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Eco-friendly alternatives to chemical pest control for 

sustainable citrus groves in Morocco
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Summary   The citrus industry plays a signifi cant socio-economic role in the Moroccan national econ-
omy. Seventy phytophagous insect, mite and snail species have been recorded from citrus orchards in 
Morocco. However, only a few are considered major or occasional pests and may cause economic dam-
age warranting control. Using broad-spectrum pesticides to control insects and mites has resulted in 
several problems due to human, environmental and eco-toxicological concerns. This paper provides 
an overview of practical and preventative eco-friendly alternatives to chemical pest control for sustain-
able citrus groves in Morocco. The role of appropriate biological and cultural methods and safe chem-
ical control in controlling citrus pests is discussed.
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red scale, Aonidiella aurantii Maskell (Hemip-
tera: Diaspididae), is a major pest in most cit-
rus growing areas throughout the country. It 
is found on leaves, twigs and fruit on all cit-
rus cultivars. Sometimes, high populations 
and severe infestations may cause dieback 
of twigs and branches. Heavy feeding by this 
scale can reduce the quality of the fruit and 
the vigor of the citrus tree. Chaff  scale Parla-
toria pergandii Comstock (Hemiptera: Diaspi-
didae) is another key citrus armored scale in 
northern Morocco (Sidi Kacem province). In 
many cases, the pest reached the econom-
ic injury level causing heavy infestation of 
fruit. Heavy feeding by this scale can reduce 
the quality of the fruit but severe infestation 
on twigs can also be recorded as damag-
ing. This is also the case of the black parlato-
ria scales Parlatoria ziziphi Lucas (Hemiptera: 
Diaspididae), particularly in orange tree or-
chards where the pest occasionally reaches 
the economic injury level during autumn. A 
severe infestation can occur on leaves, twigs, 
branches and fruits. Occasional pests may in-
clude Lepidosaphes beckii Newman (Hemip-
tera: Diaspididae) found in the Gharb region 
(North-Western Morocco) and Lepidosaphes 
gloverii Packard (Hemiptera: Diaspididae) in 
Berkane (North-Estern Morocco). In some 
years, high infestations of these species are 

Introduction

In Morocco, the citrus industry plays a sig-
nifi cant socio-economic role in the national 
economy with a citrus area of about 91243 ha 
and an average annual production of 2 mil-
lion tons, and it is a source of foreign reve-
nue (Bennani-Smires, 2025). It also generates 
employment for 13000 families with 32 mil-
lion workdays per year, including harvest-
ing in orchards, packing and processing and 
many other related industries. About 70 phy-
tophagous insects, mites and snail species 
have been recorded on citrus trees in Mo-
rocco (Smaili, 2020; Smaili et al., 2022, 2024, 
2025; Mrabti et al., 2024; Haddad et al., 2025). 
However, only a few of them are considered 
major pests exceeding the economic thresh-
old and warranting reduction or elimination 
(Smaili, 2016; Garcia-Marí et al., 2018). Some 
are occasional pests, below the econom-
ic threshold with the potential to become 
major pests, depending on the climate dur-
ing the year and the citrus growing area and 
may thus cause economic loss. The California 
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recorded on leaves, twigs, branches and fruit. 
The Mediterranean fruit fl y, Ceratitis capi-

tata Wiedemann (Diptera: Tephritidae) (med-
fl y), causes considerable economic losses for 
citrus growers in Morocco. The presence of 
punctures, eggs or larvae in citrus fruit reduc-
es their commercial value. Indeed, the occur-
rence of this pest in Mediterranean areas re-
mains the main obstacle to the export of fresh 
citrus fruit to the major world markets (i.e. Ja-
pan). The apparent losses from the medfl y in 
citrus orchards may be further exacerbated 
in fruit packing houses if fruits with eggs and 
young larvae remain unnoticed during the 
sorting process. Moreover, many thrips spe-
cies are associated with citrus trees in Mo-
rocco, but few of them are key pests in cit-
rus groves (Smaili et al., 2018a; Smaili, 2019). 
Feeding by thrips larvae, i.e Scirtothrips sp. 
and Pezothrips kellyanus Bagnall (Thysanop-
tera: Thripidae), causes discolored rinds lo-
cated under the calyces of the young citrus 
fruitlets and their expansion across the sur-
face of the fruit lead to discolored damage 
zones during the fruit development process. 
While such feeding damage does not aff ect 
the physico-chemical characteristics of the 
fruit, it signifi cantly reduces its market val-
ue due to consumer and export rejection of 
the aff ected fruit. The oriental red mite (Cit-
rus brown mite) Eutetranychus orientalis Klein 
(Acari: Tetranychidae), the two spotted spi-
der mite Tetranychus urticae Koch (Acari: Tet-
ranychidae), and the citrus red mite Panony-
chus citri McGregor (Acarina: Tetranychidae) 
are the key pest mites in Moroccan citrus or-
chards. Tetranychus urticae is a highly polyph-
agous mite species but E. orientalis general-
ly occurs, mainly in citrus trees despite being 
reported as a polyphagous species. These 
mite species can be found in citrus orchards 
between end of April and early January. Cur-
rently, P. citri population always remains be-
low the economic threshold, while T. urticae 
and E. orientalis populations can reach high 
levels on leaves and fruit. The snail species 
Theba pisana O.F. Müller, Eobania vermicu-
lata O.F. Müller, Helix aspersa aspersa Müller 
and Helix aspersa maxima Müller (Gastropo-
da, Helicidae) are all “major pests” in Moroc-

can citrus groves, mainly in the Gharb region 
(Smaili, 2013). Once present, the snails con-
sume the fruit epicarp and cause signifi cant 
damage, which seriously aff ects citrus pro-
ductivity. The scars generated by scale feed-
ing on the fruits also provide a means for 
fungal and bacterial introduction infection, 
resulting in fruit decomposition. When envi-
ronmental conditions are favorable for scale 
activities (mainly wet conditions), snails may 
cause considerable economic losses for cit-
rus growers. In addition, at packing stations, 
fruit bearing scars induced by snails are dis-
carded.

In Morocco insect, mite and snail control 
in citrus orchards is based mainly on pesti-
cides. Chemical control is primarily used for 
keeping the damage caused by the pests 
below the economic injury level. However, 
this strategy is not always eff ective in reduc-
ing damage to leaves, twigs, and fruit. In ad-
dition, management based on broad-spec-
trum insecticides and miticides may cause 
pesticide-resistance issues, the resurgence 
of occasional pests and several undesirable 
side-eff ects on benefi cial insect and mite 
species. Many eff orts have been made by 
companies, mainly those exporting fruit, to 
switch from chemical control to the integrat-
ed pest management (IPM) approach in cit-
rus groves with and signifi cant progress in-
cluding surveys, release of natural enemies 
and effi  cient use of registered pesticides, 
with signifi cant progress. In many cases, the 
exporting compagnies have certifi ed their 
orchards according to the standards and re-
quirements of importers of fresh citrus fruit 
with rigorous control requirements. Cur-
rently, several factors have greatly encour-
aged Moroccan citrus producers to search 
for sustainable alternative methods to 
chemicals pesticides: i) the limited number 
of registered insecticides and miticides after 
the ban of hazardous products (i.e. chlorpy-
rifos-methyl and spirodiclofen, respective-
ly) from use in citrus groves in the country; 
ii) new requirements for importers and lo-
cal market, related to quality of citrus fruit; 
iii) a decline in bees associated with chem-
ical pesticides use; iv) climate change and 
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mainly variable temperatures inducing oc-
currence and increased abundance of some 
insects and mite pests, and v) a noticeable 
increasing interest in new alternative meth-
ods to chemicals, including biological con-
trol and organic methods. Here, we discuss 
the practical and preventative eco-friendly 
and alternative methods to chemicals pesti-
cides available for the control of key pests in 
the frame of sustainable citrus grove man-
agement in Morocco. 

Materials and Methods

The presented and discussed practical, sus-
tainable, preventative and alternative meth-
ods to chemicals pesticides against key 
pests (i.e. armored scales, thrips, medfl y 
and mites) in Moroccan citrus groves con-
sidered i) the authors’ experience in applied 
research and extension services conducting 
fi eld trials over many years, and ii) published 
peer-reviewed articles. The review refl ects 
the authors’ views on the availability, valid-
ity and practical use of the plant protection 
methods in the citrus groves under Moroc-
can conditions.

Results and Discussion

In Morocco, chemical pesticides and oth-
er alternative methods have been explored 
in experiments to control many pest species 
in citrus groves (Abbassi, 1990; Benziane, 
2003; Smaili, 2016; Smaili et al., 2014, 2016). 
Here we review and propose several practi-
cal and preventative eco-friendly and alter-
native methods to chemical control of key 
pests in citrus groves in Morocco. The higher 
the farmers’ acceptance of alternative con-
trol methods, the healthier the ecosystem, 
including the biodiversity of natural ene-
mies of pests (Göldel et al., 2020). 

Implementation of biological control 

Augmentative biological control
Smaili et al. (2020) listed the species rich-

ness of parasitoids and predators, includ-
ing those imported for classical biological 
control, in citrus orchards in Morocco and 
how to facilitate near future investigations 
on their potential use as biocontrol agents. 
The same authors discussed the eff ects of 
these benefi cial insect communities on cit-
rus pests and concluded that none of the re-
ported taxa are harmful to crops (based on 
knowledge to date).
Scales: In Moroccan IPM certifi ed citrus or-
chards, armored scale control is based 
mainly on monitoring, threshold and effi  -
cient insecticide spraying (Smaili et al., 2017, 
2022). For biological control of the Califor-
nia red scale, A. aurantii, the release of the 
parasitoids, Aphytis melinus DeBach (Hyme-
noptera Aphelinidae) and Comperiella bifas-
ciata Howard (Hymenoptera: Encyrtidae), is 
of crucial importance (Table 1). In Moroc-
can citrus groves, A. melinus is most eff ec-
tive during the spring and autumn season 
while C. bifasciata complements during the 
summer and winter season (Abbassi, 1990; 
Benziane, 2003; Smaili, 2009, 2016). When 
the total parasitism reaches an appropri-
ate percentage (i.e. >40%), the scale could 
be kept below the threshold. Aphytis. meli-
nus is commercially mass produced in Mo-
rocco. Optimization of this parasitoid’s 
mass rearing facilities should be a priority 
at a large scale under current conditions, 
while C. bifasciata mass rearing facilities, re-
quire a small scale in each citrus producing 
area. Moreover, there are records of very ef-
fi cient biological control of A. aurantii us-
ing the parasitoid A. melinus during the fruit 
growing period in Moroccan citrus grow-
ing areas (Abbassi, 1990; Benziane, 2003; 
Smaili, 2009). In citrus groves where A. me-
linus was released at a high number, signif-
icantly higher parasitism rates of A. aurantii 
(64%) were recorded and compared to par-
asitism rates in control citrus groves (<5%) 
(Smaili et al., unpublished data). This level of 
parasitism cannot be reached in many Mo-
roccan citrus regions considering the eff ect 
of chemical use, where shifting to IPM may 
increase parasitism of A. aurantii using A. 
melinus releases.
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 Concerning the chaff  scale P. pergan-
dii and the purple scale L. beckii release of 
the main parasitoids Aphytis hispanicus Mer-
cet (Hymenoptera: Aphelinidae) and Aphytis 
lepidosaphes Compere (Hymenoptera: Aph-
elinidae), respectively, play an important 
role in reducing their populations (Smaili, 
2016; FAO, 2024). Currently, these two par-
asitoids, acting alone, are not eff ective in 
controlling these scales. In Morocco, A. swir-
skii release, may be used to control crawlers 

of the armored scales, A. aurantii and P. per-
gandii, in April–May and May-June, respec-
tively, to avoid the settling in of crawlers on 
new fruit; thus, off ering the possibility of re-
ducing fruit infestation during the growing 
stage.
Mites and thrips: Citrus mites are main-
ly controlled by predatory mite and insect 
species, such as phytoseiid mites, lacewings 
and coccinellids (Smaili, 2020), while thrips 
are controlled by predatory mites that can 

Table 1. Suggested doses, number and periods of release of appropriate biological control 
agents to control main pests in citrus orchards in Morocco. 

Species Targeted main pests
Relased

number
Frequency Periods

Aphytis melinus Aonidiella aurantii 80000 - 120000/ha 1-2

April-May

and

October

Comperiella bifasciata Aonidiella aurantii 80000 - 100000/ha 1-2

April-June/

September-

November

Aphytis hispanicus Parlatoria pergandii 40000 - 80000/ha 1-2

April-May

and

October

Aphytis lepidosaphis Lepidosaphes beckii 40000 - 80000/ha 1-2

April-May

and

October

Orius laevigatus
Scirtothrips sp., 

Pezothrips kellyanus  

80000 - 100000/ha 

(10 - 20/m2 infested trees) 
1-2

March-June/

September-October

Amblyseius swirskii

Scirtothrips sp., 

Pezothrips kellyanus 

100000 - 200000/ha 

(10 - 40/m2 infested trees) 
1-2

March-June/

September-October

Panonychus citri, 

Tetranychus urticae, 

Eutetranychus orientalis 

100000 - 200000/ha 1-2
April-June/

September-October

Phytoseiulus persimilis

Panonychus citri, 

Tetranychus urticae, 

Eutetranychus orientalis 

80000 - 200000/ha 1-2
April-June/

September-October

Neoseiulus californicus

Panonychus citri, 

Tetranychus urticae, 

Eutetranychus orientalis 

80000 - 200000/ha 1-2
April-June/

September-October

Stethorus punctillum

Panonychus citri, 

Tetranychus urticae, 

Eutetranychus orientalis 

10 - 40 /m2

infested trees
1-2

April-June/

September-October

Chrysoperla carnea

Panonychus citri, 

Tetranychus urticae, 

Eutetranychus orientalis 

60000 - 80000/ha 

100 larvae/small area
1-2

April-June/

September-October
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easily occupy, the calyx of citrus fruit during 
fruit development (zones that are preferred 
by thrips). In this respect, many species can 
be released in the Moroccan citrus groves 
to control mites (Smaili et al., 2022). In addi-
tion, for mites, the use of a Beauveria bassi-
ana (Balsamo) Vuillemin - based product is 
proposed as foliar treatment when the mite 
densities are still low (personal research re-
sults). This was also the case, after a sudden 
heavy infestation of fruit by mites (i.e. cle-
mentine), just before harvest (mid-October 
and November).

Neoseiulus californicus McGregor (Meso-
stigmata: Phytoseiidae), a specialized pred-
ator of spider mites and eff ective preda-
tor against phytophagous mites (Pascua et 
al., 2020) is promoted for biological control 
against mites in Morocco (Smaili et al., 2020). 
Abad-Moyano et al. (2010a) reported that 
this phytoseiid mite may be able to persist 
in the crop when spider mite prey is scarce 
and addition of pollen could improve T. urti-
cae biological control by this benefi cial spe-
cies. However, a study by Abad-Moyano et 
al. (2010b) reports the intraguild eff ect after 
the release of Phytoseiulus persimilis Athias-
Henriot (Acarina: Phytoseiidae) and N. cali-
fornicus and their interaction with E. stipula-
tus due to the occurrence of the spider mite 
webbing, in Valencia (Spain), a region sim-
ilar to many Moroccan citrus area produc-
tions. In Morocco, release of N. californicus, 
to control mites, especially T. urticae, would 
be recommended, when E. stipulatus abun-
dance is low, to avoid the lethal eff ect of in-
traguild predation.

Amblyseius swirskii Athias-Henriot (Acari: 
Phytoseiidae), a generalist predator, is eff ec-
tive against several species of pests, includ-
ing mites, i.e. E. orientalis (Yalçin et al., 2023) 
and thrips (Arthurs et al., 2009). In Spain, the 
augmentative release of A. swirskii has been 
reported as an effi  cient biological control 
approach against the Asian citrus psyllid, Di-
aphorina citri Kuwayama (Hemiptera: Livi-
idae) in citrus (Juan-Blasco et al., 2012). 

Phytoseiulus persimilis is a specialized 
predator of Tetranychus species (McMur-
try and Croft, 1997) which has been proved 

highly eff ective in reducing the damage lev-
el caused by mites on citrus plants (Abad-
Moyano et al., 2010a; Fadamiro et al., 2013). 
However, in Morocco, the abundance of this 
predator is very low in citrus orchards and its 
resident populations could not maintain E. 
orientalis and T. urticae population at accept-
able levels (Smaili, 2009; Smaili et al., 2020, 
2022). It has been suggested that, when E. 
stipulatus abundance is scarce, at least one 
release of this predator is required per year 
to enhance its abundance and confronta-
tion with the mite prey. 

In practice, releases of predator species 
with known positive biocontrol value (Table 
1) are preferable, such as Stethorus punctil-
lum Weise (Coleoptera: Coccinellidae), both 
larvae and adult, against spider mites, on 
the fi rst located infested trees before mite 
populations reach the threshold, might be 
useful (Smaili et al., 2022); Chrysoperla car-
nea Stephens (Neuroptera: Chrysopidae) 
against spider mites during April-June and 
September October; Orius laevigatus Fieber 
(Hemiptera: Anthocoridae) against thrips; 
the generalist C. carnea and the specialist 
S. punctillum might provide additional ef-
fects to reduce the abundance of the spider 
mites.
Mediterranean fruit fl y: In Morocco, medfl y 
control is based mainly on insecticides (i.e. 
bait application technique and cover spray-
ing) and mass trapping. Inundative biolog-
ical control of the medfl y using entomo-
pathogenic nematodes (Gazit et al., 2000), 
has not been suffi  ciently assessed in the cit-
rus orchards in Morocco to date. However, 
in Greece, fi eld trials of four species of en-
tomopathogenic nematodes, Heterorhab-
ditis bacteriophora Poinar, H. downesi Stock 
(Rhabditida: Heterorhabditidae), Steinerne-
ma carpοcapsae Weiser and S. feltiae (Rhab-
ditida: Steinernematidae), used at diff erent 
doses on medfl y (Kapranas et al., 2023) have 
shown that during the early and late season, 
a single application of S. feltiae on soil at a 
rate 2.5 × 106 S. feltiae/m2, can result in best 
pest control with 65 % adult medfl y sup-
pression. The pathogenicity of the entomo-
pathogenic fungi, B. bassiana and Metarhi-
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zium anisopliae (Metschnikoff ) Sorokin to 
medfl y was studied in Morocco (Imoulan 
et al., 2011). Foliar treatments with entomo-
pathogenic fungi during one or two months 
before harvest might be a suitable method 
with added value to control medfl y in addi-
tion to mass trapping.

Spinosad has been successfully used 
against a large number of insects world-
wide, mainly to control medfl y (Chueca et 
al., 2007; Smaili et al., 2016; Abdel-Razek and 
Abd-Elgawad, 2021). In Morocco, spinosad 
is registered and applied to control a wide 
variety of species in citrus, including thrips 
species and medfl y. Although a bioinsecti-
cide, spinosad can have side eff ects on nat-
ural enemies (D’Ávila et al., 2018). Therefore, 
we suggest using it mainly for medfl y con-
trol and only during the two weeks before 
harvest when i.e., using mass trapping tech-
niques may be not suffi  cient to control med-
fl y in large scale citrus groves. However, re-
garding medfl y control, using a selected 
mass trapping method via integrating main-
ly fruit resistance and spinosad-based bait 
appat technique seem to enhance medfl y 
control (Smaili et al., 2016, 2018b).

Mass rearing of biocontrol agents for inocu-
lative biological control

Setting up small or larger scale mass 
rearing facilities of the key natural ene-
mies to provide/purchase to growers for re-
lease in citrus groves may assist in inocula-
tive control but this might be diffi  cult in a of 
low or middle-income country such as Mo-
rocco. Thus, very few benefi cial species are 
mass produced in mass rearing facilities as 
reported by Smaili et al. (2013, 2020; Table 1). 
In this context, we consider that the inocu-
lative biological control approach may be 
possible at two levels in the citrus groves of 
the country:
Small-scale mass rearing of known effi  cient 
benefi cial species: Smaili et al. (2013, 2020) 
report information on the benefi cial species 
under artifi cial mass-rearing and release in 
commercial citrus orchards in Morocco. In 
practice, it is better to focus on the predator 
species with known positive biocontrol im-

pact in the citrus groves. 
Collect and release natural enemies: Col-
lecting the natural enemies from sponta-
neously growing weeds and releasing them 
(with or without small-scale mass rearing) 
is a common approach used in several cit-
rus groves in Morocco. This is the case with 
S. punctillum, which can be manipulated by 
collecting its population from spontaneous 
herbaceous growth areas and easily moved 
and released on known mite infested citrus 
plots. This is also the case with several ben-
efi cial species, i.e. Citrostichus phyllocnistoi-
des Narayanan (Hymenoptera: Eulophidae); 
Adalia decempunctata L. Coccinella septem-
punctata L.; Rodolia cardinalis Mulsant (Co-
leoptera: Coccinellidae); (Smaili et al., 1999a, 
2014; Rizqi et al., 2003; Nia et al., 2008; Nafi de 
et al., 2010). This method might be useful in 
controlling citrus pests in small citrus pro-
duction areas. 

Conservation biological control 
The conservation approach could be 

achieved by managing habitat and food 
for natural enemies and adjacent shelters/
refuges near to citrus groves as well as se-
lective use of pesticides. Smaili et al. (2010, 
2020) report 105 species of natural enemies 
in citrus in Morocco and discuss their po-
tential to enhance biocontrol services in cit-
rus groves. Their conservation is important. 
For instance, to contribute to the reduction 
of armored scale populations in citrus or-
chards, conservation practices are encour-
aged for A. melinus, C. bifasciata, A. hispan-
icus, Cybocephalus spp. and C. bipustulatus 
(for armored scales). For mites, conserva-
tion should target to P. persimilis, E. stipula-
tus, Typhlodromus phialatus Athias-Henri-
ot, Euseius rubinia (Acarida: Phytoseiidae), 
S. punctillum, C. carnea, Nephus sp., Scym-
nus sp. (Smaili et al., 2013, 2020). Predator 
species that attack T. urticae and P. citri mite 
populations may also be potential preda-
tors against E. orientalis. For instance, E. stip-
ulatus is the most common and abundant 
phytoseiid and widespread species in most 
Moroccan citrus orchards, especially clem-
entine orchards, where the use of chemicals 
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is minimal (Smaili et al., 2013, 2020). Its prey 
is limited to certain spider mite species, in 
particular P. citri (also T. urticae and E. orien-
talis) in Morocco (Smaili et al., 2020, 2022). 
Compared to other phytoseiid mites, E. stip-
ulatus is the species most tolerant to pesti-
cides. 

Conservation of potential natural ene-
mies against thrips could include the pred-
ators: O. laevigatus, Orius sp., Franklinothrips 
sp., Aeolothrips sp., Haplothrips sp., phyto-
seiids, the lacewings C. carnea, Contwen-
zia psociformis Curt (Neuroptera: Coniop-
terygidae). However, despite the presence 
of these predators (i.e. Aeolothrips sp. and 
Haplothrips sp.) in high abundance in citrus 
trees, they do not seem to play an important 
role in limiting thrips populations (Smaili et 
al., 2018a; Smaili, 2019). 

Management of groundcover vegetation to 
conserve natural enemies

Habitat management involving the ma-
nipulation of farmland vegetation can exert 
direct suppressive eff ects on pests and pro-
mote natural enemies. Indeed, tillage be-
tween rows in the groves may aff ect abun-
dance and diversity of insects, mites, snails, 
and natural enemies (Gurr et al., 2017). The 
occurrence and diversity of spontane-
ous herbaceous plant growth play an im-
portant role in conserving benefi cial spe-
cies (Beaumelle et al., 2021).  Their inter-row 
presence constitutes an important source of 
food and a favorable habitat for their con-
tinuous activities during the year. Pollen, 
nectar, alternative prey, and shelter are the 
major resources provided by plants to nat-
ural enemies (Gurr et al., 2017). On the oth-
er hand, mowing and tillage of the grass be-
tween citrus rows might have major side 
eff ects, i.e. increase of mite and snail abun-
dance in tree canopies. Aguilar-Fenollosa et 
al. (2011a, b) discuss how a conservation ap-
proach by means of groundcover off ers an 
interesting alternative to chemical control 
of the two-spotted spider mite, a key pest of 
clementine mandarins in Spain. The occur-
rence of mite populations in spontaneous 
herbaceous plant growth is considered a 

primary source of infestation of many pests 
and may be a source of signifi cant continu-
ous re-infestation of citrus trees throughout 
the year. If no appropriate measures are tak-
en, their population will move to the trees 
from the groundcover and their abundance 
will increase in the canopy, thus exceeding 
the economic threshold. 

Knowledge of the nature of the sponta-
neous herbaceous plant growth is the fi rst 
step to an appropriate control of mites (i.e. T. 
urticae and P. citri). To not aff ect citrus trees 
development, the cutting of spontaneous 
plant growth under the tree is recommend-
ed. However, groundcover-based sponta-
neous plant growth at 20 cm in height be-
tween the citrus rows is preferable as it will 
provide a conservation habitat, food and 
shelter for natural enemies. In some cas-
es (i.e. absence of the main predators) the 
weeds between the citrus rows seem not to 
contribute to reducing E. orientalis popula-
tions on the trees (Smaili et al., 2017, 2022). 
However, these trials carried out mainly in 
the Gharb area, showed that T. urtica abun-
dance on citrus trees is lower in groves with 
Poaceae as cover vegetation than a mixture 
of dicotyledonous and monocotyledon-
ous weeds. Several studies have shown that 
phytoseiid abundance and diversity are 
strongly infl uenced by the management of 
the spontaneous herbaceous plant growth 
located between the citrus rows in compar-
ison to the bare soil (Aguilar-Fenollosa et 
al., 2011a). Suitable groundcover manage-
ment is among the most important cultur-
al practices to regulate the abundance lev-
el and movement mainly of thrips and mite 
species in citrus orchards (Aguilar-Fenollosa 
et al., 2011a,b; Aguilar-Fenollosa and Jacas, 
2013). 
Preservation of Poaceae: In Morocco, cultur-
al practices deliberately encouraging and 
preserving Poaceae host plants between 
rows seems to be a promising solution for 
reducing the abundance of T. urticae and P. 
citri mites on citrus trees. This practice might 
also increase phytoseiid abundance in the 
citrus groves.
Deliberate sowing of tall fescue: Festuca 
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arundinacea Schreber (Poaceae) is wide-
ly distributed as a native grass in temperate 
and cool climates throughout Europe, North 
Africa, and West and Central Asia (Gibson 
and Newman, 2001). In Spain, Aguilar-Fenol-
losa et al. (2011b) provide evidence that both 
bottom-up and top-down regulation pro-
cesses related to the nature of the ground 
cover aff ected the tetranychid mite popu-
lations in citrus orchards. The authors con-
cluded that best results were obtained with 
the ground cover of F. arundinacea, which of-
fered a better regulation of both P. citri and 
T. urticae than either bare soil or the resi-
dent wild cover. In Morocco, planting strips 
(length; 10-60 m; width: 0.2-1 m) of F. arundi-
nacea between the rows of citrus trees might 
be a new technique to reduce abundance of 
mites and other insects such as thrips. 

The “Predator in First” approach as a pre-
ventative biological control technique 

The ‘predator in fi rst’ approach is a new 
promising approach to control thrips (Ku-
mar et al., 2020; Pasquier et al., 2021). It is a 
prophylactic control strategy that aims to 
establish predators before the appearance 
of pests in an agro-ecosystem (Kumar et al., 
2015). This method involves the release of 
specifi c predators on un-infested seedlings 
before transplanting in the fi eld (Kumar et 
al., 2020; Pasquier et al., 2021). In Morocco, 
use of host plants, which are already recog-
nized as being attractive to thrips (i.e. pep-
pers, tomatoes, etc.) and which were previ-
ously infested at the nursery by an eff ective 
predator (i.e. A. swirskii or O. laevigatus), is 
preferable. These plants should be plant-
ed along the edges of citrus orchards where 
the predator may become established be-
fore the onset of the citrus fl owering. This 
off ers the possibility of limiting adult thrips 
abundance in these plants which will be re-
sponsible for the production of the two 
main fi rst generations of this pest.

‘Farming with alternative pollinators’ ap-
proach as preventative biological control 

The ‘farming with alternative pollinators’ 
approach (FAP) uses the habitat enhance-

ment zone in fi elds to attract pollinators and 
natural enemies i.e., by marketable habitat 
enhancement plants (MHEPs), so the land 
serves simultaneously ecological purposes 
and the interest of farmers to gain income 
from their entire land. This is one of the ad-
vantages of FAP in comparison to wildfl ow-
er strips, which cause opportunity costs and 
are not scalable in low- and middle-income 
countries (Christmann, 2020). FAP measures 
impacts of habitat enhancement on diver-
sity and abundance of fl ower visitors, nat-
ural enemies, and pests, and net income. 
In smallholder FAP fi elds, the main crop is 
planted in the central area (75%) and 4-12 
MHEP cover together 25% of the fi eld area 
(Christmann and Aw-Hassan, 2012). The mix 
of MHEP with diff erent colors of petals and 
diff erent fl ower types (i.e. oil seeds, spices, 
food crops, medicinal plants) prolong the 
fl owering period signifi cantly and substan-
tially (Christmann et al., 2021). The 25%-zone 
hosts also low-cost materials for nesting- 
and water support. Farmers using FAP ap-
proach noticed higher income, an increase 
in pollinator diversity and abundance, low-
er pest abundance, and also the impact on 
the quality of many crops (Christmann et al., 
2021, 2022). In FAP plots, predators and par-
asitoids diversity and abundance were in-
creased (Christmann et al., 2021, 2025). Pol-
len as food source might help to sustain a 
population of several benefi cial species, 
i.e. Phytoseiidae mites (Pascua et al., 2020). 
Combining FAP and augmentative biologi-
cal control using natural enemies might be 
another alternative method with additive 
eff ects. Such management off ers the pos-
sibility of increasing both parasitism and 
predation levels, mainly for armored scale 
populations during the settling process of 
crawlers during the fruit growing period.

Use of host plants as traps to reduce thrips 
population

Commercial host plants of thrips may be 
used as traps in citrus groves to reduce or to 
control, i.e., thrips. This strategy can be used 
at two levels for thrips control.
Host plants deliberately planted as trap 
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crops: Host plants are planted on the edg-
es of orchards (and not inside the groves 
as strips) before the onset of the fl owering 
period of citrus trees. Once abundance of 
thrips becomes signifi cantly higher in trap 
plants, their suppression via eff ective and 
registered products will prevent their mov-
ing towards fruits of the citrus canopy. While 
the trap plant approach might not provide 
suffi  cient control to targeted pests, this 
technique may have positive eff ects when 
combined with other techniques.
Spontaneous plant growth managed as 
host plants: The nature of the spontane-
ous herbaceous plants around the citrus 
groves must be known. In our experience, 
at the edges of citrus orchards, white or 
yellow fl owers of wild plants that precede 
the blooming phase of citrus trees should 
be eliminated to prevent thrips popula-
tions from moving from those plants to cit-
rus trees. Generally, fl owers located in the 
groundcover are attractive to pests and act 
as trap crops, mainly for thrips populations. 
However, during the fl owering phase of the 
spontaneous plants, it is suggested to apply 
foliar application with an effi  cient and safe 
product to reduce their population abun-
dance before they move to the citrus tree 
(Smaili et al., 2025).

Implementation of cultural practices

Cultivars with host fruit resistance to reduce 
medfl y infestation

Physico-chemical parameters of citrus 
fruit such as acidity, maturity index, and 
fi rmness may determine the level of fruit 
punctures by medfl y, mainly for clemen-
tine cultivars (Aluja and Mangan, 2008; Pa-
pachristos and Papadopoulos, 2009). Trails 
conducted in the Gharb region revealed a 
signifi cant correlation between clementine 
cultivars and medfl y fruit punctures (Smaili 
et al., 2016, 2017, 2018b), concluding that the 
main factors aff ecting the punctures were 
fruit fi rmness and maturity index. In Moroc-
co, this use of physico-chemical characteris-
tics of fruit during fruit infestation suscep-
tibility (i.e. two months before harvesting 

clementine varieties) could contribute to 
decreasing the number of insecticide appli-
cations for the control of this key pest.

Cultural practices improving health and 
productivity of trees

Water stress combined with heavy infes-
tation by T. urticae in citrus trees can result in 
leaf drop (Aucejo-Romero et al., 2004). Prop-
er irrigation of citrus trees is therefore im-
portant. 

To achieve an appropriate fruit size, thin-
ning during fruit set is an important cultural 
practice, mainly for clementine, Citrus reticu-
lata var. Bruno, reducing the burden of the 
tree by eliminating fruits with small size. This 
practice may also be used to reduce fruit in-
fested with thrips populations. During this 
phase, it is recommended to target small 
fruits that can be: i) sensitive to subsequent 
attacks by thrips, ii) susceptible to host thrips 
larvae, iii/ close to symptomatic fruits that 
are visible or not (Smaili et al., 2018a).

Schöneberg et al. (2020) reported that 
pruning small fruit crop canopies alters the 
microclimate, which in turn may infl uence 
insect pest activity. Tree pruning also en-
ables ventilation of the interior and the cre-
ation of several openings, so-called exter-
nal windows. This practice not only enables 
penetration of bright solar rays to the most 
shaded places of the tree, but also ventila-
tion of the diff erent external parts of the fo-
liage thus creating an unfavorable environ-
ment for diff erent stages of pests, mainly 
armored scales and mites, hindering their 
activity in the leaves.

Behavior manipulation for pest control
Behavioral manipulation of a pest in-

cludes methods that interfere with their nat-
ural behavior and activity (Foster and Har-
ris, 1997). This behavior can be infl uenced by 
cues for perception, such as visual, chemical, 
tactile stimuli, acoustic and vibration waves 
(Greenfeld, 2016). 

Pest monitoring based on growing degree 
days 

Citrus pest activities may vary from one 
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year to another and also within the same 
year, depending on weather, mainly tem-
perature variation. For citrus trees grown 
in large areas, monitoring of insects, mainly 
scale diaspines and thrips species, by collec-
tion of samples (leaves, twigs, and fruits) and 
the beating method (fl owers, fruit-set, and 
fruits, shoots), can be very laborious, time 
consuming and cost intensive. Using grow-
ing degree days between male fl ights may 
be a tool to predict the suitable time for ap-
plication of chemical sprays or the release of 
natural enemies to control A. aurantii (Cam-
pos-Rivela et al., 2012). In northern Spain, 
the same authors, working with Valencia 
Citrus sinensis Osbeck trees, found a thermal 
constant (615 degree days) across the diff er-
ent development instars of A. aurantii, using 
the lower developmental threshold (11.7°C). 
Citrus producers can use this technique to 
identify the male peak fl ights or the maxi-
mum crawler abundance peaks in citrus or-
chards. 

Mating disruption
The mating disruption technique, using 

synthetically produced chemicals in the or-
chards to confuse males and limit their abil-
ity to perceive calling females, may be ef-
fective in controlling A. aurantii (Vacas et al., 
2009; Leonard, 2019). In Spain, mating dis-
ruption techniques using pheromone dis-
pensers reduced the number of downgrad-
ed fruits by 60% to 70% (Vacas et al., 2010). In 
Morocco, the mating disruption technique is 
a biotechnical method that uses diff users in-
stalled in a citrus orchard at approximately 
250 to 300 diff users/ha. This method is very 
specifi c and has no adverse eff ect on ben-
efi cial species and the environment. Such 
a method can be valid only for isolated or-
chards, i.e. mandarin Afourer plots. A com-
bination of the mating disruption technique 
and augmentative biological control using 
a parasitoid (i.e. A. melinus) may be effi  cient 
at reducing the occurrence of crawlers on 
the fruit during the citrus fruit set and can 
be used to control armored scale between 
April and June (depending to the zone in 
the country).

Enhanced mass trapping technology to con-
trol medfl y and thrips 

Mass trapping technology (MTT) can be 
used to control many citrus pests. In Spain, 
a combined approach of mass trapping 
and other methods is used to control main-
ly populations of medfl y (Martinez-Ferrer et 
al., 2012). In Morocco, producing high fruit 
quality requires the combination of selected 
control methods against the targeted pests, 
mainly medfl y and thrips (i.e. Scirtothrips 
sp.). To avoid or to reduce broad-spectrum 
insecticides, including organophosphate, 
use of MTT to control C. capitata (since 2014) 
(Smaili et al., 2016) and thrips (since 2021) has 
increased in Morocco as a new suitable al-
ternative control method to chemical meth-
ods. However, during some years, mainly 
during autumn, despite the use of the MTT, 
C. capitata control method fails to consis-
tently provide suffi  cient control, particu-
larly in years with high adult medfl y abun-
dance in citrus groves. While MTT use in 
Moroccan orchards is currently effi  cient, this 
method could be considerably improved 
(profi tability/cost) in terms of the chosen 
attractant and the density, maneuverabili-
ty and location of the traps used. This might 
depend on the orchard, the prevailing cli-
mate conditions of the year and the desti-
nation of the production. A study by Smaili 
et al. (2017, 2018b) showed that high medfl y 
population may require addition of comple-
mentary methods to mass trapping to con-
trol medfl y. The authors concluded that BAT 
(bait appat technique) based on bioinsecti-
cide and fruit resistance seems to improve 
medfl y control using an effi  cient mass trap-
ping method. Indeed, a current study by 
Ben-Yazid et al. (2020) confi rms this funding. 
MTT combined with another complemen-
tary method (i.e. entomopathogen-based 
biopesticide) as a support might provide 
additional eff ects in controlling such dipter-
al by reducing punctures on fruits.

First attract and kill approach-based 
mass trapping for thrips species, showed lit-
tle or non-lasting success coupled with high 
costs (Smaili, 2019, 2020). However, fi eld tri-
als conducted in lemon citrus, during 2024 
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(spring and autumnal) and 2025 (spring), 
showed that installation of 1–2 yellow sticky 
traps (baited with or without pheromone)/4 
trees, proved eff ective in mass trapping of 
Scirtothrips sp. by reducing fruit infestation 
under large scale fi eld conditions (Smaili et 
al., 2025). Therefore, set up of yellow sticky 
traps-based MTT at suggested rate are rec-
ommended for management of this thrips 
in citrus orchards.

Sterile insect technique to reduce medfl y in-
festation

The sterile insect technique (SIT) is an 
environmentally friendly pest control meth-
od that involves sterilizing male insects us-
ing radiation, and their release in target ar-
eas, resulting in lower or no fruit infestation. 
The SIT can be applied in integration with 
other control methods against the med-
fl y. Indeed, Morocco recently completed 
the construction of a new mass-rearing fa-
cility to apply the SIT to protect citrus pro-
duce (IAEA, 2025). The facility will eventually 
be capable of producing 130 million sterile 
medfl y per week. which will allow releases 
to cover approximately 55,000 hectares of 
citrus growing area (Souss and Oriental ar-
eas) (Zouhry et al., 2025). The fi rst releases of 
sterile males were conducted in September 
2024 in 7,000 ha in Ouled Aissa area, Tarou-
dante province.

Alternative substances to chemical pes-
ticides
Water and potassium-soap foliar applica-
tions: A strong jet of water can remove in-
sects like aphids and spider mites of plant 
leaves and stems (Adhikari, 2022). Foliar 
spraying with high pressure of water can re-
duce the abundance of mite populations by 
mechanical eff ect, disrupting their activities 
and making the environment unsuitable for 
them, especially on the exposed fruit and 
leaf surface (Smaili et al., 2022). It applies 
to all spider mites, especially for E. orienta-
lis, that try to settle on the exposed leaves 
and fruit surface; a single application is suf-
fi cient to increase the time between at least 
two peaks of abundance on leaves and fruit. 

Aqueous solution of potassium soap might 
provide additional impact in reducing mite 
population (Smaili et al., 2022).
Kaolin: Smaili et al. (2014, 2016) studied the 
eff ects of foliar application with kaolin Un-
der Moroccan conditions and reported that 
kaolin (99.9 %) protects citrus shoots and 
fruits against aphids and medfl y, suggesting 
its integration in the IPM approach against 
citrus pests. Recently, Salerno et al. (2020) 
studied the mechanism of action of kaolin 
particle fi lm and how this natural product 
can contribute to developing future phys-
ical control barriers against pest insects. 
We propose kaolin-based foliar application 
throughout the year and just before the fruit 
harvesting period to avoid any pesticide res-
idues remaining after foliar application.
Botanical products: Botanical extracts 
have emerged as another safe alternative 
to chemical pesticides as biodegradable 
and with little side eff ects on natural en-
emies. Guleria and Tiku (2009) and Ngeg-
ba et al. (2022) studied the eff ect of derived 
plant-based pesticides extracted from many 
plants, such as neem (from Azadirachta indi-
ca A. Juss), Capsicum frutescens L., pyrethrin 
(from fl ower Chrysanthemum cinerariaefo-
lium); pyrethrum (from Tanacetum cinerari-
ifolium), tobacco (from Nicotiana tabacum 
L.), rotenone (from Derris spp., Lonchocar-
pus spp. and Tephrosia spp.), sabadilla (from 
Schoenocaulon spp. (S. officinale)), thyme es-
sential oil (from Thymus vulgaris L., Thymus 
spp.) and other products. Guleria and Tiku 
(2009) reported the effi  ciency of these bo-
tanical products and concluded that since 
botanical insecticides are fast acting and de-
grade rapidly in sunlight and moisture, fre-
quent foliar applications during precise tim-
ing might be necessary. To date, only neem 
is the main botanical product used for pest 
control in practice in Morocco. A review of 
Isman (2020) showed that insecticides based 
on pyrethrum and neem (azadirachtin) are 
high performing botanical products, due to 
the introduction of new jurisdictions. Never-
theless, it must be noted that some botani-
cal components, i.e. essential oils, may have 
a harmful eff ect on natural enemies. In our 
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opinion, botanical insecticides need to be 
carefully selected in relation to possible ad-
verse eff ects on benefi cial species and pol-
linators, but they must be used more fre-
quently as alternative pest control methods 
to chemicals in the near future. 

Control of snails
In Morocco, methaldehyde-based for-

mulation, a chemical molluscicide, is typical-
ly applied to control snails in citrus orchards, 
mainly T. pisana. Indeed, T. pisana is the only 
snail species with known biological cycle in 
citrus groves in the country: spawning peri-
ods, the structure of the populations as well 
as the movements of this snail between cit-
rus trees and the groundcover. Using this bi-
ological data, an appropriate control meth-
od could be used to block adults from laying 
their eggs (i.e. collection of adults or using 
safe chemical control) during fall and when 
snail adults located in the tree canopy try to 
reach ground cover. This measure may de-
crease the snail population abundance dur-
ing the following spring.

Physical – cultural control
Hand collection is an important meth-

od that enables collecting a high number of 
snails located on groundcover between the 
rows of citrus trees (Smaili, 2013; Smaili et 
al., 2017). The snail collection may continue 
throughout the year, focusing on snails with 
large diameter (shell width) and the young 
stages. In practice, snail collection should 
be a permanent activity and not limited to 
occasional collectors who only collect snail 
species with commercial interest (i.e. E. ver-
miculata and not T. pisana). We suggest 
keeping spontaneous herbaceous plants, 
when available, between rows as ground-
cover (not under canopy as this will drive 
a high snail population to move to the cit-
rus trees) for a long period, during autumn 
and spring, the seasons with high humidity 
(and frequent rains, in some years). During 
autumn, especially for T. pisana, when the 
population becomes active with a high risk 
of infesting citrus fruit, collecting on cano-
py is possible only for medium-sized trees as 

well as for young plantations. Unfortunately, 
this technique cannot be used in trees with 
large canopy which would induce high costs 
and diffi  cult operation during collection.

New trap
The Regional Center of Agricultural Re-

search of Kenitra, Morocco (National Insti-
tute of Agricultural Research) developed a 
new trap for keeping snails out of citrus or-
chards in 2011 for the fi rst time in the coun-
try (Smaili, 2013). The potential use of this 
trap for keeping snails out (i.e. T. pisana) has 
been recognized as a promising new tech-
nology and snail control method in many 
citrus orchards in the country, mainly in the 
Gharb region (Smaili, 2017). These traps, set-
tled in the trunk (at least 40-60 cm from 
soil), catch the snails trying to climb up the 
tree during their movement from the soil to 
the tree canopy. Especially for young plan-
tations and small trees, trap use is suggest-
ed during February and May (early June in 
some years). The traps may be improved by 
using nets with enamel instead of plastic. 
When the citrus growing area is very large, 
this method combined with other tech-
niques such as continuous survey and physi-
cal control, cover ground management, and 
biological control, might have an additional 
positive eff ect on snails.

Biological control
Duck have been used as a non-chemical 

control method against the golden apple 
snail Pomacea canaliculata Lamarck (Archi-
taenioglossa: Ampullariidae) in wetland rice 
ecosystems in China (Liang et al., 2013). Cur-
rently, duck production is a common activi-
ty in rural Moroccan households to enhance 
farmers’ income as well as food security. 
Ducks can be used as preventative pest con-
trol in the context of natural biological con-
trol approaches to reduce snail abundance 
in citrus orchards. A group made up of 10-20 
individuals placed early in the morning in an 
infested area when snails are active, can pro-
vide an appropriate method to reduce snail 
populations. However, when the citrus area 
production is very large, a consistent survey 
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of the ducks is necessary to prevent their 
disappearance.

Integrated Pest Management
Effi  cient use of selective, appropriate, 

safe and eff ective chemical products are 
major components of the IPM approach 
which provides an alternative to conven-
tional chemical control. The Economic 
threshold and the Economic injury level are 
the basis for pest control decision making, 
mainly for pesticide applications in IPM cit-
rus groves, while reflecting economic con-
siderations (Pascual-Ruiz et al., 2014). In ad-
dition, two key aspects for the success of 
chemical spraying to control scales are the 
developmental stages that predominate in 
the population and the time of invasion by 
crawlers of the citrus fruitlets (Rodrigo et al., 
2004). 

In Moroccan citrus groves, the econom-
ic threshold may depend on many parame-
ters, mainly biology and population dynam-
ics of the targeted key pest, parameters used 
for monitoring and the nature of market ac-
cess and safe product exports. To avoid the 
settling of a maximum of new crawlers of ar-
mored scales (i.e. California red scale), under 
Moroccan conditions, Smaili et al. (2017) dis-
cussed various technologies of pest control 
of armored scales in citrus trees and con-
cluded that many parameters need to be 
assessed. According to the authors during 
the process of invading fruit between fruit-
lets and the fruit growing period, these pa-
rameters include i) monitoring of male fl ight 
numbers in pheromone-based sticky traps 
and ii) moving of fi rst crawlers, percentage 
of highly susceptible armored scales (main-
ly crawlers, fi rst, second stage and female 
fi rst instar), iii) percentage of newly infested 
fruit by crawler during fruitlets period. For 
each region, the economic threshold must 
be established before any decision is taken 
regarding pesticide application. Also, small 
trials should be performed to ensure and 
implement the economic threshold. For in-
stance, E. orientalis causes discolouration of 
leaves and fruit where it feeds, while T. ur-
ticae displays chlorotic spots on the leaves 

and scars on the fruit. In Morocco, notice-
able damage is observed on leaves and later 
on fruit when the mite abundance increases 
and reaches 10% of infested leaves (i.e. 10-
16 moving nymphs or 4 females of E. orienta-
lis/leaf; 3 moving T. urticae/leaf) (Smaili et al., 
2022). In Spain, chemical control measures 
are recommended once population of Eutet-
ranychus spp. reach the economic injury lev-
el of 20% of leaves infested during August to 
October (Monzó et al., 2016).

Conservation of benefi cial species through 
judicious chemical control

Effi  cient use of safe pesticides is one 
of the major components of the IPM ap-
proach as well as the knowledge of the ef-
fects of pesticides on biological control 
agents (Bozhgani et al., 2018). Some insecti-
cides and miticides, including insect growth 
regulators, are toxic and harmful (direct and 
indirect impact) for one category of bene-
fi cial species but safe and selective for an-
other. Biondi et al. (2012) discussed the acute 
and sublethal toxicity of 14 pesticides on the 
adults of the generalist predator O. laeviga-
tus under laboratory conditions and con-
cluded that these pesticides greatly diff ered 
in their toxicity, both in terms of lethal and 
sub-lethal eff ects, as well as in their persis-
tence. Broad-spectrum insecticides have di-
rect and indirect eff ects on spider mites that 
can promote mite outbreaks (Rebek et al., 
2012). This is the case in Morocco with, i.e. 
control of Phyllocnistis citrella Stainton (Lep-
idoptera: Gracillariidae) and medfl y with py-
rethroid insecticides that can cause a resur-
gence of mites (Smaili et al., 1999b). Similar 
cases were reported with neonicotinoids 
that are applied as foliar application to con-
trol several pests in the citrus orchards lead-
ing to a resurgence of cottony cushion scale 
Icerya purchasi Maskel (Hemiptera: Mono-
phlebidae) (Smaili, personal observations).

According to a study by Torres and Bue-
no (2018), choosing a selective insecticide 
or selectively applying one is an impor-
tant decision for conserving natural ene-
mies. Basically, reducing pesticide interven-
tions means applying an IPM approach, 
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with appropriate application of chemicals 
only when needed via effi  cient monitor-
ing of pest population thresholds and effi  -
cient product use. Effi  cient pesticide use in-
tends to avoid broad-spectrum application 
with persistent compounds and to consid-
er priority and selection of pesticides with 
high direct and indirect toxicity on pests 
but without any side eff ects on natural en-
emies. Several research studies have pro-
vided evidence that the use of many prod-
ucts, including hazardous pesticides, may 
have side eff ects on a range of non-target 
insects, including natural enemies, pollina-
tors, and soil-benefi cial insects (Biondi et 
al., 2012; Goulson, 2013; Serrão et al., 2022). 
In Morocco, in the context of good phytos-
anitary practices, safe pesticides are select-
ed and carefully applied only when need-
ed in commercial citrus orchards certifi ed 
for Good Agricultural Practices (Smaili et al., 
2017, 2018b). 

Conclusion

In view of the non-target eff ects of chemical 
pest control methods and their costs, new 
approaches are required for sustainable cit-
rus production Morocco. More appropri-
ate solutions using cultural and biological 
control methods to reduce chemical con-
trol could contribute to this direction as well 
as suitable alternative substances to chem-
ical pesticides. However, in citrus orchards, 
these alternative pest control approaches 
may have low direct control eff ects in the 
short term compared to conventional chem-
icals pesticides, due to the need for techni-
cal support for application, additional in-
puts and their variable effi  cacy.
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ΑΡΘΡΟ ΑΝΑΣΚΟΠΗΣΗΣ

Οικολογικές εναλλακτικές μέθοδοι φυτοπροστασίας 

στη χημική καταπολέμηση για βιώσιμους οπωρώνες 

εσπεριδοειδών στο Μαρόκο

M.C. Smaili, N. Haddad, O. Chetto, H. Benyahia και H. Benaouda

Περίληψη   Η βιομηχανία των εσπεριδοειδών διαδραματίζει σημαντικό κοινωνικοοικονομικό ρόλο 
στην εθνική οικονομία του Μαρόκου. Εβδομήντα είδη φυτοφάγων εντόμων, ακάρεων και σαλιγκαριών 
έχουν καταγραφεί σε εσπεριδοειδώνες στο Μαρόκο. Ωστόσο, μόνο λίγα από αυτά θεωρούνται 
σοβαροί  ή περιστασιακοί εχθροί και ενδέχεται να προκαλέσουν οικονομική ζημία οπότε απαιτούν 
αντιμετώπιση. Η χρήση ευρέως φάσματος χημικών εντομοκτόνων και ακαρεοκτόνων για την 
καταπολέμηση εντόμων και ακάρεων έχει δημιουργήσει αρκετά προβλήματα που σχετίζονται με 
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ζητήματα για την ανθρώπινη υγεία, το περιβάλλον και την οικοτοξικότητα. Η παρούσα εργασία παρέχει 
μια επισκόπηση πρακτικών και προληπτικών, φιλικών προς το περιβάλλον εναλλακτικών λύσεων 
έναντι της χημικής φυτοπροστασίας, για τη βιώσιμη καλλιέργεια των εσπεριδοειδών στο Μαρόκο. 
Συζητείται ο ρόλος κατάλληλων βιολογικών και καλλιεργητικών μεθόδων, καθώς και της ασφαλούς 
χημικής καταπολέμησης, στην αντιμετώπιση των εχθρών των εσπεριδοειδών.
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