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Abstract

Background: Essential oils from aerial parts of Achillea wilhelmsii, Tanacetum polycephalum and Teucrium polium
were isolated by using Clevenger-type apparatus and tested at different concentrations for their nematicidal activ-
ity against the second stage juvenile (J2) of Meloidogyne incognitain vitro condition. The chemical components of
the essential oils and seed extracts of each plant (0.2 g) were extracted with maceration with methanol/acetic acid
mixture (85:15, v/v). Analysis was done by Gas Chromatography, GC-Mass Spectrometry) and HPLC. Identified chemi-
cal components were tested after this on J2 of M. incognitain. Nuclear magnetic resonance spectroscopy was done to
investigate the properties of organic molecules by drawing their spectrum using Broker AVANCE AQS-300 MHz.

Results: Significant difference was achieved on nematicidal activity of essential oils based on the plant species

and oil concentrations. GC and GC-MS led to identification of 41, 39 and 45 major compounds from T. polium, T.
polycephalum and A. wilhelmsii oils, respectively. A number of 10 components with different ranges of percentage
were recorded in all of the tested plants oils. Use of HPLC resulted in identification of 4, 3 and 2 chemical compounds
in the extracts of A. wilhelmsii, T. polycephalum and T. polium, respectively. The nematicidal activity of commercial poly-
phenols at the concentration of 1100 ppm showed 58.3,48.9, 28.2 and 26.8 percentages J2 mortalities by catechin,
coumarin, gallic acid and chlorogenic, respectively. Nematotoxicity test of commercial terpenoids showed the highest
J2 mortalities (more than 80%), in concentrations of 100 and 200 ppm limonene, 3-pinene and a-pinene. However, it
was less than 30% of J2 mortality caused by terpinen-4-ol, a-terpineol and linalool.

Conclusions: Compounds such as Limonene, B-pinene and a-pinene were detected in all of the tested plants, A.
wilhelmsii, T. polycephalum and T. polium, having an effective nematicidal action versus terpinen-4-ol, a-terpineol and
linalool.
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Background

Plant parasitic nematodes have caused more than $100
billion in annual losses of crops and plants worldwide (Li
etal., 2013). Root knot nematode (Meloidogyne incognita)
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is the predominant plant parasitic nematode in Iran and
causes serious problems to many crops (Akhyani et al.,
1984). Human health safety and environmental concerns
have been discussed due to use of chemical pesticides
including different chemical nematicides, since their side
effects were observed and repotted (Chitwood, 2002).
Nematicidal activities of many plant essential oils
and phytochemicals of plants like Teucrium polium
and Achillea wilhelmsii have been reported previously
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(Chitwood, 2002). Plant essential oils consist of volatile
compounds such as alcohols, aldehydes, terpenoids and
phenolics. These compounds are ecofriendly and show
many biological activities such as insecticidal, antifungal
or nematicidal effects (Ohri, & Kaur, 2009). Also, plant
secondary metabolites with a nematicidal activity can be
released during decomposition of plant biomasses (Chit-
wood, 2002; Renco et al. 2012; Renco, 2013; Baidoo et al,,
2017). Among main components of plants essential oil
and also their aquatic extracts, terpenoids and polyphe-
nols are, respectively, known for a large structural and
functional diversity, a high nematicidal activity and no
adverse effects on plant growth parameters (Echeverriga-
ray et al,, 2010).

The objectives of this study were to identify chemi-
cal components from water extracts and essential oils of
Achillea wilhelmsii, Tanacetum polycephalum and Teu-
crium polium, and their nematicidal effects using gas
chromatography (GC), gas chromatography coupled with
mass spectrometry (GC-MS), high-performance liquid
chromatography (HPLC) and HN.M.R.

Methods

Plant materials

In April and May, at the time of flowering, annual grown
aerial parts of T. polium, T. polycephalum and A. wil-
helmsii were obtained from Kohgyloyeh va Boyrahmad
province with geographical coordinates of 51°31’ E and
30°31’ N. Plant materials were washed with distilled
water. Their aerial parts were then separated and dried
individually in the shade at room temperature (22-25 °C)
for 7 days. They were then powdered by a laboratory
grinder and used for extraction of essential oil as well as
water extracts.

Essential oil extraction

The essential oil of all dried samples (100 g of each
plant) was isolated by hydro-distillation for 3 h, using a
Clevenger-type apparatus according to the method rec-
ommended in British Pharmacopoeia (British pharma-
copoeia, 1988; Erskine, 2007). The distillated oils were
dried over anhydrous sodium sulfate and stored in tightly
closed dark vials at refrigerator (4 °C), until analysis.

Gas chromatography (GC) and gas chromatography-mass
spectrometry (GC-MS)

GC analysis was performed using an Agilent gas chroma-
tograph series 7890-A with a flame ionization detector
(FID). The analysis was carried out on fused silica cap-
illary HP-5 column (30 m x 0.32 mm i.d,; film thickness
0.25 mm). Temperatures of the injector and the detector
were 250 °C and 280 °C, respectively. Nitrogen was used
as carrier gas at a flow rate of 1 ml/min; oven temperature
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program was 60—210 °C at the rate of 4 °C/min and then
programmed to 240 °C at the rate of 20 °C/min and finally
held isothermally for 8.5 min; split ratio was 1:50. GC—
MS analysis was carried out by use of Agilent gas chro-
matograph equipped with fused silica capillary HP-5MS
column (30 m x 0.25 mm i.d.; film thickness 0.25 mm)
coupled with 5975-C mass spectrometer. Helium (99.9%)
was used as carrier gas with ionization voltage of 70 eV.
Ion source and interface temperatures were 230 °C and
280 °C, respectively. Mass range was from 45 to 550 amu.
Oven temperature program was the same given above for
the GC.

The constituents of the essential oils were identified by
calculation of their retention indices under temperature-
programmed conditions for n-alkanes (C8—C25) and the
oil on a HP-5 column under the same chromatographic
conditions. Identification of individual compounds was
made by comparison of their mass spectra with those
of the internal reference mass spectra library or with
authentic compounds and confirmed by comparison
of their retention indices with authentic compounds or
with those of reported in the literature (Adams, 2007).
For quantification purpose, relative area percentages
obtained by FID were used without the use of correction
factors.

High-performance liquid chromatography (HPLC)
Powdered samples of each plant (0.2 g) were extracted
with maceration with methanol/acetic acid mixture
(85:15, v/v), with the ratio of raw materials to metha-
nol/acetic acid mixture of 1:10, for 24 h in darkness in a
freezer at— 18 °C and subsequently extracted in a ultra-
sonic bath for 15 min. Solutions then were centrifuged
at 10,000 rpm for 20 min in 0 °C. One ml of supernatant
was separated and mixed with 1 ml of n-hexane (1:1, v/v).
This solution was centrifuged again at 10,000 rpm for
10 min in 0 °C. The below layer was then filtered through
0.2-um-pore size membrane filters and stored in dark-
ness in a freezer at— 18 °C until analysis (Mandal et al.,
1991).

HPLC analysis was performed by using an Agilent
1200 series, equipped with a diode array detector (DAD),
Chemstation Software (Agilent Technologies), a quater-
nary pump an online vacuum degasser, an auto sampler
and a thermo-stated column compartment, on an Agilent
Zorbax Eclipse XDB-C18, 5 um (ID), 4.6 x 150 mm (FT)
column, at a flow-rate of 1 ml min~!. Solvent gradient
was performed by varying the proportion of solvent A
(formic acid 1% in deionized water) to solvent B (metha-
nol (v/v) as follows: methanol/formic acid 1%: (10:90),
hold time: 0 min; methanol/formic acid 1%: (25:75), hold
time: 10 min; methanol/formic acid 1%: (60:40), hold
time: 20 min; methanol/formic acid 1%: (70:30), hold
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time: 30 min; the total running time was 30 min. The
column temperature was 30 °C. The injected volume of
samples and standards was 20uL, and it was done auto-
matically using an auto-sampler. Chromatograms were
plotted at 280 and 320 nm (Mandal et al., 1991).

Nuclear magnetic resonance spectroscopy (HN.M.R)

Two kg of each plant powder was put in a double-layered
muslin cloth and macerated in 2000 ml of distilled water
for 12 h at 25 °C. The suspensions were then filtered and
stored at 28 °C until all liquid materials were evaporated.
Dried materials obtained from the bottom of glasses ves-
sels were used for nuclear magnetic resonance spectros-
copy to investigate the properties of organic molecules by
drawing their spectrum.

A suspension of 0/2 molar of each dried plant unknown
material was prepared by adding 5 g of each one in 0/5 ml
of D,O. They were then put in the Broker AVANCE
AQS-300 MHz tubes separately and drawn their spec-
trum (Gadian, 1982).

Nematode population

The inoculum of M. incognita was initially isolated from
infected tomato roots, identified and then multiplied
in a glasshouse (16:8 h L:D, 25-28 °C, 75%—80% RH) in
14-cm-diameter pots containing sterile moist loamy soil
(80% sand, 15% silt and 5% clay) for 2 months. Heav-
ily infected tomato roots were washed free of adhering
soil and used for preparing the inoculum. Nematode
egg masses were carefully separated from the infected
roots, put in Petri dishes in distilled water, and stored at
4 °C before use. Then the egg masses were incubated in
a growth cabinet at 254+2 °C to encourage emergence
of second-stage juveniles (J2). The emerged ]2 were col-
lected daily from the Petri dishes for up to 5 days and
used for the experiments (Southey, 1986).

Nematotoxicity test of essential oils
Essential oil was diluted in a 1.0% distilled water solution
of Tween 80, as to prepare 8000, 4000, 2000, 1000, 500,
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250, 125, 62.5 and 0 mg 17! test solutions. Approximately
200 M. incognita juveniles were added to 5 ml of each test
solution in 3 ¢cm diameter Petri dishes, providing three
replicates of each treatment. Distilled water and 1.0%
Tween 80 water solution were used as controls. Nema-
todes were incubated at 25 °C for 24 h and then observed
under a stereomicroscope. Immobile Juveniles, even after
stimulation, were recorded as dead nematodes. Nema-
tode mortality was confirmed by counting again after
24 h permanence in distilled water. The experiment was
repeated twice.

Nematotoxicity test of polyphenols

The commercial products (Sigma) of gallic acid, catechin,
chlorogenic, and coumarin were purchased from the mar-
kets, and their nematicidal effects were assayed according
to Kimura et al. (1981). Two milliliters of aqueous solu-
tion of each test compound was taken and added in 2 L of
distilled water to obtain a final product concentration of
1000 ppm. The mouth of the glass vial was secured with
tissue paper using a rubber band. The pH remained near
7 throughout the experiments. Control wells received
100 pl of tap water. Three replica of each compound
were maintained along with control. The vials were then
placed in dark at 27-28 °C for 48 h before being inverted
in small beakers containing 5 ml of 1000 ppm streptocy-
cline. A small piece of glass was placed under the rim of
the vial to allow nematodes to egress. Nematodes recov-
ered in the beaker after 24 h were counted and percent
mortality calculated by the formula B-A / B x 100, where
B was the number of nematodes recovered after in the
control and A was the number of nematodes recovered in
the treatment. Experiments were repeated twice.

Nematotoxicity test of terpenoids

Concentrations of 400 and 200 ppm of different terpe-
noids (a-pinene, B-pinene, limonene, linalool, terpinen-
4-ol and a-terpineol) were prepared in deionized distilled
water as basic concentrations. To determine the effect
of terpenoids on M. incognita, 1 ml of the each basic
concentration (400 and 200 ppm) was put in a separate

Table 1 Polyphenols identified in aqueous extracts from seeds of Achillea wilhelmsii, Teucrium polium and Tanacetum polycephalum

using HPLC
Plants Polyphenols (ppm)

Gallic acid Catechin Chlorogenic Coumarin Quercetin Caffeic acid
Achillea wilhelmsii 20.83 185.06 758.64 7849 0.00 0.00
Tanacetum polycephalum 15.29 30.07 50.70 0.00 0.00 0.00
Teucrium polium 2355 0.00 0.00 53.05 0.00 0.00
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Table 2 Volatile components identified in essential oil from aerial parts of Tanacetum polycephalum, Achillea wilhelmsii and Teucrium

polium

Components T. polycephalum A. wilhelmsii T. polium
a-Pinene 0475 7469 10.373
B-Pinene 0.076 0.904 7.365
Sabinene 0.231 1.738 5547
p-Cymene 0.328 1.100 0.397
Limonene 0.055 0422 1.693
Linalool 0.984 13.347 0402
Terpinene-4-ol 2316 6918 0.487
a-Terpineol 0433 3.728 0.500
(B)-Caryophyllene 0118 1.258 24410
Caryophyllene oxide 0.274 3.904 5.245
Dehydro-1,8-cineole 0.157 0.000 0.000
a-Terpinene 0.618 2.262 0.000
1,8-Cineole 3135 0.00 0.00
y-Terpinene 1.059 3485 0.00
cis-Sabinene hydrate 0404 3.383 0.000
Terpinolene 0.219 0.907 0.000
trans-Sabinene hydrate 0427 0.00 0.00
cis-Thujone 1.880 0.000 0.00
trans-Thujone 74.483 6.977 0.00
Chrysanthenone 0465 0.00 0.00
iso-3-Thujanol 0.513 0.000 0.00
trans-Pinocarveol 1.333 0.000 0.642
Camphor 1.832 0.997 0.000
Borneol 2.051 1.498 0.000
Myrtenol 0.632 0.000 0.695
Cumin aldehyde 0.276 0.000 0.000
cis-Chrysanthenyl acetate 0.550 0.000 0.000
Bornyl acetate 0.388 0.000 2.242
trans-Sabinyl acetate 0.260 0.000 0.000
(Z)-Jasmone 0.278 0.000 0.000
cis,threo-Davanafuran 0.204 0.000 0.000
Camphene 0.050 0.156 0.000
Germacrene D 0.721 0.000 0.000
(E)-Nerolidol 0314 11.398 0.863
Spathulenol 0.325 0.649 0.000
Salvial-4(14)-en-1-one 0.145 0.000 0.000
y-Eudesmol 0.794 0.000 0.000
B-Eudesmol 0.399 0.000 0.000
neo-Intermedeol 0.749 0.000 0.000
a-Thujene 0.000 0.140 0425
6-Methyl-5-hepten-2-one 0.000 0.045 0.000
a-Phellandrene 0.000 0.061 0.000
6-3-Carene 0.000 0.022 0.000
1,8-Cineole 0.000 15.240 0.000
(2)-B-Ocimene 0.000 0011 0.000
(B)-B-Ocimene 0.000 0.038 0.000
trans-Linalool oxide 0.000 0.109 0.000

n-Amyl isovalerate 0.000 0.97 0.000
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Table 2 (continued)

Components T. polycephalum A. wilhelmsii T. polium
cis-p-Menth-2-en-1-ol 0.000 0.589 0.000
a-Campholenal 0.000 0.379 0.308
1-Terpineol 0.000 0.66 0.000
B-Pinene oxide 0.000 1451 0.000
Pinocarvone 0.000 0.404 0.204
Thymol 0.000 0.769 0.000
Carvacrol 0.000 0.072 0.000
o-Elemene 0.000 0.113 0.000
Eugenol 0.000 0.157 0.000
Geranyl acetate 0.000 0.498 0.000
(E)-B-Farnesene 0.000 0.133 0.000
Bicyclogermacrene 0.000 0.538 0.755
Caryophylla-4(14),8(15)-dien-5-3-ol 0.000 0.503 0.000
(Z)-Lanceol acetate 0.000 1.027 0.000
14-Methyl-oxacyclotetradecan-2-one 0.000 1.196 0.000
Myrcene 0.000 0.000 5.001
y-Terpineol 0.000 0.000 0.276
Terpineol 0.000 0.000 0.369
n-Nonanal 0.000 0.000 1.697
1-Octen-3-41-acetate 0.000 0.000 1177
cis-Verbnol 0.000 0.000 0.308
trans-Verbnol 0.000 0.000 1.011
a-Terpinyl acetate 0.000 0.000 2425
a-Humulene 0.000 0.000 4.739
Dehydro-sesquicineol 0.000 0.000 5.753
Germacrene D 0.000 0.000 1.304
B-Bisabolene 0.000 0.000 0.740
y-Cadinene 0.000 0.000 0431
Elemol 0.000 0.000 2.704
Germacrene B 0.000 0.000 0.859
Valerianol 0.000 0.000 0.257
a-Bisabolol oxide B 0.000 0.000 0401
a-Bisabolol 0.000 0.000 5.148
Thuja-2,4(10)-diene 0.000 0.000 0.000
Isopentyl isovalerate 0.000 0.000 0.000
Methyl chavicol 0.000 0.000 0.000
Citronellol 0.000 0.000 0.000
Linalyl acetate 0.000 0.000 0.000
Methyl citronellate 0.000 0.000 0.000
Myrtenyl acetate 0.000 0.000 0.000
Neryl acetate 0.000 0.000 0.000
Geranyl acetate 0.000 0.000 0.000
Methyl eugenol 0.000 0.000 0.000
Flavesone 0.000 0.000 0.000
Humulene epoxide Il 0.000 0.000 0.000
Unknowns 0.000 2375 0.737,0.192,
0.797,0.242,

0.882
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Table 3 Mortality percentages of M. incognita juveniles treated with different concentrations of the essential oils (Data are means of 5

replicates)
Plants Concentrations of the essential oils (ppm)

8000 4000 2000 1000 500 250 125 62.50
Achillea wilhelmsii 100(0)a* 100(0)a 43.30(8.05)b 22.70(1.67)c 5.3001.67)f 0.00(0)g 0.00(0)g 0.00(0)g
Tanacetum polycephalum 100(0)a 100(0)a 44.30(3.57)b 22.70(2.17)c 6.00(1.41)f 0.00(0)g 0.00(0)g 0.00(0)g
Teucrium polium 100(0)a 100(0)a 18.00(3.57)d 12.70(2.16)e 0.00(0)g 0.00(0)g 0.00(0)g 0.00(0)g
Control (distilled water) 0.00(0)g 0.00(0)g 0.00(0)g 0.00(0)g 0.00(0)g 0.00(0)g 0.00(0)g 0.00(0)g

Data followed in each column by the same letters are not significantly different according to Duncan’s multiple range test (P=0.05)

" Figures in the parentheses indicate standard error

Table 4 Effect of terpenoids on mortality of M. incognita
juveniles (J2) in vitro

Components J2 mortalities(%) at 2 different

concentrations

100 ppm 200 ppm
a-Pinene 81 91
B-Pinene 87 93
Limonene 90 93
Linalool 14 18
Terpinen-4-ol 24 29
a-Terpineol 19 21

cavity-slide to which a 1 ml suspension of freshly hatched
juveniles (about 200 juveniles/ml) was added. By adding
1 ml of each terpenoid suspension in 1 ml of nematode
suspension, they were finally concentrations of 200 and
100 ppm. A glass slide containing 1 ml sterile distilled
water served as the control. Each dilution was replicated
3 times at room temperature (25+2 DC). After a 48-h
incubation period, the numbers of dead juveniles were
counted. Nematodes were considered dead if they did
not move when probed with a fine needle (Aoudia et al.,
2012).

Statistical analysis

Rate of mortality was calculated according to Abbott’s
formula m =100 x (1 —nt/nc) (Finney, 1978), in which:
m =% nematode mortality; nt=number of alive nema-
todes after the treatment; nc=number of alive nema-
todes in the control. Data collected as percent of dead
nematodes were arc sin transformed and subjected to
a one-way analysis of variance (ANOVA) followed by
means comparison using Duncan’s multiple range test at
P=0.05.

Results

Identification of components from aquatic extracts

Results of HPLC analysis for T. polium, T. polycepha-
lum and A. wilhelmsii are presented in Table 1. Gal-
lic acid was presented in all tested plants. Catechin and
chlorogenic acid were found in T. polycephalum and A.
wilhelmsii. Coumarin was found in A. wilhelmsii and T.
polium. Other polyphenols such as quercetin and caffeic
acid were not found in any of the tested plants.

Identification of components from essential oils

The chemical compositions of the all tested plants essen-
tial oils are shown in Table 2. Totally, 39, 45 and 41 major
compounds were identified from 7. polycephalum, A. wil-
helmsii, and T. polium oils, respectively.

Among the components identified in each plant,
the highest amount of chemical component was for
trans-thujone (74.483%) in T. polycephalum, 1,8-cin-
eole (15.240%) in A. wilhelmsii and (E)-caryophyllene,
(24.410%) in T. polium oils. Ten components (a-pinene,
sabinene, B-pinene, p-cymene, limonene, linalool, ter-
pinen-4-ol, a-terpineol, (E)-caryophyllene and caryo-
phyllene oxide) were common and presented in all tested
plants within different ranges of the percentage.

Nematotoxicity test of essential oils

Based on the results presented in Tables 3 and 4, the
essential oils of all the tested plants were nematicide at
the concentrations of 8000, 4000, 2000 and 1000 ppm.
No ]2 mortality was seen for other tested concentra-
tions. There was no significant difference in J2 mortality
between all of the tested essential oils.

Concentrations of 4000 and 8000 ppm of essential oil of
all studied plants caused death of J2. Nematode mortal-
ity increased significantly (?=0.05) with increasing plant
essential oil content. The least effect on J2 mortality was
recorded on T. polium.
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Fig. 1 Nuclear magnetic resonance spectroscopy diagrams for Tanacetum polycephalum (Dermaneh)
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Nematotoxicity test of polyphenols

Nematicidal effects of tested polyphenols showed J2 mor-
tality as 58.3, 48.9, 28.2 and 26.8% by catechin, coumarin,
gallic acid and chlorogenic, respectively.

Nematotoxicity test of terpenoids

Results of nematotoxicity test of commercial terpenoids
are shown in Table 4. The highest J2 mortalities (more
than 80%) were observed in concentrations of 100 and
200 ppm of limonene, B-pinene and a-pinene. However,
it was less than 30% of ]2 mortality caused by other tested
terpenoids (terpinen-4-ol, a-terpineol and linalool).

Nuclear magnetic resonance spectroscopy (HN.M.R)

The graphs obtained from HN.M.R showed the abun-
dance of hydroxyl (-OH) and methoxy (OCH3) groups in
the all tested plants (Figs. 1, 2, 3).

Discussion

Identification of components from aquatic extracts

and their nematicidal effects

In the present study, in comparison with the other tested
plants, maximum numbers of polyphenols (gallic acid,
catechin, chlorogenic acid and coumarin) were found

in A. wilhelmsii. It could conclude that highly nemati-
cidal effects of A. wilhelmsii may be related to the pres-
ence of these polyphenols. The present study supported
our previous results in which low nematicidal effects
was reported by use of T. polium (Ardakani, 2011, 2012;
Ardakani & Parhizkar, 2012).

In the present study, gallic acid was presented in all of
the tested plants. Nematicidal effects of gallic acid, cat-
echin, chlorogenic acid and coumarin have been reported
by different authors (Korayem & Osman, 1992; Rajesh
et al., 1985; Ahmed & Davide, 1988). Our results showed
lower nematicidal activity of chlorogenic which is in
agreement to results obtained by Rajesh et al. (1985).

Sultana et al. (2010) indicated good nematicidal effects
of gallic acid against freshly hatched second stage juve-
niles of M. incognita.

Identification of components from essential oils and their
nematicidal effects
Totally, 92 known and 7 unknown components were
identified in the essential oils of all tested plants.

Results of nematotoxicity test of commercial terpe-
noids showed the highest ]2 mortalities (more than 80%),
in both concentrations (100 and 200 ppm) of limonene,
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Fig. 2 Nuclear magnetic resonance spectroscopy diagrams for Achillea wilhelmsii (Boomadaran)
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B-pinene and a-pinene. However, it was less than 30% of
J2 mortality caused by other tested terpenoids (terpinen-
4-ol, a-terpineol and linalool). Among identified compo-
nents of oils, nematicidal activity of a-pinene, camphene,
B-pinene, myrcene, limonene, y-terpinene, terpinen-
4-ol, thymol and carvacrol against pine wood nematode
(PWN) has been reported in a previous study (Choi et al.,
2007). However, abietic acid, phytol and nerolacted have
been reported as attractant, but B-pinene, citronellol,
isoborneol, p-cymene and d-camphoric acid exhibited
repellent activity (Ohriand Kaur, 2009). Echeverrigaray
(2010) reported that borneol, carveol, citral, geraniol and
alpha-terpineol showed the highest nematicidal activity.
The results suggest that the selected monoterpenoids,
and essential oils with high concentration of these com-
pounds, are potential nematicides against M. incognita.

Nuclear magnetic resonance spectroscopy (HN.M.R)

Results of HN.M.R. test indicated that polyphenolic
compounds contain large amounts of hydrogen element
in their molecular structure. It has been reported that

compounds with hydroxyl and carbonyl groups exhibited
higher nematicidal activity than other terpenoids (Ech-
everrigaray, 2010).

Lei et al. (2010) suggested that the existence of a phe-
nolic hydroxyl group in thymol and carvacrol might be
responsible for their nematicidal activity. Thymol and
carvacrol were very effective against PWN.

Choi et al. (2007) reported that nematicidal activity of
compounds with hydroxyl (-OH) or methoxy (OCH,)
groups was stronger than those with an acetyl group. This
result indicates that the positions of the double bond of
the propenyl group as well as position of the substituent
in geometrical isomer are very important for nematicidal
activity. Among the compounds with a hydroxyl group,
nematicidal activities of allylic alcohol and phenolic
alcohols, such as geraniol, thymol and carvacrol, were
stronger than other alcoholic compounds (Choi et al,
2007).
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Fig. 3 Nuclear magnetic resonance spectroscopy diagrams for Teucrium polium (Kalpooreh)

Conclusions

Some components of A. wilhelmsii, T. polycephalum and
T. polium presented in their essential oils and aquatic
extracts appear to be useful as natural nematicides
against M. incognita. Further study is necessary for the
practical use of these components as novel nematicides.
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