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ABSTRACT

In the present study, optimization and modeling of the mycelial growth inhibitory and fumigant toxicity of
Thymus vulgaris essential oil were investigated using Response Surface Methodology (RSM) against the
pathogenic fungi Fusarium graminearum and Botrytis cinerea and the lesser grain beetle (Rhyzopertha
dominica), respectively. The chemical composition of this essential oil was also assessed through Gas
Chromatography-Mass Spectrometry (GC-MS) and carvacrol (27.99%), thymol (12.76%), and geraniol (8.91%)
were identified as its main components. Mycelial growth inhibition of pathogenic fungi and insect pest
mortality was significantly enhanced with increasing of the essential oil concentrations and the exposure times.
Optimum conditions to achieve maximum myecelial growth inhibitory (88.67%) were evaluated as time of 88.59
h and the concentration of 486.66 ppm. Also, a time of 74.01-h and the concentration of 552.96 ppm caused the
maximum growth inhibitory of B. cinerea (94.43%). The concentration of 43.10 pl/l and 60 h exposure time
were estimated as optimum conditions for achieving 72.23% mortality of R. dominica. Results demonstrated
that the essential oil of T. vulgaris has a high potential for management of F. graminearum and B. cinerea and
the lesser grain beetle.

Key words: Essential oil, Mycelial growth inhibition, Fumigant toxicity, Response Surface Methodology.
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Fig 1. The fumigant toxicity and growth inhibitory effect of T. vulgaris essential oil against R. dominica (A), F.
graminearum (B) and B. cinerea (C).
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Table 1- Results of the chemical analysis of Thymus vulgaris essential oil by Gas Chromatography-Mass

spectrometry.

Components Ret?gtilr?lrjlt(;l;lme %

a-Thujene 5.795 0.15

a-Pinene 5.969 0.72

Camphene 6.351 0.5

R-Pinene 7.095 0.13
6-Methyl-5-hepten-2-one b 7.336 0.14
R-Myrcene 7.489 0.81

a-Terpinene 8.220 0.29

0-Cymene 8.466 5.95

1,8-Cineole 8.628 1.22
-Ocimene 9.152 0.14

y-Terpinene 9.443 0.31

trans-Sabinene hydrate 9.695 0.13
N,N-Dimethyl benzenamine 10.342 0.24
Linalool 10.691 4.34

Camphor 11.940 0.42
p-Menthan-3-one 12.250 0.22

Borneol 12.600 1.87

L-Menthol 12.800 0.16

Terpinene-4-ol 12.929 0.62
a-Terpineol 13.376 6.64

Geranyl Alcohol 14.450 1.88
1-Methoxys-4-methyl-2-(1-methylethyl) benzene 14.786 222
Geraniol 15.219 8.91

Citral 15.646 113

p-Propenylanisole 16.008 1.48
Thymol 16.332 12.76
Carvacrol 16.668 27.99
1,2,3,4,4a,5,6,7-Octahydro-4a-methyl naphthalene 17.697 0.23
a-Copaene 18.415 0.15

Geranyl acetate 18.635 7.60
Caryophyllene 19.560 1.73

Germacrene 19.806 0.18
Aromadendrene 20.038 0.13
a-Caryophyllene 20.381 0.12

B-Cubebene 20.621 0.12

a-Amorphene 20.951 0.97
a-Selinene 21.449 0.44

R-Bisabolene 21.727 0.62

§-Cadinene 22.089 0.92

B-Bisabolene 22.509 0.36
3,7-Dimethyl-2,6-octadienyl ester, (E)-butanoic acid 22.898 0.30
Spathulenol 23.409 0.33

Caryophyllene oxide 23.538 1.26

Geranyl butyrate 23.861 0.46
Eremophilene 24.198 0.22

R-Patchoulene 25.155 0.19
1-Methyl-6-methylenebicyclo[3/2/0]heptane 25.511 0.15
(3S,4R,5S,6R,7S)-Aristol-9-en-3-ol 25.841 0.13
6,10,14-trimethyl-2-Pentadecanone 29.088 0.18
Nonadecane 30.168 0.26
Phytol 34.192 0.14

Isooctyl phthalate 44.302 0.79
Total 99.35
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Table 2- Results of the analysis of variance of data on the fumigant toxicity and mycelial growth inhibitory of T.
vulgaris essential oil against R. dominica, F. graminearum and B. cinerea fungi.

Pathogenic Fungus /Insect

Source df Mean Square F value -value
pest q P
Model 5 3696.20 261.23 < 0.0001
A 1 297.89 21.05 <0.0001
B 1 2471.47 174.67 < 0.0001
R. diominica AB 1 88.46 6.25 0.0141
AB? 1 91.74 6.48 0.0125
B® 1 145.86 10.31 0.0018
Residual 94 14.15
Pure Error 75 15.50
Cor Total 99
Model 5 8636.55 105.75 <0.0001
A 1 1989.20 24.36 < 0.0001
B 1 29436.23 360.42 < 0.0001
AB 1 643.03 7.87 0.0078
F. graminearum A? 1 694.74 8.51 0.0058
B? 1 9447.86 115.68 <0.0001
Residual 39 81.67
Pure Error 30 1.92
Cor Total 44
Model 4 7651.94 251.96 < 0.0001
A 1 426.44 14.04 0.0006
B 1 22755.16 749.27 < 0.0001
AB 1 135.54 4.46 0.0409
B. cinerea B2 1 7143.75 235.23 < 0.0001
Residual 40 30.37
Pure Error 30 2.30
Cor Total 44

A and B are time (h) and concentration of essential oil (ppm), respectively.
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Table 3. Optimization of the fumigant toxicity and the mycelial growth inhibitory effect of T. vulgaris essential
oil, respectively, against R. dominica and F. graminearum and B. cinerea.

Time Concentration

Insect/Pathogenic fungus Response variable ) (ppm) Desirability
% dominica Mortality (%) = 50 59.00 25.86 100
Mortality (%) = 72.23 60.00 43.10 0.87
IP =50 77.85 193.86 100
F. graminearum IP = 88.67 88.59 486.67 100
IP =50 72.89 161.56 100
B. cinerea IP = 94.43 7401 552.96 100

IP is Inhibition Percentage
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