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Abstract — Ectomyelois ceratoniaés a major pest in
pomegranate and orange (« Thomson » variety) in Tusia
causing highly economic losses. This study was pemficed
in order to obtain a suitable control method for this species.
Field trials were conducted in two types of orchard: two
Citrus orchards and two pomegranate orchards (organic
and conventional). In field, the use ofTrichogramma
releases (300 eggs/tree) mass trapping (10 trapsfhand
mating disruption using SPLAT EC (350g/ha), seemed
promising. Results showed that mating disruption wth
SPLAT EC was the most effective treatment in reducing
the rate of infestation by E. ceratoniae in the Citrus
orchards. In fact, after 13 days of the treatment \ith
SPLAT EC (350g/ha), the reduction of the infestation ate
reached 100%. In pomegranate orchards, the most
effective treatment was the releases offrichogramma
Indeed, after 8 days of the secondrichogrammarelease,
the infestation level in the organic pomegranate ahard
decreased from 82% to 22%.

Keywords — Ectomyelois Ceratoniadttract and Kill,
TrichogrammaReleases, Mass-trapping, SPLAT EC.

I. INTRODUCTION

The carob moth,Ectomyelois ceratoniagZeller,
1839) (Lepidoptera: Pyralidaelif.1), is an important
pest of pomegranat®(nica granatumin Tunisia [21]-

[5].

It is also known as a pest ofCitrus

In Tunisia, we can fincE. ceratoniaén the north as
well as in the south of the country, especiallySaharan
areas where infestations can reach 90% of pomegrana
fruits [7].

Carob moth rarely attacks healthy pomegranatesriit
fact, females prefer to lay eggs on damaged fruiteere
two calyx petals touch. Larvae typically enter tigh
cracks, rotten spots, or wounds caused by othets.pes
However, if numbers are high, damage can be se&nds
it can highly affect fruit quality.

To reduce this damage, several control methods have
been experimented [2]-[4]-[5]-[8]-[9]-[10]-[11]-[1413]-
[22]-[23]. Chemical control is effective againsetlarob
moth. However, it is not satisfactory in field dtee the
endophytic behavior of the pest. In fact, the larfaed
and develop inside the fruit, where they are ptetéfrom
the chemicals [6]-[14]- [15]-[16]-[17]-[18]-[19]-[@]. In
addition, a public awareness has arisen with tlgatiee
impacts of chemicals on human health and their fidrm
influence on the environment. Consequently, thenaow
a high demand for nechemical disinfestation treatments
while at the same time maintaining a high degree of
control efficacy to satisfy International regulatso and
standards necessary for export [24]-[25]-[3].

This study evaluates the efficacy of some treatment
methods, in order to substitute the chemical cdtnd to
strengthen the integrated control. In fact we tbste
Trichogramma releases, mass-trapping, SPLAT EC

(« Thomson» variety)Hig.2) were damages can reachproduct and Attract and kill method, in two typet o

16% [1].

Fig. 2. Carob moth damage on Orange (“Thomson”
variety)

orchards: Citrus orchards and pomegranate orchards
(biological and conventional orchard).

Il. MATERIALS AND METHODS

2.1. Citrustreatments
2.1.1.Experimental fields

In 2013, we started field treatments in tv@&itrus
orchards located in two different regions.
* First Orchard (El Khlidia)

The first series of fields trials were conducted an
Citrus orchard (2,25 ha) in the region of EIl Khlidia (in
the governorate of Ben Arous). The grown variety of
orange in this orchard is « Thomson ».

This orchard was divided into four plots: one ttoh
plot (0,5 ha) and four plots to receive variousfedént
treatmentsTable.l).

We put two pheromones traps/ha in the orchard for
detecting and monitoring the pest.

Copyright © 2016 1JAIR, All right reserved
849



S I1JAIR

WJAIR

Table. 1. Characteristic of the different plotghe first
citrus orchard (El Khlidia)

Plot | Number of Treatment Dose of the used produgt
trees
P 156 (untreated) _
P, 203 SPLAT EC 350g / ha (2 drops/select
tree)
Ps 260 Mass trapping 10 traps/ha
P, 156 Fortune AZA (3,2% 0.25l/hl
Azaderachtin)
Ps 156 Trichogramma [300eggs/tree, 1card/tree,
cacociae trees

» Second Orchard (Mornag)

The second series of treatment were done in at3 5
orchard (169Citrus trees) in the region of Mornag
(governorate of Ben ArousYéble.2). The grown variety
in this orchard is “Thomson”.

Table.2. Characteristic of the different plotslué second
citrus orchard (Mornag)

Plot [Number of Treatment Dose of the used
trees product
P, 39 (untreated) _
P, 31 SPLAT EC 350g/ha (2
drops/selected treg)
P’3 36 Mass trapping 10 Delta traps/ha
P, 30 Fortune AZA 0.25l/hl
(Azaderachtin3,2%
P’s 34 Trichogramma 300eggs/tree,
cacociae lcard/tree, 10 trees

2.1.2. Control of the Treatments Efficacy

For the orchard of El Khlidia, the effectivenesswoéry
treatment is determined marking a certain numbereafs
(5 trees) in each elementary plot and countinchedilthy
and attacked fruits before treatment, then, aftér, 35, 21
and 30 days of the treatment.

We followed the same experimental protocol for the
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2.2.Pomegranate treatments
2.2.1.Experimental fields

In 2015, other field trials were carried out in two
pomegranate orchards: an organic orchard (0,57 6&rthia
conventional one (0,599 ha), in the region of Kwdta
(governorate of Gabes). The distance between tle tw
orchards is 1,5Km.
» Conventional Orchard

This orchard was also divided into four elementary
plots: a control plot and three other plots thatenehosen
to receive different treatment$dble.3).
Three series of treatments were done:
-1* series of treatments05/28/2015.
-2" series of treatments07/14/2015.
-3 series of treatments08/11/2015.

Table 3. Characteristic of the different plotshe t
conventional orchard

Plot | Area of |[Number| Treatment Dose of the
the plot | of trees used product]
(ha)
C: 0,19 80 (untreated) _
C, 0,175 78 SPLAT EC 3509/ ha
Cs 0,124 76 | Trichogrammg 25000 insects
cacoeciae |/ha (5 trees
releases
C, 0,11 70 |Attract and Killl400 drops/ ha
method

» Organic Orchard

The orchard was divided into four plots: three platre
intended to receive different treatments and thel thne
was used as a control pldtable.4).

Two series of treatments were done in this orchard:
-1% series of treatments07/14/2015.
-2" series of treatments08/11//2015.
Table 4. Characteristic of the different plotshe brganic

o orchard
second o_rchard (of Mornag), except that the exatioima [piot T Area of | Number| Treatment |Dose of the use
of the fruits was done before treatment and aftef, 4.3, the plot | of trees product
21, 28 and 35 days of the treatment. (ha)

The randomly selected fruits were examined in the O, 0.182 400 (untreated) _
Iaboratpry under binocular microscope in order tp 0, 0.169 300 SPLAT EC 3509/ ha
determine the percentage and the evolution of the i
infestation by the Carob Moth. Os 0.12 250 | Trichogramma 25000

In addition, a delta trap was placed in each ptot f Crae?g:;:ge parast'rtgéd:)/ ha
foIIow th_e development of the population structofethe 0, 0105 200 | Attract and Kill 400 drops/ ha
|nsect_(:|g.3). . method

Statistical analysis was performed through the

STATISTICA (6,0). The comparisons of the average
were performed through the NEWMEN Keuls test at th
5% threshold.

w B

Fig. 3. Carob moth larva inside orange fruit

2.2.2.Control of the Treatment Efficacy

€In December, we put two traps per plot in the
conventional orchard, and in June, we put only tap
per plot in the organic orchard.

On May 20, we started fruit sampling (50 fruits wer
collected randomly) from the different plots of th&o
orchards (organic and conventional) .Then, we bnbug
these samples to the laboratory and we examinea the
using a binocular microscope.

In early July, we detected the presenc&oteratoniae
in the pomegranate orchards, so, we marked trees
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randomly (with paint) in every elementary plot béttwo SPLAT EC was applied as discrete point sources to
orchards and we started counting all healthy, k#td@nd minimize its relative surface area in order to @age the
fallen fruits per treeKig.4). product longevity. We applied 350g/ha of SPLAT ECean

3 o branch of trees ti]rgughout the selected pleis. 7).

Fig. 4. Carob ot damage on poAmegranate

2.3. The Different Treatments

» Trichogramma Cacoeciae Releases

The species used iFrichogramma cacoeciaeThe
success of this method is based on the coincider g 7 A drop of SPLAT EC placed on a branch
between the time of release and the pest ovipositasiod.
So, we had to take fruit samples and to examine t, awract and Kill Method
population structure dEctomyelois ceratoniai the two
orchards (organic and conventional orchard). Inegan
25000Trichogramméa were used~{g.5 andFig.6).

This control method is based on a combination betwe
a carob moth sex pheromone (0, 08%) and an ingéstic
(Permethrin: 6%) and 93.93% of inert ingredients.

In field, we put drops of the product on a brandh o
every selected tree with a gun (400 drops/ ha)s Thi
product attracts the males Bf ceratoniagand with their
contact with the product, the insecticide killsrthe

In the conventional plot selected for this treattm@h),
we applied 6 drops of the product on every seletiteel
But, in the organic plot (§ we applied only 2
drops/selected tree.

trunk)

Fig. 8. A dropof Attract and Kill product placed a tree

* 3, 2% Azaderachtin (Fortune AZA)
[ E] . Fortune Aza 3, 2% EC is a 3,2% Azadirachtin (32 g/l
Fig. 6. Trichogramma card with nominal 100,000  formulated Insect Growth Regulator (IGR). Azadirtath
parasitized eggs (of Ephestia kuehniella) placegsh @ chemical compound belonging to the limonoid graep
tubes. a secondary metabolite present in neem seeds.
Fortune Aza 3,2% prevents molting between larval,
« Pheromone-Mediated Mating Disruption Usin pupal and nymphal stages, reducing insect infeststi
SPLAT EC e used Fortune AZA in the selected plot @hd Pa3)

Splat EC is Z, E 7, 9, 11 dodecatrienyl formate\,’vIth the dose 0,25I/hl.

analogue of Z, E, 9, 11,13 tetradecatrienal whigcmore * Mass Trapping .
stable and gives better results. These traps attract the maximum number Bf

ceratoniae males and it reduces consequently the
population level of the pest.
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Mass trapping was conducted in two plots of &d |.1.2. Evolution of the Population Structure of E.
P’3), using 10pheromonetraps/ha. Traps were placedCeratoniae
evenly through the plots ¢Rind P3), and hung to trees at , First Orchard (El Khlidia)

a height of 1,5 m. They were checked weekly and t~ 1o examination of the fallen fruits showed that68%6

sticky cards were replaceslig.9 andFig.10). of the insect populations consisted of young larvetgch

A Ntk /7 proves that the fruit generally falls at the begignof the

attack and thus, at the time of penetration oflLthéarva.

The larva continues then, its development cyclethia
fallen fruit.

In late October, we didn't detect any infestatiogntbe
insect in fallen fruits, because, the insect starte
overwintering.

Fallen fruits were not 100% attacked By ceratoniae
This is explained by pre-harvested drop which liategl to
several orchard and climatic factors including tn@iaeral
nutrition, summer pruning, and water availabilitpda
growing season temperature.

Fig. 9. A delta trap used for mass trapping We noticed that some fruits were damaged while the
larvae were absent. The percentage of these finits
10%. This can be explained as follows: the larvadse
more than one fruit to complete its developmentleyc
especially as the fruit can become rotten aftefails or
that pupation occurs outside of the fruit.

The examination of the fruits samples taken froange
trees showed that 58-85% of the insect populati@as w
composed of eggs and young instars [, and Ly).

E 5 \ G We noticed that young instars number is higherhia t
Fig. 10. A sticky card 1(L]ééd\ihra delta trap) thaptured fruits taken from trees than in fallen fruits. Seithout
someE. ceratoniaeadults treatment, the majority of the fruits on the tredl Vall
because of the infestation.
IIl. RESULTS AND DISCUSSION * Second Orchard (Mornag)

When we started the treatments in this orchard, dfal

3.1. Results of Treatments Conducted in Citr "€ Population (50 %) was composed of young ingass

Orchards and L) and the other half of the population consisted in
. old instars (L and L;) and eggs. 4 stages and pupae were

3.1.1. Evolution of the Number of Males of E_jcont

Ceratonlae o 1.1.3. Treatments Efficacy

* First orchard (El Khlidia) « First Orchard (El Khlidia)

The first peak (correspanding to the maximum Of.th_ From September until harvest of the oranges, we
captured males) was reached on October 12, 2018anit o5 ated the effect of different treatments on the

average of 16 malesftrap corresponding to the gy qytion of the infestation level by examining sdes of
generation of the pest before overwintering. Théskp falling fruits and fruits on trees. Y J
coincides with oranges ripening period. Later, haptpic After 7 days of the treatment by SPLAT EC (350g/ha)

was observed on April 15, 2014 with an average of fq infestation level bf. ceratoniaedecreased to reach
males/trap. This pic is the result of the emergerfaults 1o, compared to 60% in the control plbtg.11).

from overwintering pupae in fallen fruits left oret (| Treatment
ground. 5 '
» Second Orchard (Mornag) £ :2: : -
The first pic of captured males was observed okt 2 ot
31 with an average of 4 males/trap. Another geiterat i R —.
was observed on April 20, 2014 with an averagenby @ 2
males/trap. g S
Although the average of captured males per trapneas E Lo —— P,
very important for the months of September and Bato £ ™
the attack of the pest led to fruit drop. £ & it
With the approach of winter, the insect starts oweater 4
as an old instar. The insect activity and the patpah rate Dates
depends on the region. Indeed, in the orchard ef E Fig. 11. Evolution of infestation of the fruits trees for
Khlidia, the rate of the captured insect was highan the the different treatments (El Khlidia orchard)

one recorded in the orchard of Mornag.
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P.;: Control plot, P,: Plot treated with SPLAT EC  Table. 5. The reduction of the infestation rateqath
(350g/ha)Ps: Plot selected for mass trapping (10 treatment) (%) in the first orchard (El Khlidia)

traps/hal,: Plot treated with Fortune AZA (250cc/hBs: Dy | Do | D3 | Dy | Ds | Ds | D7 | Dg
Plot selected foTrichogrammaeleases (300 eggs/tree). T, | 44| 83| 8] 92| 100 10p 100 140
The examination of the dropped fruits showed tiat t T, | 26| 37| 59| 76| 8 95 10p 100
infestation level in the plot treated with SPLAT EC To | 7 | 27| 41) 52| 64] 70 67 10D
decreased from 53% (September 26, 2013) to 5% k@cto Ta | 26| 47| 78] 84| 96| 100 10p 1Q0
23, 2013) Fig.12).

T,: Plot treated with SPLAT EC (350g/h#&): Plot used
for mass trapping (1Otraps/hg); Plot treated with
Fortune AZA (3,2%)l4: Plot used forTrichogramma

90% -
BO%

.E T0% - P
g 0% 2 i releases (300eggs/tre®),: 9/26/2013 D,: 9/30/2013 Ds:
2 s 10/6/2013 D,: 10/12/2013Ds: 10/23/20136: 10/6/2013,
Z - D+: 11/20/2013Pg: 12/4/2013,
= (]
E 130% - O Treatzment
S 0% 45%
E 10% 40%
% D‘; -re=: B E 35% P
= g, § 30% .
= & == P, E 25% :
& B o
v = Py
K E 1%
Dates % 10% P,
Fig. 12. Evolution of infestation of the fallen fisfor é’ 5% - ,
different treatments = t:]‘!; " e P’
= -oct. -1Ia. -

Dates

Pi: Control plot, Py: Plot treated with SPLAT EC ) ) ) .
(3509/ha)E)3 Plot selected forTrichogramma releases Flg 13. Evolution of infestation of the fruits trees for

(300eggs/tree,:. Plot treated with Fortune AZ, different treatments (Mornag orchard)
(250cc/hl)Ps:  Plot selected for mass trapping (10 _
traps/ha). P’y Control plotP’,: Plot treated with SPLAT EC

The release offrichogramma(300 eggs/tree) lowered (3509/ha)P’s: Plot used for mass trappifg,: Plot treated
the infestation level te 8% (October 12, 2013). However, With ~ Fortune  AZA  (3.2%R's:  Plot used for
there was no statistically significant differencetieen Trichogrammareleases (300 eggsitree).
the infestation rate in the p|0t used for massm and Examination of fallen fruits in the control plot@hed a

the p|0t receiving'rrichogramma cacoeciarleases (p< similar evolution of the infestation. |ndeed, or tmiddle
0,05). of October, the infestation rate started to incegasreach

Treatment with Fortune AZA (3,2%) has no effect o/its maximum on November 4§0%). Then, it decreased
reducing the populations of the pest. This canxpéagned t0 reach= 20% by the end of the monthig.8).
by the endophytic behavior of the pest. Fig.8 shows that treatment with SPLAT EC and mass
Statistical analysis showed a significant diffeenctrapping reduce the rate of infection after a weekheir
between the infestation rate in the plot treatetth PLAT ~ application fron=50% in the control plot te30% (in the
EC and the plot treated with Fortune AZA (p<0,05). treated plots). In the plot used fofrichogramma
Table. 5 shows that SPLAT EC (J was the most cacoeciageleases, the infestation level was lower than the
effective treatment againgE. ceratoniaecompared to ©ne in the plot treated with Fortune AZA (3.2%) edter
other treatments (01D/23/2013 (D5), the reduction of the three weeks of the application. This significarftedence

infestation rate in the plot treated with SPLAT EcWas verified by statistical analysis.
reached 100%). The examination of the fallen fruits indicated tsame

« Second Orchard (Momag) of the fruits (5% of the examined fruits) were daec

Examination of the fruits taken from trees in tloatrol }Nh'le the Iatrv?e t;/]vere r?tt)ﬁent. Inl a??;;uo?, .mosttg]é
plot showed that the infestation rate increase@dtober arvae penetrate through the navel of the fruiteg the

to reach the maximum=40%) on mid-October. This cases where they penetrate from injuries or by the

i 0,
indicates the importance of the damage caused éjatt pel\(jlunflef?; the frurF (1(1/012. llen fruit tai . |
generation of the insect (before overwintering)tekaon N ost o etz_ex?[;me; alien r;]u S thn ana S'n?’?
November 4, 2013, the infestation level decreasaddch stage except in 1% of cases where they can coBtéim

: . the case of a heavy infestation). 2% of the frodstained
only 10% at the end of the month (overwinteringiquy empty cocoons sjﬁ/ggesting th;t th(:a pest has achiive

(Fig-13). its cycle inside the fruit until the emergencelad adult.
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Fallen fruits were not 100% attacked bi¥. first detection of the pest coincides with the pgramate's
ceratoniae In fact, 15% of the fruits fell due to the attackblooming period
of other pests or to other orchard and climati¢diec The first peak of captured adults was reached oy 26a

Fig. 8 shows that after 7 days of the application of thwith an average of 4 males/trap corresponding ¢ofitist
different treatments, infestation rate in the pteaited with generation of the pest. The maximum of capturedesmal
Fortune AZA (3,2%) stayed higher than in the othewas recorded on June @&h an average of 9 males/trap.
treated plots. The second generation appeared on Julywi an

The results shown iRig. 14 indicate also that treatment average of 6 males/trap and the third and finakggion
with SPLAT EC was the most effective in loweringeth appeared on August 26 with an average of 8 madgs/tr
rate of infestation oE. ceratoniaelndeed, the difference (Fig.15).

with SPLAT Ec ;) is the most effective again$.
ceratoniae In fact, after 13 days of the treatment
(D'5:10/31/2013), the reduction of the infestation rate

\h

between the efficacy of this treatment and the oéghe g O
treatments is statistically significant (P>0, 05). g / \/
The results shown ifiable.6 confirm that the treatment ™ /7
E o .\—o—/
c
©

'9 '9 6 %Q\

"; 'b '\. '\o '\. '\. '\. >
S R @ N
,\\'\o ,\)’V \\'\o ,\)’\o ,.5\"; NP O g’\a

reached 100%T(@ble. 6). Dates
7 | Treatment R o Fig. 15. Evolution in the number of males captunith
o 6 ' pheromone traps installed in the conventional atha
£ - p, (&: males)
g
2 T « Organic Irchard
5 W The pest monitoring in the organic orchard starded
%20% - P little late, so, we missed the first generatidfig(16).
£ 1o However, maximum of males trapped was recorded on
T N e Pl June 23 with an average of 24 males per trap. | #iey
T o3 04-nov.-13 number has begun to decrease to reach: 6 maleshrdp
fiates August, which corresponds to the second generafitie

F|g 14. Evolution of infestation of the fallen fisifor pest_ On August 25, we Caught 10 ma'es/trap which
different treatments (Mornag orchard) corresponds to the third and final generatidig (16).

P’1: Control plot, P’,: Plot treated with SPLAT EC » ~,

(350g/ha), P’5: Plot used for mass trappify: Plot 31‘;
treated with Fortune AZA (3.2%)P’s. Plot used for Av.—

Trichogrammareleases (300 eggs/tree). o

: . . o &
Table. 6. The reduction of the infestation rateg@ath & \Né
treatment) (%) in the second orchard (Mornag). ¥ »
D', D, D'; | D, D’s D's Fig. 16. Evolution in the number of males captunith
T, | 75 67 100 | 100{ 100 100 pheromone traps installed in the organic orchdrd,
T, | 50 67 75 89 100 100 males

T, | 50 56 75| 78 83 100

T, | 60 67 92 | 100] 100] 100
T,: Plot treated with SPLAT EC (3509/h#&); Plot used :

for mass trappinds: Plot treated wit Fortune AZA Ceratonlae' | hard

(3.2%)T,: Plot used forTrichogrammareleases (300 ® Conventional Orchard _

eggsitree])’s:  10/22/2013, D'y, 10/25/2013 D' The examination of the fruits samples in the latmsa

10/31/2013 D'y 11/08/2013D’s 11/15/2013 D'g: allowed us to determine the evolution of the insect
11/22/2013. population’s structure during the treatment periodhe
2. Results of Treatments Conducted jconventional orchard.

[
Pomegranate’s Orchards

For the first three weeks of May, the majority bEt
The traps installed inside the two pomegranateastis insect populations found in harvested fruits cdssia
allowed us to have an idea about the time in whith

eggs and young instars4(lL, and L) (Fig.11). Towards

insect starts its development cycle the end of May, nymphs and old instarskofceratoniae

. : appeared and their number increased to reach ad4t

3.2.1. Eyolunon of the Number of Males of Eof the populations in April. These stages (Nymphsand
Ceratoniae Ls) appeared and disappeared throughout the genesatio

» Conventional Orchard but their number has not exceeded 20 %.

After a period of diapause (from January until Mgrc ~ The majority of the populations (<65%) found in the

adults of E. ceratoniaeappeared (towards the end offallen fruits were also formed of young instars,icihcan

April) with an average of 4 males per trdfig.5). This be explained by the fact that the fruit attack bg larvae
is the main reason of fruit drop process.

[.2.2. Evolution of the Population Structure of E.

Copyright © 2016 1JAIR, All right reserved
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* Organic Orchard As to the second series of treatments, after 8 dhaiise

In the organic orchard, examination of fruit sarsple application (August 19), the infestation level hretplot
the laboratory showed that the populatiorEoteratoniae ~Selected fofTrichogrammareleases, decreased from 82%
was formed mainly of young instars and eggs (>65 %in the control plot to reach 22% in the treatedt.plkhe
While old instars and pupae appeared and disappeainfestation rate in the plot treated with SPLAT ldtead to
over the different generations. But, they did neteed reach 30% on August 19. Finally, in the plot trelatéth
20 % of the population. Attract and Kill product, the infestation level deased to
1.2.3. Treatments Efficacy 40% (August 19)Rig.18).
« Conventional Orchard Based on the statistical analysis (p<0,05), noifigmt

The maximum of infestation was reached on July Zg?fference was found betweeU the_ infestation ratetie
(60%), which corresponds to the attack of the itisec ifferent elementary plots of biological orchardto
third generation. After 13 days from the first traants el

(05/28/2015), the infestation level in all the teshplots
decreased.

The most effective treatment was the releases
Trichogramma In fact, the infestation in the plot selectec
for thesereleases decreased from 30% (control plot) !
12%. m—
The second series of treatments (07/14/2015) were m Pl A A L
effective against the pest. In fact, after 10 day v & ¥ ® o
(07/24/2015), the infestation level in the plot disier Fig. 18. Evolution of infestation rate in each teshplot
Trichogrammareleases decreased to only 10% compar: (The organic orchard}1: untreated plotC2: plot treated

BRsB3388

—— (]

% of the infestation/ plot

= G2

)
%, o B
s

to 60% in the control plot. In the plot treatedmBPLAT with SPLAT EC (350g/ha;3: plot that received
EC, the infestation rate decreased to 14%. Findlhg, Trichogrammareleases (300eggs/treed; plot treated
infestation level in the plot treated with Attraand Kill with Attract and Kill product (400 drops/ ha).
product reached 169%ig.17).
Based on the statistical analysis (p<0, 05), noigant V. CONCLUSION
difference was found between the infestation ratehe
different elementary plots of the conventional @rmh | the two Citrus orchards, we detected two important
whether it was treated by the releasd’othogrammaor  peaks ofE. ceratoniaemales. The first peak is in April
SPLAT EC or Attract and Kill product. (orchard of El Khlidia: 8 males/trap, orchard of iMag: 2
. males/trap) and its the result of the emergencadoits
B from overwintering pupae in fallen fruits left ormet
-?; o ground. This peak coincides with pomegranate’s fiiog
g . period. The second peak is in October and its tbstm
E a . important peak. It corresponds to the last geramatf the
& 2T A e~ pest before overwintering (orchard of El Khlidia6 1
s Mgl S TR o males/trap, orchard of Mornag: 4 males/trap). Teak
ol T “ coincides with orange’s ripening period. All thessults
&%@i@@‘;ﬁ\:@f‘;@g@zﬁ;\ﬁ - confirm thatE. ceratoniaeattacks only fruits.
B O In the pomegranate orchards, the most important

c4
Fig. 17. Evolution of infestation percentage inteaeated
plot (conventional orchard)

number of captured males was detected in June
(conventional orchard: 9 males/trap, organic ordha#
males/trap). Another important peak was recordedats

C1: untreated plotC2: plot treated with SPLAT EC August (conventional orchard: 8 males/trap, organic
(350g/ha)C3: plot that receivedrrichogrammareleases orchard: 10 males/trap) and it corresponds totilvd &and

(300 eggsitreef4: plot treated with Attract and Kill final generation. _
product (400 drops/ ha). Mating disruption using SPLAT EC was the most

. ; effective treatment in reducing the rate of inféstabyE.
?;ga;:x%maﬂ infestation in the organic orchar eratoniaein the Citrus orchards. In fact, in the two plots

(86%) was recorded on August 9. After 10 days effifst reated with SlPLAr':' E%’ aﬂgr qfr]Iy one dwegk (;if the
series of treatments (July 24), releasifigchogramma .treatme.nt, results showe a signi icant reductiont ©
(1,400 individuals/card) reduced the infestatiorelerom mfes_tatlon level byE. Ceratonlae(frpm 60% to 10% in
80% in the control plot to 50% in the treated plotthe the first orchard, _from 50% to 30% in the seconchard).
plot treated with SPLAT EC, the infestation levekctined The r_eleases dfrichogramma(3000 .8995/”69) and Mass
to reach 56%. Finally, the infestation level in thipt U@PPing (10 delta traps/ha) had signicantly lowetke

- . level of infestation. However, treatment with FoiltuAZA
ﬁfa""gﬁ%g‘{,'/zh Attract and Kill (400 drops/ ha) dexsed to 3,2% (250cc/hl) had no effects on reducing the

populations of the pest in the two orchards. Tlhia be
explained by the endophytic behavior of the pest.
Copyright © 2016 1JAIR, All right reserved
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In the pomegranate orchards, a significant redodtio
the infestation level was recorded in all the &daplots
(SPLAT EC (350g/ha), Trichogramma releases (300
eggs/tree) and Attract and Kill product (400 drbpy).
The most effective treatment was the releases

Trichogramma But, no significant difference was found[18

between the infestation levels in the differentmedatary
plots of the two pomegranate orchards.

Our results proved thatrichogrammareleases (300
eggs/tree) mass trapping (10 traps/ha),
disruption using SPLAT EC (350g/ha) are promisiogls

for controlling E. ceratoniagpopulations. Nevertheless, in [20]
order to pursue and to optimize such control method

more field trials are needed.
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