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Abstract – Introduction. Plants develop mechanisms that allow them to compartmentalize injuries
that they suffer during their life. In trees, pruning and injection treatments must be used in accordance
with precise rules to reduce risks resulting from the injuries created. Sealing in palms. Palms, contrary to widespread belief, are quite capable of “healing” injuries (sealing); because of an anatomy
quite different from trees, the sealing process in palms is much simpler. Compartmentalization of
injection wounds. The controversy on the use of injection in trees is due essentially to initial mistakes that have then been rectified. Injection in palms against the red palm weevil. For palms,
for decades, this technique has been employed without problems and with great efficiency against
various pests, including Rhynchophorus ferrugineus, the red palm weevil (RPW). Its use has been
reserved for exceptional situations either to face abnormal pest proliferation, uncontrollable by other
techniques, or to implement eradication programs. Integrated eradication program. In such a program, the main aim of injection treatments is preventive. With long-persistence insecticides, the
number of treatments could be greatly reduced. The resulting savings in time and money would enable the organization of the treatments of all the palms located in an infested area, and consequently
the rapid eradication of the pest. New perspectives. We established that insecticides applied by
injection were capable of protecting palms with only two or even one treatment per year. These
results suggest a radical improvement in programs to eradicate RPW, while considerably reducing the
risks to health and the environment compared with spray treatments.
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Évaluation des risques et intérêt des techniques d’injection dans des programmes
intégrés visant à éradiquer le charançon rouge du palmier : bilan et nouvelles
perspectives.
Résumé – Introduction. Les plantes sont dotées de mécanismes qui leur permettent de compartimenter les blessures qu’elles subissent au cours de leur vie. Chez les arbres, l’élagage comme les traitements par injection doivent être utilisés en respectant des règles précises pour réduire les risques
provoqués par les blessures créées. Scellement chez les palmiers. Contrairement à un cliché très
répandu, les palmiers sont tout à fait capables de « cicatriser » leurs blessures (« scellement »). En raison d’une anatomie très différente des arbres, les processus de scellement sont beaucoup plus
simples. Compartimentage de blessures d’injection. La polémique scientifique sur l’usage de
l’injection chez les arbres résulte essentiellement d’erreurs initiales qui ont été ensuite corrigées.
L’injection chez les palmiers contre le charançon rouge. Chez les palmiers, depuis des dizaines
d’années, cette technique est utilisée sans problème et avec une grande efficacité contre divers ravageurs, dont le charançon rouge des palmiers (CRP). Son utilisation a été limitée à des situations
* Correspondence and reprints exceptionnelles soit pour faire face à la pullulation anormale d’un ravageur, soit dans le cadre de
programmes d’éradication. Programme intégré d’éradication. Dans la mise en œuvre d’un tel
programme, le principal intérêt de traitements par injection est préventif. Avec des insecticides à longue persistance, le nombre des traitements pourrait être considérablement réduit. L’économie qui en
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résulterait en temps et argent permettrait d’organiser le traitement de tous les palmiers situés en
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zones infestées et, en conséquence, d’éradiquer rapidement le ravageur. Nouvelles perspectives.
Nous avons établi que des insecticides appliqués par injection étaient capables de protéger les palmiers avec seulement deux ou même un seul traitement par an. Ces résultats permettent d’envisager
Fruits, 2014, vol. 69, p. 143–157 un changement radical dans la mise en œuvre de programmes intégrés d’éradication du CRP, tout
en réduisant considérablement les risques pour la santé et l’environnement en comparaison avec les
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1. Introduction
The injection of various substances into
trees has been implemented at least as far
back as the Middle Ages [1]. Its use for plant
health dates to the middle of the twentieth
century and expanded in the 1970s with the
apparition of the first systemic pesticides.
From that period, numerous studies on the
treatment of trees by injection have been
realized, especially by North American
researchers, who have published an abundant literature. This literature was published
in parallel with several fundamental papers
on the anatomical and health consequences
of injuries on trees and, especially, on the
description and conceptualization of “healing” mechanisms [2–16].
In fact, strictly speaking, plants do not
heal. They do not regenerate injured tissues
as in the animal world: the wounded cell
tissues are not replaced. The cells peripheral to the injured zone react to create barriers, isolating the healthy area from the
outside. For trees, this process was described by Shigo and called “compartmentalization” [17]. For palms, he used the word
“sealing” [18]. It is this term that we have decided to use in this paper.
In trees, the natural mechanisms of compartmentalization occur regardless of the
origin of the injury:
– boring of the tree bark by pests [19–21],
– trunk and branch breaks after storms [22],
– fires [23],
– pruning: it is especially in this domain that
numerous observations have been made
[24–27],
– holes drilled into the bark for sap extraction of various species; for example, in
maple [28].
Similar mechanisms of compartmentalization also take place after the injection of
pesticides [4, 6, 14, 29–34].
The compartmentalization of injuries prevents the introduction and progression of
microorganisms and, in the case of trees,
enables the reconstitution of the continuity
of the secondary meristems. The absence of
this natural compartmentalization capacity
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of wounds would constitute such a serious
evolutionary disadvantage that it would not
have allowed the sustainable emergence of
perennial species [3, 35–38]. It is thanks to
this natural capacity that pruning, often
much more aggressive than injection, constitutes a current practice in arboriculture.
Applied improperly, pruning and injection
can lead to an injury that compartmentalizes
badly, with the development of decay more
or less deep within the tree [3, 39–45]. This
potential risk must not be underestimated
but, of course, it has not led to the abandonment or the interdiction of pruning. The
potential and even the necessity of pruning
evidently justify taking this risk. To eliminate
or minimize it, precise standards and practices have been elaborated.
It is with the same rational approach that
injection must be viewed. The use of this
technique is only justified if the advantages
outweigh the disadvantages. In our view,
much of the controversy on the use of this
technique has originated from dogmatic
points of view and not from an objective
assessment based on advantage/disadvantage analysis.
Contrary to widespread belief, palms
“heal” or, to be more exact, seal wounds.
They seal them even more safely than trees
do. Palms in this paper refer to the main
species affected by the red palm weevil
(RPW). The absence of a cambium in palms
has unfortunately led various authors to
erroneously assert the impossibility of palms
“healing” wounds [46–49]. This position has
been listed by Shigo among the 100 myths
on trees whose erroneous character he was
anxious to point out [50].
An essential aspect in the compartmentalization or healing processes of an injury
is the protection of the non-injured cell tissues from the outside environment, especially to prevent evaporative stress and the
introduction and development of microorganisms. Palms, of course, have this capacity; otherwise, they would have probably
never emerged in the vegetal world.
For palms, the model of plant compartmentalization called CODIT elaborated by
Shigo and Marx is not directly applicable [4].
This model is based on the existence of
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tissues (yearly rings, medullar rays) and on
the development of a callus that covers the
wound. Such tissues and development do
not exist in palms. The fact that the CODIT
model cannot be applied to palms does not
mean at all that these plants are not capable
of “healing”. Shigo even used the term
“compartmentalize” for palms [50].
In fact, in palms, the wounded and surrounding cell tissues do react according to
a process similar to that observed in trees
during the first compartmentalization step:
necrosis and desiccation of the wounded and
neighboring cells, significant production of
phenols by the parenchymatic cells and,
sometimes, of suberin and tyloses, and, what
is most important, sealing of the wounded
zone of the vessels by gums [51–57].
In palms, there is no production of a callus: the wound will never be covered by the
barrier 4 of the CODIT model. It is not
because of a lack of a cambium, as explained
by the authors, who affirmed that palms cannot seal injuries. The callus could be perfectly initiated from the parenchymatic cells
as often occurs in trees. However, in monocotyledons, these cells generally do not produce calli [20, 57, 58].
The main reason why palm sealing does
not follow the CODIT model is the specific
anatomy and development of palms compared with trees.
The activity of the terminal bud in palms
is at the origin of the growth in diameter.
This growth stops when the terminal bud,
which is also at the origin of the growth in
height, has reached a certain position in
height. Consequently, the diameter of the
stipe (false trunk) remains constant (it can
be noted that various stresses, that influence
terminal bud activities, can create some
change in diameter).
In palms, there is no need for reconstitution of the injured tissue as they are not necessary for the ulterior architectural development, whereas it is indispensable for trees.
Trees present an indefinite growth in diameter that is the result of the cambium activity.
The development of the callus, with subsequent differentiation of the cambium (to
produce xylem and phloem) and phellogen
(to reconstitute the bark) in continuity with

the non-wounded cambium and phellogen,
is imperative because of the indefinite diameter growth in trees.
Wall 4 covering the wound is indispensable in trees, but not in palms.
These fundamental anatomical differences between palms and trees have important consequences if we compare the effects
of wounds between these two groups of
plants: a significant bark injury, that would
often have deadly consequences in trees, is
without serious consequences in palms.
Furthermore, the cambium and phellogen
are composed of meristematic cells that
have thin walls and do not present much
resistance to invasive microorganisms. Such
weakness is by nature absent in palms.
Another great anatomical difference between palms and trees is the arrangement
of the vascular bundles. In palms, these are
distributed in the whole section of the
trunk, whereas they are arranged as annual
rings in trees. As Stipes indicated, the main
problem of wounds in trees is that the damage caused on some rings of the sapwood
(living xylem) can throw into question the
survival of the tree [59]. The phloem ring
presents the same fragility, or worse, because it is in a more external position.
Because of the totally different distribution
of the sap-conducting tissues in palms, the
consequences of wounds are much less serious than in trees. It is frequent to find
palms with extensive and deep injuries that
not only have sealed but have not prevented the continuation of the palm growth
(the bi-directional flow of sap has not been
seriously compromised).
In conclusion, contrary to what is so often
repeated and sometimes written in specialized books or papers on palms, palms are
not only perfectly capable of sealing their
wounds but are much less fragile than trees
when they are injured.

2. Controversy on the injection
technique in trees
A large part of the debate on injection is not
about the possible harmful consequences
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for the health of the treated tree with this
technique but about its efficacy and cost [29,
31, 60–73].
Most articles about the injuries created by
injections refer to the use of this technique
against Dutch elm disease (DED). This
experience with elm treatment is at the origin of very surprising negative prejudices
regarding injection, especially in France.
These prejudices are in contradiction with
the statement of many authors who underlined the efficacy of treatment by injection
for preventive purposes [74–78] and even
for curative ones [79, 80]. Furthermore, it
was demonstrated that one of the main
causes of the damage produced by injections for the control of DED is not the
wound created by the injection itself but the
nature of the injected pesticide solution [43].
The nature of the injected products, as a significant cause of the ulterior damage produced after injection, was verified in other
species [10, 40, 41].
For numerous years, the translocation
properties of the fungicides used against
elm graphiosis were obtained by a very elevated acidification of the injected solutions.
With the advent of new pesticide formulations, which do not present this disadvantage, neither the health consequences nor
the efficacy of this technique have been considered problematic; it is the cost of the
treatment that limits the use of the injection
technique against DED [75, 78, 80–82].
In France, it is regrettable to see that, on
the basis of the past negative evaluation of
results obtained against DED, injection
treatments not only against DED but against
all pests have been totally forbidden for
numerous years. The reasons invoked for
this ban are the inefficacy of the treatments
and the injuries caused by the injections [83].
These reasons have been no longer valid for
several years, especially because injection
formulations and injection methods have
evolved a lot. In contrast with France, a large
number of countries have authorized this
technique in many cases.
Even an author who is very critical of tree
injections, such as Smith, wrote: “Under special circumstances, stem injection of toxic
chemicals might be a legitimate part of a tree
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protection program” [34]. Furthermore, in
another paper that he wrote with Lewis [45],
it must be underlined that his criticism of injections is based on results that were obtained with out-of-date injection techniques.
These techniques presented do indeed have
obvious flaws: methods based in one case
on intentional separation of the bark and in
another case on the use of injection pressure
of between (21 and 42) kg⋅cm–2!

3. Unfounded polemic
concerning injection for palms
We reiterate that the palms that we are
speaking about in this paper are essentially
the species affected by the red palm weevil
(RPW).

3.1. Palms are not true trees
To understand the controversy on injection,
it is necessary to take into consideration an
essential point well summarized by Perry
et al.: “a part of the controversy and disagreements between the researchers rests on
the failure to recognize the anatomical differences between the species” [1]. The
differences between trees and palms are
even more considerable.
We have already presented some of these
differences. Among these differences, some
take on great importance in relation to injection techniques.
In comparison with trees, the absence of
the two rings of cambium and phellogen in
palms constitutes an advantage because
these fragile tissues offer less resistance to
microorganism damage and are more sensitive to phytotoxicity problems. As emphasized by Shigo, dieback of the cambium
after an injury can lead to the death of the
tree [42]. Smith, when he raised the risk presented by some methods of injection,
insisted on the importance of the cambium
dieback phenomenon [34]. Haugen signaled
that to reduce the phytotoxicity of injections
in the cambium, it is recommended to rinse
the wound with water [76].
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In many palm species, there is no dead
zone in the center of the stipe. However, in
many tree species, the heart of the trunk
constitutes dead wood and depends, therefore, when wounded, on passive mechanisms to resist microorganism invasion [3, 6].
The heart of the palm’s stipe is not composed of dead wood but of vascular bundles
and parenchymatic tissue that remain indefinitely alive and therefore are capable of
employing active mechanisms to react to an
injury. This important difference explains
why the depth of the injection is less crucial
in palms than in trees.
The presence of a cambium and of a narrow sapwood zone in trees requires more
targeted injection techniques in trees than in
palms.
Another risk is mentioned when trees are
treated by injection: cracks or the detachment of the bark [84]. Bark in trees is quite
different from the very simple palm “bark”
(palm stipes are protected, in addition to the
leaf bases when they are still present, by a
thin barrier that plays the same role as bark
in trees). In palms, there is no risk of similar
damage to the bark that has been described
in trees. However, too high injection pressure is not recommended for palms or trees,
not for the consequences on the bark but
to avoid damage to the inner cell tissues.
Palm architecture is very simple: it constitutes a stipe that keeps a constant diameter, a terminal bud and leaves all grouped
around this bud. In comparison, trees have
numerous branches and indeterminate diameter growth, constituting a more complex
structure. In consequence, the injection of
insecticide products is much simpler to
achieve in palms than in trees.
Thorough distribution of the products injected into trees requires a large number of
injection points [65]. Furthermore, because
of the diameter growth, the number of injections changes. For trees, it is established
according to the circumference and the distance between injections (one injection
every 10 cm to 15 cm), when for palms it is
established according to the species.
In the end, for one tree, more than tens
of injection points can be necessary when
for a palm, four injection points are the

highest number corresponding to the greatest diameter species. In palms, this low
number of injection points is sufficient for
adequate distribution of the injected insecticides because the palm vascular bundles
present a very particular organization: leaf
vascular bundles form spirals in the stipe
and are connected to the vascular bundles
of the central stipe system at a great number
of points [85]. Thanks to these numerous interconnections, even with a small number
of injection points, the injected insecticide
will be thoroughly distributed in the palm,
especially in the leaves.

Figure 1.
Sealing of a wound produced
by injection treatment: size of
the hole: 6 mm diameter, 15 cm
depth in the stipe itself
(excluding remaining leaf base).
Injected insecticide:
imidaclopride 20%. Volume
injected per hole: 2 mL diluted
in 200 mL of water. Pressure:
1.5 kg⋅cm–2. Observation of the
injury: 5 years after injection.

Such distribution is very important to
control a pest such as the RPW whose preferential egg-laying sites, for palms without
offshoots, are the central leaf bases [66, 67].
For palms with offshoots, like date palms,
the injection must be applied as low as possible to allow the insecticide to translocate
acropetally in the stipe through the xylem
sap, and basipetally through the phloem
sap.
After an injection treatment, the palm has
a great capacity to seal the wound produced. A narrow barrier of sealing is formed.
The palm perfectly isolates the wound and
effectively protects the healthy cell tissues
(figure 1).
The controversy created on the potential
of injections to control the RPW is mainly
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the result of a great lack of understanding
or knowledge of the fundamental differences that distinguish palms from trees. It is
also the consequence of a serious ignorance
of the worldwide experience acquired in
use of injection treatments against several
pests and diseases of various palm species.
Indeed, this controversy is not supported by
the opinion of the majority of the international experts of this pest [86–93].

3.2. Injection treatments in palms
3.2.1. The efficacy of injection
treatments in palms
We gathered and analyzed exhaustively the
existing documentation on the research and
practices concerning injection in palms. The
analysis of this documentation clearly demonstrates, for decades, the efficacy of this
practice in a large number of cases:
– against various pests and diseases of the
coconut [94–101], and of oil palms [102–
116],
– against the red palm weevil on date palm
[85, 117–119] and on coconut [120–122].
For more than thirty years, injection
treatments have been applied successfully
against serious pests and diseases in oil
palm and coconut plantations in Asia, Latin
America and Africa, as well as against the
RPW in date palm and coconut plantations.
Ginting and Desmier wrote that, since the
apparition of the first systemic insecticides,
at the beginning of the 1970s, the method
of injection into the trunk “has been and is
still used with success” against various pests
difficult to control otherwise [123].
In Papua New Guinea, Dewhurst specified that “to control the insect pests of oil
palm, the technique of trunk drilling and
insecticide injection is the standard used by
the oil palm industry and smallholder growers in PNG” [124].
Several defoliating caterpillars of the oil
palm are controlled usually by injection in
cases of explosive population growth [125].
According to Wood, “thousands of ha of oil
palms and coconut plantations have been
treated by injection” [126].
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Jacquemard underlines that “injections
into the stipe can be of great help” to treat
small oil palm plantations against various
defoliating insects and borers of oil palm
[127].
In Florida, the injection technique is
allowed and used to fight against Lethal Yellowing and the new LPD disease that affect
several palm species.
Regarding date palm, injection techniques have been used against the RPW for
twenty years in the Gulf countries and in
Egypt. Against the same pest, this technique
has been used in Phoenix canariensis for
about ten years in the south of Spain [128].
Concerning Phoenix canariensis, the
efficacy of injection was sometimes questioned. It was because the insecticide used
initially was not very mobile in the stipe,
accounting for the poor efficacy observed.
With the newly authorized insecticides, this
defect has been corrected.
In general, the main reason that sometimes has led to a premature conclusion on
the ineffectiveness of this technique against
the RPW is due not to the technique itself
but to a basic misconception in the fight
against this pest: no technique by itself, if it
is not applied within an integrated eradication strategy, will be effective [129].
3.2.2. Absence of sanitary
or biomechanics problems
Despite an exhaustive scientific and technical literature analysis, we did not find any
paper that mentions sanitary or biomechanics problems caused by injection treatments
in oil palm, coconut or date palm in twenty
to forty years of practice. This span of time
is quite sufficient to detect problems if they
had occurred.
Rare are the authors who evoke the
question of the “healing” of the injuries,
even when the diameter of the drilled holes
are large (e.g., 1.5 cm diameter or more).
For oil palm, Mariau reports that the trauma
is limited if the injection is no more than
15 cm in depth and if the injection hole is
closed after the operation [104]. Regarding
this last point, it must be mentioned that
Mariau was working in very rainy regions
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and that the diameter of the injection hole
was significant.
Mariau and Philippe assert that injection
will not have an effect on the vigor or the
production of the palms but they recommend not to practice more than four treatments in the whole palm life (for oil palm,
each treatment consists of two holes per
palm) [130]. The main concern that they
mention is the cost. Reyes indicates that, in
Colombia, if the drilled hole is not plugged,
the development of rotting can be light or
significant but does not exceed 2.5% of the
injected palms [131].
Regarding the question of wound dressings after pruning or any other event, the
accumulated experience (of about thirty
years) has led the majority of arborists to
consider such a practice either of no value
or even harmful [8]. Our own experience on
injection in Phoenix sp. demonstrates that,
in normal conditions (no excessive rainy
period), it is preferable not to plug the hole.
In that way, rapid desiccation of the wound,
the first stage of the sealing process, will be
favored.
For coconut, Nadarajan and Basavanna
report that the injection holes affect only a
small number of vascular bundles, whereas
it is well known that this palm can withstand
significantly greater injury [94]. The observation of these authors is of course still more
valid for Phoenix species: they have bigger
stipes than coconuts.
Genty et al. confirmed the potential and
the innocuousness of injection treatments
while observing the injected sites. He wrote
that this “method of control is from afar the
most interesting by its efficiency and its
innocuousness; the dissections of many
injected trees (observations made 1 to 4 years
after treatment) showed very homogeneous
healing zones around the perforations, without any consequence for the trees. On the
other hand, the experiences of injection
achieved during numerous years in Asia and
in Africa demonstrate the innocuousness of
this method” [106].
This absence of mention of health and
biomechanics problems by all the authors
who wrote about injection is not at all surprising in fact, because of the great sealing

capacity of palms. It is easy to observe, in
parks or in date palm plantations, the
extraordinary capacity of Phoenix species to
seal deep and extensive injuries and, even
in those cases, to maintain their mechanical
stability. In comparison, the injuries produced by drilled holes for injection treatments are minimal. Of course, that does not
mean that injection treatments could be realized without taking precautions. On the
contrary, we consider that this technique,
quite different to the usual phytosanitary
plant treatments, requires that technicians
and operators follow specific training on its
use.
For five years now, we have trained
hundreds of plant protection technicians
and palm professionals in Europe and
North Africa on the integrated eradication
strategy of the RPW, that includes a specific
component on injection technique.

4. Conclusion
and new perspectives
4.1. Injection technique within
integrated eradication programs
The objection that is sometimes raised
against injection in palms is based on frequent serious misconceptions regarding the
biology of palms as well as on insufficient
knowledge of the existing literature and
practices regarding the use of this technique
in the world. We hope that, with this paper,
we will have contributed to rectifying these
two gaps.
If well applied, this technique is clearly
of great potential for palm treatments
against various pests and diseases, as Tomlinson himself noted in his famous book on
“The structural biology of palms” [85].
Let us see now the perspectives that this
technique offers in the fight against the red
palm weevil (RPW).
The success of integrated programs of
eradication of the RPW requires efforts and
means that must be mobilized as quickly as
possible after detection. The programs must
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be conceived to reach eradication of the
infested areas in just a few years. Programs
that are conceived to reach this objective in
the medium or long term will finally cost
much more and will have little chance of
succeeding.
A significant part of these programs must
focus on awareness, coordination and training (including especially field workers).
Another essential component must be the
realization of preventive activities in each
infested zone (500 m to 1000 m around an
infested palm or a trap that has captured
RPW). The different preventive activities are
mass trapping, early detection and quick
sanitation of infested palms and preventive
insecticide treatments.
The application of insecticide treatments
to all the palms of an infested area is realistic
only if their cost and frequency are sufficiently low and if they are easy to apply.

4.2. New perspectives
The preventive treatments of palms by
spraying chemical or biological insecticides
must be applied too frequently (every three
or four weeks) to be feasible for a long
period. Injection treatments with insecticides of short persistence present the same
inconvenience. Furthermore, the use of the
injection technique must not be considered
a routine treatment that could be repeated
frequently as this technique requires the
drilling of holes: the hole used for one treatment cannot be reused for another one
because the injury through which the product is injected will seal quickly.
Drilling a high number of injection holes
will create in the long run a risk to the health
of the palms or to their mechanical resistance. Increasing the diameter of the holes
to eliminate the sealing barrier at each treatment will present the same inconvenience
in the long term. Another technique has
been experimented with to delay the sealing
process by keeping the injury humid with
frequent treatments. In addition to its unsustainable cost, this type of treatment will considerably increase the risk of health problems for the palm.
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Therefore, this led us to implement a
research program to select insecticides that
can be applied by injection in an easy, safe
and inexpensive way and that present a high
efficacy during a long period of time.
For the assessment of the injected insecticide efficacy and persistence, we have
elaborated a bio-assay method [132–134]
that presents significant advantages compared with the methods usually used for
such research. These methods are of three
types:
– Comparison of the health state between
treated and non-treated palms in field plots.
– Observation of the larval mortality by dissection of the treated palms.
– Analysis of palm leaves for insecticide residue content.
The method that we have elaborated consists of harvesting, at selected intervals of
time, the target organs of the treated palms
(leaves of adult palms or offshoots) and to
introduce larvae into these leaves. Next,
their dissection allows us to evaluate with
high reliability if the insecticide is present at
sufficient concentration to kill the larvae.
This method is incomparably easier to
apply than the first two above-mentioned
methods and is much more reliable. In relation to the third method, our method also
allows one to avoid erroneous interpretations that can lead to the conclusion that an
insecticide does not migrate or is no longer
efficient because the chemical analysis of
the active content residue is below the
detection level or very low. In this way, we
have established that, at least for one insecticide currently proposed in injection, it was
not the initial active ingredient but its metabolite formed after injection that assured the
prolonged insecticidal efficacy [134].
Our research has allowed us, on one
hand, to identify two insecticides presenting
a persistence of action of six months [132–
134] to one year (in press), and on the other
hand, to propose for one of them a very simple micro-injection method (in press).
Having long-persistence insecticides and
simple injection methods presents a considerable potential. It permits one to simplify
the field work a lot and to reduce the

Injection techniques to eradicate the red palm weevil

treatment cost substantially. These two
parameters are absolutely indispensable to
obtain RPW integrated eradication programs that are really well applied. Furthermore, the use of injection techniques has
the advantage of reducing, in a significant
way, environmental and human health risks
in comparison with the usually applied
spray treatments.
Injection treatments are an ideal option
to protect ornamental palms in urban environments. In plantations of palms for fruit
production, it is necessary to insure, by carefully fixing the treatment calendar and/or by
choosing the right insecticide, that insecticide residue will not be present in the fruit
at harvest time. The few available results
have shown the absence of residues or their
rapid degradation in fruits of various palms
after treatment by injection or by absorption
through the irrigation water [135]. However,
these results have been obtained with insecticides that are no longer used or they are
not very conclusive. More study is required,
taking into consideration the nature of the
injected insecticide, the injection method
and the time of injection before harvest.
To conclude, we wish to advocate injection as a real option and component in programs of RPW eradication. These programs
must integrate various complementary techniques but also involve all the actors concerned, particularly the farmers, the pruners
and, more generally, all the workers that are
directly and frequently in contact with the
palms. Unfortunately, they are often forgotten or neglected in the implementation of
these programs.
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Evaluación de riesgos y técnicas de inyección de interés en los programas
integrados para erradicar el picudo rojo de las palmeras: logros y perspectivas
nuevas.
Resumen – Introducción. Las plantas están dotadas de mecanismos que les permiten compartimentar las heridas que sufren a lo largo de su vida. En árboles, tanto la poda como los tratamientos
por inyección deben utilizarse respetando reglas precisas para reducir los riesgos provocados por las
heridas creadas. Sellado en palmeras. Contrariamente a un cliché muy expandido, las palmeras
son completamente capaces de “cicatrizar” sus heridas (“sellado”). Por su anatomía muy diferente a
la de los árboles, los procesos de sellado son mucho más simples. Compartimentación de heridas
de inyección. La polémica científica sobre el uso de la inyección en los árboles resulta esencialmente de errores iniciales que han sido posteriormente corregidos. Inyección en palmeras contra
el picudo rojo. En palmeras, esta técnica se utiliza sin problema y con una gran eficacia desde hace
decenas de años contra diferentes plagas, entre ellas el picudo rojo de las palmeras (PRP). Su utilización se ha limitado a situaciones excepcionales, bien para enfrentar una población anormalmente
elevada de una plaga o bien en el marco de un programa de erradicación. Programa integrado de
erradicación. En la puesta en marcha de tal programa, el principal interés de los tratamientos por
inyección es preventivo. Utilizando insecticidas de larga persistencia, el número de tratamientos se
podría reducir considerablemente. El ahorro que resultaría en tiempo y en dinero permitiría organizar el tratamiento de todas las palmeras situadas en zonas infestadas y, consecuentemente, erradicar
rápidamente la plaga. Nuevas perspectivas. Hemos establecido que insecticidas aplicados por
inyección eran capaces de proteger las palmeras con únicamente dos o incluso con un solo tratamiento por año. Estos resultados permiten imaginar un cambio radical en la puesta a punto de programas integrados de erradicación del PRP, reduciendo considerablemente los riesgos para la salud
y el medioambiente en comparación con los tratamientos por pulverización.
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