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ARTICLE INFO ABSTRACT

Article History Metarhizium anisopliae is the most popular entomopathogenic fungi
Received:29/5/2020 used successfully in microbial control. Isolation, identification, and
Accepted:2/8/2020 estimation of M. anisopliae Egyptian isolate host range has been done in this
study. Our isolate was identified molecularly by amplification of Internal

Keywords: transcribed spacer (ITS) region using polymerase chain reaction technique
Metarhizium (PCR). The sequence of ITS was compared with other M. anisopliae isolates
anisopliae, Host published in gene bank and our isolate showed 98% homology with most

range, Spodoptera published M. anisopliae isolates so submitted in gene bank database as a new

littoralis, Galleria Egyptian isolate with accession no MT102079.The pathogenicity was

mellonella c_avaluated by applying five_ spore suspension con(_:entrations against fOl_Jr

TetranychL,Js urticae insect pests, Spodoptera_ littoralis (2" and 4™ instar larvae), Galleria
mellonella (3™ and 5" instar larvae), Tetranychus urticae (nymph) and

and Rhynchophorus  pynchophorus ferrugineus (3¢ and 5 instar larvae), and our results revealed

ferrugineus that M. anisopliae was highly effective against all tested insects. The highest
concentration used (10°) caused a high mortality rate after 10 days post-
treatment reached 96% for T. urticae nymph which appears to be highly
sensitive insect tested in this study followed by S, littoralis 2" and 4™ instar
larvae which showed 96 and 90% mortality rate respectively. High
pathogenicity of the tested isolate also noticed in G. mellonella in which the
highest concentration used (10°) induced 93 and 86% for 3 and 5" instar
larvae respectively, while the same instars of R. ferrugineus were moderately
affected and 73 and 66% mortality rate was achieved by the same
concentration after 10 days post-treatment.

INTRODUCTION

Fungi are known as the most common parasite of insects, and thus important insect
population regulators. In nature, there are over 1,000 species of the phyla
Entomophthoromycota,  Blastocladiomycota, = Microsporidia,  Basidiomycota, and
Ascomycota, which are believed to invade and destroy insects (Vega et al., 2012). The
phylum Entomophthoromycota is freshly developed from the previous phylum Zygomycota
and contains mostly insect pathogenic species (Boomsma et al., 2014). Entomopathogenic
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fungal experience can potentiate cost-effectiveness mycoinsecticides applications for in-field
pest control. Metarhizium anisopliae is a suspected one of representative fungus organisms
that have been identified as successful eco-friendly mycoinsecticides. M. anisopliae can grow
naturally in soils all over the world and causes disease in different insects by grows on
cuticles of the insect host and acting as a parasitoid. A subtilisin-like serine protease that
initiates protein degradation appears to be the main enzyme involved in this growth. A
subtilisin-like serine protease is the main protein that was secreted during invasion into the
host cuticle (lllana et al., 2013). This protease activity is then accompanied by the action of
exopeptidases including carboxypeptidases, which activate the host’s individual amino acids
for nutritional use. While fungi usually contain serine carboxypeptidase activity, M.
anisopliae has discovered a novel carboxypeptidase by Stleger et al. (1994).

Insect pests are the main competitors to humans for agriculture resources (Oerke and
Dehne, 2004), they are responsible for 50% of all losses in crop production (Metcalf, 1996).
The examples of the most destructive insects are Spodoptera littoralis, Galleria mellonella,
Tetranychus urticae, and Rhynchophorus ferrugineus. S. littoralis is the Egyptian cotton
leafworm and the major cotton insect pest in the Middle East, especially in Egypt. It is a
polyphagous therefore they feed on a wide range of economically important crops. It causes a
huge loss in yield by reducing the nutrients and making plants susceptible to bacterial and
fungal attacks. Because of the excessive use of chemicals, both pests developed resistance to
almost all known classes of insecticides (EPPO, 1997 and Brambila et al, 2010).

Although the small size of T. urticae, it is capable of causing very rapid and severe
damage, due to their great reproductive capability. Severe infestation of T. urticae damage
plant leaves and both quality and yield of the crops decline (Hussey & Parr, 1963). R.
ferrugineus is the most destructive insect pest of palms all over the world. R. ferrugineus
larvae start their feeding within the palms apical growing point creating great tunnels lead to
extensive injury to palm tissues and general weakness of the palm trunk structure. The area
with establishing R. ferrugineus reduces vitality in infested date palms resulting in tree death
and commercial date production is affected (Wattanapongsiri, 1966). Also, G. mellonella is
a pest of honeybee products, its larva has destructive feeding habits in which they feed on
pollen, honey, wax, honeybee skin. Damage occurs as the larvae create tunnels through the
hexagonal cell walls and over the comb surface and these tunnels make holes through which
honey leaks. A great infestation of honey bee colonies by G. mellonella larvae leads to
colony loss, absconding, and reduction in the number of the migratory bee swarms. G.
mellonella adults and larvae also are potential vectors of different pathogens (Sehnal et al.,
1986).

The chemical insecticides are commonly used to protect the agriculture products from
insect pests by make suppression of their populations, but the extensive use of these
insecticides cause serious problems (Golshan et al., 2013) include, environmental pollution
and negative effects to human health and beneficial organisms plus insect’s resistance which
developed to these insecticides (Ffrench-Constant et al., 2007). As a result of these problems,
there is an urgent requirement to develop an alternative form of chemical insecticides
(Wilson and Tisdall, 2001). The most effective alternative form is microbial bio-control
agents (Nicholson, 2007). The microbial biocontrol agents (MBCASs) refer to the use of
pathogenic microorganisms like viruses, bacteria, fungi, and nematodes as regulators to
insect pest populations. MBCAs have a complicated mode of action that makes it difficult for
pests to develop resistance against them, plus they have no hazard effects on human health
and environment, so they applied throughout the world with great success and advantages.
Entomopathogenic fungi are promising agents and the most important among all MBCAs
because they are numerous pathogenic strains with broad host range, comparatively
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inexpensive, convenient to use, safe to apply, and safe to human, beneficial organisms and
environment (Hussain et al. 2014).

MATERIALS AND METHODS

The Microorganism:

M. anisopliae was isolated from dead adult red palm weevil showing signs and
symptoms of fungal infection (sluggish and inactive adults, firm and fanatic cadavers, and
sometimes fungal mycelium growth enveloping the body or emerging from body segments)
collected from infected date palms from El-kassasin district, Ismailia governorate, Egypt.

The red weevil cadavers were surface sterilized by dipping for one minute in 70%
ethanol, then rinsing twice by distilled serialized water, and put individually on petri dishes
contain Czapek Dox media supplemented with streptomycin (0.04g/L) to allow the growth of
their content of fungi. The petri dishes were incubated for 72 hours at 27°C. After the
incubation period, the fungal growth will appear on the media plates and small part of the
fungal mycelium was taken by sterilized inoculation loop and transferred to newly prepared
Czapek Dox media contain the same concentration of streptomycin to prevent the bacterial
growth, and the inoculation cycles were repeated several times till clear and visible growth of
fungi appeared.

Identification of Fungal Isolate: -
I-Light microscope identification:

Firstly, fungal culture slide was prepared by taking a small part of fungal mycelium
from the edge of the colony, spread by a sterilized loop on glass slide contain one drop of
sterilized water and covered with coverslip then visualized under a light microscope. The
diameter of the hyphae, conidiophore branching, arrangement, and shape of conidia was
observed to make preliminary identification.

I1-Molecular Identification:

Genomic DNA from a fresh culture of fungal mycelium was extracted as described by
Sambrook et al. (1989). The mycelium sample was frozen in liquid nitrogen and crushed
thoroughly using a sterile mortar and pestle. Then 500 ul CTAB buffer {100mM Tris-HClI,
pH 8.0, 1.4M NaCl, 20mM EDTA, 2% w/v hexadecyl-trimethyl-ammonium bromide
(CTAB)} and 5 pl of 2-mercaptoethanol (0.1 %) were added and mixed thoroughly. The
homogenate sample was incubated at 60°C for 30 minutes. Homogenate sample was
centrifuged for 5 minutes at 14,000 xg. The supernatant was transferred to a new tube. An
equal volume of chloroform: isoamyl alcohol (24:1) was added. The sample was centrifuged
for 1 min at 14,000 xg to separate the phases. The upper aqueous phase was transferred to a
new tube. DNA was precipitated by adding 0.7 volume cold isopropanol and was incubated
at -20°C for 15 minutes. The sample was centrifuged at 14,000 xg for 10 minutes. The DNA
pellet was washed with 500 pl ice-cold 70% ethanol. Dried DNA was dissolved in 50 pl
nuclease-free water. DNA quantity and integrity were checked on an agarose gel.

1. ITS Region Amplification of The Fungal Isolate:

The fungal isolate was identified using ITS region (ITS1 and 2 and the 5.8S gene)
sequencing as molecular tools. Amplification of the ITS region from the extracted DNA of
fungal isolate was performed using polymerase chain reaction (PCR), oligonucleotide
primers pair, (forward (TW81): GTTTCCGTAGGTGAACCTGC and reverse (AB21):
ATATGCTTAAGTTCAGCGGGT) were synthesized by Vivantis Co. (Selangor Darul
Ehsan, Malaysia), (Curran et al., 1994).

Every reaction will contain 14.5 puL of deionized sterile water, 2.5 uL of buffer 10X, 1 puL of
MgCI2 (50 mM), 0.5 puL of ANTP’s (20mM), 2 uL of each primer (10 pM), 0.5 uL of Taq
polymerase (5U/mL) and 2 pL of sample DNA. PCR amplification was carried out under the
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following conditions: initial denaturation 94°C for 5 min followed by 35 cycles of
denaturation at 94°C for 1 minute, annealing 65 °C for 1 minute and elongation at 72 °C for 1
minute and a final extension at 72°C for 7 min. The amplified product was separated by
electrophoresis on 1.0 % agarose gel was stain with ethidium bromide (0.5 pg/ml) and was
visualized on UV gel documentation system (BioRad, USA). PCR product was purified from
unincorporated PCR primers and dNTPs using QlAquick PCR Purification Kit (Qiagen),
following the manufacturer's instructions. The purified PCR product of ITS gene was
subjected to sequence analysis using the Big TriDye sequencing kit (ABI Applied
Biosystems) by the facility of LGC, Germany. A homology search was performed for DNA
sequence for ITS region obtained from the sequencer using the Basic Local Alignment
Search Tool (BLAST) against the National Center for Biotechnology Information (NCBI)
database, USA (http://www.ncbi.nlm.nih.gov). The obtained sequences were compared to
ITS sequences in the National Center for Biotechnology Information (NCBI) GeneBank
database using the BLASTN algorithm (Altschul et al., 1990), and closely related sequences
were downloaded. The sequence and closely related sequences were manually imported into
and aligned in the Molecular Evolutionary Genetics Analysis software, ver. 7.0 (Kumar et al.,
2016), with the Clustal W tool. DNA sequence obtained in this study was submitted to the
NCBI database (accession No. MT102079)

Pathogenicity Tests:

I-Conidial Suspension Preparation: -

The tested isolate was propagated on Czapek Dox agar medium for preparation of the
conidial suspension. The inoculated plates were incubated for 15 days at 27°C and 50-60%
RH. After incubation period sterile spatula was used to harvest the conidia from the surface
of the fungal culture by scraping them in distilled serialized water contain 0.02% Tween-80.
The concentration of the stock solution was estimated by using Neubauer hemocytometer
(Alves and Moraes, 1998). Five concentrations were prepared from the stock solution by
serial dilution to be used in pathogenicity experiments.

I1-Tested insects:

The pathogenicity of M. anisopliae isolate was estimated on four insects species which
belonging to four family: Noctuidae, Pyralidae, Tetranychidae, and Curculionidae (Table 1).
S. littoralis and G. mellonella (Lepidoptera: Noctuidae and Pyralidae ) that were reared in
Insect Pathogen Unit, Plant Protection Research Institute-Agriculture Research Center. T.
urticae (Tetranychidae: Trombidiformes) which were collected from cucumber agriculture
greenhouse follow Agriculture Research Center. R. ferrugineus (Curculionidae: Coleoptera)
were collected from infected date palms from Elkassasin district, Ismailia governorate,

Egypt.

Table 1: Details of the insects bioassayed with the tested fungal isolate (M. anisolpae) to
check its host specificity.

Species Common Name Order Family Stage
Spodoptera littoralis Cotton Leaf Worm | Lepidoptera Noctuidae Larvae
Galleria mellonella Greater wax moth | Lepidoptera Pyralidae Larvae
Tetranychus urticae Red spider mite Trombidiformes | Tetranychidae | Nymph
Rinynchophorus ferrugineus | Red Palm Weevil | Coleoptera Curculionidae | Larvae

I11-Efficacy Tests:

For S. littoralis, G. mellonella and R. ferrugineus:

Virulence of the tested fungal isolate was evaluated by testing five concentrations
(105, 108, 107, 108 and 10°) adjusted from spore mother suspension against 2" and 4"instar
larvae of S. littoralis and 3 and 5" instar larvae of G. mellonella and R. ferrugineus. Thirty
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larvae were dipped for 20 seconds in spore suspension, then left to dry on filter paper, and
transferred to plastic bottles contain artificial diet developed by Shoery and Hale (1965) for
S. littoralis, artificial diet developed by Birah et al (2008) for G. mellonella and sugarcane
setts for R. ferrugineus, with three replicates for each treatment. Plastic bottle with thirty
larvae dipped for 20 seconds in distilled sterilized water contain 0.02% tween 80 also
replicated three time serves as control treatment (Baskar et al. 2012).

For T. urticae:

The bioassay experiment was performed in a rearing unit consisting of a piece of
sponge (1 cm height) covered with a moist cotton pad. A sufficient amount of water was
added to the dish to moisten the sponge fully. T. urticae nymph sited on cucumber leaf disc
were placed on the cotton pad and sprayed with each concentration by fine perfume sprayer
at a distance of 20 cm from the rearing unite. 30 nymphs were used in one replication and
replicated three times, with three replicates for control nymph treated with serialized distilled
water contain 0.02% tween 80.

Statistical Analysis:

The mortality rate for each treated pest was recorded continuously for 10 days,
Concentrations of the treated fungal isolate and the mortality data were computed to be
analyzed and to determine the fifty percent lethal concentration (LCso) by using Ldp line
software (Bakr, 2000).

RESULTS AND DISCUSSION

Identification of Fungal Isolate:

Initial morphological identification using light microscope of the fungal isolate
showed the cylindrical shape of conidia arranged in parallel chains on branching, densely
interwined conidiophores. The isolate was then identified by molecular sequences of the ITS
region. To obtain the coding sequence of ITS (Internal Transcribed Spacer 1, 2, and 5.8S
subunit), DNA was extracted from purified fungal isolate (Fig. 1). Polymerase chain reaction
(PCR) amplification was performed with forward universal primers (TW81) and reverse
universal primers (AB21). The amplified bands at ~750 bp as shown in (Fig. 2). The
amplified fragment was sequenced and homology searches in the database. The amplified
DNA sequence of the ITS region (Internal Transcribed Spacer 1, 2, and 5.8S subunit) of the
purified isolate was submitted to NCBI Genbank under the Accession number MT102079.

700bp —. L= — (15 PCR product
500bp —
Fig. 1: Agarose gel electrophoresis of Fig. 2: ITS PCR products of fungal isolates on
genomic DNA extracted from 1% (w/v) agarose gel.

fungal mycelium sample
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Phylogenetic Analysis:

The phylogenetic relationship was derived from comparisons of the ITS gene sequences
and a dendrogram was constructed with other Metarhizium species (Fig. 3).

The result of BLASTn program showed that our Metarhizium (MT102079) isolate has
98% homology with most published isolates such as M. anisopliae (EU307890), M.
anisopliae (AB027383), M. anisopliae (EU307923). The phylogenatic tree showed that the
fungal isolate in this study was closely related to all other database isolates although it was
treated as outgroup as showed in (Fig. 3). This finding in the present study was not
compatible with Chandra Teja & Rahman (2016) who found that all isolates were closer to
each other.

37%  pre—F 545291 M. anisopliae
e £U307915 M. anisopliae

pr— 1545324 M. anisophae

FJ545326 M. anisopliae

EU307926 M. anisophae
FJ589650 M. anisopliae
EU307893 M. anisopliae

FJ589649 M. anisopliae

pr— FJ545278 M. anisopliae

FJ545281 M. anisopliae

7 p———————
_: 5294 M. anisoplhiae
8% FJ545319 M. anisophiae

EU307920M. anisopliae
EU307919 M. anisopliae
EU307923 M. anisopliae
AB027383 M. anisopliae
EU307890 M. anisophae
@ 117102079 M. anisopliae

00020

Fig. 3: A phylogenetic tree of M. anisopliae isolate (MT102079) of study (shown in black
circle) with other species of Metarhizium based on the nucleotide of ITS sequences
constructed by neighbor-joining method. Evolutionary analyses were conducted in MEGA 7.
alignment of the sequences was done with CLUSTALW, bootstrap values (in percent) are
calculated from 1000 resamplings. The scale bar shows the genetic distance. The number
presented next to each node shows the percentage bootstrap value of 1000 replicates.
Pathogenicity Tests:

The tested fungal isolate was found pathogenic to all tested insect species. The results
data showed that the mortality percentage increased by increasing the fungal spore
concentrations Shairra (2007) and that the younger larval instar was more susceptible to the
tested fungus than the older larval one Purwar and Sachan (2005).

High pathogenicity was observed in T. urticae nymph (Table 5) in which the mortality
percentage ranged from 73 to 96 % for the five tested concentrations after 10 days post-
treatment. S. littoralis was more susceptible to the tested fungal concentrations following T.
urticae with highly sensitive 2" instar larvae showed mortality percentage ranged from 70 to
96 % and more tolerant 4™ instar larvae with mortality percentage ranged from 56 to 90 % for
the same concentrations after the same days mentioned above (Table 2). High mortality
percentage (93 and 86 %) also recorded for the highest tested concentration 10° spore/ml
used for 3 and 5™ instar larvae of G. mellonella respectively (Table 4). The median impact
of the tested isolate was observed in 3" and 5" instar larvae of R. ferrugineus with mortality
percentage ranged from 23 to 73 % and 13 to 66 % respectively (Table 3). A linear
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relationship between tested fungal concentrations and mortality percentages (Fig. 4, 5, 6, and
7) was made by Ldp line software program for calculation of LCso values after 10 days post-
treatment. The lower LCso was 7.7 x 102 spore/ml for T. urticae followed by 1.6 x 10% and
2.8 x 10 for 2" and 4™ instar larvae of S. littoralis. The calculated LCso for 3 and 5" instar
larvae of G. mellonella and R. ferrugineus was 5.7 x 10° and 4.9 x 10% 8.5 x 10% and 5.9 x
107 respectively.

Table 2: Efficacy of M. anisopliae spore suspension against 2" and 4" instar larvae of S.
littoralis after 5, 7- and 10-days post treatment.

. Mortality percentage (%)
C?; c;:_l:: ?Itli)o“ 2ndjpstar larvae 4thinstar larvae
P S days 7 days 10 days 5 days 7 days 10 days
10° 20 39 70 13 40 56
10° 23 50 76 20 50 66
107 36 60 83 29 59 73
108 46 70 90 39 69 83
10° 53 78 96 50 77 90
LCs 3.3x108 9.8 x 10° 1.6x 10° 8.8x10% [ 9.8x10° | 2.8x10*
Lower limit of LCsp | 4.2 x 10’ 2.5x 10 0.0013 1.1x10% | 1.3x10* | 0.67x10!
Upper limit of LCsp 1.1x 10" | 5.8x10° 56x10* | 2.8x 10" | 6.7x10% | 3.5x10°
).,»’/I - - 5
o 80 _,‘/f.’ /’,., -~
g ,/, -7 55
g //"’ - E
H

'S

10 1000

________

sporaimi)

Fig. 4: Linear relationship between Mortality percentage and five concentrations M.
anisopliae spore suspension treated against 2" and 4™ instar larvae of S. littoralis
after 10 days post treatment.

Table 3: Efficacy of M. anisopliae spore suspension against 3@ and 5" instar larvae of R.
ferrugineus after 5, 7- and 10-days post treatment.

C trati Mortality percentage (%)
'?SME:Q; ?ni;m 3rdjpstar larvae 5% instar larvae

d 5 days 7 days 10 days 5 days 7 days 10 days

108 6 16 23 3 10 13

106 13 25 43 3 20 33

107 23 40 56 13 26 40

108 30 53 60 20 40 50

10° 40 63 73 26 50 66
LCso 54x10° 72x10" | 8.5x108 5x 1010 83x10% [ 5.9x 107
Lower limit of LCsy | 4.5x 108 16x107 | 13x10% | 22x10° | 1.2x10°% | 1.4x 107
Upper limit of LCsg 1.3x 108 | 7.7x10° | 3.8x107 [ 1x10"% [ 94x10"° | 53x10%
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Fig. 5: Linear relationship between Mortality percentage and five concentrations M.
anisopliae spore suspension treated against 3 and 5" instar larvae of R. ferrugineus
after 10 days post treatment.

Table 4: Efficacy of M. anisopliae spore suspension against 3" and 5" instar larvae of G.
mellonella after 5, 7- and 10-days post treatment.

Mortality percentage (%
Concentration T —— . ortality percentage ( 01. - -
(Spore/ ml) 3*dinstar larvae Stinstar larvae
P 5 days 7 days 10 days 5 days 7 days 10 days
10° 22 36 63 16 26 50
10¢ 30 46 73 23 36 63
107 40 56 83 32 45 70
108 49 66 86 43 53 76
10° 60 83 93 53 64 86
LCso 1.0x10% | 1.8x10° | 57x10° | 45x10°® | 33x 107 | 49x10*
Lower limit of LCsp 1.4x107 | 1.5x 10 0.0556 6.0x 107 | 4.0x 10° 6.1089
Upper limit of LCsp 74x10° | 90x10° | 1.1x10° | 1.0x 101 [ 1.2x10° [ 7.6x10°
% 20 P - —2 .
g 70 ~ - 66
:— 50 - =T 5 ]
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& =0 - } a5
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Fig. 6: Linear relationship between Mortality percentage and five concentrations M.
anisopliae spore suspension treated against 3" and 5" instar larvae of G. mellonella
after 10 days post treatment.
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Table 5: Efficacy of M. anisopliae spore suspension against T. urticae nymph after 5, 7- and

10-days post treatment.

Concentration kit nar
(Spore/ ml) Mortality percentage (%)
5 days 7 days 10 days
10° 30 45 73
10° 45 60 83
10’ 55 75 90
108 64 86 96
10° 76 96 96
LCsp 42x10° 23x10° 7.7x 107
Lower limit of LCsp 1.6x 10° 6.2x10° 0.0009
Upper limit of LCsp 3.8x 107 1.2 x 108 2.9x 10*
g = - p
8.

Fig. 7: Linear relationship between Mortality percentage and five concentrations M.
anisopliae spore suspension treated against T. urticae nymph after 10 days post
treatment.

Entomopathogenic fungi are considered the most common organism that causing
diseases to different insect pests Majeed et al (2017) and Mustu et al., (2015). They have a
characteristic place among insect pathogens (Richard et al., 2010) in which they infect
insects directly through the exoskeleton, in contrast to other pathogens like viruses and
bacteria which penetrate and infect the hosts through midgut after ingestion so there is great
interest in the use of entomopathogenic fungi as a potential biological control agent of
different insect pests (Hajek & St. Leger, 1994 and Evans, 1999). Some entomopathogenic
fungi have a narrow host range while others have wide host range like M. anisopliae and B.
bassiana. Our results proved the pathogenicity of M. anisopliae against the four tested insect
pest and these agree with Tamai et al. (2002) who investigated the effects of 45 isolates of B.
bassiana, M. anisopliae, and Paecilomyces farinosus on T. urticae and found that M.
anisopliae was more pathogenic than other fungi used in the study. Bugeme et al. (2014) and
Ullah and Lim (2015) studied the effect of different concentrations of M. anisopliae and B.
bassiana on T. urticae and noticed highest mortality rate, 98% was achieved by M.
anisopliae isolate so stated that M. anisopliae is the highly effective agent that can be used in
the control of both T. urticae nymphs and adults.
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Many authors studied the efficacy of M. anisopliae against the same tested insect
pests and their findings were in harmony with our results. Souad., et al (2014), Godonou., et
al (2009) and Husinan., et al (2014) indicated that the strains of M. anisopliae and B.
bassiana affected the younger instar of S.littoralis and confirmed the high pathogenicity of
M. anisopliae which showed highest mortality percentage than B. bassiana against S.
littoralis larvae. El-Husseini (2019) estimated different M. anisopliae concentrations against
third and fifth instar larvae of S. littoralis and revealed that the highest concentrations
induced high mortality percentage reached 100% after seven-day post-treatment.

High virulence of M. anisopliae was achieved and viewed in high mortality
percentage which reached 100% after seven-day post-treatment of G. mellonella larvae in
laboratory bioassay (Klingen et al., 2002 and AbdelRaheem et al,. 2016)

Several workers evaluating the pathogenicity of M. anisopliae to various developmental
stages of RPW and confirmed that M. anisopliae had a great potential effect against R.
ferrugineus with mortality rate reached 100% at the fifth-day post-treatment. (Gindin, et al
2006 and Sun et al. 2016)

Conclusion:

The high efficacy and favorable results obtained in this study against the four tested insect
pests proved that our M. anisopliae Egyptian isolate contain virulence characters so we
recommend the use of this fungus in the integrated pest management programmers to control
these pests as an effective biological control agent and a promising alternative to chemical
insecticides.

Acknowledgements:

The authors would thank all participants and their parents.

REFERENCES

Abdel-Raheem, M. A.; Ismail, I. A.; Farag, N. A.; Abdel-Rahman, R. S.; Elbehery, H. H.
(2016). Isolates, Virulence of two Entomopathogenic Fungi as biological control
agent on sugar beet fly, Pegomyia mixta in Egypt. Der Pharma Chemica, 8(18):132-
138.

Altschul, S. F.; Gish, W.; Miller, W.; Myers, E. W.; Lipman, D. J. (1990). Basic local
alignment search tool. Journal of Molecular Biology. 215 (3), 403-410.

Alves, S. B and Moraes, A. S. (1998). Quantificac, do de indculo de patdgenos de insetos. In:
Alves, S.B. (Ed.), Controle Microbiano de Insetos. FEALQ, Piracicaba, SP, pp. 765—
777.

Bakr, E. M. (2000). Ldp line 3. (Site of internet), http://www,Ehab soft, com.

Baskar, K.; Raj, G. A.; Mohan, P. M.; Lingathurai, S.; Ambrose. T.; Muthu, C. (2012).
Larvicidal and growth inhibitory activities of entomopathogenic fungus, Beauveria
bassiana against Asian army worm, Spodoptera litura Fab. (Lepidoptera: Noctuidae).
Journal of Entomology. 9:155-162.

Birah. A.P.; Chilana, U. K.; Shukla-Gupta, G. P. (2008). Mass rearing of greater wax moth
(Galleria mellonella L.) on artificial diet. Indian Journal of Entomology 70: 389-392.

Boomsma, J.J.; Jensen, A.B.; Meyling, N.V.; Eilenberg. J. (2014). Evolutionary interaction
networks of insect pathogenic fungi. Annual Review of Entomology. 59:467-85.

Brambila, J., Lee, S., & Passoa, S. (2010). Tuta absoluta the tomato leafminer. Field
Screening Aid. USDA Cooperative Agricultural Pest Survey (CAPS). 2010. National
Agricultural Pest Information System (NAPIS).

Bugeme, D. M.; Knapp, M.; Boga, H. I.; Ekesi, S.; Maniania, N. K. (2014). Susceptibility of
developmental stages of Tetranychus urticae (Acari: Tetranychidae) to infection by


http://www,ehab/

Isolation, Molecular Identification and Host Range Evalution of Metarhizium anisopliae 93

Beauveria bassiana and Metarhizium anisopliae (Hypocreales: Clavicipitaceae).
International Journal of Tropic, Insect Science, 34: 190-196.

Chandra Teja, K. N. P.; Rahman, S. J. (2016). Characterisation and evaluation of
Metarhizium anisopliae (Metsch.) Sorokin strains for their temperature tolerance.
Mycology. 7(4), 171-179. DOI: 10.1080/21501203.2016.1247116

Curran, J.; Driver, F.; Ballard, J.W.O.; Milner, R.J. (1994). Phylogeny of Metarhizium:
sequence analysis of the internally transcribed and 5.8s region of the ribosomal DNA
repeat. Mycological Research, 98(5): 547-552.

El-Husseini, M. M. (2019). Efficacy of the entomopathogenic fungus, Metarhizium
anisopliae (Metsch.), against larvae of the cotton leafworm, Spodoptera littoralis
(Boisd.) (Lepidoptera: Noctuidae), under laboratory conditions. Egyptian Journal of
Biological Pest Control. 29(1), 50.

EPPO (1997). Spodoptera littoralis and Spodoptera litura. In: Smith IM, McNamara, D.G.,
Scott, P.R. and Holderness, M., eds. Quarantine Pests for Europe. 2nd edition.
Wallingford, UK: CAB International, 518 — 525.

Evans, H. C. (1999). Biological control of weed and insect pests using fungal pathogens, with
particular reference to Sri Lanka. Biocontrol News and Information, 20(2), 63N-68N.

Ffrench-Constant, R. H. (2007). Which came first: insecticides or resistance?. Trends in
Genetics, 23(1), 1-4.

Hajek, A. E and St. Leger, R. J. (1994). Interactions between fungal pathogens and insect
hosts. Annual Review of Entomology, 39: 293-322.

Hussain, A.; Rizwan-ul-Hag, M.; Al-Jabr, A.M.; Al-Ayedh, H. (2014). Mycoinsecticides:
potential and future perspective. Recent Pat Food Nutr. Agric. 6:45-53.

Hussey, N. W and Parr, W. J. (1963). Dispersal of the glasshouse red spider mitetetranychus
urticaekoch (acarina, tetranychidae). Entomologia experimentalis et applicata, 6(3),
207-214.

Hussnain, H.; Shahid, A. A.; U | hag. M. L.; Ali, A.; Muhammed, U. and Anam, U. (2014).
Efficacy of entomopathogenic fungi as biological control agent against insect pests of
Gossypium hirsutum. Journal of Natural Sciences Research, 4(5): 68-72.

lllana, A.; Rodriguez-Romero, J.; Sesma, A. (2013). Major plant pathogens of the
Magnaporthaceae family. In Genomics of Soil-and Plant-Associated Fungi (pp. 45-
88). Springer, Berlin, Heidelberg.

Gindin, G.; Levski, S.; Glazer, 1.; Soroker, V. (2006). Evaluation of the Entomopathogenic
Fungi Metarhizium anisopliae and Beauveria bassiana against the Red Palm Weevil
Rhynchophorus ferrugineus. Entomology Phytoparasitica, 34(4):370-379.

Godonou, I.; James, B.; Atcha-Ahowe. C.; Vodohe. S.; Kooyman, C.; Ahanche’ de, A.
(2009). Potential of Beauveria bassiana and Metarhizium anisopliae isolates from
Benin to control Plutella xelostella L. (Lepidoptera: Plutellidae). Crop Protection, 28:
220-224.

Golshan, H.; Saber, M.; Majidi-Shilsar, F.; Bagheri, M.; Mahdavi, V. (2013). Effects of
Common Pesticides Used in Rice Fields on the Conidial Germination of Several
Isolates of Entomopathogenic Fungus, Beauveria bassiana (Balsamo) Vuillemin.
Journal of the Entomological Research Society, 15(1):17-22.

Klingen, I.; Meadow, R.; Aandal, T. (2002). Mortality of Delia floralis, Galleria mellonella
and Mamestra brassica treated with insect pathogenic hyphomycetous fungi. Journal
of Applied Entomology, 126 (5); 231-237.

Kumar, S.; Stecher, G.; Tamura, K. (2016). MEGAT7: Molecular Evolutionary Genetics
Analysis version 7.0 for bigger datasets. Molecular Biology and Evolution, 33:1870-
4.



94 Yasmein E. Ahmed et al.

Majeed, M. Z.; Fiaz, M.; Chun-Sen, M.; Afzal, M. (2017). Entomopathogenicity of Three
Muscardine Fungi, Beauveria bassiana, Isaria fumosorosea and Metarhizium
anisopliae, against the Asian Citrus Psyllid, Diaphorina citri Kuwayama (Hemiptera:
Psyllidae). Egyptian Journal of Biological Pest Control, 27(2): 211-215.

Metcalf, R. (1996). Applied entomology in the twenty-first century: needs and prospects.
American Entomologist, 42: 216-227.

Mustu, M. F.; Demirci, M. B.; Kaydan and S. Ulgentiirk. (2015). Laboratory assay of the
effectiveness of the entomopathogenic fungus Isaria farinosa (Holmsk.) Fries
(Sordariomycetes: Hypocreales) against the vine mealybug Planococcus ficus
(Signoret) (Hemiptera: Pseudococcidae), even under the use of fungicides.
International Journal of Pest Management, 61: 264-271.

Nicholson, G. M. (2007). Fighting the global pest problem: preface to the special Toxicon
issue on insecticidal toxins and their potential for insect pest control. Toxicon, 49(4),
413-422.

Oerke, E. C and Dehne, H. W. (2004). Safeguarding production - losses in major crops and
the role of crop protection. Crop Protection, 23: 275-285.

Purwar, J. P.; Sachan, G. C. (2005). Biotoxicity of Beauveria bassiana and Metarhizium
anisopliae against Spodoptera litura and Spilarctia oblique. Annals of Plant
Protection Sciences, 13(2): 360-364.

Richard, J. S.; Neal, T. D.; Karl, J. K.; Michael, R. K. (2010). Model reactions for insect
cuticle sclerotization: participation of amino groups in the cross-linking of Manduca
sextacuticle protein MsCP36, Insect. Biochemistry and Molecular Biology, 40: 252-
258.

Sambrook, J.; Fritschi, E. F.; Maniatis, T. (1989). Molecular clon-ing: a laboratory manual,
Cold Spring Harbor LaboratoryPress, New York.

Sehnal, F.; Delbecque, J. P.; Mardy, P.; Mal4, J. (1986). Ecdysteroid titres during larval life
and metamorphosis of Galleria mellonella. Insect Biochemistry, 16, 157

Shairra, S. A. (2007). Effects of entomopathogenic nematodes and pharmaceutical inhibitors
of eicosanoid biosynthesis on the desert locust Schistocerca gregaria (Forskal) Ph. D.
Thesis Fac Sci Cairo Univ Egypt 65.

Souad, A.; Shairra and Gehan, M. Noah. (2014). Efficacy of entomopathogenic Nematodes
and fungi as biological control agents against cotton leaf worm Spodoptera littoralis
(Boisd.) (Lepidoptera: Noctuidae). Egyptian Journal of biological pest control, 24(1):
247-253.

Shorey, H. H and Hale, R. L. (1965). Mass-Rearing of the larvae of Nine Noctuid species on
a simple artificial medium. Journal of Economic Entomology, 58: 522-524.

Stleger, R. J.; Bidochka, M. J.; Roberts, D. W. (1994). Characterization of a novel
carboxypeptidase produced by the entomopathogenic fungus Metarhizium anisopliae.
Archives of Biochemistry and Biophysics, 314(2), 392-398.

Sun, X.; Yan, W.; Qin, W.; Zhang, J.; Niu, X.; Ma, G.; Li, F. (2016). Screening of tropical
isolates of Metarhizium anisopliae. Springer Plus 5 (1), 1-5.

Tamai, M. A.; Alves, S. B.; Almedia, J. E. M.; de Faion, M. (2002). Evaluation of
entomopathogenic fungi for control of Tetranychus urticae koch (Acari:
Tetranychidae). Centro de Pesquisa e Desenvolvimento de Sanidad Vegetal, Inst.
Biology, Campinas, SP, Brasil.

Ullah, M. S. and Lim, U. T. (2015). Laboratory bioassay of Beauveria bassiana against
Tetranychus urticae (Acari: Tetranychidae) on leaf discs and potted bean plants.
Experimental and Applied Acarology, 65(3), 307-318. https://doi.org/10.1007/
$10493-014-9871-2.


https://doi.org/10.1007/%20s10493-014-9871-2
https://doi.org/10.1007/%20s10493-014-9871-2

Isolation, Molecular Identification and Host Range Evalution of Metarhizium anisopliae 95

Vega, F.; Meyling, N.; Luangsa-Ard, J.; Blackwell. M. (2012). Fungal entomopathogens. In
Insect Pathology, ed. F Vega, H Kaya, pp. 171-220. San Diego, CA: Academic
Wattanapongsiri, A. (1966). A revision of the genera Rhynchophorus and Dynamis

(Coleoptera: Curculionidae). Department of Agriculture Science Bulletin, 1: 1-328
Wilson, C and Tisdall, C. (2001). Why farmers continue to use pesticides despite
Environmental, health and sustainability costs. Ecological Economics, 39:449-462.

ARABIC SUMMARY
(haraa A 30) (s goui) oo 3 lisall ol L) gad) (gaal) jualig S oy 5 030

20l 2o (3908 Juiag Tas) o) dl) 28 Ol 5 gen ¢ Tan] dead) Cppandly
e — B — Aol )l el S e — i) 48 5 G g agme — hadll (358350 Cigan anid -]
e — 3 ja—dae ) )5l Gpaadl 35S pe—dse ) 5 1 A ) 6l Adigll & gan dgman A Saall 4y Jall L o suill anD

28 ALl A o) ) ANISA) el (A ety Akl g deladiind 5 gl a3 el ylad 3LS) ) ks
adlaidl a5 [TS region 4dhial axiall s jalll aladiuly Uy ja ady jat g asbeaal) Jodil) d g 3 pdia (g al jo o
Alaiiall (g DAY gl 2 3 slall Y Jay adlaiall oda auli 45 5l o3 38 5 ad8iall A dad) ed Sl Lalle 3aadaal)
Al jaS Lehad o5 A Y Jall alaza ae 9098 Ay (ildad Al Jall sda & jelal 285 Slial) el lily 3acld &
V) ladl (e drg ) e 4l jadl o3gd Uil sadl gadd) jlial &5 MT102079 a8 cliad) @liy & sasa 4y s
G eaSiall s ST — o) pandl Qo) A s — 58l Jail) padi B350 — LSl Ghadll (355 8350 At 5 4palaBY)
oY)

i il Cun peaV) Cpiall (o g STl s kil dgan 1l pial) ST ) il @ ekl
el ) L il 4l jadl s2a el LeS 9496 (o8 (710) 4eladind ai Hladll 58 5 Aoy aldbaall iy o) Cse
220196905 L) sanll 9596 Csa sty (5 SN dadll pali 33505 (5 SI Ghadll (3 )5 8353 5 e 00 DS e
A gos S By (g Sl il e 83500 (aalad) yeall %686 5 G yeall 9693 5 (5 SI (il (355 2530 el M
CA anll (g AS o aiulat 5 il 55 ) ia Cua 4l el dpan 1 pall GBI el jaall il
S e %665 %73 5kl pualall



	0d80c3faa05ffae02e64a7c872a21428edb25c3099daf1768ea637cd8365e218.pdf
	0d80c3faa05ffae02e64a7c872a21428edb25c3099daf1768ea637cd8365e218.pdf

