Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

Impact of Chemical Treatments on the Pollinator
Insect Population of Oil Palms in an Industrial Palm
Plantation: The Case of Blidouba in the South-west
of Cote D’ivoire

Konan Patrice KOUADIO

kouadio9l/@omail . com

Félix Houphouét-Boigny University
Jean-Pierre BOGA
Félix Houphouét-Boigny University
Djé Kévin Christian TANO
Université Jean Lorougnon Guédé (Céte d’lvoire, Daloa)

Koua Beranger NGORAN
Centre National de Floristique (CNF)

Koffi Eric KWADJO
Université NANGUI ABROGOUA

Akpa Alexandre Moise AKPESSE
Félix Houphouét-Boigny University
Kouakou Hervé KOUA
Félix Houphouét-Boigny University

Research Article

Keywords: Elaeis guineensis, pollinating insects, insecticide, mortality, Cote d'Ivoire, pollination
Posted Date: September 10th, 2026

DOI: https://doi.org/10.21203/rs.3.rs-10750344/v1

License: €© ® This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License

Additional Declarations: No competing interests reported.


https://doi.org/10.21203/rs.3.rs-10750344/v1
https://doi.org/10.21203/rs.3.rs-10750344/v1
https://doi.org/10.21203/rs.3.rs-10750344/v1
https://creativecommons.org/licenses/by/4.0/

IMPACT OF CHEMICAL TREATMENTS ON THE POLLINATOR INSECT POPULATION
OF OIL PALMS IN AN INDUSTRIAL PALM PLANTATION: THE CASE OF BLIDOUBA IN
THE SOUTH-WEST OF COTE D’IVOIRE

KOUADIO Konan Patrice'* : kouadio917@gmail.com Félix Houphouét-Boigny University,
Abidjan, Faculty of Biosciences, Laboratory of Natural Environments and Biodiversity

Conservation, 22 BP 582 Abidjan 22, Cote d’Ivoire

BOGA Jean-Pierre? bogajeanpierre@yahoo.fr Félix Houphouét-Boigny University, Abidjan,
Faculty of Biosciences, Laboratory of Natural Environments and Biodiversity Conservation,

22 BP 582 Abidjan 22, Cote d’Ivoire

TANO Dj¢ Kévin Christian® : tanokevin@yahoo.fr Jean Lorougnon Guédé University (Ivory
Coast, Daloa), Faculty of Agroforestry, Laboratory for the Improvement of Agricultural
Production, PO Box 150, Daloa

N’GORAN Koua Beranger* kouaberanger@yahoo.fr National Centre for Floristics (CNF), 22
BP 582 Abidjan 01, Cote d’Ivoire

KWADJO Koffi Eric® : kwadjokoffieric@gmail.com_Plant Protection / Entomologist, Head of
the Department for the Commercialisation of Research Results and Technological Innovation,

NANGUI ABROGOUA University

AKPESSE Akpa Alexandre Moise® : akpesse.e@uthb.edu.ci Félix Houphouét-Boigny
University, Abidjan, Faculty of Biosciences, Laboratory of Natural Environments and

Biodiversity Conservation, 22 BP 582 Abidjan 22, Céte d’Ivoire

KOUA Hervé Kouakou’ hervekkoua@gmail.com_: Félix Houphouét-Boigny University,
Abidjan, Faculty of Biosciences, Laboratory of Natural Environments and Biodiversity

Conservation, 22 BP 582 Abidjan 22, Cote d’Ivoire



Abstract

The oil palm (Elaeis guineensis), a plant whose flowers are highly dependent on pollinating insects,
mainly Coleoptera of the genus Elaeidobius, which ensure effective fertilization. In industrial agro-
ecosystems, the intensive use of insecticides to control pests can affect populations of beneficial insects.
This study, conducted in a PALMCI plantation in Blidouba (southwest of Cote d'Ivoire), evaluated the
incidence of three synthetic insecticides: Oxatop (0.188 g/l Oxamyl), Karate (0.188 g/l Lambda-
cyhalothrin) and Evisect (0.94g/l Thiocyclam hydrogen oxalate) on the abundance and activity of
pollinating insects. The experimental setup was based on a Fisher block with three treatments and three
replicates. Observations focused on the inflorescences before and after treatment. The data collections
were made: one month before application, as well as one, four days and one to two months after
application. The results show low pollinator visitation from the very first day, with very high mortality
rates: around 200,000 individuals killed by the insecticide Karate, compared with 150,000 by Oxatop
and 25,000 by Evisect. The Kruskal-Wallis test, p < 0.001, confirms significant differences between the
products. Karate proved to be more harmful due to its prolonged residual efficacy, causing high mortality
rates right up to the fourth day. One month after treatment, pollinating insects had recolonised the area,
and two months later, their abundance was broadly equivalent to that observed before treatment. These

results demonstrate the negative impact of insecticides on pollinating insects.

Keywords : Elaeis guineensis, pollinating insects, insecticide, mortality, Cote d’Ivoire, pollination.



Introduction

The oil palm (Elaeis guineensis) is one of the perennial crops of great economic and social importance
in humid tropical regions. It is the world’s leading source of vegetable oil, used primarily in the food,
cosmetics and pharmaceutical industries, and even in the production of biofuel (OECD and FAO, 2025).
In Cote d’Ivoire, the oil palm sector continues to play a strategic role, with major players such as
PALMCI (Palmier a Huile de Cote d’Ivoire), which operates extensive agricultural estates designed to
supply the local and international markets (PALMCI, 2024). Thus, the productivity of the oil palm relies
primarily on a key biological process: entomophilous pollination. Unlike other oil crops, the oil palm is
heavily dependent on pollinating insects, particularly beetles of the genus Elaeidobius, to ensure cross-
fertilisation between male and female inflorescences (Genty et al. 1986).

These insects, which are dependent on the inflorescences, ensure good fruit set and have a direct
influence on yield in terms of number of fruit clusters (Kehinde and Samways, 2014). Consequently,
their population dynamics are a key determinant of production. However, pollinating insects live in an
environment subject to significant anthropogenic pressures. Intensive farming practices, in particular
the use of plant protection products, can affect beneficial biodiversity (Desneux et al. 2007). Indeed,
although chemical treatments are used to control pests and maintain crop productivity, they often have
collateral effects on non-target organisms, notably pollinators (Pisa et al. 2015).

The impacts may include a reduction in population numbers, behavioural disturbances, increased
mortality or a decline in species diversity (Potts et al. 2019). In PALMCTI’s industrial plantations, and
more specifically at the Blidouba site, the issue of the impact of chemical treatments on pollinating
insects is of paramount importance. A significant decline in pollinator populations could compromise
natural pollination, resulting in reduced production and increased reliance on artificial pollination
methods, which are costly and labour-intensive (Li et al. 2019).

How, then, do the chemical treatments applied in industrial plantations affect the populations of oil palm
pollinating insects, and what are the consequences for the productivity and sustainability of
agroecosystems? To this end, the aim of this study is to assess the effect of chemical treatments on the

population dynamics of oil palm pollinating insects in the Blidouba industrial plantation.

I. Material and methods
1. Experimental treatment setup

The design used was a completely randomised Fisher block design, with three (3) treatments and three
(3) replicates. An 8-hectare plot was subdivided into 4 blocks, and each block was further subdivided
into 3 sub-blocks. Each sub-block consisted of 20 trees, 6 of which were commercial trees. The trial was

conducted on 11-year-old palm trees, i.e. those planted in 2015.



The various treatments were: Oxatop S0GR (Oxamyl), Karate® (5 EC containing 50 g/l lambda-
cyhalothrin) and Evisect (500 g/kg thiocyclam hydrogen oxalate). These chemicals were applied at the
standard rates using a motorised sprayer with a capacity of 16 litres: that is, 2.66 litres of water per tree
per pass. Treatments such as 0.188 g/l of lambda-cyhalothrin and 0.94 g/l of thiocyclam hydrogen
oxalate were applied at a rate of 2 capsules per 2.66 litres of water per tree per application. As for the
oxamyl-based treatment, 10 g of granules were measured out and dissolved in 2.66 L of water,

corresponding to a concentration of 0.188 g/1.
1.1- Observation
1.1.1- Prior to chemical treatments

+ Female inflorescences

One month prior to the chemical treatments, daily samples were collected from the female inflorescences
of oil palms in the 8-hectare plot treated with the three insecticides. To this end, the 8-hectare plot was
subdivided into 5 sub-blocks, each containing 20 oil palms, arranged diagonally in accordance with the
method described by Hala (2012). These sub-blocks constituted the replicates and were spaced
approximately 15 metres apart. Every three days, four female inflorescences were identified in each sub-
plot and protected on the first day of flowering with muslin for the three days that anthesis lasted. To
identify them, the sub-plots were visited very early in the morning from 6.00 am onwards to expose the
female inflorescences using a machete. Samples were thus taken at each stage of anthesis (early anthesis,
full anthesis and late anthesis) using a hand-held vacuum cleaner to collect all insects landing on the
muslin during the following time intervals:

* 9.00 am to 10.00 am: 10 minutes of data collection

* 11.00 am to 12.00 pm: 10 minutes of data collection

* 4.00 pm to 5.00 pm: 10 minutes of data collection

These data provided information on the abundance or frequency of visits by the various species to the
female flowers prior to the chemical treatments.

% Male inflorescences

Every three days, on the day of collection from the female inflorescences, three male inflorescences at
each stage of anthesis are identified. From each of these, four spikelets are carefully removed using
secateurs and placed in a plastic bag. The insects living on these spikelets were then killed using an
insecticide before being collected in labelled pill boxes containing 70 per cent alcohol. The data were

used to determine the population of pollinating insects present prior to the chemical treatments.

1.1.2- Following chemical treatments (from the first day to the fourth day)



One day (24 hours) after treatment, a survey was carried out in each treated plot up to the fourth day (96
hours) after treatment on every productive tree in each block. This enabled the number of pollinating
insects killed by these chemicals to be recorded.

To collect dead insects, a piece of muslin sewn into a bag shape was used to protect the male and female
inflorescences. The muslin enabled the dead insects found on the inflorescences both male and female
to be retained, whilst also allowing the number of pollinating insects visiting them to be observed. Using
a handheld vacuum cleaner, pollinating insects visiting the female inflorescences were captured and
placed into pill boxes containing 70 per cent diluted alcohol.

Checks to monitor the mortality of pollinating insects were carried out every morning from the first day
after treatment until the fourth day. These involved counting the dead individuals, which were
systematically removed from the bags. The dead insects were preserved in the laboratory for
identification using a binocular magnifying glass. The mean cumulative mortality rates for pollinating

insects for each treatment were calculated using the following formula:

Y. Dead pollinating insectsts in each treatment
Tmes = —— X100
Number of individuals observed across all treatments

(Tmes: Estimated mortality rate)
1.1.3- One and two months after the chemical treatments

The observations were the same as those made one month before the treatments. The data obtained
showed the recovery of pollinator populations on male flowers and those that had visited female flowers

following the chemical treatments.
II- Results and discussion
1. Inventory

Sampling carried out before and after the chemical treatments identified 9 species of pollinating insects
belonging to 3 families. These were the Curculionidae, Nitidulidae and Staphylinidae. The
Curculionidae family comprised five species, namely: Elacidobius kamerunicus, Elacidobius plagiatus,
Elaeidobius subvitatus, Elaeidobius singularis; whilst the Nitidulidae family comprised two species,
namely: Atheta burgeoni and Grabrius sp., whilst the Staphylinidae family comprised two species:
Microporum congolense and Microporum dispar (Table 1).

Indeed, the predominance of Curculionidae, particularly species of the genus Elaeidobius, demonstrates
their vital role in the pollination of the oil palm. The abundant presence of Elaeidobius subvitatus and
Elaeidobius kamerunicus reflects their strong adaptation to the inflorescences of the oil palm and their
vital role in the pollination process. Recent studies on the ecosystem services provided by insects in
tropical crops indicate that the conservation of beneficial insects remains essential for maintaining

agricultural productivity, particularly in crops that rely primarily on plant—insect interactions.



(FAO. 2024) points out that pollinating insects play essential roles in the reproduction of many crops,
whilst (Katumo et al. 2022) highlight the importance of preserving populations of specialised pollinators

in tropical agroecosystems.

Table 1: List of pollinating insects surveyed

Orders Genera Species

Elaeidobius subvitatus

Elaeidobius plagiatus
Elacidobius Elaeidobius singularis,
Elaeidobius kamerunicus
Coléoptéres ' Microporum dispar
Microporum
Microporum congolense
Lithargus Lithargus sp
Gabrius Gabrius sp
Atheta Atheta burgeoni

1.1. Changes in the abundance of pollinator species before and after chemical treatments
+» Male inflorescences 1 month before the chemical treatments

One month prior to the chemical treatments, the average abundances of each pollinator species varied.
The species Elaeidobius subvitatus was the most abundant, with an average of (948.75 + 574.6
individuals per spikelet). It was followed by Atheta burgeoni (218.61 + 54.47 individuals per spikelet),
Elaeidobius kamerunicus and Elaeidobius singularis, with averages of (94.4 + 71.44 individuals per
spikelet) and (91.4 & 82.24 individuals per spikelet) respectively (Figure 1).

As for species such as Elaeidobius plagiatus, Microporum dispar, Microporum congolense, Gabrius sp
and Lithargus sp, the respective average abundances recorded were: (66.66 + 34.57 individuals/spikelet);
(56.13 £ 39.97 individuals/spikelet); (59.73 + 35.46 individuals/spikelet), (10.47 + 8.13
individuals/spikelet) and (5.73 £ 3.76 individuals/spikelet) (Figure 1).

%+ Male inflorescences: 1, 2, 3 and 4 days after chemical treatments

Following the chemical treatments, the average abundances of each pollinator species fell sharply. The

results obtained on the first, second and third days were very low.



Average abundances were less than one individual per spikelet (Figure 1). The averages recorded per
species on the fourth day after the treatments were: Elaeidobius subvitatus (11.2 + 7.45 individuals per
spikelet) was the most abundant. The other species had an average abundance of fewer than 10
individuals per spikelet. Prior to chemical treatment, pollinator populations were relatively high on both
male and female inflorescences. However, their abundance declined sharply from the first few days

following the application of insecticides.
«» Male inflorescences: 1 and 2 months after chemical treatments

One month after the chemical treatments, the abundance of each species began to increase, reaching the
average level recorded one month previously. As for the abundance recorded two months after the
chemical treatments, the species observed showed abundance levels identical to those recorded one
month before the chemical treatments (Figure 1).

Before the chemical treatments, pollinator populations were relatively high on both male and female
inflorescences. However, their numbers fell sharply from the very first days following the application
of the insecticides. This decline could be explained by the direct toxicity of the active ingredients
contained in each insecticide. It could also result from sublethal effects that reduce mobility and the
ability to locate inflorescences. These results corroborate those of (Basu et al. 2024), which show that
pesticides can have multiple effects on pollinating insects, ranging from direct mortality to behavioural
disturbances. Furthermore, (Tosi and Nieh. 2021) added that chemical pesticides can alter insects’
locomotor and cognitive abilities, thereby reducing their ecological performance.

Thus, two months after treatment, continued resilience of pollinator communities was observed. This
recolonisation could be linked to the movement of individuals from nearby untreated plots, the
reproduction of surviving individuals and the gradual return to normal conditions within the plantation.
This strong recovery demonstrates a certain resilience in pollinator populations when they find suitable
habitats. Research by (Albrecht et al. 2023) has shown that access to suitable habitats improves the
recovery of pollinator populations following disturbance. Similarly, (Harrison et al. 2018) demonstrated
that diversified agricultural landscapes facilitate the re-establishment of beneficial insects. According to

(FAO. 2024), the importance of habitats as refuges supports the recovery of pollinators.
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Figure 1: Changes in the population of pollinating insects on the male inflorescences of the oil palm

before and after chemical treatments
1.2. Mortality rate by treatment
+ Immediate effect (Day 1)

On the first day, following treatment, the insecticides EVISECT and OXATOP killed 5.463 = 1.339 and
10.008 £ 5.909 pollinating insects per inflorescence respectively, representing mortality rates of 9.51

per cent and 17.4 %.

In contrast, the insecticide KARATE recorded the highest number of dead pollinators, namely 41.975 +
9.581 individuals per inflorescence (Figure 2), representing a mortality rate of 73.1 %. According to the
Kruskal-Wallis test (chi-squared = 30.853, df = 2, p-value = 1.997e-07), there is a significant difference

between the mortality rates of these three insecticides.
¢ Early residual effect (Day 2)

On the second day following treatment, the number of individuals killed by the three insecticides fell
significantly, indicating a gradual decline in their activity. However, KARATE maintained the number
of dead insects at approximately 905 + 192 individuals per inflorescence, representing a mortality rate

of 68.1 %. It was followed by OXATOP, with approximately 245 + 57.4 individuals per inflorescence



and a mortality rate of 18.4 %, and then by EVISECT, with approximately 179 + 49.6 individuals per
inflorescence, representing a mortality rate of 13.5 % (Figure 3).
This trend highlights KARATE’s ability to maintain long-term residual efficacy, unlike the other two
insecticides (EVISECT and OXATP), Kruskal-Wallis chi-squared = 24.521, df = 2, p-value = 4.735e¢-
06.

* Medium-term effect, on the third day of trapping (72 hours)

By the third day, the efficacy of the three insecticides had become very low. In contrast, the insecticide
KARATE continued to maintain its insecticidal effect, with approximately 131 &+ 35.9 individuals per
inflorescence, representing a mortality rate of 75.8 %, whereas EVISECT and OXATOP recorded 16 +
4.98 and 25.9 £ 6.70 individuals per inflorescence respectively, corresponding to mortality rates of 9.21 %
and 14.9 %. A rapid decline in the insecticidal effect was observed with EVISECT and OXATOP (Figure
4). According to the Kruskal-Wallis test (chi-squared =21.789, df =2, p-value = 1.856¢-05), a significant
difference was observed between these three insecticides.

+ Long-term effect, on the 4th day of trapping (96 hours)

Four days after treatment, the efficacy of the three insecticides had diminished further. KARATE still
recorded the highest number of deaths, at approximately 60.9 + 22.9 individuals per inflorescence,
representing a mortality rate of 59.3 %. It is followed by OXATOP, with 34 + 16.2 individuals per
inflorescence, representing a mortality rate of 33.1 %, and by EVISECT, with 7.75 + 1.97 individuals
per inflorescence, representing a mortality rate of 7.55 %. These results demonstrate that, whilst the
effect of EVISECT and OXATOP is rapid, it is not long-lasting (Figure 5). There is a significant
difference in mortality between these three insecticides, as shown by the non-parametric Kruskal-Wallis

test: chi-squared = 13.148, df = 2, p-value = 0.001396.
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1.4. Comparison of insecticides based on their toxic effect
+ KARATE and EVISECT

The mean difference in mortality between KARATE and EVISECT was -4.59 + -2.002 individuals per
inflorescence, with an adjusted P-value (Pa = 1.307¢-05) (Figure 6). These results indicate that the
average mortality rate was significantly higher with the insecticide KARATE compared with EVISECT,
according to DUNN’s post-hoc test.

s OXATOP and EVISECT

The mean difference observed between OXATOP and EVISECT was 0.407 + 0.0034. The adjusted P-
value was Pa = 1 (Figure 7). According to the Dunn post-hoc test, there is therefore no significant

difference in mortality between the OXATOP and EVISECT treatments.
% OXATOP and KARATE

The mean rank between these two insecticides was 3.52 = 1.08. The adjusted p-value following the
DUNN post-hoc test was 1.248581e-03 (Figure 8). These results show that there is a statistically

significant difference in mortality between the two insecticides.

Thus, this study revealed significant differences between the products tested. KARATE, whose active
ingredient is lambda-cyhalothrin, resulted in the highest mortality rates during the observation period.
This insecticidal effect could be explained by the neurotoxic action of pyrethroids, which affect the
functioning of the insects’ nervous system. Pyrethroids are most commonly used in agriculture but are
highly toxic to several groups of non-target insects. The results obtained corroborate those of (Mata et
al. 2024), which demonstrate a high sensitivity of beneficial insects to pyrethroids. Similarly, (Main et
al. 2023) have shown that broad-spectrum insecticides can drastically reduce beneficial insect
populations. Thus, (Basu et al. 2024) demonstrate that these insecticides place significant pressure on

agricultural beneficial insects.
2. Assessment of the impact of chemical treatments on pollinator visit rates in treated plots
+ Female inflorescences 1 month prior to chemical treatments

The average number of visits recorded on female inflorescences was high for certain species, such as
Elaeidobius subvitatus, with an average of (263.27 + 65.64 individuals/inflorescence). This species was
followed by Elaeidobius singularis with (59.57 + 10.08 individuals per inflorescence). The average

number of visits by the other species was less than 10 individuals per inflorescence. (Figure 10).
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+ Female inflorescences 1, 2, 3 and 4 days after chemical treatments

Following the chemical treatments, the average number of visits by each pollinator species fell
dramatically. The visitation figures recorded on the first, second and third days were very low. Average
abundances were less than one individual per inflorescence, except for the species Elaeidobius

subvitatus (21.3 &+ 2.41 individuals per inflorescence), which was the most abundant (Figure 10).

R/

+ Female inflorescences 1 and 2 months after chemical treatments

One month after the chemical treatments, visits by each species to the female inflorescences are
beginning to return to normal. Between one and two months after the chemical treatments, there is a
clear and steady increase in the average number of visits by each pollinator species. This observation
reflects a gradual recolonisation of the area by pollinating insects and a resumption of biological activity
around the treated plants. Species of the genus Elaeidobius, in particular Elaeidobius subvitatus, show
high activity, with an average of 211.15 = 64.13 individuals per inflorescence one month after chemical

treatment and 222.91 + 64.69 individuals per inflorescence two months after chemical treatment.



In contrast, the other species show a much more moderate but constant abundance. Their activity
increases gradually between the first and second months following chemical treatments (Figure 10).

According to the findings, the decline in visits by beneficial insects to female inflorescences following
chemical treatments may be linked not only to species mortality but also to behavioural changes caused
by the insecticides. Indeed, certain chemical insecticides can impair insects’ ability to locate floral
resources, thereby reducing visits and altering their foraging behaviour. All these changes can reduce
the effectiveness of pollination even when certain species survive exposure. These findings are
consistent with those of (Knapp et al. 2023), who explained that insecticides can diminish the ecosystem
service provided by pollinators. Basu et al. (2024) also show that the behavioural effects of insecticides
are a major factor in the decline of natural pollination services. Finally, (FAO, 2024) recommends

reducing the risks associated with insecticides in order to maintain agricultural ecosystem services.

Atheta burgeoni Elaeidobius kamerunicus Elaeidobius plagiatus

Elaeidobius subvitatus Gabrius sp

Average visits per inflorescence

Figure 10: Changes in the average number of visits by oil palm pollinating insects to female

inflorescences before and after chemical treatments
Conclusion

The assessment of the impact of chemical treatments on the pollinator insect population of the oil palm
led to the collection of nine species from three families, with the Curculionidae being the most numerous
specifically, species of the genus Elaeidobius. Prior to the application of chemical insecticides, the
pollinator fauna exhibited relatively high abundance and very high average visitation rates to female
inflorescences. The application of chemical insecticides led to a 52 % reduction in the abundance and

visitation rates of pollinating insects between the first and fourth days following chemical treatment.



The three chemical insecticides tested had an insecticidal effect on the pollinator population, but this
effect varied depending on the active ingredients contained in the three formulations.

The KARATE insecticide proved to be more harmful, with higher mortality rates at every level. In
contrast, EVISECT and OXATOP exhibited fewer toxic effects. Despite these high initial mortality rates
caused by the insecticides, a gradual recovery of the pollinator population was observed one to two
months after the chemical treatments. These findings show that the chemical insecticides used in

industrial oil palm plantations have a negative impact on pollinator populations.
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