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ABSTRACT

Khallou, A., Smaili, M.C., Mennani, M., Haddad, N., Kokigci, H., And Boutaleb-Joutei,
A. 2025. Management of thrips species in citrus groves in the Marrakech region:
Exploring control methods as alternatives to chemical methods. Tunisian Journal of
Plant Protection 20 (2): 97-116.

Thrips, which historically caused minimal damage to Moroccan citrus orchards, have become a
significant concern since 2018. A study was conducted from March to July 2021 in a citrus orchard in
the Marrakech region and aimed to identify thrips species and natural enemies, monitor population
dynamics, and evaluate alternative control methods. Two trials were conducted on the effect of several
products on thrips species in the citrus orchards; the first one (chemical trial) where Flonicamib,
Spirotetramat, Formetanate, Acetamiprid, Cyantaraniliprole, and Abamectine were assessed, the second
trial (biological control), Pyrethrum, Neem oil, Beauveria bassiana, a mixture of Azadirachtin and
paraffinic mineral oil, a mixture of Pyrethrum and neem oil, and a mixture Pyrethrum and azadirachtin
were evaluated. Six thrips species were recorded: Frankliniella occidentalis, Thrips tabaci, Pezothrips
kellyanus, Scirtothrips sp., Aeolothrips sp., and Haplothrips sp. Population peaks varied by citrus variety,
with adult thrips reaching their highest levels during petal fall for clementine Nules (4 + 1
individuals/beating) and during summer shoot growth for mandarin Afourer (8.8 £ 1 individuals/beating),
while larval populations peaked 10 days later on Nules but remained low on Afourer. Four predatory;
Coccinella septempunctata, Orius sp., Chrysoperla carnea, and Aeolothrips sp. were found on citrus
trees and their population peaked during petal fall. Formetanate showing the highest efficacy (88.7%
after 3 days), while Spirotetramat was less effective to control thrips species. Beauveria bassiana and the
mixture of Azadirachtin and paraffinic mineral oil were two treatments that showed the highest
significant efficacy (75.9% and 78.82 %, respectively, after two weeks). These findings underscore the
increasing threat of thrips species in commercial Moroccan citrus orchards and highlight the potential of
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integrated pest management strategies that combine chemical and biological control for sustainable thrips

management.
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Thrips species (Thysanoptera:
Thripidae) represent a diverse group of
tiny insects, with nearly 6000 species
described worldwide, many of which are
associated with cultivated plants (Cloyd
2016, Morse, and Hoddle 2006, Mouden et
al. 2017, Nault, and Shelton 2010,
Reynaud 2010, Reitz et al. 2011, Reitz et
al. 2020). While most species are
innocuous (Mound et al. 2022), several
have emerged as key agricultural pests due
to their capacity to cause direct feeding
damage, transmit plant viruses, and reduce
the marketability of fruits and vegetables.
Citrus crops are no exception, and
numerous thrips species have been
reported as economically significant pests
in citrus orchards (Blank, and Gill 1997,
Costa et al. 2006, Mueller et al. 2019,
Navarro-Campos et al. 2013, Rao et al.
2019, Vassiliou 2007, 2008).

Several thrips species are known
to infest citrus flowers, leaves, and fruits,
resulting in scarring, silvering, and
deformation that substantially reduce fruit
quality and commercial value. Scirtothrips
citri (Moulton) is considered a major pest
of citrus in California (Flint et al. 1991,
Mueller et al. 2019), whereas Pezothrips
kellyanus (Bagnall) has become a primary
citrus pest in Australia (Mound, and
Jackman 1998) and in  several
Mediterranean countries, including Spain
(Navarro-Campos et al. 2011, 2013), Italy
(Conti et al. 2001, Marullo 1998), Cyprus
(Vassiliou 2007, 2008), Tunisia (Belaam-
Kort, and Boulahia-Kheder 2017, Belaam-
Kort et al. 2020a), and Morocco (Abbassi
2014). Other species, such as Frankliniella
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occidentalis (Pergande) and Thrips tabaci
(Lindeman), are also frequently recorded
in citrus groves and are among the most
destructive and  polyphagous pests
worldwide (Belaam-Kort et al. 2021,
Cloyd 2016, De Grazia, Marullo 2013,
Donghwang et al. 2000, Makabe et al.
2014, Reitz 2009, Reitz et al. 2020,
Tsuchiya, and Furuhashi 1993).

Thrips control has been based on

chemical sprays, especially
organophosphates  (i.e., chlorpyrifos),
carbamates (i.e, methomyl),

neonicotinoids (i.e., imidacloprid and
acetamiprid), and microbial pesticides
(i.e., Spinosad) (Childers 1992, Colloff et
al. 2003, Conti et al. 2001, Rao et al. 2019,
Vassiliou  2007).  Although  these
compounds provide effective short-term
control, their repeated use has resulted in
widespread resistance. Documented cases
include resistance of P. kellyanus to
chlorpyrifos (Baker et al. 2004, Purvis
2002), Scirtothrips aurantii (Faure) to
pyrethroids such as  cypermethrin,
deltamethrin, and lambda-cyhalothrin
(Rattan 1992), S. citri to dimethoate and
formetanate (Immaraju et al. 1989, 1990),
and F. occidentalis to a wide range of both
chemical and biological pesticides (Gao et
al. 2012). Beyond resistance concern, the
use of broad-spectrum insecticides has

severe ecological drawbacks, often
disrupting beneficial arthropods including
natural enemies such as predators,

parasitoids, and pollinators that are crucial
for citrus ecosystem resilience (Belaam-
Kort et al. 2020b, Jacas et al. 2010,
Mansour et al. 2018).
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These limitations have prompted
increasing attention to more sustainable,

eco-friendly  strategies.  Biorational
approaches, such as the release of
predators (i.e., Chrysoperla carnea
(Stephens), Coccinella septempunctata

(Linnaeus)) and parasitoids, or the
application of entomopathogenic fungi
like Beauveria bassiana, are being
explored as alternatives to conventional
pesticides (Crisp, and Baker 2011, Baker
2016, Wu et al. 2016, Navarro-Campos et
al.  2020). In Mediterranean citrus
orchards, surveys revealed a diverse thrips
fauna, but only a few species consistently
reached pest status. For instance, in
Tunisia, 21 thrips species were recorded in
citrus, though P. kellyanus, F.
occidentalis, and Thrips major (Uzel)
were the most prevalent (Trabelsi, and
Boulahia-Kheder 2009, Belaam-Kaort, and
Boulahia-Kheder 2017, Belaam-Kort et al.
2020a). In Morocco, recent studies
reported the presence of P. kellyanus and
F. occidentalis in major citrus-growing
regions such as Souss Massa and
Marrakech-Safi, where they have been
associated with significant fruit scarring
and economic losses (Abbassi 2014,
Smaili et al. 2018, 2020). Recent studies
by Belaam-Kort and Boulahia-Kheder
(2019) reported that fruit scarring caused
by thrips affected approximately 20% of
fruits across all citrus species and orange
varieties. Such levels of damage lead to
significant downgrading of fruit quality
and consequently substantial economic
losses. Recently, emphasis has been
placed on implementing safer and
sustainable pest management strategies to
control the thrips insects in Morocco. This
requires a deeper understanding of thrips
population  dynamics, their relative
abundance across citrus phenological
stages, the role of native natural enemies,
and the efficacy of alternative control
measures. In this context, the present study
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aimed to (i) identify the thrips species
present and their associated natural
enemies, (i) assess the seasonal
abundance and crop damage caused by
thrips populations, and (iii) evaluate the
effectiveness of selected biological,
botanical, and chemical insecticides under
field conditions. By integrating ecological
obhservations with control efficacy trials,
this research provides insights that may
guide the development of integrated pest
management (IPM) programs tailored to
Moroccan citrus systems.

MATERIALS AND METHODS
Study sites.

The study was conducted within
a commercial citrus orchard with
approximately 500 ha in the Marrakech-
Safi region at El Bahja (Les Domaines
Agricoles, Morocco; 31.608975° N,
8.123152° W). The orchard comprises a
wide range of citrus species, including
clementines, mandarins, and oranges. Two
experimental plots were selected for thrips
monitoring and control trials: i) Afourer
plot for control trial (a Mandarine Citrus
riticulata Blanco var. Afourer), planted on
25/06/2019, grafted on C35 rootstock,
with a planting density of 6 m x 2 m and
covering 2.26 ha, where chemical and
biological applications were conducted;
and ii) Nules (Clementine Citrus
clementina var., Nules) with four plots for
monitoring (P1, P2, P3, P4), planted on
30/07/2008, grafted on Citrus
volkameriana rootstock, with a planting
density of 6 m x 2 m and covering 2.3, 2.5,
3, and 5 ha. Throughout the experimental
period, the plot designated for the trial was
not subjected to any phytosanitary
treatments, nor in the three months prior to
the trial.
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Thrips species identification and
population monitoring.

Thrips adult specimens were
collected from citrus trees between March
and July 2021 using beating method with
Fauvel funnel method (Fauvel et al.,
1981). Thrips were sampled from all citrus
varieties present in the orchard, including
Citrus sinensis (var., Navel), Citrus
clementina (var., Orogrande, var., Nules,
var., Bruno, and var., Nour), and Citrus
reticulata (var., Afourer). For each
variety, thrips were collected by beating
60 citrus twigs obtained from 10 trees (i.e.,
six twigs per tree). Each twig was gently
struck over a white tray to dislodge adult
and larval thrips, which were then
collected using a fine brush and preserved
in 70% ethanol for identification.

For the ground vegetation, twelve
weed samples were collected beneath the
canopy of the same trees, mainly
belonging to the genus Sinapis. Weed
foliage was shaken over a tray using the
same procedure to collect thrips
individuals. All collected individuals were
preserved in 70% ethanol for subsequent
laboratory identification. Specimens were
examined using an Olympus CX23
compound microscope and identified
based on morphological keys provided in
Mound, and Palmer (1981) and Navarro-
Campos (2013).

Population monitoring of adults
and larvae, however, was concentrated on
the Nules variety, which exhibited the
most significant thrips infestation. To
ensure  robust and  representative
observations, monitoring was carried out
across several spatially separated four
Nules plots within the same farm.

Monitoring focused on three key
periods: flowering, fruit set, and 6-8 week
post-petal fall. During flowering, 50
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southeast-facing branches per plot (25 cm
each) were tapped five times into plastic
funnels to collect thrips and natural
enemies. Predatory mites were sampled
weekly from 100 leaves per plot.
Observations for the Nules variety were
conducted weekly from early April to mid-
May. Natural enemies were identified
using keys and illustration in Marullo
(2003) and Déroulez et al. (2014).

Chemical trials.

The chemical control trial was
conducted on the Afourer variety, as the
thrips populations on other citrus varieties
were insufficient to allow several
replicates. Thrips sampling was conducted
during a single trial in 2021, specifically
during the fruit enlargement period, when
thrips density typically reaches its peak.
This timing was selected based on
preliminary observations and because a
notably high population was recorded on
the Afourer mandarin variety, using a 16 L
backpack sprayer with an adjustable
nozzle to ensure uniform coverage of fine
droplets capable of reaching larvae within
fruit crevices. Each tree received 1.2 L of
solution, and four young shoots per plot
were observed, with buffer zones of one
row of trees separating the plots to prevent
cross-contamination.  Seven  chemical
treatments were evaluated: TO (untreated
control), T1 (Flonicamid, 10 g/hl), T2
(Spirotetramat, 100 cc/hl), T3
(Formetanate, 50 g/hl), T4 (Acetamiprid,
30 g/hl), T5 (Cyantraniliprole, 100 cc/hl),
and T6 (Abamectin, 15 cc/hl). A
Completely Randomized Block Design
with four replications was used within the
Afourer plot (Fig. 1, Table 1). The trial
was not repeated in the following year due
to the low thrips population, which would
not have allowed meaningful replication.
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Fig. 1. Experimental set-up for the chemical control trial on the Afourer variety during 2021.

Biological trials.

The biological control trial was
conducted on the Afourer variety due to
insufficient thrips populations on other
citrus varieties to allow meaningful
replication. The trial evaluated the efficacy
of several organic products, including
Azadirachtin, Pyrethrum, Neem oil, and
Beauveria bassiana, selected because of
the lack of registered active ingredients for
thrips control on citrus in the country.
Seven modalities were assessed: TO
(untreated control), T1 (Pyrethrum, 1.5
I/ha with 1000 I/ha spray volume), T2
(Neem oil, 1 I/nl), T3 (B. bassiana, 40
cc/hl), T4 (Azadirachtin, 100 cc/hl +

paraffinic mineral oil, 2 I/hl), T5 (Pyrethrum
+ neem oil), and T6 (Pyrethrum +
azadirachtin, 100 cc/hl) (Fig. 2, Table 1).

The experiment was arranged as
a randomized block design with four
replications, including buffer zones
between plots to minimize drift and
mitigate the effect of the prevailing west-
to-east wind gradient. Trees were evenly
distributed across the plots to ensure
consistent  assessment  of  efficacy
assessment. This trial was not repeated in
the following year due to the low thrips
population, which would not have allowed
meaningful replication.
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Fig. 2. Experimental set-up for the organic trial on the Afourer variety during 2021.
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Table 1. Insecticide treatment used in field trials in 2021

Treatment Active ingredient Commercial name Dose
Flonicamid TEPPEKI WG 500 WG 10 g/hl
Spirotetramat MOVENTO 100 SC 100 cc/hl

) Formetanate DICARZOL 500 SG 50 g/hl

Chemical  "Acetamiprid MOSPILAN 20 SP 30 g/l
Cyantraniliprole EXIREL TM 100 cc/hl
Abamectin AGRIMEC GOLD SC 15 cc/hl
Pyrethrum PYRECRIS 20 EC 150cc/hl
Neem oil TRIACT 90 EC 1L/l
Beauveria  bassiana

Biological souche ATCC 74040 NATURALIS OD 40 cc/hl
Azadirachtin NEEMIX 4,5 EC 100 cc/hl
Paraffinic  mineral
oil INSECTICIDE 101 TOP 2%

Statistical analysis.

All statistical analyses were
conducted using IBM SPSS Statistics
(Version 21). Data obtained from the
randomized complete block design were
analyzed using one-way analysis of
variance (ANOVA) to assess the effect of
treatments on the number of adult thrips
per beating. The effects on larval stages
and beneficial organisms were not
analyzed because their abundances were
too low across the experimental units.
When significant  differences  were
detected, means were separated using the
Student-Newman-Keuls (SNK) test at a
significance level of p < 0.05, after
verification of data normality. Treatment
efficacy was evaluated using two
complementary indices. The percentage
reduction (Ri) was calculated as: Ri (%) =
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(1-Ti/T0i) x 100; where Ti is the mean of
the studied variable (count) in treated
plots, and TOi is the mean control plots
(Abbott 1925). The treatment efficacy (Ei)
was calculated according to Henderson,
and Tilton (1955) as: Ei (%) = [(1- TOi
befor treatment x Ti after treatment)/(TOi
after treatment x Ti before treatment)] x
100; where TOi and Ti represent the mean
of the studied variable in control and
treated plots, respectively, before and after
treatment (Henderson, and Tilton 1995).

RESULTS

Thrips species and natural enemies.
During this survey, six thrips

species associated with citrus were

identified; F. occidentalis, T. tabaci, P.

kellyanus, Haplothrips sp., Aeolothrips

sp., and Scirtopthrips sp. (Fig. 3, Table 2).
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Fig. 3. Thrips species associated with citrus orchards in Marrakech during 2021: A. Frankliniella
occidentalis, B. Aeolothrips sp., C. Haplothrips sp., D. Thrips tabaci, E. Scirtopthrips sp., and F. Pezothrips

kellyanus.
Table 2. Species of thrips found on citrus crops in the Marrakech region in 2021
Suborder Family subfamily Species
Frankliniella occidentalis (Pergande)
Pezothrips kellyanus (Bagnall)
Terebrantia Thripidae Thripinae

Sirtopthrips sp.

Thrips tabaci (Lindeman)

Aeolothripidae Aeolothripinae

Aeolothrips sp.

Phlaeothripidae | Phlaeothripinae

Haplothrips sp.

In parallel, only a few beneficial
species were observed during the study
period (Table 3). These included C.
carnea, the seven-spotted lady beetle
Coccinella septempunctata, the predatory
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thrips Aeolothrips sp., the minute pirate
bug Orius sp., and the predatory mite
Euseius sp. In addition, several
unidentified spider species were also noted
in the orchards.
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Table 3. Natural enemies collected in citrus orchards in the Marrakech region during 2021

Order Family Species
Neuroptera Chrysopidae Chrysoperla carnea (Stephens)
Coleoptera Coccinellidae Coccinella septempunctata (Linnaeus)
Thysanoptera | Aeolothripidae | Aeolothrips sp.
Hemiptera Anthocoridae Orius sp.
Mesostigmata | Phytoseiidae Euseius Stipulatus (Athias-henriot)
Araneae - Several species
Dynamics of thrips densities and individuals per beating by April 20.

naturel enemies on citrus fruit.

Population

monitoring

highlighted clear differences among thrips

Similarly, F. occidentalis densities rose
after early April, reaching a maximum
approximately 12 days later, and

species. T. tabaci and F. occidentalis were
consistently more abundant than the other
recorded species. The population of T.
tabaci increased rapidly from early April,
reaching a maximum of approximately
two individuals per strike in parcel P2, and
then declined sharply, dropping below 0.2

subsequently declined to near-zero levels
after May 10. In contrast, P. kellyanus
remained  scarce  throughout the
observation period, with mean densities
below 0.1 individuals per strike during
flowering, and disappeared completely
thereafter (Fig. 4).
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Fig. 4. Dynamics of thrips species on the Nules variety (P1-P4) in Marrakech during 2021.
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At the larval stage, the first
individuals were detected around April 7,
with maximum densities observed on
April 22. Adult populations increased
rapidly across all four parcels from early
April, reaching a maximum of 25
individuals per strike in parcel P2. This
peak was followed by a pronounced
decline by mid-April, coinciding with the

end of petal fall. Thrips adult densities
decreased sharply from the second week of
May and reached undetectable levels
across all parcels by May 15 (Fig. 5). The
temporal overlap between adults (at the
end of flowering) and larvae (during petal
fall) highlights the close synchrony of
thrips population dynamics with citrus
phenology.
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Fig. 5. Dynamics of thrips populations in Marrakech citrus orchards during 2021at four parcels (P1-P4).

Monitoring of natural enemies
associated with thrips revealed distinct
temporal dynamics across the four studied
parcels (Fig. 6). Among the recorded
predators, spiders were by far the most
abundant, with densities peaking between
late April and early May, reaching values
above 0.8 individuals per beating in

Tunisian Journal of Plant Protection

105

parcels P2 and P3. Other natural enemies
such as C. septempunctata, C. carnea,
Orius sp., and Aeolothrips sp. were
detected only sporadically and in much
lower numbers (< 0.2 individuals per
beating). Their occurrence was generally
restricted to the flowering and early fruit
set stages.
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Fig. 6. Dynamics of natural enemy in citrus orchards of Marrakech during 2021 at four plots (P1-P4).

Chemical trial.

Field trials conducted in
Marrakech region during 2021 revealed
differences in efficacy between the
insecticide formulations in suppressing
thrips populations on citrus. Before
treatment application, thrips counts did not
differ significantly among treatments,
including the untreated control (Feas) =
0.45; p = 0.83). One day after spraying,
however, significant reductions were
recorded in most treatments relative to the
control (Fe1s) = 4.54; p < 0.05). The
untreated control averaged 8.81+1.7 adults
per tap, whereas Spirotetramat-treated
plots still harbored relatively high
densities (4.6+1.4 adults per tap). By day
three, all treatments except Spirotetramat
induced significant declines in thrips
populations (Fe1s = 6.6; p < 0.01). At
seven and fourteen days post-application,
all  insecticides  exhibited  strong
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suppressive effects, with thrips densities
reduced to near-zero levels (Fe,15) = 14.95,
p < 0.05). By day 21, no significant

differences  were  detected among
treatments (Fe.18) = 1.3; p = 0.263), largely
due to a natural decline in thrips

abundance across all plots, including the
control (1.5+0.15 adults beating method),
similar to  Abamectin-treated plots
(0.4£0.12 adults/beating method per tap)
(Table 4).

These results highlight the short-
term effectiveness of most of the
insecticides tested in reducing thrips
infestations, while also highlighting the
limited and inconsistent performance of
Spirotetramat. The observed population
collapse by the third week suggests that
chemical interventions may only provide
transient  benefits and should be
strategically  integrated  with  other
sustainable management approaches.
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Table 4. Average number of adults by beating method (% + SE), ANOVA with One Factor used to compare the effect
of chemical treatments on captured populations J-1 and DAT in Marrakech region during 2021

Active Ingredient BFA d+1 d+3 d+7 d+14 d+21
Control 10.19£1.33a 8.81+1.7b 5.94+0.87c 4.75+0.88b 1.94+0.23c 1.56+0.16a
Flonicamib 8.31+1.01a 1.25+0.39a 1.88+0.44a 1.19+0.29a 1.25+0.30abc 1.44+0.18a
Spirotetramat 8.06+1.20a 4.63+1.46a 6.06+1.43bc 0.75+0.23b 1.63+0.41bc 1.56+0.16a
Formentanat 6.63+0.85a 1.58+0.52a 0.44+0.22a 0.31+0.12a 0.38+0.13a 0.19+0.14a
Acetamiprid 8.50+0.99a 4.19+1.73a 2.13+0.85a 0.63+0.29a 0.38+0.13a 0.19+0.10a
Cyantaraniliprole | 8.56+1.29a 2.31+0.75a 2.06+0.52a 1.06+0.27a 0.75+0.19ab 0.19+0.10a
Abamectin 8.69+1.01a 2.31+0.55a 3.13+0.74ab 1.25+0.27a 0.94+0.27ab 0.44+0.13a
F F(6,18)=0.45 | F(6,18)=4.54 | F(6,18)=6.65 | F(6,18)=14.95 | F(6,18)=5.96 F(6,18)=1.30
p 0.833>0.05 0<0.05 0<0.05 0<0.05 0<0.05 0.263>0.05

*BFA: before foliar product application, d: day.

The efficacy and reduction rates
of the tested insecticides against thrips are
summarized in Table 5. One day after
application, Flonicamid exhibited the
strongest performance, with an efficacy of
82.60% and a reduction rate of 85.81%,
while Spirotetramat remained the least
effective, with efficacy not exceeding
33.56%. At three days post-treatment, all
insecticides except Spirotetramat achieved
efficacy levels above 50%, with
Formentanat displaying the highest
efficacy at 92.59% and a corresponding
reduction rate of 88.62%. Spirotetramat, in
contrast, showed no measurable efficacy
or reduction at this stage.

By day seven, all products
maintained high levels of efficacy, ranging
from 69.14% for Abamectin to 89.97% for
Formentanat. At day fourteen, efficacy
values  generally  declined, with
Flonicamid showing only 20.99% efficacy
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compared to 76.52% for Acetamiprid and
69.89% for Formentanat. Interestingly, the
long-term  effectiveness of  certain
compounds, such as Acetamiprid and
Cyantraniliprole, remained relatively
stable, achieving efficacy levels of 85.59%
and 85.69%, respectively, by day 21.
Formentanat also demonstrated consistent
performance, maintaining an efficacy of
81.28% after 21 days (Table 5).

Overall, with the exception of
Spirotetramat, all insecticides provided
significant and sustained reductions in
thrips populations, with Formentanat,
Acetamiprid, and Cyantraniliprole
emerging as the most reliable options
under field conditions. These findings
highlight the importance of selecting
compounds with both immediate and
persistent activity when developing
integrated pest management strategies for
thrips in citrus orchards.
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Table 5. Reduction rate (R) and efficacy (E) of treatments against thrips populations assessed using the beating method
([j + n] = days after treatment) in Marrakech region during 2021

d+1 d+3 d+7 d+14 d+21
Treatment
R(%) | E(%) | R(®) | E(%) | R(%) | E(%) | R(%) | E(%) | R(%) | E(%)
Flonicamib 85.81 | 82.60 | 68.35 | 61.19 | 74.95 | 69.28 | 3557 | 20.99 | 7.69 | 0.00
Spirotetramat 47.45 | 3356 | 000 | 000 | 000 | 000 |000 |000 |000 | 0.00
Formentanat 82.07 | 72.44 | 9259 | 88.62 | 93.47 | 89.97 | 80.41 | 69.89 | 87.82 | 81.28
Acétamipride 52.44 | 42.98 | 64.14 | 57.01 | 86.74 | 84.10 | 80.41 | 7652 | 87.98 | 85.59
Cyantaraniliprole | 73.78 | 68.79 | 65.32 | 58.72 | 77.68 | 73.43 | 61.34 | 53.98 | 87.98 | 85.69
Abamaectine 73.78 | 69.25 | 47.31 | 3821 | 73.68 | 69.14 | 51.55 | 43.18 | 71.99 | 67.15
Biological trial. greatest reduction (3.62+0.43). On the
Impact of biological control fourteenth  day, most treatments
treatments on thrips species is presented in significantly reduced thrips numbers

Table 6. On the first day prior to
application, no significant differences
were  observed among treatments,
including the control (Fe1s = 0.98; p =
0.44), indicating comparable initial thrips
densities. On the first day after treatment,
differences between treatments remained
non-significant (Fe1s = 1.67; p = 0.36),
with the control recording 7.05+0.86
thrips per tap and the lowest count
observed for the Pyrethrum + azadirachtin
mixture (4.18+0.50). On the third day
post-treatment, thrips populations
remained relatively stable  across
treatments (F.1s) = 0.38; p = 0.89), with
the control at 5.31+0.48 and the lowest
density observed in the Azadirachtin +
paraffinic mineral oil mixture (4.31+0.66).
By the seventh day, significant differences
emerged between treatments and the
control (Fe1s = 3.36; p = 0.05), with the
control maintaining a high thrips
population (7.43+0.61), whereas the
Azadirachtin + oil mixture showed the
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compared to the control (Fe 18 = 3.74; p =
0.013), with thrips densities of 0.56+0.18
for B. Dbassiana, 0.50+0.42 for
Azadirachtin + paraffinic mineral oil, and
0.75+0.21 for Neem oil, compared to
1.93+0.32 in the control. On the twenty-
first day, no significant differences were
noted between treatments (Fe.18 = 0.29; p
0.94), as all biological treatments
maintained low thrips densities (0.50-0.93
individuals per tap), indicating sustained
efficacy over time (Table 6).

Overall, these results
demonstrate that the biological treatments
particularly Azadirachtin + paraffinic
mineral oil, B. bassiana, and Neem oil
effectively suppressed thrips populations,
with  maximal reductions observed
between 7 and 14 days post-application,
and maintained low densities through day
21, supporting their potential integration
into sustainable thrips management
strategies in citrus orchards.
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Table 6. Average number of Thrips captured by tapping (% + SE), ANOVA with one Factor used to compare the
effect of biological treatments on captured populations before and after treatment in Marrakech region during 2021

Treatment BFA d+1 d+3 d+7 d+14 d+21
Control 7.25%0.9a 7.05+0.86 5.31+0.48 7.43£0.61b 1.93+0.32b 0.93+0.39b
Pyrethrum 6.93:0.97a | 5.37+0.86 5.87+0.88 6.56+0.75ab | 1.37+0.31ab | 0.81%0.33
Neem oil 7124159 | 5.810.78 5.12+0.87 7.12#0.27b | 0.75¢0.21a 0.81+0.20
B. bassiana 8.75+1.34a | 6.00+0.85 5.81+0.73 4.370.85ab | 0.56+0.18a 0.81£0.20
Azadirachtin +
paraffinic 8.87+1.00a | 5.75+0.88 4.31%0.66 3.62+0.43a 0.50+0.42a 0.81+0.24
mineral oil
Eg’;ﬁ:';fm T | 793+1.37a | 406£069 | 4812047 | 7.501.03b | 150:0.42ab | 0.93+0.29
Zi;‘é‘i?;‘;hmﬁn * | 11.8742.26a | 4.18+0.50 5.75+0.64 6.1840.83ab | 1.93+0.29ab | 0.50+0.24
F F(6,18)=0.98 | F(6,18)=1.67 | F(6,18)=0.38 | F(6,18)=3.36 | F(6,18)=3.74 | F(6,18)=0.29
P 0.44>0.05 1.36>0.05 10.888>0.05 | 0.05>0.05 0.013<0.05 0.939>0.05

* BFA: before foliar product application, d: day

The efficacy and reduction rates densities. However, because larval stages
of the tested biological treatments are were not assessed in this study, the full
summarized in Table 7. Among the effectiveness of the tested products cannot
different options, the Azadirachtin + be fully determined. Within these
paraffinic mineral oil mixture demonstrated limitations, the results nonetheless
the highest and most consistent efficacy, indicate that Azadirachtin + paraffinic
reaching 78.82% at day 14 with a mineral oil and B. bassiana showed the
reduction rate of 74.09%. B. bassiana also most consistent reductions in adult
performed strongly, with an efficacy of populations. These two treatments may
75.96% and a reduction rate of 70.98% at therefore represent promising options for
the same period. In contrast, treatments integration into Integrated Pest
such as Neem oil alone and the Pyrethrum Management (IPM) programs aiming to
+ neem oil mixture provided only limit reliance on synthetic insecticides,
moderate suppression, with efficacy although further evaluations including
values peaking at 60.43% and 47.35%, effects on larvae are required before
respectively, and showing a decline by day drawing definitive conclusions about their
21 (Table 7). overall efficacy.

Overall biological treatments
contributed to reducing adult thrips
Tunisian Journal of Plant Protection 109 Vol. 20, No 2, 2025



Table 7. Reduction rate (R) and efficacy (E) of treatments against thrips populations assessed using the beating method

([j + n] = days after treatment) in Marrakech region during 2021

d+1 d+3 d+7 d+14 d+21
Treatment

R(%) | E(%) | R(%) | E(®) | R(%) | E(%) | R(%) | E(%) | R(%) | E(%)
Pyrethrum 23.83 | 20.31 0.00 0.00 11.71 7.63 29.02 | 25.74 | 1290 | 8.88
Neem oil 17,59 | 16.08 3.58 1.82 417 2.42 61.14 | 60.43 | 1290 | 11.31
B. bassiana 14.89 | 29.48 0.00 9.50 41.18 51.27 | 70.98 | 75.96 | 12.90 | 27.83
Azadirachtin V1 1844 | 3334 | 1883 | 33.66 | 51.28 | 60.18 | 74.00 | 78.82 | 12.90 | 28.81
paraffinic mineral oil
Pyrethrum + neem oil 4241 | 4735 | 9.42 17.18 | 0.00 7.71 22.28 | 28.94 | 0.00 8.58
Pyrethrum + azadirachtin | 40.71 | 63.79 | 0.00 33.86 | 16.82 | 49.20 | 0.00 38.92 | 46.24 | 67.16

DISCUSSION

This study provides new insights
into the composition, abundance, and
population dynamics of thrips and their
natural enemies in Moroccan citrus
orchards, while also evaluating the
efficacy of chemical and biological control
methods. The identification of F.
occidentalis and T. tabaci as dominant
species, along with the detection of P.
kellyanus at low abundances, is consistent
with findings from other Mediterranean
citrus-growing regions, such as Tunisia,
Spain, and Cyprus (Belaam, and Boulahia-
Kheder 2012, Navarro-Campos et al.
2012, Vassiliou 2010). Although P.
kellyanus is considered a key pest in Spain
and Italy, causing up to 70-80% fruit
damage (Conti et al. 2001, Navarro-
Campos et al. 2011), its low density in
Marrakech region suggests that the species
is not yet a major economic threat in
Morocco. This situation is similar to
observations in  Tunisia, where P.
kellyanus was reported but remained
below damaging thresholds (Belaam, and
Boulahia-Kheder 2012). However, regular
monitoring remains essential given the
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capacity of this species to rapidly increase
under favorable ecological conditions.

The relatively low diversity of
thrips in  Moroccan citrus orchards,
compared to regions such as Florida with
36 species, including several predators
(Childers, and Nakahara 2006), may be
linked to the sampling strategy, the
dominance of monoculture citrus systems,
and the absence of surrounding host plants
that act as thrips reservoirs. Indeed, studies
from Tunisia and Spain have shown that
orchards bordered by mixed fruit trees or
vineyards host higher thrips populations,
due to continuous availability of flowering
hosts (Navarro-campos et al. 2013). The
predominance of F. occidentalis and T.
tabaci also reflects their well-documented
polyphagy, as they are known to infest a
wide range of crops, including vegetables
and ornamentals (Deligeorgidis et al.
2005).

The occurrence of C. carnea, C.
septempunctata, predatory thrips, and
spiders confirms their role in thrips
suppression, as previously documented in
Mediterranean orchards (Elimem, and
Chermiti  2012; Smaili et al. 2020).
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However, in this study their abundance
was lower than other citrus growing area
like Australia where diverse and abundant
predator guilds contribute significantly to
natural regulation (Baker et al. 2011). This
discrepancy may be explained by the
intensive use of insecticides, which reduce
beneficial insect populations, as well as by
climatic conditions such as high summer
temperatures (> 40 °C) that may limit
predator survival. The seasonal activity of
C. carnea and C. septempunctata, peaking
during flowering and petal fall, matches
observations from Tunisia and ltaly
(Belaam Kort et al. 2020, Perrotta, and
Conti, 2008), suggesting a strong
phenological synchronization with thrips
populations. This highlights their potential
for augmentative release programs, which
have been successful in California against
Scirtothrips citri (Khan, and Morse 1999).

Chemical control trials
confirmed the efficacy of several
insecticides (Flonicamid, Formetanate,
Cyantraniliprole, Abamectin) in reducing
thrips  populations, consistent  with
previous studies in Cyprus and Greece
(Vassiliou 2007, 2008, Deligeorgidis et al.
2005).  However, their  declining
performance after 21 days, coupled with
concerns about resistance development in
F. occidentalis (Bielza et al. 2007, Reitz et
al. 2020), raises questions about the
sustainability of relying solely on
chemical strategies. Reports from Spain
and Australia have already documented
resistance to spinosad and acrinathrin
(Herron, and James 2005), reinforcing the
need for rotational use and integration with
non-chemical tools.

Biological control trials revealed
that while most botanical insecticides
(Pyrethrum, Neem oil, Azadirachtin)
showed limited field persistence, the
combination of Azadirachtin + paraffinic
mineral oil and the entomopathogenic
fungus B. bassiana achieved significant
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reductions at day 14, with efficacy
exceeding 70%. These results are
comparable to studies conducted in semi-
arid environments, where environmental

stressors  (high  temperatures, low
humidity) reduced the persistence of
microbial and botanical formulations

(Lewis et al. 1997, Mouden et al. 2017).
To enhance their performance, future
research should focus on improved
formulations with higher stability under
heat stress, as well as optimized
application timing (i.e., evening sprays to
reduce UV degradation).

Overall, the results demonstrate
that biological treatments, particularly B.
bassiana and Azadirachtin + paraffinic
mineral  oil,  represent  promising
alternatives to chemical insecticides, and
should be considered as core elements of
Integrated Pest Management (IPM)
programs in Moroccan citrus orchards.
However, their  efficacy remains
dependent on environmental conditions
and should be complemented with
conservation strategies, such as the
introduction of flowering cover crops to
sustain predator populations (Kirk, and
Terry 2003).

This study is a first step toward a
more comprehensive understanding of
thrips dynamics in Moroccan citrus
orchards. Its limitations include more
precise identification of species based on
microscopic preparations, the short trial
duration, the focus on a single region, not
having considered the larvae (the most
important instar for damage), and the
restricted sampling of  associated
vegetation. Future work should expand
monitoring  across  different  agro-
ecological zones and for several years,
assess inter-annual variability, and
evaluate the compatibility of biocontrol
agents with pollinators and other
beneficial organisms. Such efforts will be
crucial for developing sustainable and
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RESUME

Khallou A., Smaili M.C., Mennani M., Haddad N., Kokici H., And Boutaleb-
Joutei A. 2025. Management des espéces de thrips dans les vergers d’agrumes de la
région de Marrakech: Exploration des méthodes de lutte biologique comme alternatives
aux méthodes chimiques. Tunisian Journal of Plant Protection 20 (2): 97-116.

Les thrips, historiquement responsables de dégits limités dans les vergers d’agrumes au
Maroc, sont devenus des ravageurs préoccupant depuis 2018. Une étude a été menée de mars
a juillet 2021 dans un verger d’agrumes de la région de Marrakech afin d’identifier les especes
de thrips et les ennemis naturels, de suivre la dynamique des populations et d’évaluer des
méthodes alternatives de lutte. Deux essais ont été réalisés pour évaluer I’efficacité de
différents produits contre les thrips dans les vergers d’agrumes. Le premier essai de lutte
chimique a porté sur les insecticides Flonicamid, Spirotétramat, Formétanate, Acétamipride,
Cyantraniliprole et Abamectine. Le deuxieme essai de lutte biologique a évalué les traitements
aux Pyréthre, Huile de neem, Beauveria bassiana, mélange Azadirachtine et huile minérale
paraffinique, mélange Pyrethre et huile de neem ainsi que le mélange Pyrethre et azadirachtine.
Six especes de thrips ont été recensées: Frankliniella occidentalis, Thrips tabaci, Pezothrips
kellyanus, Scirtothrips sp., Aeolothrips sp. et Haplothrips sp. Les pics de population ont varié
selon la variété d’agrumes. Les adultes ont atteint leurs niveaux les plus élevés pendant la
période de la chute des pétales chez la clémentine Nules (4 + 1 individus/frappage) et pendant
la pousse estivale chez la mandarine Afourer (8,8 + 1 individus/frappage), tandis que les
populations larvaires ont été observées dix jours plus tard chez Nules et sont restées faibles
chez Afourer. Quatre prédateurs ont été observeés sur les agrumes : Coccinella septempunctata,
Orius sp., la chrysope verte Chrysoperla carnea et Aeolothrips sp., avec des pics d’abondance
durant la chute des pétales. Le Formétanate a montré 1’efficacité la plus élevée (88,7 % apres
3 jours), tandis que le Spirotétramat s’est révélé moins efficace contre les thrips. En lutte
biologique, Beauveria bassiana ainsi que le mélange azadirachtine et huile minérale
paraffinique ont montré 1’efficacité la plus élevée significativement (75,9% et 78.82 %,
respecivement, aprés deux semaines). Ces résultats mettent en évidence la menace croissante que
représentent les thrips dans les vergers d’agrumes commerciaux au Maroc et soulignent 1’intérét de
stratégies de lutte intégrée combinant méthodes chimiques et biologiques pour une gestion durable
de ces ravageurs.

Mots clés: Agrumes, Biopesticides, Insecticides, Maroc, Pezothrips kellyanus, Scirtothrips sp.

uila
sl g dlal) 2o g S g daa Blady e daaag Lelew b (Ysay ol 2 (la
Aadicall Joass A o gl AnBISal) i LS 1AS) o Aga Claaad) (pilea (B G ji 8y 519 12025
Tunisian Journal of Plant Protection 20 (2): 97-116. Al

Tunisian Journal of Plant Protection 112 Vol. 20, No 2, 2025



\.@.ﬂ‘)ac ‘u‘)a.d\qu\.umﬂ\uu\.uu‘_gaé_jm\‘)\‘)m\hm‘)huauu\skfd\u\ﬁy‘u.au.u‘).\”u\‘)mm
‘;2021 _5&_54‘;\ w‘)LAwaM\ a‘)ﬂ\ d)\am\‘p«_u‘);\ M\}” am\‘)uds.umd&uuZ()]g mm;\a.u.al
r"""s‘ﬁ c\.@.\\.un.q MSA.ALL:A cu.:_s uua_ulal\ L@.\\A&:\j ‘_).u‘)J\ Z\_,.q\ ma;.\ ‘_A\ ;ﬁM} ‘&S“)Am L_l\_h.a.AA ul_u.n.:
MJ;J\JM ubm&\wh@wﬂ\“u%bamdwmumﬁmfu AL.\.:HNISAM daL..u_gu.aa_\
syt sl sy yualisad 5 Carilia ) sy Casal Jidi g s 2alSsislh Cilanall o S8 dlasll da8l<al ‘:Jj\j\
Beauveria _hill s anll <y 35 a s s sl ddaud s i labeall Cilads 388 G 5) o) Andlall A0 Gy yail) el (Sl
AR S o s Rl e el ) sl ey (e D) + GRSV mas bassiana
Pezothrips kellyanus s Thrips tabaci s Frankliniella occidentalis . s os il (e 1 sif A Qs a3
China DAL dpaaal) UK 3 cilia) 85 Haplothrips sp. s Aeolothrips sp. s Scirtothrips sp. s
(/2 A1 1 £ 4) Gl 5 (el i 3 00 Ll sy DA 50 Al slae Catly g (Slpmeal)
REERHS mL@_,}Jquu)ﬂmusg_\,LuAum(m)m/abs\ 1+8. 8))9;51 Ol Cial auall saill M
A Shmanl) jladl e Lk Gl e day )l 2m ) 5 LS )il a8 dmiiie Syl el 58 i
«Aeolothrips sp. s Chrysoperla carnea ¢ _padll iéygﬂ\; Orius sp. s Coccinella septempunctata
AU 2y 988.7) AndlSall 8 Aad e Cuilic ) b e edal OO Jadls Al ja pe LgBUS 5550 el 35 Cas
Beauveria _hill OIS s shsall 488K Ly G sl am Aallad JBT Casel i g pen el OIS Cpn (8 (ol
(s (e %78.82 5 %75.9) (5 sine IS Aallad S Las iamall 31 s 081 500 331 2 54l 5 bassiana
Saie) Al 05 craly Ay ladll Clumesdl il (B Gl 3 5ha 3l Bl oda S35 (Cue sad 2ay

A8V 03] Aalina 5 13) 3aia] Aum ol ) Ao il gl (a1 AL\l S il i

Scirtothrips sp. «Pezothrips kellyanus ¢ sl s Slae dileS Glae s (o pall Aalide ClalS

LITERATURE CITED

Abbassi, M. 2008. Note au sujet de la virulence de Belaam Kort, I., Moraza, M. L., Attia, S., Mansour,
ravageurs considérés comme secondaires au R., and Boulahia Kheder, S. 2020b.
Maroc et aspects pratiques de lutte. Pages Beneficial arthropods as potential biocontrol
253-258. In: Proceedings du Symposium candidates of thrips (Thysanoptera:
Méditerranéen sur la Protection Phytosani- Thripidae) occurring in Tunisian citrus
taire des Agrumes, 9-11 juin 2008, Rabat, orchards.  Biologia 75:  2261-2270.
Maroc. https://doi.org/10.2478/s11756-020-00487-

Abbassi, M. 2014. Les thrips des agrumes : Données X
préliminaires. Agriculture du Maghreb, 76: Belaam, I., and Boulahia-Kheder, S. 2012. Inventory
32. of thrips species in citrus orchards and as-

Abbott, W.S. 1925. A method of computing the ef- sessment of scarring fruits in two citrus-pro-
fectiveness of an insecticide. Journal of Eco- ducing regions of Tunisia. Tunisian Journal
nomic Entomology 18: 265-267. of Plant Protection 7: 1-9.

Baker, G.J. 2016. Kelly citrus thrips management. Belaam-Kort, 1., and Boulahia-Kheder, S. 2017.
Factsheet. Government of South Australia, Thrips in citrus orchards, emerging pests in
Primary Industries and Regions SA. Availa- Tunisia. Faunistic Entomology 70: 77-87.
ble at: http://www.pir.sa.gov.au/__data/as- https://doi.org.10.25518/2030-6318.3677
sets/pdf_file/0010/285517/Kellys_Cit- Belaam-Kort, I., Marullo, R., Attia, S., and Boulahia-
rus_Thrips_Management_Fact_Sheet.pdf Kheder, S. 2020a. Thrips fauna in citrus or-

Baker, G.J., Keller, M., Crisp, P., Purvis, S., Jack- chards in Tunisia: An update. Bulletin of In-
man, D.J., and Barbour, D. 2004. The bio- sectology 73: 110.
logical control of Kelly's citrus thrips in Aus- Bielza, P., Quinto, V., Contreras, J., Torne, M.,
tralian citrus orchards. Pages 267-274. In: Martin, A., and Espinosa, P. J. 2007.
Proceedings of the XXII International Con- Resistance to spinosad in the western flower
gress of Entomology, 15-21 August 2004, thrips, Frankliniella occidentalis
Brishane, Australia. (Pergande), in greenhouses of South-Eastern

Baker, G.J., Keller, M.A., Crisp, P., Jackman, D., Spain. Pest Management Science 63: 682-
Barbour, D., and Purvis, S. 2011. The bio- 687. https://doi.org/10.1002/ps.1388
logical control of Kelly’s citrus thrips in Blank, R.H., and Gill, G.S.C. (1997). Thrips
Awustralian citrus orchards. I0BC/WPRS (Thysanoptera: Terebrantia) on flowers and
Bulletin 62: 267-274. fruit of citrus in New Zealand. New Zealand

Tunisian Journal of Plant Protection 113 Vol. 20, No 2, 2025


https://doi.org/10.25518/2030-6318.3677
https://doi.org/10.1002/ps.1388

Journal of Crop and Horticultural Science
25: 319-332.

Childers, C.C., and Nakahara, S., 2006. Thysanoptera
(thrips) within citrus orchards in Florida:
Species distribution, relative and seasonal
abundance within trees, and species on vines
and ground cover plants. Journal of Insect
Science 6: 3-7.

Childers, C.C. 1992. Suppression of Frankliniella

bispinosa (Thysanoptera: Thripidae) and the

fungal pathogen Colletotrichum
gloeosporioides, with pesticides during the
bloom cycle and improved fruit set on

'‘Navel' Orange in Florida. Journal of

Economic Entomology 85: 1330-1339.

R.A.  2016. Western flower thrips
(Thysanoptera: Thripidae) and insecticide
resistance: An overview and strategies to
mitigate insecticide resistance development.
Journal of Entomological Science 51: 257-
273. https://doi.org.10.18474/JES16-15.1
Colloff, M.J., Fokstuen, G., and Boland, T. 2003.

Toward the triple bottom line in sustainable
horticulture: Biodiversity,  ecosystem
services and an environmental management
system for citrus orchards in the Riverland of
South  Australia. CSIRO entomology
Canberra, Australia, 112 pp.

Conti, F., Tumminelli, R., Amico, C., Fisicaro, R.,
Frittitta, C., Perrotta, G., and Marullo R.
2001. Monitoring Pezothripskellyanus on
citrus in eastern Sicily, pp. 207-210. Thrips
and tospoviruses. Pages 207-210. In R.
Marullo & L. Mound (Eds.), Proceedings of

Cloyd,

the 7th international symposium on
Thysanoptera, 1-8 July 2001, Reggio
Calabria, Italy.

Costa, L., Mateus, C., Zur, S.R., and Franco, J.C.
2006. Thrips (Thysanoptera) associated to
lemon orchards in the ouster region of
Portugal. IOBC/WPRS Bulletin 29: 285-
291.

Crisp, P., Baker, G., and Wheeler, S. 2011.
Agronomic outcomes of IPM control of
citrus thrips in Riverland soils. IOBC/WPRS
Bulletin 62: 275-283.

De Grazia, A., and Marullo, R. 2013. The spreading
of Frankliniella occidentalis (Pergande)
over citrus orchards: The impact on pest
thrips fauna and the evaluation of economic
thresholds. Page 267. Abstract in: Book of
abstracts, future IPM in Europe, 2013, Riva
del Garda, Italy.

Deligeorgidis. PN., Ipsilandis. CG., Vaiopoulou. M.,
Kaltsoudas. G., Sidiropoulos G 2005.
Predatory effect of Coccinella
septempunctata on Thrips tabaci and
Trialeurodes vaporariorum. J. Appl.

Tunisian Journal of Plant Protection

114

Entomol. 129:
https://doi.org/10.1111/j.1439-
0418.2005.00959.x

Derolez, B., Orczyk N., Declercq, S. 2014. Clé
d’identification des coccinnelles du nord-Pas
de Calais [ldentification Key of Ladybirds
from Nord-Pas-de-Calais]. Available on
http://gon.fr/gon/wp-content/
uploads/2015/03/cle_cox_NPdC_version4_
1.pdf

Donghwang, K., Hyeogmo, K., & Kwangsik, K.
2000. Current status of the occurrence of the
insect pests in the citrus orchard in Cheju
Island. Korean Journal of Applied
Entomology 39: 267-274.

Elimem, M., and Chermiti, b. 2013. Identification et
caractérisation morphologique des
différentes espéces de thrips (Insecta;
Thysanoptera) sur culture de rosier dans
différentes localités du Sahel
Tunisien. Biodiversité et Sécurité
Alimentaire 5 (1): 2.

Elimem M, and Chermiti B. 2012. Use of the
predators Orius laevigatus and Aeolothrips
spp. to control Frankliniella occidentalis
populations in greenhouse peppers in the
region of Monastir, Tunisia. IOBC/WPRS
Bulletin 80:141-146.

Flint, M.L., Kobbe, B., Clark, J.K., Dreistadt, S.H.,
and Pegrson, J.E. 1991. Integrated Pest
management  for citrus 2nd edition.
University of California, Oakland, CA,
USA, 144 pp.

Gao, Y., Lei, Z.,, and Reitz, S.R. 2012. Western
flower thrips resistance to insecticides:
Detection, mechanisms and management
strategies. Pest Management Science 68:
1111-1121. https://doi.org/10.1002/ps.3305

Henderson, C.F., and Tilton, E.W. 1955. Tests with
acaricides against the brown wheat mite.
Journal of Economic Entomology 48: 157-
161.

Gao, Y., Lei, Z.,, and Reitz, S.R. 2012. Western
flower thrips resistance to insecticides:
Detection, mechanisms and management
strategies. Pest Management Science 68:
1111-1121.

Immaraju, J., Morse, J.G., and Jefri Kersten, D. 1989.
Citrus thrips (Thysanoptera: Thripidae)
pesticide resistance in the Coachella and San
Joaquin valleys of California. Journal of
Economic Entomology 82: 374-380.

Immaraju, J., Morsei, J.G., and Hobzn, R.F. 1990.
Field evaluation of insecticide rotation and
mixtures as strategies for Citrus thrips
(Thysanoptera:  Thripidae) resistance
Management in California. Journal of
Economic Entomology 83: 306-314.

246-249.

Vol. 20, No 2, 2025


https://www.doi.org/10.18474/JES16-15.1
https://doi.org/10.1111/j.1439-0418.2005.00959.x
https://doi.org/10.1111/j.1439-0418.2005.00959.x

Jacas, J.A., Karamaouna, F., Vercher, R., and
Zappala, L. 2010. Citrus pest management in
the northern Mediterranean Basin: Spain,
Italy and Greece. Pages 3-26. In a. Ciancio
& K.G Mukerji (Eds.), integrated
Management of Arthropod Pests and Insect
Borne Diseases Volume 5. Springer,
Netherlands.  https://doi.org/10.1007/978-
90-481-8606-8_1

Kirk, W.D.J., and Terry, L.I. 2003. The spread of the

western  flower thrips  Frankliniella

occidentalis (Pergande). Agricultural and

Forest Entomology 5: 301-310.

T. 1997. Thrips as Crop Pests, CAB

International, Wallingford, UK, 740 pp.

Makabe, T., Futamura, T., Noudomi, T., Wakakuwa,
M., and Arikawa, K. 2014. Phototaxis of
western  flower thrips,  Frankliniella
occidentalis and onion thrips, Thrips tabaci
and the possibility of controlling Thrips
using ultraviolet temitting trap in the
greenhouse of Satsuma mandarin (Citrus
unshiu). Japanese Journal of Applied
Entomology and Zoology 58: 187-195.

Mansour, R., Belzunces, L.P., Suma, P., Zappala, L.,
Mazzeo, G., Grissa-Lebdi, K., Russo, A,
and Biondi, A. 2018. Vine and citrus
mealybug pest control based on synthetic
chemicals. A review. Agronomy for
Sustainable Development 38: 37
https://doi.org/10.1007/s13593-018-0513-7

Marullo, Rita. 2003. Conoscere i tisanotteri: guida al
riconoscimento delle specie dannose alle
colture agrarie. [Knowing Thrips. A Guide

Lewis,

to Identifying Species Harmful to
Agricultural Crops], Bologna Edagricole,
Italy, 75 pp.

Marullo, R. 1998. Pezothrips kellyanus, un
nuovotripideparassita delle
colturemeridionali. Informatore

Fitopatologico 48: 72-75.

Morse, J. G., and Hoddle, M. S. 2006. Invasion
biology of thrips. Annual Review of
Entomology 51: 67-89.

Mouden, S., Sarmiento, K.F., Klinkhamer, P.G., and
Leiss, K. A. 2017. Integrated pest
management in western flower thrips: Past,
present and future. Pest Management
Science 73: 813-822.
https://doi.org/10.1146/annurev.ento.51.110
104.151044

Mound, L.A, and Jackman, D.J. 1998. Thrips in the
economy and ecology of Australia, pp. 472-
478. In: Pest management - Future
challenges, proceedings of the sixth
Awustralian applied entomological research
conference. M.P. Zalucki, R.A.l. Drew &

Tunisian Journal of Plant Protection

115

G.G. White (Eds.), University of
Queensland, St Lucia, Australia.

Mound, L.A., and Palmer, J.M. 1981. Identification,
distribution and host-plants of the pest
species of Scirtothrips (Thysanoptera:
Thripidae). Bulletin ~ of  Entomological
Research 71 (3): 467-479.

Mound, L.A., Wang, Z., Lima, E.F., and Marullo, R.
2022. Problems with the concept of “pest”
among the diversity of pestiferous
thrips. Insects 13 1): 61.
https://doi.org/10.3390/insects13010061

Mueller, T.G., Kahl, H.M., Cass, B.N., Grafton-
Cardwell, E.E., and Rosenheim, J.A. 2019.
Differential impacts of citrus thrips across
sweet orange and mandarin species. Journal
of Economic Entomology 112: 2767-2773.
https://doi.org/10.1093/jee/toz178

Nault, B.A., and Shelton, A.M. 2010. Impact of
insecticide efficacy on developing action
thresholds for pest management: A case
study of onion thrips (Thysanoptera:
Thripidae) on onion. Journal of Economic
Entomology 103: 1315-1326.
https://doi.org/10.1603/EC10096

Navarro-Campos, C., Aguilar, A., and Garcia-Mari,
F. 2011. Population trend and fruit damage
of Pezothrips kellyanus in Citrus orchards in
Valencia (Spain). Integrated control in
Citrus fruit crops. IOBC/WPRS Bulletin 62:
285-292.

Navarro-Campos, C., Aguilar, A., and Garcia-Mari,
F.2012. Aggregation pattern, sampling plan,
and intervention threshold for Pezothrips
kellyanus in citrus groves. Entomologia
Experimentalis et Applicata 142 : 130-
139. https://doi.org/10.1111/j.1570-
7458.2011.01204 x

Navarro-Campos, C., Beltra, A., Calabuig, A.,
Garcia-Mari, F., Wackers, F.L., and Pekas,
A. 2020. Augmentative releases of the soil
predatory mite Gaeolaelaps aculeifer reduce
fruit damage caused by an invasive thrips in
Mediterranean citrus. Pest Management
Science 76: 2500-2504.
https://doi.org/10.1002/ps.5791

Navarro-Campos, C., Pekas, A., Aguilar, A., and
Garcia-Mari, F. 2013. Factors explaining
variation in citrus fruit scarring by
Pezothrips kellyanus (Thysanoptera:
Thripidae). Integrated control in Citrus fruit
crops. IOBC/WPRS Bulletin 95: 71-76.

Perrotta, G., and Conti, F. 2008. A threshold
hypothesis for an integrated control of thrips
infestation on citrus in southeastern Sicily.
I0BC/WPRS Bulletin 38: 204-209

Purvis, S. 2002. Talking Thrips in citrus. Issue 1.
Available on

Vol. 20, No 2, 2025


https://doi.org/10.1146/annurev.ento.51.110104.151044
https://doi.org/10.1146/annurev.ento.51.110104.151044
https://doi.org/10.1093/jee/toz178
https://doi.org/10.1603/EC10096
https://doi.org/10.1111/j.1570-7458.2011.01204.x
https://doi.org/10.1111/j.1570-7458.2011.01204.x
https://doi.org/10.1002/ps.5791

http://www.sardi.sa.gov.au/__data/assets/pd
f_file/0003/44922/talking_ thrips_1.pdf

Rao, C.N., George, A., and Rahangadale, S. 2019.
Monitoring of resistance in field populations
of Scirtothrips dorsalis (Thysanoptera:
Thripidae) and Diaphorina citri (Hemiptera:
Liviidae) to commonly used insecticides in
Citrus in Central India. Journal of Economic
Entomology 112: 324-328.
https://doi.org/10.1093/jee/toy311

Reitz, S.R. 2009. Biology and ecology of the western
flower thrips (Thysanoptera: Thripidae): The
making of a pest. Florida Entomologist 1: 7-
13.

Reitz, S.R., Gao, Y.L., Kirk, W.D.J., Hoddle, M.S.,
Leiss, K.A., and Funderburk, J.E. 2020.
Invasion biology, ecology, and management
of western flower thrips. Annual Review of
Entomology 65: 17-37.
https://doi.org/10.1146/annurev-ento-
011019-024947

Reitz, S.R., Gao, Y.-L., and Lei, Z.-R. 2011. Thrips:
Pests of concern to China and the United
States. Agricultural Sciences in China 10:
867=892.

Reynaud, P. 2010. Thrips (Thysanoptera). BioRisk,
4:767-791.

Smaili M.C., Boutaleb J.A. and Blenzar A. 2020.
Beneficial insect community of Moroccan
citrus groves: assessment of their potential to
enhance biocontrol services. Egyptian
Journal of Biological Pest Control 30: 47.
https://doi.org/10.1186/s41938-020-00241-
0-

Smaili, M.C., Benyahia, H., and Kabbage, T. 2018.
Alerte! Invasion des populations du thrips
Pezothrips kellyanus (Thysanoptera,
Thripidae) sur différentes variétés d'agrumes

dans la région du Souss-Massa. Agriculture
du Maghreb 114 : 82-85.

Trabelsi, 1., and Boulahia-Kheder, S. 2009. Sur la
présence en Tunisie du thrips des agrumes
Pezothrips kellyanus (Thysanoptera:
Thripidae). Annales INRAT 82: 181-186.

Tsuchiya, M., and Furuhashi, K. 1993. Outbreak of
western  flower  thrips  (Frankliniella
occidentalis (Pergande)), its damage to
Satsuma mandarin growing in vinyl
greenhouses, and its distribution in Shizuoka
prefecture, Japan. Proceedings of Kanto-
Tosan Plant Protection Society 40: 265-268.

Vassiliou, V.A. 2007. Chemical control of Pezothrips

kellyanus (Thysanoptera: Thripidae) in
citrus plantations in Cyprus. Crop Protection
26: 1579-1584.

https://doi.org/10.1016/j.cropro.2007.02.00
4

Vassiliou, V.A. 2008. Bio-ecology and control of
Pezothrips kellyanus ~ (Thysanoptera:
Thripidae) on Citrus in Cyprus. The
European Journal of Plant Science and
Biotechnology 2: 69-73.

Vassiliou, V. A. 2010. Ecology and behavior of

Pezothrips kellyanus (Thysanoptera:
Thripidae) on citrus. Journal of Economic
Entomology 103: 47-53.

https://doi.org/10.1603/EC09114

Wu, S.Y., Gao, Y.L., Smagghe, G., Xu, X.N., and
Lei, Z.R. 2016. Interactions between the
entomopathogenic fungus Beauveria
bassiana and the predatory mite Neoseiulus
barkeri and biological control of their shared

prey/host Frankliniella occidentalis.
Biological Control 98: 43-51.
https://doi.org/10.1016/j.biocontrol.2016.04
.001

Tunisian Journal of Plant Protection

116

Vol. 20, No 2, 2025


http://www.sardi.sa.gov.au/__data/assets/pdf_file/0003/44922/talking_%20thrips_1.pdf
http://www.sardi.sa.gov.au/__data/assets/pdf_file/0003/44922/talking_%20thrips_1.pdf
https://doi.org/10.1093/jee/toy311
https://doi.org/10.1146/annurev-ento-011019-024947
https://doi.org/10.1146/annurev-ento-011019-024947
https://doi.org/10.1186/s41938-020-00241-0
https://doi.org/10.1186/s41938-020-00241-0
https://doi.org/10.1016/j.cropro.2007.02.004
https://doi.org/10.1016/j.cropro.2007.02.004
https://doi.org/10.1603/EC09114
https://doi.org/10.1016/j.biocontrol.2016.04.001
https://doi.org/10.1016/j.biocontrol.2016.04.001

	MATERIALS AND METHODS
	Study sites.
	Thrips species identification and population monitoring.
	Chemical trials.
	Biological trials.
	Statistical analysis.

	RESULTS
	Thrips species and natural enemies.
	Dynamics of thrips densities and naturel enemies on citrus fruit.
	Biological trial.

	DISCUSSION
	ACKNOWLEDGEMENTS
	__________________________________________________________________________
	RESUME
	Les thrips, historiquement responsables de dégâts limités dans les vergers d’agrumes au Maroc, sont devenus des ravageurs préoccupant depuis 2018. Une étude a été menée de mars à juillet 2021 dans un verger d’agrumes de la région de Marrakech afin d’i...
	ملخص

