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1. Introduction and description of the main problem 
related to the topic 

 
The olive tree (Olea europaea L.) is a typical and emblematic tree in the Mediterranean countries where it 
has great relevance from economic to social and landscape aspects (Loumou & Giourga, 2003). 
The olive tree is susceptible to the attack of different insect pests causing a decline of the olive 
production. Phytosanitary threats are the major cause of harvesting losses in olive groves. Each year, 15% 
of the production is damaged by insect pests (Bueno & Jones, 2002). Usually, olive growers use a range of 
pesticides to control pests that can have several negative impacts (e.g., loss of biodiversity, insecticide 
resistance and residues on olives) (Kombargi et al., 1998; Pereira-Castro et al., 2015). Notwithstanding, 
the European Union (EU) has established the adoption of environmentally-friendly farming practices 
through the agri-environment schemes and through the Directive 2009/128/EC for the sustainable use of 
pesticides. These measures bring the need to develop sustainable production systems where the 
application of biological and biotechnical methods can be promoted. 
Biologically based methods for pest management use natural enemies of pests to reduce the population of 
the target-pest. Biotechnical methods are highly specific since they influence either the behaviour or the 
development of the target pest and do not have direct biocide activity. They include semiochemicals 
(attractants and repellents used for mass trapping, lure and kill and mating disruption), sterile insect 
technique, growth regulators and antibiotics. 
  
2. Description of the main biological and biotechnical methods 
for olive pest control 

 
2.1. Biological control methods 

 
Biological pest control methods involve the use of living natural enemies (parasites, predators or 
pathogens) to reduce the impact of pests, causing their death. There are three strategies for biological 
pest control: 
1 - Augmentation biological control – the population of a native or a non-native natural enemy temporarily 
increases with regular releases in the field (O’Neil & Obrycki, 2008).  
2 - Conservation biological control – involves the manipulation of the habitat aiming at promoting the 
abundance and diversity of natural enemies already present in the area (Begg et al., 2017). 
3- Classical biological control – a non-native natural enemy species is released in the field aiming at 
establishing their population in order to achieve the sustainable control of the target pest, usually also 
non-native (Van Driesch et al. 2008). 
Different biological control strategies have been used in the olive grove with different outputs and a 
synthesis is presented in the following points.  

 
a. The olive fruit fly, Bactrocera oleae 

 
Classic biological control of Bactrocera oleae has a long history that started, in Italy, with the importation 
and the release of several species of parasitoids from Africa (Silvestri, 1913a, 1913b, 1914, 1915a, 
1915b). The small releases of those parasitoid species did not give rise to its establishment in the new 
territories (Neuenschwander, 1982). 
Until 2007, in southern Europe, five parasitoid species were commonly reared from B. oleae: the 
allochthonous braconid Psyttalia concolor and the chalcid wasps Cyrtoptyx latipes (Hymenoptera: 
Pteromalidae), Eurytoma martellii (Hymenoptera: Eurytomidae), Eupelmus urozonus (Hymenoptera: 
Eupelmidae), and Pnigalio mediterraneus (Hymenoptera: Eulophidae) (Hoelmer et al., 2011, Boccaccio & 
Petacchi, 2011, Bernardo & Guerrieri, 2011). 
This species complex did  not provide effective biological control of the olive fruit fly (Bigler et al., 1986, 
Johnson et al., 2012), and, some of the cited parasitoids can also behave as hyperparasitoids of the others 
ones. Moreover, recently E. urozonus resulted to be a complex of several species thus its large polyphagia 
should be revalued (Al Khatib et al., 2014). 
A similar situation was found for P. mediterraneus whose synonymization with the congeneric P. agraules 
had suggested that the proximity of oaks to olive orchards could have promoted the parasitization of B. 
oleae because oak phytophagous could represent alternative hosts. With the definitive evidence that the 
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two species are distinct and possess a different host range, also the possibility to use this association 
(oak-olive) for the conservation of biological control approach vanished (Gebiola et al., 2009). 
More recently, in Italy, inadequate parasitization results were also found when an overall parasitism rate 
of about 12% was recorded during an evaluation of landscape effects on the parasitoid complex of B. 
oleae (Boccaccio & Petacchi, 2009).  
In the last 20 years, there have been many attempts of biological control of this olive pest by either 
inoculative or inundative releases of different parasitoids (e.g. P. concolor) but the results were far from 
being considered satisfactory (Arambourg, 1986, Bernardo & Guerrieri, 2011). 
In 2007, however, a new species of a gregarious pupal parasitoid of B. oleae, the eulophid Baryscapus 
silvestrii has been found and described for the first time (Viggiani et al., 2007).  
This interesting species has expanded its range of diffusion, becoming predominant in some areas 
(Giacalone et al., 2011). The rearing difficulties of this promising parasitoid did not allow to improve its 
biological knowledge and to carry out an augmentative release program. However, a permanent rearing of 
B. silvestrii has been recently developed allowing also to evaluate some of its biological parameters. The 
first results confirm its high potential to control B. oleae (Sasso et al., 2018, Sasso et al., in prep.). 
Moreover, since the current legislation practically forbids the releasing of exotic parasitoids and therefore 
any classic biological control program, its natural widespread in Italy makes this species even more 
interesting. 
The complex of parasitoids inhabiting in the Mediterranean area showed a low and non-specialized 
diversity compared to the parasitoid complexes observed in Africa and other countries (India). For this 
reason further studies have been recently carried out (Sime et al., 2007, Rugman-Jones et al., 2009, 
Daane, 2010). Much attention has focused in particular on the P. concolor species complex from sub-
Saharan Africa (Rugman-Jones et al., 2009). Although the importance of the biological control is 
continuously increasing as pesticide use becomes more limited, the results obtained so far with parasitoids 
do not seem to guarantee an adequate control of B. oleae making the feasibility of managing the olive 
fruit fly solely by biological control questionable. 

 
The action of parasitoids on the olive fruit fly can be complemented by soil predators during the 
overwintering period of the pest in the soil as pupae. Soil arthropods such as carabids, staphylinids, 
chilopods, dermapterans and spiders can predate the olive fruit fly in the field (Dinis et al 2016). 
Conservation biological control strategies, such as the introduction of stone walls that serve as shelter 
places for these arthropods, can be implemented in olive grove.  

 
Moreover, contact and oral exposure to conidia of entomopathogenic agents such as Mucor hiemalis, 
Penicillium aurantiogriseum, P. chrysogenum and Beauveria bassiana revealed moderate to high mortality 
rates for the adults of the olive fruit fly (Konstantopoulou & Mazomenos, 2005) and, nowadays, 
commercial solutions based on B. bassiana can be used against the olive fruit fly. 

 

b. The olive moth, Prays oleae 
 

Biological control of the olive moth was implemented through the release of the mass-produced species 
Trichogramma cacaeciae (Hymenoptera: Trichogramatidae) and Chrysoperla carnea (Neuroptera: 
Chrysopidae). Results showed that T. cacaeciae  generated a low level of egg parasitism and no control of 
the olive moth was achieved while C. carnea resulted in an increase of the percentage of predation of 
eggs from 32% in the non-treated plot to 50.1% in the treated plot (at a density of 180 larvae of C. 
carnea /tree) and 68%  (at a density of 900 larvae of C. carnea /tree). In addition, fruit infestation 
significantly decreased from 36.6% in the non-treated plot to 28.4% and 17.2% (at densities of 180 and 
900 larvae of C. carnea /tree, respectively) in the treated plot (Bento et al., 1999a). Environmental 
conditions (high temperatures and low humidity) and the occurrence of supplementary food could highly 
influence Trichogramma survival and reproduction and restrict their maintenance in the field. 

 
In Portuguese olive orchards, parasitoids collected from larvae and pupae of the olive moth were 
described in several studies (e.g., Bento, 1999, Gonçalves et al., 2006, Villa et al., 2016). From those, four 
species, Chelonus elaeaphilus, Ageniaspis fuscicollis, Apanteles xanthostigma and Elasmus flabellatus have 
been the most representative for this pest (Bento, 1999, Gonçalves et al., 2006, Villa et al., 2016). Studies 
performed in the field showed that the parasitism rates can reach 21.0% for A. xanthostigma, 38.9% for 
E. flabellatus, 67.0% for A. fuscicollis and 88.6% for C. elaeaphilus (Bento, 1999). Among predators, C. 
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carnea, dermapterans and hemipterans such as Orius sp. have been listed as natural enemies of the olive 
moth. Further studies need to be developed using species adapted to the mediterranean climate in order 
to implement efficient biological control programmes. 

 
The entomopathogen Bacillus thuringiensis is the most wide and successful commercial biological 
control agent of lepidopterous pests. The use of this agent against P. oleae has been considered efficient. 
Bento et al. (1999b) found 60-80% of mortality rate of larvae of the antophagous generation collected in 
a plot treated with B. thuringiensis when compared with a non-treated plot. Moreover, the number of 
males captured on delta traps baited with pheromone was significantly lower in the B. thuringiensis plot as 
well as the percentage of attacked fruits (14% in the B. thuringiensis plot compared to 32% in the non-
treated plot) (Cabanas et al., 2003). 

 
c. The black-scale, Saissetia oleae 

 
For the black-scale, most studies have been conducted in order to know the communities of natural 
enemies and promote their occurrence in the olive orchard through conservation biological control. 
Entomophagous insects of the black-scale include more than 10 species of parasitoids (Insecta: 
Hymenoptera) and around five species of predaceous ladybugs (Insecta: Coccinellidae). Among 
parasitoids, Metaphycus lounsburyi, M. flavus, M. helvolus (Hymenoptera: Encyrtidae), Scutellista 
caerulae, S. obscura (Hymenoptera: Pteromalidae), Coccophagus lycimnia and C. semicircularis 
(Hymenoptera: Aphelinidae) have been referred as frequent species emerging from the black-scale 
specimens (Pereira, 2004; Tena et al., 2008; Marrão, 2017). Parasitism rate reached 27.4% for C. lycimnia 
and 62.4% for M. lounsburyi in the study performed by Pereira (2004) and the parasitoids emerged from 
the black-scale were specific to one or two scale stages. Considering predaceous coccinellids, the most 
common species identified in olive orchards infested by the black-scale were Chilocorus bipustulatus, 
Brumus quadripustulatus, Rhyzobius chrysomeloides and Scymnus interruptus (Katsoyannos, 1992; 
Santos, 2007). The maintenance of these communities can contribute to keep the population of the black-
scale under the economic threshold level. Biological control of the black-scale was implemented in France, 
by releasing M. lounsburyi, and in Greece, through the mass production of B. quadripustulatus 
(Katsoyannos, 1992) resulting in the reduction of the population of the pest. 

 
2.2. Biotechnological control methods 

 
Biotechnological control methods are promising techniques based on the understanding of pests’ 
behaviour to manage infestations while contributing to the sustainability of modern agriculture (Attathom, 
2002). These strategies include population inhibitors (with the sterile insect technique), growth regulators, 
attractants (pheromones), repellents and oviposition deterrents substances. For instance, semiochemical-
based pest management provides environmentally friendly control through mass-trapping and/or mating 
disruption with sex pheromones (El-Sayed et al., 2006).  
Knowledge gathered on the different interactions occurring in the olive orchard (among olive tree-
microorganisms-natural enemies-non-crop plants) can be  used to manage both pests and natural 
enemies for instance, under push-pull strategies. These strategies involve attempts to change the 
environment in order to decrease the pest population through a combined use of repellents placed in the 
olive orchards. Simultaneously, natural enemies are attracted into the crop in order to increase their action 
against pests. The identification of chemical compounds involved in these push-pull strategies can lead to 
the creation of new and more specific traps (to attract and kill pests) or devices (to attract and reward 
natural enemies) that could be used in both traditional and high density olive groves.  

 
a. The olive fruit fly, Bactrocera oleae 
 

The sex pheromone, identified by Baker et al. (1980), used to monitor B. oleae population is the 1,7-
dioxaspiro [5.5] undecane compound and is secreted by virgin females to attract males. This pheromone 
has been integrated in an attract-and-kill trap in combination with ammonium phosphate (Mazomenos et 
al., 2002). Mass-trapping devices, such as the OLIPE trap, a bottle trap developed in Spain for organic 
olive groves by the Cooperative Olivarera de los Pedroches (Caballero, 2001), can capture high number of 
individuals of B. oleae. However, the high number of OLIPE traps needed to maintain low B. oleae 
population densities turns this method less interesting for the olive growers.  
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Growth regulators such as methoprene reduced the number of flies emerging from pupae and increased 
the incidence of sterility and malformation in adults. However, this substance was efficient during low 
density populations of the olive fruit fly (Delrio, 1985).  

 
Infested fruits release specific volatiles that can have beneficial or negative impact on B. oleae (Lo Scalzo 
et al., 1994; Scarpati et al., 1996). Among others, kairomones are semiochemicals inducing beneficial 
interactions among pests and the plant, for instance in host finding process for oviposition. Germinara et 
al. (2006) listed few attractants, repellents or oviposition deterrents for B. oleae: Hexan-1-ol, (+)-α-Pinene 
and D-(+)-Limonen are attractants whereas (E)-2-Heptanal and (E)-2-Hexanal are categorized as 
repellents. The Sterile Insect Technique (SIT) has also been tested to control B. oleae without a significant 
success, mainly because of a difficult and complex insect rearing process (Estes et al., 2012). 

 
Among entomopathogens, spinosad, a naturally derived insecticide produced by fermentation of the 
actinomycete Saccharopolyspora spinosa, can be an alternative to synthetic insecticides, in particular, 
when the pest population level is low. Results obtained in field surveys indicated that spinosad can be as 
effective as dimethoate under specific conditions (Gonçalves et al., 2012).  

 

b. The olive moth, Prays oleae 
 

Less is known about biotechnical methods for Prays oleae. The pheromone used to monitor P. oleae 
population is (Z)-7-tetradecenal and was identified by Campion et al. (1978). This compound is also 
involved on P. oleae Trichogramma parasitoïds attraction (Milonas et al., 2009), in mass-trapping systems 
as well as in mating disruption technique (Mazomenos et al., 1999). Considering mating disruption, 
although male disorientation was achieved, fruit damage level remained above the recommended 
economic threshold indicating that this technique needs to be optimized (Bento et al., 2005). Moreover, 
ethylene diffusers have been shown to reduce damage caused by the olive moth (Rosales et al., 2006).  
Artificial food sprays (e.g., protein hydrolysate, yeast hydrolysate, acid-hydrolyzed L-tryptophan) were 
tested aiming at increasing the abundance of natural enemies in the olive grove. In field surveys, these 
substances were sprayed on olive foliage and results showed an increase of the number of parasitoids, 
Coccinellidae, Chrysopidae, Hemiptera, Diptera and Lepidoptera in the crop. Predation of olive moth eggs 
increased but no effect on flower and fruit infestation was observed (Bento et al., 2004). 

 
c. The black-scale, Saissetia oleae 

 
Currently no described biotechnological control methods are available to control the olive black-scale, S. 
oleae. This knowledge gap needs to be filled in the following years.  

 

3. Research gaps and practical solutions 
 

Research focusing on biological and biotechnical control methods is very expensive, needs highly qualified 
skills and a deep knowledge on the plant-microbiota-arthropod interactions and with the agroecosystem. 
Therefore, it is important to support research ideas aiming at developing these methods and/or filling the 
gaps. Currently, several research gaps can be listed, although some progresses have been made in the 
last decades on a few of them: 
• The release of biological control agents to control olive pests had limited effects being questionable 

their efficacy. Therefore, conservation biological control strategies are needed to improve the 
communities of natural enemies; Practical solutions such as the conservation of field strips or buffer 
areas with spontaneous plants in traditional olive groves or the implementation of in-field buffer areas 
with herbaceous or woody plants in high density olive groves can create more heterogeneous 
landscapes that would supply food (nectar, pollen and honeydew) to natural enemies; moreover, for 
each specific geographical region, it is important to know which biological control agents can be 
enhanced and which strategies can be used to increase their populations. Networks including people 
working in this area should be created in order to gather data obtained in each country and generate 
guidelines that could be useful for farmers when they decide to manage the olive grove in a more 
sustainable way.  
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• The efficacy of several biological and biotechnical methods have been tested and most of them can 
only be used against low population levels or a specific generation of the pest due to its complex life 
cycles. Increasing the knowledge about potential available or new attractants that can be used for 
mass-trapping and study their efficacy in the field should be promoted. 

• The identification of new attractants, deterrents and repellents compounds, based on plant-arthropod 
interactions, is needed and deciphering their action can only be possible by developing studies under 
laboratory conditions. These studies should combine analytical chemical, neurophysiological and 
behavioral studies in order to produce new practical devices that could be used in more sustainable 
production olive groves.  

 

4. Priorities for further innovative actions and research 
 

Olive pest management is a key tool to control pest infestations and maintain profitable economic 
earnings while promoting sustainable farming practices. Despite of the recent scientific accomplishments, 
further innovative actions and research on biological and biotechnical control methods need to be drawn 
up.  
For instance, natural enemies of olive tree pests introduction is time-consuming and the observed results 
are often poor. Moreover, number of safeguards are necessary before implementing importation actions 
and release to ensure imported organism will not pose additional threats to non-target organisms. 

 
An overall understanding of the olive agroecosystem and how the pests, the olive crop and the 
environment interact together would give new research axes to develop innovative non chemical control 
methods. At the olive grove scale, semiochemicals or other compounds influence the behaviour of pests 
and their associated natural enemies. The conditions and consequences of these molecular interactions 
either attractive or repulsive remain unclear for the majority of olive tree pests. Accordingly, to study the 
chemical ecology of olive pests may be an interesting path to improve their management on the field. 
On this same idea, farmers and scientists can elaborate a trophic network depicting all the trophic 
interactions existing between all organisms naturally present in an orchard. The obtained overview of the 
local biodiversity will widely be necessary to figure out what kind of management or technique to apply or 
how these trophic interactions can be modified when introducing an exogenous component. For instance, 
a trophic map could either preconize augmenting natural enemies through rearing and periodic releases, 
or by using biotechnical or physical (mechanical) control methods. In some cases, the use of specific 
entomopathogens can be interesting as they normally target only one pest. The agroecosystem study 
could also highlight the present of these entomopathogens on an orchard leading to their population 
management to control the targeted pest. However, this strategy is poorly studied although it appears to 
be an interesting management tool for farmers and farmer’s associations. 
Recently, the FAO guidelines promoted biological and biotechnical control methods to manage pest 
infestations. Additional research priority would be to find new substances based on plant extracts that 
could act as repellent for B. oleae to implement for instance push-pull strategies in the field to have a 
more effective control method.  Some attractive substances are already known (Lo Scalzo et al., 1994) but 
there is a lack of knowledge about the field application or their efficacy on grove conditions. Innovative 
trapping systems can be set up to overcome environmental constraints (temperature, wind or rain, …) and 
ensure the effectiveness of a treatment over a longer period. This would be beneficial for farmers.  
The lack of applied research is evident and efforts must be done for further attractive or repellent systems 
development.  

 
5. Links to potential practical operational groups 

 
There are different options that can be made in the framework of a pest control program. In this paper, 
we reviewed the potential use and the research gaps related with biological and biotechnical methods 
against olive pests. Thus Operational Group (OP) Proposals related to olive orchard, biological control or 
biotechnical control of pests (tephritid pests or lepidopterous pests) linked to the subject presented in the 
paper should be promoted. Investments on the development of new products based on the knowledge 
obtained from  plant-microorganism-pest-arthropod interactions should be promoted. In this context, 
attractive volatile substances can be used to pull natural enemies into the crop and repellent volatile 
substances can be used to reduce olive pest infestations. Biotechnological based knowledge can be 
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obtained through the identification of specific volatile substances using GC analyses followed by 
behavioural and olfactory experiments and electroantennography with natural enemies and pest species. 
Innovative solutions (e.g., food attractants, new and more efficient traps) could be created after these 
studies in order to turn the olive grove more resilient and more sustainable, mainly those olive groves 
where insecticides are frequently sprayed.  

 
6. Dissemination of results to stakeholders 

 
Based on the knowledge resulting from several studies in the domain of biological and biotechnical 
control, there is a need to inform farmers about the existence of alternative methods to the use of 
pesticides, how they can introduce these methods in the olive grove and the importance of promoting 
functional biodiversity in the agroecosystem. Practical workshops can be arranged as a means to 
disseminate information and train and educate farmers as well as farmers associations to the use of more 
sustainable strategies, such as the maintenance of spontaneous vegetation and creation of stone walls, 
improving landscape heterogeneity. For policy makers, it is important to inform for the need to conserve 
biodiversity and promote their action in the olive agroecosystem and pest control can be achieved through 
the implementation of biological and biotechnical methods. 

 
7. Conclusions 

 
Pests have been considered as the most economically damaging cause of production loss worldwide. 
Among them, the olive fruit fly poses a serious threat for all olive growers in most olive producing areas. 
Native from eastern Africa, there are records of infestations in fruit going back to the third century BC.  

 
Current legislation tends to limit the use of unsafe chemical solutions to control pests of the olive tree. On 
this regard, biological or biotechnical methods seem to be an effective way for orchard protection and 
obtain interesting profits. Indeed, several species of parasitoids are known for B. oleae (Psyttalia concolor 
and the chalcid wasps Cyrtoptyx latipes allowing a good management of this fly in some regions. 
Moreover, entomopathogens such as Bacillus thuringiensis targeting the olive moth is an additional 
favourable pest control strategy that can overcome chemical products drawbacks.  
Concerning biotechnical innovations, chemical ecology is considered to be the most promising option to 
control olive tree pests. However, the technical limitations are significant due to attractant or repellent 
molecule volatility under natural environmental conditions.  

 
On a final note, it is necessary to highlight all the promising techniques and solutions mostly available on 
the market. These innovations or biological strategies, supported by the FAO, tend to control pests 
infestations and maintain sustainable profits especially for organic farming. Even though research gaps are 
still noticed (effective repellent, lack of local biodiversity knowledge, etc…), olive pests management by 
using these approaches will face an important progress within the next few years.  
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