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Fig. S1	 Molecular networking of the essential oil from C. reticulata peel (A-C) generated using the GNPS web platform (https://gnps.ucsd.edu)
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Fig. S2	 Molecular networking of the essential oil from C. limonia peel (A–C) generated using the GNPS web platform (https://gnps.ucsd.edu)

Fig. S3	 Molecular networking of the essential oil from C. sinensis peel (A-C) generated using the GNPS web platform (https://gnps.ucsd.edu).



T.K.Q. Ha et al. / Agr. Nat. Resour. 56 (2022) S1–S18 S3

Fig. S4	 The repellency against the S. invicta of cotton balls with only 
sugar water after 1–3 days of outdoor environmental exposure

Fig. S5	 The repellency against the S. invicta of cotton balls containing 
sugar water and an industrial ant repellent product after 1–3 days of 
outdoor environmental exposure

Fig. S6	 The repellency against the S. invicta of cotton balls containing sugar water and the C. reticulata essential oil after 1–3 days of outdoor 
environmental exposure
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Fig. S7	 (A) 3D molecular docking simulation of co-crystallized ligand (PMSF) with the fire ant chymotrypsin protein (PDB: 1EQ9), (Different colors 
(red and blue) in the figure signify different application methods including AutoDock tool (red) and previous reports from the Protein Data Bank (blue)); 
(B) 2D interaction diagram of 1EQ9 and PMSF using AutoDock too

Fig. S8	 (A) 3D molecular docking simulation (A) and 2D interaction diagram; (B) of (E)-3,7-dimethyl-2,6-octadien-1-yl butyrate with the fire ant 
chymotrypsin protein (PDB: 1EQ9) using AutoDock tool

Fig. S9	 (A) 3D molecular docking simulation (A) and 2D interaction diagram; (B) of 2,6-diaminopimelic acid with the fire ant chymotrypsin protein 
(PDB: 1EQ9) using AutoDock tool
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Fig. S10	(A) 3D molecular docking simulation (A) and 2D interaction diagram; (B) of α-terpinyl formate with the fire ant chymotrypsin protein (PDB: 
1EQ9) using AutoDock tool

Fig S12	 (A) 3D molecular docking simulation (A) and 2D interaction diagram; (B) of pymetrozine with the fire ant chymotrypsin protein (PDB: 1EQ9) 
using AutoDock tool

Fig. S11	(A) 3D molecular docking simulation (A) and 2D interaction diagram; (B) of indole-3-carboxylic acid with the fire ant chymotrypsin protein 
(PDB: 1EQ9) using AutoDock tool
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Table S1	 Operating conditions for capillary GC-MS 
Citrus reticulata Citrus limonia Citrus sinensis

Parameter GC
Column TB-SQC column 

(15 m × 0.25 mm × 0.25 μm)
TB-SQC column 
(15 m × 0.25 mm × 0.25 μm)

TB-SQC column 
(15 m × 0.25 mm × 0.25 μm)

Temp. program •	 50 °C kept 3 min
•	 50–240 °C at 7 °C/min and kept 
	 5 min

•	 50 °C kept 3 min
•	 50–110 °C at 6 °C/min  and kept 
	 2 min
•	 110–200 °C at 10 °C/min and kept 
	 5 min
•	 200–280 °C at 5 °C/min and kept 
	 9 min 

•	 50 °C kept 3 min
•	 50–200 °C at 4 °C/min and kept 
	 1 min
•	 200–260 °C at 10 °C/min and kept 
	 5 min

Carrier gas Helium Helium Helium
Flow rate 1.2 mL/min 1.2 mL/min 1.2 mL/min
Injection volume 1.0 µL  (Split mode 1:20) 1.0 µL  (Split mode 1:20) 1.0 µL  (Split mode 1:20)
Injector temp. 220 °C 220 °C 220 °C
Parameter                                                                                               MS
MS transfer line temp. 250 °C 250 °C 250 °C
Ionization mode Electron ionization (positive) Electron ionization (positive) Electron ionization (positive)
Source temp. 220 °C 280 °C 220 °C
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Table S5	 The percentage of peak area of limonene from three essential 
oils and their LC50 values at 1 and 2 h of exposure periods

Sample name Limonene
(% peak area)

LC
50 

 - 1 h
(mg/mL)

LC
50 

 - 2 h
(mg/mL)

C. reticulata 76.84 47.74±13.99 ND
C. limonia 28.61 ND 142.87±28.73 
C. sinensis 68.83 ND 104.86±14.79
Limonene - 12.69±2.68 ND

ND: Not determined

Table S6	 The repellency percentage of cotton balls containing sugar 
water and an industrial ant repellent product. Data were observed with the 
naked eye during 1–3 days of outdoor environmental exposure

Experiment Day 1 Day 2 Day 3
2 h 8 h 26 h 32 h 50 h 56 h

1st 43.3 60 100 100 100 100
2nd 53.3 60 100 100 100 100
3rd 46.6 56.6 100 100 100 100
Average 47.3 58.9 100 100 100 100

Table S7	 The repellency percentage of cotton balls containing sugar 
water and the C. reticulata essential oil. Data were observed with the 
naked eye during 1–3 days of outdoor environmental exposure

Experiment Day 1 Day 2 Day 3
2 h 8 h 26 h 32 h 50 h 56 h

1st 63.3 100 100 100 100 100
2nd 63.3 100 100 100 100 100
3rd 66.6 100 100 100 100 100
Average 64.4 100 100 100 100 100




