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Abstract — Phytosanitary practices based on the extensiv
use of insecticides in citrus groves to control th
Mediterranean fruit fly Ceratitis capitata may cause the
resurgence of resistant strains of this pest, thengergence ol
secondary pests by elimination of their natural enmies, and
increase the growing public concerns over issues related 1
public health, environmental quality, and food safgy.
Therefore, there is an urgent need to develop an altetive
and environmentally compatible method for C.capitata
management. This study evaluated thefficacy of treatments
using kaolin, spinosad bait or theprotein bait application
technique (BAT), and assess how these different treatmen
may be associated with improvedcontrol of C.capitata on
several citrus varieties. Kperiments were conducted in citrus
orchards in the Gharb area (North-western part of
Morocco): plots of Clementine C(Citrus reticulata, var.
Cadoux), sweet orange(.sinensis, var. Hamlin; Washington
Navel and Thomson). Success bait (spinosad + fo
attractant), kaolin suspensionand protein bait application
technique, based either on deltamethrin (dBAT) or
malathion (MBAT) were applied on citrus plots against
C.capitata. The effect of these treatments on fruit infestatio
by C.capitata was also assessed. At harvest, a sample of 1
fruits was picked randomly from each plot and examied to
assess the infestation percentag@here were fewer medfly
captured and lower associated fruit infestation in theplots
treated with the kaolin compared tothose treated with BAT
or spinosad. Kaolin used at a lowconcentration (1.4%)
showed a similar level of infestation tospinosad. Based on
these field results, it appearghat sweet orange C.sinensis,
var. Hamlin) is the most tolerant to C.capitata infestation.
The feasibility of combining resistant citrus varietes with
these alternative methods of population management is
discussed; and willbe considered in the development of a
integrated pest management strategy again<C. capitata in
citrus groves in Morocco.

Keywords — Morocco, Citrus, Varieties, Medfly, Integrated
Pest Management.

|. INTRODUCTION

In Morocco, citricultureis one of the majoeconomic
sectors withcitrus plantings approximatin114 000 ha,
and with a production estimated as million tons [26].
In addition, citrus exports generate importan source of
foreign currency approximately0€7 billion per year
[25]. It also contributessignificantly to employment in
orchards and in thpacking, and processing segments
many other related industries.n Morocco citrus
production yields are approximately tons/ha, which is
low compared to othercountries. Several factor

particularly insect pests contribute to limiting the
production and affect fruit quali [12], [1],[2],[3],[6]- In
Morocco, the Mediterranean fruit flCeratitis capitata
Wiedemann (Diptera: Tephritida(medfly) is a key citrus
pest and annuallyequires several chemical treatme
mainly for the early varietief42],[4],[28]. In commercial
Moroccan citrus grovescurrent medfly control is bast
essentially on several applicatioof synthetic pyrethroid
or organophosphateinsecticide, especially lambda-
cyhalothrin, deltamethrinand malathio, mixed with
hydrolyzed protein baitand applied in a fruit fly ba
application techniquéBAT). However the presence of
chemical insecticides in the bformulation limits its use
in citrus orchards because of the side effects onrai
enemies [14] and thenvironmer, and the contribution to
the development ofesistance in the target inse[24].
Additional reasons fordevelojing new approaches to
control of C.capitatain Morocco include ew restrictions
on the chemical products used agaiC.capitata the
current trend of citrus growers to adopt good adiical
practices such as integrateest management, increased
awareness of the role of naturals enemies,the impact
of insecticidetreatments on citrus fruit qualitinsecticide
residues) which hinderdruit expors. In this context,
several new approachémve beertested elsewhere for
C.capitata control such as the use of essential
extracted from several plaf85], insect growth regulators
[30],[23], baits with achemosterilar (e.g. lufenuron) [33],
and the sterile inseat¢hnique[16]. Mass trapping, is also
an important method of conlling medfly population
[27],[31]. In this context,Here are significant differenc
in efficacybetween different types («C.capitatatraps and
dispensers and the appropriate selection of the arad
dispenser will thus improve mass trappincC.capitatain
citrus groves [32],[31]This study suggests that the use
Probodelt trap wich caught significantly more flies thi
the others traps.

It has also been found thspinosad, contained in GF-
120,is an effective natural insecticide agaiTephritidae
[50],[13] with a better environmental profil During
recent years, this naturiaisecticde was successfully used
in controlling many tephritigpests[9],[46]. In reviews on
particle film technology based on the mineral ka
[15],[36]. The authors reported thathe particle film
allows the exchange of gases from the leaf dt
photosynthesis tansmits  photosynthetically —acti
radiation=PAR and transpiration, while its reflecti
properties reduce heat stress and increase phttesys
fruit size and yield Furthermore, kaoli is a white non-
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porous, chemically inert, a naturmon toxic mineral

consisting of fine white particleof modified clay,

suspended in water and applied as called patrticle filn

[15],[36]. Kaolin has also been foutio bevery effective
when applied to crops to deter insdamageby a variety
of pests e.g. Lepidoptera [38],[22T0leopter [41],[5],

aphids [18] and alsogphytophagous mite22]. The

beneficial effect of kaolin barrierfor controlling pests
was also reported againspring population oDysaphis
plantaginea Passerini(Hemiptera Aphididae) [51] and

Thrips tabaci Lindeman (Thysanoptera:Thripida [19].

Kaolin effectiveness was also reported to contriblers

dipterous species such aBactrocera olea Gmelin

(Diptera : Tephritidae) [39] andRhagoletis pomonel

(Diptera :Tephritidae) in apple [49].aboratory and fielc

trials with fruits treated with the processed kai

‘Surround WP’ in nectarines, in apples and in pensons

indicated an almost complete protection of f

infestations byC.capitata[29]. Kaolin residues on citrus
fruit can beeasily eliminated by natural proces in the
field or by rinsing fruit with water in the indugtprocess

and can be removed from harvested commod[36].

This work aimed to compar€.capitat: control methods
based on spinosad, kaolin and the two ne BAT

mixtures applied on various citrus varietieunder

Moroccan conditions.

[I. M ATERIALS AND METHODS

Field Descriptions

All fields trials were conducted in the Gharb al
located inone of the main irrigated citrus production zo
in Morocco, withan average rainfall of 500 mm/ye
Field trials were conducted in twoitrus station: At
Kenitra, approximately 25 kninland two citrus fields
were selected, one was planted with Clementine
Cadoux Citrus reticulata Blancocv Cadoux) and tt
second with Orange var. Hamli€.6inensis(L.) Osbeck
cv Hamlin). Thesites were approximately 100 m frc
each other. ABidi Slimane, two separate field trials w
conducted in an orchard located 60 km easKenitra.
One field was planted with Navevar. Thomson
(C.sinensig(L.) Osbeck cvThomson) and the other wi
Navel var. Washington (.sinensis (L.) Osbeck cv
Washington).
Product Description
Kaolin

Kaolin is a inertwhite fine powderthat is combined
with a sticker-spreader insuspensioc. In the field
experiments, the citrus treesere sprayedwith kaolin
(Kaolin formulated product, Agriman Firm, Casablay
Morocco) applied bya conventional, 150 air blast
sprayer, at a rate of approximat@@00L/ha. Kaolin was
used at 1.4% durintpe 2007 field trial and all trees in all
rows were completelgovered with théaolin suspension.
Based on the&.capitatatrap capturesind fruit puncture
recorded, the first kaolin treatment started onobel 3°.
At this time, color break of fruit awrred, C.capitata
populations aregenerally very high and citrus fruits ¢
very attractive.
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Spinosad

Success® bait is a spinoshdsed insecticide (spinosad
0.24g/l and food attractant 99.76 g/l (Dow
AgroSciences/Promagri, Casablanca, Morocand was
applied as bait spray (llspinosad/60 L water/ha,
recommended dose by fijrusing abackpack sprayer
with an adjustable nozzle producing droplets. Asaaof
approximately50 cm2 on the souern lower part of the
tree canopy was sprayedihe spinosadreatments were
started inthe same time like kaolin applicati
BAT with Deltamethrin

The protein  baiapplication technigt  using
deltamethrin (dBAT) waspplied by ground sprays an
area of approximatel$00 cmz2 on the soLern lower part
of trees (not all trees)rhe mixture formulation includ
Decis® 25EC (25 g/L of deltamethr at a rate of 12.5ml/
100 L of water Bayer CropScien(, Casablanca Morocco)
mixed withprotein hydrolysatefood attractant at a rate of
1L/100 L of water, PromagriCasablanca Moroccat an
application rate approximatel 60 L/ha. The dBAT
mixture (Decis 25EC 0.7%proteins hydrolysate0.7%;
water 98.6%)was applied using a conventiorbackpack
sprayerwith an adjustable nozzlThe fruit fly bait was
applied in large droplets (e.g-4 mm diameter). The
dBAT treatments werestartec when 1.0% of 200
examined fruits were infestdry C.capitata[43], [4].
BAT with Malathion

The protein bait using atathion (nBAT) was applied
by ground treatment with a conventional 1500 Lkd#st
sprayer. The mBATormulation includd Malathion® 50
EC (50% malathion, Promagri, Casablanca Moroat a
rate of 200 ml/100 L; mtein hydrolysatefood attractant
at a rate of 1.5 L/100 bf wate)) and water with at a rate
of approximately 1500 L/haThe mBAT treatment was
sprayed on the south side of the trees of the samadrom
every third row of the selected plc. In Morocco, mBAT
was sprayed from the end of August until har
(December) according to the calendaschedule of
treatments already established by citrus gro to control
C.capitata
Traps

Maghrebmed trapéwWhite cylindrical plastic trap wit
two opening)baited with trimedlure (Agrospr. Rabat,
Morocco) and DDVP (0.5 g a.i. dimethyl -
dichloroethenyl phosphate, per tablet, AgrospraypaR;
Morocco) were usedo monitor C.capitatamales. Traps
(one trap per plotyvere suspended on the southern pa
the tree approximately 1.5 from the ground. Traps we
checked weeklyfrom October until harvest arreplaced
after everytwo or three samplings. This period of
coincides with highC.capitatapopulations and significant
associatedruit infestation in the Gharb are
Assessment of Citrus Frunfestatior

Citrus fruit infested byC.capitatc show at least one
oviposition puncture with a characteristic yellowi
coloring around the site (th'sting’). The percentage of
infested fruit was assessed samples of 200 fruits (z
fruits x 10 replications)of orange colorcollected from
each plot at regular intervals

Copyright © 2016 1JRAS, All right reserv
198



_\r; X

-

Field Trials

Comparison of the effect of kaolin 1.4% and matat-
based protein bait spraynothe Clementine var. Cado
(Kenitra).

The trial was conducted from 31/08/2007 until fr
harvest on 27/12/2007, ian orchard of Clementine v
Cadou at Kenitraarranged in four plots. Two plots we
treated with kaolin 1.4% everf days Ck7) and 14 days
(Ck14), the third plot was treateevery 7 days with
malathion-based protein bait spraCmBAT), and the
fourth plot was sprayed every 7 dayith only water as a
control (CT0). The two plots sprayed with kao
comprised 40 trees each (4 row%0 treeswhich were 18
m apart The plots sprayed with mBAcomprise: 72 trees
(6 rows x 12 trees) anithe control comprise40 trees (5
rows x 8 trees). These ploigere also 18 rapart and were
30 m from the two kaolin treated plots. The mB
treatment took place from thend of Augut 2007 to mid-
November 2007. In total, nine spray applicationsrev
applied on August 39 September % and 17, October
2" 10" 16" 23" 30" and November 1" (Figure 1). Five
kaolin applications were appliedeekly during Octobe
on the &, 11" 18" 23 and 3% and one addition:
application was applied ddovember 1™. For the 14 day
kaolin treatment, the four applications were meon
October 0%, 18" 31 and November 1" A
Maghrebmed trap baited with TML was set up in
centre of each ploto monitor male C.capitata The
distance between the traps varied from 30 to ¢
Comparison of the effect of kaolin 1.4%, spinc
and malathiorbased protein bait spraon Hamlin
orange (Kenitra).

The study was carried out from 3/10/2007 to 27/QQ71:
in an orchard oforange var. Hamlin. Therial was
conducted with a randomizedropleteblock design with
two block 12 m apart. Each blocdomprisd five plots of
20 trees each (5 rows x 4 trees). Phvere separatefrom
each other by one row dintreatedtrees and plastic
screens (3 m high x 5 m wigattachecto the side of the
tree canopy acted as additional barbetweel plots. Each
plot receivedone treatment: two plotwere treated with
kaolin 1.4% every 7 days (Hk7and 14 days(Hk14)
respectively; one waseated with spinosaevery 7 days
(Hsp); one was treated with mBA{HMBAT) and the
control plot was spraye@very weekwith water only
(HTO). There were five applicatiord mBAT in Octobel
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(October 29 10" 16", 23" 3™ and two in November
(8" and 14) (Figure 1) The kaolin treatments we
applied on the same datesin 2.5.1 abov. Six spinosad
spray treatments were applieon the same dates as
mentioned above fokaolin (7 days).One Maghrebmed
trap baited with TML wagplacec in the centre of each
plot; the distance between traps vapproximately 32 m.
Comparison of the effect of kaolin 1. and
deltamethrinbased protein bait sprayon Navel
orange (Sidi Slimane).

Two separate field trials were conducted in
orchards planted respectively with Navel var. Thomn
and Navel var. Washingtoapproximately 60 m apal
located near Sidi SlimaneNavel var. Washington
produces rough and firm fri and is less sensitive than
Navel var. Thomson tinfestationby key citrus pests. In
Navel var. Thomson orchard, ' trials were carried out
from 13/10/2007 (stardf fruit maturation to 29/11/2007
(harvest), and in Navevar. Washington orcha from
03/10/2007 (fruit immatudeto 27/12/2007 (harvesiEach
of the two trialsconsisted of four plots 80 trees each (8
rows x 10 trees). The plotgere separated from each other
by either2 or 3 rows of trees as a ffer. Plastic sheets
were used toseparate plots, as described al. The
following treatments were assigned within edrial: For
Navel var. Thomson kaolin 1.4% sprayeevery 7 days
(N.k7), 14 days (hk14), deltamethri-based protein bait
applied every 7 days (NBAT) and plot with only water
applied every 7 days as control ;TO). For Navel var.
Washington: kaolin 1.4% sprayed every 7 day,k7), 14
days (Nk14), deltamethrirbased protein bait applie
every 7 days (MIBAT) and plot with only water plied
every 7 days as control {F0). The date of all spray
treatments are mentioned in the Figure One
Maghrebmed trap baited with TMwas placed in the
centre of each plot. The trapin each trial were
approximately 55 m apart.

Statistical Analyses

A one way analysis of variance (ANOVAGLM
Procedurgwas used to compare m:C.capitatacaptures
and the fruit infestation between treatme[40] (SAS
Institute, 2005). Data were respectively arcsivx) and
log (x+0.5) transformed before analysis to achiew
normal distribution of residues and homogeneity.e
means were separated (homogeneous groups) usirt
test (LSD) at P<0.05.

A 8 N l Kaolin 7 days
Oct lowv
Clementine ’8 .ep. - - - - - - * mBAT .
var. Cadoux 31 6 17 23 1011 16 18 23 3031 11 t
t £ £ t * Kaolin 14 days
: i i H : ¥ : =
L4 ¥ ¥ v ¥ i Kaolin 7 days
Nowv and spinosacd
Orange - - - - - - - * mBAT
var. Hamlin 23 1011 16 18 23 30 31 8 11 14 p
H H i H Kaolin 14 days

Fig. 1. Legend of thandicated dates of all treatms application for @mentine var.

Cadoux and sweet orange

Hamlin trial at Kenitra
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l Kaolin 7 days
M™Navel var. Oct o - - MNow - - s dBAT
Thomson 11 18 23 31 o8 14 23 ? Kaolin 14 days
* t * *
I | ! 1l 1
Nave.l_ VAL Oct - MNowv - & Dec
‘Washington 11 18 23 31 08 14 23 06
T T : 1 * T

Fig. 2. Legend of thindicated dates of all treatms application foNavel var. Thomson and Navel vWashington
trial at Sidi Slimane.

[1l. R ESULTS

Comparison of the effect of kaolin 1.4% ¢
malathionbased protein bait spray on t
Clementine var. Cadoux (Kenitra,

The number ofC.capitatamale capturewas reduced in
the plots treated every 7 dawith kaolin (1.4%) and with
mMBAT; however the analysis of variance showed thze
reduction was not significaff = 2.13; df = 3; P <0.110
(Figure 3). After kaolin applicationhe C.capitatamale
captures were very low and reach4.5 males/trap/day
(m/t/d) in CKk7 treatment; comparedth the control (8.7),
CmBAT (10.4) and Ck14 (15.6). Ahe end of Octobe
C.capitata male captures were & m/t/d for CKk7,
compared with 14.4 for CmBAT, 25for Ck14 and 19.3
for the control. At thebeginning of Novembercaptures
reached only 14.5 m/t/d for Cképmpare to 10.5 m/t/d
for CmBAT. After midNovember, theC.capitata male
captures in all plots weredecrease. A significant
reduction in fruit infestation was observed in tpiets
treated every 7 daywith the kaolin and wit malathion-
based protein bait compared with the other treatsn@h=
11.17; df = 3 ; P = <0.00Q1Fruit infestation in the plc
treated every 7 days kaolin (CkWas not significantly
different to the infestation in @BAT treatment.Fruit
infestation by C.capitata increased slowly until the
beginning of November witmaximums 010.25% for Ck7
and CmBAT; 0.37% for Ck14 and.0% for CTO. The
peak period of infestedruits occurred around 1d-
November with 0.62% for Ckldnd 0.25% folboth Ck7
and CmBAT compared with.35% CTO. Just befol
harvest, fruit infestation increasedpidly reaching 2.5%
for CTO, 1.75% for Ck14 and 1.25% for (BAT,
compared with only 0.25% for Ck7.

Comparison of the effect of kaolin 1.4'spinosad
and malathionbased protein bait spray on Ham
orange (Kenitra).

The analysis of variance showed that the numbe
C.capitatamale capturesvas significantly reduced in tt
plots treateckvery 7 days with kaolin (Hki(F = 2.81; df
=4 ;P :0.034) (Figure 4). Tleaptures in thplots treated
every 14 days with kaolin, witBpinosad(Hsp) and with
HmMBAT did not differ significantl. At the end of
October, the level of.capitatamale capture increased in
the HMBAT; Hk14 and control (HT(ranging from 16.5

to 20.0 m/t/d. Howevemumbes of C.capitatamale were
low in the plot treateévery 7 daywith kaolin (Hk7)) and
spinosad, not exceeding 1Cm/t/d. At the beginning of
November,C.capitatamale capture were low in the Hk7
treatment (1.1m/t/dyompared witF11.2 for spinosad; 10
for Hk14, 18.3 for HmMBATand20.7 for the control. After
the NovemberC.capitatamale capture ranged from 3.2
to 6.2 m/t/d.A significant reduction in fruit infestatio
also occurred in the plot treatevery 7 days with kaolin,
and in the mBAT plot, when compared with the of
treatments (F = 28.93 df = 4 ; P =<0.0001). Fruit
infestation byC.capitatain the Hk7 plot did not differ
significantly from infestation inCmBAT plot. Fruit
infestation did noexceed 0.5% for Hk7 and FBAT, and
0.62% for Hkl4compared withtwo peaks of 0.75% and
0.62% for Hsp athe beginning of Ncember and October
respectively During this last periodinfestation did not
exceed 1.12% inplot HTO. After December, fruit
infestation did not exceed 0.5in any plots.

Comparison of the effect of kaolin 1.4% ¢
deltamethrinbased protein bait spray on Nawar.
Thomson (Sidi Slimane).

The analysis of variance showed that the numbe
C.capitatamale capturesvas significantly reduced in tt
plots treated every 7 daysith kaolin (N;k7) and with
N,dBAT (F =27.30; df = 3; P= <0.0001) (Figure 5).
C.capitatamale captures we 7.4 m/t/d for Nk7, 7.5 for
N:k14, and 4.5 for NIBAT, compared with 42.8 for
N;TO. At the beginning of November, capturdid not
exceed 3.8 m/t/d for {7 or N,dBAT, compared with 9.2
and 19 for Nk14 and NTO respectively Fruit infestation
was significantly was less in the plot treaevery 7 days
with kaolin than in the othdreatments (= 30.40; df= 3;
P=<0.0001). Ruit infestation did not differ significantly i
the plot treated every4 days with kaoli (N;k7) or
N;dBAT. At the end ofOctober, fruit infestatiorranged
from 0.25 and 0.37% for Jd7, and from 0.87 to 1% for
N,dBAT, compared with 0.50 1.62% for Nk14, and 2.25
to 2.37% for NTO. In midNovember, fruit infestatioby
C.capitatais very low in Nk7 (0.13%) in comparison
with the others treatmentsN,dBAT (1.37%), Nk14
(1.75%) and NTO (2.75%). he sametrend was recorded
after this datefruit infestationin N;k7 did not exceed
0.75% compared with 1.2 fdN;dBAT and 1.3 for hNk14
and 2.5 for N1TO in the mi®ecembel
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Comparison of the effect of kaolin 1.4% ¢
deltamethrinbased protein bait spray on Nawar.
Washington (Sidi Slimane).

The analysis of variance showed that the numbe
C.capitatamale capturesvas significantly reduced in tt
plots treated weekly with kaolin ¢K7) and with NdBAT
(F= 3.92; df = 3; P=<0.0173) (Figurd. The plots treated
weekly or everyl4d days with kaoli, did not differ
significantly. Ceratitis capitatamale capture decreased
from 39.5 to 4.7 m/t/d for pk7, and from28.2 to 6.4 m/t/d
for Nok14, compared with the S0 ranged from 12.5 to
28.5 m/t/d. At the end of Octob€x.capitat: male captures
decreased from 20.2 to 2.7 m/tid N,dBAT. At the
beginning of NovembeiC.capitatamale capture did not
exceed 3.2 m/t/d for k7or Nbdbat, omparedwith 11.2
for Nok14 or 20.4 for N2T0. Athe end of Novemb, the
captures did not exceed 5.1 mftila any plot. Fruit
infestation was significantly less in the plot techweekly
with the kaolin than irthe other treatments (F42.97; df
= 3; P = <0.0001). it infestation was significantly le:
in the plot treated every 14 daygith the kaolin anc
N.dBAT than NTO. Fruit infestation rangefrom 0.12 to
0.87% for NdBAT, anddid not exceed 0.5% for k7,
and from 1 to 3.25%or the others plot(Figure 12).

IV. DISCUSSION

To produce quality fruit withouC.capitate infestation
requires a choice of control methods which idealpuld
include environmentally compatible products. Thisdy
was designed to evaluate new approaches and aites
for controling this pest in citrus orchards using spinos
kaolin or malathion or deltamethrbased protein ba
application in the Gharb area of Morocco. Monitgriof
C.capitatamales, fruits infestation bC.capitate and the
use of less toxic insecticide-bagaubtein bait application
which do not leave pesticide residues on fruit @mong
the basic management practices for controlling past.
Groundapplied bait applications have been shown t
effective, and are widely used throughout the w
[471,[48],[30],[46]. In this study we used Trimedlure p-
pheromone dispensets monitor only male<«C.capitata
Kaolin is a mineral compound potentially effectagainst
C.capitataon citrus in the condition of Gharb area. ~
majority of the observations inighstudy, including citru
fruits infested in the plots treated every 7 dajth waolin,
is identical or lower than those treated with niatat-
BAT (e.g. Clementine Cadoux and Hamlin varieties
Kenitra), with deltamethriBAT (e.g. Navel varieties ¢
Sidi Slimane) or with spinosad bait (e.g. Hamli

In this study, for the late citrus varieties such as Ni
Washington and Orange Hamlin, only three or fo
spray applications with kaolin was required to mizie
fruit infestation to acceptable levelPlots treated witl
kaolin showed lowC.capitatamale captures compared
the others treatmentsKaolin effectiveness has be
obtained againstC.capitata on citrus [7] and it has
potential for reducing damage caused C.capitata in
organic and conventional citrus orcha[20]. No-choice,
choice and hal€hoice laboratory experiments with citr
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fruit, nectarines and peaches showed a signifi
reduction of medfly punctures and landings on ke
treated fruit [11].

Dipterous pecies, particularlyC.capitata use tactile,
olfactory and visual stimuli to reach their ho[10],[20].
Citrus leaves and fruits treated with kaolin showedhite
color which would not be appreciated by female rye
[17],[37],[20]. Behind fruithumidity and optical stimuli
the tactile one is an important component in -
oviposition behaviour of femalC.capitata Thus, kaolin
application acts orC.capitate with two complementary
levels: physical barrier which protects citrus fruit agai
punctures ofC.capitata and disturb him to choose
suitable fruit to deposit its eggs and will inciteo go to
another more receptive. Also, on several occas
medfly female were observed to prospect citrustdi
treated with kaolin with a low time ofisit compared to
fruits treated with water only (M.C. Smailiown
observation).

In this study, treatments every 7 days with kadghh
1.4%) or spinosad did not differ ¢ reduced fruit
infestation byC.capitata Kaolin (at 1.4%) or Succe
(spinosadl is regarded as a promising alternative
insecticidebased bait treatment. Similar results for k
baited insecticides have been reported for spinadse
controllingC.capitataon citrus[8],[9],[46].

Although the formulation spinoséicontained in GF-120
needs to be carefully monitored in situations whire
release or conservation of parasitoids is a priow@cern
[50], [13]. These authorsuggested that prefeeding -
reared fruit fly parasitoidsiith honey before release m
not only increase their efficacy but also redueaarthisk of
feeding droplets of GE20. Also, the low of toxicity of .
naturalinsecticide such as spinosad, is very attractiv
many citrus producersThe efficacy of foL alternative
insecticides baits ofC.capitatc and their side effects on
some natural enemies weevaluaed in Spanish citrus
agroecosystems [46The authors reported that a spino
bait treatment $pintor Cebo “named (-120 in the
Americas”, Dow AgroSeancies Iberica, Madrid, Spi)
appeared to be the best option when considering
control efficacy together with the side effectshameficial
arthropods. The negative effects on some paras
species should not be overlooked; howeSpintor Cebo
was the lowest selective ballso, in this research, kaolin
foliar application was applied during autumn. It
important to note that several papers hisaying that
kaolin sprays, particularly in spring are detringnto
natural enemies on olive [3and on citrus [45]. In our
conditions, the most actives natural enemies w
coincide with the C.capitat¢ control period; are the
parasitoidsAphytis melinuebach,Aphytis lepidosaphes
Compere and\phytis hispanicu(Mercet). (Hymenoptera:
Aphelinidag and the coccinellicChilocorus bipustulatus
L. (Coleoptera : Coccinellida{44].

V. CONCLUSION

With the combination of regular monitorin
environmentakompatible bait treatment and f-tolerant
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citrus varieties, we believe it is possible to reglbait above. We consider trement with kaolin as promisin
treatment to three applications on Navel variefes and should be considered as an important comparfiem
season. Our results with kaolin show that it issfiele@ to integrated pest managemerstrategy in controlling
use kaolin (only in autumn perioth controlC.capitatain ~ C.capitatain citrus orchards.

combination with selected control methods, mentit

-
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Fig. 3. Mean number df.capitatamale caught per trap per day (m/#dSE) andfruit infestation byC.capitatain the

Clementine var. Cadoux Clementiff + SE) at Kenitra. Plots treated with kaolin evérglays (Ck7), and every 14 d¢

(Ck14), and malathion based protein bait spray (CmpBAahd water only (CTO). For each variable, ean values
followed by a different letter are significantlyfidirent (P < 0.05; LSD test).
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Fig. 4. Mean numbeC.capitatamale caugt per trap per day (m/t/d SE) andfruit infestation byC.capitata(%+ SE) in
the sweet orange var Hamlin orarageKenitre. Plots treated with kaolin every 7 daysi), and every 14 dayHk14),
and spinosad (Hsp), and malathioased protein bait spray (HmBAT), and water oHTO). For each variable, mean
values followed by a different letter are signifidlg different P < 0.05; LSD test).
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Fig. 5. Mean number o.capitatamale caug! per trap per day (m/tHl SE) andruit infestation byC.capitata(% + SE)
in the Navel var. Thomson (% SE)at Sidi Sliman. Plots treated with kaolin eveiydays (Mk7), and every 14 days
(N;k14), and deltamethribased protein bait spray ;dBAT), and water only (NI'0). For each variable, ean values
followed by a different letter are significantlyfidirent (P < 0.05; LSD test).
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Fig. 6. Mean number o€.capitatamale caugl per trap per day (m/thHl SE) andruit infestation byC.capitata(% + SE)
in the Navel var. Washingtaat Sidi Sliman. Plots treated with kaolin every 7 daysKK), and every 14 days ,k14),
and deltamethritbased protein bait spray .dBAT), and water only (M'0). For each variable, ean values followed by

a different letter are significantjifferent P < 0.05; LSD test).
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