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Abstract

Root-knot nematodes (Meloidogyne spp.) are the most damaging group of plant-parasitic nematodes, causing substantial
reductions in yields of agriculture worldwide. Meloidogyne incognita and M. javanica are the most widespread species globally
and in Iran, respectively. This study was conducted to evaluate the effect of different plant shoot extracts on the mortality of
second-stage juveniles (J2) or egg hatching of the nematodes under laboratory conditions. First, the effect of 50% aqueous
extracts from 44 plant species on J2 mortality of M. javanica was evaluated. Of the 18 plants that showed a mortality effect of
over 50%, the plants catmint (69.3%), hedge mustard (66.7%) and sun spurge (63.3%) were the most effective plants. Next,
aqueous, ethanolic, hexanoic and aqueous-ethanolic-hexanoic extracts from seven of the 18 effective plants were tested
individually or in combinations in distilled water and sterile sand on M. incognita egg hatching and J2 mortality. In sterile sand,
aqueous and aqueous-ethanolic-hexanoic extracts of rapeseed, sun spurge, chalk plant and arugula reduced egg hatch by 59.3-
69.9 and 61.0-72.0% after eight days, respectively. The aqueous and aqueous-ethanolic-hexanoic extracts of these plants also
caused a mortality of 47.5-56.0% and 44.5-54.5% of J2 after five days, respectively. In distilled water, aqueous or aqueous-
ethanolic extracts of these plants and hedge mustard caused 46-66% and 60-69% J2 mortality after 48 hours, respectively. In all
tests, rapeseed, sun spurge, chalk plant, hedge mustard and arugula showed the highest efficacy. The efficacy of aqueous,
aqueous-ethanolic or aqueous-ethanolic-hexane extracts was higher than organic solvent extracts alone. However, combining
plants did not increase the efficacy of their extracts. These results suggest that plant extracts have a high potential to reduce egg
hatching and mortality of second-stage juvenile of root-knot nematodes, and that an alternative approach to reduce the use of
the chemical nematicides can be provided by identifying and extracting their effective components and producing plant-based

nematicides.
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Table 1. Comparison of the effect of a 50% crude extract of fresh shoot tissue from different plants on the mortality of second-
stage juvenile (J2) of the root-knot nematode Meloidogyne javanica under laboratory conditions.
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Dead J2 (out of 100)

Common name Scientific name Family Number %*
Control (water) - - 12.7 -
Dandeliont Taraxacum sp. Asteraceae 13.0m 0.3
High mallow? Malva sylvestris L. Malvaceae 140m 13
Common stork's-bill® Erodium cicutarium (L.) L’Her. ex Aiton Geraniaceae 14.3m 1.7
Pale speedwell* Veronica cymbalaria Bodard Plantaginaceae 16.7 4.0
Prickly lettuce® Lactuca serriola L. Asteraceae 18.3 M 5.7
Prickly sowthistle® Sonchus asper (L.) Hill Asteraceae 18.3m 5.7
Shepherd's purse’ Capsella bursa-pastoris (L.) Medik. Brassicaceae 21,73 9.0
Tobacco® Nicotiana tabacum L. Solanaceae 2173 9.0
Common henbit® Lamium amplexicaule L. Lamiaceae 22,73 10.0
Common sowthistlet? Sonchus oleraceus L. Asteraceae 23.7°% 11.0
Hairy vetch!! Vicia villosa Roth Fabaceae 29.3° 16.7
Thorn apple®? Datura stramonium L. Solanaceae 30.73 18.0
White clover!? Trifolium repens L. Fabaceae 31.7° 19.0
Cleavers Galium aparine L. Rubiaceae 34,73 22.0
Yarrow®® Achillea sp. Asteraceae 35.7°% 23.0
White goosefoot!® Chenopodium album L. Chenopodiaceae 36.0° 23.3
Curly dock? Rumex crispus L. Polygonaceae 373 24.7
Redroot pigweed*® Amaranthus retroflexus L. Amaranthaceae 38.7°% 26.0
Cornflower®® Centaurea cyanus L. Asteraceae 38.7°% 26.0
Indian mallow?® Abutilon hirtum (Lam.) Sweet Malvaceae 39.0% 26.3
Common fumitory? Fumaria officinalis L. Fumaricaceae 40.7°3 28.0
Field bindweed? Convolvulus arvensis L. Convolvulaceae 4133 28.7
Sophora?? Sophora alopecuroides L. Fabaceae 423 29.7
Shirazi thyme?* Zataria multiflora Boiss Lamiaceae 4505 32.3
Grape hyacinth® Muscari sp. Asparagaceae 547 42.0
Scarlet sage?® Salvia splendens Sellow ex Roem. & Schult.  Lamiaceae 61.3° 48.7
Broad-leaf plantain?’ Plantago major L. Plantaginaceae 63.0° 50.3
Chinese lantern® Physalis alkekengi L. Solanaceae 63.7° 51.0
Narrow-leaf plantain? Plantago lanceolata L. Plantaginaceae 64.3°3 51.7
Wild radish3° Raphanus raphanistrum L. Brassicaceae 65.7° 53.0
Red horned-poppy3! Glaucium corniculatum (L.) Curtis Papaveraceae 68.3° 55.7
Whitetop®? Lepidium draba L. Brassicaceae 68.3 ¢ 55.7
Meadow garlic® Allium canadense L. Liliaceae 68.7° 56.0
Persian viper’s bugloss®  Echium amoenum Fisch. & Mey. Boraginaceae 70.0°% 57.3
Chalk plant3 Gypsophila pilosa Huds. Caryophyllaceae 70.7¢ 58.0
Black nightshade3® Solanum nigrum L. Solanaceae 7278 60.0
Common ivy®’ Hedera helix L. Araliaceae 73.3° 60.7
Spearmint38 Mentha spicata L. Lamiaceae 73.7° 61.0
Rapeseed®® Brassica napus L. Brassicaceae 74.0° 61.3
Tumbling mustard*® Sisymbrium altissimum L. Brassicaceae 74.0°% 61.3
Pennyroyal Mentha pulegium Lamiaceae 74.7° 62.0
Sun spurge*? Euphorbia helioscopia L. Euphorbiaceae 76.0° 63.3
Hedge mustard* Sisymbrium officinale (L.) Scop. Brassicaceae 79.3° 66.7
Catmint* Nepeta cataria L. Lamiaceae 82.0° 69.3

Yy.

*: Percentage of dead juveniles compared to control.
ns: The difference between treatment and control was not significant. s: Significant difference between treatment and control (P <
0.01). Data are the means of three replicates.
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Table 2. Effect of different extracts of several plants shoots on egg hatching of the root-knot nematode Meloidogyne incognita
in sterile sand after three and eight days under laboratory conditions.

Mean number of hatched juveniles (out of about 1000 eggs)

Aqueous (AQ) Ethanolic (Et) Hexanic (He) Ag-Et-He

Treatments 3days 8days %* 3days 8days %* 3days 8days % 3days 8days %*

First trial

Control (water) 24la 722a - 243a 662a - 24la 668a - 237a 703a -
Narrow-leaf plantain®  149ab 31lab 56.9  159ab 339ab 48.8 166b 413a 38.2 154ab 314ab 55.3
Rapeseed? 97.2c 217d 69.9 100e 271cd 59.1  85.3f 207e 69.0 940c 197d 72.0
Sun spurge® 101c 219d 69.7 106de 253de 61.8 121de 293d 56.1  97.5c 203d 71.1
Chalk plant* 105¢c 222d 69.3 102e 220e 66.8  113e 307d 540 102c 212d 69.8
Hedge mustard® 122b  258c 64.3 127¢c 274cd 58.6 132d 342c 488 119b 245c 65.1
Arugula® 106c 226d 68.7 114d 249de 624 102f 284d 575 103c 212d 69.8
Spearmint’ 130b 275bc 61.9 137bc 295bc 55.4 147¢ 375b 43.9 121b 253bc 64.0
Second trial

Control (water) 219a 610a - 225a 607a - 20la 609a - 230a 613a -
Narrow-leaf plantain®  135ab 334ab 45.2  147ab 362ab 40.4 154b 416b 31.7 139ab 34lab 44.4
Rapeseed? 89.0d 244c 600 855e 298c 50.9 100d 212g 652 89.2d 220c 64.1
Sun spurge® 89.0d 239c 60.8 90.3e 256de 57.8 105d 328de 46.1 84.3d 227c 63.0
Chalk plant* 85.5e 247c 595 100d 248e 59.1 89.3d 312e 4838 89.0d 236c 61.5
Hedge mustard® 109c 280b 54.1 115cd 298c 50.9 118c 349d 42.7 105¢ 271b 55.8
Arugula® 92.8d 248c 59.3  102d 272d 55.2 89.3e 289f 525 87.5d 239c 61.0
Spearmint’ 118bc 296b 51.5  125bc 318bc 47.6 135b 379¢ 37.8 1llcb 275b 55.1

*: Reduction percentage of egg hatching compared to the control after eight days. Data are the means of four replicates. Data with the
same letters in each column of the same trial are not significantly different (P < 0.01) according to Duncan’s multiple range test.
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Table 3. Effect of different extracts shootof quadruple combinations of five plants on the root-knot nematode Meloidogyne
incognita egg hatching in sterile sand after three or eight days under laboratory conditions.

Mean number of hatched juveniles (out of about 1000 eggs)

Aqueous (Aq) Ethanolic (Et) Hexanic (He) Ag-Et-He

Treatments 3 days 8days %* 3days 8days %*  3days 8days % 3days 8days %*
First trial
Control (water) 241a T722a - 243a  662a - 241a 668a - 237a 703a -
NLP-ChP-HeM-SuS  122c¢c 258c 64.3 127¢ 274c 58.6 132d 343d 48.7 119b 245b 65.1
NLP-ChP-Aru-SuS 106d 222d 69.3 102e 221e 66.6 ~ 113e 307e 540 102b 212c 69.8
NLP-ChP-Aru-HeM 149b 311b 56.9 159b 339b 48.8 166b 413b 38.2 154a 314a 55.3
NLP-Aru-HeM-SuS ~ 130bc 275c 61.9 137c 295c 554  147c 375c 439  121b 252b 64.2
ChP-Aru-HeM-SuS 106d 226d 68.7 114d 249d 624 102f 284f 575 103b 212c 69.8
Second trial
Control (water) 238a 652a - 240a 652a - 246a 650a - 246a 657a -
NLP-ChP-HeM-SuS  130c 284c 56.4 135¢c 302c 53.7 140d 371d 429 127b 276b 58.0
NLP-ChP-Aru-SuS 117d 251d 615 113e  255e 60.9 123e  336e 48.3 112b 241c 63.3
NLP-ChP-Aru-HeM 157b 235d 64.0 168b 249e 61.8 172b 301f 53.7 161a 223d 66.1
NLP-Aru-HeM-SuS ~ 144bc 301b 53.8 150c 326b 50.0 157c 547c 158  131b 278b 57.7
ChP-Aru-HeM-SuS 120d 253d 61.2 128d 280d 57.1 115f 562b 135 117b  244c 62.9

*: Percentage reduction of egg hatching compared to the control after eight days. Data are the means of four replicates. Data with the
same letters in each column of the same trial are not significantly different (P <0.01) according to Duncan’s multiple range test. NLP:
narrow-leaf plantain; ChP: chalk plant; HeM: hedge mustard; SuS: sun spurge; Aru: arugula.
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Table 4. Effect of different shoot extracts from several plants on mortality of the second-stage juvenile of the root-knot nematode
Meloidogyne incognita in sterile sand after five days, under laboratory conditions.

Mean number and precent of dead juveniles (out of about 400)

Aqueous (AQ) Ethanolic (Et) Hexanic (He) Ag-Et-He
Treatments Number %* Number %* Number %* Number %*
First trial
Control 118d - 147d - 145f - 130d -
Narrow-leaf plantain® 295cd 44.3 283d 34.0 246e 25.3 291cd 40.3
Rapeseed? 342a 56.0 319b 43.0 348a 50.8 348a 54.5
Sun spurge® 341a 55.8 340a 48.3 296bc 37.8 346a 54.0
Chalk plant* 341a 55.8 345a 49.5 300b 38.8 341a 52.8
Hedge mustard® 321b 50.8 316bc 42.3 283c 345 325b 48.8
Arugula® 337a 54.8 311bc 41.0 328a 45.8 343a 53.3
Spearmint’ 312ch 48.5 304c 39.3 265d 30.0 320bc 47.5
Second trial
Control 127e - 157e - 142f - 149c -
Narrow-leaf plantain® 282de 38.8 271de 28.5 235e 23.3 276bc 318
Rapeseed? 330a 50.8 303b 36.5 333a 47.8 336a 46.8
Sun spurge® 329 50.5 319 40.5 279b 34.3 333a 46.0
Chalk plant* 325ab 49.5 328a 42.8 287b 36.3 328a 44.8
Hedge mustard® 308c 453 304b 36.8 269c 31.8 311b 405
Arugula® 317bc 47.5 299bc 355 325a 45.8 327a 44.5
Spearmint’ 300cd 433 287cd 325 253d 27.8 309b 40.0

*: Percentage of dead juveniles compared to control. Data are the means of four replicates. Data with the same letters in each column
of the same experiment are not significantly different (P <0.01) according to Duncan’s multiple range test.
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Table 5. Effect of different extracts of quadruple combinations of shoots of five plants on mortality of the second-stage juvenile
of the root-knot nematode Meloidogyne incognita in sterile sand after five days under laboratory conditions.

Mean number of dead juveniles (out of about 400)

Aqueous (AQ) Ethanolic (Et) Hexanic (He) Ag-Et-He

Treatments Number %* Number %* Number %* Number %*
First trial
Control 109d 138d 125e 131c
NLP-ChP-HeM-SuS 300bc 478 293b 38.8 253c 32.0 309b 445
NLP-ChP-Aru-SuS 308b 49.8 303b 41.3 268b 35.8 311b 45.0
NLP-ChP-Aru-HeM 329% 55.0 324a 46.5 279ab 38.5 333a 50.5
NLP-Aru-HeM-SuS 325a 54.0 328a 47.5 294a 42.3 328a 49.3
ChP-Aru-HeM-SuS 281c 43.0 271c 333 235d 275 276¢ 36.3
Second trial
Control 110d 109d 110d 113c
NLP-ChP-HeM-SuS 270bc 40.0 263bc 38.5 224c 28.5 278b 413
NLP-ChP-Aru-SuS 281b 42.8 274b 41.3 239b 32.3 282b 42.3
NLP-ChP-Aru-HeM 256¢ 36.5 243c 335 217c 26.8 250c 34.3
NLP-Aru-HeM-SuS 299% 47.3 302a 48.3 269 39.8 301a 47.0
ChP-Aru-HeM-SuS 300a 475 295a 46.5 248ab 345 302a 47.3

*: Percentage of dead juveniles compared to control. Data are the means of four replicates. Data with the same letters in each column
of the same experiment are not significantly different (P <0.01) according to Duncan’s Multiple Range Test. NLP: narrow-leaf plantain;
ChP: chalk plant; HeM: hedge mustard; SuS: sun spurge; Aru: arugula.
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Table 6. The average number of dead second-stage juvenile of the root-knot nematode Meloidogyne incognita 24 and 48 hours
after exposure to aqueous and/or ethanolic extracts of the shoots of some plants and 24 hours after washing and exposure to
distilled water under laboratory conditions.

Mean number of dead juveniles (out of about 100)

24 hours 48 hours

Treatments Exposure Acht;c;us Etfzgrtl)o lic Ag-Et Aq %* Et %* AQg-Et %*
First trial
Control Water 3.0c 6.8c 4.0b 15¢ - 24c - 18c -
Narrow-leaf plantain!  Extract 39bc 37bc 43ab 67bc 520 59bc 350 71lbc 53.0
Rapeseed? Extract 53a 53a 57a 80ab 650 74a 50.0 83ab 65.0
Sun spurge® Extract 54a 48a 56a 83a 68.0 7la 470 88 70.0
Chalk plant* Extract 5la 46ab 54a 80ab 650 67ab 43.0 85ab 67.0
Hedge mustard® Extract 48ab 46ab 56a 78ab 63.0 68ab 44.0 84ab 66.0
Arugula® Extract 48ab 47a 54a 77ab 620 69ab 450 82ab 64.0
Spearmint’ Extract 5la 48a 54a 78b 630 70a 46.0 82ab 64.0
Control Water 10d 13d 13c 27e - 23e - 19d -
Narrow-leaf plantain! ~ Water 26¢d 24cd 32bc 52de 250 44de 21.0 59cd 40.0
Rapeseed? Water 49ab 50a 55a 82ab 550 78a 55.0 88a 69.0
Sun spurge® Water 53a 45ab 54a 85a 58.0 70ab 470 88a 69.0
Chalk plant* Water 48ab 44ab 53a 79ab 520 63bc 40.0 84ab 65.0
Hedge mustard® Water 45ab 44ab 53a 74bc 470 67ab 44.0 8lab 62.0
Arugula® Water 46ab 45a 53a 73bc 460 67ab 440 82ab 63.0
Spearmint’ Water 36bc 33bc 41b 64cd 37.0 54cd 31.0 68bc 49.0
Second trial
Control Water 5.3b 9.2b 6.5b 19c - 23c - 19c -
Narrow-leaf plantain®  Extract 54a 52a 57a 7lbc 520 62bc 39.0 77bc 58.0
Rapeseed? Extract 58a 57a 62a 83ab 640 78a 55.0 88ab 69.0
Sun spurge® Extract 58a 53a 60a 88a 690 75a 520 93 740
Chalk plant* Extract 55a 50ab 60a 85ab 66.0 73ab 50.0 90ab 71.0
Hedge mustard® Extract 53a 5la 60a 83ab 640 72ab 49.0 88ab 69.0
Arugula® Extract 5la 53a 5% 82ab 630 73a 50.0 85ab 66.0
Spearmint’ Extract 66a 62a 66a 82ab 630 74a 510 86ab 67.0
Control Water 11c 17c 14b 22d - 25d - 24d -
Narrow-leaf plantain® ~ Water 39bc 37bc 43ab 54cd 320 45cd 20.0 6lcd 37.0
Rapeseed? Water 53a 53a 57a 83a 610 79a 540 90a 66.0
Sun spurge® Water 54a 48a 56a 88a 66.0 74a 490 93a 69.0
Chalk plant* Water 51ab 46ab 54a 82a 60.0 69ab 440 88a 64.0
Hedge mustard® Water 48ab 46ab 55a 79a 57.0 70ab 450 85ab 61.0
Arugula® Water 48ab 47a 54a 78ab 56.0 70a 45.0 84ab 60.0
Spearmint’ Water 5la 48a 54a 66bc 440 58bc 33.0 73bc 49.0

*: Percentage of dead juveniles compared to control. Data are the means of four replicates. Data with the same letters in each column
of the same experiment are not significantly different (P <0.01) according to Duncan’s multiple range test.
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Table 7. The average number of dead second-stage juveniles of the root-knot nematode Meloidogyne incognita 24 and 48 hours
after exposure to different extracts of quadruple combinations of shoots of five plants and 24 hours after washing and exposure

to distilled water in laboratory conditions.
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Mean number of dead juveniles (out of about 100)
24 hours 48 hours

Treatments Exposure A?XZC;US Etfzgrg)o lic Ag-Et Aq %* Et %* AQg-Et %*
First trial
Control Water 16b 16b 19c 19c - 20b - 20b -
ChP-Aru-HeM-SuS Extract 78a 79a 76a 94a  75.0 9l1a 710 88a  68.0
NLP-Aru-HeM-SuS  Extract 76a 69a 67ab 87ab 680 84a 64.0 79a 59.0
NLP-ChP-Aru-HeM  Extract 68a 67a 63b 79c 600 8la 610 76a 56.0
NLP-ChP-Aru-SuS Extract 74a T2a 69ab 90a 71.0 90a  70.0 82a  62.0
NLP-ChP-HeM-SuS  Extract 70a 67a 62b 86ab 670 80a 60.0 78 58.0
Control Water 21b 22b 24b 28c - 28c - 30b -
ChP-Aru-HeM-SuS Water 73a T4a 70a 83a  55.0 84a  56.0 78a  48.0
NLP-Aru-HeM-SuS Water 7la 66a 62a 78ab 500 76ab 48.0 72a 420
NLP-ChP-Aru-HeM  Water 63ab 63a 59 7lbc 430 72b 440 68a 38.0
NLP-ChP-Aru-SuS Water 69a 67a 63a 78b 500 79%b 510 73a 430
NLP-ChP-HeM-SuS ~ Water 65a 62a 58a 76ab 480 71b 43.0 68a 380
Second trial
Control Water 9.3c 7.8b 13b 28c - 28b - 30b -
ChP-Aru-HeM-SuS Extract 68a 66a 63a 88a 60.0 87a 59.0 83a 530
NLP-Aru-HeM-SuS  Extract 64ab 60a 53a 8lab 530 79a 510 76a 46.0
NLP-ChP-Aru-HeM  Extract 56bc 57a 52a 75bc 470 76a 480 72a 420
NLP-ChP-Aru-SuS Extract 63ab 60a 54a 84a 560 85a 570 77a 470
NLP-ChP-HeM-SuS  Extract 56bc 55a 52a 8lab 530 75a 47.0 72a 420
Control Water 13b 11b 16b 22¢ - 21c - 24b -
ChP-Aru-HeM-SuS Water 62a 62a 58a 78a 560 79a 58.0 74a 50.0
NLP-Aru-HeM-SuS ~ Water 59 55a 49a 74ab 520 7lab 50.0 67a 430
NLP-ChP-Aru-HeM  Water 5lab 52a 48a 67bc 450 67b 460 64a 400
NLP-ChP-Aru-SuS Water 57a 55a 50a 73ab 510 73ab 520 68a 440
NLP-ChP-HeM-SuS ~ Water 53a 50a 46a 70ab 480 67ab 46.0 63a 39.0

*: Percentage of dead juveniles compared to control. Data are the means of four replicates. Data with the same letters in each
column of the same experiment are not significantly different (P < 0.01) according to Duncan’s Multiple Range Test .NLP:
narrow-leaf plantain; ChP: chalk plant; HeM: hedge mustard; SuS: sun spurge; Aru: arugula.
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