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This work evaluated an IPM approach against Ceratitis capitata (Wiedemann, 1824) on oranges based 
on 3 components: 1) sanitation 2) mass trapping with Flycap

®
, Ceratrap

®
 and Moskisan

®
 3) spinosad 

bait sprays. The efficiency of IPM programs was assessed by Medfly residual level and punctured fruits 
(%). The trapping systems were compared for capture performances, selectivity to Medfly females and 
non target insects, economic gain and residues. The total Medflies and females captured by Flycap

®
 

were significantly higher than in the other systems. Moskisan
®
 was the most selective towards non 

target insects. With the 3 systems the residual Medfly level was significantly lower than in the control. 
The efficacy of all systems to protect the fruits was similar: 1-2% of punctured fruits vs almost 19% in 
the control plot. The gain using IPM is close to chemical control one’s and the highest gain was with 
Moskisan

®
 traps. The fruits harvested from IPM plots were residues free. Thus, the IPM based on female 

mass trapping is very efficient to control Medfly in organic Navel oranges and is economically 
competitive. 
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INTRODUCTION 
 
The Mediterranean fruit fly (Medfly) Ceratitis capitata 
(Wiedemann, 1824) is considered to be one of the most 
destructive insect species in the world (Aluja et al., 2008). 
In Tunisia, it is the most economically important pest of 
citrus (Jerraya, 2003). It infests almost all citrus varieties 
and the Navel oranges are one of the most sensitive to 
Medfly attack because of their long receptivity period 
especially when fruits are late harvested. It is currently 
accepted all over the world for Medfly as for other fruit fly 
species, that one method alone is not sufficiently effective 
to maintain population below the threshold level. Hence 
in most countries, IPM programs combining 2, 3 or more 
components such as SIT (sterile insect  technique),  MAT  
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(male annihilation technique), Address® chemosterilization 
system, Magnet

® 
MED attract and kill system, sanitation 

and spinosad bait sprays, have been developed for a 
better and more environmentally friendly control (Mc 
Quate et al., 2005; Navarro-Llopis et al., 2008a; Vargas 
et al., 2010; Navarro-Llopis et al., 2012). However in 
Tunisia Medfly is still controlled by repeated insecticide 
sprays mostly with Organophosphates such as malathion 
and diméthoate. Some attempts have been deployed to 
reduce chemical use and to replace it by alternative 
methods, but without a real adoption in fields, and 
currently the use of pesticides repeatedly and often without 
respect to dose and thresholds, is the most applied way 
to control Medfly. This unreasonable use would be 
accompanied by pesticides residues in fruits, which could 
be dangerous for human health with acute and chronic 
toxicity. Moreover, Medfly is probably resistant to 
malathion   because   it   has   been   used  for more than  
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than 50 years; but this resistance is not confirmed yet in 
Tunisia while it has been in Spain (Magana et al., 2007). 
To avoid these secondary effects, several alternative 
methods have been tried in Tunisia, among them the 
female mass trapping. We tested this tactic inserted in 
IPM programs with other components such as sanitation, 
chemosterilization, acid gibberrelic sprays, and it 
protected fairly well oranges Navel until harvest. In these 
programs Medfly population was monitored in order to 
make spray decision (Boulahia Kheder et al., 2012). The 
chemicals used in these previous trials were those 
available to the farmers, mostly active ingredients 
belonging Organophosphorous family. 

The objective of this work was to test IPM based on 
mass trapping and spinosad to control Medfly on organic 
Navel oranges, in order to provide the organic farmers an 
efficient program against this pest and also to allow a 
wider use of spinosad instead of OP insecticides. The 
components of the program proposed were: population 
monitoring by delta traps, sanitation, female mass 
trapping, and spinosad bait sprays.  
 
 
METHODS  
 
Components of IPM programs tested 
 
Trials were conducted in an organic Navel oranges 
orchard located at Mornag, 15 kms North of Tunis in 
Tunisia. The assay compared 3 female mass trapping 
systems included in an IPM approach with similar 
supplementary control measures. Each IPM program had 
a specific mass trapping system and was applied in one 
plot. The three plots were: Flycap

®
, Moskisan

®
, 

CeraTrap
® 

and a fourth plot without any suppression 
measure was considered a control. In each plot, in 
addition to mass trapping traps, two delta traps baited 
with male-specific attractant Trimedlure (AgriSense LLC) 
were used to monitor Medfly levels from September 2

nd
 

2011 to March 1
st
 2012. The TML plug was changed 

every 6 weeks and the traps were serviced weekly. Each 
IPM program applied was based on 3 components: 1) 
sanitation by eliminating the punctured dropped fruits 1-2 
times weekly, 2) female mass trapping and 3) spinosad 
(Success Appât) bait sprays.  

Regarding the spinosad applications, 6 sprays were 
achieved when the threshold of 0.5 Medfly per trap per 
day was reached on October 7

th
, 14

th
 and 22

th
, then on 

November 8
th
, 14

th
 and 26

th 
2011. The spinosad was used 

at 1L/Ha diluted in 10L of water and sprayed by a 
backpack on 1 row over 4. The spray was concentrated 
in the lower middle part of the canopy in order to slow the 
evaporation. During the applications we ensured to have 
big drops of 5 mm at least.  

The mass trapping systems compared were the 
Flycap

® 
traps  (Green  Universe)  baited  with  Ferag

®
 CC  

 
 
 
 
DTM and Dichlorvos insecticide (SEDQ S. L.) at 50 
traps/Ha, the CeraTrap

® 
(Bioiberica S.A.) at 120 

bottles/Ha and the Moskisan
® 

(Sansan Prodesing SL) 
traps baited with Biolure

® 
Unipack (Suterra Biocontrol 

S.L.) at 40 traps/Ha. In addition to the attractant, this 
latter trap was filled with water (≈ 300 ml), but without 
insecticide, because there is no significant differences in 
Medfly captures between traps with killdisc insecticide 
(cypermethrine) and those only with water (Trabelsi and 
Boulahia-Kheder, 2011). 

The attractant Ferag
®
 CC DTM is composed of 

ammonium acetate (7.8 g), diaminoalkane (0.03 g) and 
trimethylamine (2.5 g) while Biolure

® 
Unipack contains 

ammonium acetate (6.19 g), putrescine (1,4-
diaminobutane) (0.05g) and trimethylamine hydrochloride 
(2.81 g). Both are in a single dispenser.  

The liquid attractant of CeraTrap
® 

system is composed 
of hydrolysed proteins (95%) plus additives (5%). 

The Flycap
® 

and Moskisan
®
 traps are improved 

versions of Mac Phail trap with a yellow bottom and a 
clear lid. Moskisan

®
 trap has better capture performances 

for Medfly than Mac Phail (BoulahiaKhederet al., 2011). 
All the traps were deployed on the orange trees on 

8/25
th
/2011 according to the plot areas. Thirty Flycap

®
 

traps, 18 Moskisan
®
 traps and 117 CeraTrap

® 
bottles 

were hung respectively in the plots 1, 2 and 3 which 
areas are 0.6; 0.4 and 1 Ha. Trap density was reinforced 
at the periphery of each plot to reduce the fly movements 
between plots. 
 
 

Efficiency of IPM programs 
 

The efficiency of each IPM program applied was 
assessed by 2 parameters: the residual Medfly level 
(number of males Medfly par delta trap per day) and the 
damaged fruits (% of punctured fruits) monitored from 
October 12

th
 2011 until harvest on January 2

nd
 2012, in 

each plot. The damaged fruits were estimated on 40 
marked fruits per tree on 10 trees chosen according to an 
“M” shape, making a total of 400 fruits per plot. Every 2 
weeks, fruits were surveyed in order to estimate the % of 
punctured fruits. At the penultimate survey, the number of 
fruits par tree was doubled. At the last survey, 
corresponding to the harvest, we increased the fruits 
samples to 1073, 1691, 1804 and 2141 respectively for 
Flycap

®
, Moskisan

®
, CeraTrap

® 
and control plots. 

The damage were also expressed by the number of 
pupae per kg of oranges. For that purpose, the fallen 
fruits in each plot, were regularly brought back to the lab, 
from September 29

th
 until December 29

th
 2011, and put in 

plastic containers with sand to collect Medfly pupae.  
 
 

Performances of trapping systems 
 

The   performances    of   each   trapping  system   were  



 

 

 
 
 
 
determined by total Medfly captures, % of females, and 
selectivity to non target insects. For these parameters 6 
survey traps for each system were chosen and serviced 
every week from September 2

nd
 2011 to March 1

st
 2012. 

Their content was filtered and brought back to the lab to 
be identified and counted weekly.  
 
 
Economical analysis 
 
In order to facilitate the promotion of the alternative 
techniques, we tried to evaluate what they represent in 
terms of extra costs for farmers. So an economic analysis 
based on net margin gain per hectare was achieved to 
compare the 3 trapping systems with chemical control. 
The net margin gain per hectare is the net revenue gain 
per hectare minus the additional cost of the three 
trapping systems. 
 
 
Spinosad residues in oranges 
 
Moreover, an analysis of spinosad residue and other 
active ingredients used for chemical treatment in oranges 
was carried out to confirm safety use of IPM programs 
proposed. At the end of the survey at harvest period, 
orange samples were collected to be analyzed to detect 
pesticide residues. For analysis, 3 samples of 1kg of 
oranges (equivalent to 6-7 oranges) were taken from 
each of the 3 IPM plots: one composed by fruits from 
treated rows, and two from non treated rows of the border 
and center of the plot.  

Samples were then stored into freezer at -18°C until 
their analyses. In the laboratory, we adopted 
QuECHERS(Quick, Easy, Cheap, Effective, Rugged, and 
Safe) method w recently introduced and subsequently 
improved This method employs dispersive solid phase 
extraction (SPE) followed by chromatographic analysis of 
the extracts (Anastassiades et al., 2003). For our 
analyses, Liquid Chromatography coupled with tandem 
Mass Spectrometry was adopted to achieve qualitative 
and quantitative analysis. 

The orange samples were freezing and blending to get 
thoroughly homogeneous sample, then 10g from each 
sample was extracted with 10 mL of acetonitrile; 100µL of 
internal standard was added and the sample was shaken 
for 1 min. Following this step, a mixture of salts: 4g of 
MgSO4, 1g of NaCl, 1g of trisodium citrate dihydrate and 
0.5g disodium hydrogeno citrate sesquihydrate was 
added to each sample in 50mL tubes. As citrus pH < 3, it 
has been adjusted with addition of 600 µL of NaOH 
solution at 5N. After shaken vigorously the mixture, tubes 
were then centrifuged to separate solid from acetonitrile 
supernatant which was ready to dispersive Solid Phase 
Extraction with 150 mg PSA (Primary and Secondary 
Amine) and  900 mg  MgSO4.  This  mixture  was  shaken  
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vigorously then centrifuged for 5 minutes at 3500 U/min 
to separate solid material. The supernatant was kept at 
+4°C over a night to separate citrus essence. The final 
extract was stabilized by 5% formic acid in acetonitrile 
solution.  

These final extracts stabilized were finally analyzed by 
LC/MS/MS following LC conditions: mobile phase A: 
5mmol.L

-1
 (ammonium acetate/water, V/V), mobile phase 

B: 5mmol.L
-1

(ammonium acetate/-methanol, V/V), 
stationary phase was a reversed phase silica gel C18 
(100mm, 2.1 mm and 1.9µm), adopted flow rate as 0.2 
mL min

-1
, injection volume was 5µL and oven 

temperature 40°C. For mass spectrometry conditions, 
nebulizing gas flow rate was 1.5 Lmin-1, drying gas Flow: 
10 L/min, Block heater temperature: 400°C and ionization 
mode is the electro spray ionization (ESI). 
 
 
Statistical analysis 
 
To assess the efficacy of IPM programs in fruit protection 
at harvest and to compare performances of the trapping 
systems, a proc mixed of SAS was performed by the SAS 
software (version 9.1). To check if the results were 
significantly different between the 3 trapping systems and 
between the treatments (3 IPM programs and Control), 
the total Medfly captures, female captures, non target 
insects percentages, number of Medfly males/trap/day, 
percentage of punctured fruits and number of pupae/kg 
were analyzed statistically using the LS mean. All data 
related to the 6 months of the study were analyzed, 
except for female and male percentages for which the 
surveys where no Medflies were captured, were 
removed. 
 
 
RESULTS 
 
Performances of trapping systems 
 
During the study, most of the captures occurred for all the 
systems in the 4 first months until the end of December 
2011, while in January and February 2012 the number of 
caught flies was very low.  

Anyway, the mean of Medflies and females captured by 
the Flycap

® 
traps baited with Ferag

®
 CC DTM was 

significantly higher than by the Moskisan
®
 and CeraTrap

® 

systems (p=0.0026; F=6.12; ddl=2), almost 1.5 times 
more than them (Table 1). The Moskisan

®
 and CeraTrap

® 

systems were comparable in terms of captures although 
their attractants are very different: the Biolure

®
 for the first 

and a solution of hydrolysate proteins for the second.  
Regarding the percentages of captured females, 

although the 3 systems were rather close ranging from 75 
to 82%, the CeraTrap

® 
was unexpectedly the most 

selective  towards  females  of  C. capitata  but  without  
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Table 1. Trapping systems performances regarding Medfly and non target insects. 
 

 
Trapping 
systems 

Performances 
Mean Medflies 
captured/Trap 

Mean Medfly 
females 

captured/Trap 

Mean % of Medfly 
females captured 

Mean % of Medfly 
males captured 

Mean % of 
non target 

insects 
Flycap

®
 22.97 ± 1.77 a 17.86 ± 1.39  a 75.39 ±     1.79 b 24.60 ±      1.79 b 38.59 ± 1.79  b 

Moskisan
®
 15.59 ± 1.77 b 11.63 ± 1.39  b 78.02 ±      1.95 ab 21.97 ±      1.95 ab 24.32  ± 2.26 c 

CeraTrap
®
 15.18 ± 1.77 b 11.13 ± 1.39  b 82.35 ±  2.04 a 17.64 ±      2.04 a 56.42 ± 1.78 a 

 
 
 

Table 2. Non target insects composition for the trapping systems Flycap
®
,Moskisan

® 
and CeraTrap

® 

 

 

Trapping systems 

Non targetinsects (%) 

Diptera (%) Hymenoptera (%) Others (%) 

Flycap
®
 59.41  ± 2.95 b 26.30  ± 2.54 a 14.2771 ± 2.23 a 

Moskisan
®
 56.52 ±  4.52 b 28.98  ± 3.89 a 14.4903 ± 3.42 ab 

CeraTrap
®
 77.14 ± 2.81 a 14.93 ± 2.43 b 7.9204 ± 2.13 b 

 
 
 
significant difference with Moskisan

®
. This latter was not 

significantly different from Flycap
®
 traps, which captured 

the lowest female percentage (p=0.03; F=3.29; ddl=267) 
(Table 1). 

The performance of a trapping system should also be 
measured by its degree of selectivity towards non target 
insects. For this parameter the 3 systems were 
significantly different (p < 0.0001; F=64.99; ddl=199). The 
Moskisan

®
 traps baited with Biolure

® 
was the most 

performant and the CeraTrap
® 

system was least one with 
more of half captures composed of non target insects 
(Table 1).  

The non target insects were mostly belonging to 
Diptera, especially for CeraTrap

® 
with significant highest 

percentage compared to Flycap
®
 and Moskisan

®
 that 

were comparable(p<0.001; F=12.64; ddl=151) (Table 2). 
These latter traps were also close for Hymenoptera with 
approximately 30% while CeraTrap

®
 was twice more 

selective regarding this group (p=0.0009; F=7.36; 
ddl=151). For the remaining other groups, there were 
only significant differences between Flycap

®
 and 

CeraTrap
® 

, this one was the most selective  (p > 0.05; 
F=2.6; ddl=151) (Table 2). 
 
 
Efficiency of IPM programs tested 
 
Effect on Medfly level 
 
The monitoring of Medfly population density by Delta 
traps from September 2011 to February 2012 showed 
that the pest level was significantly lower in each of the 
Flycap

®
, Moskisan

®
 and CeraTrap

® 
plots than in the 

control plot (p<0.0001; F=34.91; ddl=66). The 3 systems 
were significantly different  for  their  mean  Medfly  level  

Table 3. Mean Number of Medfly/Trap/day for the 4 treatments 
using the trapping systems Flycap

®
,Moskisan

® 
and CeraTrap

® 

and Control 

 

Treatments Mean Number of 
Medfly/Trap/day 

Flycap
®
 12.34 ± 0.85 c 

Moskisan
®
 6.69  ±  0.85 d 

CeraTrap
®
 15.46 ± 0.85 b 

Control 18.58  ± 0.85 a 

 
 
 
with the lowest in the Moskisan

®
 plot followed by the 

Flycap
®
 with a density twice lower and then by 

CeraTrap
®
(Table 3). 

Figure 1 shows that except during September, the pest 
level was significantly lower in each of the Flycap

®
, 

Moskisan
®
 and CeraTrap

® 
plots than in the control plot. In 

September in the CeraTrap
® 

plot captures were very high 
exceeding those in control, probably because of the 
occurrence of many fig trees variety Zidi as an hedge 
along this plot. The figs known as a key host for Medfly, 
could acted as a source increasing densities in the 
CeraTrap

® 
citrus plot. From October until the end of 

December, the IPM strategies applied reduced the Medfly 
level significantly compared to the control. 
 
 
Effect on fruit damage 
 
Until December 6

th 
2011 the damage were below 5% of 

punctured fruits in the 3 IPM plots and were highly 
significantly lower than in the control plot (p < 0.0001; 
ddl=135;  F=101.07)  (Table  4)  where  this  percentage  
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Figure 1. Male Medfly level from September 2011 to March 2012 in IPM Flycap

®
, Moskisan

®
, CeraTrap

®
and 

control plots 

 
 
 

Table 4. Medfly damage in IPM Flycap
®
, Moskisan

®
, CeraTrap

® 
and Control plots. 

 

 

IPM treatments 

Punctured fruits (%) 

Mean from 10/12
th

 to 
12/6

th
/2011 

Mean of 12/18
th

/2011 and 
1/2

nd
/2012   (harvest) 

Flycap
®
 1.05 ± 0.67 c 1.22 ± 1.32 b 

Moskisan
®
 3.35 ± 0.67 b 2.22 ±1 .32 b 

CeraTrap
®
 0.60 ± 0.67 c 0.85 ± 1.32 b 

Control 14.95 ± 0.67 a 18.73 ±1.32 a 
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Figure 2: Medfly damage on Navel oranges during October and November 2011 in IPM Flycap

®
, 

Moskisan
®
, CeraTrap

®
and control plots 

 
 
 
reached approximately 22% (Figure 2). But for this 
period, the Flycap

®
 and CeraTrap

®
 systems provided the 

best fruit protection with no more than 1% of damage. At 
the harvest the two last surveys at the full maturity  of  the  
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Table 5. Average Medfly pupae densities in Navel oranges in IPM Flycap
®
, Moskisan

®
, CeraTrap

®
 and 

control plots 
 

 

IPM treatments 

Fruit infestation 

Total number of pupae Number of pupae/kg 

Flycap
®
 8 0.74 ±0.73b 

Moskisan
®
 10 0.80 ±0.73 b 

CeraTrap
®
 10 0.89 ± 0.73 b 

Control 78 5.82  ± 0.73 a 

 
 
 

Table 6. Net margin gain analysis of the IPM programs used against Medfly in the trial vs insecticides sprays by OP. 
 

 

Control methods 

 

Output 
gain (DT) 

Costs (DT)*  

Net margin 
gain/Ha (DT) 

Traps and 
attractants 

Spinosad 
sprays (4) 

Sanitation Total 

(DT) 

 

IPM 

Flycap
®
 1115.200 499.500  

219 

 

36 

754.500 360.700 

Moskisan
® 

 1664 396 652 1013 

CeraTrap
®
 1632 577.200 832.200 799.800 

Insecticides sprays (6) 1000 158.400 841.600 
 

*DT :tunisian dinar, 1 DT ≈ 0.43 Euro 

 
 
 
fruits (December 18

th 
2011) and then at the harvest 

(January 2
nd 

2012) showed that the 3 systems saved the 
fruits without significant difference even if the Flycap

®
 and 

CeraTrap
®
 allowed the lowest damage (p<0.0001; 

F=42.71; ddl=54) (Table 4).  
The density of pupae found in oranges was significantly 

different between the IPM plots and the control: less than 
one and approximately 6 pupae in average respectively 
which is in agreement with the percentage of damaged 
fruits (p < 0.0001; F=11.7; ddl=39) (Table 5). 
 
 
Economic analysis 
 
An economic analysis was achieved based on cost-
benefit to compare the 3 mass-trapping systems tested 
included in an IPM strategy, with the conventional control 
based on insecticide repeated sprays. The costs of the 3 
IPM programs with each trapping system were close, 
ranging from approximately 300 to 400 euros/Ha that’s 4 
to 5 times more expensive than insecticides sprays. But if 
we consider the net profit gain taking account the yield 
per plot, we see that this gain is close to the one allowed 
by chemical sprays especially for CeraTrap

®
 plot. The 

highest gain was obtained by Moskisan
®
 system (Table 

6). 
 
 
Residues analysis 
 
The analysis of stock solution containing 20 µg.Kg

-1
 of the  

two molecules representing the active ingredients of 
spinosad showed two peaks at 12.55 and 12.99 min 
respectively for spinosyn A and D.  

The orange samples extracted and then analyzed by 
LC/MS/MS showed no pesticide residues, under our 
laboratory analytical conditions and at concentrations 
more than the Limit of Detection (LOD) of the analytical 
method applied (LOD = 0.1 µg.Kg

-1
). The analysis of 

chromatograms related to the nine samples, taken from 
treated with Success Appât (containing spinosyne A and 
D) and control plots , didn’t show any peak of either 
spinosyn A or D according to a comparison with 
chromatogram related to the standard of these two 
molecules.  
 
 
DISCUSSION  
 
Several mass trapping systems have been developed to 
control the fruit flies all over the world. Depending on the 
strength of the attractant, this tactic targets females or 
males. For Bactrocera species such as B. dorsalis 
(Hendel, 1912), B. cucurbitae (Coquillett, 1899)or B. 
invadens (Drew, Tsura and White, 2005), methyl eugenol 
and cue-lure are powerful attractants used with success 
through Male Annihilation Technique (MAT) to capture 
males and reduce mating (Vargas et al., 2014). For 
Ceratitis capitata (Wiedemann, 1824), one of the best 
available attractant is the 3 synthetic components Biolure 
that captures mainly females (Epsky et al., 1999). This 
bait is currently used in several trapping systems, usually  



 

 

 
 
 
 
yellow colored and resembling more or less to IPMT’s 
plus an insecticide with or without water. In 
Mediterranean countries, this tactic inserted in an IPM 
program, can significantly reduce Medfly damage at 
harvest either in citrus or summer fruits orchards (Cohen 
and Yuval, 2000; Ros et al., 2002; Navarro-Llopis et al., 
2008; Santos Ramos et al., 2011; Martinez-Ferrer et al., 
2011).  

In Tunisia, although many trials conducted on citrus 
have proven the efficacy of female mass trapping to 
control Medfly (Médiouni-Ben Jemaaet al., 2010; Trabelsi 
and Boulahia-Kheder, 2011; Boulahia-Kheder et al., 
2012a) this tactic is currently little used by farmers. Some 
people think that this method is not enough efficient to 
maintain Medfly densities below the threshold damage; 
others find it not so easy to handle and most importantly 
very costly. Thus they continue using the easiest and 
cheapest way to control this pest: repeated sprays by OP 
insecticides. 

In this work we confirm that this tactic inserted in an 
IPM program can really control Medfly even in an organic 
citrus orchard. Two components were combined to mass 
trapping: 1/spinosad sprays (Success Appât

®
) and 2/a 

regular sanitation by removing the fallen fruits. Before 
considering results, it should be noted that the study was 
carried out under difficult conditions regarding pest 
pressure. Indeed Medfly peak levels were close to 30-40 
males/trap/day during September, October, November 
and December 2011 and decreased only at the end of 
this month probably because of the low temperatures 
under 15°C, and the less host availability after the 
harvest of Navel oranges. These densities between 
September and November are approximately twice the 
highest levels in other warm Mediterranean regions such 
as Valencia and Tarragona (Spain). In Valencia from 
2003-2007, the densities over September-November 
were usually under 10 males/trap/day and in Tarragona 
except in 2005, they didn’t usually exceed 20 
males/trap/day (Martinez-Ferrer et al., 2010). Then from 
November to January, in Crete (Greece) and Valencia 
and Tarragona, Medfly number usually decline 
(Mavrikakis et al., 2000; Martinez-Ferrer et al., 2010) 
while in Tunisia the decrease occurs only from the end of 
December. That’s to notice that Medfly pressure can be 
very high over the citrus season in Tunisia. So, there is a 
need for a very performant mass trapping system. 

In this study, three trapping systems: Flycap
® 

baited 
with Ferag

®
 CC DTM, Moskisan

® 
baited with Biolure

® 

Unipackand CeraTrap
®
, were compared for Medfly 

control, selectivity to non target insects, and also cost 
and economic benefit they allow.  

The three systems were equally very effective in terms 
of harvest protection with a percentage of damaged fruits 
ranged from approximately 1-2% without significant 
differences. This result confirms the one obtained in a 
previous study conducted in  Cap-bon,  the  major  citrus  
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area of Tunisia. This study showed that with combination 
of 4 aerial spinosad sprays, sanitation and female mass 
trapping with Moskisan

®
 + Biolure

® 
Unipack, the damage 

on Navel oranges reached only 5% at harvest (Boulahia-
Kheder et al., 2012b). But when we used mass trapping 
as a single technique it wasn’t enough to protect the 
Navel oranges with more than 30% of damaged fruits at 
the harvest (Boulahia-Kheder et al., 2010). However, 
Martinez-Ferrer et al. (2012) found that the efficacy of 
mass trapping as a single tactic on clementines groves 
depends on the precocity of the variety. On early-season 
varieties (Loretina and Marisol), during September-
October Medfly population is high (Martinez-Ferrer et al., 
2010), and mass trapping at a density of 50 Maxitrap

® 

(Probodelt
®
) traps/Ha baited with Ferag CC D TM

®
 

(SEDQ) and chemical treatments with Malafin
®
 

(malathion) or SpintorCebo
®
 (spinosad) of the entire 

groves or the perimeter, can protect well the fruits from 
the Medfly attack because <2% were damaged in the 
harvest. But, on the mid-season variety (Clemenules), the 
adult population decline, and the number of traps could 
be lowered to only 25/Ha and this tactic applied alone 
was enough efficient to obtain less than 0.5% of 
punctured fruits. 

Our results are similar to those of Leza et al. (2008) 
who showed in citrus orchards that mass trapping with 50 
Probodelt traps/Ha baited with Biolure supplemented 
when necessary by one bait application spray with 
fenthion or spinosad or lambda-Cyhalothrin was more 
effective in reducing the C. capitata (Wiedemann, 1824) 
females than bait-insecticides only. The lowest Medfly 
density recorded was in an organic orchard, with 
intensified mass trapping at 80 traps/Ha combined with 
sanitation made by hens and ducks feeding on fallen 
fruits and pupae in the soil (Leza et al., 2008) confirming 
the importance of the removal of the larvae in the 
attacked fruits. 

In addition to be a valuable tool for suppressing the 
Medfly, this kind of IPM program has the advantage to 
save the auxiliaries (Mc Quate et al., 2005). Indeed, 
applied on coffee plantation in Hawaii, the most important 
host for the Medfly there, female mass trapping using 
Multilure traps and Biolure in conjunction with spinosad 
(GF-120) bait sprays didn’t disturb the established 
parasitoids species. 

In the other and, this study confirmed that the use of 
spinosad in IPM programs is very important to develop in 
Tunisia because in citrus groves several pests such as 
aphids, scales, mealybugs, citrus leaf miner (CLM) are 
living and there is a need to preserve both their native 
and exotic natural enemies. For instance, against the 
CLM, three exotic parasitoids have been imported, reared 
and released. The last one, Citrostichus phyllocnistoïdes 
released in 2013 (Rahmouni, Pers. Comm.), must be 
preserved until it spreads to the entire citrus area and 
ensures good regulation of CLM.  Also  farmers  noticed  
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these previous years many silvery scars symptoms 
damaging the fruits attributed to thrips or mites. Some 
preliminary observations showed that this damage were 
most severe in abusively treated orchards probably 
because of natural enemies disturbance by frequent 
chemical sprays (Unpublished data). Thus, a widespread 
use of spinosad has to be more promoted in Tunisia and 
one important element of this study is that it confirmed 
the efficiency of spinosad sprays if they are well done 
even if Medfly level is high. This insecticide was 
registered in Tunisia since 2002 under the Success 
Appât

® 
trade name but is under-used by farmers. While in 

other regions such in Spain it’s considered as a good 
candidate to replace malathion (Chuecaet al., 2007). In 
Hawaii, the efficiency of spinosad (GF-120) has been 
proven to control Medfly and other fruit flies species with 
less secondary effects towards non-target insects 
especially fruit flies parasitoids (Vargas et al. 2001; Stark 
et al. 2004). Moreover, Biondi et al. (2012) reviewing the 
non target effects of spinosad towards beneficials 
concluded that this product, essential for the control of 
key pests such as Medfly in organic groves, isn’t harmful 
to bees. But regarding natural enemies, they 
recommended to use it with caution in IPM programs, to 
prevent its sub-lethal effects especially on Hymenoptera 
parasitoids that are the most susceptible group. In 
Reunion Island, this biopesticide (Synéis-appât), tried on 
Bactrocera cucurbitae (Coquillett, 1899), B. demmerezi 
(Bezzi, 1917) and Dacus ciliates (Loew, 1901), three 
serious economic flies on cucurbits, showed a rather 
good efficiency with mortality rates of 94.6%, 85.7% and 
60.4% respectively (Deguine et al., 2012). This result was 
obtained regardless the sex or previous adult diet of the 
flies and although it concerns laboratory flies in cages, 
the authors considered that use of spinosad will be a very 
useful component of IPM for flies attacking cucurbits in 
Reunion island. In the successful area-wide IPM program 
to control B. dorsalis (Hendel, 1912) and C. capitata 
(Wiedemann, 1824) in Hawaii, this substance was used 
weekly either on host plants or vegetation near host 
plants (Vargas et al., 2010).  

The third main benefit of Success Appât combined with 
mass trapping is having oranges free from pesticides 
residues, compared to those harvested from conventional 
orchards where chemical treatments are the only method 
used to control Medfly. According to previous surveys 
conducted in Cap more than 20% of orange samples 
contains mainly malathion, methidathion and dimethoate 
at concentrations more than authorized MRL’s 
(Chaabane et al., 2013). Moreover, when spinosad is 
used, samples are free from this molecule and no peaks 
are found. The determination of Healthy Risk Index (12.1) 
and Toxicological Risk Index (121) shows that this 
product is the safest insecticide which could be used 
without side effects to human health. However, as shown 
previously, this  active  ingredient  could  have  moderate  

 
 
 
 
Environmental Risk Index with side effects on auxiliary 
insects and natural resources.  

Even if the purpose of this study was not to assess the 
performances of each mass trapping system, it is 
interesting to note that although the 3 systems were 
similar towards their efficiency to control Medfly, they 
were different for specific features of each one. For 
instance, the Flycap

®
 system was the most significantly 

performant regarding total Medflies and females 
captures. Indeed it captured ≈ 1.5 times more Medfly 
than the other systems and the same for females 
although it was the less selective towards females. This 
difference can be explained either by attractants 
composition or by insecticide inside the trap or by trap 
shape. Regarding the attractants, for CeraTrap

®
 it’s a 

protein hydrolysate solution, for Moskisan
®
 it’s Biolure

® 

and for Flycap
®
 it’s Ferag

®
 CC DTM. This latter attractant 

has nearly the same components with Biolure
® 

but with 
small variations in the quantities, especially for 
ammonium acetate (6.19 g and 7.8 g respectively for 
Biolure

® 
and Ferag

®
 CC DTM). As this component is 

known to be very important for fruit flies attraction (Pinero 
et al., 2011), a bigger amount could lead to more 
captures of both males and females. Conversely, 
Penarrubia-Maria et al. (2013) showed that there are no 
significant differences in Medfly captures by Biolure

® 

Unipack and Ferag
®
 CC DTM when used in the same 

trap (Maxitrap
®
). Dichlorvos insecticide in the Flycap

® 

system could have introduced a difference as with 
Moskisan

®
 system some flies had escaped at every 

weekly check of traps. This latter system was used 
without insecticide because it has been shown that there 
was no significant difference between traps with pyrethrin 
kill disc and without (Unpublished data). But this data 
needs to be considered again before finally validate.  

Biolure
®
 and Ceratrap

®
 protein solution showed no 

significant differences between Medflies and females 
captured. Thus, this natural solution has better 
performances compared to old hydrolyzate proteins.  

The captures differences can also be attributed to the 
traps as showed by Gazitet al. (1998) but we cannot 
conclude regarding the traps effect since it wasn’t the 
goal of the study nor to determine the most performant 
bait, but the main objective was to determine the most 
efficient mass trapping system included in an IPM 
program. Our study showed that despite the differences 
(1.6 times between the best and the worst system) 
between their captures performances, the 3 systems 
were quite similar to control Medfly. This suggests that 
the multiplication factor between total Medfly captured by 
trapping systems should be much more higher to 
introduce a perceptible efficacy. 

In addition to the efficacy of a mass trapping system as 
a control tactic, the one with the lowest environment risk 
should be chosen. In this study non target effect was 
assessed   by   the  percentage  of  non   target   insects  



 

 

 
 
 
 
captured by the three systems. These encompass 
beneficials, endangered or endemic species living in a 
region. This study showed that the non target captures 
were significantly different for the 3 systems probably 
because of the attractant compositions. The Biolure

®
 was 

the most selective with 24% of non target insects 
captured. Then Ferag

®
 CC D TM and third CeraTrap

® 

protein solution, that was the least selective with 56% of 
non target insects. This very high percentage shows that 
CeraTrap

® 
solution is really poorly selective. For the three 

systems non target insects were mostly Diptera (56-77%) 
but since we didn’t identify the specimens to species, we 
could not determine the feeding habits of captured 
insects. This result remind that of Uchida et al. (2003) 
who found that 92.5% of non target insects captured by 
cue-lure baited traps were Diptera specifically 
saprophagous probably more attracted by rotting insects 
in traps than by bait itself. A similar study was achieved 
by Leblanc et al. (2009) to evaluate the non target impact 
of cue-lure and methyl eugenol, common baits used 
area-wide in MAT respectively against B. cucurbitae 
(Coquillett, 1899)and B. dorsalis (Hendel, 1912), in 
Hawaii (Vargas et al., 2010). Any non target respond to 
cue-lure, and only a low number of some flower-
associated insects such as honey bees and syrphid flies, 
were truly attracted to methyl eugenol especially during 
the flowering stage. The majority of insects found in 
methyl eugenol baited traps were scavengers actually 
attracted to dead fruit flies. Leblanc et al. (2009) 
concluded that the negative effect of fruit fly male lures in 
agricultural environments is minimal.  

In any case, the selectivity of attractant is an important 
feature to consider because the percentages of non 
targetinsects, can be higher according to the 
environment. In a previous work we found that in a free-
chemical-treatments environment and during a period of 
high activity of insects, the Biolure

® 
that is considered as 

a rather specific bait, attracted in Moskisan
®
 traps, 17.5% 

of non target insects (Unpublished data). While this rate 
was estimated to 2-4% in commercial citrus and fig 
orchards (BoulahiaKheder et al., 2012a). 

The results obtained in this study, relating to Biolure
®
 

selectivity are rather similar to those of Katsoyannos et 
al. (1999) in Chios island (Greece) who compared the 
female Medfly captures and selectivity to non-target 
fauna between BioLure

®
and a solution of Nulure (9%) 

and borax (3%). The BioLure
®
 captured 3 times fewer 

non-target insects than Nulure/borax solution. The 
BioLure

®
 was 5.2 to 8.1 times more effective than the 

Nulure/borax solution regarding the C. capitata females 
captured. The total number of Medflies captured with 
BioLure was 6.9 times higher than Nulure/borax. 

According to Miranda et al. (2001), the water in the 
traps increases the capture of non target insects. The 
Biolure

®
 was more selective when used with an 

insecticide in  dry  traps  than  in  water-filled.  This  could  
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explain the very high amount of non targets in CeraTrap

®
 

solution. 
The cost of the mass trapping system and specially the 

gain allowed is a critical feature for a device to be 
transferred to fields. The economic analysis showed that 
IPM based on mass trapping can be as competitive as 6 
chemical sprays with malathion. And if we reduce the 
density of traps/Ha the cost will be more attractive and 
these tactics could have more chance to get adopted by 
farmers. 
A similar result was expressed by Navarro-Llopis et al. 
(2008b, 2012) who showed that efficacy and costs of 
mass trapping with Mosquisan

®
 + Biolure

® 
Unipack

TM
, 

insecticide applications either with malathion or spinosad 
and attract and kill by Magnet

®
MED device, were very 

similar. Thus the costs of the alternative techniques much 
more environmentally friendly than the conventional 
technique should not represent an obstacle in the future. 

In conclusion this study confirms the efficacy of IPM 
based on female mass trapping systems, spinosad-bait 
sprays and sanitation to control Medfly in organic citrus 
orchards. But to get adopted by the farmers, some 
improvements have to be achieved first to reduce the 
cost of trapping systems. This requires a reduction in 
traps, attractants and labour costs. This involves the 
material of traps, the density of traps/Ha, the lifespan and 
capture performances of baits and a practical use and 
handling of trapping system. Currently the availability of 
180 days attraction lures covering more than an entire 
season will give more chance to mass trapping devices to 
be widely used. Also it’s better if the bait is formulated in 
a single package to be easier to put inside the traps. 
Jang et al. (2007) showed that the Biolure formulated as 
a single matrix (Scentry) was as performant to attract 
Medfly as the 3 individual packets (Suterra). The 
selectivity of attractants towards non targets should also 
be improved not to disturb the native fauna. About the 
traps they should be lighter and easier to carry to 
facilitate mass trapping adoption by the farmers and its 
replacement to harmful insecticides applications. 
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