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Abstract

Date palms (Phoenix dactylifera) are a vital crop in the Middle East, particularly in Iraq, where infestations by the dubas
bug (Ommatissus lybicus) and the white date scale (Parlatoria blanchardi) significantly threaten yield and fruit quality.
This study assessed the efficacy of a single soil drench application of thiamethoxam (Actara 240 SC) for controlling these
pests in two cultivars, Barhi and Brem, under field conditions. Treatments resulted in a substantial and sustained reduction
in pest populations compared to untreated controls over a 120-day period. Residue analysis using gas chromatography
demonstrated systemic absorption and gradual dissipation of thiamethoxam in leaves and fruits, with residues declining
below detection limits by 120 days after treatment. The temporal correlation between residue decline and pest suppression
underscores the prolonged protective effect of root drenching. These findings support the use of a single root drench as
an effective, long-lasting, and potentially more sustainable pest management strategy that reduces the need for repeated

foliar applications, thereby lowering labor and chemical inputs.
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Introduction

Date palms (Phoenix dactylifera L.) are a cornerstone crop in
the Middle East, underpinning both the cultural heritage and
agricultural economies of the region, and playing a particularly
vital role in Iraq (Khierallah et al., 2015). However, growers
face persistent challenges from key insect pests, notably the
dubas bug, Ommatissus Iybicus de Bergevin (Hemiptera:
Tropiduchidae) (Mokhtar and Al Nabhani, 2010; Al-Kindi et
al., 2017) and the white date scale, Parlatoria blanchardi Tar-
gioni Tozzetti (Hemiptera: Diaspididae), which together pose
significant threats to date palm health and productivity (Al
Antary et al., 2015; Awadalla et al., 2023).

The dubas bug is a major endemic pest across Iraq and
neighboring countries, frequently causing substantial yield
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losses and compromising fruit quality. Direct feeding by
nymphs and adults not only weakens the trees but also leads
to fruit of lower sugar content and reduced size. Addition-
ally, honeydew excreted by dubas bugs fosters the growth
of sooty mold, further deteriorating fruit marketability (Al-
Nabhani et al., 2023). Infestations can result in yield reduc-
tions exceeding 50% in affected areas, making the dubas
bug a focus of integrated pest management strategies.

Similarly, Parlatoria blanchardi is widely recognized as
a destructive pest in date palm plantations throughout the
Middle East (Ouameur et al., 2025). The white date scale
adversely impacts photosynthetic pigments (chlorophyll a,
chlorophyll b, and carotenoids) as well as leaflet area, mois-
ture content, dry weight, and wax proportion, leading to
yield reductions of 30—50 kg per palm (Idris et al., 2006).
Losses can sometimes exceed 85-90%, depending on sev-
eral factors such as varietal tolerance, infestation severity,
and orchard management (Ahmed, 2013). The prevalence
and economic impact of these pests are exacerbated by fac-
tors including regional climate, palm density, cultivar, and
the movement of infested plant material.

Together, dubas bug and white date scale represent per-
sistent obstacles to sustainable date palm cultivation in Iraq
and the wider region, necessitating ongoing research and the
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implementation of effective monitoring and integrated pest
management approaches.

The most commonly used insecticides to control dubas
bug and white date scale are organophosphates (e.g., diazi-
non, dimethoate), pyrethroids (e.g., deltamethrin), and
botanical insecticides such as azadirachtin (Al-Rawahi et
al., 2018; Ouameur et al., 2025). These are used in the Mid-
dle East, including Iraq and Oman, mainly through foliar
sprays or aerial applications (Ali and Hama 2016; Blumberg
et al., 2008).

Negative effects determined by their use include envi-
ronmental contamination, harm to non-target organisms
(including beneficial insects), resistance development
among pest populations, and potential human health risks
from residues (Guarino et al., 2013; Martinez et al., 2013).
To mitigate these, low impact methods (e.g. root drench-
ing) and reduced application frequency are recommended
in promoting an effective integrated pest management for
these pests.

Drenching provides prolonged, whole-plant protection,
reduces environmental contamination and spray drift, and
improves control of hidden pests compared to foliar sprays.
Neonicotinoids such as thiamethoxam, which are highly
effective against sucking pests, are particularly suitable for
soil drenching applications, as their polar chemical struc-
ture and high water solubility facilitate absorption through
the root zone and systemic distribution within the plant
(Arbabtafti et al., 2014; Goulson, 2013). However, due to
their non-target risk, high specificity, and flexible applica-
tion methods, such insecticides must be carefully managed
within resistance management programs to preserve their
long-term effectiveness (Jeschke and Nauen, 2008). Mini-
mizing the number of applications is important to reduce
environmental impact, also in consideration of possible
risk for pollinators related with the use of this insecticide
(Obregon et al., 2022; Jiang et al., 2018), delay pest resis-
tance, and lower costs, supporting sustainable pest man-
agement (Nauen and Denholm, 2005a). It should be noted
that thiamethoxam, like other neonicotinoids, is currently
subject to severe restrictions in several regions, including
a full ban on outdoor uses in the European Union, due to
concerns about pollinator safety, environmental persistence,
and residue risks; therefore, its use in date palm manage-
ment must be carefully evaluated within an integrated pest
management framework and in compliance with national
regulations.

Our objective was to evaluate/demonstrate the efficacy
of a single thiamethoxam application by root drench-
ing for the control of dubas bug and white date scale on
palms. This method allows the insecticide to be systemi-
cally absorbed and distributed throughout plant tissues,
ensuring extended protection with one treatment. However,
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studies investigating the persistence of thiamethoxam fol-
lowing treatment, especially in palm tissues from application
through to fruit harvest, remain limited (Chihaoui-Meridja
et al., 2020). To address this gap, this study was conducted
to evaluate the residual presence of the pesticide within
the plant system, to assess its effectiveness against target
pests in order to determine the optimal pre-harvest interval
required to ensure food safety and compliance with estab-
lished residue limits. By relying on a single drench, we aim
to minimize repeated field applications, reduce labor and
operational costs, and limit environmental and non-target
exposure. Demonstrating the effectiveness of this approach
also supports integrated pest management by lowering the
risk of resistance development. Contextually, in consider-
ation that monitoring the concentration of insecticide within
treated palms is essential to assess its persistence and effi-
cacy over time, we conducted gas chromatography analyses
to quantify thiamethoxam residual amounts throughout the
study.

Materials and methods
Field selection and experimental design

A field experiment was conducted in a private date palm
orchard in West Baghdad Province, Iraq. The orchard was
planted with two cultivars, Barhi and Brem, with trees
of comparable age and approximately 8 m in height. The
site was known for recurrent infestations of the white date
scale P. blanchardi and the dubas bug O. lybicus. Palm
trees were considered infested if any signs of pest activ-
ity were present, including live adults or nymphs, honey-
dew and leaf yellowing caused by O. lybicus, or visible
scale coverage by P. blanchardi. For the latter, all mobile
stages of P. blanchardi were considered when assessing
pest populations and also sessile scales that were inactive
or covered by wax were also included if they showed signs
of feeding. No minimum density threshold was required;
a single detectable pest or diagnostic symptom was suffi-
cient to classify a palm as infested. The insecticide used in
this experiment was thiamethoxam (Actara 240 SC, Syn-
genta, Basel, Switzerland), applied by soil drenching. To
carry out the treatment a circular trench was dug around
the base of each palm, and a solution of 75 mL Actara
(18 g of thiamethoxam) in 200 L water per tree was poured
into the trench. The relatively large volume of solution was
used to ensure adequate infiltration into the soil surround-
ing the root zone and to facilitate systemic uptake of thia-
methoxam by the palm. Applications were performed after
sunset to minimize evaporation and enhance uptake. The
treatment was carried out on the 10th of April.
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The experiment followed a factorial design with two fac-
tors: treatment (treated vs. untreated) and cultivar (Barhi vs.
Brem). For each cultivar, five infested palms were treated, and
five infested palms were left untreated as controls. The sample
size was limited primarily by the restricted availability of nat-
urally infested palms exhibiting comparable infestation lev-
els and similar agronomic conditions within the study site. To
reduce variability, we carefully selected trees of similar age,
size, and infestation severity, and all selected palms were mon-
itored concurrently under identical environmental conditions.

Insect infestation assessments

Populations of O. lybicus and P. blanchardi were monitored
simultaneously on the same palms. Sampling was conducted
before treatment and at 30, 60, 90, and 120 days after treat-
ment (dat).

For O. Iybicus, infestation levels were assessed by visual
inspection and manual counting of mobile stages (nymphs
and adults) on fixed leaflet positions (35-40 cm long X
2-3 cm width) from each palm.

For P. blanchardi, leaflets were collected at each sam-
pling date, placed in labeled plastic bags, and transported to
the laboratory under cooled conditions. Infestation density
was quantified using a stereomicroscope by counting indi-
viduals in a standardized 1 cm? area per leaflet.

Determination of pesticide residues
Chemicals and standards

High-purity (>99%) analytical standard thiamethoxam
was obtained from Dr. Ehrenstorfer (Germany). Acetoni-
trile and ultrapure water were purchased from Chemlab
(Belgium), while sodium chloride (NaCl) and anhydrous
magnesium sulfate (MgSO4) were sourced from Romil
(UK). QuEChERS extraction kits were provided by Agi-
lent Technologies Inc. (USA).

Preparation of standards and calibration curves

Stock solutions of thiamethoxam were prepared in acetoni-
trile at concentrations of 1, 5, 10, and 15 mg/kg. Working
standards were used for calibration and method validation
(LOD and LOQ). Both stock and working solutions were
stored at —18 °C. Calibration curves showed excellent lin-
earity (R? = 0.99). Moreover, the recovery test of the ana-
lytical method was assessed, with results indicating 72%
recovery from leaflet samples and 78% from fruit samples,
demonstrating acceptable reliability and accuracy of the
extraction and quantification procedures according Euro-
pean Commission’s SANTE/11,312/2021 guidelines.

Sample collection and preparation

Leaflets and date fruits from Barhi and Brem palms cultivar
were collected at each sampling interval. Leaflets were col-
lected from the lower, middle, and upper crown levels, at
north, east, south, and west positions, to ensure representa-
tive sampling of the entire tree canopy. Samples were placed
in sterile polypropylene bags, sealed, and transported to the
laboratory at 4 °C. For residue analysis, leaflets or fruits were
collected separately during each sampling period, pooled to
form a composite sample, washed, air-dried, and homog-
enized. Subsequently, 10 g portions of the homogenized tis-
sue were processed following the European Commission’s
SANTE/11,312/2021 guidelines, ensuring reproducibility
and compliance with standardized analytical procedures.

Extraction and Clean-up

A 10 g subsample was mixed with 10 mL acetonitrile con-
taining 1% (v/v) acetic acid, shaken for 3 min, and incubated
at 4 °C for 60 min. After addition of 2 g MgSO.4 and 0.5 g
NaCl, the mixture was vortexed and centrifuged (4500 rpm,
15 min). The supernatant was purified using QuEChERS
SPE kits, evaporated to dryness, reconstituted to 1 mL, and
filtered (0.45 pm PTFE syringe filters).

Instrumental analysis

Thiamethoxam quantification was performed with a Shi-
madzu GC-2014 gas chromatograph (Kyoto, Japan)
equipped with a flame ionization detector (FID). Separation
was achieved using an Rxi-5Sil MS capillary column (60 m
% 0.25 mm, 0.25 pm film thickness). The oven program was:
150 °C (1 min), ramped at 20 °C/min to 270 °C, hold for
20 min. Injector and detector temperatures were 260 °C and
290 °C, respectively. Nitrogen (99.9%) was used as carrier
gas. All chemical analyses were conducted at the laborato-
ries of the National Center for Pesticide Control, Plant Pro-
tection Directorate, Baghdad, Iraq.

Statistical analysis

The mean number of individuals of O. lybicus and P. blanchardi
sampled in treated and control palms were compared by using
an ANOVA using “treatment”, “days after treatment” and
“palm cultivar” as source of variation. The interaction among
“treatment” and “days after treatment” was also subjected to
Tukey test to evaluate the effect of the treatment across time.
Data were root square transformed before analysis to address
heteroscedasticity (non-constant variance) and approximate
normality. Statistical analyses were carried out using Statistica
10.0 for Windows (Statsoft 2001, Vigonza, PD, Italy).
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Results
Omatissus lybicus

The effect of the treatment in treated and control palms
is reported in Fig. 1. Overall, the insecticide treatment
had a highly significant effect on O. lybicus populations,
with treated palms showing markedly lower numbers of
adults compared with the untreated controls (F; g, = 242.1,
p<0.001). The number of individuals was significantly
lower in treated palms compared with control palms at both
30, 60, 90 and 120 days after treatment (»p<0.05; ANOVA
followed by Tukey test) (Fig. 1; SM1).

A significant effect of days after treatment was also
detected (F, 4o = 108.7, p<0.001), indicating that adult pop-
ulation densities varied substantially across the sampling
period. Moreover, both the treatment x days after treatment
interaction (F, gy = 21.7, p<0.001) and the cultivar x days
after treatment interaction (F4 gy = 9.2, p<0.001) were sig-
nificant. These results demonstrate that population trends
over time were not uniform: the reduction in adult numbers
due to insecticide application was more pronounced at cer-
tain days after treatments. In contrast, cultivar alone did not
significantly affect adult abundance (F, gy = 0.4, p=0.518),
nor did the treatment x cultivar (F, 4o = 0.8, p=0.374) or the
three-way interaction (F, go = 1.7, p=0.169). This indicates
that both cultivars were equally susceptible to O. lybicus,
and that the insecticide efficacy was consistent between
them.

Parlatoria blanchardi

The effect of the treatment in treated and control palms is
reported in Fig. 2. The insecticide treatment had a significant

Fig. 1 Mean (£SE) individuals
of Ommatissus lybicus before

effect on the number of P. blanchardi individuals, with
treated palms showing consistently lower infestations com-
pared with untreated controls (F, 4o = 765.6, p<0.001). The
number of individuals was significantly lower in treated
palms compared with control palms at both 30, 60, 90 and
120 days after treatment (p<0.05; ANOVA followed by
Tukey test) (Fig. 2; SM1).

A highly significant effect of days after treatment was
detected (F,4) = 38.10, p<0.001), reflecting clear temporal
variation in the abundance of P. blanchardi. The treatment x
days after treatment interaction was also significant (F, g, =
82.80, p<0.001), indicating that differences between treated
and untreated palms varied across sampling times. However,
the treatment X cultivar interaction was significant (F, gy =
11.7, p<0.01), demonstrating that the efficacy of the insecti-
cide differed between the two cultivars, with the treatment for
effective in Barhi cultivar in comparison with Brem.

Residual presence

Thiamethoxam residues showed a progressive decline over
time in both fruits and leaves of the Barhi and Brem date
palm cultivars (Table 1). In Barhi fruits, concentrations
decreased from 1.16+0.24 mg/kg at 30 days after treatment
(dat) to 0.066+£0.02 mg/kg at 90 dat, becoming undetect-
able by 120 dat. A similar pattern was observed in the leaves,
where residues dropped from 2.13+0.52 mg/kg at 30 dat to
0.053+0.02 mg/kg at 90 dat, with no detectable residues at
120 dat. In the Brem cultivar, fruit concentrations declined
from 0.59+0.10 mg/kg at 30 dat to 0.02+0.005 mg/kg at 90
dat, also falling below the detection limit by 120 dat. Leaf
residues in Brem followed the same trend, decreasing from
1.66+£0.14 mg/kg at 30 dat to 0.15+0.02 mg/kg at 90 dat, but
still being detectable at 120 dat (0.01+£0.001 mg/kg).

[T treatment

and after 30, 60, 90 and 120 days “ * %
after treatment (dat) present in g 35 . ctrl
single leaflet (35-40 cm long x =
2-3 cm width); ctrl=control. ** 3 30
S ks 2
indicates p<0.01; * indicates £ 5 * %
p<0.05 (ANOVA followed by ‘E’
Tukey test) s}
s 20
s
3 15 ns
2 * %
2 1
g *
£ 5
c
3
= 0 —
Before 30 dat 60 dat 90 dat 120 dat
treatment
Time
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Fig.2 Mean (+SE) individuals

of Parlatoria blanchardi before S 35
and after 30, 60, 90 and 120 days %
after treatment (dat) present in 3 30
1 cm? area per leaflet; ctrl=con- 5
trol. ** indicates p<0.01; * indi- S 25
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EREET
z
=
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*
= 5
b
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Table 1 Residue levels of thiamethoxam (mean+ SD) reported in mg/
kg in fruits and leaves of Barhi and Brem date palm cultivars at 30, 60,
90, and 120 days after treatment (dat)

Cultivar sample 30 dat 60 dat

90 dat 120 dat

Barhi fruits 1.16£0.24 0.75+0.18 0.066+0.02 nd
leaves 2.13+0.52 0.93+0.21 0.053+0.02 nd
Brem fruits 0.59£0.10 0.11+£0.02 0.02+0.005 nd
leaves 1.66£0.14 0.76£0.14 0.15£0.02 0.01+0.001
Discussion

The present study demonstrates that a single root drench
application of thiamethoxam is highly effective in sup-
pressing populations of both O. lybicus and P. blanchardi
in date palms. Treated palms consistently showed signifi-
cantly lower pest infestations compared to untreated con-
trols across all assessment periods, confirming the systemic
and long-lasting activity of the insecticide.

For O. lybicus, the treatment reduced mobile stages
(adults and nymphs) abundance for up to 120 days after
application, indicating that a single drench can provide
extended protection over a large portion of the pest’s sea-
sonal cycle. The consistency of results across cultivars
suggests that for this pest thiamethoxam efficacy is not
cultivar-dependent, which increases its practical utility in
mixed orchards. Overall, these findings clearly show that
the insecticide significantly suppressed mobile stages popu-
lations of O. lybicus in treated palms compared to untreated
controls, with temporal variation in efficacy likely linked to
seasonal changes in population dynamics.

Similarly, P. blanchardi populations were markedly sup-
pressed throughout the study. While the treatment x cultivar
interaction was significant, with slightly higher efficacy in
Barhi palms compared to Brem, the overall effect remained
strong across both cultivars. The higher effectiveness of

30 dat

[T treatment

X %k
B ctrl
X %k % %
%k %k
60 dat 90 dat 120 dat
Time

thiamethoxam in the Barhi cultivar compared with Brem
may be attributed to cultivar-specific traits, such as leaf
morphology, canopy density, or physiological differences
that affect systemic uptake and distribution of the insecti-
cide. Although genetic differences between cultivars could
contribute, this study did not directly assess genetic or bio-
chemical traits. This also highlights the robustness of the
soil drench method in achieving uniform pesticide distribu-
tion across varying host plant characteristics (Zhang and Li
2023; Al-Saedi et al., 2025).

Overall, these data are in accordance with past studies that
encourage the use of systemic insecticides used by drench-
ing for controlling piercing sucking pests (Mao et al., 2022).
For example, a study about the control of the white mango
scale Aulacaspis tubercularis (Hemiptera: Sternorrhyncha:
Diaspididae) showed the effectiveness of thiamethoxam by
drenching (Habtegebriel et al., 2020). The ability to control
both sap-feeding pests with one treatment reduces labor and
chemical inputs, aligning with integrated pest management
principles aiming to minimize environmental impacts and
pesticide residues (Nauen and Denholm, 2005b; Pimentel,
2005).

In addition, the fact that a single thiamethoxam soil
drench effectively suppresses dubas bug and white date
scale populations in date palms for up to 120 days post-
application corroborates previous findings on systemic
neonicotinoids (Smitley et al., 2015) and supports the fea-
sibility of long-term pest control with reduced intervention
frequency (Peshin and Zhang 2014).

Residual analyses further support the entomological find-
ings, with detectable thiamethoxam residues in leaves and fruits
up to 90 days after treatment, declining to non-detectable levels
by 120 days. This persistence matches the period of effective
pest suppression, confirming that the systemic distribution of
thiamethoxam within the plant is the underlying mechanism
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for long-term control. Importantly, the gradual decline of resi-
dues reduces the risk of exceeding safety thresholds in har-
vested fruits, aligning with food safety considerations.

However, further investigation is required to monitor
thiamethoxam metabolites, particularly clothianidin, which
may persist longer or pose additional toxicological risks
(Gui et al. 2019; Chen et al., 2021).

From a management perspective, the results are particularly
relevant for integrated pest management (IPM) programs. A
single drench application minimizes the frequency of pesticide
use, reducing labor and application costs, lowering risks of envi-
ronmental contamination and exposure of non-target organisms
as pollinators particularly sensitive to thiamethoxam (Li et al.,
2023), and slowing the development of resistance. Compared
with foliar sprays, root drenching also ensures more uniform
systemic protection, including against hidden pest stages that
are otherwise difficult to reach. Additionally, limiting treatments
to a single application reduces selection pressure, potentially
delaying resistance development (Gould et al., 2018).

A limitation of this study is that it was conducted in a single
orchard, with a relatively small number of palms, which limits
the generalization of the results across different environments,
cultivars, and seasons. In addition, another risk lies in the envi-
ronmental and regulatory context: thiamethoxam is subject to
increasing restrictions worldwide due to its impact on polli-
nators and residue persistence, which may limit its long-term
applicability as a sustainable solution. In fact, it should be also
being pointed out that the even a single thiamethoxan treatment
carried out by drenching can have negative consequences on
pollinators, as showed by Stoner and Eitzer (2012). Therefore,
future studies should consider larger multi-site trials, including
alternative or complementary control measures, and assess the
implications of integrating this approach into broader IPM strat-
egies. In addition, we plan to evaluate reduced doses in future
studies to determine the minimum effective concentration that
maintains pest control while reducing chemical input.

The findings of this study encourage the adoption of single
soil drench applications for effective pest management in date
palm orchards. Future research should validate efficacy across
diverse regions and cultivars and explore combining chemical
and biological controls for improved sustainability.

Conclusion

This study demonstrated that a single root drench applica-
tion of thiamethoxam effectively suppressed infestations of
O. lybicus and P. blanchardi in date palms, with efficacy per-
sisting for up to 120 days after treatment. Residual analyses
confirmed systemic uptake and gradual decline of the insecti-
cide within plant tissues, aligning with the observed duration
of pest control and ensuring residues were not detectable by
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harvest. The findings highlight the potential of a single drench
treatment as a practical and sustainable alternative to repeated
foliar sprays, reducing labor and input costs while minimizing
risks to non-target organisms and the environment. Incorporat-
ing this approach into integrated pest management programs
can improve long-term date palm protection while contribut-
ing to resistance management strategies.
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