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Kampos

Κampos is one of the most distinctive areas in Chios island. It is 
a unique residential complex, in which the natural environment 
is in total harmony with the local architecture. It lies at a 
6-kilometre-distance south of town and is widely known for the 
impressive mansions with their citrus fruits’ orchards. The area 
is protected by the Greek Ministry for Culture and Sports, as a 
historic site and traditional settlement. The Genoese and local 
aristocracy of Chios started building their mansions in the area 
in the 14th century.



Introduction

The LIFE BIODELEAR Project aimed at i) assessing the efficiency of the mass trapping with Biodelear 
against medfly and, ii) improving the environmental quality of the study area (Kampos, Chios). Based on 
the obtained results over almost 5 years of field trials, including detailed monitoring of specific 
environmental indicators, we reached a list of outcomes that may be of interest for policy makers. 
A thorough environmental monitoring took place during the three Project’s phases: a) the Preparatory 
Phase (Action A2), b) the Pilot Phase (Action B1) and c) the Real Scale mass trapping implementation 
(Action B2). During the Preparatory Phase, the environmental status was determined considering the 
existing situation (before the implementation of Biodelear actions). This was based on recording a) the 
fruit infestation levels in study orchards, b) arthropod biodiversity (arboreal and ground), c) medfly 
population trends, d) monitoring of soil quality and e) residues of pesticides and plant growth regulators 
in citrus fruits. At the end of the Pilot phase, the Project aimed primarily to a substantial reduction of the 
fruit infestation rates in the pilot citrus orchards by using mass trapping with Biodelear baited traps, 
compared to that of the conventional fruit fly control (cover spray applications of pesticides). It was also 
important to determine the optimal density of the Biodelear baited traps used. Comparison with an 
alternative method of mass trapping (mass trapping with Biolure) was also considered. Biolure is a 
food-based attractant for females medflies, widely used for population monitoring and mass trapping. 
In addition, the Project aimed to a negligible impact of mass trapping with Biodelear on the biological 
diversity of pilot orchards, and an increase in diversity indices in the Biodelear-treated orchards 
compared to the conventional orchards. Finally, we aimed at the development of an integrated mass 
trapping strategy (IS) including orchard sanitation and other measures (monitoring of soil properties 
and pesticide residues. At the end of Real scale implementation phase, the Project goals were to a) 
increase biodiversity in Biodelar mass trapping treated orchards, b) achieve a recovery of biological 
diversity in the ecosystem to the accepted levels that is similar to non-treated control orchards (not 
experiencing any pesticide application), (c) eliminate pesticide residues in citrus fruits and (d) 
implementation and adjustment if needed of the Integrated mass trapping strategy developed during 
the pilot scale phase.
Based on the results of LIFE BIODELEAR Project, environmental monitoring became part of the Biodelear 
mass-trapping strategy that has been developed. Specifically, the strategy consists of a series of 
progressive phases: i) background information (including information about ground and arboreal 
biodiversity, medfly population estimated levels),  ii) assessment and assurance (including evaluation of 
ground and arboreal biodiversity) and iii) recording of the initial situation regarding contamination of 
fruits with pesticides.

Environmental indicators

During the LIFE BIODELER Project, the assessment of environmental impact of mass trapping with Biodelear in 
Kampos was based on monitoring of the indicators below:

1) Medfly populations 

2) Fruit infestation   

3) Biodiversity of citrus orchards in terms of ground biodiversity and tree canopy biodiversity

4) Pesticide residues in citrus fruits

5) Soil quality



Environmental indicator:

Medfly populations

Kouloussis N., Damos P. and Terzidou A.

Description

 

Medfly is mostly active from July to November in Greece and in some places all over the year depending 

on the seasonal host present. Some activity will continue in warmer periods during the winter months 

while overwinters as adult flies in sheltered locations. The mass-trapping method with specific 

attractants (sex attractants) has been used, e.g. the synthetic chemical substance of the TRIMEDLURE, 

which selectively attract the males of the Mediterranean fruit fly. Further, the combination of three 

chemical substances, named Biolure, working as food attractant is used in McPhail type traps. This trap 

has various versions and is a standard tool for capturing numbers of medflies and other fruit flies. The 

trap can be used as a direct control tool to prevent or suppress population buildup of medflies by mass 

trapping, but is also used widely as an aid for other management purposes. Baited with the appropriate 

lures, it captures predominately female medflies and is particularly sensitive in detecting low 

populations.

Target

During the Preparatory phase, to identify the level of the insect population we deployed McPhail type 

traps (baited with the three-component BioLure dispensers) and Jackson traps (baited with the male 

specific attractant trimedlure). The number of male and female medflies as well as and non-target insects 

captured were scored. The average number of captures during the season was 6.45 flies per trap most 

of which were females. Captures peaked late in July to late August. The population of medfly in the area 

was rather low from mid-September through October. The number of non-target insects captured was 

relatively low throughout the experimental period. In conclusion medfly population levels were present 

in the experimental orchards in the island of Chios during both observation years (2014 and 2015), 

although at higher levels during 2015.

The results confirm with the fact that medfly population pressure is quite high in the Island of Chios and 

justify the decision to implement the following project phases in these orchards. 

During the Pilot phase, the scope of the action was to test the efficacy of Biodelear mass trapping at the 

area of Kampos, Chios at a pilot scale compared to mass trapping with Biolure (commercial attractive) 

and standard plant protection measures using conventional insecticide treatments. 



In particular the action aimed to: determine the performance of Biodelear baited traps to reduce 

population density of medfly in citrus orchards, to determine the performance of Biodelear baited traps 

to reduce infestation rates of citrus by medfly and to optimize mass trap density and to develop an 

integrated mass trapping strategy (i.e. sanitation etc). The real scale phase lasted two years (2017 and 

2018) and its main objective was the implementation of the Integrated Strategy (IS) developed during 

the pilot phase, its confirmation or adjustment if needed.

Evaluation

Pilot scale phase

Implementation of innovative Medfly traps at pilot scale performed from January 2015 till 
December 2016. The scope of the action was to test the efficacy of Biodelear mass trapping 
at the area of Kampos, Chios at a pilot scale compared to mass trapping with Biolure 
(commercial attractive) and standard plant protection measures using conventional 
insecticide treatments.
During both years (2015 
and 2016) the medfly 
population was higher at 
the beginning of the 
trapping season in the 
conventional orchards, 
but decreased as time 
advanced. Moreover, 
population trends were 
quite similar in the 
Biodelear and Biolure 
citrus orchards and the 
ensuing population 
suppression was 
comparable.

Figure 1. Effect of treatment on the seasonal flight patterns (avg and SE)
of female medflies captured in McPhail type traps during the growth season 2015

(control was established on 19 October)



Real scale phase              

According to the project time-line the action ‘Implementation of innovative Med traps at real scale’ 

lasted two years (2017 and 2018) and its main objective was the implementation of the Integrated 

Strategy (IS) developed during action B1, its confirmation or adjustment if needed. 

Based on the usual instructions published for an area wide establishment of mass trapping techniques, 

we have distributed the mass trapping devices insight each citrus orchards in a distance of 

approximately 10-15m to each other. 

Figure 2. Effect of treatment on the seasonal flight patterns (avg and SE) of female medflies
captured in Jackson type traps during the growth season 2016

Table 1. Effect of treatment on number of medflies captured during seasonal flight/trap/day (FTD) and standard error of means (SE)

*Columns followed by the same letters are not significant different (Tukey’s HSD, for p=0.05 significance level).

Growth season 2015: Adult medflies captures per trap per day 
 (mean ± SE) 

Treatment Jackson McPhail (males) McPhail (females) 
Biodelear 8.937± 1.21a* 0.365 ± 0.073a 2.012 ± 0.304ab 
Conventional 8.125 ± 1.29a 0.392 ± 0.076a 2.165 ± 0.344ab 
Biolure 8.625± 1.127a 0.232± 0.053a 1.073 ± 0.217a 
Control  4.763 ± 0.277a 0.382 ± 0.095a 3.446 ± 0.731b 

Growth season 2016: Adult medflies captures per trap per day 
 (mean ± SE) 

Treatment Jackson McPhail (males) McPhail (females) 
Biodelear 10.237 ± 0.678a 1.783 ± 0.225a 4.783 ± 0.680a 
Conventional  10.595 ± 0.7389a 2.194 ± 0.369a 4.307 ± 0.605a 
Biolure 9.929 ± 0.945a 1.631 ± 0.403a 4.07 ± 1.261a 
Control  10.772 ± 0.814a 1.755 ± 0.172a 4.436 ± 0.398a 

 



According to standard international instructions these devices served only for mass trapping of the 

medfly individuals and not for the monitoring of the population. Instead, medfly population incidence 

was evaluated by using indirect measures by installing monitoring trap stations, which consisted of 3 

traps baited with three different lures. Particularly, one McPhail trap was baited with Biodelear as lure, 

one McPhail trap baited with Biolure as an attractant and one typical Jackson type trap baited with 

trimedlure.

Table 6 below shows the effect of treatment (mass trapping with Biodelear) on the number of medflies 

(avg and SE) captured in McPhail and Jackson type monitoring station traps during the growth season 

2017. During the first medfly flight period, which lasted from late May to early September, a significantly 

higher number of medflies were captured in the control compared to the treatment (p<0.05). 

Additional, the average FTDs throughout the first flight period were higher in the control plots 

compared to the mass trapping management treatment (P<0.05). During the second medfly flight 

period, which lasted from mid-September till early December, the average number of medflies, as well 

as the average FTDs, captured between the control and treatment were in similar levels (p>0.05). 

Table 2 Effect of treatment (mass trapping with Biodelear) on the number of medflies (avg and SE)
captured in McPhail and Jackson type monitoring station traps during the growth season 2017.

Adult medflies (male and female) captured in traps using different attractants (avg and Flies/Trap/Day: FTD) ± SE  

 Biolure Biodelear Jackson (males) 

 Control  Treatment  Control  Treatment  Control  Treatment  

 avg FTD avg FTD avg FTD avg  FTD avg  FTD avg  FTD 

Summer 
period 
(23/5-5/9) 

303.
4(12
0.6)d 

3.6(1.4)d 223.7(
17.1)c
d 

2.6(0.2)cd 227.8(
151.8)
cd 

2.7(1.8)
cd 

91.8
(8.2
)bcd 

1abc 886.7
(81.6)
e 

10.5(0
.9)e 

706.
1(27
.1)f 

8.4(0.3
)f 

Autumn 
period 
(14/9-
5/12) 

59.7(
10)a 

0.7(0.1)a 156(1
4.4)a 

1.8(0.1)a 36.5(8.
2)a 

0.4a 87.8
(8)a 

1(0.1)a 571.2
(120.
8)b 

6.8(1.
4)b 

909.
1(60
.7)c 

10.8(0.
7)c 

Total 362.
7(12
6.8)b 

4.3(1.5)g 376.7(
30.5)b 

4.4(0.3)g 263.6(
158.4)
ab 

3.1(1.8)
def 

179.
3(14
.8)a
b 

2.1(0.1
)def 

1458(
174.3
)c 

17.3(2
)h 

161
5.3(
78.6
)c 

19.2(0.
9)h 

 



Conclusions

Mass trapping with Biodelear resulted in a notable population suppression of medflies and especially 

during the critical for citrus production first flight period. In all cases, a considerable higher number of 

medflies were captured in the control compared to the treatment orchards during the first medfly 

period from ~10 May to ~28 June. Later that period medfly population were at analogous levels between 

the control and the treatment. In all cases the differences between control and treatment were more 

pronounced during the first weeks that the population of the medfly was still high and less pronounced 

later when the population dropped. In all cases, the number of non-target and beneficial insects were at 

analogous levels in the control and treatment orchards and do not point significant differences between 

the control and the treatment. 

Table 3 Effect of treatment (mass trapping with Biodelear) on the number of medflies (avg and SE)
captured in McPhail and Jackson type monitoring station traps during the growth season 2018

Adult medflies (male and female) captured in traps using different attractants (avg and Flies/Trap/Day: FTD) ± SE 

 Biolure Biodelear Jackson (males) 

 Control Treatment Control  Treatment Control Treatment 

 avg FTD avg FTD avg FTD avg FTD avg ΜΠΗ avg  FTD 

Summer 
period 
(16/4-8/8) 

547.
2(83.
5)c 

188.1(86.
9)b 

315.8(
25.2)b 

135.6(22.
9)b 

270.9(
52.6)b 

85.1(26
.7)b 

157.
8(14
.4)b 

15.6(2.
1)a 

1082(
143.8
)e 

474.6(
91.1)c 

741.
4(28
.5)d 

482.8(
17.1)c 

Autumn 
period 
(16/8-
15/11) 

181.
2(24.
8)b 

54.5(9.6)a
b 

160.9(
13.2)b 

77.9(10.4)
ab 

51.6(1
3.2)a 

18.5(4.
3)ab 

52.1
(5.5
)a 

7.5(1.2
) 

748.1
(34.5)
c 

229(2
3.8)c 

738.
9(10
.8)c 

240.3(
24.2)c 

Total 728.
5(88.
9)e 

155.5(39.
9)b 

476.7(
31.6)d 

123.6(18.
4)b 

322.5(
59.4)b
c 

68.5(21
.7)ab 

209.
9(17
.7)b 

13.7(1.
8)a 

1857.
6(163
.9)g 

420.3(
60.2)c 

148
0.3(
45.1
)f 

429.7(
41)c 

 



Description

Fruit infestation rates were used for measuring the efficiency of the mass 
trapping with Biodelear in citrus orchards. Given that the susceptibility of 
citrus fruit to medfly attacks differ among varieties and species 
(Katsoyannos et al., 1998), fruit infestation indicator was categorized as a) 
“fruit infestation of sweet oranges” and b) “fruit infestation of mandarin 
oranges”. 

Target

During the Preparatory Phase, the infestation rates of sweet oranges and mandarin oranges for untreated (organic) 
orchards were monitoring with the aim of estimating the prevailing fruit fly damage in citrus orchards in Kampos. 
In case of low infestation rates (<1%) in untreated orchards, then the study area could not serve the Project’s 
scope. At the end of the Pilot phase, the Project aim was dual: a) the efficiency of mass trapping with Biodelear to 
be equal or better than that of the conventional way of fruit fly control (incl. mass trapping with Biolure), and b) 
the fruit infestation percentage to be lower than 1% by using Biodelear traps.

Evaluation

The results of the efficacy of mass trapping with Biodelear based on fruit infestation indicators are given in Table 4.

Environmental indicator:

Fruit infestation

Papadopoulos N., Moraiti C., Kyritsis G. and Ioannou C.,

Obtained results Action taken
Environmental

indicator
Phase Target Status

Fruit infestation
of sweet
oranges

Preparatory 
Phase

(Dec. 2014)

≥1% in
untreated
orchards 34,4%

7,2%

Success

Pilot Phase
(Dec. 2016)

<1% in
Biodelear-treated

orchards

At the end of
Real Scale

(Dec. 2018)

<1% in
Biodelear-treated

orchards 4,5%

not as predicted

not as predicted

Monitoring of fruit 
infestation rate in 
Biodelear-treated 

orchards during the 
Real scale

Table 4. Monitoring of the efficacy of mass trapping with Biodelear based on the fruit infestation indicators



Fruit infestation
of mandarin

oranges

Success

Success

Success

Success

Success

11.7% and 7.2% for 
Biolure and 

Biodelear-treated 
orchards. There is 

no statistical 
difference 
between 

treatments.

7.2% for both 
conventional and 
Biodelear-treated 

orchards.
There is no 
statistical 
difference 
between 

treatments.

Pilot Phase (Dec. 
2016)

Preparatory  
Phase (Dec. 

2014)

<1% in Biodelear 
treated orchards

≥1% in untreated 
orchards

From 12% to 25% 
based on 

mandarin variety

Mandarin orange 
infestation rate in 
Biodelear-treated 

orchards is equal or 
than that in 

conventional 
orchards

5% and 0.99% for 
conventional and 
Biodelear-treated 
orchards. There is 

no statistical 
difference between 

treatments.

Mandarin orange 
infestation rate in 
Biodelear-treated 

orchards is equal or 
than that in 

Biolure-treated 
orchards

0,99%

1.9% and 0.99% for 
Biolure and 

Biodelear-treated 
orchards. There is 

no statistical 
difference between 

treatments.

Προσβολή
πορτοκαλιών

Pilot Phase
(Dec. 2016)

Obtained results Action taken
Environmental

indicator
Phase Target Status

Sweet orange 
infestation rate 

in 
Biodelear-treate

d orchards is 
equal or lower 

than that in 
conventional 

orchards.

Sweet orange 
infestation rate 

in 
Biodelear-treate

d orchards is 
equal or lower 

than that in 
conventional 

orchards



The infestation rates of sweet oranges and mandarin oranges in untreated 
(organic) orchards in Campos’s area remained above 1% during the 
Preparatory Phase, implying that medfly damage in the study area is high 
enough for assessing the efficacy of mass trapping with Biodelear. At the end 
of the Pilot Phase, our results suggest that mass trapping with Biodelear 
reached the threshold infestation level (<1%) only for mandarin oranges. Note 
that the fruit infestation rates of sweet oranges in Biodelear-treated orchards 
continue to be assessed during the Real Scale phase, but the Project’s 
expectation for infestation levels below 1% in Biodelear-treated orchards 
were not met. However, the efficiency of mass trapping with Biodelear 
against medfly in citrus orchards was found to be equal with the conventional methods (cover spays) and the mass 
trapping with Biolure for both sweet and mandarin oranges.

Conclusions

Overall, after mass trapping with Biodelear, the fruit 
infestation rates of citrus fruits reached the 
threshold level (<1%) only for mandarin oranges 
(not for sweet oranges). However, the efficiency of 
mass trapping with Biodelear against medfly was 
found to be equal with that of the conventional 
methods (cover spays) and the mass trapping 
with Biolure for both sweet and mandarin 
oranges, implying that mass trapping with 
Biodelaer is an efficient method for medfly 
control.

Αποτελέσµατα ∆ράση
Περιβαλλοντικός

δείκτης
Φάση Στόχος Κατάσταση

Προσβολή
πορτοκαλιών

Προ-
παρασκευαστική

Φάση
(∆εκ. 2014)

≥1%
σε οπωρώνες

χωρίς ενέργειες
καταπολέµησης

του εντόµου

34,4%

7,2%

Επιτυχία

Πιλοτική Φάση
(∆εκ. 2016)

<1%
σε οπωρώνες όπου
πραγµατοποιήθηκε
µαζική παγίδευση

µε Βιοδέλεαρ

Στο τέλος της
εφαρµογής σε 

πραγµατική
κλίµακα

(∆εκ. 2018)

<1%  σε
οπωρώνες όπου

πραγµατοποιήθηκε
µαζική παγίδευση

µε Βιοδέλεαρ

4,5%

Μη προσδοκώµενα
αποτελέσµατα

Μη προσδοκώµενα
αποτελέσµατα

Παρακολούθηση 
των ποσοστών % σε 

οπωρώνες όπου 
πραγµατοποιήθηκε 

µαζική παγίδευση µε 
Βιοδέλεαρ κατά τη 

φάση της πραγµατι-
κής κλίµακας



Environmental indicator:

Biodiversity of citrus orchards

Papadopoulos N., Ioannou C., Kyritsis G. and Moraiti C.

Description

Fruit infestation rates were used for measuring the efficiency of the mass trapping with 

Biodelear in citrus orchards. Given that the susceptibility of citrus fruit to medfly 

attacks differ among varieties and species (Katsoyannos et al., 1998), fruit 

infestation indicator was categorized as a) “fruit infestation of sweet 

oranges” and b) “fruit infestation of mandarin oranges”. Diversity and total 

abundance of arthropods are frequently used as indicators of an agroecosystem’s 

environmental quality since they can detect differences between farming systems. 

The most commonly used diversity indices are: a) Shannon-Weaver diversity (H), b) 

Simpson index of dominance (D), c) Shannon’s evenness diversity index (E), and d) 

Species richness index (S) (Tuomisto, 2012).

In citrus orchards, the arboreal arthropods, mainly spiders and ants, are of 

outmost importance for biological control of pests (incl. Ceratitis capitata) 

while ground-dwelling arthropods are the main components of their 

soil-inhabiting invertebrate fauna (Miliczky et al, 2000). Therefore, 

environmental indicators that refer to arboreal arthropods and ground-dwelling 

arthropods abundance and diversity are expected to be representative of the 

natural balance of agroecosystems (Simon et al., 2010; Choate and Drummond, 

2011). In this context, for monitoring the environmental impact of mass 

trapping with Biodelear on biodiversity of citrus orchards, we focused on the 

status of the arthropods community only and, we used environmental 

indicators related to the arthropods of citrus tree canopy (arboreal 

arthropods) and ground-dwelling arthropods.

a) Arboreal arthropods

The arboreal arthropod abundance in citrus orchards is seriously 

affected by the broad-spectrum insecticide applications (Chant, 1956; 

Miliczky et al., 2000). In contrast, the total arthropod diversity or species 

richness of the tree canopy is no or very little affected by the use of the 

broad-spectrum insecticides, as a result of the high mobility rates of arthropods in 

small-sized orchards within mosaic landscapes (Miliczky and 

Horton, 2005; Simon et al., 2010). In this context, we used only 

the “arboreal arthropod abundance” as an environmental indicator for monitoring the 

impact of fruit fly control method on the biodiversity of citrus canopy. The total 

arthropod diversity (based on the above diversity indices) were excluded by the 

environmental monitoring of citrus canopy.



b) Ground arthropods

b) Ground arthropods

From an agricultural perspective (and not from the 

biodiversity per se), it is more important to increase 

the abundance of biological control agents (predators 

and parasitoids) against pests than to increase their 

species numbers in soil (Duelli and Obrist, 1998). 

However, the ground-dwelling arthropod abundance is 

almost always negatively affected by the intensive 

pest management practices in citrus orchards (Liang et 

al., 2007). In this sense, the “ground arthropod 

abundance’’ was used as environmental indicator for 

monitoring the soil arthropod community status after implementing different fruit fly control treatments 

in citrus orchards in Campos, Chios. Ground arthropod abundance in untreated (organic) citrus orchards 

served as control.

Regarding monitoring of soil arthropod diversity, we focused only on ground-dwelling beetles 

(Coleoptera: Carabidae). The carabid beetles have been frequently used as bio-indicators for studying 

the effects of agricultural practices in agroecosystems, including Mediterranean perennial crops 

(Pizzolotto et al., 2018) because:

a) they occur in all temperate agroecosystems due to the high number of geographically wide-ranging 

generalist (ubiquitous) species, and those occupying a wide range of habitats (eurytopic) (Rainio and 

Niemela et al., 2003)

b) they are predators of many pests, including aphids, lepidopterous larvae, and slugs

c) they are easily captured and identified

d) they respond relatively quickly to a wide variety of husbandry practices (Holland and Luff, 2000)

e) their diversity and species richness are expected to be greater where agrochemical inputs were 

reduced (Pearsall and Walde, 1995; Ellsbury et al., 1998; Labrie et al., 2003; Simon et al., 2010)

Moreover, the conservation of the polyphagous ground-dwelling carabid species, such as the autumn 

breader Pseudophonus rufipes (Coleoptera: Carabidae), is of high importance for medfly biological 

control in citrus orchards in the 

Mediterranean Basin (Urbaneja et al., 

2006; Monzo et al., 2011). 



Consequently, we used only Carabidae 

species as bio-indicators for soil diversity 

for assessing environmental impact of 

different medfly control methods in pilot 

and real scale orchards. Accordingly, the 

Species Richness index and the other 

related diversity indices were calculated 

based on Carabidae species data.

Target

During the Preparatory Phase, we 

recorded the ground-dwelling arthropod diversity in conventional orchards where cover spray with 

insecticides is the common practice against medfly (initial conditions). High diversity indices in study 

orchards (S>10) will not allow to evaluate the potential of the mass trapping with Biodelear strategy to 

recover biological diversity to natural levels.

During the Pilot phase, the arboreal and ground arthropod indicators were monitoring based on the 

comparisons of a) the arboreal arthropod abundance in Biodelear-treated orchards with that in 

conventional and Biolure-treated orchards, and (b) the ground biodiversity and ground abundance in 

Biodelear-treated orchards with that in conventional and Biolure-treated orchards. To determine 

potential increase in Species Richness (S) after mass trapping with Biodelear compared to conventional 

way of protection, we monitoring the S indicator only for Carabidae species for the two alternative 

medfly control methods. The primary target of the Project was an increase of 10-20% in Species 

Richness (S) in the Biodelear-treated orchards compared to the conventional orchards. Note that the 

values of the other diversity indices depend on S values.

Given that organic orchards provide a diverse range of environmental conditions suitable for a wider 

diversity of soil and arboreal arthropod species (Holland and Luff, 2000; Miliczky et al., 2000), organic 

orchards served as control orchards for assessing the recovery process of ecosystem biodiversity to the 

natural levels (Real Scale). To this end, arboreal and ground arthropod indicators were monitoring in 

Biodelear-treated orchards and organic orchards during the Pilot Phase and the Real Scale. Results of the 

comparisons between the two types of treatments (Biodelear-treated orchards vs organic orchards) of 

the Pilot Phase were considered as the preparatory results of the Real Scale.



Evaluation

The results of the efficacy of mass trapping with Biodelear based on fruit infestation indicators are given 

in Table 5.

Environment
al indicator 

Phase Target Obtained 
results 

Status Action 
taken 

Fruit 
infestation 

of sweet 
oranges 

Preparatory  
Phase (Dec. 
2014) 

≥1% in untreated 
orchards 

34.4% Success  

Pilot Phase 
(Dec. 2016) 

<1% in 
Biodelear-
treated orchards 

7.2 % not as 
predicted 

Monitoring 
of fruit 
infestation 
rate in 
Biodelear-
treated 
orchards 
during the 
Real scale 

At the end of 
Real Scale 
(Dec. 2018) 

<1% in 
Biodelear-
treated orchards 

4.5% not as 
predicted 

 

Pilot Phase 
(Dec. 2016) 

Sweet orange 
infestation rate 
in Biodelear-
treated orchards 
is equal or lower 
than that in 
conventional 
orchards. 
 

7.2% for 
both 
conventional 
and 
Biodelear-
treated 
orchards. 
There is no 
statistical 
difference 
between 
treatments. 

Success  

Sweet orange 
infestation rate 
in Biodelear-
treated orchards 
is equal or lower 
than that in 
conventional 
orchards 
 

7.2% for 
both 
conventional 
and 
Biodelear-
treated 
orchards. 
There is no 
statistical 
difference 
between 
treatments. 

Success  

Sweet orange 
infestation rate 
in Biodelear-
treated orchards 
is equal or lower 
than that in 
Biolure-treated 
orchards 
 

 
11.7% and 
7.2% for 
Biolure and 
Biodelear-
treated 
orchards. 
There is no 
statistical 

Success  



The infestation rates of sweet oranges and mandarin oranges in untreated (organic) orchards in Campos’s 

area remained above 1% during the Preparatory Phase, implying that medfly damage in the study area is 

high enough for assessing the efficacy of mass trapping with Biodelear. At the end of the Pilot Phase, our 

results suggest that mass trapping with Biodelear reached the threshold infestation level (<1%) only for 

mandarin oranges. Note that the fruit infestation rates of sweet oranges in Biodelear-treated orchards 

continue to be assessed during the Real Scale phase, but the Project’s expectation for infestation levels 

below 1% in Biodelear-treated orchards were not met. However, the efficiency of mass trapping with 

Biodelear against medfly in citrus orchards was found to be equal with the conventional methods (cover 

spays) and the mass trapping with Biolure for both sweet and mandarin oranges. During the Preparatory 

Phase, we recorded the ground-dwelling arthropod diversity in conventional orchards where cover spray 

with insecticides is the common practice against medfly (initial conditions). High diversity indices in study 

orchards (S>10) will not allow to evaluate the potential of the mass trapping with Biodelear strategy to 

recover biological diversity to natural levels.

During the Pilot phase, the arboreal and ground arthropod indicators were monitoring based on the 

comparisons of a) the arboreal arthropod abundance in Biodelear-treated orchards with that in 

conventional and Biolure-treated orchards, and (b) the ground biodiversity and ground abundance in 

Biodelear-treated orchards with that in conventional and Biolure-treated orchards. To determine potential 

increase in Species Richness (S) after mass trapping with Biodelear compared to conventional way of 

protection, we monitoring the S indicator only for Carabidae species for the two alternative medfly 

control methods. The primary target of the Project was an increase of 10-20% in Species Richness (S) in 

the Biodelear-treated orchards compared to the conventional orchards. Note that the values of the other 

diversity indices depend on S values.

Given that organic orchards provide a diverse range of environmental conditions suitable for a wider 

diversity of soil and arboreal arthropod species (Holland and Luff, 2000; Miliczky et al., 2000), organic 

orchards served as control orchards for assessing the recovery process of ecosystem biodiversity to the 

natural levels (Real Scale). To this end, arboreal and ground arthropod indicators were monitoring in 

Biodelear-treated orchards and organic orchards during the Pilot Phase and the Real Scale. Results of the 

comparisons between the two types of treatments (Biodelear-treated orchards vs organic orchards) of 

the Pilot Phase were considered as the preparatory results of the Real Scale.

During the Preparatory Phase, Species Richness in citrus orchards in Campos was estimated at 1.75, 

implying for low ground biodiversity in the study area. At the end of the Pilot Phase, ground biodiversity 

in Biodelear-treated orchards did not differ with that either in conventional orchards or Biolure-treated 

orchards. On the other hand, mass trapping with Biodelear resulted in an increase of 8% in Species 

Richness, compared to that in conventional orchards. However, the basic dominant carabid fauna in the 

study area found to be represented by generalist species, which are usually less sensitive to 

environmental factors than specialist species (Rainio and Niemela et al., 2003). Moreover, because the 

most Carabidae species are univoltine, it may take many years before consistent noticeable changes in 

species diversity indices can be detected (Holland and Luff, 2000). Taking together, it is assumed that it 

was a remarkable increase in species richness during that short period of two years, even though the 

project target (10-20%) was not achieved. The values of all biodiversity indices of ground-dwelling 

arthropods during the Pilot Phase, the Preparatory Real Scale and Real Scale are given in Table 4.



Πιλοτική Φάση    

Συµβατικοί 5,75 ± 1,3 1,06 ± 0,1 0,61 ± 0,1 0,65 ± 0,1

Biolure 7,33 ± 1,5 1,08 ± 0,2 0,53 ± 0,1 0,55 ± 0,1

Βιοδέλεαρ 6,25 ± 0,6 1,22 ± 0,1 0,65 ± 0,1 0,67 ± 0,1

Προπαρασκευαστική

φάση

της πραγµατικής

κλίµακας

Οργανικοί 7,33 ± 1,7 1,00 ± 0,1 0,64 ± 0,2 0,51 ± 0,1

Βιοδέλεαρ 6,25 ± 0,6 1,22 ± 0,1 0,65 ± 0,1 0,67 ± 0,1

Φάση πραγµατικής

κλίµακας (2017)

Οργανικοί 5,33 ± 1,3 1,23 ± 0,1 0,70 ± 0,6 0,78 ± 0,,1

Βιοδέλεαρ 4,9 ± 0,6 0,90 ± 0,1 0,57 ± 0,8 0,60 ± 0,1

Φάση πραγµατικής

κλίµακας (2018)

    

Οργανικοί  5,67 ± 0,9 0,62 ± 0,2 0,33 ± 0,1 0,40 ± 0,1

Βιοδέλεαρ 4,50 ± 0,5 0,40 ± 0,1 0,20 ± 0,1 0,26 ± 0,1

Shannon's evenness
diversity index

(E)

Shimpson's index
of dominance

(D)

Shannon-Wiener
diversity

(H)
Species richness

(S)

Biodiversity index (mean ± SE)

Treatment

Pilot Phase

Conventional

Biolure

Biodelear

Preparatory

Real

Scale

Control

Biodelear

Real Scale (2017)

Control

Biodelear

Real Scale (2018)

Control

Biodelear

Table 6. Ground-dwelling diversity indices estimated for Carabidae species in control (organic) orchards 

and Biodelear-treated citrus orchards during the Pilot Phase, the Preparatory Real Scale and Real Scale 

experiments



Note that, even though the Shannon diversity and dominance indices as well as the Simpson diversity 

index are commonly used as biodiversity indicators, previous studies revealed that they are only weakly 

correlated with local species diversity in cultivated areas (Duelli and Obrist, 1998; Rainio and Niemela et 

al., 2003), implying for an expected absence of differences between our treatments.

Large scale mass trapping with Biodelear in citrus orchards decreases the differences in ground-dwelling 

arthropod abundance between Biodelear-treated orchards and organic orchards, implying that the 

recovery of biological diversity in the ecosystem to the accepted natural levels has been successful. The 

decrease in soil arthropod abundance in both organic and Biodelear-treated orchards in Real Scale trials 

compared to those during Pilot phase can be explained by the annual variation in climatic conditions and 

variation in sampling dates.

Conclusions

Moreover, mass trapping with Biodelear found not to have a negative impact on the arboreal and 

ground-dwelling arthropod abundance. In addition, mass trapping with Biodelear resulted in an increase 

of 8% in Species Richness, which can be considered as a remarkable increase in species richness during 

that short period of two years, even though the Project’s target (10-20%) was not achieved. Long-term 

evaluations of contiguous fields are needed to determine the effect of the mass trapping with Biodelear 

on ground biodiversity.



Environmental indicator:

Pesticide residues in citrus fruits

Bempelou E. and Anagnostopoulos C.

Description

 

The improvement of the environmental quality, in term of 

reducing chemicals in cultivations. of the pilot area are one of 

the indicators of the environmental impact of the project. 

According to the official database of the Ministry of Rural 

Development and food[1], in 2015 a total of 419 PPP (containing 

82 different active substances) are authorized in Greece in 

oranges and mandarins. From these a total of 169 PPP 

(containing 35 different active substances) are the authorized 

insecticides. From the official monitoring program in 2014[2], a 

total of 112 orange and mandarin samples (79  oranges and 33 

mandarins) were analyzed and 47,3% of them (on 44% of the 

oranges and of the 54,5% mandarins samples) were found 

positive for pesticide residues. The compounds that were 

found were imazalil, imidacloprid, thiabendazole, 

chlorpyriphos, haloxyfop, pyrimethanil, cypermethrin, 

pyriproxyfen, prochloraz, carbendazim, pyraclostrobin, 

fenpyroximate, phosmet, tebufenpyrad and dimethomorph. In most cases the results were below the 

existing MRLs. Only in one case of haloxyfop the residue levels were above the MRL. Therefore the 

minimization of the risk related to pesticides as well as reduce the absolute residue levels in fruits from 

the pilot areas is the relevant indicator related to pesticide use. 



Target

The presence of plant protection products (PPP) on the crops was estimated as pesticide residues form 
several sources (environmental contaminant or use) might have significant effects in the results of the 
applied strategies, since insecticides are harmful and target the med fly their presence will influence the 
populations. According to the GAP of the authorized PPPs, residues are likely to occur in fruits in addition 
from the official monitoring program in 2014[2], a total of 112 orange and mandarin samples (79  oranges 
and 33 mandarins) were analyzed and 47,3% of them (on 44% of the oranges and of the 54,5% mandarins 
samples) were found positive for pesticide residues. Therefore the following indicators were chosen for 
monitoring:
1. Pesticide residues as environmental pollutants. 
2. Pesticide residues from previous uses.
3. Pesticide residues form current use during the experiment.
In all cases the indicators are estimated using both number and measured resided from fruits samples. The 
probability that a contaminant will reach a target or a process that could affect and because 
environmental degradation is estimated qualitatively and the magnitude of harm will be estimated 
quantitatively.

Evaluation

As to estimate the magnitude the risks identified, before the beginning of the trials, a through monitoring 
of the pilot areas was performed as described in action A.2. The 3 potential experimental plots of 1 ha each 
was monitored for the presence of pesticides in fruits samples. As to estimate both environmental 
contamination of previous use according to the authorized GAPs, the sampling strategy was such as for 
samples to be taken from the entire area of the fields and not for representative spots in each field by 
divided the fields to smaller sub-plots depending of the area of each plot, number of trees per plot and 
size of each tree. 
In total a number of 133 samples were collected (1st sampling: December 2014) and analyzed for a wide 
variety of pesticide and their metabolites and plant growth regulators. Pesticide residues were not found 
in any of the samples above the limit of quantification (LOQ ). 
In July 2015, a total of 67 samples were collected from the same orchards. The samples were collected 
during the cultivation season in which insecticide application was conducted.   Pesticides residues, such 
as the chlorpyrifos (min. 00.41mg/Kg with max. 0.35mg/Kg), deltamethrin (min. 0.052 mg/Kg with max. 
0.12 mg/Kg) and propamocarb, were found in many farms revealing an irregular practicing of 
conventional control management against the medfly. Similar in December 2015, residues were found 
above the LOQ in fruits. 
At January – March 2017, a total of 560 samples (219 in January and 341 in March) were collected from 
conventional and orchards (in which Biodelear or Biolure was used). Residues of pesticides, spirotetramat 
(74 samples), dimethomorph (22 samples), deltamethrin (27 samples), propamocarb (3 samples), 
mepanypirim (1 samples), flumioxazine (6 samples) and azoxystrobin (4 samples). A synergistic to pesticide 
active substances compound, piperonil butoxide was also detected (45 samples) shown that chemical 
pollution is not limited to active substances. 
In December 2018 and February 2019, a total of 120 and 280 samples were collected respectively from 
the same orchards. Residues were not detected in any of the samples above the LOQ . 



Conclusions

Although pesticide residues are possible to occur due the use of PPP according to their already studies 
residue behavior as estimated during the MRL setting procedures under Regulation 396/2005, based on 
the specific results obtained from the screening of the specific areas in Chios, the magnitude of harm in 
the specific areas from previous uses or environmental pollution  in negligible, thus the risk of pesticide 
residues to reach a magnitude that will cause harm in near zero. The risk was significant during the 
cultivation period (July 2015 and January – March 2017) were residues were identified. However, form the 
last sampling and after the use of Biodelear in the specific orchards no residues were identified minimizing 
the risk.



Environmental indicator: 

Soil quality

Mavraganis V., Kavvadias V. and Katsenios N.

Description

Soil conditions, irrigation and sufficient nutrient application are all important factors in producing quality 

citrus fruits (Levy and Syvertsen 2004). Over-application of fertilizers can have negative environmental 

impacts, through leaching of nutrients and pollution of local water sources. Excess soil copper can lead 

to reduction in plant-available iron, resulting in chlorosis of citrus leaves (Stewart and Leonard 1952) and 

alteration of soil pH. Excess copper applications often originate from excessive use of fungicidal sprays 

in citrus plantations (Fernandes and Henriques 1991), also highlighting the importance of appropriate 

applications of pest control products. High concentrations of DTPA-Cu were also have been found in 

other regions of Greece. Average concentrations of available Cu were 5.7 ppm in soils of Peloponnese 

(Vavoulidou et al., 2005), 4.86 ppm in hydrological basin of Keritis, Chania, (Papafilippaki et al., 2007) and 

5.01 in the region of Nilleas, Messinia (oLIVE CLIMA LIFE+). Most citrus production is at least partially 

dependent on irrigation for economic production (Levy and Syvertsen 2004). Agricultural irrigation is 

inevitably associated with water quality deterioration through run-off to ground water, resulting in 

increased salts levels. Citrus trees are sensitive to salinity stress, causing poor vegetative growth, 

reduced fruit yield and quality, and increased susceptibility to pathogens (Levy and Syvertsen 2004).

Target 

Soil quality is negatively affected when the levels of Cu>3 mg kg-1, Zn> 8.1 mg kg-1, Cl>50 mg kg-1, 

SO4>30 mg kg-1 and Mg>2 cmol kg-1. (Marx et al., 1999; MAFF, 1988; ILACO, 1985, Horneck et al., 2011). 

Soil samplings campaigns took place in the pilot fields in the area of Kampos, before and after the 

application of various medfly attractants during the whole duration of the project. Soil samples were 

collected at depth increments of 0-30 cm and 30-60 cm. Standard procedures for sampling, preparing, 

and analyzing soil were followed for meaningful interpretations of the results of soil analysis and accurate 

recommendations. The results from the experimental orchards of 

Kampos, Chios indicated that the values on 

these 5 parameters were well above 

threshold concentrations in soil surface 

(0-30cm) throughout the soil 

campaign and this was the main 

reason that is was decided to 

focus on them for the analysis of 

soil quality.



Evaluation

The aforementioned 5 soil parameters have been evaluated at the deliverable “Risk Analysis Report”. Soil 
samples with values above threshold levels in 4 or 5 of these parameters are characterized of severe risk.  
When we have 2-3 parameters above these levels, the risk is moderate and when we have 0-1 the risk is 
mild. The majority of the samples collected had values above these levels in 4 or 5 of these parameters, 
and the rest had values above these levels in 2 or 3 of these parameters (Figure xx).  High concentrations 
of Cl-1, SO4-2 and Mg++ were recorded in soils, which were probably attributed to high concentrations 
of these ions in irrigation water and the use of sulfate base fertilizers due to soil pH alkalinity of the 
studied area. An appropriate fertilization program will cover the specific nutrient requirements of the 
orchard. 
Excess levels of DTPA-Zn and DTPA-Cu were also registered in surface soils (0-30cm) indicating the use 
of copper-containing fungicidal sprays. The contamination of agricultural soils due to long term use of 
Cu/Zn-based pesticides presents a major environmental concern. In fact the regular use of fungicides 
can potentially pose a risk to the environment, particularly if residues persist in the soil or migrate off-site 
and enter waterways. Therefore the choice of fungicides should be performed carefully according to the 
physical-chemical properties of the soils and climatic and hydrogeological characteristics of the citrus 
orchard areas. Therefore it is necessary to analyze soil for metals such as Cu and Zn. On the other hand 
concentrations of the above metals in 30-60 cm were lower than in 0-30 cm, especially in DTPA-Zn 
results. This trend is closely related and to soil texture and to high organic matter content.  The soil 
texture of the orchards used for the study was CL (clay loam) or C (clay). Soils in pilot fields and in 
particular surface soils were rich in organic matter. Unfortunately this was mainly attributed to fruit falling 
from tree in the last years mainly due inappropriate cultivation practices. 
Agro-industrial citrus waste induces increasing problems due to the high economic cost and heavy 
environmental impact of disposal. The recycling of falling fruits via composting or the re-use of industrial 
citrus waste as organic fertilizer could represent a sustainable approach to recycling nutrients and 
re-integrating organic matter into soil. In addition accumulation of organic matter was relatively higher 
in some pilot sites compared to the rest of the sites mainly due to application of manure and Olive mill 
wastes on soil.  The use of organic materials as an N source is the best management practice for N 
management. Application rates are based on the crop N requirement and the N mineralization rate.
Therefore the presence of clays and organic matter in the studied soils reduces substantially the toxic 
load during infiltration in deeper soil horizons avoiding therefore serious contamination of ground 
waters. However, if conventional crop protection practices continue to take place where citrus crops are 
considered among the main cultivations and soils are generally “light” in texture and poor in organic 
matter then surface and ground water contamination will occur. In any case the use of Biodelear 
attractant will contribute to the control of Med fly and in combination with monitoring a minimum data 
set of soil quality indicators will lead to the recovery of citrus ecosystem services. 



Conclusions

Intensive citrus cultivation requires the use of fertilizers, monitoring and control of pests, diseases and 
weeds, effective irrigation and control of tree size. Frequent and unreasonable use of pesticides by 
farmers causes the disturbance of the ecosystem, triggering an increase in fungal infections and 
deterioration of soil quality. An integrated monitoring and management approach is recommended for 
citrus groves. It is necessary to introduce more means for monitoring the effectiveness of environmental 
impact of an ongoing fruit med fly control method. A monitoring program is a costly undertaking but in 
the end this cost is small in comparison with the economic losses that can be prevented.
More importantly, such programs cannot be conducted solely on a national level if they are to be 
efficient. Fruit flies know no borders and measures taken by one country can be nullified by the lack of 
measures in a neighboring country. Trans-border activities are, therefore, to be highly recommended. 
The methodology applied in this case has noticeable transferability potential and can be easily applied 
in other agricultural areas and for other cultivations in Greece and in other Mediterranean countries. It is 
noted that further decrease of environmental risk is anticipated in the following years when more 
farmers will adopt eco‐friendly cultivation practices. 

Figure 3. Soil samples with concentrations above threshold at 
selected five parameters (Cu>3 mg kg-1, Zn> 8.1 mg kg-1, Cl-1>50 
ppm, SO4-2>30 ppm and Mg>2 cmol+ kg-1) are categorized at three 
classes (a. mild: 0 or 1 of the selected 5 parameters above levels; b. 
moderate: 2 or 3 of the selected 5 parameters above levels; c. 
severe: 4 or 5 of the selected 5 parameters above levels) and the 
results are presented as percentage per Action (A2, B1 and B2) and 
per Treatment (Untreated, Biodelear, Biolure, Conventional, Control)
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