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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..

Hours after LCso (ppm) LCoo (ppm)
Essential oil treatment  (Confidence limits) (Confidence limits)  Slope X2 (df)
769 1298 ns
. 24 (701-841) (1178-1471) 401 0.006 (5)
Mentha pulegium
48 610 1062 4.40 0.011 (5)"
(532-687) (946 -1246) ' '
1662 2731 o
. 24 (1533-1810) (2471-3128) 3.98 001 (5)
Saturea hortensis
48 1504 2680 3.59 0.02 (5)™
(1354-1666) (2383-3170) ' '
1748 3468 o
. . 24 (1276-2110) (2936-4618) 369 0.016 (5)
Syzygium aromaticum
48 1395 2972 3.79 0.012 (5)™
(912-1708) (2556-3801) ' '
4913 9579 ns
24 (4254-5749) (8146 -12223) 261 0.003(5)
Thymus kotschyanus
48 4088 8910 2.50 0.02 (5) "
(3166-5083) (7249-12791) ' '

Dl sma e NS

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

Mentha pulegium Saturea hortensis Syzygium aromaticum Thymus kotschyanus Salvia officinalis
Name of Name of Name of Name of Name of

the compound (%)  thecompound (%) the compound (%) the compound (%) the compound (%)

Pulegone 34.34 Gamma-Terpinen 33.15 Eugenol 72.55 Thymol 34.89 Beta-Thujone 18.77

Piperitenone oxide 22.1 Carvacrol 31.02 Caryophyllene 15.94 Carvacrol 28.04 Carvacrol 17.26

Menthone 20.66 Thymol 10.90 m-Eugenol 5.94 Gamma-Terpinene 8.77 Camphor 14.27

1,8-Cineole 6.81 0-Cymene 8.69 Carvacrol 2.87 0-Cymene 6.51 1,8-Cineole 9.94

trans- 5.24 Carvacryl asetate  3.02 Thymol 2.37 Geraniol 5.66 Borneol 9.55
Caryophyllene

Eugenol 3.77 Alpha-pinene 2.25 Caryophyllene Oxid 3.09 Gamma-Therpinene  6.23

Beta-pinene 2.98 Methylcarbam 222 Verdiflorol 3.02 Camphene 237

Alpha-pinene 1.38 Pulegone 211 Borneol 2.88 Alpha-pinene 2.01

Alpha-Terpinene  1.80 Carvacrol Methyl Ether  1.26 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 153

Piperitenone oxide 153

Pyridinium 1.36

Naphtalene 1.22
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Table3. Lethal concentrations of Scytalidium sp. Metabolites on Ditylenchus dipsaci, 24 and 48 hours

after treatment.
LCso (ppm) LCoo (ppm)
Hours after treatment  (Confidence limits)  (Confidence limits)  Slope + SE X2 (df)
207 291
24 (194-222) (267-330) 6.46+0.001 0.1(5)"™
199 268
48 (189-210) (251-293) 8.30 £ 0.001 0.06(5)"™

Dl gms e NS

coled 3 da cele YA 5 YY Ditylenchus dipsaci s, v.:.x..ﬂfl:.o skiS sbackle ¥ Jyu

Table 4. Lethal concentrations of metam sodium on Ditylenchus dipsaci, 24 and 48 hours after

treatment.
LCso (ppm) LCso (ppm)
Hours after treatment  (Confidence limits)  (Confidence limits) Slope + SE X2 (df)
6.7 95
+ ns
24 (6.4-7.1) (8.9-10.4) 6.4+0.02 0.01(5)
4.8 6.9
+ ns
48 (4.5-5) (6.5-7.4) 6.8+0.02 0.7(5

Dl gme e NS
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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 component:: formula Weight curve %

1 g5 D-carvone CioHwO 150 162
Carvone

2 g57 ()Carvone CuoHuO 150 0.42
D-Carvone

3 g ()Carvone CioHieo 150 152
Carvone
(-)-carvone

4 10.12  Carvone CyoH10 150 3.31
D-Carvone

5 1151  Carvacrol C1oH140 150 0.66
T'Cadinol C15H2[;O 222

6 18.14  Bicyclo(4.4.0)dec-1-ene,2-isopropyl-5-methyl-9-methylene- CisHy4 204 0.34
a-CadinOl C15H250 222

7 2393 2-phenyl-3-ethyl-6-methoxy-; 1H-Inden-1-one C1sH160; 264 031

' 7,12a-Dimethyl-1,2,3,4,4a,11,12,12a-octahydrochrysene ~ CyoHzs 264 '

Tetradecanoic acid C14H250; 228

8 23.53 n-Hexadecanoic acid Ci6H320, 256 567
Cyclopentadecanone,2-hydroxy- CisH2502 240

23.7 1.2

o 370 n-Hexadecanoic acid C1H320, 256 o
9,17-Octadecadienal C1H320 264

10 23.91 Oleic acid C13H3402 282 0.44

11 24.66  Palmitic acid, TMS derivative C19H40058i 328 221
Oleic acid C1gH340, 282

12 25. .

535 9,12-Octadecadienoic acid(z,z)- C19H340, 294 065

Oleic acid C1gH340, 282

13 25.40  9,12-Octadecadienoic acid(z,z)- C1sH320; 280 0.35
9,17-Octadecadienal,(z)- C1H30 264
Oleic acid C13H3402 282

14 25.63 9,12-Octadecadienoic acid(z,z)- CisH3,0; 280 122
1-Nonadecene CigHss 266

15 2574 Oleic acid C18H3402 282 0.9
9-Octadecenoic acid C1gH340; 282

16 26.09  Oleic acid C1gH340; 282 28.24
9,12-Octadecadienoic acid(z,z)- C1sH320; 280
Oleic acid C18H3402 282

17 26.13  8-Heptadecenoic acid Ci17H3,0, 268 13.73
9-Octadecenoic acid, (E)- Ci1H340, 282
Octadecanoic acid C15H360, 284

18 26.33 Oleic acid C13H3402 282 563
9,17-Octadecadienal,(z)- CygH3,0 264

19 27.36  9,12-Octadecadienoic acid(z,z)- C19H340, 294 0.31
Cyclohexane,1-(1,5-dimethylhexyl)-4-(4-methylpentyl)- CaoHao 280
Octadecane,1-(ethenyloxy)- CaoH400 296

20 30.97  Elicosane CooHaz 282 0.23
undecane CuHag 156
Bis(2-ethylhexyl)phthalate C4H350,4 390

21 30.07 10.47
Mono(2-ethylhexyl)phthalate Ci6H2,04 278

JL.&\J.,;yJﬂQJ;uwuuawwwwnwﬁl{?g;wu;,;u};&ﬁ,a@j%s;r_w Ogiw 1l 53 GCMS s conlad pis w4z 5 L

syl o NG

* 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 probability percentage.
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039 >s 3 (Zouhar et al. 2009) ol,LSKan 5 ,Laj
9 |>_5) QL*JLEA)J} Cl—wp > Q. J).,\_>-J_:.A_5;§j_n
Js—s 5 T. vulgaris (Douda et al. 2022) 01, Ken
EY/YO 5 PEINY S e Esl o S csla YY)
A oz lS .ol ods D dipsaci Sl s
534S el esls 9L DL dipsaci g5, Sswe il
(Zouhar et al. ol oo WSLs ég 18l gds s AY
35 S 5 4oy b bl (Kos slardlas 53 2009)
Sl e fan sl VY Sl s ol 0 2 VY0 cble
ol )JQ—"”LSUJJY LS Q/\CJY‘/\C ﬂﬁ)&jj_ﬁ
(Jeon et al. 2016) .l s M. hapla _» Sa_is,
LB St ﬁﬁf bl a8 sl OLES Lol anllas o
ol Ll sylas D, dipsaci w8 s 55 Js3
V/\ﬂ)&ﬂd&l{ﬂw&:\"" w})b%ﬁf
V_>u @J_n.‘ Sd—p yd Zo L;.A\Sjj.} Q-“’})y L
[(Faizilain et al. 2013) .l ous & Sa iy, Ll
ol alas uilen ¢—l§¢aﬂ oelal Lol oS 5
05aelS 5 Jgtw A 5V WJs SIS Oy s W b
CA_OL, Lﬁ_kf("-'d—ﬁ w.'l_w‘ LSJ—<'L> WSSO o 034
oJ—i M. hapla wls = FA Ao, YV/Y oeals

(Felek et al 2019) k;.w‘ °>ﬁ QI
cdug v_;)jﬁ_.;jg Do ls ‘L_.:}f BE] C)‘)w ‘Ud‘f@
Ll i g eilal g oy OlalS Wiy e sl
Bl olis 1y JL%)}WSM)JQLMC)%; 3o
S eMS o (S 5 slie (S 5 g5 sl Yax|
LSJ”..J‘—!J:":UJC’.&")J <ol o ge cﬁ&b&lﬁsj

¥4

DLalS sl bl b AT Gla s ol

B S e G (il 5 ey (S
2l olis D, dipsaci sl Hlgs o |, Scytalidium sp.
s s S e 3 VL U IS e oS il s
g elwl 653 LASHll b dds s ol
ol Sl 88 51 s ECso Jlie 5 ol ol 25158
3y ol 53 el 0 Ol 1 e 5 1) Se YN0
530585 YL bl s 4 g8 Sais s
=l (Ntalli et al. 2010) sl s o5ls s il
=S5 YL Ao sy e Sl G Sl Jeols
b bl g o5 38 b 1) €y il 52 05805
L O Olys o oS 35 Gaiowd cpl 53 VL 25 00ked s
23 oS 55 ds Sleols VL palie 5l sl
ol 5 s o S1slS L odls 0 e il
Al SaSe o alles e bl 3 5 s
(Gopietal. Wi ol S Liy 3l Cnilos o
S i (sl 5 0) e il glaallae s 2014)
S i Kl @55 8 53 1 (S S e
el 100 clle s b Y esS e s M. javanica
i s aallas s (Fayaz et al. 2016) Josls oL
T. ,T. capitate .Thymus caespititius i 5T <5 S
Colw YY 5l e il f(&_&f Yeor chale L ozygis
LBlod Wl sl 3 (gao 55 08 54 e oS e S S
(Barbosa wsls glis |, Bursaphelenchus xylophilus
a0l oladllas 5> il j3e oS 5 et al. 2010)
i Iy ol aalllas 3 aS Il 3 s s STaLlS
G, (T vulgaris) il el _aswtla st
LCso ,laas 5 ol aslllas M. incognita 53 - slas Y
0dys S amaloms pl s s Yoo ol el YY1
=)o el J5e S 5 (Kudjo et al. 2020) ..
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53 Wl S eul Cis g (R)-carvone b o o
.(Pacule et al. 2022) .| lasls

51 55 S Bis(2-ethylhexyl) phthalat s 5
s 45 ol andllas 3550 Slac e 53 3 g e 5l 5e
231 Caenorhabditis elegans 5l 5, O Coon
Sl oy 53 S 5 ol (Roh et al. 2007) ol ou
s S S Ol an (YY) OLLSen 5 55l
Ol ol bl 50 ol i 2SN oL sSL
Sl S5 s 5 dls 2SS Cawls O sladil
Salras S S sas oo bl SSsmsn s
(McElderry et al. 2005) sl Tylenchorhynchus
ol Muincognita ,— o o dewl & o5l sl ol
SR8 S S (S slad el 45 Cul a3l
Syl s Stally laden] i ed (St o (S
332y o ol aadlles glac Jple OLS 5 5 &S
I, M. incognita Jued Js e 55 JG sb 4 il
(Zhang et al. 2012) Llesls ials

0 o g QLS bl o8 ols LS Gl il
L. Scytalidium sp. 7 L5 b sl g S
Slpean Al g o (2SS ol b GLS 5 il
Lol e g La isusla ul g 55 Jis oo
S = 30 Dodipsaci Ly sl Wl ales
X,S8

Sl Fel
GBI 5 ol e o losl el IS 5l
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