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Efficacy of the volatile organic compounds of Trichoderma asperellum in control of
Botrytis cinerea, the causal agent of strawberry gray mold
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ABSTRACT

The present study was conducted to determine the efficacy of Trichoderma asperellum Volatile Organic Compounds
(VOCs) in suppression of mycelial growth and conidial germination of Botrytis cinerea and also in control of Botrytis
fruit rot of strawberry. Significant reduction in colony diameter, percent of conidial germination and length of germ tubes
of B. cinerea was observed in treatments exposed to VOCs of 5-days old T. asperellum compared control. The incidence
and severity of Botrytis fruit rot of strawberry was also significantly reduced by exposure to the VOCs of 5-day old T.
asperellum cultures. VOCs profile of T. asperellum was identified using solid phase microextraction coupled to gas
chromatography-mass spectrometry (SPME-GC-MS) technique. Six compounds out of 34 VOCs identified in this
including isobutyric acid, 1,3,5,7-cyclooctatetraene, dimethyl sulfide, para-menta-6,8,dien-2-ol-acetate, phenyl ethyl
alcohol and 1-butanol, 3-methyl-, acetate were the most abundant. Synthetic compounds of isobutyric acid and dimethyl
sulfide were the most effective compounds among these compounds in suppression of mycelial growth and conidial
germination of B. cinerea with 1C50 of 26.5 and 10 pl/ liter, respectively.

Keywords: Bioassay, biocontrol, disease incidence and severity, 1C50, volatile organic compounds.
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Table 1. a scale of 0 to 8 to rate disease severity of strawberry Botrytis fruit rot (Huang et al. 2010)

Rate of Disease

Severi 0 1 2 4 5 6 7 8
everity

Percent of 0 (Healthy <125 12.6 to 37.6t0 50.1to 62.6 to 75.1to 87.6to
the area rotted fruit) ) 25.0 50.0 62.5 75.0 87.5 100%
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Table 2. volatile organic compounds used for testing antifungal activity against Botrytis cinerea in this study

Compound Synonyms Code Grade/Purity (%)
1-Butanol, 3-methyl-, acetate IsoamyT alcohol, Isopentyl alcohol 309435 Sigma-Aldrich  anhydrous, >99%
1,3,5,7-Cyclooctatetraene 138924 Aldrich 98%
Dimethyl sulfide DMS, Methyl sulfide 274380 Sigma-Aldrich  anhydrous, >99.0%
Isobutyric acid 2-Methylpropionic acid 11754 Sigma 99%
Para-menta-6,8,dien-2-ol-acetate  Carvyl acetate W225002 Aldrich Food Grade, >98%

Phenyl ethyl alcohol EPEA 2- Phen lethanol, 2-Phenylethyl alcohol,

enzyl carbmo PEA

W285811 Aldrich Food Grade, >99%,

2. Microsoft Excel
3. Probit regression

1. Inhibition Concentration
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Figure 1. Effects of the VOCs produced by T. asperellum-SI, T. asperellum-SI+AC, T. asperellum-NSI and T.
asperellum-NSI+AC treatments on A) colony diameters, B) conidial germination and C) germ-tube extension of Botrytis
cinerea under different temperatures. Mean values for different treatments at each temperature labeled with different
letters indicate significant difference (P < 0.01) according to Duncan's multiple range test.
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Figure 2. Effect of the VOCs of Trichoderma asperellum on reduction of incidence and severity of strawberry botrytis
fruit rot (20°C, 8 days). Amount of T. asperellum live biomass (number of petri dishes per desiccator) was as follow: A)
two petri dishes, B) four petri dishes, C) six petri dishes, D) eight petri dishes, E) eight petri dishes+active carbon and F)
eight petri dishes including sterile PDA (control).
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Figure 3. Effect of the VOCs of Trichoderma asperellum on reduction of A) incidence and B) severity of strawberry
botrytis fruit rot (20°C, 8 days). Mean values for different treatments at each temperature labeled with different letters
indicate significant difference (P < 0.01) according to Duncan's multiple range test.
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Figure 4. Effect of the VOCs of Trichoderma asperellum and the VOCs of T. asperellum plus activated carbon (AC) on
reduction of A) incidence and B) severity of strawberry botrytis fruit rot (20°C, 8 days). Mean values for different
treatments at each temperature labeled with different letters indicate significant difference (P< 0.01) according to

Duncan's multiple range test.

Trichoderma asperellum ;i oo yicia )% JT LS 5 Y Jgo
Table 3. VOCs released from Trichoderma asperellum

Pick no RT (Min) Possible Compound RA (%) MW (Da)

1 2.10 1-hexanol 0.81 102

2.55 2-hexanone 1.19 100
3 3.68 1-Tridecyne 0.92 180
4 4.01 2-pentanol 1.44 88
5 4.73 3-Octanol 1.07 144
6 4.95 3-Octyne 0.85 110
7 5.26 1-Octen-3-ol 2.63 128
8 5.66 Dimethyl sulfide 8.89 62
9 6.43 2-methoxy propene 1.07 72
10 6.72 Alpha-pinene 3.50 136
11 721 Sabinene 0.84 136
12 7.64 1,3,4-Hexatriene,3-methoxy 1.43 110
13 7.82 1,8-cineole 1.54 154
14 7.95 Isobutyric acid 11.26 88
15 8.04 2-hydroxy ethyl propionate 2.16 118
16 8.36 Ethyl acetate 1.28 88
17 8.53 3-ethyl-heptane 2.69 120
18 9.26 Propanoic acid ethylester 1.86 102
19 11.40 Ethyl pentanoate 1.13 130
20 12.51 Dimethyl disuifide 1.45 94
21 16.43 1-Butanol-3-methyl-acetate 5.10 130
22 17.21 2-Methyl furan 1.06 82
23 17.46 Isopenthyl ether 1.73 158
24 17.81 1,3,5,7,-cycloocta tetraene 9.25 104
25 19.21 Para-menta-6,8,dien-2-ol-acetate 5.92 194
26 20.63 2-hydroxyethl octanoate 1.34 188
27 21.53 Pentanoic acid,4-methyl-ethyl ester 1.10 144
28 22.40 Alpha-farnesene 1.03 204
29 24.11 10,12-octadecadiynoic acid 1.65 276
30 274 Dihydro carveol acetate 2.95 196
31 28.1 2,6-diethyl Pyrazin 1.84 136
32 30.31 Caryophyllen oxide 1.05 220
33 315 Phenyl ethyl alcohol 6.48 122
34 33.1 2-methyl-isoborneol 1.50 169

RT, Retention time in gas chromatography—mass spectrometry. RA, relative peak area; MW, molecular weight.

F9¥s0 39 MW (S (oo Colos RA ¢ 0> ‘ng.a;bﬂ.]rk_g}lf 6'911593[4:3; 30 6, oley RT
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Table 4. Values of the 50% inhibition concentration (IC50) of the synthetic volatile organic compounds for suppression
of mycelial growth and conidial germination of Botrytis cinerea

1C50 value (mean) (ul/liter)

Compound Mycelial Conidial
Growth germination

1-Butanol, 3-methyl-acetate 143.55 154.33
1,3,5,7-Cyclooctatetraene 89.68 147.77
Dimethyl sulfide 73.74 10.01
Isobutyric acid 26.51 94.27
Para-menta-6,8,dien-2-ol-acetate 433.88 118.27
Phenyl ethyl alcohol 360.72 553.35
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