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Table 1. Different strains of entomopathogenic fungi extracted from different orchards soils in East

Azarbaijan province

fungal species Isolates Locations

Metarhizium anisopliae MTB East Azarbaijan - lighvan Valley-Cherry Garden
Aspergillus oryzae MZ619143  East Azarbaijan —Herbi- Apple Garden
Lecanicillium lecanii LCA East Azarbaijan -Herbi - Fruit Garden
Penicillium citrinum MZ611703  East Azarbaijan -Azarshahr- Cherry Garden
Purpureocillium lilacinum MZ576506  East Azarbaijan -Fathabad - Fruit Garden
Beauveria bassiana BVB East Azarbaijan - lighvan Valley-Apple Garden
Metarhizium anisopliae MTE East Azarbaijan -Khalat Poushan- Apple Garden
Metarhizium anisopliae MTF East Azarbaijan —Basmenj- Apple Garden
Metarhizium anisopliae MTV East Azarbaijan -Fathabad - Cherry Garden
Lecanicillium lecanii LC East Azarbaijan -Basmenj-Apple Garden
Beauveria bassiana BVE East Azarbaijan -Khalat Poushan- Fruit Garden
Beauveria bassiana BVF East Azarbaijan -Fathabad- Cherry Garden
Metarhizium anisopliae MTA East Azarbaijan -Khalat poushan- Apple Garden
Beauveria bassiana BVA East Azarbaijan -Azarshahr- Cherry Garden
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Fig 1. a) Microscopic image of the fungus Beauveria bassiana, b) Fungal growth on larval body, c) Colony of

the isolate on SDA medium
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Fig 2. a) Microscopic image of the fungus Lecanicillium lecanii, b) Fungal growths on the larval body, c)
Colony of the isolate on SDA medium
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Table 2. Mean percentage of mortality (+SE) caused by different isolates of Beauveria bassiana (BVA, BVB,
BVE, BVF) and Lecanicillium lecanii (LCA, LC) on fourth instar larvae of Ephestia kuehniella (EK) at the

concentrations of 10*-108 conidia/mL

Mortality (%)

Isolates 10* 10° 10° 107 108
LCA 16.6+4.8¢ 25.1+1.2%¢ 36.1+2.7° 47.2+2.8¢ 63.8+0.78°
BVB 25+4.81° 44 4+2.7° 61.1+2.8? 72.2+2.7° 86.1+2.78%

LC 22.242.7" 27.7+1.7° 36.1+0.7° 50 + 4.8° 63.845.5°
BVE 13.8 + 2.6% 19.4+ 5,5° 36.1+2.3° 41.6+1.1° 50 + 4.8°
BVF 11.1 £2.78 19.441.7°¢ 27.7+2.9¢ 44.44+2 5° 63.8+1.7°
BVA 27.7+2.8° 44 4+2 .12 61.1+2.72 69.4+2.7° 83.3+0.1°

Means with different letters within the same column are significantly different
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Table 3. Grouping of isolates of Beauveria bassiana (BVA, BVB, BVE, BVF) and Lecanicillium lecanii
(LCA, LC) based on the mortality of fourth instar larvae of Ephestia kuehniella (EK)

Group Number of isolates Percentage of isolates Isolates
A 0 0
B 4 66.6 BVE®®
BVFdec
LCAPbe
chc
C 2 33.3 BVA?
BVB?

Different letters are indicating significant differences among isolates (F-LSD, P<0.05)
A- Low virulence (0-33% mortality), B- Medium virulence (34-67% mortality) and C- High virulence (68-100% mortality)
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(LC 9 LCA) Lecanicillium lecanii g (BVF § BVE BVB BVA) Beauveria bassiana sz

Table 4. Probit analysis of concentration-mortality responses of fourth instar larvae of of Ephestia
kuehniella (EK) to different isolates of Beauveria bassiana (BVA, BVB, BVE, BVF) and Lecanicillium

lecanii (LCA, LC)

Isolates  LCso (x10%conidia/ml) Slop+SE (df=13)** RAP (%) SIFcY
(95% C L)
LCA 11(8.67-29.91) 0.326+0.07 2.069 50.00 16.49
LC 9(2.56 -16.37) 0.14+0.285 2.820 59.09 16.74
BVB 0.28(1.1- 3.8) 0.17+0.42 1.825 98.72 22.39
BE 14 (11.1-47.71) 0.19+0.291 1.221 35.36 16.22
BVF 22 (16.61-31.21) 0.12+0.377 1.877 0.00 15.70
BVA 0.25(0.93-4.9) 0.14+0.17 1.553 98.86 22.70

« All rows are insignificant at P < 0.05; P Relative activity; * Slope intervention factor for concentration
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Table 5. Probit analysis of time-mortality responses of fourth instar larvae of Ephestia kuehniella (EK) to

different isolates of Beauveria hassiana (BVA, BVB, BVE, BVF) and Lecanicillium lecanii (LCA, LC)

Isolates LTs0 (95% C L) SlopzSE N RSKP (%) SIFYY
(Days) (df=13)
LCA 5.16 (2.62-19.71) 14.24+1.07 2.089 23.55 16.62
LC 4.82 (3.55 -14.33) 12.25+0.64 2.843 28.59 18.21
BVB 4.21 (2.2- 13.8) 9.34+0.87 1.725 37.62 21.53
BVE 5.84 (4.1-32.81) 15.21+1.19 1.421 13.48 1451
BVF 6.75 (3.31-43.21) 17.37+1.18 1.917 0.00 12.24
BVA 3.72 (1.03-7.9) 7.74+1.11 1.643 44.44 24.80

Concentration used for the LTso calculations was 1x107 conidia/ml; “All rows are insignificant at P < 0.05; PRelative

speed of kill; *Slope intervention factor for time
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Fig 3. Percentages (Mean+SE) of mortality caused by different isolates of Beauveria bassiana (BVA, BVB,

BVE, BVF) and Lecanicillium lecanii (LCA, LC) on fourth instar larvae of Ephestia kuehniella (EK) at five
different concentrations. Different letters are indicating significant differences among isolates in each

column (F-LSD, P<0.05)
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Abstract
Background and Objectives
Entomogenous fungi include a wide range of species that are ecologically very diverse. Many
of them are pathogenic to insects and mostly show host specificity. Isolation and identification
of native entomogenous fungi, especially pathogenic species, and their use as a source of
biological control agents is an important safe, environmentally-friendly pest control approach.
This survey isolated and characterized entomogenous fungi that naturally occur in soil. Post-
harvest infestations cause considerable losses in cereal production. Stored-product insect
control is mainly accomplished by chemical means; however, pesticides can affect non-target
species, such as plants, animals, and humans. Pesticides increase pest resistance. Another
possible negative effect of pesticides is their ability to bioaccumulate and biological
magnification. Therefore, alternative agents are needed for managing stored-product insect
pests. Biological control of stored-product insects with entomopathogenic fungi is a successful,
sustainable alternative to chemical insecticides. Mediterranean flour moth, Ephestia kuehniella,
is one of the most important insect pests infesting stored grain of cereals worldwide. This study
isolated and determined some entomopathogenic fungi's efficacy in flour moth biocontrol, E.
kuehniella.
Materials and Methods
Different strains of entomopathogenic fungi were isolated from the soils of various districts of
Azarbaijan province in the Northwest of Iran. Their virulence against E. kuehniella larvae was
evaluated. Isolates of various entomopathogenic fungi were isolated and purified using a soil
trap from twenty distinct soil specimens. The immersion technique evaluated their
pathogenicity against E. kuehniella in three replicates. This was done at 104, 10°, 10°, 107, and
108 conidia/mL concentrations. All selected fungal isolates were identified based on
morphological features and mycological parameters.
Results
Four isolates of B. bassiana (BVA, BVB, BVE, and BVF) and two of L. lecanii (LCA and LC)
from fourteen isolates were isolated. Six fungal species, namely Lecanicillium lecanii and
Beauveria bassiana, were identified among the fourteen isolates collected. The bioassay
assessment revealed that E. kuehniella fourth-instar larvae were susceptible to all isolates and



that the larval death rate increased with rising conidial concentration. The BVA and BVB
isolates of B. bassiana showed the maximum virulence, with nearly 2.5x10° and 2.8x10°
(conidia/mL) LCso, while the BVF isolate of B. bassiana had the least virulence among the
other isolates evaluated, with nearly 2.2x107 (conidia/mL) LCso on E. kuehniella. The lowest
L Tso value (3.72 days) using a 108 conidia/ml concentration on E. kuehniella larvae was shown
on the BVA isolate.

Discussion

A comparison of the means and grouping of isolates showed a significant difference between
isolates and the effectiveness of different concentrations. Also, the BVA isolate of B. bassiana
had greater efficiency than the other isolates, and therefore, they will be more suitable for use
in plant pest biological control programs.
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