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Abstract

Pheromone traps play a crucial role in the integrated pest management of the red palm weevil, Rhynchophorus ferrugineus (Olivier) (Coleoptera: 
Curculionidae). The objective of this study was to increase the effectiveness of pheromone traps by evaluating the effects of location, temperature, 
degree of palm fruit fermentation, and pheromone lure source on red palm weevil capture rates. Traps baited with either Ferrolure or Rhylure were 
positioned in 3 rows and checked twice per wk for 12 wk starting 20 Apr 2019. Overall weekly capture rate per trap varied from 1.25 to 9.00. Those 
traps that were placed in the shade near infested date palm trees in areas of relatively high soil moisture captured more red palm weevil (9 adults 
per trap per wk) than traps exposed to direct sunlight (1.25 adults per trap per wk). Additionally, traps placed at the field edge captured more adults 
than those in the middle of the field. Capture rates were highly negatively correlated with temperature. Ferrolure traps captured significantly more 
red palm weevils than Rhylure traps. The sex ratio of captured weevils in all traps was female-biased. Results obtained from Y-tube olfactometer 
assays indicated that the response of red palm weevil adults to 5- and 8 d old fermented date fruits were relatively high (86.7–100%). In kairomone 
field tests more red palm weevil adults were attracted to traps with 8 d fermented date fruits compared with 5 d old. Our results indicated that plac-
ing traps containing Ferrolure, water, and kairomones in red palm weevil preferred sites near the edges of the orchard in moderate air temperatures 
(22–33 °C) increased the efficacy of pheromone traps.

Key Words: Rhynchophorus ferrugineus; kairomones; Ferrolure; Rhylure; date palms

Resumen

Las trampas de feromonas juegan un papel crucial en el manejo integrado de la plaga del picudo rojo de las palmeras, Rhynchophorus ferrugineus 
(Olivier) (Coleoptera: Curculionidae). El objetivo de este estudio fue aumentar la efectividad de las trampas de feromonas mediante la evaluación 
de los efectos de la ubicación, la temperatura, el grado de fermentación del fruto de la palma y la fuente de atracción de feromonas en las tasas de 
captura del picudo rojo. Las trampas cebadas con Ferrolure o Rhylure se colocaron en 3 filas y se revisaron dos veces por semana durante 12 sema-
nas a partir del 20 de abril del 2019. La tasa de captura semanal general por trampa varió de 1,25 a 9,00. Las trampas que se colocaron a la sombra 
cerca de palmeras datileras infestadas en áreas con humedad del suelo relativamente alta capturaron más picudos rojos de las palmeras (9 adultos 
por trampa por semana) que las trampas expuestas a la luz solar directa (1,25 adultos por trampa por semana). Además, las trampas colocadas en el 
borde del campo capturaron más adultos que las que estaban en el medio del campo. Las tasas de captura se correlacionaron muy negativamente con 
la temperatura. Las trampas de Ferrolure capturaron significativamente más picudos rojos de las palmeras que las trampas de Rhylure. La proporción 
de sexos de los gorgojos capturados en todas las trampas fue sesgada por las hembras. Los resultados obtenidos de los ensayos con el olfatómetro 
de tubo en forma de “Y” indicaron que la respuesta de los adultos del picudo rojo de la palma a los frutos de dátiles fermentados de 5 y 8 dias de 
edad fue relativamente alta (86,7–100%). En las pruebas de campo con kairomona, más adultos del picudo rojo de las palmeras se sintieron atraídos 
por trampas con frutos de dátiles fermentados de 8 días en comparación con los de 5 días de edad. Nuestros resultados indicaron que la colocación 
de trampas que contienen Ferrolure, agua y kairomonas en los sitios preferidos por el picudo rojo de las palmeras cerca de los bordes del huerto en 
temperaturas del aire moderadas (22–33 °C) aumentó la eficacia de las trampas de feromonas.

Palabras Clave: Rhynchophorus ferrugineus; kairomonas; Ferrolure; Rhylure; palmeras datileras

The red palm weevil, Rhynchophorus ferrugineus (Olivier) (Coleop-
tera: Curculionidae), is a persistent pest that causes substantial losses 
of date, coconut, and ornamental palm crops in many Asian, African, 
and European countries (FAO 2019). The red palm weevil is also a se-
rious threat as an invasive (Audsley et al. 2017); its cryptic behavior 
(Giblin-Davis et al. 2013; Mahmud et al. 2015; Pontikakos et al. 2017) 

allows it to enter uninfested areas undetected (Dembilio & Jaques 
2015; Al-Dosary et al. 2016). Additionally, recommended management 
measures have not been effective in controlling red palm weevil out-
breaks (FAO 2019; Rasool et al. 2020).

Pheromone traps are a major component of integrated pest man-
agement programs for the control of red palm weevil. Traps are used 
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for surveillance, mass trapping, and control program evaluations 
(Jaques et al. 2017; Suma et al. 2017; FAO 2020). However, discrep-
ancies appear in the literature regarding the efficiency of pheromone 
traps. Adult red palm weevil field populations were reduced by 70 
to 80% when mass trapping was used at a density of 1 to 3 traps per 
ha (Muralidharan et al. 1999; Oehlschlager 2006). However, popula-
tion reduction was not achieved in similar field trials conducted in 
Spain (Jaques et al. 2017). In another study, Al Ansi et al. (2020) re-
ported that only 25% of tagged adults were attracted to pheromone 
traps. Pheromone trap placement is equally as important as other 
factors for improving catch efficiency. Placing pheromone traps on 
the ground away from small palms provides a landing area for red 
palm weevils (FAO 2019). Additionally, pheromone traps positioned 
on the ground close to coconut palm trunks have been shown to be 
very attractive to these weevils because they provide a favorable 
shade (Azmi et al. 2014). Moreover, trap placement in the shade 
increased pheromone longevity to more than 3 mo (Hallett et al. 
1999). Hallett et al. (1999) also found that traps installed at ground 
level captured more red palm weevil adults than those installed 5 m 
above the ground. Because of the serious threat of red palm weevil 
to date palms, there has been interest recently in understanding 
why pheromone traps do not trap adults effectively. Therefore, the 
objective of this study was to increase the effectiveness of phero-
mone traps by evaluating the effect of trap placement in specific 
sites, determining the ideal temperature for trapping, assessing the 
efficacy of fermented date palm as a kairomone, and finally investi-
gating the effect of some commercial pheromone lures on capture 
rates of red palm weevil.

Material and Methods

STUDY AREA

The field study was conducted at the Altholaima commercial date 
orchard (24.768666°N, 46.536500°E) located in Ad Diriyah Governor-
ate, West of Riyadh, Kingdom of Saudi Arabia. Experimental trials were 
performed between 20 Apr and 22 Jul 2019. The orchard is approxi-
mately 35 ha, containing approximately 1,700 Phoenix dactylifera L. 
(Arecaceae) date palm trees of various varieties and ages (5–25 yr old). 
Date fruit is the primary crop in this orchard, but lemons, grapes, ol-
ives, and pomegranates also have been planted. Shrubs and weeds of 
different species were growing among the crops. Active red palm wee-
vil infestations were present throughout the orchard.

PHEROMONE LURES AND ODOR ATTRACTANTS

Two sources of pheromone lures were used in the study. The 
first was Ferrolure+TM, ferrugineol (9 parts 4-methyl-5-nonanol; 1 part 
4-methyl-5-nonanone; purity > 98%), applied at a concentration of 700 
mg per lure, with a release rate of 3 to 10 mg per d (ChemTica Inter-
national, S.A., San Jose, Costa Rica). The second lure was Rhylure-700, 
ferrugineol (9 parts 4-methyl-5-nonanol; 1 part 4-methyl-5-nonanone; 
purity 98%), applied at a concentration of 700 ± 50 mg per lure, with a 
release rate of 3.5 to 10 mg per d (Russell IPM Ltd., Flintshire, United 
Kingdom).

Additionally, a kairomone was prepared from date fruits of the ‘Su-
kari’ variety. Dates were fermented in water for 2 d at room tempera-
ture prior to placement in traps. Ten fermented dates were added to 
each trap along with 1.5 L water.

TRAPS

Five-liter bucket traps (Oehlschlager et al. 1993) modified in King-
dom of Saudi Arabia by the Ministry of Environment, Water, and Ag-
riculture (Anonymous 1994) with 4 side openings were used. Fifteen 
traps were buried in the ground up to the level of the side openings 
(about 20 cm). Three treatments were used: (1) Ferrolure traps, de-
ployed with Ferrolure+TM lure, kairomones mixture; (2) Rhylure traps, 
loaded with Rhylure-700 lure, kairomone mixture; and (3) dry traps, 
containing Rhylure-700 lure only. Traps were distributed randomly in 
3 parallel rows on the eastern and western edges of the study area as 
well as in the middle of the field. Distance between rows was 70 m and 
between traps within a row was 60 m. The site descriptions (for each 
trap) are provided in Table 1.

Trapped weevils were collected after 5 and 8 d of fermentation. 
On d 8, the dates and water were replaced with new 2-d fermented 
dates and water. This cycle was continued until the end of the study. 
Ad Diriyah air temperatures were collected from AccuWeather (Accu-
Weather 2019).

OLFACTOMETER ASSAY

Attractive response of female and male red palm weevils (n = 60) 
to 5 and 8 d of fermented palm date fruit was tested in the labora-
tory using a glass Y-tube olfactometer (Analytical Research Systems 
Inc., Gainesville, Florida, USA) following a procedure similar to that 
described by Soffan et al. (2016). Adult red palm weevils were starved 
overnight (12 h) prior to testing. Test materials consisting of a 10 µL 
of solution of fermented dates on filter paper were placed in one arm 

Table 1. Microhabitat descriptions of trap placements and mean number of captured weevils (± SE) per trap per wk in traps baited with Ferrolure and Rhylure 
pheromone lures. Means in the same column for the same lure source marked with different lower case letters are significantly different (LSD at P < 0.05). The total 
capture rate means in the last row marked with different capital letters are significantly different (LSD at P < 0.05).

Trap No.

Ferrolure traps Rhylure traps

Mean ± SE Microhabitat description Mean ± SE Microhabitat description

1 6.33 ± 0.77 a shade, close to palm tree 1.50 m, moist soil 5.50 ± 0.37 a shade, close to palm tree 1.50 m, close to 2 in-
fested palm trees, moist soil

2 1.58 ± 0.17 b exposed to sunlight, many grasses around 5.50 ± 0.32 a shade, close to palm tree 2 m apart, close to 2 
infested palm trees, moist soil

3 9.00 ± 0.57 a shade, close to palm tree at distance 50 cm, 
later infested palm detected in surrounded area, 
moist soil

4.00 ± 0.35 ab shade, close to lemon tree, the nearest palm tree 
was at distance of 5 m, moist soil

4 2.83 ± 0.30 b close to fig tree 1.5 m 1.25 ± 0.23 c exposed to sunlight, many grasses around
5 8.00 ± 0.41 a shade, close to palm tree 1.5 m, later infested 

palm was detected at distance 12 m, moist soil
2.92 ± 0.18 bc exposed to sunlight, many grasses around, and 

some citrus and fig trees nearby
Total mean 5.55 ± 0.30 A 3.83 ± 0.17 B
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while the remaining arm served as a control. Individual male and fe-
male red palm weevils were released one at a time within the first cm of 
the base tube of the olfactometer, and their responses were observed 
for 10 min. The response was recorded as ‘no-choice’ if adults stayed 
in the main tube and ‘choice’ if they entered one of the arms. The 
residence time (waiting period and movement time to reach the end 
of the arm) was recorded. Individuals that did not choose a particular 
arm were excluded from statistical analysis. Each individual was tested 
once. Between experiments, all parts of the Y-tube were cleaned with 
acetone. The odor source was replaced by changing the filter paper.

STATISTICAL ANALYSES

Before the analysis, mean weevil capture data were transformed by 
log (y + 1) to normalize the data then subjected to ANOVA (GLM proce-
dure) and Fisher’s least significant difference using SAS 9.2 (SAS 2008) 
software. All trap data are presented as mean ± standard error (SE). A 
linear correlation was used to analyze the relationship between daily 
temperature and weevil trap capture rate. The olfactometer assay data 
were analyzed using the Chi-square (Sokal & Rohlf 1995). Differences in 
all analyses were considered significant at P < 0.05.

Results

INFLUENCE OF LOCATION ON CAPTURE RATE

Red palm weevil abundance was highest in Ferrolure traps placed 
in shade, close to date palm trees, or on ground with high moisture 
content (i.e., close to an irrigation site) compared with traps located in 
direct sunlight (Table 1). Trap number 3 captured more red palm wee-
vil, likely because it was close to a known infested palm tree. Similar 
trends were observed in the Rhylure traps.

Trap location also affected abundance in traps; those installed in the 
eastern and western rows near the internal edge of the field captured sig-
nificantly more red palm weevil adults (F = 7.63; df = 2, 11; P = < 0.0001) 
than traps in the middle row, regardless of the pheromone lure source. 
The mean number of captured adults per trap per wk in the eastern and 
western rows were 4.28 and 3.83, respectively, significantly higher than 
the mean abundance of 1.78 in the middle row (Fig. 1). Capture rates in 
the eastern and western rows did not differ significantly (Fig. 1).

The number of captured red palm weevil adults decreased with 
increasing ambient temperature (Fig. 2). Regardless of the pheromone 
lure source, the capture rate was highly negatively correlated with 

temperature (R = −0.88, and P = 0.0002). The correlation coefficients 
for Ferrolure traps and Rhylure traps were R = −0.79 (P = 0.002) and R 
= −0.87 (P = 0.0002), respectively.

Pheromone lure source also had an effect on the trap abundance. 
The total number of adults captured during the study was 593. The 
Ferrolure traps captured 333 adults, whereas the Rhylure traps cap-
tured 230 adults, and the dry traps captured only 31 adults. The mean 
number of captured weevils per trap per wk was significantly higher (F 
= 32.25; df = 2, 4; P = < 0.0001) in the Ferrolure traps than the Rhylure 
traps and dry traps (Fig. 3). The sex ratio of captured weevils was bi-
ased toward females. The mean sex ratio from all treatments was 2.5 
females to 1.0 male. The female ratio in Rhylure traps was higher than 
that of the Ferrolure traps (Fig. 3).

EFFECT OF DATE FERMENTATION TIME ON TRAP CAPTURE

The field study showed that traps with 8 d old kairomone (fer-
mented date fruits) captured more red palm weevil adults than the 5 
d old; however, the difference was not significant (F = 5.05; df = 1, 4; 
P = 0.71). The mean number of red palm weevils captured per wk in 
both Ferrolure and Rhylure traps with 5 d old kairomone was slightly 
less than in 8 d old kairomone (Fig. 4). Traps with 5 d old kairomone 
showed significantly (F = 2.86; df = 3, 4; P = < 0.0006) different capture 
rates with different lure sources (Fig. 4).

Fig. 1. Mean number (± SE) of captured weevils per row per wk. Bars marked 
with different letters are significantly different (ANOVA, GLM procedure, fol-
lowed by LSD at P < 0.05).

Fig. 2. Mean temperature and mean number of captured weevils per trap per 
wk in Ferrolure and Rhylure traps.

Fig. 3. Mean number of captured male and female red palm weevils (± SE) per 
trap per wk in Ferrolure and Rhylure traps. Bars marked with different letters 
are significantly different (ANOVA, GLM procedure, followed by LSD at P < 0.05).
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OLFACTOMETER ASSAYS

More female (100%) than male (92.3%) weevils were attracted to 
5 d fermented dates (χ2 = 11.5; P = 0.0007). The response of males to 8 
d fermented date fruits was significantly greater than that of females 
(χ2 = 13.5; P = 0.0002) (Table 2). The waiting time before moving from 
the base of Y-tube for females (5.82 and 12.38 s, respectively) was less, 
but not significantly different (P = 0.08 for 5 d and P = 0.44 for 8 d) than 
those for males (13.5 and 17.08 s, respectively) for either d. The resi-
dence times within the Y-tube were not significantly different among 
male and female red palm weevils (P > 0.05) (Table 2).

Discussion

Earlier studies using pheromone traps for integrated pest manage-
ment of red palm weevil focused on lure sources and pheromone re-
lease rates (Faleiro & Chellapan 1999; Kumar et al. 2004), trap design 
(Hallett et al. 1999), trap color (Abuagla & Al-Deeb 2012; Ávalos & Soto 
2015), number of traps per ha (Faleiro et al. 2011), and kairomones 
(Hallett et al. 1993). The current study focused on the impact of trap 
locations (edge or middle of the palm orchard), ambient temperature, 
and the degree of date fruit fermentation (as kairomones) on abun-
dance in pheromone traps. The measurement of these parameters will 
provide valuable information for improving the efficiency of red palm 
weevil pheromone trapping in date palm orchards.

The pheromone lure source affected the trap capture rates. Ferro-
lure traps captured more adults than those containing Rhylure. How-
ever, the efficacy of 4 commercial lures (including both lures used in 
the current study) concluded that commercially available lures were 
equally effective at attracting red palm weevil adults in the field and 
laboratory tests (El-Shafie & Faleiro 2017). Additionally, no significant 
differences between lures were found in the number of red palm 
weevils captured per wk when 3 commercial pheromone lures (Ferro-

lure+™, RHYFER™, and RHYNCAP™) were used (Abdel-Azim et al. 2017). 
Furthermore, we discovered that relatively more females than males 
were attracted to the traps and volatiles in the Y-tube olfactometer 
tests. This may be due to the fact that red palm weevil females have 
more olfactory sensilla on their antennae (Avand-Faghih 2004). In addi-
tion, field activity was reported to be higher among females than males 
(Al Ansi et al. 2020). Also, the trap capture rate of females was higher 
than males (Chakravarthy et al. 2014; Al Ansi et al. 2020). The preferen-
tial red palm weevil female attraction to the pheromone may be attrib-
uted to more pressure on females to disperse in search of mates, food 
resources, and oviposition sites (Soroker et al. 2005). It has been sug-
gested that pheromone lures serve as long-range attractants, whereas 
kairomones act as short-range attractants, encouraging the weevil to 
enter the trap (Jaffé et al. 1993).

Furthermore, several commercial companies have produced syn-
thetic aggregation pheromones to attract red palm weevil with varied 
success. The efficacy of 4 commercial aggregation pheromones was 
evaluated in the field and no significant differences in their ability to at-
tract red palm weevils were shown (El-Shafie & Faleiro 2017). Similarly, 
3 pheromone lures (Ferrolure+™, RHYFER™, and RHYNCAP™) were evalu-
ated, revealing that all tested lures equally attracted red palm weevil 
adults (Abdel-Azim et al. 2017).

Our results demonstrated that the sex ratio of trapped red palm 
weevil was biased toward females regardless of the pheromone lure 
source. The results obtained are in agreement with the results of many 
researchers (Soroker et al. 2005; Aldryhim & Al Ayedh 2015; Ávalos & 
Soto 2015).

Kairomones play a role in communication between different species 
such as some plant parts (Bakthavatsalam 2016) and have a main role 
in pest management approach especially for cryptic insects (Soroker et 
al. 2015). The current study showed that traps with 8 d old kairomone 
(fermented date fruits) captured more red palm weevil adults than the 
5 d old. Many pheromone trap studies have recommended the use of 
kairomones such as date fruits (Al Saoud 2006; Abdel-Azim et al. 2017; 
Abbass et al. 2019) to attract red palm weevil to pheromone traps (Fa-
leiro & Chellapan 1999; Hallett et al. 1999; Faleiro & Satarkar 2003; 
Oehlschlager 2007). The efficacy of volatiles from dates, palm stems, 
and molasses (Vacas et al. 2017) as kairomones to enhance red palm 
weevil attraction to pheromone traps has been demonstrated (Poorja-
vad et al. 2009; Venugopal & Subaharan 2019). Several food baits in red 
palm weevil pheromone traps have been tested and it was found that 
fast-fermented date fruits were most effective, capturing more adults 
than other items, such as palm stem pieces and sugarcane (Abdel-Azim 
et al. 2017). The quantities of date fruits used as kairomones in phero-
mone trap studies varied from 200 to 500 g (Abbas et al. 2006; Al Saoud 
2006; Al-Saoud & Ajlan 2013; Hoddle et al. 2013; Abdel-Azim et al. 
2017; Abbass et al. 2019).

Our results show that wet traps captured more adults (> 230) than 
dry ones (31). The red palm weevil adults tend to be attracted to water 
and wet areas (Aldryhim & Khalil 2003). Additionally, it was found that 

Fig. 4. Mean number of captured red palm weevils (± SE) using 5 and 8 d fer-
mented dates as kairomones. Bars marked with different letters are significantly 
different (ANOVA, GLM procedure, followed by LSD at P < 0.05).

Table 2. Adult red palm weevil responses to 5 and 8 d old fermented dates in a Y-tube olfactometer assay. Values bearing the same letter in the same column are 
not significantly different (LSD at P < 0.05).

Degree of fermentation Sex % Response

Residence time in seconds

Waiting Movement Total

5 d old female 100 05.82 ± 2.56 a 53.27 ± 11.03 a 59.09 ± 11.97 a
male 92.3 13.50 ± 4.21 a 52.83 ± 19.62 a 66.33 ± 20.07 a

8 d old female 86.7 12.38 ± 4.47 a 56.77 ± 10.40 a 69.15 ± 12.74 a
male 92.3 17.08 ± 6.62 a 73.42 ± 24.56 a 90.50 ± 29.60 a
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red palm weevil infested more palm trees in flood-irrigated plots than 
drip-irrigated plots in the same orchard (Aldryhim & Al-Bukiri 2003). It 
also has been reported previously that wet pheromone traps captured 
more red palm weevil adults than dry traps, so the addition of water to 
pheromone traps is crucial for increasing efficiency (Vacas et al. 2013). 
Red palm weevil adults hide in the base of palm leaves (fronds), which 
are shaded and humid (Abraham et al. 1998). Also, pheromone lures 
maintained effectiveness longer in shaded areas (Faleiro et al. 1999). 
Furthermore, the addition of fermentation plant materials to phero-
mone traps was shown to enhance the attraction of red palm weevils 
(Oehlschlager 2016), which is consistent with our olfactometer assay 
findings.

Trap location substantially affected trap capture abundance. Those 
that were installed in shaded areas close to infested palm trees with 
moist soil had the highest mean capture rates per wk. We found that 
traps deployed in habitats with direct sunlight exposure captured the 
least number of weevils per wk. This is likely due to the behavioral 
traits of adult red palm weevils, which seek out cavities in infested tree 
trunks with high moisture content and little sunlight exposure (Aldry-
him & Al-Bukiri 2003).

Traps that were installed on the edge rows (eastern and western 
rows) captured more adults than traps placed in the middle rows. We 
also observed more infested palm trees at the orchard edges com-
pared to the middle rows. This result is consistent with reported data 
that pheromone traps positioned on the edges of oak woodland blocks 
captured more oak processionary moths than traps positioned within 
the oak woodland itself (Williams & Jonusas 2019). In coconut black-
headed caterpillar, Opisina arenosella Walker (Lepidoptera: Xylorycti-
dae), pheromone trap placement either at the border or center of the 
orchards depends on the pest density within the field and also on their 
migratory behavior (Muniyappa et al. 2018). Additional investigations 
are required to clarify the effects of placement on the edges or center 
of palm orchards on the efficiency of pheromone traps for red palm 
weevil. Additionally, it is not clear whether adults are attracted from 
adjacent palm orchards.

The red palm weevil capture rate was correlated with temperature. 
Interestingly, the maximum temperature recorded during this study 
was beyond the known range favored by red palm weevil (Fig. 2). The 
air temperatures between 18.5 °C and 36 °C are favored for disper-
sal, with an optimum of 30 to 34 °C (Rochat et al. 2017). The average 
temperature of infested date palm tissue was 32.60 °C with a range of 
25.03 to 37.39 °C (Mozib & El-Shafie 2013). We observed a negative 
correlation between temperature and capture rate, which was con-
sistent with previous findings (Al-Asfoor 2012; Aldryhim & Al Ayedh 
2015). In contrast, a positive correlation between capture rate and 
average temperature over 2 yr was reported (El-Lakwah et al. 2011).

The potential relationship between weevil capture rates and tem-
perature also has been evaluated using correlation analysis. Results 
varied among studies; some researchers have reported that the num-
ber of captured weevils was negatively correlated with temperature 
(Faleiro & Satarkar 2005; Aldryhim & Al Ayedh 2015), whereas oth-
ers report that the capture rate was positively correlated with average 
temperature (El-Lakwah et al. 2011; Huang 2013; Firdaus et al. 2020).

The behavioral responses of insects to attractants have been in-
vestigated using olfactometer assays. The effects of different dosages 
of ferrugineol pheromone on virgin and mated red palm weevil males 
and females were evaluated (Poorjavad et al. 2009). The results re-
vealed that the responses of males and females to the aggregation 
pheromone increased with mating, and the mated females were highly 
responsive to ferrugineol. An olfactometer assay to determine the re-
sponse of adult female red palm weevils to volatiles emitted from fresh 
palm tissue of 7 date palm cultivars was used, and the results showed 

that the ‘Khalas’ cultivar was the preference and recorded a high de-
gree of attraction to red palm weevil (Faleiro et al. 2014). The response 
of red palm weevil to 31 natural plant volatile oils, 18 terpenes, and 9 
chemical compound volatiles using an olfactometer was assayed, and 
the results revealed that some of the tested volatiles were either at-
tractants or repellents for both sexes (Sharaby & Al-Dosary 2014). Also, 
an olfactometer was used to evaluate red palm weevil responses to 
ferrugineol; where both sexes of red palm weevil adult virgins were 
highly responsive to the aggregation pheromone, but the response 
decreased with age and mating (El-Shafie & Faleiro 2017). Host attrac-
tants for red palm weevil using an olfactometer were assayed and it 
was found that a mixture of compounds was more effective than single 
compounds (Gunawardena et al. 1998).

Our results indicate that trap efficiency could be significantly in-
creased by selecting trap locations that are shaded, moist, and close 
to infested trees, installing traps at the edges of date palm orchards, 
and increasing the number of traps during moderate air temperature 
ranges (22–33 °C).

Acknowledgments

We are thankful to Boris C. Kondratieff, Department of Bioagricul-
tural Sciences and Pest Management, Colorado State University, Fort 
Collins, Colorado, USA, for critically reviewing the manuscript. We 
thank Hussein Migdadi, Plant Production Department, College of Food 
and Agriculture Sciences, King Saud University, Riyadh, Saudi Arabia, 
for guidance and assistance with statistical analysis. We also thank 
Chair of Date Palm Research for the use of the Y-tube olfactometer. The 
authors would like to thank Deanship of Scientific Research for funding 
and supporting this research through the initiative of DSR Graduate 
Students Research Support (GSR). The authors thank the Deanship of 
Scientific Research and RSSU at King Saud University for their technical 
support.

References Cited

Abbas MST, Hanounik SB, Shahdad AS, Ai-Bagham SA. 2006. Aggregation phero-
mone traps, a major component of IPM strategy for the red palm weevil, 
Rhynchophorus ferrugineus in date palms (Coleoptera: Curculionidae). Jour-
nal of Pest Science 79: 69–73.

Abbass MKA, El-Deeb MA, El-Zohairy MM, Arafa OE. 2019. Impact of the ag-
gregation pheromone traps baited with fermented food materials on the 
attraction of the red palm weevil, Rhynchophorus ferrugineus (Olivier) in 
Egypt. Egyptian Journal of Agricultural Research 97: 67–75.

Abdel-Azim MM, Aldosari SA, Mumtaz R, Vidyasagar PSPV, Shukla P. 2017. 
Pheromone trapping system for Rhynchophorus ferrugineus in Saudi Arabia: 
optimization of trap contents and placement. Emirates Journal of Food and 
Agriculture 29: 936–948.

Abraham VA, Shuaibi MA, Faleiro JR, Abozuhairah RA, Vidyasagar PLSPV. 1998. 
An integrated management approach for red palm weevil Rhynchophorus 
ferrugineus Oliv. a key pest of date palm in the Middle East. Journal of Agri-
cultural Marine Sciences 3: 77–83.

Abuagla AM, Al-Deeb MA. 2012. Effect of bait quantity and trap color on the trap-
ping efficacy of the pheromone trap for the red palm weevil, Rhynchophorus 
ferrugineus. Journal of Insect Science 12: 120. doi: 10.1673/031.012.12002

AccuWeather. 2019. AccuWeather. https://chl.li/mAVza (last accessed 12 Dec 
2021).

Al-Asfoor AA. 2012. A study of some ecological and biological aspects of the red 
palm weevil in the Kingdom of Bahrain. M.Sc. Thesis. Arabian Gulf Univer-
sity, Manama, Bahrain.

Al-Dosary NM, Al-Dobai S, Faleiro JR. 2016. Review on the management of red 
palm weevil Rhynchophorus ferrugineus Olivier in date palm Phoenix dacty-
lifera L. Emirates Journal of Food and Agriculture 28: 34–44.

Al-Saoud A, Ajlan A. 2013. Effect of date fruits quantity on the numbers of red 
palm weevil Rhynchophorus ferrugineus (Olivier), captured in aggregation 

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 08 Nov 2024
Terms of Use: https://bioone.org/terms-of-use



Al Ansi et al.: Factors affecting red palm weevil pheromone traps efficacy	 63

pheromone traps. Agriculture and Biology Journal of North America 4: 
496–503.

Al Ansi A, Aldryhim Y, Al Janobi A. 2020. First use of radio telemetry to assess 
behavior of red palm weevil, Rhynchophorus ferrugineus (Olivier) (Coleop-
tera: Dryophthoridae) in the presence and absence of pheromone traps. 
Computers and Electronics in Agriculture 170: 105252. doi.org/10.1016/j.
compag.2020.105252

Al Saoud AH. 2006. Importance of date fruit in red palm weevil, Rhynchopho-
rus ferrugineus Olivier (Coleoptera: Curculionidae) aggregation pheromone 
traps. Proceedings of the III International Date Palm Conference 736: 405–
413.

Aldryhim Y, Al-Bukiri S. 2003. Effect of irrigation on within-grove distribution of 
red palm weevil Rhynchophorous ferrugineus. Journal of Agricultural and 
Marine Sciences 8: 47–49.

Aldryhim Y, Al Ayedh H. 2015. Diel flight activity patterns of the red palm weevil 
(Coleoptera: Curculionidae) as monitored by smart traps. Florida Entomolo-
gist 98: 1019–1024.

Aldryhim Y, Khalil A. 2003. Effect of humidity and soil type on survival and be-
havior of red palm weevil Rhynchophorus ferrugineus (Oliv.) adults. Agricul-
ture and Marine Sciences 8: 87–90.

Anonymous. 1994. Red palm weevil project, annual report, 1994. Part A. Minis-
try of Agriculture and Water, Riyadh, Kingdom of Saudi Arabia.

Audsley N, Soroker V, Colazza S. 2017. Introduction, pp. xxi–xxvii In Soroker V, 
Colazza S [eds.], Handbook of Major Palm Pests: Biology and Management. 
John Wiley & Sons Ltd., London, United Kingdom.

Ávalos JA, Soto A. 2015. Study of chromatic attraction of the red palm weevil, 
Rhynchophorus ferrugineus using bucket traps. Bulletin of Insectology 68: 
83–90.

Avand-Faghih A. 2004. Identification et application agronomique de syner-
gistes végétaux de la phéromone du charançon Rhynchophorus ferrugineus 
(Olivier) 1790. These pour obtenir le titre de docteur de l’INA-PG, Institut 
National Agronomique Paris-Grignon et Institut National de la Recherche 
Agronomique, Paris, France.

Azmi W, Daud S, Hussain M, Wai Y, Zazali C, Sajap A. 2014. Field trapping of adult 
red palm weevil, Rhynchophorus ferrugineus Olivier (Coleoptera: Curculioni-
dae) with kairomone-releasing food baits and synthetic pheromone lure in a 
coconut. Philippine Agricultural Scientist 97: 409–415.

Bakthavatsalam N. 2016. Semiochemicals, pp. 563–611 In Omkar [ed.], Eco-
friendly Pest Management for Food Security. Academic Press, London, 
United Kingdom.

Chakravarthy AK, Chandrashekharaiah M, Kandakoor SB, Nagaraj DN. 2014. Effi-
cacy of aggregation pheromone in trapping red palm weevil (Rhynchophorus 
ferrugineus Olivier) and rhinoceros beetle (Oryctes rhinoceros Linn.) from 
infested coconut palms. Journal of Environmental Biology 35: 479–484.

Dembilio Ó, Jaques J. 2015. A biology and management of red palm weevil, pp. 
13–16 In Wakil W, Faleiro JR, Miller TA [eds.], Sustainable Pest Management in 
Date Palm: Current Status and Emerging Challenges. Springer, New York, USA.

El-Lakwah FaM, El-Banna AA, El-Hosary RA, El-Shafei WKM. 2011. Population 
dynamics of the red palm weevil, Rhynchophorus ferrugineus (Oliv.) on date 
palm plantations in 6th October governorate. Egyptian Journal of Agricul-
tural Research 89: 1105–1118.

El-Shafie H, Faleiro JR. 2017. Optimizing components of pheromone-baited 
trap for the management of red palm weevil, Rhynchophorus ferrugineus 
(Coleoptera: Curculionidae) in date palm agro-ecosystem. Journal of Plant 
Diseases and Protection 124: 279–287.

Faleiro JR, Al-Shuaibi MA, Abraham VA, Kumar TP. 1999. A technique to assess 
the longevity of the pheromone (Ferrolure) used in trapping the date red 
palm weevil Rhynchophorous ferrugineus Oliv. Journal of Agricultural and 
Marine Sciences 4: 5–9.

Faleiro JR, Chellapan M. 1999. Attraction of red palm weevil Rhynchophorus 
ferrugineus Oliv. to ferrugineol based pheromone lures in coconut gardens. 
Journal of Tropical Agriculture 37: 60–63.

Faleiro JR, El-Saad MA, Al-Abbad AH. 2011. Pheromone trap density to mass 
trap Rhynchophorus ferrugineus (Coleoptera: Curculionidae/ Rhynchophor-
idae/ Dryophthoridae) in date plantations of Saudi Arabia. International 
Journal of Tropical Insect Science 31: 75–77.

Faleiro JR, El-Shafie HaF, Ajlan AM, Sallam AA. 2014. Screening date palm culti-
vars for resistance to red palm weevil, Rhynchophorus ferrugineus (Coleop-
tera: Curculionidae). Florida Entomologist 97: 1529–1536.

Faleiro JR, Satarkar VR. 2003. Ferrugineol based pheromone lures for trapping 
red palm weevil, Rhynchophorus ferrugineus Olivier (Coleoptera: Rhyncho-
phoridae) in coconut plantations. Indian Journal of Plant Protection 31: 
84–87.

Faleiro JR, Satarkar VR. 2005. Attraction of food baits for use in red palm weevil, 
Rhynchophorus ferrugineus Olivier pheromone traps. Indian Journal of Plant 
Protection 33: 23–25.

FAO. 2019. Proceedings of the Scientific Consultation and High-Level Meeting 
on Red Palm Weevil Management – 29–31 Mar 2017. Rome, Italy. https://
www.fao.org/3/ca1541en/CA1541EN.pdf (last accessed 12 Dec 2021).

FAO. 2020. Red Palm Weevil: Guidelines on management practices. Rome, Italy. 
https://doi.org/10.4060/ca7703en (last accessed 12 Dec 2021).

Firdaus MM, Chuah TS, Wahizatul AA. 2020. Synergistic effect of synthetic 
pheromone and kairomone-releasing food baits in mass trapping system of 
red palm weevil, Rhynchophorus ferrugineus. IOP Conference Series: Earth 
and Environmental Science. Earth and Environmental Science 494: 012015. 
doi:10.1088/1755-1315/494/1/012015

Giblin-Davis RM, Faleiro JR, Jacas JA, Peña JE, Vidyasagar PLSPV. 2013. Biology 
and management of the red palm weevil, Rhynchophorus ferrugineus, pp. 
1–34 In Peña J [ed.], Potential Invasive Pests of Agricultural Crops. CAB In-
ternational, Wallingford, United Kingdom.

Gunawardena NE, Kern F, Janssen E, Meegoda C, Schäfer D, Vostrowsky O, Best-
mann HJ. 1998. Host attractants for red weevil, Rhynchophorus ferrugineus: 
identification, electrophysiological activity, and laboratory bioassay. Journal 
of Chemical Ecology 24: 425–437.

Hallett RH, Gries G, Gries R, Borden J, Czyzewska E, Oehlschlager C, Pierce H, 
Angerilli N, Rauf A. 1993. Aggregation pheromones of two Asian palm wee-
vils, Rhynchophorus ferrugineus and R. vulneratus. Naturwissenschaften 80: 
328–331.

Hallett RH, Oehlschlager AC, Borden JH. 1999. Pheromone trapping protocols 
for the Asian palm weevil, Rhynchophorus ferrugineus (Coleoptera: Curcu-
lionidae). International Journal of Pest Management 45: 231–237.

Hoddle MS, Al-Abbad AH, El-Shafie HaF, Faleiro JR, Sallam AA, Hoddle CD. 2013. 
Assessing the impact of area-wide pheromone trapping, pesticide applica-
tions, and eradication of infested date palms for Rhynchophorus ferrugineus 
(Coleoptera: Curculionidae) management in Al Ghowaybah, Saudi Arabia. 
Crop Protection 53: 152–160.

Huang ZH. 2013. The occurrence and biological characters of red palm weevil, 
Rhynchophorus ferrugineus in Fujian, China. Advanced Materials Research 
610–613: 3552–3555.

Jaffé K, Sánchez P, Cerda H, Hernádez JV, Jaffé R, Urdaneta N, Guerra G, Mar-
tínez R, Miras B, 1993. Chemical ecology of the palm weevil Rhynchophorus 
palmarum (L.) (Coleoptera: Curculionidae): attraction to host plants and to 
a male-produced aggregation pheromone. Journal of Chemical Ecology 19: 
1703–1720.

Jaques JA, Riolo P, Audsley N, Audsley N, Barroso JM, Dembilio O, Isidoro N, 
Minuz RL, Nardi S, Llopis VN, Beaudoin-Ollivier L, Moraga EQ. 2017. Con-
trol measures against Rhynchophorus ferrugineus and Paysandisia archon, 
pp. 255–279 In Soroker V, Colazza S [eds.], Handbook of Major Palm Pests: 
Biology and Management. John Wiley & Sons Ltd., London, United King-
dom.

Kumar KR, Maheswari P, Dongre TK. 2004. Study on comparative efficacy of dif-
ferent types of pheromones in trapping the red palm weevil, Rhynchophorus 
ferrugineus (Oliv) of coconut. Indian Coconut Journal 34: 3–4.

Mahmud AI, Farminhao J, Viez ER. 2015. Red palm weevil (Rhynchophorus fer-
rugineus Olivier, 1790): threat of palms. Journal of Biological Sciences 15: 
56–67.

Mozib M, El-Shafie HA. 2013. Effect of red palm weevil, Rhynchophorus ferrugin-
eus (Olivier) infestation on temperature profiles of date palm tree. Journal 
of Entomology and Nematology 5: 77–83.

Muniyappa CI, Bhanu KRM, Chakravarthy AK, Seetharama PM, Mangalgikar P, 
Ammagarahalli B. 2018. Factors affecting catch of the black-headed caterpil-
lar, Opisina arenosella Walker in sex pheromone-baited traps and evidence 
for population suppression by mass trapping. Oriental Insects 52: 143–158.

Muralidharan CM, Vaghasia UR, Sodagar NN. 1999. Population, food preference 
and trapping using aggregation pheromone (ferrugineol) on red palm wee-
vil (Rhynchophorus ferrugineus). Indian Journal of Agricultural Sciences 69: 
602–604.

Oehlschlager AC. 2006. Mass trapping and strategy for management of Rhyn-
chophorus palm weevils, pp. 143–168 In Proceedings of the 1st Internation-
al Workshop on Red Palm Weevil, 28–29 Nov 2005. IVIA, Valencia, Spain.

Oehlschlager AC. 2007. Optimizing trapping of palm weevils and beetles. III In-
ternational Date Palm Conference 736: 347–368.

Oehlschlager AC. 2016. Palm weevil pheromones – discovery and use. Journal 
of Chemical Ecology 42: 617–630.

Oehlschlager AC, Chinchilla CM, Gonzalez LM, Jiron LF, Mexon R, Morgan B. 
1993. Development of a pheromone-based trapping system for Rhynchoph-
orus palmarum (Coleoptera: Curculionidae). Journal of Economic Entomol-
ogy 86: 1381–1392.

Pontikakos C, Karamaouna F, Hetzroni A, Kontodimas D, Soroker V, Samiou F, 
Cohen Y, Giorgoudelli S, Melita O, Papageorgiou S, Benjamin P, Goldshtein 
E. 2017. CPLAS information system as a monitoring tool for integrated man-
agement of palm pests, pp. 233–254 In Soroker V, Colazza S [eds.], Hand-

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 08 Nov 2024
Terms of Use: https://bioone.org/terms-of-use



64	 2022 — Florida Entomologist — Volume 105, No. 1

book of Major Palm Pests: Biology and Management. John Wiley & Sons 
Ltd., London, United Kingdom.

Poorjavad N, Goldansaz S, Avand-Faghih A. 2009. Response of the red palm 
weevil Rhynchophorus ferrugineus to its aggregation pheromone under 
laboratory conditions. Bulletin of Insectology 62: 257–260.

Rasool KG, Husain M, Salman S, Tufail M, Sukirno S, Mehmood K, Farooq, WA, 
Aldawood AS. 2020. Evaluation of some non-invasive approaches for the 
detection of red palm weevil infestation. Saudi Journal of Biological Sciences 
27: 401–406.

Rochat D, Dembilio Ó, Jacas J, Suma P, La Pergola A, Hamidi R, Kontodimas D, Soroker 
V. 2017. Rhynchophorus ferrugineus: taxonomy, distribution, biology, and life 
cycle. pp. 69–104 In Soroker V, Colazza S [eds.], Handbook of Major Palm Pests: 
Biology and Management. John Wiley & Sons Ltd., London, United Kingdom.

SAS. 2008. SAS® for Windows, version 9.2. SAS Institute, Cary, North Carolina, 
USA.

Sharaby A, Al-Dosary M. 2014. An electric air flow olfactometer and the olfac-
tory response of Rhynchophorous ferrugineus weevil to some volatile com-
pounds. Journal of Agriculture and Ecology Research International 1: 40–50.

Soffan A, Antony B, Abdelazim M, Shukla P, Witjaksono W, Aldosari SA, Alda-
wood AS. 2016. Silencing the olfactory co-receptor RferOrco reduces the re-
sponse to pheromones in the red palm weevil, Rhynchophorus ferrugineus. 
PloS One 11: e0162203. doi: 10.1371/journal.pone.0162203

Sokal RR, Rohlf FJ. 1995. Biometry: The Principles and Practice of Statistics in 
Biological Research. Freeman and Co., New York, USA.

Soroker V, Blumberg D, Haberman A, Hamburger-Rishard M, Reneh S, Talebaev 
S, Anshelevich L, Harari AR. 2005. Current status of red palm weevil infesta-
tion in date palm plantations in Israel. Phytoparasitica 33: 97–106.

Soroker V, Harari A, Faleiro JR. 2015. The role of semiochemicals in date pest 
management, pp. 315–346 In Wakil W, Faleiro JR, Miller TA [eds.], Sustain-
able Pest Management in Date Palm: Current Status and Emerging Chal-
lenges. Springer, Cham, Switzerland.

Suma P, Peri E, La Pergola A, Soroker V, Dembilio O, Riolo P, Nardi S. 2017. Ac-
tion programs for Rhynchophorus ferrugineus and Paysandisia archon, pp. 
280–299 In Soroker V, Colazza S [eds.], Handbook of Major Palm Pests: Biol-
ogy and Management. John Wiley & Sons Ltd., London, United Kingdom.

Vacas S, Melita O, Michaelakis A, Milonas P, Minuz R, Riolo P, Abbass MK, Lo Bue 
P, Colazza S, Peri E, Soroker V, Livne Y, Primo J, Navarro-Llopis V. 2017. Lures 
for red palm weevil trapping systems: aggregation pheromone and synthetic 
kairomone. Pest Management Science 73: 223–231.

Vacas S, Primo J, Navarro-Llopis V. 2013. Advances in the use of trapping systems 
for Rhynchophorus ferrugineus (Coleoptera: Curculionidae): traps and at-
tractants. Journal of Economic Entomology 106: 1739–1746.

Venugopal V, Subaharan K. 2019. Olfactory response of red palm weevil, Rhyn-
chophorous ferrugineus (Olivier) (Coleoptera: Dryophthoridae), to host/
food volatiles. Journal of Plantation Crops 47: 41–47.

Williams DT, Jonusas G. 2019. The influence of tree species and edge effects on 
pheromone trap catches of oak processionary moth Thaumetopoea proces-
sionea (L.) in the UK. Agricultural and Forest Entomology 21: 28–37.

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 08 Nov 2024
Terms of Use: https://bioone.org/terms-of-use


