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Abstract:

Root-knot nematodes are among the most important limiting factors in tomato production
worldwide, and their management mainly relies on chemical nematicides. Due to the adverse
environmental impacts of these compounds, the use of plant materials has been considered as
a safe and complementary method to reduce the consumption of chemical pesticides. This
study aimed to determine the most effective application method of the inhibitory plant
creeping thistle (Cirsium arvense) and to evaluate the effects of aqueous extracts of eight plant
species, including licorice (Glycyrrhiza glabra), flixweed (Descurainia sophia), creeping
thistle, narrow-leaf plantain (Plantago lanceolata), milk thistle (Lactuca serriola), caper bush
(Capparis spinosa), chinaberry (Melia azedarach) and arugula (Eruca sativa), on the
reproduction of three consecutive generations of Meloidogyne javanica during three
successive tomato cropping cycles under greenhouse conditions. The results showed that
application of dried plant powders improved growth parameters of nematode-infected tomato
plants and significantly reduced the nematode reproduction factor (Rf), with the greatest
reduction observed in the 2% dried powder treatment combined with foliar spraying one week
after nematode inoculation. In the second experiment, extracts of creeping thistle and
chinaberry exhibited the greatest and most consistent reductions in Rf and improvements in
plant growth across all three cropping cycles, and their suppressive effects were maintained
throughout the experimental period. During the third cropping cycle, the creeping thistle
treatment resulted in an 83.0% reduction in Rf and increases of 76.8% and 91.9% in shoot
fresh and dry weights, respectively. The chinaberry treatment also led to a 69.9% reduction in
Rf and increases of 31.5% and 37.1% in shoot fresh and dry weights. In contrast, extracts such
as milk thistle, narrow-leaf plantain, and arugula, which showed limited effects during the first
cropping cycle, exhibited substantial reductions in Rf in subsequent cropping cycles,
particularly in the third cycle, indicating a cumulative effect resulting from repeated
application over successive nematode generations. These results demonstrate that selecting
appropriate application methods and repeated use of plant extracts across successive
generations can substantially enhance their efficacy in root-knot nematode management.
Keywords: Cumulative effect, Creeping thistle, Nematode-suppressive plants, Root-knot
nematode, Successive cropping
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Extended Abstract
Introduction

Root-knot nematodes (Meloidogyne spp.) are among the
most destructive plant-parasitic nematodes, causing severe
qualitative and quantitative yield losses in agricultural crops.
Their short life cycle and high reproductive potential under
favorable conditions make their management particularly
challenging. Although chemical nematicides have been
widely used for nematode control, increasing concerns
regarding environmental persistence, toxicity to non-target
organisms, and regulatory restrictions have intensified the
search for sustainable and environmentally friendly
approaches to reduce chemical nematicide application.

Plant-derived compounds, especially those obtained from
nematode-suppressive plants, have received considerable
attention as promising components of integrated nematode
management strategies. However, the efficacy of plant-
based products is strongly influenced by application method,
dosage, and timing, and information regarding optimal
application strategies remains limited. Moreover, single
applications of plant extracts often result in only temporary
suppression, and effective long-term control is rarely
achieved within a single cropping cycle. Most previous
studies have focused on short-term effects during one host
growth cycle, whereas evidence regarding long-term and
transgenerational effects on nematode populations is scarce.

The objectives of this study were: (i) to determine the
most effective application method and optimal rate of the
nematode-suppressive plant creeping thistle (Cirsium
arvense) for controlling Meloidogyne javanica in tomato,
and (ii) to evaluate the cumulative and transgenerational
effects of aqueous extracts from eight nematode-suppressive
plants on nematode reproduction and plant growth over three
consecutive tomato cropping cycles under greenhouse

conditions.

Methods and Materials

A pure population of M. javanica was maintained on the
susceptible tomato cultivar 'Early Urbana' under greenhouse
conditions. Eggs were extracted from egg masses using
sodium hypochlorite and served as the inoculum source.
Eight plant species (licorice, Glycyrrhiza glabra; flixweed,
Descurainia sophia; creeping thistle, Cirsium arvense;
narrow-leaf plantain, Plantago lanceolata; milk thistle,
Lactuca serriola; caper bush, Capparis spinosa; chinaberry,
Melia azedarach; arugula, Eruca sativa) were collected,
shade-dried, and ground into fine powders. Aqueous extracts
were prepared by mixing dried plant material with distilled
water, followed by incubation and filtration.

In the first experiment, different application methods and
rates for creeping thistle were evaluated using a completely
randomized design with 12 treatments and five replications.
Treatments included soil application of dry powder (0.5%
and 2% w/w), soil and foliar application of aqueous extracts
at different times relative to nematode inoculation, and
combinations of powder and extract treatments. Tomato
seedlings were inoculated with M. javanica, and plant
growth parameters and nematode indices were assessed 60
days after inoculation.

In the second experiment, aqueous extracts of the eight
plant species were applied at the time of nematode
inoculation and evaluated over three consecutive tomato
cropping cycles. Nematode inoculum (eggs and second-
stage juveniles) for the second and third cycles was derived
from each respective treatment of the previous cycle,
allowing assessment of cumulative and transgenerational
effects. Data were analyzed using ANOVA and Tukey’s test,
and principal component analysis (PCA) was employed to
examine relationships between plant growth and nematode

parameters.

Results and Discussion

In the application-method experiment, most treatments
did not significantly affect plant growth compared with the

control. However, soil application of creeping thistle dry
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powder, particularly at 2% (w/w), either alone or combined
with foliar extract application one week after nematode
inoculation, significantly enhanced shoot and root growth.
The greatest reductions in nematode infection indices were
observed in treatments combining 2% dry powder with foliar
extract application one week after inoculation, resulting in
the lowest final nematode population and reproduction
factor (Rf), with a reduction of up to 88.6% compared with
the control. Foliar application alone showed limited efficacy,
whereas soil application of aqueous extracts at the time of
nematode inoculation significantly reduced Rf. PCA
indicated that the first two components explained more than
73% of the total variance, clearly separating the most
effective treatments from the control.

In the three-cycle experiment, aqueous extracts
significantly affected both plant growth and nematode
reproduction, with effects varying among plant species and
cropping cycles. During the first cropping cycle, creeping
thistle extract resulted in the highest plant biomass and the
greatest reductions in egg masses and egg numbers, although
gall numbers were not significantly reduced in most
treatments. In the second cropping cycle, most extracts
improved plant growth and significantly reduced nematode
reproduction, with caper bush and creeping thistle showing
the highest reductions in Rf. In the third cropping cycle,
cumulative effects became more pronounced, and all
extracts significantly reduced gall numbers, egg masses, and
egg numbers. The greatest reductions in final nematode
population and Rf were observed in creeping thistle,
followed by chinaberry and caper bush; however, phytotoxic
symptoms were observed in the caper bush treatment.
Extracts that showed limited effects in the first cropping
cycle, such as milk thistle, narrow-leaf plantain, and arugula,
produced stronger suppression in later cycles, particularly in
the third cropping cycle, indicating cumulative effects of
repeated applications. PCA consistently separated effective
treatments from the control across all cycles.

The results demonstrated that application method and

dosage are critical determinants of the efficacy of nematode-

suppressive plants. Soil application of creeping thistle dry

powder, particularly at 2% (w/w), provided the most
effective and consistent control of M. javanica, likely due to
sustained release of bioactive compounds in the rhizosphere.
Although aqueous extracts were less effective when applied
once, their repeated application resulted in significant
cumulative and transgenerational suppression of nematode
populations.

Among the tested plants, creeping thistle and chinaberry
produced the most stable and persistent nematode-
suppressive effects, while other extracts showed delayed but
meaningful cumulative impacts. Overall, these findings
highlight the importance of long-term application strategies
and support the integration of suppressive plants,
particularly creeping thistle, into sustainable management
programs for root-knot nematodes in tomato production

systems.
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Table 1. Mean comparison of growth parameters of the tomato cultivar ‘Early Urbana’ infected with Meloidogyne javanica in the
experiment to determine the most effective application method and optimal application rate of the nematode-suppressive plant

Cirsium arvense.

Shoot fresh weight (g) Shoot dry weight (g) Root fresh weight (g)
Treatments Without With o  Without With o* Without With

nematode nematode nematode nematode nematode nematode
Control 56.6 ef 50.6 d-f 0.0 113 ¢ 10.6 cd 0.0 39.7e 32.5d
Ext-Soil @Inoc 60.6 de 52.5 d-f 3.8 11.8 bc 10.3 cd -2.8 66.0a 37.0cd
Ext-Soil @Inoc + 3WAI 78.0 bc 74.6 bc 47.4 14.8ab 13.9ab 31.1 66.9a 54.2 ab
Ext-soil @Inoc + Foliar 1WA 62.6 de 52.9 d-f 4.5 12.5 bc 10.9 b-d 2.8 50.9b-e 33.2d
Foliar 2DBI + 2DAI 55.0 ef 45.1f -109 11.3c 7.8d -26.4 43.0de 28.3d
Foliar 2DBI + 2DAI + 1WAI 46.2 fg 44,5 f -12.1 8.2d 9.3cd -12.3 38.7e 33.3d
Foliar 2DBI + 2DAI + 1/3/4WAI 61.9 de 48.0 ef -5.1  12.1bc 9.7 cd -8.5 44.8c-e 30.7d
Powder 0.5% (sandwich) 74.8 cd 65.1 cd 28.7 13.2bc 11.8 a-c 11.3 46.3c-e 38.7 cd
Powder 2% (sandwich) 89.3 ab 99.4a 96.4 12.8bc 11.7 a-c 104 58.6a-c 65.7 a
Powder 0.5% + Ext-Soil 3WAI 79.5 bc 64.2 c-e 26.9 12.0bc 9.8 cd -7.5 357e 32.6d
Powder 2% + Ext-Soil 3WAI 102.1a 88.4 ab 74.7 13.6 bc 11.1 b-d 47 57.7ad 53.8 ab
Powder 0.5% + Foliar 1WAl 37.7¢g 456 f 99 6.6d 9.0cd -15.1 16.6f 34.0d
Powder 2% + Foliar 1WAl 101.6 a 98.6 a 949 17.5a 14.3a 349 62.0ab 49.6 bc

Ext-Soil lis Jlasl 51 13 s jay S 5,08 Powder ¢ Ssab 51 3 sbass,y DBI ¢ Jiab 5l dsy slajs, DAl cbla 34k 0l 55 inoc@
Dl gae Sl 55 ple SedansOlis (Dsme o ys wlie Gy slls sleesls . Jiale 5 e azin WAL ¢ S 5 3L sloee sFoliar b8 ojlae S5 508
dald a4 Gl Ol e Ao A3k e Aoy 0 f:hm).) byl o

@Inoc = at nematode inoculation; DAI = Days after inoculation; DBI = Days before inoculation; Powder: Soil application of dry powder

before seedling transplanting; Ext-Soil = Soil application of plant extract; Foliar: Foliar spray of extract; WAI = Weeks after inoculation. Data

sharing the same letters within a column are not significantly different at 5% level. *: Percentage change relative to the control.
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Table 2. Mean comparison of Meloidogyne javanica indices in the roots of the tomato cultivar ‘Early Urbana’ in the experiment to

determine the most effective application method and optimal application rate of the nematode-suppressive plant Cirsium arvense.

Treatments Galls/g of root  Galls/root Egg masses/g of Egg masses/root Egg masses/galls Eggs/g of root
root (%)
Control 125.2a 3953 ab 51.0ab 1633 ab 359b 12899 a
Ext-Soil @Inoc 95.2b 3633 a-c 32.4 c-e 1283 a-c 36.2b 4099 ef
Ext-Soil @Inoc + 3WAI 86.0 bc 4608 a 30.6 c-e 1649 ab 32.2b 6209 cd
Ext-soil @Inoc + Foliar 1WAI 54.4 de 1921 ¢ 17.6e 638 ¢ 35.0b 7374 cb
Foliar 2DBI + 2DAI 97.4 ab 2865 a-c 34.6 cd 1066 a-c 53.4a 5658 c-e
Foliar 2DBI + 2DAI + 1WAI 97.2 ab 3374 a-c 526a 1834 a 48.3 ab 8329 b
Foliar 2DBI + 2DAI + 1/3/4WAI 76.8 b-d 2472 be 37.6 bc 1252 a-c 47.8 ab 13104 a
Powder 0.5% (sandwich) 76.8 b-d 3197 a-c 32.6 cd 1252 a-c 39.7ab 4829 de
Powder 2% (sandwich) 59.8 c-e 3854 a-c 24.0 c-e 1558 ab 40.7 ab 2574 fg
Powder 0.5% + Ext-Soil 3WAI 71.6 b-d 2480 bc 26.8 c-e 884 bc 38.6ab 1666 g
Powder 2% + Ext-Soil 3WAI 58.6 c-e 3243 a-c 21.8de 1188 a-c 43.4ab 2470 fg
Powder 0.5% + Foliar 1WAl 72.4 b-d 2425 bc 31.6c-e 1060 a-c 53.8a 1688 g
Powder 2% + Foliar 1WAl 38.0e 1899 ¢ 20.8 de 1046 a-c 42.3ab 960 g
Treatments Eggs/root Eggs/egg mass  J2s/pot soil Final - population Reproduction RF changes (%)*
(Pf) factor (Rf)
Control 413179 a 253.4b 2112 ab 415291 a 69.2 a -
Ext-Soil @Inoc 153464 de 133.6 cd 1662 ac 155126 de 25.8 de -62.7
Ext-Soil @Inoc + 3WAI 336259 ab 206.0 bc 1728 ac 337987 ab 56.3 ab -18.6
Ext-soil @Inoc + Foliar 1WAl 245438 b-d 453.8 a 978 bc 246416 b-d 41.0 b-d -40.8
Foliar 2DBI + 2DAI 168972 c-e 178.6 bc 1206 bc 170178 c-e 28.3 c-e -59.1
Foliar 2DBI + 2DAI + 1WAI 283987 bc 167.4 bc 2958 a 286945 bc 47.8 bc -30.9
Foliar 2DBI + 2DAI + 1/3/4WAI 413273 a 397.4a 2202 ab 415475 a 69.2 a 0.0
Powder 0.5% (sandwich) 198578 cd 154.0 b-d 852 bc 199430 cd 33.2cd -52.0
Powder 2% (sandwich) 169479 c-e 116.0 cd 438 c 169917 c-e 28.3 c-e -59.1
Powder 0.5% + Ext-Soil 3WAI 60042 e 60.8d 444 ¢ 60486 e 10.0e -85.5
Powder 2% + Ext-Soil 3WAI 129295 de 116.0 cd 1014 bc 130309 de 21.7 de -68.6
Powder 0.5% + Foliar 1WAI 58876 e 54.0d 558 ¢ 59434 e 99e -85.7
Powder 2% + Foliar 1WAl 47166 e 54.2d 306 c 47424 e 79e -88.6

Ext-Soil ceLas JUasl 31 |3 S jo gy S5 08 :Powder ¢S4l 5 3 b, DBl ¢ S3ab 5l da glass, DAl el 34k b s inoc@
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@Inoc = at nematode inoculation; DAI = Days after inoculation; DBI = Days before inoculation; Powder: Soil application of dry powder

before seedling transplanting; Ext-Soil = Soil application of plant extract; Foliar: Foliar spray of extract; WAI = Weeks after inoculation.

Means within a column followed by the same letter are not significantly different (p < 0.05). *: Percentage change relative to the control.
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Table 3. Mean comparison of growth parameters of the tomato cultivar ‘Early Urbana’ infected with Meloidogyne javanica in the

experiment evaluating the effects of aqueous extracts from eight different plants (first cropping cycle).

Shoot fresh weight (g) Shoot dry weight (g) Root fresh weight (g)
Treatments Without With nematode % Without With nematode %* Without With nematode

nematode nematode nematode
Control 45.1 bc 38.2b - 9.1 bc 8.4b - 25.8b 32.0cd
Licorice * 46.1 bc 40.0b 4.7 8.4 bc 8.4b 0 25.1b 40.9 a-c
Flixweed 2 42.7 bc 38.2b 0 9.7 bc 8.3b -1.2 24.7b 42.4 a-c
Milk thistle 3 40.0c 416b 8.9 8.7 bc 8.4b 0 24.7b 45.0 a
Creeping thistle 4 50.3 ab 50.8 a 329 10.4 ab 11.2a 33.3 32.0a 43.9 ab
Narrow-leaf plantain® 42.4 be 40.2 b 5.2 9.0 bc 8.8b 4.8 25.3b 42.5 a-c
Arugula © 38.1c 43.7 ab 14.4 7.7c 9.4 ab 11.9 242 b 37.5ad
Caper bush” 43.1 bc 39.4b 3.1 9.2 bc 8.3b -1.2 24.4b 29.6d
Chinaberry & 55.2a 39.3b 2.8 12.1a 8.4b 0 28.2 ab 32.9 b-d

el 4 G Ol oS oy LSl e L3 0 cls..ﬂ): Lo les  Dls me gl 3 4 e (GokasOlil s o )5 alise By Gl srosls
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Means within a column followed by the same letter are not significantly different (p < 0.05). *: Percentage change relative to the control.
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Table 4. Mean comparison of Meloidogyne javanica indices in the roots of the tomato cultivar ‘Early Urbana’ in the experiment

evaluating the effects of aqueous extracts from eight different plants (first cropping cycle).

Treatments Galls/g root Galls/root Egg masses/g root Egg masses/root Egg masses/galls % Eggs/g root
Control 134.8 a-d 4322 be 74.8a 2403 a 35.2 bc 7226 a
Licorice * 166.0 a 6854 ab 55.8b 2267 ab 36.6 bc 7319a
Flixweed 2 152.8 ab 6510 ab 55.6 b 2223 ab 20.8d 3790 cd
Milk thistle 3 170.8 a 7746 a 36.1cd 1698 b-d 23.4cd 4157 b-d
Creeping thistle 4 110.1 dc 4876 bc 223e 988 e 29.9 b-d 1533 e
Narrow-leaf plantain® 148.8 a-c 6308 ab 44.1 b-d 1858 a-c 25.7 cd 5010 bc
Arugula © 130.8 a-d 4963 bc 31.8de 1173 de 41.2b 5644 ab
Caper bush” 115.1 b-d 3491 c 46.8 bc 1343 c-e 34.3 bc 3721 cd
Chinaberry 8 102.5d 3536 ¢ 31.8de 1031 e 56.8 a 2866 de
Treatments Eggs/root E?::!:sgg J2s/pot root Final population (Pf) Reproduction factor (Rf) Rf changes %*
Control 229804 ab 96.5 bc 2827 a 232632 ab 93.0ab -

Licorice * 289837 a 137.1ab 2773 a 292611 a 117.0a 25.8
Flixweed ? 151584 dc 713 ¢ 1215 ¢ 152799 cd 61.1cd -34.3

Milk thistle 3 182597 bc 136.2 ab 2265 ab 184862 bc 73.9 bc -20.5
Creeping thistle 4 67980 e 67.8 ¢ 1077 ¢ 69057 e 27.6e -70.3
Narrow-leaf plantain® 210414 bc 113.4 bc 1605 bc 212019 bc 84.8 bc -8.8
Arugula © 209754 bc 184.1a 645 c 210399 bc 84.1 bc -9.6

Caper bush 7 102605 de 85.2 bc 1246 ¢ 103851 de 41.5 de -55.4
Chinaberry & 99661 de 94.1 bc 667 c 100329 de 40.1 de -56.9

SRS UAR GG JWPL N WESEIE R U W BTN C]&w 0o ol Jls pme sl 55 phe GokasOlis (Ogiw o s alin Gy > glyls (slaesls
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Means within a column followed by the same letter are not significantly different (p < 0.05). *: Percentage change relative to the control.
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Table 5. Mean comparison of growth parameters of the tomato cultivar ‘Early Urbana’ infected with Meloidogyne javanica in the

experiment evaluating the effects of aqueous extracts from eight different plants (second cropping cycle).

Shoot fresh weight (g) Shoot dry weight (g) Root fresh weight (g)
Treatments Without With % Without With % Without With

nematode nematode nematode nematode nematode nematode
Control 99.4 ¢ 90.3¢g - 20.4d 199f - 423e 47.7d
Licorice * 1243 b 106.4 ef 17.8 27.0¢c 24.0 de 20.6 63.9 bc 58.5¢
Flixweed 2 140.7 ab 124.8 b-d 38.2 31.3ab 27.9 bc 40.2 50.8 de 719 ab
Milk thistle 3 142.3 ab 110.3 d-f 22.1 32.0a 25.4 cd 27.6 69.5b 70.7 ab
Creeping thistle 4 150.4 a 152.3a 68.7 32.1a 32.7a 64.3 80.1a 70.8 ab
Narrow-leaf plantain® 107.7 ¢ 101.1fg 12.0 23.1d 22.3 ef 12.1 57.4 cd 65.0 bc
Arugula © 140.5 ab 126.4 bc 40.0 31.4ab 27.4 bc 37.7 61.7 b-d 75.5a

v




YA

Caper bush?
Chinaberry 8

138.5ab
128.1b

137.7b
120.2 c-e

52.5
33.1

28.5 a-c
28.0 bc

YY—FANFF Sl /1Y 0 i/ Y W/ LS s bow

28.6 b
26.1b-d

43.7
31.2

61.8 b-d
58.3 b-d

64.8 bc
59.7¢c

N dals el Ol kS Ao Sk e Ao 3 0 c]a_«)s Lol o Jls sme sl 552 poe Sokasglil Osiw a3 alie Gy > slls (slaesls

T O A S Y e g )50 )l it (Spals ¥ e b LAY Ol o

Means within a column followed by the same letter are not significantly different (p < 0.05). *: Percentage change relative to the control.
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Table 6. Mean comparison of Meloidogyne javanica indices in the roots of the tomato cultivar ‘Early Urbana’ in the experiment

evaluating the effects of aqueous extracts from eight different plants (second cropping cycle).

Egg masses/g Egg masses/

Treatments Galls/g root Galls/root root Egg masses/root galls % Eggs/g root
Control 1453 a 6960 ab 97.5a 4769 a 48.4 cd 12583 a
Licorice ! 105 b 6164 a-c 50.6 b 2999 bc 44.0d 6838 b
Flixweed 2 99.5b 7250 a 44.6 bc 3285b 36.9d 5646 bc
Milk thistle 3 86.0 bc 6074 a-c 30.3¢ 2125 bc 47.4cd 3039 de
Creeping thistle * 61.6 de 4341 c 27.8¢c 1929 ¢ 44.1d 1905 e
Narrow-leaf plantain® 97.1b 6286 ab 41.0 bc 2659 bc 54.1 b-d 4032 cd
Arugula ® 70.6 cd 5329 bc 36.8 bc 2793 bc 726a 6019 bc
Caper bush? 39.8¢e 2552d 29.3¢ 1873 ¢ 63.4 a-c 1607 e
Chinaberry 8 73.5 cd 4379 ¢ 45.1 bc 2679 bc 67.1ab 4032 cd

Eggs/egg . . Reproduction
Treatments Eggs/root masses J2s/pot root Final population (Pf) factor (Rf) Rf changes %*
Control 583470 a 140.9 ab 7745 c 591215 a 98.5a -
Licorice ! 404409 b 138.2 ab 9081 bc 413491 b 68.9b 30.1
Flixweed 2 403479 b 132.3 ab 12317 a 415797 b 69.3 b 29.6
Milk thistle 3 214281 cd 105.4 bc 5546 d 219827 cd 36.6 cd 62.8
Creeping thistle * 131998 de 71.0c 3393 e 135391 de 22.5de 77.2
Narrow-leaf plantain® 265487 ¢ 100.7 bc 10145 b 275632 ¢ 459¢c 53.4
Arugula ® 447569 b 176.3 a 8011 c 455580 b 75.9b 22.9
Caper bush? 102745 e 55.6 ¢ 2315e 105060 e 17.5e 82.2
Chinaberry 8 237167 c 95.9 bc 1905 e 239072 c 39.8c 59.6
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Means within a column followed by the same letter are not significantly different (p < 0.05). *: Percentage change relative to the control.
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Table 7. Mean comparison of growth parameters of the tomato cultivar ‘Early Urbana’ infected with Meloidogyne javanica in the

experiment evaluating the effects of aqueous extracts from eight different plants (third cropping cycle).

Shoot fresh weight (g) Shoot dry weight (g) Root fresh weight (g)
Treatments Without With %o Without With 9% Without With

nematode nematode nematode nematode nematode nematode
Control 96.5¢ 88.3d - 19.1e 18.6 f - 40.7d 48.0d
Licorice * 103.6¢ 103.3 cd 17.0 259 cd 22.8 de 22.6 64.3 ab 53.3cd
Flixweed 2 133.0b 118.1 cb 33.7 29.6 b 27.2 bc 46.2 50.6 ¢ 724a
Milk thistle 3 1343 b 99.8d 13.0 33.3a 25.2cd 35.5 65.9 ab 67.4 ab
Creeping thistle * 154.3 a 156.1a 76.8 334a 35.7a 91.9 71.3a 64.2 ab
Narrow-leaf plantain® 100.3 ¢ 98.8d 11.9 23.4d 22.3e 19.9 58.3 bc 65.3 ab
Arugula ® 132.6b 118.3 cb 34.0 29.9 ab 26.3 bc 414 62.1ab 715a
Caper bush? 1345b 133.1b 50.7 27.1bc 28.4b 52.7 62.1ab 63.9 ab
Chinaberry 8 1216b 116.1c 315 27.1bc 25.5 cd 37.1 61.8 ab 59.4 bc
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Means within a column followed by the same letter are not significantly different (p < 0.05). *: Percentage change relative to the control.
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Table 8. Mean comparison of Meloidogyne javanica indices in the roots of the tomato cultivar ‘Early Urbana’ in the experiment

evaluating the effects of aqueous extracts from eight different plants (third cropping cycle).

S, el el el e
Control 140.8 a 6780 a 119.5a 5787 a 64.2b 13883 a
Licorice * 115.8b 6241 ab 73.0b 3906 b 63.4b 6946 b
Flixweed ? 90.8 b-d 6463 ab 58.6 bc 4156 b 59.7 bc 5155 b-d
Milk thistle 3 70.8 c-e 4818 bc 41.8 cd 2853 bc 46.9 c 2740 ef
Creeping thistle 4 55.6 e 3611 c 25.6d 1659 ¢ 63.3b 1780 f
Narrow-leaf plantain® 96.6 bc 6303 ab 59.6 bc 3893 b 63.9b 4333 c-e
Arugula ® 66.3 de 4729 bc 43.3 cd 3072 bc 65.6 b 5816 bc
Caper bush” 67.3 de 4317 c 44.0 cd 2803 bc 65.3b 3239 d-f
Chinaberry 8 54.0 e 3181c 36.8 cd 2173 c 83.5a 3455 d-f
Treatments Eggs/root Eggs/egg masses J2s/pot root Final population ?Refr))roduction factor Rf changes %*
Control 677213 a 119b 8670a 685883 a 1143 a -
Licorice ? 373494 b 98.1 bc 9186 a 382680 b 63.7b 44.3
Flixweed ? 364114 b 93.5 bc 9825 a 373939 b 62.3b 45.5
Milk thistle 185717 cd 66.6 ¢ 5115b 190832 cd 31.8cd 72.2
Creeping thistle 4 114684 d 72.8 bc 2170c 116854 d 19.4d 83.0
Narrow-leaf plantain® 282814 bc 73.6 bc 7990 a 290804 bc 48.4 bc 57.7
Arugula ® 425163 b 162.8a 8185a 433348 b 72.2b 36.8
Caper bush 7 205914 cd 75.3¢cb 2835 bc 208749 cd 34.8cd 69.6
Chinaberry 8 203710 cd 104 cb 2575 ¢ 206285 cd 34.4 cd 69.9
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Means within a column followed by the same letter are not significantly different (p < 0.05). *: Percentage change relative to the control.
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Figure 1. Comparison of the mean reproduction factor of Meloidogyne javanica in the roots of the tomato cultivar ‘Early Urbana’ in
the experiment to determine the most effective application method and optimal application rate of the nematode-suppressive plant
Cirsium arvense. @Inoc = at nematode inoculation; DAI = Days after inoculation; DBI = Days before inoculation; Powder: Soil
application of dry powder before seedling transplanting; Ext-Soil = Soil application of plant extract; Foliar: Foliar spray of extract; WAI

= Weeks after inoculation.
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Figure 2. Comparison of the percentage changes in the nematode reproduction factor in experiments evaluating the effects of
extracts from eight different plants on Meloidogyne javanica-infested tomato cultivar ‘Early Urbana’ across three consecutive
cropping cycles. Lic: Licorice, Fli: Flixweed, MiT: Milk thistle, CrT: Creeping thistle, NLP: Narrow-leaf plantain, Aru: Arugula, CaB: Caper
bush, Chi: Chinaberry.
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Figure 3. Effect of treatments with nematode-suppressive plants on Meloidogyne javanica infection indices, including reproduction

factor (Rf), number of eggs, number of galls, and number of egg masses per gram of tomato root across three successive greenhouse

cropping cycles. Lic: Licorice, Fli: Flixweed, MiT: Milk thistle, CrT: Creeping thistle, NLP: Narrow-leaf plantain, Aru: Arugula, CaB: Caper

bush, Chi: Chinaberry.
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2, Tabernaemontana elegans
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