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Red Palm Weevil (RPW), Rhynchophorus ferrugineus Oliv. (Col.: Dryophthoridae), is a key pest of
date palm in Asia, North Africa and Spain. A field study was conducted in south eastern Iran to find the effect of
odor sources in traps on RPW behavior. This study consisted of four experiments; each included four treatments
(odor sources) and eight replications. Each experiment was repeated 4 times (i.e. four different distances be-
tween odor sources (treatments) were considered: 0, 0.5, 2 and 5 meters). In each treatment, two traps were used.
The treatments were as follows: 1) one trap included two pheromones and the other trap included two pieces of
plant tissue, 2) both traps included one pheromone along with one piece of plant tissue, 3) both traps included
one pheromone, and 4) both traps included one piece of plant tissue. Overall, much less RPWs were caught in
the traps of treatments 3 and 4 (baited with only the pheromone or the plant bait) than in the traps of treatments
1 and 2 (baited with pheromone and plant tissue) evidencing the phenomenon of synergy, previously reported.
The Results of analysis of variance of total catch of traps, at all between-trap distances indicated that there was
significant difference among treatments. In all experiments, traps that contained just palm tissue had the least
catch rate. The RPW distinguished pheromone from plant odor when both sources were separated by less than
5 m. At distances of 5 m, attractancy of plant odor was similar to pheromone attractancy. Our results suggest that
each of the chemical cues probably induce a different behavioral process. Probably, pheromone would attract
RPWs from a distance, making them fly towards the pheromone sources (traps) while the plant odor would ar-
rest flight and induce landing and local search by walking for palm tissue, resulting in entry into traps.
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Date palm, Phoenix dactylifera L. (Arecales: Arecaceae) is an important fruit tree
cultivated mostly in arid areas of the world. Around 60% of date palm trees are in the
North Africa and the Middle East, where it is important for life and culture of the people
(Wakil et al., 2015). Iran has been the second date-producing country in the world during
1994-2014 (with a cultivated area of 184,000 ha and an annual production of 957,753
tons (FAOSTAT, 2017)). Palm trees have several key pests and diseases that stop the
growth and fertility of palm trees, resulting in tree death. Therefore, it is important to im-
plement correct IPM programs in palm fields.
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Red Palm Weevil (RPW), Rhynchophorus ferrugineus Oliv. (Col.: Dryophthoridae),
is a key pest of palm trees, which is distributed all over the world especially in Asia, Oce-
ania, the Northern Africa, Europe and the Caribbean (EPPO, 2008, 2009). It was first de-
scribed for attacking Cocos nucifera L. (Arecales: Arecaceae) in South and Southeast Asia
and for damaging P. dactylifera in the Middle East (Fiaboe et al., 2012). In Iran, it was
reported for the first time in 1990 at Saravan (Baluchestan region), where it was probably
imported with infected offshoots from Pakistan (Avand-Faghih, 1996). However, in recent
years, it has expanded its infestation range, and was observed in the Lar city (Fars province,
Iran), hundreds of kilometers away from the Saravan (Mohammadpour, unpublished data).

Males of RPW produce an aggregation pheromone comprising 4-methyl-5-nonanol
(ferrugineol, the most abundant compound), 4-methyl-5-nonanone (ferrugineone, the less
abundant compound) (Hallett et al., 1993a) and 3-methyl-4-octanol (phoenicol, the minor
compound) (Rochat et al., 1993). Ferrugineol attracts both sexes (Hallett et al., 1993b).
Both virgin and mated individuals of both sexes are captured using pheromone traps, but
in all field tests the majority of adults caught were mated females (Avand-Faghih, 1996;
Faleiro et al., 2000; 2003; El-Sabay, 2003; Avand-Faghih et al., 2005). Pheromone-based
trapping can be used to detect infestation spots and also as one of the methods to reduce
population density in mass (Oehlschlager, 2007).

Like other weevil species, trapping efficiency is high when RPW aggregation pher-
omone is emitted in the presence of host plant volatiles; hence, RPW mass trapping with
lures including the two odor sources is used in its management programs (Giblin-Davis et
al., 1996; Hallet et al., 1999). It is proved that natural palm bait has poor attraction alone;
however, strongly synergizes the effect of aggregation pheromone (Giblin-Davis et al.,
1996). To maintain traps at an optimal efficiency, natural plant bait, that emits the syner-
gistic odors, must be renewed once to twice per month. The labor cost of such operation
is high (Guarino et al., 2012).

The volatile compounds emitted by host plant tissues have been studied using elec-
trophysiological bioassays. Results showed that RPW antennae were responsive to palm
tissue compounds, including the so-called ‘palm esters’ (Guarino et al., 2011; Vacas et al.,
2014). Guarino et al. (2011) observed that a blend of the esters, i.e. ethyl acetate and ethyl
propionate, improved RPM catch rate in field traps baited with pheromone and molasses,
compared to traps baited with each ester alone. Vacas et al. (2014) found that catch rate
of aggregation pheromone traps including ethyl acetate/ethanol blend (at a rate of 1:3)
was twice of the catch rate of traps baited with aggregation pheromone alone. The catch
efficacy was 76% of the trap composed of the kairomonal co-attractants including sugar
molasses and stem of Canary Island date palm, Phoenix canariensis Chabaud. (Arecales:
Arecaceae). Molasses, provided the ethanol needed for the kairomonal effect, whereas
palm pieces provided fermenting odors, i.e. ethyl acetate and ethanol, which were the
main compounds (Guarino et al., 2011; Vacas et al., 2014).

Study on the extraction of volatiles from date palm tissue, resulted in identification
of 109 odor molecules (Avand-Faghih, 2004). Among these odor molecules, mixtures of
ethanol and ethyl acetate (50:50), at a release rate of 300 mg per day, had a synergistic
effect when accompanied by aggregation pheromone of RPW, which had similar catch
rate with traps baited with 350—500 g of date palm core in the field (Avand-Faghih, 2004).
At present, research has focused on identifying active co-attractant compounds that to be
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competitive with a natural plant odor. The goal of this study was to determine the role of
odor sources, including pheromone and date palm tissue, in attraction of RPW.

Materials and Methods

This study consisted of four experiments; each included four treatments (odor
sources) and eight replications. Each experiment was conducted at 4 different be-
tween-trap distances: 0, 0.5, 2 and 5 meters. In each treatment, two traps were used. The
treatments were as follows: 1) one trap included two pheromone dispensers and the other
trap included two pieces of plant tissue, 2) both traps included one pheromone dispenser
along with one piece of plant tissue, 3) both traps included one pheromone dispenser,
and 4) both traps included one piece of date palm tissue. Duration of each experiment was
4 weeks. All experiments were conducted based on a randomized complete block design.

Each odor source was placed in a trap. Each trap consisted of a 24-liter red plastic
bucket. The lid of each bucket had eight radial openings (8x5 cm) for insect entrance.
Soapy water was poured into the bucket to prevent the caught beetles from escaping. No
insecticide was used.

Treatments that included date palm tissue consisted of one piece of date palm core
(ca. 1 kg), freshly cut from a shoot, and was placed in a punctured plastic bag to reduce
dehydration.

Aggregation pheromone dispenser was a polyethylene vial (20 mm in diameter and
35 mm in height) loaded with 0.7 g of ferrugineol (98% purity) (Agrisense Co., UK). The
dispensers were weighed at the end of each assay to determine release rates of the chemi-
cals. The dispenser and the date palm core were installed into the lid of the bucket.

All tests were carried out in Saravan (Sistan-and-Baloochestan province, Iran),
where is the eastern limit of the area of date palm production in Iran, with a mean eleva-
tion of ca. 1200 m and cold winters. The area consists of scattered oases, with a traditional
farming system of mixed vegetables, pasture, and fruit crops, with few or no fertilizer or
pesticide application. Date palms were ‘Mazafati’ variety.

Traps were placed on the ground at the base of a date palm. The blocks were 500 m
apart. The traps were checked at regular intervals (every 3 d) to collect trapped beetles.
Date palm tissue was renewed and the treatments were re-randomized every 9 days.

Data were analyzed using procedures of SAS (SAS Institute Inc., 2002).Total catch
of two adjacent traps were used in data analysis. Data were checked for normality and
heteroscedasticity. In case needed, data were log-transformed. Trap catch data were sub-
jected to a one-way analysis of variance. Means were compared by Tukey test (o =0.05).

Results

The ANOVA results of traps’ total catch, at all between-trap distances, indicated that
there was significant difference among treatments (Distance 0: F, ,o=84.29, P<0.0001;
Distance 0.5: F; 5= 36.66, P<0.0001; Distance 2: F; 5= 41.41, P<0.0001; Distance 5:
F;,5=35.41, P<0.0001).
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In experiment 1, when both traps of each treatment were close to each other (dis-
tance 0), the highest catch rate was observed when traps were baited with pheromone and
date palm tissue, while the lowest catch rate was observed when traps were baited with
only date palm tissue (Table 1).

In experiment 2, when traps were 0.5 m apart, similar result to experiment 1 was
observed. However, the efficiency of traps with just pheromone was similar to the effi-
ciency of traps with just date palm tissue (Table 1).

In experiment 3, when traps were 2 m apart, the highest catch rate was observed
in traps that included one pheromone along with one piece of palm tissue, which caught
significantly more RPW than treatment that included two pheromones in one trap and two
palm tissues in the other trap (Table 1).

In experiment 4, when traps were 5 m apart, the highest catch rate was observed in
traps that included one pheromone along with one piece of palm tissue. Similar to experi-
ment 3, it caught significantly more RPW than treatment that included two pheromones in
one trap and two palm tissues in the other trap (Table 1).

In treatment 1, that baits (odor sources) were different in each of the two traps, differ-
ence in catch rate between two odors sources were analyzed at each of the studied distances
(Table 2). The results indicated that at between-trap distances of 0, 0.5 and 2 meters, the catch
rate was higher (3 times more) in traps baited with palm tissue compared to traps baited with
pheromone. However, when the distance between traps increased to 5 meters, the catch rate
was not different between traps containing different types of odor sources (Table 2).

Table 1

Mean capture (£ SE) rate of Red Palm Weevil (RPW), Rhynchophorus ferrugineus,
by traps baited with different odor sources, when the traps were placed at four different distances apart

Treatments™ Mean capture + SE** (different between-trap distances)

0Om 0.5m 2m Sm
1 22.37+3.07 a 30.87+2.55a 7.50+1.18 b 4.62+0.67b
2 25.00£2.17 a 3550+ 6.94a 18.25£225a 20.62+3.22a
3 2.62+0.88 b 525+1.70 b 1.62£0.73 ¢ 3.75£1.42b
4 0.50+0.18 ¢ 3.12+0.63 b 0.75£0.31 ¢ 0.50+0.37 ¢

* Treatment 1 =two pheromones in one trap, two palm tissues in the other trap; Treatment 2 = one pheromone
along with one palm tissue in each trap; Treatment 3 = one pheromone in each trap; Treatment 4 = one palm tis-
sue in each trap. Refer to text for more detail.

** Means in a column followed by same letter were not significantly different based on Tukey test (a0 =0.05).

Table 2

Mean capture (+ SE) rate of Red Palm Weevil (RPW), Rhynchophorus ferrugineus,
by traps baited with different odor sources in treatment 1

Odour sources Mean capture + SE (different between-trap distances)

Om 0.5m 2m S5m
2 pieces of palm tissue 16.87+2.27 23.75+2.13 5.63+1.08 2.13+0.52
2 pheromones 5.50£0.96 7.12+1.27 1.87£0.58 2.50£0.50
F 1,14P 22.74*,0.0003 35.96*, <0.0001 11.5%, 0.0050 0.45,0.5132

* Significant difference at o.=0.05
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Discussion

In our research, analyzing catch data of treatments (i.e. total catch of both traps
of each treatment) indicated that RPW catch rate was significantly lower in treatment 3
(baited with only pheromone) and treatment 4 (baited with only palm tissue) compared to
treatments 1 and 2 that contained the pheromone and palm tissue together (Table 1). There-
fore, aggregation pheromone or the host plant tissue alone are weak attractants for adult
RPW; however, when two sources were applied together in a trap, attraction and trapping
efficacy considerably increased. Other research on chemical ecology of Rhynchophorinae
showed that aggregation pheromone or kairomones alone are weak attractants, while their
combination increases the attraction by 8- to 20-fold (Giblin-Davis et al., 1996).

An important point to find out is the role of host plant odor and aggregation pher-
omone of RPW in attraction and host-plant finding behavior and how they act together
and co-influence RPW. Literature on effect of host—plant odor on aggregation pheromone
and increase catch rate of traps shows that in some cases the ‘synergy’ term is used, while
in some cases the ‘co-attraction’ term is preferred. Synergy is defined as increase or am-
plification of attraction, while co-attraction indicated that each of the odor sources, while
is important and essential in host-plant finding alone, act together to complement each
other role, resulting in successful host-plant finding. For example, Said et al. (2005) used
‘synergy’ term to indicate the relation between host-plant odor and aggregation phero-
mone of American Palm Weevil, Rhynchophorus palmarum L. (Col.: Curculionidae).
Her laboratory studies indicated that acetoin (the main volatile component extracted from
sugarcane and palm tissue) increased the antennal signals in the insect brain. Her field
studies showed that the traps that contained acetoin and aggregation pheromone together,
captured about 10 times more insects compared to traps that contained each of the odor
sources alone. Vacas et al. (2016) used ‘co-attraction’ term to explain the relation between
palm tissue odor and aggregation pheromone of RPW. His field studies on RPW showed
that palm tissue fermenting odors acted as co-attractant on RPW host-plant finding behav-
iour. Hasni et al. (2017) mentioned that the main components of the odor from date palm
core (include ethyl benzoate, 4-methylanisole and farnesol at a rate of 1:1:1) enhanced re-
sponse of Date Palm Root Borer, Oryctes agamemnon Burmeister (Col.: Scarabaeidae), to
the aggregation pheromone. Meanwhile, they mentioned that could not ascertain whether
the mixture is a pheromone synergist or a simple co-attractant.

In our study, in treatments 2, 3 and 4 that each of the two nearby traps had similar
odor sources, the catch rate was not different between the two traps. While, in treatment
1, that the odor source was different in two nearby traps, the catch rate was higher in
the traps that contained host plant tissue compared to traps that contained aggregation
pheromone (Table 2). Total catch rate of traps in treatment 1 decreased as distance be-
tween traps increased. When the between-trap distance reached 5 meters, the catch rate in
treatment 1 was similar to catch rates of treatment 3 and treatment 4. Therefore, it is sug-
gested that RPW can distinguish between palm tissue odor and aggregation pheromone
at distances below 5 meters, preferring plam tissue odor over aggregation pheromone.
Chemical ecology studies on R. palmarum, showed that weevils use a combination of
odors to find the host plant. The odors that are emitted by host plant has been identified
as ethanol, ethylacetate, and pentane, hexanal, isoamyl-acetate, and isopentanol, which
makes the weevils to fly around the host plant at short distances. While, other odors such
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as rthynchophorol (the main component of R. palmarum aggregation pheromone) orient
weevils at longer distances. Attraction of weevils at a far distance from the host plant is
called ‘anemotaxis’ which is influenced by aggregation pheromone. In short distances
from the host plant, the change in behaviour of the weevil and its attraction to the host
plant is called ‘klinokinetic’ and is affected by host plant odors (Jaffé et al., 1993).

In conclusion, our field study suggested that each of the odor sources, palm tissue
or aggregation pheromone, initiated one of the parts of host-plant finding behaviour pro-
cess by RPW, and acted as co-attractants. Probably, aggregation pheromone acted at far
distances from the host plant, while the plant tissue affected RPW host-finding behaviour
at short distances from the host plant, i.e. less than 5 meters. The latter probably results in
flight stop, landing and entering into the traps.
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