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Table 1. Geographic specifications and collecting dates of the plants

Common .
English Scientific name Cc;jec?c?rrdaizgltzzl Region Name Altitude Collecting Date
Name g (meters)  (YYYY/MM/DD)
(UTM)
. Mehrestan County,
Asafoetida  Ferula assa 4IR 865289 g Mountain 2106 2016/03/24
foetida 3009903 .
Highlands
Rhazya . 41R 423092 Saravan County,
Rhazya stricta 3036855 Shams-Abad Plain 1210 2016/05/30
Iranshahr County,
Neem Azadirachta 41R 252133 Baluchestan

Agricultural and 529 2016/06/21
Natural Resources
Research Center

indica 3010875
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Table 2. Specifications of the pure chemical compounds used in the bioassays

Chemical Name  Purity Manufacturer Country of Origin CAS Number
a-Pinene >97.0% Merck Germany 80-56-8
Eugenol >99% Merck Germany 97-53-0

Thymol >98.5% Sigma USA 89-83-8
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Table 3. Mass values (mg) of the low and high doses for the plant extracts treatments and pure
compounds used in the bioassays

Treatment name  Treatment Low Dose High dose  Density (g/mL) Stock Concentration
type (mg) (mg) (mg/mL)
Rhazya stricta Solid Extract 5 10 - 1000
Extract
Azadirachta Solid Extract 5 10 - 1000
indica Extract
Solid ~
Thymol Compound 5 10 1000
a-Pinene Liquid 4.29 8.58 0.858 -
Compound
Eugenol Liquid 5.30 10.60 1.06 -
Compound
Ferula assa- Liquid ~
foetida Oil Essential Oil 4.60 920 0.92
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Figure 1. Two-well olfactometer: A- Schematic diagram, B- Picture
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Table 4. The number of adult Rhynchophorus ferrugineus responses to date core in olfactometer after

30 minutes
Number of mover rpws
Sex Number of mover rpws” No choice Choice
Total Date core Empty
Male 18 4 14 12%%** 2
Female 17 1 16 13*** 3
Total 35 5 30 25%** 5

Difference from the control (GENMOD Procedure Test) indicated by *** P <0.001. Rpws* = red palm weevils.

I, Repellency
2, Attraction/Synergism
3. Positional Bias
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Table 5. The number of adult Rhynchophorus ferrugineus responses to hon-host plant components in
olfactometer after 30 minutes

Non-host Dose Sex Number Number of mover rpws 4 df P
plant (mg) of mover No Choice
components rpws* choice  Total Non-host plant Empty
components
Alpha-Pinene  4.29 Male 20 13 7 3 4ns. 017 1 0.6769
Female 18 14 4 2 2ns 0 1 1
8.58 Male 20 19 1 0 1ns 141 1 0.2347
Female 18 16 2 1 1ns 0 1 1
Eugenol 5.30 Male 20 20 0 0 ons 0 1 1
Female 18 16 2 1 ins 0 1 1
10.60 Male 20 9 11 8 3ns 322 1 0.0725
Female 17 11 6 5 ins 348 1  0.0619
Thymol 5 Male 19 15 4 2 20s 0 1 1
Female 17 13 4 2 20s 0 1 1
10 Male 20 18 2 1 1ns 0 1 1
Female 17 15 2 1 1ns 0 1 1
Azadirachta 5 Male 17 14 3 1 20s 037 1 0.5419
indica Female 19 17 2 0 2ns. 288 1  0.0895
10 Male 18 14 4 1 3ns 117 1 0.2791
Female 16 16 0 0 ons 0 1 1
Ferula assa- 4.60 Male 17 15 2 0 2ns 292 1 0.0877
foetida Female 15 13 2 0 20s 292 1 0.0877
9.20 Male 20 20 0 0 ons 0 1 1
Female 17 15 2 0 20s 290 1 0.0877
Rhazya stricta 5 Male 17 17 0 0 ons 0 1 1
Female 19 18 1 1 ons 288 1  0.0895
10 Male 20 17 3 1 20s 1.17 1 0.2791
Female 18 17 1 0 ins 0 1 1

Difference from the control (GENMOD Procedure test) indicated by: ns = not significant, * P < 0.05, ** P <0.01,

*#% P <0.001. Rpws* = red palm weevil.

!, Masking
2, True repellency
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Table 6. The number of adult Rhynchophorus ferrugineus responses to non-host plant components
plus date palm core in olfactometer after 30 minutes

No-host Dose Sex Number Number of mover rpws a df P
plant (mg) of mover _
components rpws* No Choice

choice

Total No-host plant
components+  Empty

date core

429 Male 20 15%* 5 4ns. 1 218 1 0.139%
Female 19 15w 4 3ns 1 116 1  0.2806

Alpha-
Pinene 858  Male 19 14%% 5 3ns 2 023 1 06303
Female 20 16%x 4 2ns. 2 0o 1 1
530 Male 20 gns. 12 11 1 1340 1  <0.001
Female 19 B 14 gns. 5 113 1 0.1763
Eugenol 1060 Male 20 gns. 12 7ns. 5 048 1  0.489%
Female 19 155 4 2ns. 2 0 1 1
5  Male 19 14%* 5 4ns. 1 220 1 01380
Female 17 155 2 1ns 1 000 1 1
Thymol 10 Male 19 190 0 ons 0 0o 1 1
Female 17 1455 3 2ns. 1 0 1 1
5  Male 18 6* 12 10%* 2 854 1 <001

n.s. *

Asadirachta Female 18 8 10 8 2 525 1  <0.05
indica 10 Male 20 gns. 12 10 2 1726 1  <0.001
Female 20 gns. 11 11 0 1953 1  <0.001
Ferula assa- 4.60 Male 17 16*** 1 ons 1 1.420 1 0.2340
foetida Female 18 16%x* 2 ons 2 289 1 00891
920 Male 17 155 2 gns 2 200 1  0.0887
Female 19 16%** 3 0* 3 442 1 <005
5  Male 18 10ms 8 6 2 267 1 01025
Female 19 120 7 5ns. 2 162 1 02033

Rhazya
stricta 10 Male 20 15%* 5 4ns. 1 218 1  0.13940
Female 18 13%x 5 4ns 1 222 1 01364

Difference from the control (GENMOD Procedure test) indicated by: ns = not significant, * P <0.05, ** P <0.01, *** P <0.001. Rpws*
= red palm weevil.
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Table 7. Comparison of the number of responses of adult Rhynchophorus ferrugineus to non-host
plant components plus date palm core versus date palm core alone in olfactometer after 30 minutes

Non-host Dose Sex Number Number of mover rpws
plant (mg) of mover Choice
components rpws” No No-host plant Date a df P
- Total
choice components+ date core
core
429 Male 20 7ns 13 3* 10 5.81 1 <0.05
Alpha-pinene Female 18 7ns 11 3ns 8 3.37 1 0.066
8.58 Male 19 gns 11 2%% 9 6.65 1 <0.01
Female 20 13ns 7 1* 6 4,72 1 <0.05
5.30 Male 19 1x** 18 gns: 10 0.42 1 0.5154
Eugenol Female 19 JFxx 15 12** 3 9.40 1 <0.01
10.60 Male 19 gns 11 7ns 4 1.16 1 0.2809
Female 20 gns 12 5ns. 7 0.48 1 0.4894
5 Male 19 6* 13 0* 13 2513 1 <0.05
Thymol Female 16 gns 7 2ns. 5 1.69 1 0.1937
10 Male 20 13ns 7 1* 6 4,72 1 <0.05
Female 17 12* 5 0** 5 7.80 1 <0.01
5 Male 19 7ns 12 5ns 7 0.49 1 0.4844
Azadirachta Female 18 6* 12 5ns. 7 0.50 1 04787
indica 10 Male 17 6 s 11 3ns 8 3.45 1 0.0631
Female 18 6* 12 3* 9 4.66 1 <0.05
Ferula assa- 4.60 Male 19 5** 14 Q*** 14 2812 1 <0.001
foetida Female 18 gns 10 1** 9 9.86 1 <0.01
9.20 Male 19 6* 13 Q*** 13 2513 1 <0.001
Female 20 11ns 9 Q*** 9 1513 1 <0.001
5 Male 17 5* 12 5ns 7 0.52 1 0.4731
Rhazya Female 18 4rx* 14 6" 8 0.47 1 0.4936
stricta 10 Male 16 5* 11 4ns. 7 1.26 1 0.2619
Female 19 7ns 12 5ns. 7 0.49 1 0.4842

Difference from the control (GENMOD Procedure test) indicated by: ns = not significant, * P < 0.05, ** P <0.01, *** P <0.001. Rpws*
= red palm weevil.
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Table 8. Percentage of repellency of different compounds for adult Rhynchophorus ferrugineus

Percentage repellency

Non-host plant components Dose (mg) Male Female Total
. 4.29 53 45 50
Alpha-pinene 8.58 64 71 67
5.30 11 -60 -21
Eugenol 10.60 27 16 4
5 100 43 83
Thymol 10 71 100 50
) o 5 17 17 17
Azadirachta indica 10 45 50 47
Ferula assa-foetida 4.60 100 80 92
9.20 100 100 100
5 17 14 15

Rhazya stricta 10 27 17 21
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Abstract

The red palm weevil (Rhynchophorus ferrugineus (Olivier) is the most destructive pest of the date
palm (Phoenix dactylifera L., Arecaceae) worldwide. This study evaluated the behavioral responses of
adult weevils to leaf extracts from three non-host plants Rhazya stricta Decne. (Apocynaceae), Ferula
assa-foetida L. (Apiaceae), and Azadirachta indica A. Juss. (Meliaceae) and to three pure compounds:
a-pinene, eugenol, and thymol. Bioassays were performed in a two-choice pitfall static olfactometer
under two experimental designs: a no-choice (compulsory) test, comparing an empty jar with a date
palm core-baited jar plus the tested substance, and a two-choice (optional) test, comparing host-baited
jar with the same host-baited jar plus the tested substance. In the no-choice test, F. assa-foetida extract
and thymol produced the strongest deterrent (non-preference) effects. In the two-choice test, where
odors competed against the host scent, F. assa-foetida again demonstrated the strongest repellent effect,
significantly decreasing the selection of the jar baited with the host. Interestingly, at lower dose, eugenol
functioned as a synergist for host odor in females. Based on the combined results of both bioassays, F.
assa-foetida essential oil and thymol are identified as strong candidates for disrupting host-finding
behavior in this pest, and they are suggested for inclusion integrated pest management (IPM) programs.
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