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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.

Key words: Meloidogyne javanica, Organic solvent extract, Plant extract, Plant-parasitic nematode control

How to cite: Hoseinpoor, R., Karegar, A. & Hamzehzarghani, H. 2025. Effects of plant shoots extracts on egg hatching and
mortality of second-stage juvenile of the root-knot nematode Meloidogyne incognita under laboratory conditions. Iranian J. of
Nematology 1(2), 215-231.

Hoseinpoor et al. Effects of plant shoots extracts on egg hatching... 216


mailto:karegar@shirazu.ac.ir

&5 oo «(Azadirachta indica A. Juss.) i ,> 9,90 0
5 (Ricinus communis L.) > 5 (Melia azedarach L.)
Solanum Satureja (Eucalyptus o iz 5l olaaiss
sbie .l oas plxl Citrus 4 Artemisia . Thymus Allium
Sl 009y 35 yoie (BT Ak, Slasilel (59, g, S0
9 99 SNl I o) @bs (Mwamula et al. 2022)
L oo,lac a5 cowl ools Lis (Inula viscosa) oz o)lac
S 2 05 2l elas 4 Cad (5558 S wiles Sl JT Pl
asls M. javanica go cpw slog)Y ade o3l 2LS olse
<l ojlas ( lisle;l Luls o (Oka et al. 2001) ol
Euphorbia ) :js.3,3 5l glassS doyo Ve g VO clale L Sy
31 o= Phyllanthus amarus 4 Cassia obtusifolia .(hirta
M. incognita g5 yw 9,Y duo 0 Vo o 1eg S po Ecls jg, Cat
3929 e oliend 4y Cewl ool Ggli,:;iuj Lyl o
IS5 § gl W SISIT (b B 5l aSasles SluS 5
e oo ,0 Ve ojlac s ol lis (bl ol o,
39, <@» 3l (Andropogon gayanus) oo 4,5 e
,o Muoincognita g0 cpw 9Y ;g S e doy Voe Cge
bt OS5 a5 ol 0ap0 5 ol Layl s
‘U""B"L“’ 651-" a5 Cewl ools QL...: B oS u.:\ tj).g o)La.c
.(Olabiyi et al. 2008) ol aSgigdé g aSllsI]

2SS IS slawiled Jloe sl (2LS ojlac 3l oolasul
yr Oyl ,o (Abivardi 1969) (65,5l lawss Leydsl
Aoy g cpdaindl 0l S Fe 0 0 A wl ooy lis 9w F
Slwand ojlac 5 diin aSWle Cools Sl oS
YY 5l o 1, Xiphinema index wles cplaindl oL5 sls
05,5 L, I, M.incognita o ,Sais, Wl g aisS celw
oL oz o ojlac a5 ol lis Koo adlhe ol ool
e 033 ol 0 55 ol (Apiaceae) ;b s> o, 5l gyl
G 3 peliden 2 oS shea i Sl s ailjl; 5 0L
cge g 03,5 Cwles M. javanica o»,Sais, Sle w50
SNk 5 9,Y jeesS o (e SVL oS 5 4 bl
(Sadeghi et al. 2010) ol ools HLas |y 050 o ,45

Slowles bug (Sogl adsl g 5Y L o5
Ol ralS el caS 51 L8 byl zals ool o Sass,
yobie 4y Lol aghy ol copl il ol salys wiles ol
Lol olls 5l S ojlesls of ojlas I pw)
4, Meloidogyne javanica g yw g,¥ S e 0 50 slacale

VIO-YYY [ VFF [ ¥ oplod [ ) ke [ oyl ol swliiioilos
YIV

doddo
Voo 5l G L (Meloidogyne spp.) (2 Sais, slewsles
Ghaderi & Karssen 2020; Hunt & Handoo ) ,iixe 4565
Il sloailes ¢y Sete sl9ie 45 «(2009; Karssen et al. 2013
(Sasser & u\a‘o;s‘o Lsa....o 9 Sy uog..a?:b LS})BL*ZS
M. M. javanica M. incognita sleaisS Carter 1985)
Sl s oA g A X OY L w5 4 M. hapla garenaria
3o ylann (B S et slailes Comex Voot o
sl inte s ciml Olye @ Gl eaS VO
(Sikora & Frenandez wsd oo gumo Lis 2 Sdly,
2005)
ghw 5eSle )l (S SB g5 5 o5 Jad sl
Yol /0 ansls jo olS paim )0 laailes ol golaidl el
(Moens et al. cuwl ool 3y50 5 S 6,5 10 90y 9,Y
2009)
sloiled Jles (lord nf 5 (looed Gl S) e 5o
S S 2l L b JT alaS 5l solal oo ,Sady,
asi 3y90 3l sladle o oS cal plaby, o Sosllae
shls Jke bls (Ferraz & Freitas 2004) <ol aid 3 )3
doaslwgignl  daplsll Jed 51 Jlb o ols s
g 0kiwd Caanly g il polil ol o Jeid oo g
Sl oy «Sligel Ld 5l Slitie o5 SblS
Cools Laile glp S o o1 S o 3,00
(Chitwood 2002; D-Addabbo 1995) wls  stwassSLsl
Collab ogas o soaaie slaiagh ol mhw 5
OlalS ¢ dle (o) GlalS (129 5 109 0 jlas (a5 Wil
Oy 2L IS Gl 59, » s GBS0 9 (29l
A oo olis mlbe g, (Pérez et al. 2003) el 8,5
e 53 2l slauilel ST ae 5o laiags i
5 B, sbuls gy (2l S slawle
Slo bl g sl ouds 35 a0 Bursaphelenchus xylophilus
codlad o 5 e (Thymus vulgaris L) Jgexs (piogl g
cael lagyT ol o 51,8 9 YU cud  Jg ailasls caSwsles
g 43 Bro  olj)l g Fhe 53,5 Uge b (sl a5 Cunl 0a
(Catani et al. 2023) auil ails 5l g sl g
Codled las sloolgils AY 51 calS asgS YEA 51 oy i



9 IR

bl chlizo slaojlas 4 3 GLLS )5l aex

)| GQLS o)...: AR )‘ IVEN c\a; ¥ xR U"‘ )
e SBlbl g lie g 5ld olKails (65,5lis ousSliils abge
5hesS lade o ool gdgiands ol L g ‘5)5766.? 3y
)|J§ oolazwl 3,90 GJ;O)LA.C VLS o)'L'i QL@LS o)LM}L;L
Olew] 5l oolatnl b saisnSis ol s 5 Sis ol 95
9 Sz .‘a.a.’?r.o B Lgd&ls 6&95[) O9° 9 0D )'35'% 0_‘3).:
0,5 (6,045 gon 8 jlae 4l p S

@] olac b g lolS o Lzl o3 il 5l pls o lac
o3l Bl 5l ol o lac 4 lp b ags by Sas oy
S,k 90 Wojlas s 020,5 ha ) Olabad 4y g 0l
w03l ygie Gaily S 5 pisgr b il s slaen SzsS
O Jol> Olgiome gl ai8 5 ojlac 3l oL 5, Ll U
lewdlg IS b ad (5,0a Jlxsy 9,0 el Y S
@)Y Hley Gl Gl e g Blad ojlac g ol yuiids
285 )18 byl 9550 wiled 93 s 5)Y  lagT L5l

uL‘bL\f LS )Qy [a)f s_ia s@T o)La.C % 6‘;}
Glod ;o el YE Goe a g yiw Hhaiie O i Lo Ve o
03l jgue (paily 25 g Jodo az )b 5l s .0l ol 5L
090 edwliawods ol ojlas 08,5 B> alS sLle b ol
g 1Y+ Jgll 5l oolawl b o jlac ags 00,5 (6,104 Jlosy
oo lac .cd 5 slxil e Ol b (6,50 las silen o ;5a
P bl B g eily 3 5 Jobo az )b 51 joe 5l
o ,lac lasl oolaw! flej 10 .00 5 (6,045 Jlxsy (9,0
Wl (5,10a YOC sleo b ,55LeSSl 9,0 cels Y o 4y
S P oz Jolas e 098 5503 O3S 9 oI B
.,\.n))f aslsl ).’a.e.c UT J..ol} Sgw )y LY 0L

saile ) 455 99 2 (BT sboslac 15U () 2
2 lojl byl 5o (o2 Sy,

BE o Ll 03 il o ojlae 1ozl imgly ol yo
53 M. javanica oo o )Y p oy Gl 5lé 51 oalS o8
oS g™ calises 6L“’°)L*4° J.»‘ O D sty g oLim;Lc)]
ol T 0e 5e DB a5 Clate oLS 5 i3l ol jo iy
2Ly elBa (V1 oo 5115 5 65l ud 4aij) ogr 00l
M. g0 G 0¥ She 5 058 ol p (bkxr <S5
10,5 gy incognita

B0 G g LS o,lus Ly e lac 25T YA

obm

G sl Pl b ol ojlas uizes (niml) olee
Oee9d Gleie 4 M.incognita g0 pw 9,Y ;g S e 5 05
‘S:eli.:;iu)'] Lyl g0 olpl o o5 ai, sbasle gl 4sS

ol 00y plo!

o sogy g olge
Meloidogyne o ,5adu, bW comes ans
M. incognita g javanica

e JE oy ol dooslel Lalls Conaz s oy
leailes 5l plaS Ho 4 00g)l slaain, 5l oy 056 anaS (ol>
2oy [0 o CoplSse Jolre 55l S5 4 5 Sl
g ol ool T daBo 4w U g0 ok 4y Ly 90,8 e
Sl gt U ol it o B0+ Sl (59, 2 )b Slgime
955 e T b Sl mhaw slaess 53,5 Gis Ml gy
o aw ol b g 6 pslaa o me sl £t 6y St
O9y° 0ABCLS IO Tl of, (SN 8ax8 ady, Ikl o
Crond Sy 5 a9, o5 dusle oo s Jol) bogliee S
Slam 0,5 Sjale c ol [JBu boads 9,0 (as 50 S
Tsaze wiles (55l alls 5 2,5 S 5l oag)l slaaiy ) wols 9o
03,5 5585 398 g,

K255 slaain; pgd al>ye (Gitule 5l amole 93
sloaiy; a0 i sl Y B Y Olalad ol b
0055 W31 J| Gy 5 3y By T bsbie 9,0 eads S
Foo oo 4 ao,00 /0 o Co e Jolowe SIS jlake
S 9,5 S« Sgieas ped B s ,T belie al
28 G Ve Shay (S belse Slgimme 05,5 olj] 5Y5
STl alolidl 5 cdly Js! cals )3 e 00+ Sl e,
Lo O SUlgg, oA&o‘ﬂ Glopss ol ools gligrands
O 238 Sy o 4 5 (5y9leez gy shaie O
S oo SO0 09290 3 Slaw (g leds STl eslaal b
ke 2 50 35290 SlaesS (Sile 5 (B)led Cugi s
(Hussey & Barker 1973) 55,5 awlxe

eSSl Hgmilimgas 93 (p 9)Y A Holate 4
0ailigy cpedly Blo 5L )] mlaw a5 S> g5 Sl as wiles
395° 59y oz U dw Soe a4 ol (oS jlade o, Sadll
55 oy 6log,Y 00,5 (5,045 Y5 £ YOC glos b ,5iLsSCl
ST (9,0 B8]89 (Blo A5 e il oad i
WS (5 pslaex diliy; yge 4 %



LS Uk woS 5 ey Ve glooslas il
A lesa alS 51 plaS e ojlae 3b oy » ogdle
sl - T s e ( Jebl (ol gaop Ve glasjlac
35 v S LS 6 S 5 S
b S CengopS- 60,5 bt Slaie g CawgogS
g TS 6, (28 8 m e - g @S- 60 158 8
(O i b iS —Clais -0 )5 (b S -Olase
S 3 gy % eomd P -l S —CengogS- 63,8
LS55l 99 58 Gtales] Gl s S gy 55 e 95Y

M. g5 pw 9)¥ Sy 2LS sbdojlac W5U wyp
incognita
09w dwlo o -l

oS I slas @ suweye B bolac K
oo las 5l plas” o 5l i) oo (o) 2 ! 00 i 20 4
5 D> B> 5l ) S5 5 (LY ) Jsilil e ol (goo,0 B+
Jolis oS el gl bglse b (Ghaie 0T L ol (03500
U9y daslo 0,5 0 L (6,0 sboSiias (9,0 ailflas job «
,o Muincognita go cpw o,¥ Fev 050 e 050,85 bgle
loolae ol> (5 slosiss 4 yhie ol ) e a0
VO°C sloo b jglion)s (5900 j9) i Do 4y 5 00 adla]
Sz b olas Sl b LB o alesT iays 5 (6,104
Sl Y Goe 4y coew (o9, b oasy slag )Y ol plxil 1SS
3bgo ialeyl ol w8 o les zl el Gl sles o

RERKS

LS 2,k cuS F o0 b grojlac

lojlac Jl i plear GLlS 5l el o o5lac JI 5 ogdle
lkr w55 SIS - el -l 5 SIS (sl
Clate g CengdzS ()5 (e b S plalS
2398 D9y 4 (55 s g ledd Sl gus sy Gales] ailen)
IS5k 99 5 alosl Gl )8 (o2 99 e 9)Y Sy

VIO-YYN [ VEF [ oylois /) ol | 3yl ) wliciles
A\RR!
OBLS o,Lus s o3l <l oo s B+ pbs o lac 5T
M. javanica go cyw gy¥ »

Ak S il s sl Gilesl cnl 5o
S g wled 93 G gy¥ 38 Ve e dga> (gl (ygmmiliwgn
sloo jo cels FA Sow a4 (L0 cdalé) 4l olac o Lo
Olsie 4 (g ime shaiie T (39,0 95 s 5,¥ 10 (504 YA°C
3eolatal b owcele FA 51 g 0l ad 3 L o el
WlS 5l B 53 Galel oS ajles wals 5 jles
() Jsoz) o alosl 1S5 an b bolas

M. 0% Gyl p BLS dilike gloojlac il
09w awlo yo incognita

st U4 LS 51 oIS 1 g3 1+ (glae Las i
~&l s G (bl ol glaojlac 1 GilesT cnl o
I S wgebsp ok iSE ol S sl
B 5l G S e rge (LB (tales] o o8 gl 5 CgogS
2 olaie b ol jen Wogs ool M. javanica g0y g,Y do )
o2l jelaie 4050 5w, Mincognita w5u & ,a5 e
GialeT Gl 290 (5mST el 5 S alie bylpt 8
TR sk (v 08 plil (gt o lailEog, anle o
&l s SIS (V) el ol sleolas 5l ) L
Gl ST o (3% 5 Pl B3 1 ) S350 3l
O9r B )5 00 bs it GSias (9 alilas ok 4
b gpmibog S dee gy e 35 bl Sas
o,lac g5l 6,0 lSiiis 4 wiles o305 Vo v e S0
090 39y ek g daw S 4y (oSS 1 e g ol aslal
ook B o Llejlains 5 (61045 YO°C (slos b ,g5LsSCl
Gole; csdS 5l ey b plowl 1S5 e b Solas Sals
Obe s gl minl (g (hg, Lot G i slag )Y a0 50
Al 1SS L g rolesl ol aus I

Meloidogyne javanica _a,Sas, wles g3 cyw 5,Y e p cilisee ool o lusls o5l Cdl oo y0 B a5 o lae 3b anslie ) Jgos

2Elosl bl o

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 140"m 13
Common stork's-bill® Erodium cicutarium (L.) L’Her. ex Aiton Geraniaceae 143 m™ 1.7
Pale speedwell* Veronica cymbalaria Bodard Plantaginaceae 16.7m™ 4.0
Prickly lettuce® Lactuca serriola L. Asteraceae 18.3m™ 5.7
Prickly sowthistle® Sonchus asper (L.) Hill Asteraceae 18.3m™ 5.7
Shepherd's purse’ Capsella bursa-pastoris (L.) Medik. Brassicaceae 21.7° 9.0
Tobacco® Nicotiana tabacum L. Solanaceae 21.7° 9.0
Common henbit® Lamium amplexicaule L. Lamiaceae 22.7° 10.0
Common sowthistle!? 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 317 19.0
Cleavers!4 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 4235 29.7
Shirazi thyme?* Zataria multiflora Boiss Lamiaceae 45,0 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° 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 garlic3? Allium canadense L. Liliaceae 68.7 S 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 72.7°% 60.0
Common ivy®’ Hedera helix L. Araliaceae 73.3° 60.7
Spearmint3® Mentha spicata L. Lamiaceae 73.7°3 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

*: 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 94.0c 197d 72.0
Sun spurge® 101c 219d 69.7 106de 253de 61.8 121de 293d 56.1  97.5c 203d 71.1
Chalk plant* 105c 222d 69.3 102e 220e 66.8  113e 307d 54.0 102c 212d 69.8
Hedge mustard® 122b  258c 64.3 127¢ 274cd 58.6 132d 342c 488 119b 245c 65.1
Arugula® 106c 226d 68.7 114d 249de 62.4 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 plantaint ~ 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 1licb 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 3days 8days %* 3days 8days %*  3days 8days % 3days 8days %*
First trial
Control (water) 241a T722a - 243a  662a - 241a 668a - 237a 703 -
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 22le 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 plantaint 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 495 300b 38.8 341a 52.8
Hedge mustard® 321b 50.8 316bc 42.3 283c 345 325b 48.8
Arugula® 337a 54.8 311lbc 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 plantaint 282de 38.8 271de 285 235e 23.3 276bc 31.8
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 495 328a 42.8 287b 36.3 328a 448
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 43.3 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 47.8 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 385 224c 285 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 473

*: 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 Achzc;us Etfggrtl)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 680 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 44.0 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 93a 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 59a 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 plantaint ~ Water 39bc 37bc 43ab 54cd 320 45cd 200 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 Aqueous Ethanolic Ag-Et Aq %* Et %* AQ-Et %*
(Ag) (EY)

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 600 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 380
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 600 87a 59.0 83 530
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 57.0 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 580 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 46.0 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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