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Abstract – Phytosanitary practices based on the extensive 

use of insecticides in citrus groves to control the 
Mediterranean fruit fly  Ceratitis capitata
resurgence of resistant strains of this pest, the emergence of 
secondary pests by elimination of their natural enemies, and 
increase the growing public concerns over issues related to 
public health, environmental quality, and food safety. 
Therefore, there is an urgent need to develop an alternative 
and environmentally compatible method for 
management. This study evaluated the efficacy of 
using kaolin, spinosad bait or the protein 
technique (BAT), and assess how these different treatments 
may be associated with improved control of 
several citrus varieties. Experiments were conducted in citrus 
orchards in the Gharb area (North
Morocco): plots of Clementine (Citrus retic
Cadoux), sweet orange (C.sinensis, var. Hamlin
Navel and Thomson). Success bait (spinosad + food 
attractant), kaolin suspension and 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 infestation 
by C.capitata was also assessed. At harvest, a sample of 1000 
fruits was picked randomly from each plot and examined to 
assess the infestation percentage. There were fewer 
captured and lower associated fruit infestation in the 
treated with the kaolin compared to those treated with BAT 
or spinosad. Kaolin used at a low concentration
showed a similar level of infestation to spinosad. 
these field results, it appears that sweet orange (
var. Hamlin) is the most tolerant to C.capitata
The feasibility of combining resistant citrus varieties with 
these alternative methods of population management 
discussed; and will be considered in the development of an 
integrated pest management strategy against 
citrus groves in Morocco.  

 
Keywords – Morocco, Citrus, Varieties, 

Pest Management.  
 

I. I NTRODUCTION
 
In Morocco, citriculture is one of the major 

sectors with citrus plantings approximating 
and with a production estimated as 2.2 
In addition, citrus exports generate an important
foreign currency approximately €0.27 
[25]. It also contributes significantly to 
orchards and in the packing, and processing segments and 
many other related industries. In Morocco citrus 
production yields are approximately 16
low compared to other countries. Several factors, 
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practices based on the extensive 
use of insecticides in citrus groves to control the 

Ceratitis capitata may cause the 
resurgence of resistant strains of this pest, the emergence of 
secondary pests by elimination of their natural enemies, and 

the growing public concerns over issues related to 
public health, environmental quality, and food safety. 

erefore, there is an urgent need to develop an alternative 
method for C.capitata 

efficacy of treatments 
protein bait application 

and assess how these different treatments 
control of C.capitata on 

xperiments were conducted in citrus 
in the Gharb area (North-western part of 

Citrus reticulata, var. 
, var. Hamlin; Washington 

Navel and Thomson). Success bait (spinosad + food 
and protein bait application 

based either on deltamethrin (dBAT) or 
lied on citrus plots against 

. The effect of these treatments on fruit infestation 
was also assessed. At harvest, a sample of 1000 

fruits was picked randomly from each plot and examined to 
There were fewer medfly 

and lower associated fruit infestation in the plots 
those treated with BAT 

concentration (1.4%) 
spinosad. Based on 

that sweet orange (C.sinensis, 
C.capitata infestation. 

The feasibility of combining resistant citrus varieties with 
of population management is 

be considered in the development of an 
integrated pest management strategy against C. capitata in 

arieties, Medfly, Integrated 

NTRODUCTION  

is one of the major economic 
citrus plantings approximating 114 000 ha, 

 million tons [26]. 
important source of 

0.27 billion per year 
significantly to employment in 

packing, and processing segments and 
n Morocco citrus 
16 tons/ha, which is 

countries. Several factors, 

particularly insect pests, contribute 
production and affect fruit quality
Morocco, the Mediterranean fruit fly, 
Wiedemann (Diptera: Tephritidae) 
pest and annually requires several chemical treatments 
mainly for the early varieties [42
Moroccan citrus groves, current medfly control is based 
essentially on several applications 
or organophosphate insecticides
cyhalothrin, deltamethrin and malathion
hydrolyzed protein bait, and applied in a fruit fly bait 
application technique (BAT). However,
chemical insecticides in the bait 
in citrus orchards because of the side effects on natural 
enemies [14] and the environment
the development of resistance in the target insect 
Additional reasons for develop
control of C.capitata in Morocco include n
on the chemical products used against 
current trend of citrus growers to adopt good agricultural 
practices such as integrated pest 
awareness of the role of naturals enemies, and 
of insecticide treatments on citrus fruit quality (
residues) which hinders fruit export
several new approaches have been 
C.capitata control such as the use of essential oils 
extracted from several plant [35
[30],[23], baits with a chemosterilant
and the sterile insect technique 
an important method of contro
[27],[31]. In this context, there are significant differences 
in efficacy between different types of 
dispensers and the appropriate selection of the trap and 
dispenser will thus improve mass trapping of 
citrus groves [32],[31]. This study suggests that the use of 
Probodelt trap which caught significantly more flies than 
the others traps.  

It has also been found that s
120, is an effective natural insecticide against 
[50],[13] with a better environmental profile.
recent years, this natural insectici
in controlling many tephritid pests 
particle film technology based on the mineral kaolin 
[15],[36]. The authors reported that t
allows the exchange of gases from the leaf during 
photosynthesis (transmits photosynthetically active 
radiation=PAR) and transpiration, while its reflective 
properties reduce heat stress and increase photosynthesis, 
fruit size and yield. Furthermore, kaolin
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, contribute to limiting the 
production and affect fruit quality [12], [1],[2],[3],[6]. In 
Morocco, the Mediterranean fruit fly, Ceratitis capitata 

iedemann (Diptera: Tephritidae) (medfly) is a key citrus 
requires several chemical treatments 

[42],[4],[28]. In commercial 
, current medfly control is based 

essentially on several applications of synthetic pyrethroid 
insecticides, especially lambda-

and malathion, mixed with 
, and applied in a fruit fly bait 

(BAT). However, the presence of 
chemical insecticides in the bait formulation limits its use 

citrus orchards because of the side effects on natural 
environment, and the contribution to 
resistance in the target insect [24]. 

developing new approaches to 
Morocco include new restrictions 

on the chemical products used against C.capitata, the 
current trend of citrus growers to adopt good agricultural 

est management, increased 
awareness of the role of naturals enemies, and the impact 

treatments on citrus fruit quality (insecticide 
fruit exports. In this context, 

have been tested elsewhere for 
control such as the use of essential oils 

[35], insect growth regulators 
chemosterilant (e.g. lufenuron) [33], 
echnique [16]. Mass trapping, is also 

an important method of controlling medfly population 
here are significant differences 

between different types of C.capitata traps and 
dispensers and the appropriate selection of the trap and 
dispenser will thus improve mass trapping of C.capitata in 

This study suggests that the use of 
ich caught significantly more flies than 

spinosad, contained in GF-
is an effective natural insecticide against Tephritidae 

better environmental profile. During 
insecticide was successfully used 

pests [9],[46]. In reviews on 
article film technology based on the mineral kaolin 

authors reported that the particle film 
allows the exchange of gases from the leaf during 

transmits photosynthetically active 
) and transpiration, while its reflective 

properties reduce heat stress and increase photosynthesis, 
Furthermore, kaolin is a white non-



 
 
 
 

Copyright © 2016 IJRAS, All right reserved

 

porous, chemically inert, a natural non toxic 
consisting of fine white particles of modified clay, 
suspended in water and applied as a so-called particle film
[15],[36]. Kaolin has also been found to be 
when applied to crops to deter insect damage 
of pests e.g. Lepidoptera [38],[22], Coleoptera
aphids [18] and also phytophagous mites 
beneficial effect of kaolin barriers for controlling 
was also reported against spring population of 
plantaginea Passerini (Hemiptera : Aphididae) 
Thrips tabaci Lindeman (Thysanoptera:Thripidae)
Kaolin effectiveness was also reported to control others 
dipterous species such as Bactrocera oleae
(Diptera : Tephritidae) [39] and Rhagoletis pomonella
(Diptera :Tephritidae) in apple [49]. Laboratory and field 
trials with fruits treated with the processed kaolin 
‘Surround WP’ in nectarines, in apples and in persimmons 
indicated an almost complete protection of fruit 
infestations by C.capitata [29]. Kaolin 
fruit can be easily eliminated by natural processe
field or by rinsing fruit with water in the industry process 
and can be removed from harvested commodities 
This work aimed to compare C.capitata
based on spinosad, kaolin and the two routi
mixtures applied on various citrus varieties 
Moroccan conditions. 

 
II. M ATERIALS AND METHODS

 
Field Descriptions 

All fields trials were conducted in the Gharb area, 
located in one of the main irrigated citrus production zones 
in Morocco, with an average rainfall of 500 mm/year. 
Field trials were conducted in two citrus stations
Kenitra, approximately 25 km inland,
were selected, one was planted with Clementine var. 
Cadoux (Citrus reticulata Blanco cv Cadoux) and the
second with Orange var. Hamlin (C.sinensis 
cv Hamlin). The sites were approximately 100 m from 
each other. At Sidi Slimane, two separate field trials were 
conducted in an orchard located 60 km east of 
One field was planted with Navel 
(C.sinensis (L.) Osbeck cv Thomson) and the other with 
Navel var. Washington (C.sinensis 
Washington). 
Product Description 
Kaolin 

Kaolin is a inert white fine powder 
with a sticker-spreader in suspension
experiments, the citrus trees were sprayed 
(Kaolin formulated product, Agriman Firm, Casablanca, 
Morocco) applied by a conventional, 1500 
sprayer, at a rate of approximately 2000 
used at 1.4% during the 2007 field trials
rows were completely covered with the 
Based on the C.capitata trap captures and fruit punctures 
recorded, the first kaolin treatment started on October
At this time, color break of fruit occurred, 
populations are generally very high and citrus fruits are 
very attractive. 
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non toxic mineral 
of modified clay, 
called particle film 

to be very effective 
damage by a variety 
Coleoptera [41],[5], 

phytophagous mites [22]. The 
for controlling pests 

spring population of Dysaphis 
: Aphididae) [51] and 

(Thysanoptera:Thripidae) [19]. 
Kaolin effectiveness was also reported to control others 

Bactrocera oleae Gmelin 
Rhagoletis pomonella 

Laboratory and field 
trials with fruits treated with the processed kaolin 
‘Surround WP’ in nectarines, in apples and in persimmons 
indicated an almost complete protection of fruit 

Kaolin residues on citrus 
easily eliminated by natural processes in the 

field or by rinsing fruit with water in the industry process 
and can be removed from harvested commodities [36]. 

C.capitata control methods 
based on spinosad, kaolin and the two routine BAT 

applied on various citrus varieties under 

ETHODS 

All fields trials were conducted in the Gharb area, 
one of the main irrigated citrus production zones 

an average rainfall of 500 mm/year. 
citrus stations: At 

inland, two citrus fields 
were selected, one was planted with Clementine var. 

cv Cadoux) and the 
sinensis (L.) Osbeck 

sites were approximately 100 m from 
Sidi Slimane, two separate field trials were 

conducted in an orchard located 60 km east of Kenitra. 
One field was planted with Navel var. Thomson 

Thomson) and the other with 
sinensis (L.) Osbeck cv 

white fine powder that is combined 
suspension. In the field 
were sprayed with kaolin 

(Kaolin formulated product, Agriman Firm, Casablanca, 
a conventional, 1500 L air blast 

2000 L/ha. Kaolin was 
the 2007 field trials and all trees in all 

covered with the kaolin suspension. 
and fruit punctures 

recorded, the first kaolin treatment started on October 3rd. 
curred, C.capitata 

generally very high and citrus fruits are 

Spinosad 
Success® bait is a spinosad-

0.24g/l and food attractants
AgroSciences/Promagri, Casablanca, Morocco), 
applied as bait spray (1L 
recommended dose by firm) using a 
with an adjustable nozzle producing droplets. An area of 
approximately 50 cm² on the south
tree canopy was sprayed. The spinosad t
started in the same time like kaolin application.
BAT with Deltamethrin  

The protein bait application technique
deltamethrin (dBAT) was applied by ground sprays of 
area of approximately 100 cm² on the south
of trees (not all trees). The mixture formulation include
Decis® 25 EC (25 g/L of deltamethrin
100 L of water; Bayer CropScience
mixed with protein hydrolysate (
1L/100 L of water, Promagri, Casablanca Morocco) 
application rate approximately
mixture (Decis 25EC 0.7%; proteins hydrolysate 
water 98.6%) was applied using a conventional 
sprayer with an adjustable nozzle. 
applied in large droplets (e.g. 2
dBAT treatments were started
examined fruits were infested by 
BAT with Malathion 

The protein bait using malathion (m
by ground treatment with a conventional 1500 L air blast 
sprayer. The mBAT formulation include
EC (50% ma1athion, Promagri, Casablanca Morocco) 
rate of 200 ml/100 L; protein hydrolysate (
at a rate of 1.5 L/100 L of water
of approximately 1500 L/ha. 
sprayed on the south side of the trees of the same one from 
every third row of the selected plots.
was sprayed from the end of August until harvest 
(December) according to the calendar 
treatments already established by citrus growers
C.capitata.  
Traps  

Maghrebmed traps (White cylindrical plastic trap with 
two opening) baited with trimedlure (Agrospray
Morocco) and DDVP (0.5 g a.i. dimethyl 2,2
dichloroethenyl phosphate, per tablet, Agrospray Rabat, 
Morocco) were used to monitor 
(one trap per plot) were suspended on the southern part of 
the tree approximately 1.5 m from the ground. Traps were 
checked weekly from October until harvest and 
after every two or three samplings. This period often 
coincides with high C.capitata 
associated fruit infestation in the Gharb area. 
Assessment of Citrus Fruit Infestation 

Citrus fruit infested by C.capitata
oviposition puncture with a characteristic yellowish 
coloring around the site (the ‘
infested fruit was assessed in samples of 200 fruits (20 
fruits x 10 replications) of orange color 
each plot at regular intervals.  
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-based insecticide (spinosad 
attractants 99.76 g/l (Dow 

AgroSciences/Promagri, Casablanca, Morocco), and was 
 spinosad/60 L water/ha, 

) using a backpack sprayer 
with an adjustable nozzle producing droplets. An area of 

50 cm² on the southern lower part of the 
The spinosad treatments were 

the same time like kaolin application. 

application technique using 
applied by ground sprays of an 

100 cm² on the southern lower part 
. The mixture formulation included 

EC (25 g/L of deltamethrin at a rate of 12.5ml/ 
Bayer CropScience, Casablanca Morocco) 

protein hydrolysate (food attractant at a rate of 
, Casablanca Morocco) at an 

approximately 60 L/ha. The dBAT 
; proteins hydrolysate 0.7%; 

was applied using a conventional backpack 
with an adjustable nozzle. The fruit fly bait was 

applied in large droplets (e.g. 2-4 mm diameter). The 
started when 1.0% of 200 

by C.capitata [43], [4]. 

alathion (mBAT) was applied 
by ground treatment with a conventional 1500 L air blast 

formulation included Malathion® 50 
(50% ma1athion, Promagri, Casablanca Morocco) at a 

rotein hydrolysate (food attractant 
of water) and water with at a rate 

 The mBAT treatment was 
sprayed on the south side of the trees of the same one from 
every third row of the selected plots.. In Morocco, mBAT 
was sprayed from the end of August until harvest 

according to the calendar schedule of 
treatments already established by citrus growers to control 

(White cylindrical plastic trap with 
baited with trimedlure (Agrospray Rabat, 

Morocco) and DDVP (0.5 g a.i. dimethyl 2,2-
dichloroethenyl phosphate, per tablet, Agrospray Rabat, 

to monitor C.capitata males. Traps 
were suspended on the southern part of 

from the ground. Traps were 
from October until harvest and replaced 

two or three samplings. This period often 
 populations and significant 

fruit infestation in the Gharb area.  
nfestation  

C.capitata show at least one 
puncture with a characteristic yellowish 

‘sting’). The percentage of 
n samples of 200 fruits (20 

of orange color collected from 
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Field Trials  
Comparison of the effect of kaolin 1.4% and malathion
based protein bait spray on the Clementine var. Cadoux 
(Kenitra). 

The trial was conducted from 31/08/2007 until fruit 
harvest on 27/12/2007, in an orchard of Clementine var.
Cadou at Kenitra, arranged in four plots. Two plots were 
treated with kaolin 1.4% every 7 days (
(Ck14), the third plot was treated ev
malathion-based protein bait spray (C
fourth plot was sprayed every 7 days with 
control (CT0). The two plots sprayed with kaolin 
comprised 40 trees each (4 rows x 10 trees) 
m apart. The plots sprayed with mBAT comprised
(6 rows x 12 trees) and the control comprised 
rows x 8 trees). These plots were also 18 m 
30 m from the two kaolin treated plots. The mBAT 
treatment took place from the end of Augus
November 2007. In total, nine spray applications were 
applied on August 31st, September 6th 
2nd, 10th, 16th, 23th, 30th and November 11
kaolin applications were applied weekly during October 
on the 3rd, 11th, 18th, 23rd and 31st, and one additional 
application was applied on November 11
kaolin treatment, the four applications were made 
October 03rd, 18th; 31st and November 11
Maghrebmed trap baited with TML was set up in the 
centre of each plot to monitor male 
distance between the traps varied from 30 to 40 m.
Comparison of the effect of kaolin 1.4%, spinosad 
and malathion-based protein bait spray 
orange (Kenitra). 

The study was carried out from 3/10/2007 to 27/12/2007 
in an orchard of orange var. Hamlin. The 
conducted with a randomized complete 
two block 12 m apart. Each block comprise
20 trees each (5 rows x 4 trees). Plots were separated 
each other by one row of untreated 
screens (3 m high x 5 m wide) attached 
tree canopy acted as additional barrier between
plot received one treatment: two plots 
kaolin 1.4% every 7 days (Hk7) and 14 days 
respectively; one was treated with spinosad 
(Hsp); one was treated with mBAT (HmBAT) 
control plot was sprayed every week 
(HT0). There were five applications of mBAT in October 

Fig. 1. Legend of the indicated dates of all treatment
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Comparison of the effect of kaolin 1.4% and malathion-
n the Clementine var. Cadoux 

was conducted from 31/08/2007 until fruit 
an orchard of Clementine var. 

arranged in four plots. Two plots were 
7 days (Ck7) and 14 days 

every 7 days with 
CmBAT), and the 

with only water as a 
T0). The two plots sprayed with kaolin 

x 10 trees) which were 18 
comprised 72 trees 

the control comprised 40 trees (5 
were also 18 m apart and were 

30 m from the two kaolin treated plots. The mBAT 
end of August 2007 to mid-

November 2007. In total, nine spray applications were 
 and 17th, October 

and November 11th (Figure 1). Five 
weekly during October 

and one additional 
November 11th. For the 14 day 

kaolin treatment, the four applications were made on 
and November 11th. A 

Maghrebmed trap baited with TML was set up in the 
to monitor male C.capitata. The 

distance between the traps varied from 30 to 40 m. 
Comparison of the effect of kaolin 1.4%, spinosad 

based protein bait spray on Hamlin 

The study was carried out from 3/10/2007 to 27/12/2007 
orange var. Hamlin. The trial was 

omplete block design with 
comprised five plots of 

s were separated from 
untreated trees and plastic 
) attached to the side of the 

between plots. Each 
one treatment: two plots were treated with 

and 14 days (Hk14) 
treated with spinosad every 7 days 

(HmBAT) and the 
every week with water only 

of mBAT in October 

(October 2nd, 10th, 16th, 23th, 30
(8th and 14th) (Figure 1). The kaolin treatments were 
applied on the same dates as in 2.5.1 above
spray treatments were applied 
mentioned above for kaolin (7 days). 
trap baited with TML was placed
plot; the distance between traps was 
Comparison of the effect of kaolin 1.4%
deltamethrin-based protein bait spray 
orange (Sidi Slimane).  

Two separate field trials were conducted in two
orchards planted respectively with Navel var. Thomson 
and Navel var. Washington approximately 60 m apart, 
located near Sidi Slimane. 
produces rough and firm fruit
Navel var. Thomson to infestation 
Navel var. Thomson orchard, the
from 13/10/2007 (start of fruit maturation)
(harvest), and in Navel var. Washington orchard
03/10/2007 (fruit immature) to 27/12/2007 (harvest). 
of the two trials consisted of four plots of 
rows x 10 trees). The plots were
by either 2 or 3 rows of trees as a bu
were used to separate plots, as described above
following treatments were assigned within each 
Navel var. Thomson : kaolin 1.4% sprayed 
(N1k7), 14 days (N1k14), deltamethrin
applied every 7 days (N1dBAT) 
applied every 7 days as control (N
Washington: kaolin 1.4% sprayed every 7 days (N
days (N2k14), deltamethrin-based protein bait applied 
every 7 days (N2dBAT) and plot with only water ap
every 7 days as control (N2T0). 
treatments are mentioned in the Figure 2. 
Maghrebmed trap baited with TML 
centre of each plot. The traps 
approximately 55 m apart.  
Statistical Analyses 

A one way analysis of variance (ANOVA, 
Procedure) was used to compare male 
and the fruit infestation between treatments 
Institute, 2005). Data were respectively arcsine (
log (x+0.5) transformed before analysis to achieve a 
normal distribution of residues and homogeneity. The 
means were separated (homogeneous groups) using the 
test (LSD) at P<0.05. 

indicated dates of all treatments application for Clementine var. Cadoux and sweet orange var. 
Hamlin trial at Kenitra 
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, 30th) and two in November 
. The kaolin treatments were 

in 2.5.1 above. Six spinosad 
spray treatments were applied on the same dates as 

kaolin (7 days). One Maghrebmed 
placed in the centre of each 

he distance between traps was approximately 32 m. 
Comparison of the effect of kaolin 1.4% and 

based protein bait spray on Navel 

Two separate field trials were conducted in two 
orchards planted respectively with Navel var. Thomson 

approximately 60 m apart, 
located near Sidi Slimane. Navel var. Washington 
produces rough and firm fruit and is less sensitive than 

infestation by key citrus pests. In 
Navel var. Thomson orchard, the trials were carried out 

of fruit maturation) to 29/11/2007 
var. Washington orchard from 
) to 27/12/2007 (harvest). Each 

consisted of four plots of 80 trees each (8 
were separated from each other 

2 or 3 rows of trees as a buffer. Plastic sheets 
separate plots, as described above. The 

following treatments were assigned within each trial: For 
kaolin 1.4% sprayed every 7 days 

deltamethrin-based protein bait 
dBAT) and plot with only water 

every 7 days as control (N1T0). For Navel var. 
Washington: kaolin 1.4% sprayed every 7 days (N2k7), 14 

based protein bait applied 
dBAT) and plot with only water applied 

T0). The date of all spray 
treatments are mentioned in the Figure 2. One 

aghrebmed trap baited with TML was placed in the 
centre of each plot. The traps in each trial were 

A one way analysis of variance (ANOVA, GLM 
) was used to compare male C.capitata captures 

and the fruit infestation between treatments [40] (SAS 
Institute, 2005). Data were respectively arcsine (√x) and 

transformed before analysis to achieve a 
normal distribution of residues and homogeneity. The 
means were separated (homogeneous groups) using the t 

 
lementine var. Cadoux and sweet orange var. 
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Fig. 2. Legend of the indicated dates of all treatment

 
III. R ESULTS 

 
Comparison of the effect of kaolin 1.4% and 
malathion-based protein bait spray on the 
Clementine var. Cadoux (Kenitra). 

The number of C.capitata male captures 
the plots treated every 7 days with kaolin 
mBAT; however, the analysis of variance showed that th
reduction was not significant (F = 2.13; df = 3; P <0.1100)
(Figure 3). After kaolin application, the
captures were very low and reached 4.5
(m/t/d) in Ck7 treatment; compared with 
CmBAT (10.4) and Ck14 (15.6). At the end of October, 
C.capitata male captures were 8.2 
compared with 14.4 for CmBAT, 25.3 
for the control. At the beginning of November, 
reached only 14.5 m/t/d for Ck7, compared
for CmBAT. After mid-November, the 
captures in all plots were decreased
reduction in fruit infestation was observed in the plots 
treated every 7 days with the kaolin and with
based protein bait compared with the other treatments (F = 
11.17; df = 3 ; P = <0.0001). Fruit infestation in the plot 
treated every 7 days kaolin (Ck7) was not significantly 
different to the infestation in CmBAT treatment. 
infestation by C.capitata increased 
beginning of November with maximums of 
and CmBAT; 0.37% for Ck14 and 1.0
peak period of infested fruits occurred around mi
November with 0.62% for Ck14 and 0.25% for 
and CmBAT compared with 1.35% CT0. Just before 
harvest, fruit infestation increased rapidly 
for CT0, 1.75% for Ck14 and 1.25% for Cm
compared with only 0.25% for Ck7. 
Comparison of the effect of kaolin 1.4%, 
and malathion-based protein bait spray on Hamlin 
orange (Kenitra). 

The analysis of variance showed that the number of 
C.capitata male captures was significantly reduced in the 
plots treated every 7 days with kaolin  (Hk7) 
= 4 ; P : 0.034) (Figure 4). The captures in the 
every 14 days with kaolin, with spinosad 
HmBAT did not differ significantly.
October, the level of C.capitata male captures
the HmBAT; Hk14 and control (HT0) 
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indicated dates of all treatments application for Navel var. Thomson and Navel var. 
trial at Sidi Slimane. 

 

Comparison of the effect of kaolin 1.4% and 
based protein bait spray on the 

male captures was reduced in 
with kaolin (1.4%) and with 

the analysis of variance showed that the 
(F = 2.13; df = 3; P <0.1100) 

he C.capitata male 
4.5 males/trap/day 

with the control (8.7), 
the end of October, 
 m/t/d for Ck7, 
for Ck14 and 19.3 

beginning of November, captures 
compared to 10.5 m/t/d 

November, the C.capitata male 
decreased. A significant 

reduction in fruit infestation was observed in the plots 
with the kaolin and with malathion-

based protein bait compared with the other treatments (F = 
). Fruit infestation in the plot 

was not significantly 
mBAT treatment. Fruit 

 slowly until the 
maximums of 0.25% for Ck7 

.0% for CT0. The 
fruits occurred around mid-

and 0.25% for both Ck7 
1.35% CT0. Just before 

rapidly reaching 2.5% 
1.75% for Ck14 and 1.25% for CmBAT, 

Comparison of the effect of kaolin 1.4%, spinosad 
based protein bait spray on Hamlin 

The analysis of variance showed that the number of 
was significantly reduced in the 

every 7 days with kaolin  (Hk7) (F = 2.81;  df 
captures in the plots treated 

spinosad (Hsp) and with 
. At the end of 

male captures increased in 
 ranging from 16.5 

to 20.0 m/t/d. However, number
low in the plot treated every 7 days 
spinosad, not exceeding 10.1 m/t/d. 
November, C.capitata male captures
treatment (1.1m/t/d) compared with 
for Hk14, 18.3 for HmBAT and 
the November, C.capitata male captures
to 6.2 m/t/d. A significant reduction in fruit infestation 
also occurred in the plot treated 
and in the mBAT plot, when compared with the other 
treatments (F = 28.93 ; df = 4 ; P = 
infestation by C.capitata in the 
significantly from infestation in 
infestation did not exceed 0.5% for Hk7 and Hm
0.62% for Hk14 compared with 
0.62% for Hsp at the beginning of Nov
respectively. During this last period, 
exceed 1.12% in plot HT0. 
infestation did not exceed 0.5% 
Comparison of the effect of kaolin 1.4% and 
deltamethrin-based protein bait spray on Navel 
Thomson (Sidi Slimane). 

The analysis of variance showed that the number of 
C.capitata male captures was significantly reduced in the 
plots treated every 7 days with kaolin 
N1dBAT (F =27.30; df = 3 ;
C.capitata male captures were 
N1k14, and 4.5 for N1dBAT, 
N1T0. At the beginning of November, captures 
exceed 3.8 m/t/d for N1k7 or N
and 19 for N1k14 and N1T0 respectively.
was significantly was less in the plot treated 
with kaolin than in the other treatments (F
P=<0.0001). Fruit infestation did not differ significantly in 
the plot treated every 14 days with kaolin
N1dBAT. At the end of October, fruit infestation 
from 0.25 and 0.37% for N1k7
N1dBAT, compared with 0.5 to 
to 2.37% for N1T0. In mid-November, fruit infestation 
C.capitata is very low in N1k7 (0.1
with the others treatments: 
(1.75%) and N1T0 (2.75%). The same 
after this date; fruit infestation 
0.75% compared with 1.2 for N
and 2.5 for N1T0 in the mid-December.
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Navel var. Thomson and Navel var. Washington 

numbers of C.capitata male were 
every 7 days with kaolin (Hk7)) and 

m/t/d. At the beginning of 
male captures were low in the Hk7 

compared with 11.2 for spinosad; 10 
and 20.7 for the control. After 

male captures ranged from 3.2 
A significant reduction in fruit infestation 

also occurred in the plot treated every 7 days with kaolin, 
and in the mBAT plot, when compared with the other 

df = 4 ; P = <0.0001). Fruit 
in the Hk7 plot did not differ 

significantly from infestation in CmBAT plot. Fruit 
exceed 0.5% for Hk7 and HmBAT, and 

compared with two peaks of 0.75% and 
the beginning of November and October 

. During this last period, infestation did not 
plot HT0. After December, fruit 

infestation did not exceed 0.5% in any plots. 
Comparison of the effect of kaolin 1.4% and 

based protein bait spray on Navel var. 

The analysis of variance showed that the number of 
was significantly reduced in the 

with kaolin (N1k7) and with 
; P= <0.0001) (Figure 5). 
 7.4 m/t/d for N1k7, 7.5 for 

dBAT, compared with 42.8 for 
the beginning of November, captures did not 

N1dBAT, compared with 9.2 
T0 respectively. Fruit infestation 

was significantly was less in the plot treated every 7 days 
treatments (F= 30.40; df= 3; 

ruit infestation did not differ significantly in 
14 days with kaolin (N1k7) or 
October, fruit infestation ranged 

k7, and from 0.87 to 1% for 
to 1.62% for N1k14, and 2.25 

November, fruit infestation by 
k7 (0.13%) in comparison 

 N1dBAT (1.37%), N1k14 
he same trend was recorded 

fruit infestation in N1k7 did not exceed 
N1dBAT and 1.3 for N1k14 

December.  
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Comparison of the effect of kaolin 1.4% and 
deltamethrin-based protein bait spray on Navel 
Washington (Sidi Slimane).  

The analysis of variance showed that the number of 
C.capitata male captures was significantly reduced in the 
plots treated weekly with kaolin (N2k7) 
(F= 3.92; df = 3; P= <0.0173) (Figure 6)
weekly or every 14 days with kaolin
significantly. Ceratitis capitata male captures
from 39.5 to 4.7 m/t/d for N2k7, and from 
for N2k14, compared with the N2T0 range
28.5 m/t/d. At the end of October C.capitata
decreased from 20.2 to 2.7 m/t/d in N
beginning of November, C.capitata male captures
exceed 3.2 m/t/d for N2k7or N2dbat, compared 
for N2k14 or 20.4 for N2T0. At the end of November
captures did not exceed 5.1 m/t/d in any plots
infestation was significantly less in the plot treated weekly 
with the kaolin than in the other treatments (F = 
= 3; P = <0.0001). Fruit infestation was significantly less 
in the plot treated every 14 days with the kaolin and 
N2dBAT than N2T0. Fruit infestation ranged 
0.87% for N2dBAT, and did not exceed 0.5% for N
and from 1 to 3.25% for the others plots 

 
IV. D ISCUSSION 

 
To produce quality fruit without C.capitata

requires a choice of control methods which ideally should 
include environmentally compatible products. This study 
was designed to evaluate new approaches and alternatives 
for controlling this pest in citrus orchards using spinosad, 
kaolin or malathion or deltamethrin-based protein bait 
application in the Gharb area of Morocco. Monitoring of 
C.capitata males, fruits infestation by C.capitata
use of less toxic insecticide-based protein bait applications 
which do not leave pesticide residues on fruit are among 
the basic management practices for controlling this pest. 
Ground-applied bait applications have been shown to be 
effective, and are widely used throughout the world 
[47],[48],[30],[46]. In this study we used Trimedlure para
pheromone dispensers to monitor only males 
Kaolin is a mineral compound potentially effective against 
C.capitata on citrus in the condition of Gharb area. The 
majority of the observations in this study, including citrus 
fruits infested in the plots treated every 7 days with kaolin, 
is identical or lower than those treated with malathion
BAT (e.g. Clementine Cadoux and Hamlin varieties at 
Kenitra), with deltamethrin-BAT (e.g. Navel varieties at 
Sidi Slimane) or with spinosad bait (e.g. Hamlin). 

In this study, for the late citrus varieties such as Navel 
Washington and Orange Hamlin, only three or fourth 
spray applications with kaolin was required to minimize 
fruit infestation to acceptable levels. Plots treated with 
kaolin showed low C.capitata male captures compared to 
the others treatments. Kaolin effectiveness has been 
obtained against C.capitata on citrus 
potential for reducing damage caused by 
organic and conventional citrus orchards 
choice and half-choice laboratory experiments with citrus 
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Comparison of the effect of kaolin 1.4% and 
based protein bait spray on Navel var. 

The analysis of variance showed that the number of 
was significantly reduced in the 

k7) and with N2dBAT 
). The plots treated 

14 days with kaolin, did not differ 
male captures decreased 

and from 28.2 to 6.4 m/t/d 
ranged from 12.5 to 

C.capitata male captures 
in N2dBAT. At the 

male captures did not 
ompared with 11.2 

the end of November, the 
in any plots. Fruit 

infestation was significantly less in the plot treated weekly 
the other treatments (F = 42.97; df 

ruit infestation was significantly less 
with the kaolin and 

Fruit infestation ranged from 0.12 to 
did not exceed 0.5% for N2k7, 

for the others plots (Figure 12).  

 

C.capitata infestation 
requires a choice of control methods which ideally should 
include environmentally compatible products. This study 
was designed to evaluate new approaches and alternatives 

ling this pest in citrus orchards using spinosad, 
based protein bait 

application in the Gharb area of Morocco. Monitoring of 
C.capitata and the 

protein bait applications 
which do not leave pesticide residues on fruit are among 
the basic management practices for controlling this pest. 

applied bait applications have been shown to be 
effective, and are widely used throughout the world 

In this study we used Trimedlure para-
to monitor only males C.capitata. 

Kaolin is a mineral compound potentially effective against 
on citrus in the condition of Gharb area. The 

is study, including citrus 
fruits infested in the plots treated every 7 days with kaolin, 
is identical or lower than those treated with malathion-
BAT (e.g. Clementine Cadoux and Hamlin varieties at 

BAT (e.g. Navel varieties at 
idi Slimane) or with spinosad bait (e.g. Hamlin).  

study, for the late citrus varieties such as Navel 
Washington and Orange Hamlin, only three or fourth 
spray applications with kaolin was required to minimize 

Plots treated with 
male captures compared to 

Kaolin effectiveness has been 
on citrus [7] and it has 

potential for reducing damage caused by C.capitata in 
organic and conventional citrus orchards [20]. No-choice, 

choice laboratory experiments with citrus 

fruit, nectarines and peaches showed a significant 
reduction of medfly punctures and landings on kaolin 
treated fruit [11].  

Dipterous species, particularly 
olfactory and visual stimuli to reach their hosts 
Citrus leaves and fruits treated with kaolin showed a white 
color which would not be appreciated by female medfly 
[17],[37],[20]. Behind fruit humidity and optical stimuli, 
the tactile one is an important component in pre
oviposition behaviour of female 
application acts on C.capitata
levels: physical barrier which protects citrus fruit against 
punctures of C.capitata and disturb him to choose a 
suitable fruit to deposit its eggs and will incite it to go to 
another more receptive. Also, on several occasions, 
medfly female were observed to prospect citrus fruits 
treated with kaolin with a low time of v
fruits treated with water only (M.C. Smaili, 
observation).  

In this study, treatments every 7 days with kaolin (at 
1.4%) or spinosad did not differ and
infestation by C.capitata. Kaolin (at 1.4%) or Success 
(spinosad) is regarded as a promising alternative for 
insecticide-based bait treatment. Similar results for both 
baited insecticides have been reported for spinosad in 
controlling C.capitata on citrus 

Although the formulation spinosad 
needs to be carefully monitored in situations where the 
release or conservation of parasitoids is a prime concern 
[50], [13]. These authors suggested that prefeeding mass
reared fruit fly parasitoids with honey before release may 
not only increase their efficacy but also reduce their risk of 
feeding droplets of GF-120. Also, the low of toxicity of a 
natural insecticide such as spinosad, is very attractive to 
many citrus producers. The efficacy of four
insecticides baits on C.capitata
some natural enemies were evaluat
agroecosystems [46]. The authors reported that a spinosad 
bait treatment (Spintor Cebo “named GF
Americas”, Dow AgroSciencies Iberica, Madrid, Spain
appeared to be the best option when considering pest 
control efficacy together with the side effects on beneficial 
arthropods. The negative effects on some parasitoid 
species should not be overlooked; however 
was the lowest selective bait. Also, 
foliar application was applied during autumn. It is 
important to note that several papers have 
kaolin sprays, particularly in spring are detrimental to 
natural enemies on olive [34] 
conditions, the most actives natural enemies which 
coincide with the C.capitata
parasitoids Aphytis melinus Debach, 
Compere and Aphytis hispanicus 
Aphelinidae) and the coccinellid 
L. (Coleoptera : Coccinellidae) 

 
V. CONCLUSION

 
With the combination of regular monitoring, 

environmental-compatible bait treatment and pest
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fruit, nectarines and peaches showed a significant 
reduction of medfly punctures and landings on kaolin 

pecies, particularly C.capitata, use tactile, 
olfactory and visual stimuli to reach their hosts [10],[20]. 
Citrus leaves and fruits treated with kaolin showed a white 
color which would not be appreciated by female medfly 

humidity and optical stimuli, 
the tactile one is an important component in pre-
oviposition behaviour of female C.capitata. Thus, kaolin 

C.capitata with two complementary 
physical barrier which protects citrus fruit against 

and disturb him to choose a 
suitable fruit to deposit its eggs and will incite it to go to 
another more receptive. Also, on several occasions, 
medfly female were observed to prospect citrus fruits 
treated with kaolin with a low time of visit compared to 
fruits treated with water only (M.C. Smaili, own 

In this study, treatments every 7 days with kaolin (at 
1.4%) or spinosad did not differ and reduced fruit 

. Kaolin (at 1.4%) or Success 
) is regarded as a promising alternative for 

based bait treatment. Similar results for both 
baited insecticides have been reported for spinosad in 

on citrus [8],[9],[46].  
Although the formulation spinosad contained in GF-120 

needs to be carefully monitored in situations where the 
release or conservation of parasitoids is a prime concern 

suggested that prefeeding mass-
with honey before release may 

not only increase their efficacy but also reduce their risk of 
120. Also, the low of toxicity of a 

insecticide such as spinosad, is very attractive to 
The efficacy of four alternative 

C.capitata and their side effects on 
evaluated in Spanish citrus 

. The authors reported that a spinosad 
Spintor Cebo “named GF-120 in the 

encies Iberica, Madrid, Spain) 
appeared to be the best option when considering pest 
control efficacy together with the side effects on beneficial 
arthropods. The negative effects on some parasitoid 
species should not be overlooked; however Spintor Cebo 

Also, in this research, kaolin 
foliar application was applied during autumn. It is 
important to note that several papers have saying that 
kaolin sprays, particularly in spring are detrimental to 

 and on citrus [45]. In our 
conditions, the most actives natural enemies which 

C.capitata control period; are the 
Debach, Aphytis lepidosaphes 

Aphytis hispanicus (Mercet). (Hymenoptera: 
) and the coccinellid Chilocorus bipustulatus 

L. (Coleoptera : Coccinellidae) [44].  

ONCLUSION  

With the combination of regular monitoring, 
compatible bait treatment and pest-tolerant 
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citrus varieties, we believe it is possible to reduce 
treatment to three applications on Navel varieties per 
season. Our results with kaolin show that it is feasible to 
use kaolin (only in autumn period) to control 
combination with selected control methods, mentioned 

 

Fig. 3. Mean number of C.capitata male 
Clementine var. Cadoux Clementine (% 
(Ck14), and malathion based protein bait spray (CmBAT), and 
followed by a different letter are significantly different (

 

Fig. 4. Mean number C.capitata male caught
the sweet orange var Hamlin orange at Kenitra
and spinosad (Hsp), and malathion-based protein bait spray (HmBAT), and water only (
values followed by a different letter are significantly different (
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citrus varieties, we believe it is possible to reduce bait 
treatment to three applications on Navel varieties per 
season. Our results with kaolin show that it is feasible to 

to control C.capitata in 
combination with selected control methods, mentioned 

above. We consider treatment with kaolin as promising, 
and should be considered as an important component of an 
integrated pest management 
C.capitata in citrus orchards.  

male caught per trap per day (m/t/d ± SE) and fruit infestation by 
(% ± SE) at Kenitra. Plots treated with kaolin every 7 days (Ck7), and every 14 days 

k14), and malathion based protein bait spray (CmBAT), and water only (CT0).  For each variable, m
followed by a different letter are significantly different (P < 0.05; LSD test).  

male caught per trap per day (m/t/d ± SE) and fruit infestation by 
at Kenitra. Plots treated with kaolin every 7 days (Hk7), and every 14 days (

based protein bait spray (HmBAT), and water only (HT0). 
values followed by a different letter are significantly different (P < 0.05; LSD test). 
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tment with kaolin as promising, 
and should be considered as an important component of an 
integrated pest management strategy in controlling 

 
fruit infestation by C.capitata in the 

7 days (Ck7), and every 14 days 
For each variable, mean values 

 
fruit infestation by C.capitata (%± SE) in 

k7), and every 14 days (Hk14), 
T0). For each variable, mean 
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Fig. 5. Mean number of C.capitata male caught
in the Navel var. Thomson (% ± SE) at Sidi Slimane
(N1k14), and deltamethrin-based protein bait spray (N
followed by a different letter are significantly different (

 

Fig. 6. Mean number of C.capitata male caught
in the Navel var. Washington at Sidi Slimane
and deltamethrin-based protein bait spray (N
a different letter are significantly different (
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male caught per trap per day (m/t/d ± SE) and fruit infestation by 
at Sidi Slimane. Plots treated with kaolin every 7 days (N

based protein bait spray (N1dBAT), and water only (N1T0). For each variable, m
followed by a different letter are significantly different (P < 0.05; LSD test). 

male caught per trap per day (m/t/d ± SE) and fruit infestation by 
at Sidi Slimane. Plots treated with kaolin every 7 days (N2k7), and every 14 days (N

based protein bait spray (N2dBAT), and water only (N2T0). For each variable, m
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