor variety, which may disrupt the wasps emergence. In
Hezoua oasis, the high diversity and density of trees and
herbaceous plants and the flood system’s irrigation provide a
favorable microclimate for T. cacoeciae. In fact, this oasis is
charactirized by a moderate sunlight and we registred
adequate temperature and relative humidity conditions (11- 31
°C, RH = 50%). We noticed in this study that predation
reduced the number of parasitoids available for emergence in
the field below those originally planned. Ants appeared to be
the first responsible for this predation, since they were the
only potential predators found inside the release boxes.
Predation has been reported in other studies in which the
encapsulated material was not used, with losses up to 50% in
corn and 91-98% in cotton 2!, However, predation was not
observed in cotton and apple orchards treated with
encapsulated T. exiguum 2 and in corn treated with
encapsulated T. brassicae 4,
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Since E. ceratoniae is a multivoltine species, inundative
releases of Trichogramma should be timed to coincide with
the begening of the oviposition period of the pest 161, In our
study, the first release of T. cacoeciae in Hezoua and Douz
oases was made when the average number of E. ceratoniae
eggs was 3 and 1.33 eggs/ sample of 200 date fruits and the
average number of captured males was 0.5 and 1 male/ delta
trap, respectively.

Trichogramma cacoeciae showed higher performance in the
laboratory compared to field conditions. This lower
performance in the field can be due to the mass rearing
conditions, weather, habitat, crop, host, and parasitoid quality.
Several studies showed that mass rearing under variable
temperatures and light regimes do not produce heat resistant
parasitoids and can impact negatively the parasitism capacity
of Trichogramma in natural field conditions 3. Climatic
factors such as temperature, humidity and wind were found to
have a significant influence on the fecundity, longevity,
host searching capacity and walking activity of
Trichogramma wasps [?4. The habitat provides a variety of
factors that may be limiting for Trichogramma augmentation
programs 21, Several studies have shown that the size of the
plant, its surface area, its complexity and its leaf surfaces may
affect the ability of Trichogramma wasps to disperse, search
and locate hosts 4. Our results demonstrated that the
indigenous strain of T. cacoeciae was not very successful in
searching and parasitizing eggs of E. ceartoniae on date palm
trees under field conditions. In fact, the parasitism rate of the
target pest eggs was relatively low in Hezoua and Douz o0ases
with a maximum of 41% and 18%, respectively. Compared to
previous studies in date palm orchards using T. cacoeciae, the
parasitism of T. cacoeciae on E. ceratoniae eggs reached
18.3% and 78.7%, respectively [": 91,

The monitoring of the flight activity of the carob moth in
Douz and Hezoua oases showed the presence of the pest in
date palm orchards during the entire season (September-
November). The major peak of male catches registered in
October corresponds to the last generation of the pest before
overwintering and coincides with the dates ripening period.
The highest number of moths was trapped in control plots
with a total of 18 males/ delta trap in both oases. A significant
reduction of male captures was observed between tested doses
(D1, D2 and D3) and control.

The biological control of the carob moth E. ceratoniae in
Douz and Hezoua oases resulted in varying degrees of pest
control. In fact, the mean infestation rate of date fruits at
harvest was significantly higher in Douz oasis (30.66%)
compared to Hezoua oasis (8.13%). This difference may
suggest that the parasitoid is better adapted to the second
oasis, thanksto its favourable micro-climate and its flora
diversity. Field releases of T. cacoeciae using the dose D1
(26,000 T/ha) seems to be suitable to reduce the impact of E.
ceratoniae on date palm trees since there was no significant
difference recorded for the three tested doses on date fruit
losses. This dose has led to a significant reduction in fruit
damage in comparison to control plots. However, the
inundative release of T. cacoeciae in date palm orchards was
not sufficient to limit economic losses mainly in Douz oasis.
Several studies evaluated the efficacy of T. cacoeciae releases
to protect arboreal and horticultural crops. The actual rates of
release vary considerably, even for the same pest and crop. In
tomato greenhouses, releasing of 25,000 adults of either T.
cacoeciae or T. bourarachae per plant induced a reduction of
78.89% and 87.62% of Tuta absoluta damages, respectively

~33~

http://www.entomoljournal.com

351 In the Tastour region, releases of 15.000 T. cacoeciae per
pomegranate tree reduced fruit infestation from 13.2% in
untreated plot to 2.4% in a treated plot 1281, Besides, Dhouibi
et al. (2016) ®1 showed a decrease in the infestation level
from 82% to 22% by releasing 25.000 T. cacoeciae per
hectare in pomegranate orchards. According to Khoualdia
(2006) [?8], the release of a total of 157.000 T. cacoeciae/ha on
date palms reduced the infestation rate from 16.5% in the
control to 3.5% in the treated plot. In citrus groves, the
efficacy of T. cacoeciae releases (3000 wasps/tree/release)
was about 44.5% at harvest [2°],

Trichogramma wasps released in combination with other
compatible control methods can enhance the control of
targeted pests. Ben Chaabane and and Mahjoubi (2019) (39
evaluated the efficacy of T. cacoeciae releases combined with
mass trapping on pomegranate and date palm trees. Several
authors have studied the possiblity of using Trichogramma in
combination with Bacillus thuringiensis (Bt) and Beauveria
bassiana 1. Other authors suggest that releases of more than
one species of Trichogramma can improve efficacy in field
conditions [¥2, Some studies suggested to combine
Trichogramma releases with other biological control agents
such as parasitoids (habrobracon hebetor and Telenomus
remus) [ predators (Chrysoperla carnea) [ and
entomopathogenic nematodes (Heterorhabditis
bacteriophora) (%31,

5. Conclusion

In conclusion, the decrease of the infestation level in date
palm orchards after two inundative releases of the indigenous
strain of T. cacoeciae was not sufficient to limit economic
losses suggesting that, this biological agent could be used as a
part of an integrated pest management program of the carob
moth E. ceratoniae. Further studies are needed to test
Trichogramma releases in combination with other techniques
of control such as mass trapping through pheromone traps and
mating disruption technique.
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