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Table 1. Probit analysis of concentration-mortalégponses of fumigant toxicity Betroselinum
sativum, Heracleum persicum andSatur eja sahendica essential oils against the adultsGallosobruchus
maculatus after 24 h

- Slope 2 e LCso (UL/L air) Relative
Essential all No. of adults ®) x° (df=4) (Fiducial limits) ~ activity*
. . 488.44
Petroselinum sativum 150 0.21 2.53 (292.39-593-58) 1.00
. 227.2¢
Heracleum persicum 150 0.34 4.68 (162.11-299.97) 2.15
Satureja sahendica 150 4.99 3.5% 22.42 21.78

(16.66-27.27)

ns: non-significant &@>0.05. *All lines were compared with the highestdesf LCso value (Shapiro and Argauer,

2001).
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Table 2. Probit analysis of time-mortality respaneé&Petroselinum sativum, Heracleum persicum and
Satureja sahendica essential oils against the adult<Gallosobruchus maculatus after 24 h

Essential oil Concentr_atio Co_rrectec _ LT_50 (h) . 2 (df=2) Re_la_tive
(UL/L air) mortality+SE (%) (Fiducial limits) activity*
Petroselinum sativum 757.5 59.1+0.4a (4.;??—.3(}.63) 4.14% 1.36
Heracleum persicum 363.6 57.5+0.4ab (4.6172_'26;33) 4.44 1.18
Satureja sahendica 30.3 53.3+0.6b (7.41;—.52.08) 5.12% 1.00

Means followed by the same letter in a columnnartesignificantly different (0.05) by DMRT. *All lines
were compared with the highest level ofsb Value (Shapiro and Argauer, 2001).
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Table 3. Probit analysis of concentration-mortalégponses of IS-1 and 1S-75 isolateBeduveria
bassiana against the adults @allosobruchus maculatus during 7 days

Slope 2 e LCso (sporédmL) LCos (sporémL) Relative
Fungus (B) X (df=3) (Fiducial limits)  (Fiducial limits) _activity*

. 8.2x1C° 1.Ex10°
B.bassana(IS-1)  0.17 1.09° (L6 1686:10)  (Lobodxy 160
B. bassiana (IS-75)  0.24 1.09° 1.3x1d 8x10 1.00

(1.1x1G-8.2x10)

(6.05-5.8x16)

ns: non-significant &@>0.05. *All lines were compared with the highestdeof LCso value (Shapiro and Argauer,

2001).
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Table 4. Probit analysis of time-mortality respaneélS-1 and IS-75 isolates Béauveria bassiana
against the adults @allosobruchus maculatus at 1x10 spore/mL

Correctecmortality=SE LTso (Day) 2 e Relative
Fungus (%) (Fiducial limits) @3 ctivityr
: 6.31 s
B. bassiana (1S-1) 87.0+£0.01b (5.25-10.55) 3.38 1.15
: 5.6€ ns
B. bassiana (I1S-75) 97.0+0.01a (4.93-7.24) 4.01 1.00

Means followed by the same letter in a columnnextesignificantly different (0.05) by DMRT. *All
lines were compared with the highest level ofdMalue (Shapiro and Argauer, 2001).
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Table 5. Classification dPetroselinum sativum, Heracleum persicum andSatureja sahendica essential
oils based on T values on IS-75 isolat®eduveria bassiana

Essential oil Concentr_atio Mycelial Inhibiti_on of T value* Compatibility
(UL/L air) growth (cm) sporulation (%) index
Petroselinum sativum 757.5 0.00a 100.00a 0.00 [
Heracleum persicum 363.6 2.62b 25.00b 19.90 I
Saturgja sahendica 30.3 2.67b 24.00b 25.00 I
Check treatment 0.00 3.50c 0.00c 100.00 -

Means followed by the same letter in a columnreresignificantly different (0.05) by DMRT. *: 0-30: very

toxic, 31-45: toxic, 46-60: moderate toxicity, >@&@mpatible. ** I incompatible (Nevest al., 2001)
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Table 6 Determination of “essential oil-pathogen” intefaas forPetr oselinum sativum, Heracleum

persicum andSatureja sahendica essential oils with 1S-75 isolate Béauveria bassiana at the beginning of
the experiment after 24 h and 7 days

— _ (A+B): OF SR LTe (0)
Essential oil - A+B: Bx 74 7Day: 24r 7Days (Fiducial limits)
50 16.#0.1ide  96.70.513 200 05,  52.32 (24.9-69.36
Petrosdlinum 75 23.2#0.06d  10C:0.0Ca 32, 0.7°  57.36(30.4-75.17
sativum 75 32005  96.40.4%  22.7¢ 076  82.56 (66.0-07.68
10 10.00.0% 90.+0.3% 100 141  82.80 (60.0-101.76
50 50.20.170  86.720.6 100 05 2928 (13.8-388
Heracleum 75 63.203%  76.7:0.4(c 116 0.9  18.41(8.6-24.39
persicum 75 43.202(c 761067 175 0.9t  44.40 (20.9-58.84
100 50.(#0.3%  76.7+0.11c 200 130 4488 (21.1-59.47
50 20.2021d 80003  2.5(  0.6:  83.04 (48.0-108.96
Satureja 75 2001 60.670.11d 3.7 12/  104.88 (61.4-166.32
sahendica 75 36703k 70.(+0.1% 20/ 107  85.68 (49.5-112.42
100 40.0.67c 70.3%04fkc 250  14:  60.0 (34.6-78.73

Means followed by the same letter in a column ask significantly different (g0.05) by DMRT. A and B are
Corrected Mortality+SE of female adults ©f maculatus exposed to the essential oils and the fungus 2ftkrand 7
days with the concentrations b€ ,5+LCys, LCs0+LCas, LCos+LCsp and LGo+LCso, respectively. A+B and (A+B)
are expected (Ex) and observed (Ob) mortality peecge, respectively. SR is synergistic ratio aridutating by

dividing Ex on Ob after 24h and 7 days. If SR<(nTeraction is synergistic, 0.7<SR<1.8: interactipmdditive, and
SR>1.8: interaction is antagonistic (Ebadolletal., 2017).
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Table 7. Determination of “essential oil-pathogertéractions folPetr oselinum sativum, Heracleum
persicum andSatur gja sahendica essential oils with 1S-75 isolate Béauveria bassiana at the LEo time
of the fungus after 24 h

. . ) LTso (h)
Essential oll A+B: EX (A+B): Ob SR (Fiducial limits)
5C 90.(+0.34k 0.5¢€ 48.97 (32.2-89.63
Petroselinum 75 94.2+0.13k 0.8C 29.89 (19.6-54.71
sativum 75 95.1+0.13al 0.7¢ 15.92 (10.4-29.14
10C 93.¢+0.20k 1.07 25.69 (16.9-47.02
5C 96.¢+0.67¢ 0.5Z 2.24 (1.5+-4.10
Heracleum 75 98.(+0.33¢ 0.77 2.55 (1.7+-4.67
persicum 75 97.(+0.19¢ 0.77 3.19 (2.1-5.84
10C 100.(+0.00¢ 1.0C 3.12 (2.0+-5.71
5C 91.¢+0.24k 0.5¢ 33.03 (22.5-60.46
Saturgja 75 93.1+0.23k 0.81 30.48 (21.7-55.79
sahendica 75 93.&£0.41k 0.8C 27.92 (18.6-51.11
10C 95.(+0.09al 1.0% 25.03 (17.3-45.81

Means followed by the same letter in a column atesignificantly different (g0.05) by DMRT. A and B are
Corrected Mortality+SE of female adults ©f maculatus exposed to the essential oils and the fungus 2ftler
with the concentrations &fCos5+LCos, LCsotLCos, LCos+LCso and LGot+LCso, respectively. A+B and (A+B)
are expected (Ex) and observed (Ob) mortality peege, respectively. SR is synergistic ratio arldutating
by dividing Ex on Ob after 24h. If SR<0.7: intefiact is synergistic, 0.7<SR<1.8: interaction is &adi and
SR>1.8: interaction is antagonistic (Ebadolletral., 2017).
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Abstract

This study was conducted to evaluate the compitilof some plant essential oils in combinationhwit
entomopathogenic funguBeauveria bassiana againstCallosobruchus maculatus. Lethal effects of three
essential oils includingPetroselinum sativum, Satureja sahendica and Heracleum persicum against the
adults ofC. maculatus were studied. The biological activity of two fuhgsolates, 1S-1 and I1S-75, as alone
and in combination with the essential oils for otspest control was evaluated. Results showedShat
sahendica essential oil was the most toxic agent on adbhs tother oils, and 1S-75 isolate showed more
virulence against the pest compared to IS-1 whefieapalone. Results of percent inhibition of spation
and mycelial growth of the fungus showedsativum essential oil with 100 percent inhibition complegte
inhibited fungal growth and sporulation aBidsahendica essential oil with 24 percent inhibition had more
compatibility compared to two other essential diesmbined application of three essential oils &35
isolate of the fungus in lethal and sublethal cotregions showed thai. persicum essential oil has the
least LTso value in combination with the fungug&ssential oil-pathogen interactions of sublethal
concentrations of plant essential oils and IS-Tél isolate revealed that the synergistic effentpercent
adults’ mortality only belongs to the combinatidnL€& s concentrations of each of the agents, and other
sublethal combinations had additive and antagenéstects.

Key words: Plantessential oils, Entomopathogenic fungus, Synéecgiatio, Callosobruchus maculatus
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