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Abstract

The stem and bulb nematode Ditylenchus dipsaci is one of the most important plant-parasitic nematodes with
a worldwide distribution, causing damage mainly in temperate regions. Onion, garlic and alfalfa are its main
hosts. The use of nematode-free seeds and plant propagation materials, crop rotation, resistant cultivars and
chemical nematicides are common methods of its management. Due to the side effects of nematicides on
human health and the environment, the use of safe, cost-effective alternative methods are necessary. In this
study, the nematicidal effects of the essential oils of mountain thyme, oregano, clove, sage and savory as
well as the metabolites of the fungus Scytalidium sp. were studied in comparison to metam sodium under
laboratory conditions. To prepare the nematode population, nematodes were extracted from naturally
infected garlic from the Gogan region of East Azarbaijan province, reared on carrot discs and incubated at 18
+ 1°C for 60 days. The effects of plant essential oils, fungal metabolites and metam sodium were investigated
in bioassays with four replicates, and nematode mortality was recorded after 24 and 48 hours. After a probit
analysis, the LC50 and LC90 values were calculated for each of the compounds tested. After 24 hours, the
LC50 values for the essential oils clove, oregano, marzeh and thyme were 1748, 769.2, 1662 and 4913 ppm,
respectively, and for the fungal metabolite and metam sodium were 207.6 and 6.7 ppm, respectively. Gas
chromatography with a mass spectrometer (GC-MS) and a DB5 column was used to identify the components
of the essential plant oils and the metabolites, the results of which are presented here. Based on the LC50
values, the compounds tested caused mortality and population decline of D. dipsaci at relatively low
concentrations, with the exception of sage-flower.

Keywords: Essential oil, fungal metabolite, metam sodium, nematode control, stem and bulb nematode,
Ditylenchus dipsaci
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Tablel. Lethal concentrations of clove (Syzygium aromaticum), oregano (Mentha pulegium), marze (Saturea hortensis) and thyme (Thymus kotschyanus)

essential oils on Ditylenchus dipsaci, 24 and 48 hours after treatment..
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Hours after LCs (ppm) LCyy (ppm)
Essential oil treatment (Confidence limits) (Confidence limits) Slope X2 (df)
769 1298 )
24 4.01 0.006 (5)"
(701-841) (1178-1471)
Mentha pulegium
610 1062 )
48 4.40 0.011(5)"
(532-687) (946 -1246)
1662 2731
24 3.98 0.01(5)"
(1533-1810) (2471-3128)
Saturea hortensis
1504 2680
48 3.59 0.02(5)"
(1354-1666) (2383-3170)
1748 3468 )
24 3.69 0.016 (5)"
(1276-2110) (2936-4618)
Syzygium aromaticum
1395 2972 )
48 3.79 0.012(5)"
(912-1708) (2556-3801)
4913 9579 )
24 2.61 0.003 (5)"
(4254-5749) (8146 -12223)
Thymus kotschyanus
4088 8910
48 2.50 0.02(5)"

(3166-5083)

(7249-12791)

-

&Lﬁ‘)‘ PL oalaiu! 3,40 6\.&&\.&‘ ‘;\-\0| CJL:SJS Y JJ.\?

Table 2. The main components of the essential oils used in this experiment.

Jls sxa o8 s

Mentha pulegium Saturea hortensis Syzygium aromaticum Thymus kotschyanus Salvia officinalis
Name of Name of Name of Name of Name of
the compound (%) the compound (%) the compound (%) the compound (%) the compound (%)

Pulegone 3434  Gamma-Terpinen 33.15 Eugenol 7255  Thymol 3489  Beta-Thujone 18.77
Piperitenone oxide 221 Carvacrol 31.02 Caryophyllene 1594 Carvacrol 2804  Carvacrol 1726
Menthone 20.66  Thymol 10.90 m-Eugenol 594  Gamma-Terpinene 877  Camphor 1427
1,8-Cineole 681  o-Cymene 8.69 Carvacrol 287  o-Cymene 651 1.8-Cineole 9.94
trans-Caryophyllene 524  Carvacryl asetate 3.02 Thymol 237 Geraniol 5.66  Borneol 9.55
Eugenol 3.77  Alpha-pinene 225 Caryophyllene Oxid 3.09  Gamma-Therpinene 623
Beta-pinene 298  Methylcarbam 222 Verdiflorol 302  Camphene 237
Alpha-pinene 138 Pulegone 211 Borneol 2.88  Alpha-pinene 2.01
Alpha-Terpinene 1.80 Carvacrol Methyl Ether 126  Beta-pinene 1.93

Alpha-Thujene 1.67 Delta-cadinene 1.10  Thymol 1.85

Beta-pinen 1.64 Camphor 1.02  Diethylphenol 1.67

Cis-Decalin 1.63

Caryophyllene 1.53

Piperitenone oxide 1.53

Pyridinium 1.36

Naphtalene 122

S S— celeu fA 3 Y¥ (pitylenchus dipsaci S 3 Scytalidium  sp. 6‘—&&';—.35‘5.3&.0 oS 6‘—.&&—2.1.'9 Y

Table3. Lethal concentrations of Scytalidi

26

sp. Metabolites on Ditylenchus dipsaci, 24 and 48 hours after treatment.
LCs, (ppm) LCy (ppm)
Hours after treatment (Confidence limits) (Confidence limits) Slope +SE )(2 (df)
207 291
24 (194-222) (267-330) 6.46%0.001 0.1(5"
48 199 268 8.30 £ 0.001  0.06(5"

JJ.,\_>
e 5l
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(189-210) (251-293)

Dl gan 08 s
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Table 4. Lethal concentrations of metam sodium on Ditylenchus dipsaci, 24 and 48 hours after treatment.

LCs (ppm) LCy (ppm)

Hours after treatment (Confidence limits) (Confidence limits) Slope +SE )(Z (df)

6.7 9.5 )

24 64002 001(5"
(6.4-7.1) (8.9-10.4)

4.8 6.9 )

48 6.8 £ 0.02 0.7(5™
(4.5-5) (6.5-7.4)

Dls sma e s

&LGJ'T B oalaiul 3 90 Scytalidium sp. GJB 6u&l~gﬁbﬂ °M"M &;ﬁ‘ CJL:.:SJJ 0 J}-L‘f

Table 5. The main components of Scytalidium sp. metabolites used in the experiment.

Inhibition Molecular  Molecular  area under the
peak time Chemical name of the componentsi formula Weight curve %
D-Carvone
1 9.50 CH,:0 150 1.62
Carvone
(-)-Carvone
2 9.57 CH,,0 150 0.42
D-Carvone
(-)-Carvone
3 9.62 CoHys0 150 1.52

Carvone
(-)-carvone
4 10.12  Carvone CH,,0 150 331

D-Carvone

Yv 27
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5 11.51 Carvacrol CoH,,0 150 0.66
T-Cadinol C15Ha0 222
6 18.14  Bicyclo(4.4.0)dec-1-ene,2-isopropyl-5-methyl-9-methylene-  C,sH,, 204 0.34
O-Cadinol CisHago 222
2-phenyl-3-ethyl-6-methoxy-; 1H-Inden-1-one CysH,40, 264
7 23.23 0.31
7,12a-Dimethyl-1,2,3,4,4a,11,12,12a-octahydrochrysene CyoHay 264
Tetradecanoic acid C4H0, 228
8 23.53 5.67
n-Hexadecanoic acid C6H3,0, 256
Cyclopentadecanone,2-hydroxy- C,5Hy0, 240
9 23.70 1.29
n-Hexadecanoic acid CyH3,0, 256
9,17-Octadecadienal CsH3,0 264
10 2391 0.44
Oleic acid CysH3,0, 282
11 24.66 Palmitic acid,TMS derivative C9HyO5si 328 221
Oleic acid CsH3,0, 282
12 25.35 0.65
9,12-Octadecadienoic acid(z,z)- CoH3,0, 294
Oleic acid CgH3,0, 282
13 2540 9,12-Octadecadienoic acid(z,z)- Cy5H3,0, 280 0.35
9,17-Octadecadienal,(z)- CsH;,0 264
Oleic acid CsH3,0, 282
14 25.63 1.22
9,12-Octadecadienoic acid(z,z)- CsH3,0, 280
1-Nonadecene CoHzg 266
15 25.74 0.9
Oleic acid CgH3,0, 282
9-Octadecenoic acid Cy5H3,0, 282
16 26.09 Oleic acid CgH3,0, 282 28.24
9,12-Octadecadienoic acid(z,z)- C5H3,0, 280
Oleic acid CsH3,0, 282
17 26.13  8-Heptadecenoic acid C7H3,0, 268 13.73
9-Octadecenoic acid, (E)- C5H;,0, 282
Octadecanoic acid CsH360, 284
18 26.33 5.63
Oleic acid CsH3,0, 282
9,17-Octadecadienal,(z)- C3H3,0 264
19 27.36 9,12-Octadecadienoic acid(z,z)- C9H3,0, 294 0.31
Cyclohexane,1-(1,5-dimethylhexyl)-4-(4-methylpentyl)- CyHyy 280
Octadecane, 1-(ethenyloxy)- CyHy0 296
20 30.97 Elicosane CaoHa 282 0.23
undecane CyHyy 156
Bis(2-ethylhexyl)phthalate CyH3304 390
21 30.07 10.47
Mono(2-ethylhexyl)phthalate C6H,,04 278
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* Due to the uncertainty of GC.MS results, in this column, 1-3 components are given for each chromatogram peak in order of high probability percentage, the first component has a higher p robability

percentage.
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