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Abstract

ZOUHAR M., Doupa O., LHOTSKY D., PAVELA R. (2009): Effect of plant essential oils on mortality of the stem
nematode (Ditylenchus dipsaci). Plant Protect. Sci., 45: 66—73.

The aim of this study was to assess the nematicidal activity of different essential oils from medicinal and aro-

matic plants for use in nematode management. Essential oils of Eugenia caryophyllata, Origanum compactum,

Origanum vulgare, Thymus matschiana and Thymus vulgaris showed nematicidal activity against Ditylenchus

dipsaci.
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The use of pesticides on agricultural crops has
recently been revised and restricted by European
Legislations (Reg. CE 396/2005 and 1095/2007) and
more attention is now focused on environmental
safety and human and animal health. Therefore,
it is necessary to find new alternative control
strategies for protecting plants against attacks by
phytoparasitic nematodes and soilborne patho-
gens; these strategies have to be environmentally
sound and economically feasible for a sustainable
agriculture. During the last decade, emphasis has
been put on a wide range of control options, such
as green manures, soil amendments, crop rota-
tions, biofumigations, soil solarisation, steam,
resistant varieties, grafting, mycorrhizae, ozone
treatments, biocidal plants or their derived prod-
ucts and biological control agents (GAMLIEL et
al. 2000; TAMIETTI & VALENTINO 2000; TjaMOS

et al. 2000; Vannacci & GuLLINO 2000; Cicca-
RESE et al. 2008; SASANELLI et al. 2008). Studies
have also focused on the nematicidal activity of
plant extracts or essential oils (Oxa et al. 2000;
RODRIGUEZ-KABANA & SiMMONS 2005). In this
field, attention has so far been concentrated on
root-knot nematodes of the genus Meloidogyne as
these are the most widespread nematode pests on
a global scale. The range of substances tested in
recent years includes aqueous and ethanol extracts
of Carum carvi, Mentha rotundifolia, Origanum
vulgare (OKA et al. 2000), Calotropis procera
(REINA et al. 2002), Artemisia vulgaris (COSTA
et al. 2003), Tamarindus indica, Cassia siamea,
Isoberlinia doka, Dolnix regia, Cassia sieberiana
(BELLO et al. 2006), Tagetes erecta (NATARAJAN et
al. 2006), Avicennia marina (TARIQ et al. 2007),
Chromolaena odorata (THODEN et al. 2007), Ruta
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graveolens (SASANELLI et al. 2007), Azadirachta
indica (JAVED et al. 2007, 2008), and Phyllan-
thus niruri (SHAKIL et al. 2008). An extensive
list of active compounds (alkaloids, diterpenes,
phenols, polyacetylenes, sesquiterpenes, thyenil
derivatives) which can be used in plant parasitic
nematode management was compiled by CHIT-
wooD (2002). Several studies were also carried
out on the effect of plant compounds on free living
nematodes (LANGAT et al. 2008). INSUNZA and
VALENZUELA (1995) evaluated the nematicidal
activity of several Chilean medicinal plants on
the stem nematode Ditylenchus dipsaci. During
the last years, this nematode has become an im-
portant pest of onion in the Czech Republic. In
the European Community, in addition to methyl
bromide, with the exception of critical uses, also
1,3-dichloropropene, Aldicarb, Thionazin and
Cadusafos have been banned and the manage-
ment of this quarantine pest is very problematic.
For the control of this nematode, Czech growers
are entirely dependent on soil treatment before
transplanting. Therefore, different essential oils
were extracted from 35 medicinal plant species and
screened in vitro for their effect on the mortality
of Ditylenchus dipsaci.

MATERIAL AND METHODS

Aerial parts of 35 medicinal plant species (Ta-
ble 1) were dried, crushed and their essential oils
were extracted by distillation of 30 g of plant ma-
terial, for 1.5 h and with 700 ml distilled water,
in a classical steam distillation apparatus. Each
essential oil was separated in a separation funnel.
Subsequently, essential oil solutions (10% ethanol,
v/v) were prepared and diluted in water contain-
ing 0.3% Tween 20 (v/v) to obtain the concentra-
tions used in the experiment. A population of
the nematode Ditylenchus dipsaci (Kuehn) Filip-
jev was reared on salad chicory. The nematodes
were extracted from infested tissues by a modi-
fied Baermann’s funnel method (SOUTHEY 1986).
Consequently the suspensions used for screening
contained all development stages of the nema-
todes. The nematode suspensions were diluted to
contain roughly 50 individuals in 25 pl of water.
This volume of diluted suspension was pipetted
into wells of cultivation plates. Every time, after
filling 10 wells, the nematodes in a test droplet
were counted to confirm the homogeneity of the

suspension. Appropriate essential oil dilutions
were then added into the wells to obtain 1500 ppm;
3000 ppm; 5000 ppm and 7500 ppm concentra-
tions. Untreated nematode suspensions were used
as controls, where the concentrations of ethanol
and Tween 20 were equivalent to those in treat-
ments with essential oils. The mortality of the
nematodes was observed after 3 and 6 h under
a stereomicroscope. Nematodes stimulated on
head or vulva that did not display mobility, after
transfer to distilled water for 1 hours. All tests
were conducted under laboratory conditions, at
21 + 3°C, using an entirely randomised design.
Each treatment was replicated three times and
percentage nematode mortality was calculated
for each treatment according to the expression: %
Mortality = [100 — (100 x SEO)]/SC, where SEO
is the number of nematodes that survived in es-
sential oil and SC is the number of nematodes that
survived in the control. Data from the experiment
were statistically analysed after transformation in
arcsine root square values, by analysis of variance
(ANOVA) and means compared by Tukey’s test.

RESULTS AND DISCUSSION

A significantly increased mortality of D. dipsaci
was obtained by exposure to essential oils of Euge-
nia caryophyllata, Origanum compactum, Origa-
num vulgare, Thymus vulgaris and T. matschiana,
with which only the concentrations of 5000 and
7500 ppm were effective (Table 1). Generally,
length of exposure did not affect nematode mor-
tality remarkably, although 6 h exposure to es-
sential oil from Thymus matschiana at 3000 ppm
revealed a significant mortality in comparison to
3 h exposure time. The effect of exposure of the
nematode for 3 and 6 h to essential oils from other
plant species did not significantly differ from the
untreated control. No effect on nematode mor-
tality was observed in essential oils from a mix
of different Tagetes spp. and from Tagetes bipi-
nata, despite that plants from the genus Tagetes
(T. erecta, T. minuta and T. patula) are regularly
used for nematode control. This is done especially
in the form of mixed cultures of Tagetes spp. as
interculture vegetables (cover crop grown before
planting cash crop) and in commercial formula-
tions, and their nematicidal effect has been known
for a long time (SUATMADJI 1969). However, our
results are similar to findings by SASANELLI and
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Table 1. Effect of different concentrations of essential oils from different plant species on per cent mortality of
Ditylenchus dipsaci, after exposure for 3 and 6 hours

Plant species Concentration (ppm) Mortality after 3h treatment (%) Mortality after 6h treatment (%)
1500 0.0 = 0* 1.3+2.3
3000 0.7+1.2 4.0 £ 2.0
Abies sibirica Ledeb.
5000 1.3+£1.2 4.0 £ 2.0
7500 1.3+2.3 1.3+23
1500 6.7 +8.3 8.7+7.0
3000 7.3+5.8 14.0 + 7.2
Acorus calamus L.
5000 4.7 +5.0 6.0+ 35
7500 33+5.8 53+5.8
1500 0.7+1.2 4.7 +5.0
. . 3000 2.7 +3.1 6.0+ 0.0
Amyris balsamifera
5000 0.7+1.2 2.0+2.0
7500 53+5.0 6.7 £6.1
1500 33+12 53+1.2
) o 3000 3.3+3.1 10.0 £ 10.0
Artemisia absinthium L.
5000 0.7+1.2 6.0 £5.3
7500 3.3+58 8.7+5.8
1500 2.7+3.1 1.3+1.2
3000 0.7+1.2 8.0+35
Citrus aurantifolia
5000 4.7 £ 2.0 12.7+7.0
7500 2.7+23 93+3.1
1500 1.3+1.2 4.0 +£5.3
, _ 3000 13+1.2 8.0 £ 6.0
Citrus limonum Osbeck
5000 4.0 £ 4.0 4.7 £ 4.2
7500 2.7+3.1 7.3+5.0
1500 34.7 + 48,2 65.3 + 36.3
) 3000 64.7 +27.3 88.0 + 8.0
Eugenia caryophyllata .
5000 78.0%* + 26.2 93.3%* + 4,2
7500 80.7%* + 17.9 92.0+ 2.0
1500 0.0+ 0.0 27+1.2
) . 3000 10.0 £ 12.2 16.7 £+ 11.7
Juniperus communis L.
5000 16 +9.0 17.3 £ 11.0
7500 15.3 +21.4 16.7 +21.9
1500 18.0 +27.8 20.0 +27.8
‘ o 3000 19.3 + 28.4 20.0 + 28.0
Juniperus virginiana L.
5000 18.0 + 29.5 23.3 £28.3
7500 22.0 +32.9 28.0 £27.7
1500 6.7 £ 11.5 7.3+12.7
Lavandula angusqfoha 3000 11.3 +12.1 12.7 £ 14.2
P. Mill. 5000 11.3 £ 16.2 17.3 £ 12.7
7500 18.0 £ 19.3 22.0+17.3
1500 0.7+1.2 1.3+1.2
Lavandula latifolia 3000 2.0+2.0 33+31
Medik. 5000 2.7 +3.1 7.3+5.0
7500 6.7 +4.6 7.3+4.2
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Table 1 to be continued

Plant species Concentration (ppm) Mortality after 3h treatment (%) Mortality after 6h treatment (%)
1500 5.3+6.1 13.3 £+ 19.7
Melaleuca quinquenervia 3000 4.0+6.9 26.7 £23.1
(Cav.) Blake 5000 6.7 + 8.3 30.0 £22.5
7500 33+31 31.3 +24.2
1500 2.7 +2.3 53+3.1
) o 3000 0.0+ 0.0 2.0+2.0
Melissa officinalis L.
5000 20.0 + 34.6 28.0 + 45.1
7500 24.0 + 31.7 44.0 + 46.1
1500 38.0 +45.0 65.3 + 46.4
3000 39.3 +42.4 70.0 + 41.8
Mentha arvensis L.
5000 44.0 £ 41.6 66.0 + 39.9
7500 59.3 + 34.9 80.7 £ 26.6
1500 5.3+6.1 17.3 + 23.4
3000 10.0 £ 10.6 23.3 + 14.2
Mentha citrata L.
5000 21.3 +25.3 50.0 + 17.8
7500 47.3 + 38.3 66.0 £ 22.7
1500 10.0 + 14.0 34.0 + 52.0
) 3000 18.7 + 18.9 38.0 £ 50.3
Mentha pulegium L.
5000 31.3 £ 50.8 33.3 £49.3
7500 38.0 £ 45.7 43.3 + 44.7
1500 16.0 £ 22.7 32.7 £49.8
. 3000 20.7 + 20.4 38.0 + 46.9
Mentha spicata L.
5000 24.0 £ 15.1 41.3 +44.3
7500 33.3 +47.7 43.0 + 44.1
1500 3.3+3.1 53+3.1
) 3000 11.3 £11.0 13.3 £ 14.5
Nepeta cataria L.
5000 10.7 £ 16.8 32.0+41.8
7500 153 + 21.6 33.3+49.3
1500 20.0 £ 16.0 28.0 £ 20.9
» 3000 16.0 £ 15.9 42.7 £ 36.1
Ocimum basilicum L.
5000 44.0 + 48.7 70.7 £ 32.3
7500 59.3 + 38.1 75.3 +29.1
1500 82.7** + 18.1 92.7%* + 5.0
) 3000 100.0** £ 0.0 100.0** £ 0.0
Origanum compactum L.
5000 99.3** £ 1.2 100.0** £ 0.0
7500 98.7** £ 1.2 100.0** £ 0.0
1500 18.7 + 18.9 28.7 +21.4
, , 3000 31.3 + 25.3 55.3  36.5
Origanum majorana L.
5000 22.7 +12.1 42.0 + 33.0
7500 33.0 +47.7 74.7 + 28.3
1500 98.7** £ 1.2 99.3** + 1.2
) 3000 99.3** £ 1.2 100.0** £ 0.0
Origanum vulgare L.
5000 100.0** £ 0.0 100.0** £ 0.0
7500 99.7*%* + 1.6 99.3%* + 1.2
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Table 1 to be continued

Plant species Concentration (ppm) Mortality after 3h treatment (%) Mortality after 6h treatment (%)
1500 28.0 £27.7 37.3 £ 24.0
L'Heritier 5000 30.7 £ 16.8 64.7 + 37.4
7500 29.3 £19.7 65.3 £42.7
1500 23,3 +£15.3 58.0 £40.9
, , 3000 38.7 +49.7 64.7 + 47.5
Pelargonium roseum Willd..
5000 46.7 £ 45.1 58 + 50.5
7500 53.3 £46.2 58.7 +50.8
1500 33+58 4.0+6.9
Pogostemon cablin (Blanco) 3000 4.0+6.9 47+8.1
Benth 5000 4.0+5.3 17.3 + 20.5
7500 53+6.1 20.7 £ 19.4
1500 1.3+1.2 10.0 £ 10.0
. 3000 1.3+23 9.3+£9.5
Pongamia sp.
5000 1.3+12 8.0+12.2
7500 10.0 £ 6.0 18.7 £13.3
1500 13.3 +11.5 20.7 £19.0
A o 3000 6.0 + 10.4 14.0 £ 19.1
Rosmarinus officinalis L.
5000 8.7+13.3 22.0 £ 329
7500 4.0+0.0 19.3 +18.1
1500 0.0+ 0.0 4.7+ 8.1
. 3000 0.0+ 0.0 1.3+1.2
Salvia officinalis L.
5000 33+12 18.7 + 18.9
7500 4.0+2.0 19.3 £ 14.5
1500 4.0+5.3 53t6.1
. 3000 53+4.2 18.0 + 19.3
Salvia sclarea L.
5000 53+9.2 19.3 +18.1
7500 2.7+23 22.0+19.1
1500 153+99 30.0 £12.2
o 3000 12.7 +13.0 253 +£12.2
Tagetes bipinata L.
5000 16.7 + 20.8 23.3+15.3
7500 233 +21.4 26.0 = 20.9
1500 5.0x4.7 4.0+6.9
3000 0.7+1.2 2.0+2.0
Tagetes sp.
5000 0.7+1.2 1.3+£23
7500 0.7+1.2 1.3+1.2
1500 9.3+9.0 17.3 £ 21.9
S , 3000 8.7 +7.0 24.7 + 22.1
Thuja occidentalis L.
5000 6.7+99 25.3 £ 24.0
7500 6.0 £5.3 227 +25.7
1500 31.3+£99 56.7 £ 27.2
. 3000 63.3 +44.5 90.7 £ 8.1
Thymus matschiana L.
5000 82.0** + 19.3 94.7%* + 4.2
7500 98.7%* + 1.2 100.0%** + 0.0
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Table 1 to be continued

Plant species

Concentration (ppm) Mortality after 3h treatment (%) Mortality after 6h treatment (%)

1500 81.3** + 18.6 93.3** + 4.2
) 3000 83.3** + 18.6 94.0** + 5.3
Thymus vulgaris L.
5000 86.7** + 10.1 95.3** + 1.2
7500 98.3%* + 2.0 98.7%* + 1.2
1500 2.7+23 16.0 + 20.8
) » 3000 2.0+2.0 17.3 £ 16.7
Tsuga canadensis (L.) Carriére
5000 33+58 20.7 £ 26.1
7500 4.7 + 6.4 26.7 £ 18.9
1500 3.3+3.1 4.7 +5.0
o ) 3000 8.7+23 20.7 + 16.8
Zingiber officinale Rosc.
5000 6.7+5.8 22.0 + 14.0
7500 12.0 £ 8.0 26.7 £ 8.1
Control 1.3+1.2 4.0+2.0

Each value is an average of three replications + SD (standard deviation); **averages marked in bold are statistically different

from the untreated control (P = 0.05)

D’ADDABBO (1993). These authors did not observe
nematicidal activity of T. erecta against the root-
knot nematode Meloidogyne incognita in an in
vitro experiment. It is possible that the main plant
compound responsible for the nematicidal effect
of Tagetes species, a-therthienyl, was destroyed
during the distillation process (WANG et al. 2007).
An extract from Eugenia winzerlingii leaves showed
nematicidal activity against the root-knot nema-
tode M. incognita (CRISTOBAL-ALEJO et al. 2006),
but no comparison is possible because a different
target organism and plant compound were used.
Similar results were obtained by ELBADRI et al.
(2008), who tested the effect of extracts from Oci-
mum basilicum leaves and seeds on M. incognita
mortality. The suppressive effect of plant extracts
on the ability of Ditylenchus dipsaci to infest gar-
lic is well known only for Plantago major, Ruta
graveolens, Aristotelia chilensis, Chenopodium
ambrosioides and Ovidia pillopillo (INSUNZA &
VALENZUELA 1995). None of the concentrations
of Mentha spicata essential oil, at both 3 h and
6 h exposure time, showed nematicidal activity
against D. dipsaci, although it has been effective
against the root-knot nematode M. javanica (Oxa
et al. 2000). The essential oil of Origanum vulgare
greatly suppressed the D. dipsaci population in
comparison to the untreated control. In an ear-
lier study, the essential oil from the same plant,
with a high content of carvacrol and thymol, was
effective against M. javanica (OKA et al. 2000).

The two compounds involved in the nematicidal
activity on M. javanica might also be effective on
D. dipsaci. The essential oils from Rosmarinus of-
ficinalis and Salvia officinalis did not show nema-
ticidal activity on D. dipsaci, whereas these oils
were effective in the control of the second stage
juveniles and egg hatch of M. javanica (OKA et al.
2000). Similar to the essential oil from Origanum
vulgare, that from Thymus vulgaris suppressed
D. dipsaci. This nematicidal activity might also
be due to thymol, the main component (40%)
in the essential oil of T. vulgaris. In addition to
thymol, this essential oil contains carvacrol (at
7%), another strong nematicidal compound (Oxa
et al. 2000). Many components of the essential
oils that revealed nematicidal activity, such as
carvacrol, thymol, carvone, limonene, Artemisia
ketone, and t-anathole, have also been reported for
their biocidal effect on insects, fungi, bacteria and
weeds (KURITA et al. 1981; JANSSEN et al. 1987;
MULLER-RIEBAU et al. 1995; LANDOLT et al. 1999;
IsmAaN 2000; RODRIGUEZ-KABANA & SIMMONS
2005). Therefore, soil treatment with essential
oils could have a potential for soil disinfestation
as an alternative to chemicals. However, while it
is clear that several plants contain compounds
which can be used to protect crops against plant
parasitic nematodes (GRAINGE & AHMED 1988;
CHITWOOD 2002), the mechanisms involved in
the nematicidal activity are known only for few
groups of plants. In conclusion, our results have
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demonstrated the nematicidal properties of es-
sential oils of Eugenia caryophyllata, Origanum
compactum, O. vulgare, Thymus matschiana and
T. vulgaris against Ditylenchus dipsaci. Yet further
investigations are necessary to evaluate economic
aspects and to determine the most appropriate
rates and concentrations of the different essential
oils and their feasibility for use in field or enclosed
conditions.

References

BerLro L.Y,, CHINDO P.S., MARLEY P.S., ALEGBEjO M.D.
(2006): Effects of some plant extracts on larval hatch
of the root-knot nematode, Meloidogyne incognita.
Archives of Phytopathology and Plant Protection,
39: 253-257.

CHiTwoobD D.J. (2002): Phytochemical based strategies
for nematode control. Annual Review of Phytopathol-
ogy, 40: 221-249.

CiccARrese F, PacioLrLA C., SASANELLI N., CICCARESE
A., DE LEONARDIS S., SCIACOVELLI M. (2008): Can
the ozone be used in the control of plant diseases? In:
FISV 10" Annual Congress, 24-27 September, Riva
del Garda, Italy: 18.

CosTA S.S.R., SANTOS M.S.N.A., RyaAN M.F. (2003): Ef-
fect of Artemisia vulgaris rhizome extracts on hatch-
ing, mortality, and plant infectivity of Meloidogyne
megadora. Journal of Nematology, 35: 437-442.

CRISTOBAL-ALEJO J., TUN-SUAREZ J.M., MOGUEL-
CATZIN S., MARBAN-MENDOZA N., MEDINA-BAIZA-
BAL L., SIMA-POLANCO P.,, PERAZA-SANCHEZ S.R,,
GAMBOA ANGULO M.M. (2006): In vitro sensitivity
of Meloidogyne incognita to extracts from native Yu-
catecan plants. Nematropica, 36: 89-97.

ELBADRI G.A., LEE D.W.,, PARK ].C., YU H.B., CHOO H.Y.
(2008): Evaluation of various plant extracts for their
nematicidal efficacies against juveniles of Meloido-
gyne incognita. Journal of Asia-Pacific Entomology,
11: 99-102.

GAMLIEL A., AUSTERWEIL M., KrRiTzMAN G. (2000):
Non-chemical approach to soilborne pest manage-
ment — organic amendments. Crop Protection, 19:
847-853.

GRAINGE M., AHMED S. (1988): Handbook of Plants
with Pest-Control Properties. J. Wiley and Sons, New
York: 238-248.

INSUNZA V.B., VALENZUELA A.A. (1995): Control of
Ditylenchus dipsaci on garlic (Allium sativum) with
extracts of medicinal plants from Chile. Nematropica,
25: 35-41.

72

IsMAN M.B. (2000): Plant essential oils for pest and dis-
ease management. Crop Protection, 19: 603-608.
JANSSEN A.M., SHEFFER J.J.C., BAERHEIM SVENDSEN
A. (1987): Antimicrobial activity of essential oils. A
1976-1986 literature review: Aspects of the test meth-

ods. Planta Medica, 53: 395-398.

JAVED N., GOWEN S.R., INAM-UL-HAQ M., ABDULLAH
K., SHAHINA F. (2007): Systemic and persistent effect
of neem (Azadirachta indica) formulations against
root-knot nematodes, Meloidogyne javanica, and their
storage life. Crop Protection, 26: 911-916.

JAVED N., GOWEN S.R., EL-HAsSAN S.A., INAM-UL-HAQ
M., SHAHINA F,, PEMBROKE B. (2008): Efficacy of neem
(Azadirachta indica) formulations on biology of root-
knot nematodes (Meloidogyne javanica) on tomato.
Crop Protection, 27: 36—43.

KuriTa N, MivAj1 M., KURANE R., TAKAHARA Y. (1981):
Antifungal activity of components of essential oils.
Agricultural and Biological Chemistry, 45: 945-952.

LanpoLT PJ.R., HOFSTETTER W., BiDDICK L.L. (1999):
Plant essential oils as arrestants and repellents for
neonate larvae of the codling moth (Lepidoptera: Tor-
tricidae). Environmental Entomology, 28: 954—960.

LanGgaT ].K,, KiMmENJU J.W.,, MuTUA G.K., MUIRU W.M.,
OTIiENO W. (2008): Response of free-living nematodes to
treatments targeting plant parasitic nematodes in carna-
tion. Asian Journal of Plant Sciences, 7: 467—-472.

MULLER-RIEBAU F., BERGER B., YEGEN O. (1995):
Chemical composition and fungitoxic properties to
phytopathogenic fungi of essential oils of selected
aromatic plants growing wild in Turkey. Journal of
Agriclture and Food Chemistry, 43: 2262-2266.

NATARAJAN N., CorK A., BooMATHI N., PANDI R., VE-
LAVAN S., DHAKSHNAMOORTHY G. (2006): Cold aque-
ous extracts of African marigold, Tagetes erecta, for
control of tomato root knot nematode, Meloidogyne
incognita. Crop Protection, 25: 1210-1213.

OkA Y, NACAR S., PuTiEVsKY E., Ravip U, YANIV Z,,
SPIEGEL Y. (2000): Nematicidal activity of essential oils
and their components against the root-knot nematode.
Phytopathology, 90: 710-715.

REINA Y., CROzZzOLIR., GRECO N. (2002): Efecto nema-
ticida del extracto acuoso de hojas de algodon de
seda (Calotropis procera) sobre diferentes especies de
nematodos fitoparasiticos. Fitopatologia Venezolana,
15: 44-49.

RODRIGUEZ-KABANA R., SIMMONS L. (2005): Fungicidal,
herbicidal, and nematicidal ativities of essential oils in
slow-release formulations. In: XXVII Annual Meeting
of ONTA, 17-21 October, Vina del Mar, Chile: 96.

SASANELLI N., D’AppaBBO T. (1993): Effect of Cineraria
maritima, Ruta graveolens and Tagetes erecta leaf and



Plant Protect. Sci.

Vol. 45, 2009, No. 2: 66-73

root extracts on Italian populations of Meloidogyne
species. Nematologia Mediterranea, 21: 21-25.

SASANELLI N, ATTILA A., D’ADDABBO T,, TAKACS T.
(2007): Nematicidal properties of leaf extracts of Ruta
graveolens inoculated with arbuscular mycorrhizal
fungi. Russian Journal of Nematology, 15: 65-73.

SASANELLI N., CiIcCARESE F,, PArajova 1. (2008): Apha-
nocladium album by via subirrigation in the control
of Pyrenochaeta lycopersici and Meloidogyne incog-
nita on tomato in a plastic-house. Helminthologia,
45: 137-142.

SHAKIL N.A., PANKA]., KUMAR ]., PANDEY R.K., SAXENA
D.B. (2008): Nematicidal prenylated flavanones from
Phyllanthus niruri. Phytochemistry, 69: 759-764.

SoUTHEY J.F. (1986): Laboratory methods for work with
plant and soil nematodes. Technical Bulletin. NAFF/
ADAS, HMSO, London.

SuATMADJI W.R. (1969): Studies on the effect of Tagetes
species on plant parasitic nematodes. Stichting Frond
Landbouw Export Bureau Publicatie 47. H. Veenman
und Zonen N. V., Wageningen: 132.

TAMIETTI G., VALENTINO G. (2000): Effectiveness of
soil solarization against soil borne plant pathogens
and weeds in Piedmont (Northern Italy). Acta Horti-
culturae, 532: 151-156.

TARIQ M., DAWAR S., MEHDI E.S., ZAKI M.]. (2007): Use
of Avicennia marina (Forsk.) Vierh. in the control of
root knot nematode Meloidogyne javanica (Treub)
Chitwood on okra and mash bean. Turkish Journal of
Biology, 31: 225-230.

THODEN T.C., BOPPRE M., HALLMANN J. (2007): Pyr-
rolizidine alkaloids of Chromolaena odorata act as
nematicidal agents and reduce infection of lettuce
roots by Meloidogyne incognita. Nematology, 9: 343—
349.

Tramos E.C., PoLYMNIA, PA., Tyamos S.E. (2000): Im-
plementation of soil solarization in Greece: Conclusions
and suggestions. Crop Protection, 19, 843—846.

VANNAccI G., GuLLINO M.L. (2000): Use of biological
agents against soil borne pathogens: Results and limi-
tations. Acta Horticulturae, 532: 79-88.

WanG K.H., Hooks C.R., PLOEG A. (2007): Protect-
ing crops from nematode pests: using marigold as
an alternative to chemical nematicides. Cooperative
Extension Service. Plant Disease, 35: 1-6.

Received for publication February 18, 2009
Accepted after corrections April 26, 2009

Corresponding author:

Ing. MILOSLAV ZOUHAR, Ph.D., Ceské zemédélskd univerzita v Praze, Fakulta agrobiologie, potravinovych

a pfirodnich zdrojt, katedra ochrany rostlin, Praha 6-Suchdol, Ceskd republika
tel.: + 420 224 382 611, fax: + 420 224 382 596, e-mail: zouhar@af.czu.cz

73



