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Table 1. Analysis of variance of data resulted from assessment of biocontrol abilities of essential oils on tested fungi

source Df  Mean square
treatment
fungi 2 5258.028™
essential oil 3 7469.517"
concentration 4 28775.901"
essential oilx fungi 6 1345.878"
concentrationx fungi 8 1317.577"
essential oilx concentration 12 2090.547"
essential oilx concentration x fungi 24 476.016™
Error 120 9.169
s Significant in 1% level. o0V Jliol e jo jlo g s

SrSskr 5 Sll 5 olslass ((STis eliss  oosS By (sl uibil chlisio (slocilé 5,115 51 3 S5 ol aoys ¥ s
PDA uiS lase b YS! g, 4 GmLi.;‘;;"Laﬂ Lylyls j0 1650l bge (Suwgy Jolo B aw ol 3l

Table 2. The inhibition percent resulted from the application of different concentration of mentha, spearmint, fennel and
yarrow essential oils against grapefruit rot fungi in vitro tested by mixing with PDA

L essential oil Inhibition percent of Inhibition percent of A. Inhibition percent of C.
Essential oil . . . . o
concentration B. cinerea tubingensis cladosporioides
M. longifolia 75 0 0 0
150 0 0 0
300 26.33a 8.23b Oc
600 100" a 65.33 b 42.33¢
1000 100" a 99.33a 100" a
M. spicata 75 O0b Ob 10a
150 0b 0b 13.77 a
300 8b O0b 27.11a
600 88.44 a 12¢ 54.22b
1000 100" a 36b 100" a
Achillea sp. 75 0 0 0
150 0 0 0
300 29.44 a Ob Ob
600 41.88a 9.77b 15.66 b
1000 100" a 24 ¢ 37.22Db
Foeniculum vulgare 75 0 0 0
150 0 0 0
300 258a Ob Ob
600 6.77b Oc 98la
1000 51.11 a 25.55b 14.35¢

el P00 50 b jlons e Slo e BT by @0y o 0 leweal g >
bl z,B colled

Values followed by the different letter within the same line have not significant differences in P > 0.05.
*: Fungistatic action

Sy (g swo o fSis ) glss b ilil (2 o 51321
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S5 prizmen ol (lyoleg puilul el sle ghisb 4 Jate 555 (5 Spl oS b g
6/44) Borneol 4 (ao,s 4/0) 1,8-Cineole usle piperitone oxide oloS 5 a5 wes o lis oy
(0 Jg92) s sadoly uilwl Lol sl 5l (oo (22,5 VY/AQ) Cis piperitone oxide «(as,s Y1/04)
Jols e awlly elel e el olSs s oad plolis ol slizl (s )10 /F) Pulegone 4
L-Fenchone 4 (aw,o FA/AA) trans-Anethole Sy (Y Jooo) dis 25 &g uilel o
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Table 3. Type and percent of main components identified in the essential oil of mentha (M. longifolia)

Compound Retention time (min) %
a-Pinene 6.010 6.010
Camphene 6.396 0.59
B-Pinene 7.126 1.34
B-Myrcene 7.595 0.99
1,8-Cineole 8.687 4.40
Linalool 10.746 2.14
Camphor 12.022 0.97
Menthone 12.367 12.70
L-Menthone 12.681 6.45
Isomenthol 12.925 2.03
Pulegone 14.860 15.40
Cis piperitone oxide 15.328 17.89
Piperitenone oxide 18.373 21.59
trans- Caryophyllene 19.667 3.01
Germacrene-D 21.181 0.82
Caryophyllene oxide 23.602 2.05

(M. spicata) ST, gl uilul j0 ool olulid doee slocuS 5 ao,0 5 895 .F Joux
Table 4. Type and percent of main components identified in the essential oil of spearmint (M. spicata)

Compound Retention time (min) %
a-Pinene 6.093 111
B-Pinene 7.286 3.15
beta.-Myrcene 7.636 0.97
|-Phellandrene 8.058 2.01
1,8-Cineole 8.977 9.90
trans-Sabinene 9.838 0.95
L-Menthone 13.263 51.09
a-Terpineol 13.761 0.91
Pulegone 15.085 3.48
B-Bourbonene 18.830 0.44
Isocaryophillene 19.388 0.45
trans-p-Caryophyllene 19.934 7.36
a-Humulene 20.617 1.87
Germacrene-D 21.430 5.15
bicyclogermacrene 21.721 131
Germacrene D-4-OL 23.513 0.25
Caryophyllene oxide 23.703 0.45
Phytol 34.392 0.65

(Achillea sp.) ¢yl ologs (puilsl ;o 0ol Gluliss o slocuS 5 do )0 § £55 .0 Jgax
Table 5. Type and percent of main components identified in the essential oil of yarrow (Achillea sp.)

Compound Retention time (min) %

Santolina triene 5.333 4.48
a-Pinene 6.016 1.55
Camphene 6.402 1.25
B-Pinene 7.138 0.61
Trans-Epoxy-Ocimene 7.749 1.69
1,8-Cineole 8.722 9.50
2,7-dimethyl-4(E),6-octadien- 8.984 35.40
2-ol

Linalool 10.242 0.32
a-Campholene aldehyde 10.705 0.65
Camphor 11.963 1.76
L-Menthone 12.295 0.56
Pinocarvone 12.551 0.60
Borneol 12.699 5.99
Camphene 14.765 4.17
Piperitone oxide 15.216 0.83
Piperitenone oxide 18.201 1.07
trans-Caryophyllene 19.620 0.48
Germacrene D 21.175 0.89
Caryophyllene oxide 24.190 0.74
Cadina-1,4-diene 24.777 2.15
B-Eudesmol 25.151 0.70
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Table 6. Type and percent of main components identified in the essential oil of fennel (F. vulgare)

Compound Retention time (min) %
a-Pinene 5.963 0.69
Sabinene 7.023 0.3
B-Myrcene 7.489 0.31
Limonene 8.589 5.09
L-Fenchone 10.348 12.27
Camphor 11.927 041
E-Citral 15.672 0.44
trans-Anethole 16.209 68.88
f3-Bourbonene 18.667 0.22
trans-Caryophyllene 19.54 0.25
Caryophyllene oxide 23.512 0.33
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Figure 1. Mean comparison of the effect of T. harzianum T447 and T. hamatum T612 on percent of growth inhibition of

phytopathogenic fungi, A: dual culture, B: volatile methabolite, C: 10% filtrate culture extract.
For each column, the data followed with the same letter were not statistically different according to Tukey’s HSD test in P< 0.05.
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ABSTRACT

Grape, like other horticultural products due to high humidity, low relative pH and wealth of nutrients, is
subjected to attack by pathogenic fungi during the harvest and storage stages. In this study, at first, the some
post-harvest pathogenic fungi of grape were isolated in Meshgin-shahr and two fungal species including
Botrytis cinerea and Cladosporium cladosporioides were identified as the domonant species. Aspergillus
tubingensis, causal agent of fruit rot and toxigenic species on grape and raisin was selected as well. In order
to evaluate their biocontrol possibility, the effects of Trichoderma harzianum T447 and T. hamatum T622
and four medicinal plant essential oils (EOs) including mentha, spearmint, fennel and yarrow were tested in
vitro. Results revealed that both of anthagonistic fungi were prospering than pathogenic fungi in nutrient
competition and their volatile metabolites showed the highest inhibition to C. cladosporioides. 10% filtrate
culture extract of T. harzianum T447 could effectively (>85%) prevented the fungal mycelial growth. Also,
our results showed that fungal species, EO type and its concentration play a critical role (P<0.01) in fungal
mycelia inhibition. Mentha and fennel EOs were known respectively as the most effective and weakest
treatments. GC-MS analysis demonstrated that piperitoneoxid and Cis piperitone oxide, L-Menthone,
dimethyl-4(E),6-octadien-2-ol and trans-Anethole were the main components of the essential oils of Mentha
longifolia, M. spicata, Foeniculum vulgare and Achillea sp., respectively. Due to the significant inhibition of
essential oils and biocontrol fungi, additional researches about their use for grape post-harvest diseases
control are recommended.
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