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Abstract
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Red palm weevil (RPW) is the most dangerous pest of palms worldwide. In date palms, RPW attacks mainly the trunk, but apical
infestation can occur and is being observed in the Kingdom of Saudi Arabia (KSA). Currently not managed by the farmers, those apical
infestations become sources of heavy infestations to other healthy palm trees. In this study carried out during 2020 in 6 locations in the KSA,
a trial to control RPW on date palm by using a simple, easy, and low-cost trunk injection method against apical and trunk infestations with
insecticides namely emamectin benzoate (50 g/L), imidacloprid (200 SL) or deltamethrin (2.5%) was carried out. Results obtained showed that
trunk injection of the apically infested date palm, by using non-diluted emamectin benzoate, indicated that 90.6% of the palm trees totally
recovered. The same technique was used with the date palm infested trunk, with 100% success in killing all RPW instars in the palm trunk.
The use of the other non-diluted insecticides (imidacloprid and deltamethrin) was not too efficient against the date palm trunk infestation,

killing only 64.25% and 53.91% of the RPW instars, respectively.
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Introduction

Red palm weevil (RPW), Rhynchophorus ferrugineus
Olivier (Coleoptera: Curculionidae), is known as the most
dangerous palm pest worldwide. Most of the damage due to
RPW in date palm, Phoenix dactylifera L., occurs in the
basal part of the trunk and their symptoms are well described
(Anonymous, 2020; FAO, 2020). There is other damage that
can occur at the top of the date palm tree. This type of
infestation began to appear more and more since few years
ago in most regions of the Kingdom of Saudi Arabia (KSA)
in varying rates, with a general rate of around 11% of the
total number of infested palm trees in the whole country in
2022. These rates are high, especially in the regions of Asir,
Qassim, Ha’il, Tabuk and Najran (between 9% and 25% of
the total number of infested palms) (Anonymous, 2022).
Those palm apical infestations are currently not managed,
mainly because of the absence of a practical method. Even
though such apical infestations are relatively not common,
they become sources of trunk and/or apical new infestations
in the neighboring healthy palm trees and thus contributed
largely to the RPW spread.

On the another hand, new research demonstrated that
RPW infestation of the ornamental Canary palm, Phoenix
canariensis hort. ex Chabaud, which is usually attacked at
the apex, can be managed using a trunk injection with the
non-diluted insecticide emamectin benzoate that killed all
RPW instars in the Canary palm top and protected it for one
year from any new RPW infestations (Chihaoui-Meridja et
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al., 2020; Gomez & Ferry, 2019). The insecticide was also
used by trunk injection to control the RPW trunk infestation
(Mashal & Obeidat, 2019; Rasool et al., 2021). This
technique, called "endotherapy", is based on the injection of
the insecticide inside the low part of the palm trunk; then the
insecticide diffuses inside the trunk and migrates to the top
of the palm tree to act curatively by killing all RPW instars
and/or preventively by protecting the palm head from later
RPW infestations (Ferry & Gomez, 2014; Gomez et al.,
2009; Hernandez Marante et al., 2003).

Accordingly, this study was implemented during 2020
in the KSA and inspired by the trunk injection technique used
to control RPW of the Canary palm, to evaluate this simple,
easy and low-cost trunk injection technique for the first time
against the RPW date palm apical infestation, in the hope to
extend this simple technique to the control of the RPW date
palm trunk infestation.

Materials and Methods

Experimental sites

For the apical infestation treatment, the study was performed
at 3 different sites, where several randomly infested palm
trees heads were identified, two sites Riyadh (Dirab) and
Kharj (AlSahba) in the Riyadh province, and one site at
Tayma (AlBalad) in the Tabuk province (Figure 1). For the
trunk infestation treatment, three sites in the province of
Riyadh [Riyadh (Hayer), Kharj (AlShadida) and Dawadmi
(Sajer)] were identified (Figure 1).
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Figure 1. Sites in the Kingdom of Saudi Arabia, where experiments
on the control red palm weevil infestations (red color dots) were
carried out during 2020.

In each site of Riyadh (Dirab), Kharj (AlSahba) and
Tayma (AlBalad), an orchard with several date palm trees
moderately infested at the top with RPW were selected.
Twelve palm trees (cv. Khlas at Riyadh and Kharj, and cv.
Helwa at Tayma) in each orchard, of approximately the same
age and height, were selected. Six trees were trunk injected
and the other six were top sprayed with insecticides (as
control). Regarding the trunk infestation, 15 trunk infested
palm trees (cv. Khlas) of approximately the same age and
height were selected in an orchard in each site of Riyadh
(Hayer), Kharj (AlShadida) and Dawadmi (Sajer). Three
insecticides were compared, and each one of them was
injected into five infested palm trees.

Materials used

To treat the apical infestation by injection, the palm tree
trunk was injected by the non-diluted insecticide emamectin
benzoate 50 g/L (Proact 50 EC), used successfully earlier to
control the apical infestation of the Canary palms with RPW
(Chihaoui-Meridja et al. 2020; Gomez & Ferry, 2019).
Apical spray with imidacloprid 200 SL (Imidor 200 SL) was
used as a control treatment.

Emamectin benzoate was also used to treat trunk
infestation by the injection method, in comparison with two
other insecticides commonly utilized against RPW in
classical injection or spray applications. All non-diluted
insecticides used were: emamectin benzoate 50 g/L (Proact
50 EC), imidacloprid 200 SL (Imidor 200 SL), and
deltamethrin 2.5% (Deciban 25EC).

For the injection of the insecticide in the palm trunk
(against both apical and trunk infestations), a drill (with 1 cm
diameter x 35 cm long bit) was used to bore holes in the trunk
and a 100 ml-syringe (without needle) was utilized to inject
the insecticide inside the holes. As a control treatment, a
motorized large sprayer was used to pulverize insecticides
against apical infestations.

Treatment methods
The insecticide trunk injection of the palm tree was
performed as per the following three steps: (i) dig four
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opposite down-inclined holes around the trunk at nearly 1 m
above the ground level for the apical infestation and at the
ground level for the trunk infestation. Each hole is 35 cm
long and 1 cm diameter (around 27.5 ml volume), (ii) using
the syringe, 25 ml of the insecticide used (100 ml/tree) was
injected in each hole, (iii) holes were closed with mud. For
spraying, the insecticide was diluted in water (200 mi/hl) and
pulverized on the palm head until full wash.

Monitoring effects of infestation treatments
For the evaluation of the apical infestation treatments
(injection and spray), a monthly visual follow up was carried
out for 6 months. The evaluation of the trunk infestation was
done one month after the treatment, by desiccating the
infested tissue and assessing the state of the RPW
individuals.

With respect to the apical infestation development, the
state of each palm tree was evaluated using a recovery 0-5
scale, where: 0= dead trees (0% recovery), 1= very heavy
infestation symptoms (1-25% recovery), 2= heavy
infestation symptoms (26-50% recovery), 3= medium
infestation symptoms (51-75% recovery), 4= low infestation
symptoms (76-99% recovery), 5= No infestation symptoms,
trees completely recovered (100% recovery).

As for the trunk infestation development, the treatment
effect was evaluated by the number or by % of killed RPW
individuals found in the trunk in each desiccated palm tree.

Statistical analysis

Since the infested palms were randomly distributed, each
orchard/site was considered as a completely randomized
design (CRD) experiment. Statistical analysis was performed
online
https://www.socscistatistics.com/tests/anova/default2.aspx
at P=0.05.

Results

Apical infestation symptoms

Apical infestation symptoms of date palm are generally read
according to the following steps (Figure 2): (i) At first,
imbalanced and deformed growth of some fronds with
deviation from their original place, creating voids in the date
palm head was observed. In addition, RPW infestation was
observed in the trunk top and at the basis of some fronds, (ii)
Fronds showed partial and then complete wilting and
browning due to their damage at the base level by RPW, (iii)
The growing apex and most of the fronds dyed and fell down,
with RPW cocoons scattered on the ground around the date
palm trunk, (iv) Finally, the remaining fronds were falling
down leaving only the palm tree trunk. The infestation
symptoms sometimes were observed without the presence of
RPW, because the insect left the palm head earlier, but tunnel
damage in the trunk and frond bases was visible.

RPW apical infestation treatment

Riyadh site - Results obtained showed that the trunk
injection method produced almost full recovery from
infestation (Figure 3-A) with significant difference with the
spray method.


https://www.socscistatistics.com/tests/anova/default2.aspx

Kharj site - During the first three months, changes in
recovery from apical infestation was not visible, but starting
from the fourth month, the injected palm trees started to
show recovery reaching almost full recovery 6 months after
treatment, with significant difference compared with the
control (spray) treatment (Figure 3-B).

Tayma site - Best results were obtained in Tayma site, where
injected palm trees reached almost full recovery one month
after injection treatment. Injected palms had almost totally
recovered (very close to degree 5), with significant
difference compared with the control (spray) treatment
(Figure 3-C).

When results of the three sites were compared 6
months after treatment (Figure 4), all injected palm trees had
almost fully recovered with an average recovery value of
4.53 (around 90% recovery). On the other hand, all sprayed
palms (control) did not exceed 50% recovery. In all three
sites, the difference between the two treatment methods was
always significant (Figure 5).

fS .

Figure 2. Evolution of the date palm apical infestation symptoms
following invasion with red palm weevil observed during 2020. (A)
imbalanced and deformed growth of some fronds with deviation
from their original place, (B) red palm weevil infestation observed
on the trunk top (characteristic shewed fibers), (C) fronds showing
partial wilting and browning due to damage by red palm weevil, (D)
growing apex and most of fronds dying and falling down, (E) Date
palm trunk after the fall down of the growing apex and all fronds.

RPW trunk infestation treatment

Riyadh site- Among the three insecticides injected in the
palm trunk, only emamectin benzoate killed all the RPW
instars (Figure 6-A). The imidacloprid insecticide killed
around three-quarters of the insect individuals, whereas
deltamethrin killed only around 50%.

Kharj site - Results obtained (Figure 6-B) showed that
emamectin benzoate injected in the date palm trunk killed all
the RPW instars. The two other insecticides, imidacloprid
and deltamethrin, left 25 and 50% of individual insects alive,
respectively.

Dawadmi site - Again, emamectin benzoate injected in the
date palm trunk was the only insecticide that killed all the
RPW instars. The other insecticides (imidacloprid and
deltamethrin) killed around 66% of the insect individuals
(Figure 6-C).

When the effect of the three insecticides injected in the
date palm trunk base at the three locations were compared,
only emamectin benzoate killed all of the RPW instars
infesting the plant. Insecticides imidacloprid and
deltamethrin killed around 60% and 50% of the total insect
individuals, respectively (Figure 7). The effect of
imidacloprid and deltamethrin were not significantly
different, but the effect of both was statistically different
from that of emamectin benzoate (Figure 8).
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Figure 3. Effect of insecticide trunk injection by emamectin
benzoate compared with tree top head spray by imidacloprid on the
development of red palm weevil apical infestation of date palm
trees, recorded monthly at Riyadh site (A), Kharj site (B), Tayma
site (C) in 2020. For each month, values marked with the same letter
in the same curve are not significantly different at P=0.05.
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Figure 4. Comparison between trunk injection by emamectin
benzoate compared with top head spray by imidacloprid, 6 months
after treatment, against the red palm weevil apical infestation, at 3
different sites in 2020. For each site, values marked by the same
letter are not significantly different at P=0.05.

Figure 5. Comparison between injected and sprayed date palm trees
infested with the red palm weevil at Kharj site in 2020. (A) Date
palm tree completely recovered, 3 months after trunk injection by
the insecticide emamectin benzoate, (B) Date palm tree dying, 3
months after its head spray with the insecticide imidacloprid.

Discussion

The trunk injection against Canary palm apical infestation
with RPW was first reported by Hernandez Marante et al.
(2003). This approach was inspired from the trunk injection
reported by Navarro et al. (1992) in olive trees to study
pesticide movement inside the trunk. Gémez et al. (2009)
improved and simplified this injection technique and called
it "endotherapy". They utilized it as an important component
of integrated RPW management. Later, trunk injection
became a common technique used against RPW by several
researchers (Chihaoui-Meridja et al., 2020; Estévez et al.,
2011; Ferry & Gomez, 2014; Ferry et al., 2019; Gomez &
Ferry, 2013; 2019). The non-diluted insecticide emamectin
benzoate injected in the palm trunk diffuses in the trunk,
migrates to the top of the palm tree, and acts curatively by
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killing all RPW instars and/or preventively by protecting the
palm head for around one year from potential new RPW
infestations (Chihaoui-Meridja et al., 2020; Gomez & Ferry,
2019). In the present work, the Canary palm injection
method (slightly modified) was applied for the first time on
the date palm and succeeded in reaching around 90%
recovery of the treated date palm trees, using the same non-
diluted insecticide emamectin benzoate. The small number
of date palm infestations that escaped from the insecticide
action was likely due to the too advanced stage of the
infestation. In this case, unrecovered infested palms should
be safely removed. Manufactured to basically control
lepidopteran plant pests, emamectin benzoate is a
translaminar but not systemic insecticide (Fanigliulo &
Sacchetti, 2008).
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Figure 6. Comparison of the effects of three insecticides injected in
the date palm trunk base, on the red palm weevil trunk infestation
at (A): Riyadh site, (B): Kharj site and (C): Dawadmi site in 2020,
one month after treatment. For each insecticide, values marked with
the same letter are not significantly different at P=0.05.

Once injected inside the trunk, it seems to slowly
migrate up and down in all plant tissues, not necessarily only
in the plant vascular vessels, to reach and kill all RPW
individuals. Its exceptionally very long-lasting active action
protected the palm tree for one year (Chihaoui-Meridja et al.,
2020; Gomez & Ferry, 2019). In the present study, 86.7% to
93.3% of infested head date palm have totally recovered.



This encouraging result is obtained with an easy, simple and
low-cost technique that needs only insecticide, a drill and a
syringe. If extended, this method would be very much
welcomed by farmers.
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Figure 7. Comparison between the effect of three insecticides used
at all sites in 2020, one month after their injection in the trunk of
date palms infested with red palm weevil. Values marked with the
same letter are not significantly different at P=0.05.

Regarding the injection method used against the RPW
date palm trunk infestation, the non-diluted emamectin
benzoate insecticide was again very efficient in killing all the
RPW individuals. Such results were also recorded earlier by
Mashal & Obeidat (2019) and later by Rasool et al. (2021).
The other tested insecticides (imidacloprid and deltamethrin)
were not equally efficient. The extension of this practical
technique applied against the date palm trunk infestation
would be good news for farmers that help them to replace an
old expensive approach with a simple, effective and less
costly approach.

As for trunk infestation, the number of RPW
individuals per date palm tree was low, and this was similar
to what was reported by Rasool et al. (2021), very likely
because of the degradation of a certain number of larvae
inside the palm trunk, one month after trunk injection. Our
observation of the presence of slimy material inside the
tissue of the desiccated trunk supports such view.

Figure 8. Red palm weevil individuals killed inside the date palm
trunk, one month after the trunk injection with the insecticide
emamectin benzoate at Kharj site in 2020.

In the future, the issue of insecticide residues in the
date fruits should be investigated. In a previous work where
emamectin benzoate was injected in the date palm trunk, no
insecticide residues in the date fruits were detected (Mashal
& Obeidat, 2019), which is very promising. In any case,
more work is needed to investigate further emamectin
benazoate residues in date fruits harvested from injected date
palms.

Acknowledgements

The authors would like to thank whole the technical team of
the Program of RPW Prevention and Control (Department of
the Plant Health, Weqgaa Center, KSA) for their help in this
work, namely Ramadhan Al-Awaji, Kamel Zaroui,
Abdulaziz Al-Oufi, Saleh Al-Aguili, Wassim Bessadek,
Mohammad Al-Nafi, Abdulilah Al-Jtili, Ibrahim Al-
Mehlaci, Mohamed Saber Ezzine, and Ahmed Ismail.

uadlal)

4adl<a 2024 - (gaalad) Craily S (pusa (LA Baan (gl Chugs (spdd) Jujad) e calaia LS ol Ol cdig Golual
Ao AdlKe peg A s 4l aladials palll JAS g dag dad * (Rhynchophorus ferrugineus) sheadl J:aill dugas dabay)

https://doi.org/10.22268/AJPP-001222 .87-82 :(1)42 cdupll ciliil) Aulag
oS 08 e dall oy IS8 elpand) Jaill Lusgas aalgs ¢ el i ) Zpusilly L allel) elail paas 8 Jdtll ST sl chpand) Jad) dusges 305
Sl Dacas cinsal (Wl Ll cuesfall (Ko ¥ Al duail) Gllal) da &) Apsgend) dasyal) ASLadl) b LD IS L il Tl Gaad
ALealls adlge di b g 3al) Gis Aiylas Hadl) Jids o elyaad) Jdll g Aadl€al Clas canjal bl o2 b LAY Laludl Jaail HlasY saaal)
Sy el (gpdial) amall aladials Glds (e 3y Aaadll Lol dadleal Z2ISH) Ainiiiag Alguss Aaps Layhe (85 2020 ale Pl Lgend) dyjel
il e @ls3h GiSela) anal) alasiuly G Gladll el dias g i s of @l iy (%2.5) oaileils i (SL 200) wlypsiSiasl S (Jfg 50)
Aoy o lad gaiad ¢l Qo e Bal) Lol aia 850l inll Al aladial G g LS LAl Bygem el 038 (10 %906 a3 ) g2 colally

(2024) 1 225 42 Ao oy al) il A5 dlae 86


https://doi.org/10.22268/AJPP-001222

DS e ¢ latilyy aposlSined diiaadl se 9AY) Lpdall Gyl dladind oS ol AR £ 3 Ja1s cheadl Qi dugas skl maen S8 5 %100
s e esial) skl Caliia (30 9653.91 5 %64.25 e V) slaadll 2 ol s pall Jiial A dall la) i
£l s daeds dulaal cehanl) Bl Augas clg 3 Sala) aill Qi cuad dlia) 1 dpalite cilals

O A gl sy s 2alad) Gl 65 panee sn ¢l Baan cgdll oy e 8l S ad) e colisa LS e 53l Gl e gl a3 5 10l Cuslis
(55 38 30) LgindlSa s Al gunll oal ya) 5 ALl LYY (pn Al ik gl S 5l ol dnal) gl clgiadlSay o panl) Joil g
nasraouibouzid2012@gmail.com :dul yall Caalall 55 51 2yl 20 gasall A ol ASLaall ¢l Hll

References

Anonymous. 2020. Procedural guide of the integrated red
palm weevil management, third edition. Plant Health
Department. Ministry of Environment, Water and
Agriculture, Riyadh, Kingdom of Saudi Arabia, 154
pp. (In Arabic)

Anonymous. 2022. A study of the prevalence of the red palm
weevil in the farm categories of more than 500 palm
trees. Second Quarterly Report, 2022. The National
Center for Prevention and Control of Plant Pests and
Animal Diseases (WEQAA), Kingdom of Saudi
Arabia, 167 pp. (In Arabic)

Chihaoui-Meridja, S., A. Harbi, K. Abbes, H. Chaabane,
A. La Pergola, B. Chermiti and P. Suma. 2020.
Systematicity, persistence and efficacy of selected
insecticides used in endotherapy to control the red
palm weevil Rhynchophorus ferrugineus (Olivier,
1790) on Phoenix canariensis. Phytoparasitica, 48:75-
85. https://doi.org/10.1007/s12600-019-00776-5

Estévez, A., M. Ferry and S. Gomez. 2011. Endoterapia en
palmeras: Estudio de la eficacia y persistencia de
tiametoxam en tratamientos preventivos contra el
picudo rojo. Phytoma Espafia, 226:42-49.

Fanigliulo, A. and M. Sacchetti. 2008. Emamectin
benzoate: new insecticide against Helicoverpa
armigera. Communications in Agricultural and
Applied Biological Sciences, 73(3):651-653.

FAO. 2020. Food and Agriculture Organization of the
United Nations. Red palm weevil: Guidelines on
management practices. Rome. ltaly. 86 pp.
https://doi.org/10.4060/ca7703en

Ferry, M. and S. Gomez. 2014. Assessment of risks and
potential of injection techniques in integrated programs
to eradicate the red palm weevil: review and new
perspectives. Fruits, 69:143-157.
http://dx.doi.org/10.1051/fruits/2014005

Ferry, M., R. Cousin, D. Chabernaud and F. Ferrero.
2019. An effective strategy to obtain very rapidly the
red palm weevil decline in an area planted with
ornamental palms. Arab Journal of Plant Protection,
37(2):188-197.
https://doi.org/10.22268/AJPP-037.2.188197

Received: February 23, 2023; Accepted: July 5, 2023

87 Arab J. Pl Prot. Vol. 42, No. 1 (2024)

Gomez, S. and M. Ferry. 2013. Parametros de eficacia y
persistencia de insecticidas, aplicados por inyeccién al
tronco, para el control del picudo rojo de las palmeras
(Rhynchophorus ferrugineus, Coleoptera
Dryophthoridae). VIII  Congreso  Nacional de
Entomologia Aplicada, X1V Jornadas Cientificas de la
SEEA, October 21-25, 2013, Matar6, Spain.

Gomez, S. and M. Ferry. 2019. A simple and low-cost
injection technique to protect efficiently ornamental
Phoenix against the red palm weevil during one year.
Arab Journal of Plant Protection, 37(2):124-129.
https://doi.org/10.22268/AJPP-037.2.124129

Gomez, V.S., M. Ferry, J. Barbado, F. Hernandez and F.
Montero. 2009. Aplicacion de una estrategia de
control integrado del picudo rojo de las palmeras
(Rhynchophorus ferrugineus). Phytoma Espafia, 206:
29-36.

Hernadndez Marante, D., F. Folk and R. Fernandez-
Escobar. 2003. Control del curculiénido ferruginoso
de las palmeras (Rhynchophorus ferrugineus Olivier)
mediante inyecciones al tronco y pulverizacion foliar.
Boletin de Sanidad Vegetal Plagas, 29(4): 563-573.

Mashal, M.M. and B.F. Obeidat. 2019. The efficacy
assessment  of  emamectin  benzoate  using
microinjection system to control red palm weevil.
Heliyon, 5(6):e01833.
https://doi.org/10.1016/j.heliyon.2019.e01833

Navarro, C., R. Fernandez-Escobar and M. Benlloch.
1992. A low-pressure, trunk-injection method for
introducing chemical formulations into olive trees.
Journal of the American Society for Horticultural
Science, 117(2):357-360.

Rasool, K.G., M. Husain, S. Salman, N. Abbas, K.
Mehmood, K.D. Sutanto and A.S. Aldawood. 2021.
Toxicity and field efficacy of emamectin benzoate
(ARETOR) against red palm weevil, by using
Syngenta tree micro-injection technique. International
Journal of Agriculture and Biology, 25(5):1120-1125.
https://doi.org/10.17957/1JAB/15.1771

2023/7/5 : 4 o 488 gal g )5 £2023/2/23 1Y) S


https://doi.org/10.1007/s12600-019-00776-5
https://doi.org/10.4060/ca7703en
http://dx.doi.org/10.1051/fruits/2014005
https://doi.org/10.22268/AJPP-037.2.188197
https://doi.org/10.22268/AJPP-037.2.124129
https://doi.org/10.1016/j.heliyon.2019.e01833
https://doi.org/10.17957/IJAB/15.1771

