Supplementary Materials
The biological activities of Citrus species in crop protection

Table S 1. Citrus species and related information.

Table S 2. Antibacterial activity of EOs.

Table S 3. Antifungal activity of EOs.

Table S 4. Antifungal activity of extracts.

Table S 5. Insecticidal and acaricidal activity of EOs.
Table S 6. Insecticidal and acaricidal activity of extracts.
Table S 7. Nematocidal activity of extracts.

Table S 8. Herbicidal activity of EOs.

Table S 9. Herbicidal activity of extracts.

Table S 10. Antibacterial activity of pure compounds.
Table S 11. Antifungal activity of pure compounds.

Table S 12. Insecticidal and acaricidal activity of pure compounds.
Table S 13. Herbicidal activity of pure compounds.

Table S 14. Antiviral activity of pure compounds.



Table S 1. Citrus species and related information.

Citrus sp. Protologue Common name Hybrid formula References
Citrus x aurantiifolia (Christm.) Swingle J. Whashington Acad. Sci. 3:  Lime C. hystrix x C. medica [1]
465 (1913)
Citrus x aurantium L. Sp. PL.: 783 (1753) Bitter orange C. maxima x C. reticulata [1]
Citrus x bergamia (Risso) Risso & Poit. Nat. Orangers: t. 53-56 Bergamot The botanical origin of this plant is still uncertain [1,2]
(1819) Mostly defined as C. aurantium x C. limon or C. au-
rantium x C. aurantiifolia
Citrus hystrix DC. Cat. P1. Horti Monsp.: 97 Kaffir lime - [1]
(1813) Thai lime
Citrus X junos Siebold ex Yu. Tanaka Sieb. Sens. Tor. Hyakun. Yuzu C. cavalierei x C. maxima x C. reticulata [1]
Kin. Ronbunshu: 65 (1924)
Citrus x latifolia (Yu. Tanaka) Yu Tanaka Syst. Pomol.: 140 (1951) Tabhiti lime C. hystrix x C. maxima x C. medica x C. reticulata [1]
Citrus x limetta Risso Ann. Mus. Hist. Nat. 20:195  Limetta C. aurantium x C. medica [1,3]
(1813)
Citrus x limon (L.) Osbeck Reise Ostindien: 250 (1765)  Eureka lemon C. maxima x C. medica x C. reticulata. [1]
Citrus x limonia (L.) Osbeck Reise Ostindien: 250 (1765)  Rangpur lime C. medica x C. reticulata [1,4]
Citrus maxima (Burm.) Merr. Herb. Amboin.: 296 (1917) Pomelo - [1]
Citrus x paradisi Macfad Bot. Misc. 1: 304 (1830) Marsh grapefruit C. maxima x C. sinensis [1,5]
Citrus reticulata Blanco FI. Filip.: 610 (1827), nom. Mandarin - [1]

cons.

Citrus x sinensis (L.) Osbeck

Reise Ostindien: 250 (1765)

Sweet orange

C. maxima x C. reticulata




Table S 2. Antibacterial activity of EOs.

Citrus sp. Plant Bacteria Test method Effect References
portion
C. leaves Xanthomonas citri subsp. citri broth microdilution method MIC = 0.50 mg/mL [6]
aurantiifolia MBC = 0.90 mg/mL
disc diffusion method 1Z =15.00 + 0.33 mm at 100%
pericarp Serratia marcescens disc diffusion method 1Z=12.66 + 0.58 mm at 100% [7]
broth microdilution method MICsp = 6.18 uL/mL
MICyp = 8.26 pL/mL
in vivo assay on apple Growth inhibition (%) = 71.35 £ 1.90 at 500 uL/L
in vivo assay on pear Growth inhibition (%) = 64.73 + 3.30 at 500 pL/L
in vivo assay on potato Growth inhibition (%) = 74.04 = 2.18 at 500 uL/L
in vivo assay on kohlrabi Growth inhibition (%) = 99.05 + 1.09 at 500 uL/L
peel Serratia marcescens agar well diffusion 1Z=28.7+ 0.5 mm at 100 mg/mL [8]
pour plate technique MIC = 50 mg/mL
MBC = 100 mg/mL
peel Erwinia cacticida agar well diffusion 1Z=11.3+0.6 mm at 100 mg/mL [8]
pour plate technique MIC = 25 mg/mL
MBC =25 mg/mL
- Clavibacter michiganensis agar diffusion method 1Z=14.33 £ 0.87 cm at 100% [9]
Sp. insidiosus
- Clavibacter michiganensis agar diffusion method 1Z2=10.33 £ 0.44 cm at 100% [9]
sp. sepedonicus
leaves Pseudomonas putida disc diffusion method 1Z=12.1+0.9 mm at 100% [10]
leaves Erwinia herbicola disc diffusion method Complete inhibition at 100% [10]
C. aurantium leaves Erwinia herbicola disc diffusion method Complete inhibition at 100% [10]

agar dilution bioassay MIC = 8.0 uL/mL




leaves Pseudomonas putida disc diffusion method Complete inhibition at 100% [10]
agar dilution bioassay MIC =4.0 pL/mL
leaves/twigs Agrobacterium tumefaciens disc diffusion method 1Z =15.66 + 0.57 mm at 20 pL/disc [11]
branches 1Z=17.66 + 0.57 mm at 25 pL/disc
leaves/twigs Dickeya solani disc diffusion method 1Z=17.33 £ 0.57 mm at 25 pL/disc [11]
branches 1Z=16.66 + 0.57 mm at 25 pL/disc
branch bark 1Z=19.66 + 0.57 mm at 25 pL/disc
branch wood 1Z=13.66 + 0.57 mm at 25 pL/disc
leaves/twigs Erwinia amylovora disc diffusion method 1Z=17.33 £ 0.57 mm at 20 pL/disc [11]
branches 1Z=15.33 £ 0.57 mm at 25 pL/disc
branch bark 1Z2=12.33 £ 0.57 mm at 25 pL/disc
branch wood 1Z=12.00 + 0.00 mm at 25 pL/disc
leaves Xanthomonas citri subsp. citri broth microdilution method MIC = 1.30 mg/mL [6]
MBC =2.00 mg/mL
disc diffusion method 1Z =8.00 = 1.00 mm at 100%
fruit Xanthomonas campestris broth microdilution method MIC = 20-25 pg/mL [12]
- Erwinia amylovora microdilution assay MIC = 6.3% v/v [13]
MBC =6.3% v/v
- Pseudomonas savastanoi sp. microdilution assay MIC = 1.6% v/v [13]
savastanoi MBC =3.1% v/v
- Xanthomonas vesicatoria microdilution assay MIC =3.1% v/v [13]
MBC =3.1% v/v
- Allorhizobium vitis microdilution assay MIC = 0.8% v/v [13]
MBC =3.1% v/v
C. limon leaves Erwinia herbicola disc diffusion method 1Z=7.3+2.1 mm at 100% [10]
leaves Pseudomonas putida disc diffusion method 1Z=10.9 = 3.6 mm at 100% [10]

peel

Serratia marcescens

agar well diffusion

1Z =8.3 £0.5 mm at 100 mg/mL




pour plate technique

MIC = 50 mg/mL
MBC = 100 mg/mL

peel Erwinia cacticida agar well diffusion 1Z=11.3+0.5 mm at 100 mg/mL [8]
pour plate technique MIC =25 mg/mL
MBC =25 mg/mL
- Clavibacter miciganensis sp. agar diffusion method 1Z=10.17 £ 0.34 cm at 100% [9]
sepedonicus
- Clavibacter miciganensis sp. in- agar diffusion method 1Z=28.67+0.87 cm at 100% [9]
sidiosus
fruit Xanthomonas campestris broth microdilution method MIC = 15-20 pg/mL [12]
C. paradisi peel Serratia marcescens agar well diffusion 1Z=7.6 0.5 mm at 100 mg/mL [8]
pour plate technique MIC = 50 mg/mL
MBC = 100 mg/mL
peel Erwinia cacticida agar well diffusion 1Z2=9.0 £ 1.0 mm at 100 mg/mL [8]
pour plate technique MIC =75 mg/mL
MBC =75 mg/mL
C. reticulata fruit Xanthomonas campestris broth microdilution method MIC = 20-25 pg/mL [12]
C. sinensis fruit Xanthomonas campestris broth microdilution method MIC = 20-25 pg/mL [12]

MIC: minimum inhibitory concentrazion

MICso: minimum concentration that is required to inhibit 50% of tested weeds

MICoo: minimum concentration that is required to inhibit 90% of tested weeds

MBC: minimum bactericidal concentration

1Z: inhibition zone
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Table S 3. Antifungal activity of EOs. 10
Citrus sp. Plant portion Fungi Test method Effect References
C. aurantiifolia peel Mucor hiemalis agar dilution method Growth inhibition (%) = 100.0 + 0.0 at [14]

2000 ppm
peel Penicillium expansum agar dilution method Growth inhibition (%) =52.0 £ 1.0 at [14]
2000 ppm
peel Fusarium proliferatum agar dilution method Growth inhibition (%) = 91.5 + 2.4 2000 [14]
ppm
- Botrytis cinerea direct contact assay Growth inhibition (%) = 100 at 35% [15]
volatile phase assay Growth inhibition (%) = 63% at 1%
peel Colletotrichum gloeospori- food poisoned technique Growth inhibition at 0.09% v/w [16]
oides in vivo assay Disease incidence (%) = 0 at 0.14 % w/w
peel Rhizopus stolonifer food poisoned technique Growth inhibition at 0.10% v/w [16]
in vivo assay Growth inhibition (%) = 40 at 0.12% v/w
peel Aspergillus niger agar well diffusion 1Z=9.3 £ 0.5 mm at 100 mg/mL [8]
pour plate technique MIC = 50 mg/mL
MFC = 100 mg/mL
peel Aspergillus flavus agar well diffusion 1Z=28.1 £0.3 mm at 100 mg/mL [8]
pour plate technique MIC = 50 mg/mL
MFC > 100 mg/mL
peel Aspergillus fumigatus agar well diffusion 1Z=9.0 £ 1.0 mm at 100 mg/mL [8]
pour plate technique MIC =75 mg/mL
MFC = 100 mg/mL
peel Aspergillus parasiticus agar well diffusion 1Z=7.8+0.2 mm at 100 mg/mL [8]

pour plate technique

MIC =75 mg/mL
MFC = 100 mg/mL




peel

Geotrichum candidum

agar well diffusion

pour plate technique

1Z2=9.7 £ 0.6 mm at 100 mg/mL
MIC =25 mg/mL
MFC = 50 mg/mL

peel Alternaria alternata agar well diffusion 1Z=16.5+ 0.5 mm at 100 mg/mL [8]
pour plate technique MIC = 25 mg/mL
MFC =75 mg/mL
peel Fusarium avenaceum agar well diffusion 1Z=6.1 £0.2 mm at 100 mg/mL [8]
pour plate technique MIC = 100 mg/mL
MFC > 100 mg/mL
peel Fusarium solani agar well diffusion 1Z=4.6 £ 0.5 mm at 100 mg/mL [8]
pour plate technique MIC = 100 mg/mL
MFC > 100 mg/mL
peel Penicillium digitatum agar well diffusion 1Z=21.3+0.5 mm at 100 mg/mL [8]
pour plate technique MIC = 12.5 mg/mL
MFC =25 mg/mL
peel Penicillium expansum agar well diffusion 1Z=18.9+ 0.5 mm at 100 mg/mL [8]
pour plate technique MIC = 25 mg/mL
MFC =25 mg/mL
peel Rhizopus oryzae agar well diffusion 1Z=11.7+ 0.5 mm at 100 mg/mL [8]
pour plate technique MIC = 75 mg/mL
MFC = 100 mg/mL
peel Rhizopus stolonifer agar well diffusion 1Z2=12.3+0.5 mm at 100 mg/mL [8]
pour plate technique MIC = 75 mg/mL
MFC = 100 mg/mL
peel Mucor piriformis agar well diffusion 1Z2=17.5+0.0 mm at 100 mg/mL [8]

pour plate technique

MIC =25 mg/mL
MFC = 50 mg/mL




peel

Mucor racemosis

agar well diffusion

pour plate technique

1Z=14.6 £ 0.5 mm at 100 mg/mL
MIC =25 mg/mL
MFC = 50 mg/mL

peel Phaeoramularia angolensis food poisoned technique Growth inhibition (%) = 50.56 at 2500 [17]
pL/L
peel Botrytis cinerea microdilution broth MIC = 625 pg/mL [18]
epicarp Aspergillus flavus disc diffusion 1Z=24.13 £ 0.32 mm at 50 mg/mL [19]
microdilution broth MIC = 0.56 mg/mL
MFC = 1.13 mg/mL
epicarp Aspergillus parasiticus disc diffusion 1Z=18.13 £ 0.32 mm at 50 mg/mL [19]
microdilution broth MIC = 0.56 mg/mL
MFC = 1.13 mg/mL
epicarp Aspergillus fumigatus disc diffusion 1Z=28.63 + 1.09 mm at 50 mg/mL [19]
microdilution broth MIC = 1.13 mg/mL
MFC =2.25 mg/mL
epicarp Aspergillus niger disc diffusion 1Z=22.82 + 0.42 mm at 50 mg/mL [19]
microdilution broth MIC = 0.56 mg/mL
MFC = 1.13 mg/mL
epicarp Penicillium sp disc diffusion 1Z =22.85+6.15 mm at 50 mg/mL [19]
microdilution broth MIC = 1.13 mg/mL
MFC =2.25 mg/mL
leaves Phaeoramularia angolensis disc diffusion MIC = 1.5 mg/mL [20]
C. aurantium leaves Aspergillus sp. disc diffusion 1Z =22 mm at 100% [21]
flowers Alternaria sp. disc diffusion 1Z =12 mm at 100% [21]
leaves Penicillium sp. disc diffusion 1Z =8 mm at 100% [21]
leaves Fusarium oxysporum disc diffusion 1Z =8 mm at 100% [21]

peel

1Z = 8 mm at 100%




leaves Aspergillus flavus radial growth technique method Growth inhibition (%) =62.66 £ 1.21 at 50 [22]
pL/mL
leaves Aspergillus niger radial growth technique method Growth inhibition (%) = 75.66 £ 0.66 at [22]
50 pL/mL
leaves Aspergillus terreus radial growth technique method Growth inhibition (%) = 100.00 + 0.00 at ~ [22]
50 pL/mL
leaves Fusarium culmorum radial growth technique method Growth inhibition (%) = 65.66 + 0.33 at [22]
50 pL/mL
leaves Verticillium fungicola macrodilution test MIC =25.0-35.0 uL/mL [23]
microdilution test MIC =10.0-15.0 pL/mL
MFC =10.0-15.0 pL/mL
flowers Aspergillus niger agar diffusion method 1Z=17.0 £ 0.4 mm at 50 mg/mL [24]
broth microdilution method MFC = 1.25 £ 0.30 mg/mL
flowers Aspergillus flavus agar diffusion method 1Z2=22.0+ 1.1 mm at 50 mg/mL [24]
broth microdilution method MFC = 0.08 £ 0.20 mg/mL
flowers Aspergillus nidulans agar diffusion method 1Z=15.0+ 0.3 mm at 50 mg/mL [24]
broth microdilution method MFC = 0.63 £+ 0.20 mg/mL
flowers Aspergillus fumigatus agar diffusion method 1Z=18.0+ 0.6 mm at 50 mg/mL [24]
broth microdilution method MFC=0.31 + 0.20 mg/mL
flowers Fusarium graminearum agar diffusion method 1Z=22.0 + 0.6 mm at 50 mg/mL [24]
broth microdilution method MFC = 0.08 + 0.40 mg/mL
flowers Fusarium oxysporum agar diffusion method 1Z=20.0 £ 0.9 mm at 50 mg/mL [24]
broth microdilution method MFC =0.16 £+ 0.30 mg/mL
flowers Fusarium culmorum agar diffusion method 1Z=19.0 £ 0.4 mm at 50 mg/mL [24]
broth microdilution method MFC=0.16 + 0.10 mg/mL
flowers Alternaria alternata agar diffusion method 1Z=15.0+ 0.4 mm at 50 mg/mL [24]

broth microdilution method

MFC = 1.25 + 0.80 mg/mL




C. bergamia pericarp Phytophthora infestans direct contact technique Growth inhibition (%) = 55 at 1% [25]
in vivo assay Growth inhibition (%) = 69 at 100%
C. hystrix epicarp Aspergillus flavus disc diffusion 1Z2=17.33 + 0.28 mm at 50 mg/mL [19]
microdilution broth MIC = 0.56 mg/mL
MFC = 1.13 mg/mL
epicarp Aspergillus parasiticus disc diffusion 1Z =29.63 +£ 0.23 mm at 50 mg/mL [19]
microdilution broth MIC = 0.56 mg/mL
MFC = 1.13 mg/mL
epicarp Aspergillus fumigatus disc diffusion 1Z=29.85 + 0.25 mm at 50 mg/mL [19]
microdilution broth MIC = 0.56 mg/mL
MEFC = 0.56 mg/mL
epicarp Aspergillus niger disc diffusion 1Z =27.38 + 0.24 mm at 50 mg/mL [19]
microdilution broth MIC = 0.56 mg/mL
MFC = 1.13 mg/mL
epicarp Penicillium sp disc diffusion 1Z=24.91 4 0.38 mm at 50 mg/mL [19]
microdilution broth MIC = 1.13 mg/mL
MFC = 1.13 mg/mL
C. latifolia peel Botrytis cinerea microdilution broth MIC = 625 pg/mL [18]
C. limon - Aspergillus niger disc diffusion 1Z =10 mm at 100% [26]
- Aspergillus flavus disc diffusion 1Z =13 mm at 100% [26]
- Rhizopus spp. disc diffusion 1Z =12 mm at 100% [26]




- Botrytis cinerea food poisoned technique MIC = 17 pL/mL [27]
EDso = 11 pL/mL
spore germination assay MIC =22 pL/mL
EDsop= 13 pL/mL
in vivo assay on strawberries Disease incidence (%) = 0.0 at 0.05
pL/mL
in vivo assay on cucumbers Disease incidence (%) =2.3 at 0.125
pL/mL
leaves Aspergillus flavus disc diffusion 1Z=21.30+0.17 mm at 10 mg/mL [28]
microdilution broth MIC =4.00 +0.11 mg/mL
leaves Rhizoctonia solani disc diffusion 1Z=26.90 + 0.12 mm at 10 mg/mL [28]
microdilution broth MIC =2.50 + 0.10 mg/mL
leaves Alternaria alternata disc diffusion 1Z=23.50+0.12 mm at 10 mg/mL [28]
microdilution broth MIC =3.00 +0.11 mg/mL
- Botrytis cinerea direct contact assay Growth inhibition (%) = 100% at 20% [15]
volatile phase assay Growth inhibition (%) = 52% at 1%
peel Phaeoramularia angolensis food poisoned technique Growth inhibition (%) = 42.61 at 2500 [17]
puL/L
peel Botrytis cinerea microdilution broth MIC =312 pg/mL [18]
epicarp Eutypa sp. disc diffusion assay Growth inhibition (%) = 82 at 0.25% [29]
epicarp Botryosphaeria dothidea disc diffusion assay Growth inhibition (%) = 48 at 0.25% [29]
epicarp Fomitiporia mediterranea disc diffusion assay Growth inhibition (%) =33 at 0.25% [29]
leaves Verticillium fungicola macrodilution test MIC = 25.0-35.0 uL/mL [23]
microdilution test MIC =10.0-15.0 pL/mL
MFC =10.0-15.0 pL/mL
peel Aspergillus niger agar dilution method Growth inhibition (%) = 100 at 0.94% [30]

(V/v)




peel Aspergillus flavus agar dilution method Growth inhibition (%) = 100 at 0.94% [30]
(V/v)
peel Penicillium chrysogenum agar dilution method Growth inhibition (%) = 100 at 0.94% [30]
(V/v)
peel Penicillium verrucosum agar dilution method Growth inhibition (%) = 100 at 0.94% [30]
(V/v)
- Aspergillus carbonarius agar dilution method Growth inhibition (%) = 100.0 = 0.0 at [31]
1.25 uL/mL
vapor phase method Growth inhibition (%) = 100.0 + 0.0 at
2.5 pL/mL
- Aspergillus parasiticus agar plate method Growth inhibition (%) = 100.0 = 0.0 at [31]
2.5 pL/mL
vapor phase method Growth inhibition (%) = 100.0 = 0.0 at
1.25 uL/mL
- Cladosporium cladospori- agar plate method Growth inhibition (%) = 100.0 = 0.0 at [31]
oides 2.5 uL/mL
vapor phase method Growth inhibition (%) = 100.0 + 0.0 at
1.25 uL/mL
- Eurotium herbariorum agar plate method Growth inhibition (%) = 100.0 = 0.0 at [31]
1.25 uL/mL
vapor phase method Growth inhibition (%) = 100.0 = 0.0 at
1.25 uL/mL
- Penicillium chrysogenum agar plate method Growth inhibition (%) = 100.0 + 0.0 at [31]

vapor phase method

1.25 uL/mL
Growth inhibition (%) = 100.0 + 0.0 at
1.25 uL/mL




peel Aspergillus niger agar well diffusion 1Z=8.3 £0.5 mm at 100 mg/mL [8]
pour plate technique MIC = 75 mg/mL
MFC = 100 mg/mL
peel Aspergillus flavus agar well diffusion 1Z=7.8+ 1.0 mm at 100 mg/mL [8]
pour plate technique MIC = 75 mg/mL
MFC > 100 mg/mL
peel Aspergillus fumigatus agar well diffusion 1Z=8.0+ 1.0 mm at 100 mg/mL [8]
pour plate technique MIC = 75 mg/mL
MFC = 100 mg/mL
peel Aspergillus parasiticus agar well diffusion 1Z=8.2+0.7 mm at 100 mg/mL [8]
pour plate technique MIC = 75 mg/mL
MFC = 100 mg/mL
peel Alternaria alternata agar well diffusion 1Z=14.7+ 0.5 mm at 100 mg/mL [8]
pour plate technique MIC = 50 mg/mL
MFC = 50 mg/mL
peel Fusarium avenaceum agar well diffusion 1Z=5.3+0.5 mm at 100 mg/mL [8]
pour plate technique MIC = 100 mg/mL
MFC > 100 mg/mL
peel Fusarium solani agar well diffusion 1Z=5.7+0.5 mm at 100 mg/mL [8]
pour plate technique MIC = 100 mg/mL
MFC > 100 mg/mL
peel Penicillium digitatum agar well diffusion 1Z2=21.0+ 1.0 mm at 100 mg/mL [8]
pour plate technique MIC = 12.5 mg/mL
MFC =25 mg/mL
peel Penicillium expansum agar well diffusion 1Z=18.7+ 0.5 mm at 100 mg/mL [8]

pour plate technique

MIC =25 mg/mL
MFC =25 mg/mL




peel

Rhizopus oryzae

agar well diffusion

pour plate technique

1Z=12.5+0.5 mm at 100 mg/mL
MIC =75 mg/mL
MFC = 100 mg/mL

peel Rhizopus stolonifer agar well diffusion 1Z=11.3+0.5 mm at 100 mg/mL [8]
pour plate technique MIC =75 mg/mL
MFC = 100 mg/mL
peel Geotrichum candidum agar well diffusion 1Z2=10.7 0.2 mm at 100 mg/mL [8]
pour plate technique MIC = 25 mg/mL
MFC = 50 mg/mL
peel Mucor piriformis agar well diffusion 1Z2=17.7+ 0.5 mm at 100 mg/mL [8]
pour plate technique MIC = 25 mg/mL
MFC =75 mg/mL
peel Mucor racemosis agar well diffusion 1Z=13.3+0.3 mm at 100 mg/mL [8]
pour plate technique MIC = 50 mg/mL
MFC =75 mg/mL
pericarp Phytophthora infestans direct contact technique Growth inhibition (%) =36 at 1% [25]
in vivo assay Growth inhibition (%) = 0 at 100%
peel Aspergillus flavus disc diffusion 1Z=13.20 + 1.05 mm at 100% [32]
macrodilution method MIC = 0.06 + 0.05 mg/L
MFC =0.02 £ 0.01 mg/L
peel Penicillium citrinum disc diffusion 1Z=11.90 + 0.12 mm at 100% [32]
macrodilution method MIC =0.19 + 0.00 mg/L
MFC = 0.09 £+ 0.04 mg/L
peel Botrytis cinerea disc diffusion 1Z=10.46 + 0.54 mm at 100% [32]

macrodilution method

MIC = 0.38 £ 0.00 mg/L
MFC = 0.25 = 0.00 mg/L




peel Mucor racemosus disc diffusion 1Z=12.67+0.77 mm at 100% [32]
macrodilution method MIC = 0.49 £ 0.62 mg/L
MFC =0.02 £ 0.01 mg/L
peel Rhizopus nigricans disc diffusion 1Z=14.15+0.17 mm at 100% [32]
macrodilution method MIC = 0.06 £ 0.05 mg/L
MEC = 0.03 + 0.00 mg/L
C. limonia peel Botrytis cinerea agar dilution method MIC =312 pg/mL [18]
C. maxima leaves Aspergillus flavus poisoned food assay Growth inhibition (%) = 100 at 750 ppm [33]
leaves Aspergillus fumigatu poisoned food assay Growth inhibition (%) = 100 at 750 ppm [33]
leaves Fusarium oxysporum poisoned food assay Growth inhibition (%) = 100 at 750 ppm [33]
leaves Alternaria alternata poisoned food assay Growth inhibition (%) = 100 at 750 ppm [33]
leaves Aspergillus terreus poisoned food assay Growth inhibition (%) = 100 at 750 ppm [33]
leaves Helminthosporium oryzae poisoned food assay Growth inhibition (%) = 100 at 750 ppm [33]
peel Phaeoramularia angolensis food poisoned technique Growth inhibition (%) = 61.60 at 2500 [17]
puL/L
peel Mucor hiemalis agar diffusion method Growth inhibition (%) =42.1 £ 0.4 at [14]
2000 ppm
peel Penicillium expansum agar diffusion method Growth inhibition (%) = 53.8 £ 0.9 at [14]
2000 ppm
peel Fusarium proliferatum agar diffusion method Growth inhibition (%) = 63.0 £ 1.0 at [14]
2000 ppm
C. paradisi peel Aspergillus niger agar dilution method Growth inhibition (%) = 100 at 0.94% [30]
(V/v)
peel Aspergillus flavus agar dilution method Growth inhibition (%) = 100 at 0.94% [30]
(V/v)
peel Penicillium chrysogenum agar dilution method Growth inhibition (%) = 100 at 0.94% [30]

(V/v)




peel Penicillium verrucosum agar dilution method Growth inhibition (%) = 100 at 0.94% [30]
(V/v)
peel Phaeoramularia angolensis poisoned food assay Growth inhibition (%) = 15.92 at 2500 [17]
puL/L
sporulation assay Sporulation inhibition (%) = 64.24 at
1000 ppm
peel Aspergillus niger agar well diffusion 1Z=4.3 £ 0.5 mm at 100 mg/mL [8]
pour plate technique MIC = 100 mg/mL
MFC > 100 mg/mL
peel Aspergillus flavus agar well diffusion 1Z=5.5+0.8 mm at 100 mg/mL [8]
pour plate technique MIC = 100 mg/mL
MFC > 100 mg/mL
peel Aspergillus fumigatus agar well diffusion 1Z=3.7+0.5 mm at 100 mg/mL [8]
pour plate technique MIC = 100 mg/mL
MFC > 100 mg/mL
peel Aspergillus parasiticus agar well diffusion 1Z=7.3 £ 0.6 mm at 100 mg/mL [8]
pour plate technique MIC =75 mg/mL
MFC = 100 mg/mL
peel Alternaria alternata agar well diffusion 1Z=15.0+ 1.0 mm at 100 mg/mL [8]
pour plate technique MIC = 50 mg/mL
MFC = 50 mg/mL
peel Fusarium solani agar well diffusion 1Z=4.2+ 0.3 mm at 100 mg/mL [8]
pour plate technique MIC = 100 mg/mL
MFC > 100 mg/mL
peel Penicillium digitatum agar well diffusion 1Z2=17.3+0.6 mm at 100 mg/mL [8]

pour plate technique

MIC =25 mg/mL
MFC = 50 mg/mL




peel

Penicillium expansum

agar well diffusion

pour plate technique

1Z2=17.3+0.6 mm at 100 mg/mL
MIC =25 mg/mL
MFC =25 mg/mL

peel Rhizopus oryzae agar well diffusion 1Z = 6.8 £0.7 mm at 100 mg/mL [8]
pour plate technique MIC = 100 mg/mL
MFC > 100 mg/mL
peel Rhizopus stolonifer agar well diffusion 1Z =8.5+ 0.5 mm at 100 mg/mL [8]
pour plate technique MIC = 100 mg/mL
MFC > 100 mg/mL
peel Geotrichum candidum agar well diffusion 1Z=8.3 £0.5 mm at 100 mg/mL [8]
pour plate technique MIC = 50 mg/mL
MFC =75 mg/mL
peel Mucor piriformis agar well diffusion 1Z=16.3 £ 0.5 mm at 100 mg/mL [8]
pour plate technique MIC = 12.5 mg/mL
MFC = 50 mg/mL
peel Mucor racemosis agar well diffusion 1Z=15.3+0.5 mm at 100 mg/mL [8]
pour plate technique MIC =25 mg/mL
MFC = 50 mg/mL
C. reticulata peel Mucor hiemalis agar dilution method Growth inhibition (%) =37.1 £0.5 at [14]
2000 ppm
peel Penicillium expansum agar dilution method Growth inhibition (%) =39.3 £ 0.7 at [14]
2000 ppm
peel Fusarium proliferatum agar dilution method Growth inhibition (%) = 50.9 = 1.6 at [14]

2000 ppm




peel Alternaria alternata food poisoned technique Growth inhibition (%) = 100 at 0.2 [34]
mL/100 mL
volatile activity assay MIC = 0.2 mL/100 mL
spore inhibition assay Spore inhibition (%) = 100 at 0.2 mL/100
mL
peel Rhizoctonia solani food poisoned technique Growth inhibition (%) = 100 at 0.2 [34]
mL/100 mL
volatile activity assay MIC > 0.2 mL/100 mL
spore inhibition assay Spore inhibition (%) = 100 at 0.2 mL/100
mL
peel Curvularia lunata food poisoned technique Growth inhibition (%) = 100 at 0.2 [34]
mL/100 mL
volatile activity assay MIC = 0.2 mL/100 mL
spore inhibition assay Spore inhibition (%) = 100 at 0.2 mL/100
mL
peel Fusarium oxysporum food poisoned technique Growth inhibition (%) =42 at > 0.1 [34]
mL/100 mL
volatile activity assay MIC = 0.2 mL/100 mL
spore inhibition assay Spore inhibition (%) = 1 at 0.2 mL/100
mL
peel Helminthosporium oryzae food poisoned technique Growth inhibition (%) = 54 at > 0.1 [34]
mL/100 mL
volatile activity assay MIC > 0.2 mL/100 mL
spore inhibition assay Spore inhibition (%) = 0 at 0.2 mL/100
mL
flavedo Penicillium italicum food poisoned technique Growth inhibition (%) = 100.00 + 0.00 at ~ [35]

2.50 pg/mL




flavedo Penicillium digitatum food poisoned technique Growth inhibition (%) = 100.00 + 0.00 at ~ [35]
40 pg/mL

peel Aspergillus niger agar dilution method Growth inhibition (%) = 100 at 0.94% [30]
(V/v)

peel Aspergillus flavus agar dilution method Growth inhibition (%) = 100 at 0.94% [30]
(V/v)

peel Penicillium chrysogenum agar dilution method Growth inhibition (%) = 100 at 0.94% [30]
(V/v)

peel Penicillium verrucosum agar dilution method Growth inhibition (%) = 100 at 0.94% [30]
(V/v)

peel Phaeoramularia angolensis food poisoned technique Growth inhibition (%) = 17.32 at 2500 [17]
pL/L

sporulation assay Sporulation inhibition (%) = 24.94 at

1000 ppm

peel Aspergillus niger microdilution broth MIC = 0.2 mg/mL [36]

C. sinensis flavedo Penicillium chrysogenum agar disc diffusion 1Z=18.99 + 1.17 mm at 50% [37]
broth microdilution MIC =9.33 uL/mL

leaves Aspergillus flavus poisoned food assay Growth inhibition (%) = 100 at 750 ppm [33]

leaves Alternaria alternata poisoned food assay Growth inhibition (%) = 100 at 750 ppm [33]

leaves Fusarium oxysporum poisoned food assay Growth inhibition (%) = 100 at 750 ppm [33]

leaves Helminthosporium oryzae poisoned food assay Growth inhibition (%) = 100 at 750 ppm [33]

leaves Aspergillus fumigatus poisoned food assay Growth inhibition (%) = 100 at 750 ppm [33]

leaves Aspergillus terreus poisoned food assay Growth inhibition (%) = 100 at 750 ppm [33]

peel Aspergillus flavus radial growth technique method Growth inhibition (%) 86.66 £ 0.33 at 50  [22]
pL/mL

peel Aspergillus niger radial growth technique method Growth inhibition (%) 96.00 £ 4.00 at 50  [22]

pL/mL




peel Aspergillus terreus radial growth technique method Growth inhibition (%) = 100.00 + 0.00 at ~ [22]
50 pL/mL

peel Fusarium culmorum radial growth technique method Growth inhibition (%) 100.00 + 0.00 at [22]
50 pL/mL

peel Mucor hiemalis agar dilution method Growth inhibition (%) 36.5 + 0.2 at 2000  [14]
ppm

peel Penicillium expansum agar dilution method Growth inhibition (%) 34.9 + 1.4 at 2000  [14]
ppm

peel Fusarium proliferatum agar dilution method Growth inhibition (%) = 59.5+ 1.6 at [14]
2000 ppm

peel Phaeoramularia angolensis food poisoned technique Growth inhibition (%) = 32.56 at 2500 [17]
puL/L

sporulation assay Spore inhibition (%) = 19.87 at 1000 ppm

epicarp Alternaria alternata agar medium assay Growth inhibition (%) = 100 at 800 [38]
pg/mL
MIC =700 + 59 pg/mL
MFC = 1000 + 59 pg/mL
1Cso =326 + 20 pg/mL

spore inhibition assay Spore inhibition (%) = 100 at 800 pg/mL
epicarp Alternaria dumosa agar medium assay Growth inhibition (%) = 100 at 600 [38]

spore inhibition assay

pg/mL

MIC =550 + 29 pg/mL

MFC =900 + 59 pg/mL

ICso =176 £ 2 pg/mL

Spore inhibition (%) = 100 at 600 pg/mL




epicarp Alternaria atra agar medium assay Growth inhibition (%) = 100 at 800 wmL  [38]
MIC = 750 + 29 pg/mL
MFC = 1000 + 59 pg/mL
ICs0=360 + 12 pg/mL
spore inhibition assay Spore inhibition (%) = 100 at 800 pg/mL
peel Aspergillus flavus direct addition assay MIC = 16000 mg/L [39]
volatile phase assay MIC = 8000 mg/L
peel Aspergillus niger microdilution broth MIC = 1.0 mg/mL [36]
peel Aspergillus niger agar dilution method Growth inhibition (%) = 100 at 0.94% [30]
peel Aspergillus flavus agar dilution method Growth inhibition (%) = 100 at 0.94% [30]
peel Penicillium chrysogenum agar dilution method Growth inhibition (%) = 100 at 0.94% [30]
peel Penicillium verrucosum agar dilution method Growth inhibition (%) = 100 at 0.94% [30]
epicarp Aspergillus niger food poisoned technique Growth inhibition (%) = 100 at 3.0 [40]
pg/mL
spore germination assay Spore germination (%) = 100 at 1.5
mg/mL
pericarp Phytophthora infestans direct contact technique Growth inhibition (%) =53 at 1% [25]
in vivo assay Growth inhibition (%) = 42 at 100%
epicarp Aspergillus niger poisoned food technique Growth inhibition (%) = 100.0 at 700 ppm  [41]
volatile activity assay Growth inhibition (%) = 100.0 at 500 ppm
spore germination assay Spore germination (%) = 0.0 at 400 ppm
epicarp Botryodiplodia theobromae poisoned food technique Growth inhibition (%) = 82.6 at 700 ppm  [41]
volatile activity assay Growth inhibition (%) = 100.0 at 600 ppm
spore germination assay Spore germination (%) = 0.0 at 600 ppm
epicarp Alternaria alternata poisoned food technique Growth inhibition (%) = 100.0 at 600 ppm  [41]

volatile activity assay

spore germination assay

Growth inhibition (%) = 100.0 at 500 ppm
Spore germination (%) = 0.0 at 400 ppm




epicarp

Cladosporium fulvum

poisoned food technique
volatile activity assay

spore germination assay

Growth inhibition (%) = 100.0 at 700 ppm
Growth inhibition (%) = 100.0 at 500 ppm
Spore germination (%) = 0.0 at 500 ppm

[41]

epicarp

Botrytis cinerea

poisoned food technique
volatile activity assay

spore germination assay

Growth inhibition (%) = 100.0 at 500 ppm
Growth inhibition (%) = 100.0 at 400 ppm
Spore germination (%) = 0.0 at 300 ppm

[41]

epicarp

Penicillium expansum

poisoned food technique
volatile activity assay

spore germination assay

Growth inhibition (%) = 100.0 at 600 ppm
Growth inhibition (%) = 100.0 at 400 ppm
Spore germination (%) = 0.0 at 500 ppm

[41]

epicarp

Ulocladium chartarum

poisoned food technique
volatile activity assay

spore germination assay

Growth inhibition (%) =49.2 at 700 ppm
Growth inhibition (%) = 58.9 at 700 ppm
Spore germination (%) = 61.2 at 700 ppm

[41]

epicarp

Alternaria mali

poisoned food technique
volatile activity assay

spore germination assay

Growth inhibition (%) = 100.0 at 500 ppm
Growth inhibition (%) = 100.0 at 400 ppm
Spore germination (%) = 0.0 at 300 ppm

[41]

epicarp

Penicillium chrysogenum

poisoned food technique
volatile activity assay

spore germination assay

Growth inhibition (%) = 100.0 at 600 ppm
Growth inhibition (%) = 100.0 at 400 ppm
Spore germination (%) = 0.0 at 500 ppm

[41]

epicarp

Cladosporium cladospori-

oides

poisoned food technique
volatile activity assay

spore germination assay

Growth inhibition (%) = 100.0 at 500 ppm
Growth inhibition (%) = 100.0 at 400 ppm
Spore germination (%) = 0.0 at 400 ppm

[41]

epicarp

Myrothecium roridum

poisoned food technique
volatile activity assay

spore germination assay

Growth inhibition (%) = 96.2 at 700 ppm
Growth inhibition (%) = 100.0 at 700 ppm
Spore germination (%) = 0.0 at 700 ppm

[41]

epicarp

Ulocladium sp.

poisoned food technique
volatile activity assay

spore germination assay

Growth inhibition (%) = 53.2 at 700 ppm
Growth inhibition (%) = 59.3 at 700 ppm
Spore germination (%) = 59.2 at 700 ppm

[41]




peel Aspergillus flavus disc diffusion 1Z=13.84 + 0.39 mm at 100% [32]
macrodilution method MIC =0.02 + 0.08 mg/L
MFC =0.01 + 0.00 mg/L

peel Penicillium citrinum disc diffusion 1Z=15.59 + 0.28 mm at 100% [32]
macrodilution method MIC =0.14 + 0.07 mg/L
MFC =0.09 + 0.04 mg/L

peel Botrytis cinerea disc diffusion 1Z=11.88 + 0.30 mm at 100% [32]
macrodilution method MIC =0.38 + 0.00 mg/L
MFC =0.19 + 0.08 mg/L

peel Mucor racemosus disc diffusion 1Z=13.97 + 0.27 mm at 100% [32]
macrodilution method MIC =0.04 + 0.02 mg/L
MFC =0.02 £ 0.02 mg/L

peel Rhizopus nigricans disc diffusion 1Z2=17.23 £ 0.47 mm at 100% [32]

macrodilution method

MIC =0.01 + 0.04 mg/L
MFC =0.01 + 0.00 mg/L

MIC: minimum inhibitory concentrazion

MFC: minimum fungicidal concentration

1Z: inhibition zone

ICs0: concentration that is required to inhibit 50% of tested fungi

EDso: the effect dose at which 50% effect is observed
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Table S 4. Antifungal activity of extracts.

Citrus sp. Plant Solvent used Fungi Test method Effect References
portion
C. aurantifolia epicarp ehtyl acetate Aspergillus flavus microdilution broth MIC > 2.25 mg/mL [19]
MFC >2.25 mg/mL
epicarp ehtyl acetate Aspergillus fumigatus disc diffusion 1Z=9.65 + 0.56 mm at 50 mg/mL [19]
microdilution broth MIC > 2.25 mg/mL
MFC >2.25 mg/mL
epicarp ehtyl acetate Aspergillus niger microdilution broth MIC =2.25 mg/mL [19]
MFC =2.25 mg/mL
epicarp ehtyl acetate Aspergillus parasiticus microdilution broth MIC > 2.25 mg/mL [19]
MFC >2.25 mg/mL
epicarp ehtyl acetate Penicillium sp. microdilution broth MIC =2.25 mg/mL [19]
MFC >2.25 mg/mL
juice - Phytophtora colocasiae  in vivo test Disease incidence (%) = 0 at 20% [42]
Disease severity (%) =0 at 10%
C. hystrix epicarp chtyl acetate Aspergillus flavus disc diffusion 1Z=13.33 £ 0.57 mm at 50 mg/mL [19]
microdilution broth MIC > 2.25 mg/mL
MFC >2.25 mg/mL
epicarp chtyl acetate Aspergillus fumigatus disc diffusion 1Z=14.78 £ 0.73 mm at 50 mg/mL [19]
microdilution broth MIC > 2.25 mg/mL
MFC >2.25 mg/mL
epicarp ehtyl acetate Aspergillus niger disc diffusion 1Z=12.98 + 0.02 mm at 50 mg/mL [19]

microdilution broth

MIC > 2.25 mg/mL
MFC >2.25 mg/mL
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epicarp ehtyl acetate Aspergillus parasiticus disc diffusion 1Z=15.13 £ 0.32 mm at 50 mg/mL [19]
microdilution broth MIC > 2.25 mg/mL
MFC >2.25 mg/mL
epicarp ehtyl acetate Penicillium sp. disc diffusion 1Z=12.25 + 0.25 mm at 50 mg/mL [19]
microdilution broth MIC > 2.25 mg/mL
MFC >2.25 mg/mL
C. limon leaves mehanol Alternaria spp. food poisoned technique Growth inhibition (%) = 60.62 at 100% [43]
leaves hexane Alternaria alternata disc diffusion 1Z=19.51 £ 0.19 mm at 10 mg/mL [28]
microdilution broth MIC =4.00 +0.11 mg/mL
leaves hexane Aspergillus flavus disc diffusion 1Z=17.50+0.16 mm at 10 mg/mL [28]
microdilution broth MIC =4.50 + 0.12 mg/mL
leaves hexane Rhizoctonia solani disc diffusion 1Z2=22.60+0.17 at 10 mg/mL [28]
microdilution broth MIC =3.50 +0.11 mg/mL
peel ethanol Aspergillus flavus agar dilution test Growth inhibition (%) = 13.51 at 10 mg/mL [44]
peel ethanol Colletotrichum food poisoned technique Growth inhibition (%) = 100 at 1.75 g/L [45]
gloeosporioides
peel hexane Colletotrichum spp. microdilution technique MIC = 1000 pg/mL [46]
peel hexane Curvularia spp. microdilution technique MIC = 1000 pg/mL [46]
peel hexane Penicillium digitatum microdilution technique MIC =500 pg/mL [46]
leaves ethanol Fusarium oxysporum poisoned food technique Growth inhibition (%) = 64.44 at 80% [47]
leaves ethanol Penicillium digitatum poisoned food technique Growth inhibition (%) = 67.78 at 80% [47]
leaves water Curvularia mebaldsii food poisoned technique Growth inhibition (%) = 100 at 50 g/L [48]
aceton Growth inhibition (%) = 100 at 50 g/L
ethanol Growth inhibition (%) = 100 at 50 g/L
leaves water Fusarium oxysporum food poisoned technique Growth inhibition (%) = 100 at 50 g/L [48]
acetone Growth inhibition (%) = 100 at 50 g/L
ethanol Growth inhibition (%) = 100 at 50 g/L




leaves water Penicillium spp. food poisoned technique Growth inhibition (%) =91 at 50 g/L [48]
acetone Growth inhibition (%) =91 at 50 g/L
ethanol Growth inhibition (%) =91 at 50 g/L
C. reticulata peel hexane Colletotrichum spp. microdilution technique MIC < 1000 pg/mL [46]
peel hexane Curvularia spp. microdilution technique MIC < 1000 pg/mL [46]
peel hexane Penicillium digitatum microdilution technique MIC < 1000 pg/mL [46]
peel ethanol Aspergillus flavus agar dilution test Growth inhibition (%) = 39.60 at 10 mg/mL [44]
C. sinensis peel ethanol Aspergillus flavus agar dilution test Growth inhibition (%) =32.31 at 10 mg/mL [44]
peel hexane Colletotrichum spp. microdilution technique MIC < 1000 pg/mL [46]
peel hexane Curvularia spp. microdilution technique MIC < 1000 pg/mL [46]
peel hexane Penicillium digitatum microdilution technique MIC = 1000 pg/mL [46]

MIC: minimum inhibitory concentrazion

MFC: minimum fungicidal concentration

1Z: inhibition zone
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Table S 5. Insecticidal and acaricidal activity of EOs.

Citrus sp. Plant portion Insect Test method Effect References
C. pericarp Pyrrhocoris apterus fumigant toxicity assay Mortality (%) =90 at 100% [7]
auratiifolia peel Sitophilus zeamais contact bioassay LCso=71.18 uL/mL [49]
LCos = 88.63 uL/mL
ingestion bioassay LCso=2.75 uL/g
LCos=7.17 uL/g
fumigant bioassay LCso=58.51 uL/L air
LCos =73.75 uL/L air
repellency bioassay RI (%) =53 at 40 pL/mL
peel Spodoptera littoralis fumigant toxicity assay LCsp=6.84 uL/L [50]
peel Spodoptera littoralis fumigant toxicity assay Mortality (%) = 100 at 200 pL/L air [51]
LCso=17.56 puL/L air
LCoo=24.41 pL/L air
peel Tuta absoluta fumigant toxicity assay Mortality (%) = 100 at 50 pL/L air [51]
LCso=59.93 uL/L air
LCgo=100.01 pL/L air
peel Tetranychus urticae fumigant assay LCso=11.24 uL/L air [52]
residual contact assay LCso=106.14 pL/mL
fecundity bioassay E (%) = 55.54 at 2.0 pL/L air
peel Tribolium castaneum contact toxicity LCso = 13.55 mg/cm? [53]
fumigant assay LCso=1.35 mg/L air
repellency test R (%) = 94 + 3 at 2.5 mg/cm?
peel Callosobruchus chinensis contact toxicity LCso = 4.02 mg/cm? [53]
fumigant assay LCso=0.57 mg/L air
repellency test R (%) =92 + 2 at 2.5 mg/cm?
C. peel Ceratitis capitata dietary exposure assays LCop=13.00 uL/g [54]
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aurantium

peel Cryptolestes ferrugineus fumigant assay Mortality (%) = 96 at 50 uL/L air [21]
LDso =20.62 pL/L air
LDy = 35.35 pL/L air
peel Liposcelis bostrychophila fumigant assay Mortality (%) = 100 at 200 pL/L air [21]
LDsp=23.11 pL/L air
LDy = 40.04 pL/L air
peel Sitophilus graniarus fumigant assay Mortality (%) = 80 at 200 pL/L air [21]
LDso =101.50 pL/L air
LDy = 181.27 pL/L air
peel Tribolium castaneum fumigant assay Mortality (%) = 88 at 200 pL/L air [21]
LDso = 64.78 pL/L air
LDy = 103.55 pL/L air
repellency test RI (%) = 84 at 200 pL/L air
peel Bemisia tabaci fumigant assay Mortality (%) = 100 at 20 pL/L air [55]
LCso=3.97 puL/L air
peel Aphis punicae toxicity test LC,,=0.37 uL/mL [56]
LCyy=1.13 nL/mL
repellency test R (%) =100+ 0 at 2.5 pL/cm?
peel Aphis illinoisensis toxicity test LC,, =0.82 uL/mL [56]
LCyy=2.15 nlL/mL
repellency test R (%) =88 £ 4 at 2.5 uL/cm?
peel Trogoderma granarium toxicity test Mortality (%) =27.30 + 3.38 at 8% [57]
peel Acyrtosiphon pisum fumigant assay Mortality (%) = 98 pL/L air [58]
LCso=16.12 uL /L air
LGy, =31.27 uL/ L air
peel Rhopalosiphum padi fumigant assay Mortality (%) = 74 t 33 uL/L air [58]

LCso=31.67 puL/L air




LGy, = 55.44 pL/L air
peel Aphis fabae fumigant assay Mortality (%) = 60 pL/L air [58]
LCso=31.22 pL/L air
LC,, = 58.63 pL/L air
in vivo assay Mortality (%) =91+ 7 at 31.22 puL/L air
peel Macrosiphum euphorbiae fumigant assay Mortality (%) = 54 pL/L air [58]
LCso=30.54 pL/L air
LC,, = 56.03 pL/L air
C. limetta peel Tribolium castaneum contact toxicity LCso=17.51 mg/cm? [53]
fumigant assay LCso=3.51 mg/L air
repellency test R (%) =90 + 3 at 2.5 mg/cm?
peel Callosobruchus chinensis contact toxicity LCso = 4.51 mg/cm? [53]
fumigant assay LCso=1.09 mg/L air
repellency test R (%) = 87 + 3 at 2.5 mg/cm?
C. limon peel Agrotis ipsilon feeding bioassay Larvae Mortality (%) = 80.00 + 15.28 at 75 mg/mL [59]
Pupal Mortality (%) = 6.67 + 6.67 at 75 mg/mL
peel Ceratitis capitata dietary exposure assays LCop=16.50 uL/g [54]
peel Planococcus ficus contact toxicity assay Larvae LCso= 3.6 mg/mL [60]
Larvae LCop=29.7 mg/mL
Adults LCsp = 2.7 mg/mL
Adults LCop = 14.4 mg/mL
peel Spodoptera littoralis fumigant toxicity assay LCso=15.32 uL/L [50]
peel Tetranychus urticae fumigant assay LCso=9.34 puL/L air [52]
contact assay LCso=25.18 uL/mL
E (%) =41.91 at 3.0 pL/L air
industrial Tribolium castaneum contact toxicity assay Larvae Mortality (%) = 93.3 £ 2.4 at 1000 ppm [61]
byproducts Adults Mortality (%) = 16.7 = 6.9 at 1000 ppm




industrial Trogoderma granarium contact toxicity assay Larvae Mortality (%) = 13.3 £ 3.7 at 1000 ppm [61]
byproducts Adults Mortality (%) = 72.2 = 4.0 at 1000 ppm
- Aphis fabae contact insecticidal activity LC3=1.16 pL/L [62]
LCy =2.56 pL/L
LCso=3.86 pL/L
LCy =10.46 pL/L
aerial parts Sitophilus graniarus fumigant assay Mortality (%) = 92.50 at 400 pL/L air [63]
LCio=12.07 pL/L
LCys =35.73 pL/L
LCso=105.80 pL/L
repellency bioassay R (%) =70+ 10 pL/mL at 8 pL/L
peel Tribolium castaneum contact toxicity LCso = 18.31 mg/cm? [53]
fumigant assay LCso=1.53 mg/L air
repellency test R (%) =92 + 2 at 2.5 mg/cm?
peel Callosobruchus chinensis contact toxicity LCso = 5.78 mg/cm? [53]
fumigant assay LCso=0.79 mg/L air
repellency test R (%) = 88 + 2 at 2.5 mg/cm?
C. paradisi peel Spodoptera littoralis fumigant toxicity assay LCso=18.01 pL/L [50]
peel Trogoderma granarium toxicity test Mortality (%) = 20.00 + 2.88 at 8% [57]
C. reticulata peel Sitophilus zeamais contact bioassay LCso=51.29 pL/mL [49]

ingestion bioassay

fumigant bioassay

repellency bioassay

LCos = 60.09 pL/mL
LCso=1.52 pL/g
LCos=2.73 uL/g
LCso=41.92 pL/L air
LCos = 65.74 uL/L air
RI (%) =35 at 40 pL/mL




peel Tetranychus urticae fumigant assay LCso=6.09 pL/L air [52]
contact assay LCso=167.80 pL/mL
E (%) =57.92 at 1.5 pL/L air
peel Aphis punicae toxicity test LC,,=1.03 uL/mL [56]
LCyy=4.13 pL/mL
repellency test R (%) =703 at 2.5 uL/cm?
peel Aphis illinoisensis toxicity test LC,,=2.21 uL/mL [56]
LCyy =524 nL/mL
repellency test R (%) =62+ 4 at 2.5 uL/cm?
peel Trogoderma granarium toxicity test Mortality (%) = 26.85 + 2.58 at 8% [57]
peel Tribolium castaneum contact toxicity LCso = 44.23 mg/cm? [53]
fumigant assay LCsp =3.98 mg/L air
repellency test R (%) = 87 + 3 at 2.5 mg/cm?
peel Callosobruchus chinensis contact toxicity LCso = 7.34 mg/cm? [53]
fumigant assay LCso=1.13 mg/L air
repellency test R (%) = 82 + 2 at 2.5 mg/cm?

C. sinensis peel Callosobruchus maculatus contact toxicity assay Mortality (%) = 100.00 £ 0.00 at 3% [64]
peel Ceratitis capitata dietary exposure assays LCoo=13.00 uL/g [54]
peel Planococcus ficus contact toxicity assay Larvae LCso= 5.4 mg/mL [60]

Larvae LCop = 13.5 mg/mL
Adults LCsp = 5.4 mg/mL
Adults LCgp = 16.2 mg/mL
peel Spodoptera littoralis fumigant toxicity assay LCsp=6.88 uL/L [50]
peel Callosobrunchus maculatus fumigant toxicity assay LCsp, = 15.91 pL/L air [65]
contact toxicity assay LDso = 38.76 pg/adult
peel Sitophilus zeamais fumigant toxicity assay LCso=80.01 uL/L air [65]

contact toxicity assay

LDso = 95.63 pg/adult




peel Sitophilus zeamais contact toxicity assay
fumigant toxicity assay

repellency bioassay

Mortality (%) = 100.00 at 750 mg/10 mL [66]
Mortality (%) = 61.25 + 3.75 at 0.3 g/100 g seed
RI (%) =35.95 at 0.3 g/100 g seed

- Aphis fabae contact insecticidal activity LC30=1.90 uL/L [62]
LC40=3.40 uL/L
LCso=4.79 uL/L
LCoo=11.86 pL/L

peel Trogoderma granarium toxicity test Mortality (%)= 22.36 +3.53 at 8% [57]

LCio = lethal concentration that is required to kill 10% of a tested insect
LCss = lethal concentration that is required to kill 25% of a tested insect
LCso: lethal concentration that is required to kill 30% of a tested insect
LCao: lethal concentration that is required to kill 40% of a tested insect
LCso: lethal concentration that is required to kill 50% of a tested insect
LCoo: lethal concentration that is required to kill 90% of a tested insect
LCos: lethal concentration that is required to kill 95% of a tested insect
LDso: lethal dose that is required to kill 50% of a tested insect

LDoo: lethal dose that is required to kill 90% of a tested insect

RI: repellency index

E: reduce in female mite fecundity
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Table S 6. Insecticidal and acaricidal activity of extracts.

Citrus sp. Plant portion Solvent Insect Test method Effect References
used
Citrus peel methanol Bactrocera oleae residual exposure bioassay Mortality (%) = 100.0 + 0.0 at 200 pg/cm? [67]
aurantium intact fruit Mortality (%) = 70.7 = 0.0 at 200 pg/cm?
peel petroleum Bactrocera oleae topical application bioassay Female LDso = 40.1 pg/insect [68]
ether residual bioassay Male LDsy = 44.8 pg/insect
Female LCso = 17.8 pg/cm?
Male LCsp = 18.8 pg/cm?
peel petroleum Ceratitis capitata topical application bioassay Female LDso = 67.8 pg/insect [68]
ether residual bioassay Male LDsp = 38.8 pg/insect
Female LCso = 147.1 pg/cm?
Male LCsp = 70.6 pg/cm?
seeds water Drosicha mangiferae Toxicity bioassay Adult female LCsg (%) = 99.45 [69]
27 instar mealybugs LCso (%) = 45.38
ethanol Adult female LCso (%) = 99.38
27 instar mealybugs LCso (%) = 51.08
acetone Adult female LCs (%) =107.23
27 instar mealybugs LCso (%) = 41.61
leaves water Adult female LCs (%) =51.54
2" instar mealybugs LCso (%) = 138.50
ethanol Adult female LCsg (%) = 45.63
274 instar mealybugs LCso (%) = 80.04
acetone Adult female LCsg (%) = 54.33
2" instar mealybugs LCso (%) = 57.09
peel water Adult female LCso (%) = 55.17

2" instar mealybugs LCso (%) = 72.88
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ethanol

acetone

Adult female LCsg (%) =45.30

27 instar mealybugs LCso (%) = 113.16
Adult female LCso (%) =43.97

274 instar mealybugs LCso (%) = 96.24

Citrus peel

limon

ethyl ether

Ceratitis capitata

contact toxicity assay

LCso=113.46 pL/mL for eggs
LCoo=323.94 uL/ mL for eggs
LCso=0.44 nL/ mL for larvae
LCqo =0.84 uL/ mL for larvae

[70]

peel

ethyl ether

Anastrepha fraterculus

fumigant assay

contact toxicity assay

LCso=0.23 pL/cm? air for eggs
LCogo = 0.36 pL/cm? air for eggs
LCso=0.07 pL/cm? air for larvae
LCyo = 0.34 uL/cm? air for larvae
LCso=18.12 uL/mL for eggs
LCoo=36.87 uL/ mL for eggs
LCso=10.43 pL/ mL for larvae
LCoo=2.07 pL/ mL for larvae

[70]

Citrus peel

paradisi

ethyl ether

Ceratitis capitata

contact toxicity assay

LCso=72.94 uL/ mL for eggs
LCoo=240.43 uL/ mL for eggs
LCso=0.60 pL/ mL for larvae

LCy = 1.16 uL/cm? air for larvae

[70]

peel

ethyl ether

Anastrepha fraterculus

fumigant assay

contact toxicity assay

LCso=0.28 pL/cm? air for eggs
LCog = 0.62 pL/cm? air for eggs
LCso=0.08 pL/cm? air for larvae
LCyo = 0.40 uL/cm? air for larvae
LCs0=26.25 uL/ mL for eggs
LCoo=57.64 uL/ mL for eggs
LCso=0.61 pL/ mL for larvae

[70]




LCyo=3.51 pL/ mL for larvae

Citrus peel methanol Agonoscena pistaciae contact toxicity assay LCso=38.84 uL/mL [71]
reticulata
Citrus peel hexane Callosobruchus maculatus contact toxicity assay Mortality (%) =99.33 £ 1.15 at 1% [64]
sinensis peel methanol Agonoscena pistaciae contact toxicity assay LCso =62.04 ul/mL [71]
seeds methanol LCso=43.60 pl /mL
peel - Sitophilus zeamais contact toxicity assay Mortality rate (%) =783 at15 g [72]
seeds water Drosicha mangiferae Toxicity bioassay Adult female LCsg (%) =29.42 [69]
2" instar mealybugs LCso (%) = 67.79
ethanol Adult female LCsg (%) =47.98
27 instar mealybugs LCso (%) = 39.40
acetone Adult female LCs (%) = 115.93
2" instar mealybugs LCso (%) = 98.28
leaves water Adult female LCs (%) =139.93
27 instar mealybugs LCso (%) = 46.19
ethanol Adult female LCs (%) = 92.24
2" instar mealybugs LCso (%) = 52.48
acetone Adult female LCs (%) = 107.80
2" instar mealybugs LCso (%) = 106.66
peel water Adult female LCsg (%) =31.71
2" instar mealybugs LCso (%) = 64.07
ethanol Adult female LCsg (%) = 45.63
27 instar mealybugs LCso (%) = 56.43
acetone Adult female LCso (%) =47.35

2" instar mealybugs LCso (%) = 81.31

LCso: lethal concentration that is required to kill 50% of a tested insect

LCoo: lethal concentration that is required to kill 90% of a tested insect
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LDso: lethal dose that is required to kill 50% of a tested insect
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Table S 7. Nematocidal activity of extracts.

Citrus sp. Plant Solvent Insect Test method Effect References
portion used
C. aurantium peel methanol Meloidogyne incognita hatching bioassay Hatching (%) = 7.5 at 1000 ppm [73]
mortality bioassay Mortality (%) = 28.7 at 1000 ppm
seeds methanol hatching bioassay Hatching (%) = 6.5 at 1000 ppm
mortality bioassay Mortality (%) = 46.8 at 1000 ppm
peel methanol Rotylenchulus reniformis hatching bioassay Hatching (%) = 9.0 at 1000 ppm [73]
mortality bioassay Mortality (%) = 69.1 at 1000 ppm
seeds methanol hatching bioassay Hatching (%) = 6.0 at 1000 ppm
mortality bioassay Mortality (%) = 73.7 at 1000 ppm
peel methanol Tylenchulus semipenetrans hatching bioassay Hatching (%) = 8.0 at 1000 ppm [73]
mortality bioassay Mortality (%) = 92.3 at 1000 ppm
seeds methanol hatching bioassay Hatching (%) = 6.0 at 1000 ppm
mortality bioassay Mortality (%) = 60.5 1000 ppm
C. limon peel water Meloidogyne incognita mortality bioassay Mortality (%) = 90.8 at 6 mL/dish [74]
hatching bioassay Hatching inhibition (%) = 85.7 at 0.3 mL/dish
reduction in infection bioassay Reduction in infection (%) = 93.3 at 30 mL/cup
C. paradisi peel water Meloidogyne incognita mortality bioassay Mortality (%) = 85.0 at 6 mL/dish [74]
hatching bioassay Hatching inhibition (%) = 78.3 at 0.3 mL/dish
reduction in infection bioassay Reduction in infection (%) = 80.0 at 30 mL/cup
C. sinensis peel water Meloidogyne incognita gallex index assay Gallex index = 2.88 at 75% [75]
hatching bioassay Hatching (%) = 0 at 50%
mortality bioassay Mortality (%) = 100 at 25%
peel water Meloidogyne incognita gall index assay on pot Gallex index = 1.10 at 100% [76]

gall index assay on field

Gallex index = 0.40 at 100%
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peel

water

Meloidogyne incognita

mortality bioassay
hatching bioassay

reduction in infection bioassay

Mortality (%) = 93.5 at 6 mL/dish
Hatching inhibition (%) = 91.0 at 0.3 mL/dish
Reduction in infection (%) = 91.5 at 30 mL/cup

[74]
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Table S 8. Herbicidal activity of EOs. 43
Citrus sp. Plant portion  Weeds Test method Effect References
C. aurantifolia peel Sylibum marianum phytotoxic assay Seed germination inhibition (%) =26.7 + 3.3 at 10 uL [50]

Root growth inhibition (%) = 77.8 at 10 uL.
Shoot growth inhibition (%) = 58.6 at 10 uL
leaves Avena fatua dose-response assay 1Cso of seed germination = 0.46 mg/mL [77]
Coleoptile growth inhibition (%) = 35 at 0.50 mg/mL
Root growth inhibition (%) = 56 at 0.50 mg/mL
leaves Echinochloa crus-galli dose-response assay 1Cso of seed germination = 1.08 mg/mL [77]
Coleoptile growth inhibition (%) = 40 at 0.75 mg/mL
Root growth inhibition (%) = 75 at 0.75 mg/mL
leaves Phalaris minor dose-response assay 1Cso of seed germination = 0.37 mg/mL [77]
Coleoptile growth inhibition (%) = 85 at 0.50 mg/mL
Root growth inhibition (%) = 88 at 0.50 mg/mL
C. aurantium peel Portulaca oleracea phytotoxic assay Seed germination (%) = 0.0 at 2% [78]
peel Malva parviflora phytotoxic assay Seed germination (%) = 0.0 at 3% [78]
C. bergamia peel Amaranthus retroflexus in vitro assay Seed germination inhibition (%) = 100.0 at 20 pg/mL [79]
Root growth inhibition (%) = 100.0 at 20 pg/mL
Radical growth inhibition (%) = 100.0 at 20 pg/mL
in vivo assay Phytotoxic effect (%) = 62.5 + 1.4 at 20 pg/mL
peel Convolvulus arvenis in vitro assay Seed germination inhibition (%) = 84.5 at 20 pg/mL [79]
Root growth inhibition (%) = 99.1 at 20 ng/mL
Radical growth inhibition (%) = 88.2 at 20 ng/mL
in vivo assay Phytotoxic effect (%) =33.3 £ 2.2 at 20 pg/mL
peel Rumex crispus in vitro assay Seed germination inhibition (%) = 74.8 at 20 pg/mL [79]

Root growth inhibition (%) = 96.5 at 20 ng/mL
Radical growth inhibition (%) = 97.6 at 20 ng/mL




in vivo assay

Phytotoxic effect (%) =59.1 +2.2 at 20 ug/mL

C. limon peel Silybum marianum phytotoxic assay Seed germination inhibition (%) = 70.0 + 0.0 at 10 uL [50]
Root growth inhibition (%) = 65.1 at 10 uL
Shoot growth inhibition (%) =41.4 at 10 uL
C. paradisi peel Silybum marianum phytotoxic assay Seed germination inhibition (%) = 50.0 + 0.0 at 10 uL [50]
Shoot growth inhibition (%) = 34.5 at 10 uL
C. reticulata peel Portulaca oleracea phytotoxic assay Seed germination (%) = 0.0 at 1% [78]
peel Malva parviflora phytotoxic assay Seed germination (%) = 0.0 at 1% [78]
C. sinensis peel Silybum marianum phytotoxic assay Seed germination inhibition (%) = 66.6 + 3.3 at 10 uL [50]
Root growth inhibition (%) = 79.4 at 10 uL
Shoot growth inhibition (%) = 58.6 at 10 uL
peel Anagallis arvensis pot experiment Growth inhibition (%) = 76.5 at 5% [80]
peel Malva parviflora pot experiment Growth inhibition (%) = 57.0 at 5% [80]
peel Portulaca oleracea phytotoxic assay Seed germination (%) = 0.0 at 3% [78]
peel Malva parviflora phytotoxic assay Seed germination (%) = 83.5 at 3% [78]

ICso: concentration that is required to inhibit 50% of tested weeds
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Table S 9. Herbicidal activity of extracts. 46
Citrus sp. Plant portion Solvent used Weeds Test method Effect References
C. aurantifolia  peel methanol Lemna minor phytotoxicity assay Growth inhibition (%) = 77.83 at 800 ppm [81]

ECio=288.1 pg/mL
ECy=134.2 pg/mL
ECso=473.3 pg/mL
80% methanol Growth inhibition (%) = 100.00 at 800 ppm
ECi0=247.9 pg/mL
ECy=312.3 ng/mL
ECsp = 624.3 ng/mL
C. hystrix peel methanol Lemna minor phytotoxicity assay Growth inhibition (%) = 89.84 at 800 ppm [81]
ECio=111.7 pg/mL
ECy=152.0 pg/mL
ECso=383.3 ng/mL
80% methanol Growth inhibition (%) = 57.43 at 800 ppm
ECjo=147.4 ng/mL
EC20=229.9 pg/mL
ECso=872.3 ng/mL
C. junos peel methanol Pheleum pratense phytotoxicity assay Iso for root growth = 0.93 + 0.09 mg/mL [82]

Iso for shoot growth = 1.35 + 0.11 mg/mL

inside Iso for root growth =2.93 + 0.19 mg/mL
Iso for shoot growth =5.09 + 0.37 mg/mL

seeds Iso for root growth = 25.80 + 2.40 mg/mL
Iso for shoot growth = 35.70 + 2.90 mg/mL

peel methanol Digitaria sanguinalis phytotoxicity assay Iso for root growth = 1.38 + 0.12 mg/mL [82]
Iso for shoot growth = 1.91 + 0.15 mg/mL

inside Iso for root growth =4.91 + 0.39 mg/mL




seeds

Iso for shoot growth =7.13 £+ 0.68 mg/mL
Iso for root growth = 38.60 + 2.50 mg/mL
Iso for shoot growth = 47.60 + 5.90 mg/mL

peel methanol

inside

seeds

Lolium multiflorum

phytotoxicity assay

Iso for root growth =2.65 + 0.17 mg/mL
Iso for shoot growth =3.11 + 0.28 mg/mL
Iso for root growth =9.12 + 0.87 mg/mL
Iso for shoot growth =9.73 + 0.89 mg/mL
Iso for root growth = 67.30 + 7.90 mg/mL
Iso for shoot growth = 76.80 + 7.80 mg/mL

(82]

C. reticulata peel 70% methanol

Echinochloa crus-galli

phytotoxicity assay

Seed germination (%) = 15.00 = 1.00 at 2500
mg/100 mL

Seed inhibition (%) = 79.07 + 1.00 at 2500 mg/100
mL

(83]

C. sinensis peel water

methanol

Amaranthus hybridus

phytotoxicity assay

Seed germination (%) = 20.0 at 50%
Seed inhibition (%) = 77.8 at 50%
Seed germination (%) = 13.0 at 50%
Seed inhibition (%) 85.6 at 50%

(84]

pastazzo water

Chenopodium album

in vitro phytotoxicity as-
say
in vivo phytotoxicity as-

say

Germination (%) =2 + 6 at 50%

Germination (%) =0+ 0 at 75%

(85]

ECio: the effect concentration at which 10% effect is observed

EC2o: the effect concentration at which 20% effect is observed

ECso: the effect concentration at which 50% effect is observed

47
48
49
50



Table S 10. Antibacterial activity of pure compounds.

Bioactive compound Structure Bacteria Test method Effect References
citral Xanthomonas citri subsp. citri broth microdilution method MIC = 0.38 mg/mL [6]
MBC =0.73 mg/mL
disc diffusion method 1Z=16.67 + 0.88 mm at 100%
citronellal (o) Xanthomonas citri subsp. citri broth microdilution method MIC = 1.00 mg/mL [6]
MBC = 1.41 mg/mL
H
geraniol Xanthomonas citri subsp. citri broth microdilution method MIC = 0.90 mg/mL [6]
X =1.
OH MBC = 1.33 mg/mL
Xanthomonas citri subsp. citri broth microdilution method MIC = 0.85 mg/mL [6]
| MBC = 1.23 mg/mL
linalyl (o] Y Xanthomonas citri subsp. citri broth microdilution method MIC = 8.50 mg/mL [6]
acetate 0 MBC = 14.50 mg/mL
ANz disc diffusion method 1Z = 1.00 £ 0.33 mm at 100%
a-terpineol Xanthomonas citri subsp. citri broth microdilution method MIC = 0.63 mg/mL [6]

OH

MBC = 1.10 mg/mL

MIC: minimum inhibitory concentration

MBC: minimum bactericidal concentration
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1Z: inhibition zone
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Table S 11. Antifungal activity of pure compounds.

Bioactive Structure Fungi Test method Effect Refer-
compound ences
bergamottin )\/\/L/\ Colletotrichum sp. food poisoned technique Growth inhibition (%) =21.4 at 1.00 mM [86]
= = spore germination assay Spore inhibition (%) = 30.0 at 1.00 mM
4
o]
bergaptene O/ Colletotrichum sp. food poisoned technique Growth inhibition (%) = 32.0 at 1.00 mM [86]
spore germination assay Spore inhibition (%) = 95.3 at 1.00 mM
0!
O o” 7o
camphor Verticillium fungicola microatmosphere test MIC =4.00-9.00 pL/mL [23]
(@) macrodilution test MIC =4.00-9.00 pL/mL
- microdilution test MIC = 3.00-8.00 pL/mL
MFC = 4.00-9.00 pL/mL
carvacrol Verticillium fungicola microatmosphere test MIC = 0.05-0.50 pL/mL [23]
macrodilution test MIC = 0.05-0.50 pL/mL
microdilution test MIC =0.02-0.25 pL/mL
OH MFC = 0.05-0.25 pL/mL
Penicillium digitatum tube experiment Growth inhibition (%) =32 at 100 uL/L [87]
PDA plate technique Growth inhibition (%) = 100 at 500 pL/L
disc diffusion Growth inhibition (%) =29 at 50 pL/L
in vivo assay Growth inhibition (%) = 100 at 500 pL/L
Penicillium italicum tube experiment Growth inhibition (%) = 54 at 100 pL/L [87]

PDA plate technique
disc diffusion

in vivo assay

Growth inhibition (%) = 100 at 500 nL/L
Growth inhibition (%) =37 at 50 pL/L
Growth inhibition (%) = 100 at 500 uL/L
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1,8-cineole Verticillium fungicola microatmosphere test MIC =4.00-9.00 pL/mL [23]
macrodilution test MIC =4.00-9.00 pL/mL
microdilution test MIC = 2.00-7.00 pL/mL
o) MFC = 3.00-7.00 pL/mL
citral Penicillium italicum food poisoned technique Growth inhibition (%) =11.52 + 5.08 at [35]
0.008 pL/mL
Penicillium digitatum food poisoned technique Growth inhibition (%) = 24.14 + 3.66 at [35]
0.120 uL/mL
Penicillium italicum agar diffusion method Growth inhibition (%) = 100 at 40 uL [88]
citronellol Penicillium italicum food poisoned technique Growth inhibition (%) =34.42 + 2.49 at [35]
0.011 pL/mL
| OH
decanal o) Penicillium italicum food poisoned technique Growth inhibition (%) =9.44 + 5.37 at [35]
W\/\/\/ 0.043 pL/mL
H Penicillium digitatum food poisoned technique Growth inhibition (%) = 70.56 + 1.68 at [35]
0.692 pL/mL
5-geranyloxy-7- )\/\/k/\ Colletotrichum sp. spore germination assay Spore inhibition (%) = 14.7 at 1.00 mM [86]
methoxycoumarin . = 0
e
3,5,6,7,8,3',4"-hep- Botrytis cinerea food poisoned technique Growth inhibition (%) > 40 at 0.1 mM [89]
tamethoxyflavone Fusarium oxysporum food poisoned technique Growth inhibition (%) > 50 at 0.1 mM [89]




Phytophthora food poisoned technique 1Cs0=1.06+0.12 mM [90]
citrophthora

hesperetin Phytophthora citrophthora  food poisoned technique ICs50=0.21 +£0.01 mM [90]

hesperidin Phytophthora citrophthora  food poisoned technique 1Cs0=19.00 + 2.30 mM [90]
Aspergillus parasiticus agar dilution method Growth inhibition (%) = 33 at 0.25 mM [91]
Aspergillus flavus agar dilution method Growth inhibition (%) = 33 at 0.25 mM [91]
Fusarium semitectum agar dilution method Growth inhibition (%) = 39 at 0.25 mM [91]
Penicillium expansum agar dilution method Growth inhibition (%) = 11 at 0.25 mM [91]
Penicillium digitatum food poisoned technique Growth inhibition (%) = 38 at 8§ mM [92]




isonaringin OH Phytophthora citrophthora  food poisoned technique 1Cs0=25.00 + 1.20 mM [90]
0]
"
HO O
OH
o
OH
o. O OH
HO OH
OH
limettin O/ Colletotrichum sp. food poisoned technique Growth inhibition (%) =25.0 at 1.00 mM [86]
/@\/l spore germination assay Spore inhibition (%) = 96.7 at 1.00 mM
X
~N
o o O

limonene Verticillium fungicola microatmosphere test MIC = 8.00-13.00 pL/mL [23]
macrodilution test MIC = 8.00-13.00 pL/mL
microdilution test MIC = 5.00-9.00 pL/mL

MFC = 6.00-11.00 uL/mL
Fusarium verticillioides modified semisolid agar antifun- ~ Growth inhibition (%) = 100 at 1000 nL/L  [93]
gal susceptibility technique
Penicillium digitatum food poisoned technique Growth inhibition (%) = 42.94 + 18.83 at [35]
24.296 uL/mL
linalool Verticillium fungicola microatmosphere test MIC = 2.00-8.00 pL/mL [23]




HO

macrodilution test

microdilution test

MIC = 2.00-8.00 pL/mL
MIC = 2.00-5.50 pL/mL
MEFC = 2.00-6.00 uL/mL

| Penicillium italicum food poisoned technique Growth inhibition (%) =6.12 = 5.81 at [35]
0.073 pL/mL
Penicillium digitatum food poisoned technique Growth inhibition (%) = 8.34 = 7.16 at [35]
1.168 uL/mL
Penicillium italicum agar diffusion method Growth inhibition (%) = 100 at 40 uL [88]
linalyl acetate (@) Verticillium fungicola microatmosphere test MIC = 6.00-11.00 pL/mL [23]
OY macrodilution test MIC = 6.00-11.00 pL/mL
/W microdilution test MIC = 7.50-10.50 pL/mL
MFC = 8.00-11.00 uL/mL
menthol Verticillium fungicola microatmosphere test MIC = 0.25-1.50 pL/mL [23]
macrodilution test MIC =0.25-1.50 pL/mL
microdilution test MIC =0.05-1.50 uL/mL
OH MFC = 0.25-1.50 pL/mL
Fusarium verticillioides modified semisolid agar antifun- ~ Growth inhibition (%) = 100 at 1000 nL/L  [93]
gal susceptibility technique
menthone Fusarium verticillioides modified semisolid agar antifun- ~ Growth inhibition (%) = 75 at 1000 uL/L [93]

gal susceptibility technique




7-methoxyflavone Fusarium oxysporum food poisoned technique Growth inhibition (%) > 50 at 0.1 mM [89]
)
0 o} O
naringenin OH Phytophthora citrophthora  food poisoned technique 1Cs50=0.19 = 0.02 mM [90]
HO ‘ o) O
naringin Penicillium digitatum food poisoned technique IC50=10.4+0.2 g/L [94]
(0] O Aspergillus parasiticus agar dilution method Growth inhibition (%) = 41 at 0.25 mM: [91]
HO o) Aspergillus flavus agar dilution method Growth inhibition (%) = 41 at 0.25 mM: [91]
O Fusarium semitectum agar dilution method Growth inhibition (%) = 29 at 0.25 mM: [91]
Penicillium expansum agar dilution method Growth inhibition (%) = 22 at 0.25 mM: [91]
Penicillium digitatum food poisoned technique Growth inhibition (%) = 25 at § mM [92]
neohesperidin OH OH Aspergillus parasiticus agar dilution method Growth inhibition (%) = [91]
% 38 at 0.25 mM
HO o Aspergillus flavus agar dilution method Growth inhibition (%) = 41 at 0.25 mM: [91]
Fusarium semitectum agar dilution method Growth inhibition (%) = 50 at 0.25 mM [91]
Penicillium expansum agar dilution method Growth inhibition (%) = 44 at 0.25 mM: [91]
nobiletin Phytophthora citrophthora  food poisoned technique 1Cs50=0.62 + 0.02 mM [90]




Botrytis cinerea food poisoned technique Growth inhibition (%) > 50 at 0.1 mM [89]
Fusarium oxysporum food poisoned technique Growth inhibition (%) > 50 at 0.1 mM [89]
Sclerotinia sclerotiorum food poisoned technique Growth inhibition (%) > 50 at 0.1 mM [89]
Penicillium digitatum food poisoned technique Growth inhibition (%) = 75 at 8§ mM [92]
Colletotrichum gloeospori-  food poisoned technique Growth inhibition (%) = 100 at 100 pg/mL  [95]
oides
nonanal 0 Penicillium italicum food poisoned technique Growth inhibition (%) = 7.61 = 4.38 at [35]
W 0.008 pL/mL
H Penicillium digitatum food poisoned technique Growth inhibition (%) =47.91 £ 4.72 at [35]
0.132 uL/mL
nortangeretin Colletotrichum gloeospori-  food poisoned technique Growth inhibition (%) = 98 at 100 pg/mL [95]
oides
octanal H Penicillium italicum food poisoned technique Growth inhibition (%) = 18.19 + 0.03 at [35]
W 0.059 uL/mL
O Penicillium digitatum food poisoned technique Growth inhibition (%) = 100.00 + 0.00 at [35]
0.936 uL/mL
o-pinene Verticillium fungicola microatmosphere test MIC =4.00-9.00 pL/mL [23]
macrodilution test MIC =4.00-9.00 pL/mL
microdilution test MIC = 3.00-8.00 pL/mL
MFC = 3.00-8.00 nL/mL
B-pinene Verticillium fungicola microatmosphere test MIC =6.00-11.00 pL/mL [23]

macrodilution test

microdilution test

MIC = 6.00-11.00 pL/mL
MIC =4.00-7.00 pL/mL




MFC = 5.00-8.00 pL/mL

Penicillium italicum food poisoned technique Growth inhibition (%) = 7.39 = 0.48 at [35]
0.054 uL/mL
quercetin OH O Penicillium digitatum food poisoned technique 1Z=47.7+ 1.2 mm at 100 pg/mL [96]
OH in vivo assay Growth inhibition (%) = 60 at 100 pg/mL
HO ‘ o) O
OH
OH
scoparone /O N Penicillium digitatum food poisoned technique 1Z2=50.3+0.9 mm at 100 pg/mL [96]
:@\/\/\l\ in vivo assay Growth inhibition (%) = 69 at 100 pg/mL
~
0] o 0
scopoletin /O N Penicillium digitatum food poisoned technique [Z=51.5+ 1.8 mm at 100 pg/mL [96]
m in vivo assay Growth inhibition (%) = 40 at 100 pg/mL
HO o 0
sinensetin \o (o) Phytophthora citrophthora  food poisoned technique 1Cs0=0.88 = 0.03 mM [90]
X
~
AR
O/
O\
tangeretin \O (o) Phytophthora citrophthora  food poisoned technique ICso=1.68 = 0.09 mM [90]
Penicillium digitatum food poisoned technique IC50=2.4+0.2¢g/L [94]
O Sclerotinia sclerotiorum food poisoned technique Growth inhibition (%) > 60 at 0.1 mM [89]
o Botrytis cinerea food poisoned technique Growth inhibition (%) > 40 at 0.1 mM [89]
[

Fusarium oxysporum

food poisoned technique

Growth inhibition (%) > 50 at 0.1 mM




a-terpineol Penicillium italicum food poisoned technique Growth inhibition (%) =1.12 £ 6.78 at [35]
0.021 pL/mL
Penicillium digitatum food poisoned technique Growth inhibition (%) = 7.88 = 0.02 at [35]
0.328 pL/mL
OH
Y -terpinene Penicillium italicum food poisoned technique Growth inhibition (%) =5.33 £ 4.38 at [35]
0.251 uL/mL
Penicillium digitatum food poisoned technique Growth inhibition (%) = 14.62 + 8.41 at [35]
4.016 uL/mL
thymol Verticillium fungicola microatmosphere test MIC =0.125-0.5 pL/mL [23]
macrodilution test MIC =0.125-0.5 pL/mL
microdilution test MIC = 0.05-0.25 pL/mL
OH MFC = 0.125-0.5 pL/mL
Penicillium digitatum tube experiment Growth inhibition (%) =47 at 100 pL/L [87]
PDA plate technique Growth inhibition (%) = 100 at 500 nL/L
disc diffusion Growth inhibition (%) = 44 at 50 pL/L
in vivo assay Growth inhibition (%) = 100 at 500 nL/L
Penicillium italicum tube experiment Growth inhibition (%) = 68 at 100 pL/L [87]
PDA plate technique Growth inhibition (%) = 100 at 500 uL/L
disc diffusion Growth inhibition (%) = 52 at 50 pL/L
in vivo assay Growth inhibition (%) = 100 at 500 uL/L
Fusarium verticillioides Modified semisolid agar antifun-  Growth inhibition (%) = 100 at 500 uL/L [93]

gal susceptibility technique

MIC: minimum inhibitory concentration
MFC: minimum fungicidal concentration

1Z: inhibition zone
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ICs0 = concentration that is required to inhibit 50% of tested fungi
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Table S 12. Insecticidal and acaricidal activity of pure compounds.

Bioactive Structure Instect Test method Effect References
compound
3-carene Callosobrunchus maculatus fumigant toxicity assay LCso=5.68 pL/Lair [65]
contact toxicity assay LDso=26.01 pg/adult
Sitophilus zeamais fumigant toxicity assay LCso=14.75 pL/Lair [65]
contact toxicity assay LDso =30.35 pg/adult
B-caryophyllene Ceratitis capitata dietary exposure assay LCso=8.30 uL/g [54]
Callosobrunchus maculatus fumigant toxicity assay LCso=17.65 pL/Lair [65]
contact toxicity assay LDso =47.02 pg/adult
Sitophilus zeamais fumigant toxicity assay LCso=78.59 pL/Lair [65]
contact toxicity assay LDso = 56.76 pg/adult
carvone 0 Callosobrunchus maculatus fumigant toxicity assay LCso=10.87 pL/Lair [65]
contact toxicity assay LDso =34.04 pg/adult
Sitophilus zeamais fumigant toxicity assay LCso=26.53 pL/Lair [65]
contact toxicity assay LDso =42.06 pg/adult
citral Callosobrunchus maculatus fumigant toxicity assay LCso=0.19 pL/Lair [65]
contact toxicity assay LDso=31.79 pg/adult
Sitophilus zeamais fumigant toxicity assay LCso=2.02 pL/Lair [65]
contact toxicity assay LDso =39.36 pg/adult
Ceratitis capitata dietary exposure assay LCso=3.26-4.13 uL/g [54]
Ceratitits capitata contact toxicity assay LCso=22.44 pL/mL for eggs [70]
LCoo=41.76 pL/mL for eggs
LCso=3.18 uL/mL for larvae
LCoo=7.69 pL/mL for larvae
Anastrepha fraterculus fumigant toxicity assay LCso = 0.04 uL/cm? air for eggs [70]
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contact toxicity assay

LCoo=0.16 pL/cm? air for eggs
LCso=12.82 uL/mL for eggs
LCop=16.79 uL/mL for eggs
LCso=1.62 pL/mL for larvae
LCoo=4.98 uL/mL for larvae

citronellol Callosobrunchus maculatus fumigant toxicity assay LCso=10.87 uL/L air [65]
contact toxicity assay LDso = 45.60 pg/adult
Sitophilus zeamais fumigant toxicity assay LCso=66.18 uL/L air [65]
| OH contact toxicity assay LDsp = 57.28 pg/adult
geraniol Callosobrunchus maculatus fumigant toxicity assay LCsp=9.55 pL/L air [65]
X OH contact toxicity assay LDso = 23.44 pg/adult
Sitophilus zeamais fumigant toxicity assay LCso=642.25 pL/L air [65]
| contact toxicity assay LDso = 38.89 pg/adult
geranyl acetate \H/OVY\A\( Ceratitis capitata dietary exposure assay LCso=3.26-4.13 uL/g [54]
o]
limonene Callosobrunchus maculatus fumigant toxicity assay LCsop =2.18 puL/Lair [65]
contact toxicity assay LDso = 20.84 pg/adult
Cryptolestes ferrugineus fumigant assay LDso=20.62 pL/Lair [21]
LDgo=35.35 pL/Lair
Liposcelis bostrychophila fumigant assay LDso=57.89 uL/Lair [21]
LDgo= 86.79 uL/Lair
Sitophilus graniarum fumigant assa LDso=103.77 pL/Lair [21]
LDgo=184.11 pL/Lair
Sitophilus zeamais fumigant toxicity assay LCso=17.70 pL/Lair [65]

contact toxicity assay

LD50 =25.96 ug/adult




Tetranychus urticae fumigant toxicity assay LCso=9.80 pL/L air [52]
contact toxicity assay LCso=76.97 pL/mL
fecundity bioassay E (%) =76.83 at 1.0 pL/L air
Tribolium castaneum fumigant assay LDso=64.78 uL/Lair [21]
LDy = 103.55 pL/Lair
repellency bioassay RI (%) = 82 at 200 pL/L air
Bemisia tabaci fumigant assay Mortality (%) = 100 at 20 pL/L air [55]
LCso=4.71 pL/L air
Ceratitis capitata contact toxicity assay LCso=77.06 uL/mL for eggs [70]
LCoo=119.64 pL/mL for eggs
LCso=2.30 uL/mL for larvae
LCoo=2.28 pL/mL for larvae
Anastrepha fraterculus fumigant toxicity assay LCso = 0.16 uL/cm? air for eggs [70]
LCoo = 0.27 uL/cm? air for eggs
LCso=34.04 pL/mL for eggs
LCyo=80.37 uL/mL for eggs
contact toxicity assay LCso=0.84 uL/mL for larvae
LCoo=23. 93 uL/mL for larvae
R-(+)-limonene Ceratitis capitata dietary exposure assays LCso=6.20-7.00 pL/g [54]
Sitophilus zeamais contact bioassay LCso=49.97 pL/mL [49]
LCgo=61.17 uL/mL
: ingestion bioassay LCso=1.53 ul/g
N LCoo=2.90 uL/g
fumigant bioassay LCso=40.93 uL/L air
LCy =75.61 pL/L air
repellency bioassay RI (%) =70 at 40 pL/mL
S-(-)-limonene Ceratitis capitata dietary exposure assays LCso=6.20-7.00 pL/g [54]




Sitophilus zeamais contact bioassay LCsp=52.39 uL/mL [49]
LCyp = 62.55 uL/mL
ingestion bioassay LCso=2.15uL/g
LCyo=4.04 uL/g
fumigant bioassay LCso=43.97 uL/L air
LCqo=70.0 puL/L air
repellency bioassay RI (%) = 65 at 40 pL/mL
linalool HO Callosobrunchus maculatus fumigant toxicity assay LCso=2.11 pL/Lair [65]
contact toxsity assay LDsp = 23.45 pg/adult
| Sitophilus zeamais fumigant toxicity assay LCso =33.25 puL/Lair [65]
| contact toxicity assay LDso=27.33 pg/adult
Tetranychus urticae fumigant toxicity assay LCsp= 1.94 uL/L air [52]
contact toxicity assay LCso=123.23 pL/mL
fecundity bioassay E (%) =73.42 at 5.0 pL/L air
Ceratitis capitata dietary exposure assays LCsp=3.26-4.13 ul/g [54]
linalyl acetate 0 Y Ceratitis capitata dietary exposure assays LCsp=3.26-4.13 ul/g [54]
PN
myrcene i Ceratitis capitata dietary exposure assays LCso=9.60 ul/g [54]
|
neryl acetate Ceratitis capitata dietary exposure assays LCso=3.26-4.13 uL/g [54]

YO

(0]

e




o-pinene Tetranychus urticae fumigant toxicity assay LCso = 12.46 pL/L air [52]
contact toxicity assay LCsp=27.87 uL/mL
fecundity bioassay E (%) = 69.85 at 2.0 pL/L air

B-pinene Tetranychus urticae fumigant toxicity assay LCso=4.92 pL/L air [52]
contact toxicity assay LCsp=32.71 uL/mL
fecundity bioassay E (%) = 74.45 at 2.0 pL/L air

y-terpinene £ i Ceratitis capitata dietary exposure assays LCso=6.20-7.00 pL/g [54]

terpinen-4-olo Ceratitis capitata dietary exposure assays LCso=3.26-4.13 uL/g [54]

OH

terpineol Callosobrunchus maculatus fumigant toxicity assay LCso=8.79 pL/L air [65]

contact toxicity assay LDsp = 17.05 pg/adult
Sitophilus zeamais fumigant toxicity assay LCso=17.29 pL/L air [65]
contact toxicity assay LDsp = 34.41 pg/adult
OH
a-terpineol Tetranychus urticae fumigant toxicity assay LCso=2.39 pL/L air [52]

contact toxicity assay

fecundity bioassay

LCsp=43.27 uL/mL

E (%) = 48.89 at 0.5 pL/L air




Ceratitis capitata dietary exposure assays LCso=3.26-4.13 uL/g [54]
OH
terpinolene Tetranychus urticae fumigant toxicity assay LCso=1.07 uL/L air [52]
| contact toxicity assay LCso=265.06 pL/mL
fecundity bioassay E (%) =24.53 at 0.4 pL/Lair
valencene Ceratitis capitata dietary exposure assays LCso=10.40 pL/g [54]

LCso: lethal concentration that is required to kill 50% of a tested insect
LCoo: lethal concentration that is required to kill 90% of a tested insect
LDso: lethal dose that is required to kill 50% of a tested insect

LDoo: lethal dose that is required to kill 90% of a tested insect

R: repellency index

E: reduction in female mite fecundity
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Table S 13. Herbicidal activity of pure compounds. 69
Bioactive compound  Structure Weeds Test method Effect References
citral Avena fatua dose-response assay 1Cso of seed germination = 0.26 mg/mL [77]
Coleoptile growth inhibition (%) = 42 at 0.50 mg/mL
Root growth inhibition (%) = 81 at 0.50 mg/mL
Echinochloa crus-galli dose-response assay 1Cso of seed germination = 0.93 mg/mL [77]
Coleoptile growth inhibition (%) = 59 at 0.75 mg/mL
Root growth inhibition (%) = 66 at 0.75 mg/mL
Phalaris minor dose-response assay 1Cso of seed germination = 0.13 mg/mL [77]
Coleoptile growth inhibition (%) = 100 at 0.50 mg/mL
Root growth inhibition (%) = 100 at 0.50 mg/mL
limonene Avena fatua dose-response assay Coleoptile growth inhibition (%) = 17 at 0.50 mg/mL [77]
Root growth inhibition (%) = 37 at 0.50 mg/mL
Echinochloa crus-galli dose-response assay Coleoptile growth inhibition (%) = 13 at 0.50 mg/mL [77]
Root growth inhibition (%) =5 at 0.50 mg/mL
Phalaris minor dose-response assay Coleoptile growth inhibition (%) = 25 at 0.50 mg/mL [77]
Root growth inhibition (%) = 30 at 0.50 mg/mL
ICs0: concentration that is required to inhibit 50% of tested weeds 70
71
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Table S 14. Antiviral activity of pure compounds. 73
Bioactive compound  Structure Virus Test method Effect References
reticin A _—— Tobacco mosaic virus  healf-leaf method Preventive effect (%) = 73.4 + 3.3 at 500 pg/mL [97]
N _~ Inactive eftect (%) = 50.9 + 0.9 at 500 pg/mL
/©/\/ Curative effect (%) = 33.7 = 1.3 at 500 pg/mL
Vi
HO
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