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ABSTRACT
Metarhizium, a genus of entomopathogenic fungi belongs to Class Sordarimomycetes, is a soil-borne fungus and found in
almost all habitats.  Its action is epizootic in nature and does not hold any unwanted threat for humans or animals, as it a natural
biocontrol agent and attacks only insects. Conservation biological control can be defined as manipulation of the environment to
favor natural enemies, either by removing or mitigating adverse factors or by providing lacking requisites. Conservation of
natural enemies can also be understood as one of the oldest form of biological control. Natural enemies, if established
successfully, provide eco-friendly management of insect pests, which in turn reduces human and environmental burdens.
Taking in to consideration the effective utilization of entompathogenic fungi in particular the Metarhizium sp. as an effective
biocontrol agent in control of number of insect pests of agricultural and horticultural importance, the documentation of this
fungal pathogen is important. In this review paper more than 150 insect species belonging to 11 different orders getting
infected by Metarhizium sp. are detailed along with their classification.

KEY WORDS: Metarhizium, Hypocreales, Entomopathogenic Fungi, Biocontrol.

INTRODUCTION
Insects are the major culprits for considerable losses of wood
in forest, crops, stored grains, textile industries, furnished
wood etc. They affect the wood quality and thereby affect
the revenue that also leads to accidents when it comes to
building, bridges, rail tracks, where sleepers are made up of
wood. Though synthetic insecticides/pesticides that are
effective for small period of time are readily available
commercially, their applications have serious consequences.
Due to their broad spectrum nature, pesticides not only
affect the targeted pest but also affect the beneficial
organisms. Moreover, excessive and indiscriminate use of
pesticides contaminates the soil, water and land. Pesticides
have terrible adverse impact on humans, animals and the
environment due to their toxic effects in food chain,
development of resistance in target pest and destruction of
natural enemies (Paray and Rajabalee, 1997; Joshi et al.,
2000). Increased environmental awareness and concerns
about the adverse effect of pesticides has made it imperative
to identify safer and effective alternatives to the agro-
chemicals (Logan et al., 1990). Due to the ill effects of
pesticides, alternative eco-friendly strategies are being
increasingly appreciated and practiced for pest management
(Padmaja et al., 2005). During the last decade, there has
been increased and continued interest in the employment of
natural biological enemies for the management of forest
pests (Sandhu et al., 2012). Ecologically compatible
strategies were developed to manage insect pest populations
by utilizing entomopathogenic virus, fungi, nematodes,
protozoa and bacteria as biological control agents (Castillo

et al., 2000; Lacey et al 2001). Once established, natural
enemies has the capacity of self-replicating and surviving,
which is one of the advantages of using biological control
over synthetic pest control. Moreover, it reduces the
excessive use of pesticides, hence reducing the risk to
environment. Interestingly, biological control can even work
with other pest management practices in an integrated pest
management programme (IPM). Fungal entomopathogens
with several life history specializations makes them a
distinctive group from other types of pathogens. One of the
important characteristics of entomopathogens is that they
infect through the cuticle of their host (Hajek and Leger,
1994), usually not having to be ingested to cause infection.
Deuteromycetes fungi that have been shown good potential
as pest control agents for commercial production includes B.
bassiana, Metarhizium anisoplaie, Verticillium lecanii and
Trichiderma viridae. Metarhizium is known for its epizootic
action and it also has been the subject of several molecular
studies on fundamental topics such as virulence and host
specificity. They can be grown on different artificial and
natural media for field tests and application. High virulence,
broad host range, quick mode of action, stability in culture,
safety to workers, easy production and storage method are
the essential characteristics required for a fungus to be used
as an effective microbial insecticide (Mc Coy, 1990).
Metarhizium anisopliae is an important entomopathogenic
fungus, found in soils throughout the world. Fungi under the
genus Metarhizium have been isolated from infected insects
and soil of all continents, and there have been isolations
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from near the Antarctic Circle also (Roddam and Rath,
1997). Although some isolates of these fungi have rather
restricted host range, the group is better known for its ability
to kill a wide spectrum of insects of at least seven orders
(Veen, 1968) Four groups of insect pests (termites, locusts,
spittlebugs and beetles) were previously targeted using M.
anisopliae (Zimmermann, 1993). The common name for
Metarhizium-induced disease is green muscardine, based on
the encrustation of insect cadavers with green conidia.
Metarhizium anisopliae was the first fungus worldwide to be
mass produced and utilized for insect-pest control
(Krassilstschik, 1888; Steinhaus, 1975). In the last few
decades, many attempts with varying levels of success were
made by utilizing Metarhizium sp. for pest control. In this
paper. We attempt to review the effects of Metarhzium sp.
on some major forest pests in Indian and international
contexts. Further, considering the magnitude of risk factors
associated with the prolonged use of commercially available
insecticides, integrated pest management (IPM) methods
have been suggested which have minimum side effects.
ISOLATION
Metarhizium is a soil-borne fungus found in almost all the
habitats. The fungus can be isolated from soil samples,
collected with the help of soil core borer or core sampler to
the depth of 20 cm. The highly preferred method is insect
bait method (Zimmermann, 1993). In this method the soil
samples collected in clean polythene bags separately to be
stored in refrigerated condition at 5◦C. The samples should
be subjected to insect bait method with in five to seven days
by using the wax moth larvae Galleria mellonella as insect
bait. The soil samples  collected  and kept in a polythene
covers is to be  moistened and  filled  in small  100 ml
plastic containers and to release 10-15 grown up  third instar
larvae of G. mellonella in to the soil filled plastic containers
for incubation for  14 days. Every day the soil has to be
agitated to ensure that the larvae remain exposed to the soil.
Diseased and mummified larvae should be collected from
the container for isolation of the entomopathogenic fungi.  If
no external fungal sporulation is seen, the dead larvae will
be surface sterilized by submersion in 1% sodium
hypochlorite, followed by rinsing with sterilized water and
allowed for sporulation in a moistened Petri plates.  The
fungi isolated from the cadavers are to be subcultured in
Sabouraud dextrose agar medium (SDA). The fungi isolated
from the artificial media will be again subcultured until the
pure cultre is obtained (Raja Rishi et al. 2013).
In another method Metarhizium can also be isolated from
roots. In this the roots were washed with sterile distilled
water to remove excess soil. Soil that adhered closely to the
root was kept as representative of the rhizosphere. The roots
were cut into 0.5 cm pieces, placed in 5 ml distilled water
and homogenized using a rotary homogenizer (Greiner
Scientific). Samples (100 ml) of homogenate were spread, in
duplicate, onto selective media, containing 39 g potato-
dextrose agar (PDA) l21 (Difco), 0.5 g cycloheximide l21,
0.2 g chloramphenicol l21, 0.5 g 65% dodine l21 and 0.01 g
crystal violet l21. The plates were incubated at 27 °C for 20
days. Metarhizium isolates were identified by colony

morphology, namely white mycelia with green conidia, as
well as microscopic identification of conidial morphology.
Morphologically differing colonies were individually
isolated from the selective plate of each plant root sample
and grown on PDA plates at 27 °C for 10 days.
Morphologically similar colonies were also isolated multiple
times from the same plant root sample (Michael Wyrebek et
al. 2011). Metarhizium fungal pathogens were also isolated
directely from the naturally infected cadavers by incubating
or streaking a sub-sample on surface of selective media
(potato dextrose agar, PDA, Criterion, USA with 0.1%
chloramphenicol and 0.05% cyclohexamind) (Tangthira
sunun et al. 2010).
In another process of isolation, the soil samples were
processed by diluting 10 g in 100 ml of sterile water that was
added 0.01% Tween-80. One milliliter of the soil dilution
was spread over those selective media. Then, single colony
of Metarhizium spp. was transferred to PDA for purification.
All were propagated and maintained with a 5 mm diameter
mycelial plug taken from the growing edge of a 7 days old
culture grown on PDA plates for 28 days at room
temperature. Pure culture can be obtained and the
identification has to be done by observation of conidia,
colony and mycelia (Tangthirasunun et al. 2010).

SUCCESS STORIES
Metarhizium was tested against almost 150 species of insect
pests in about more than 200 experiments on insects of
different orders namely Coleoptera, Lepidoptera, Blattoidea,
Isoptera, Hemiptera, Orthoptera, Diptera, Hymenoptera,
Thysanoptera, Neoptera and Trombidiformes. Review of the
literature reveals that Metarhizium has been most effectively
and extensively used for the order Coleoptera. More than 50
species under the order Coleopters were studied and most of
them were found to be susceptible to attack by Metarhizium.
The second most studied order was Lepidoptera. More than
25 different species belonging to order Lepidoptera were
recorded to be attacked by Metarhizium, in more than 30
separate studies. Hemiptera was the third extensively studied
order where more than 20 experiments have been conducted.
Isoptera was the fourth extensively studied order which
included 16 species with more than 30 cases. Ten species of
Blattoidea were recorded in more than 40 studies, both in lab
as well as in field conditions. In addition to these orders,
Orthoptera, Diptera, Hymenoptera, Thysanoptera, Neoptera
and Trombidiformes were also observed to be attacked by
Metarhzium. Under the order Coleoptera Metarizium was
found to be most effective against members of the family
Curculionidae. Sixteen species of this family were infected
by Metarizium, followed by Cerambycidae, Scarabaeidae
and Chrysomelidae. Interestingly, among different stages,
larval stages were most prone to get attacked. Results varied
from species to species where mortality percentage varied
from a minimum of 15% to a maximum of 100%. The
underlying reasons for this level of variation could be
attributed to the climatic factors that influence the virulence
of the fungus, and the differences in the susceptibility of the
insects and there stages (Table-1).
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L
arva

97%
 m

ortality recorded
V

aldes ,1976
53.

G
lycaspis brim

blecom
bei

H
em

iptera
P

syllidae
N

ym
ph

T
ested products w

ere pathogenic to the red gum
lerp psyllid

P
ogetto

et al., 2011

54.
G

onipterusscutellatus
gyllenhal

C
oleoptera

C
urculionidae

G
rub

W
eak toxicity noticed

M
olina and

C
arbone,

2010
55.

G
ynaikothrips uzeli

T
hysanoptera

P
hlaeothripidae

A
dult

75%
 m

ortality occurred
P

ena
et al., 2011

56.
H

edypathes betulinus
C

oleoptera
C

eram
bycidae

G
rub

10
7

conidia m
L

-1caused m
ortality in insect.

L
eite

et al., 2011

57.
H

elicoverpa
arm

igera
L

epidoptera
N

octuidae
L

arva
29.12-58.25%

 m
ortality recorded

H
aque

et al., 2007

L
arva

73%
 m

ortaliy and77%
 w

eight reduction over
control

R
ao

et al., 2011

58.
H

elopeltis antonii
H

em
iptera

M
iridae

A
dult

32.5%
 m

ortility.
P

atil and N
aik, 2004

59.
H

enosepilachna
vigintioctopunctata

C
oleoptera

C
occinellidae

G
rub

D
ecrease in feeding

S
w

am
inathn and H

ussain,
2010

A
dult

74.13 %
 m

ortility
V

ishw
akarm

a
et al., 2011

60.
H

eteroterm
es tenuis

Isoptera
R

hinoterm
itidae

A
dult

100%
 of insects elim

inated
in six days.

S
terling

et al., 2011
N

im
kol-L

 w
as com

patible w
ith

M
.anisopliae

strain
up to 1%

 a.i.
C

astiglioniet al., 2003

P
athogenic.

C
astiglioniet al., 2005

T
he penetration, colonization and conidiogenesis

phase is faster for
M

.anisopliae
w

hich results in a
faster rate of insect m

ortality.

M
oino Junior

et al., 2002

61.
H

ieroglyphus banian
O

rthoptera
A

crididae
A

dult
F

our species of entom
ogenous fungi w

ere isolated
from

 8 insect species .C
onfirm

ed their pathogenic
relationship

w
ith varying degree of infectivity.

P
egu

et al., 2013

62.
H

odoterm
es m

ossam
bicus

Isoptera
H

odoterm
itidae

A
dult

L
arge diversity in susceptibility to disease.

C
houvenc

et al., 2009
63.

H
odoterm

opsis sjoestedti
Isoptera

T
erm

opsidae
A

dult
L

arge diversity in
susceptibility to disease.

C
houvenc

et al., 2009
64.

H
olotrichia consanguinea.

C
oleoptera

S
carabaeidae

G
rub

P
enicillium

w
as the m

ost antagonistic tow
ards the

pathogenic fungi.
S

harm
a

et al., 1999

65.
H

yadaphis coriandri
H

em
iptera

A
phididae

A
dult

R
educed m

axim
um

 population after first spray
(32.3 aphids/floret).

R
am

anujam
et al., 2013

66.
H

yblaea puera
L

epidoptera
H

yblaeidae
L

arva
37.69 %

 m
ortality.

S
akchoow

ong, 2002
L

arva
P

athogenic to larvae.
K

alia and H
arsh, 2003

A
dult

T
he L

C
50

of the isolates ranged from
 0.01x10

5
to

759.21x10
5

for the different pests.
R

em
adeviet al., 2010

67.
H

ylobius pales
C

oleoptera
C

urculionidae
A

dult
H

igh m
ortality. W

hen larger doses w
ere em

ployed,
the insects succum

bed faster.
S

chabel, 1976

68.
H

yphantria cunea
L

epidoptera
A

rctiidae
L

arva
M

ortality up to 86.8%
T

serodze and M
urvandze,

2009
M

ortality
ranged from

 52%
 to 68%

B
urjanadze

et al., 2013
83%

-100 m
ortality recorded

M
onterm

iniet al., 1985
69.

H
ypsipyla grandella

L
epidoptera

P
yralidae

L
arva

L
arvae are m

ost susceptible to
M

etarhizium
anisopliae

during the fifth instar.
S

alvatierra and B
errios,

1972

70.
H

ypsipyla robusta
L

epidoptera,
P

yralidae
L

arva
T

he L
C

50
of the isolates ranged from

 0.01x10
5

to
759.21x10

5
R

em
adeviet al.,2010

H
ighly lethal w

ith significantly low
er L

D
50

value
B

alachander
et al., 2012
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of 2.6%
71.

Icerya purchasi
H

em
iptera

M
onophlebidae

A
dult

20.3%
 M

ortality recorded
F

an
et al., 1988

72.
Ips typographus

C
oleoptera

C
urculionidae

A
dult

Infection w
as

highest w
hen beetles had contact

w
ith freshly suspension treated bark for five

m
inutes

H
errm

ann and
W

egensteine, 2011

97%
 m

ortality recorded
M

udroncekova
et al.,

2013
M

etarhizium
 anisopliae

w
as found for the first tim

e
to attack

I. typographus
K

eller
et al., 2004

73.
K

aloterm
es flavicollis

D
ictyoptera

K
aloterm

itidae
A

dult
L

arge diversity in disease susceptibility
C

houvenc
et al., 2009

74.
L

epidiota stigm
a

C
oleoptera

Scarabaeidae
G

rub
L

ow
er num

ber of grubs observed in fields applied
w

ith 1x10
13/ha (0.33/m

 row
)

R
achappa

et al., 2004

75.
L

eptispa pygm
aea

C
oleoptera

C
hrysom

elidae
A

dult
42 %

 effective m
ortality

Japur
et al., 2012

76.
L

eptocorisa oratorius
H

em
iptera

A
lydidae

A
dult

E
ffective against gundhi bug, dam

aged grain
K

alitaet al., 2009
77.

L
eptoglossus occidentalis

H
em

iptera
C

oreidae
A

dult
S

ensitive to infection, killed the treated individuals
w

ithin 10 to 30 days.
R

um
ine and B

arzanti,
2009

78.
L

eptoglossus zonatus
H

em
iptera

C
oreidae

A
dult

94%
M

ortality recorded.
G

rim
m

 and G
uharay, 1998

79.
L

eptopharsa heveae
H

em
iptera

T
ingidae

L
arva

L
arge variation of virulence observed

S
ilvaet al., 2012

80.
L

eucopholis irrorata
C

oleoptera
M

elolonthidae
G

rub
30%

 larval m
ortality recorded

B
raza, 1990

81.
L

eucopholis lepidophora
C

oleoptera
Scarabaeidae

G
rub

W
ith 4x10

8
conidia 33.33%

 m
ortality w

as achieved
R

akesha
et al., 2012

60.94 %
 m

ortility w
as recorded

C
hannakeshavam

urthyet
al., 2010

T
he applications of

M
etarhizium

anisopliae
2 x 10

8

at 20 g/palm
 caused 60.94 and 50.97%

 m
ortality

M
urthy

et al., 2010

82.
L

ipaphis erysim
i

H
em

iptera
A

phididae
A

dult
R

ecorded 64%
 m

ortality in 3.8 days
A

raujo Junior
et al., 2009

83.
L

iriom
yza trifolii

D
iptera

A
grom

yzidae
L

arva
E

fficient com
pound

E
l-S

alam
et al., 2013

84.
L

ocusta m
igratoria

O
rthoptera

A
crididae

A
dult

M
etarhizium

can suppress sm
all local populations

of
L

. m
igratoria

H
unter

et al., 1999

N
ym

ph
W

alking activity w
as reduced to 24%

R
anaivo

et al., 1996
85.

L
ocusta m

igratoria
cinerascens

O
rthoptera

A
crididae

L
arva

H
igh m

ortality in the
insects treated at both the

larval and adult stages
O

uttar
et al., 2011

86.
L

ym
antria dispar

L
epidoptera

E
rebidae

L
arva

100%
 m

ortality w
ithin 120h of treatm

ent
W

asti and H
artm

ann, 1982
L

arva
T

he insecticide activity w
as studied in relation to

the
fungus spore concentration, the incubation tim

e
and the larval instar, in order to establish the
different lethal doses.

O
uakid

et al., 2005

87.
M

aruca vitrata
L

epidoptera
C

ram
bidae

L
arva

M
etarhizium

 anisopliae
w

as m
oderately effective

S
unithaet al., 2008

88.
M

astoterm
es darw

iniensis
B

lattodea
M

astoterm
itidae

A
dult

L
arge diversity in disease susceptibility

C
houvenc

et al., 2009
89.

M
elanotus cribricollis

C
oleoptera

E
lateridae

G
rub

M
ortality increased w

ith increase of tem
perature

and reached 96.7%
 at30°C

W
ang

et al., 2010

90.
M

icadina yingdeensis
P

hasm
ida

H
eteronem

iidae
A

dult
D

osage of 1.5x10
13

spores/ha resulted in 70%
m

ortality.
S

hiL
an

et al., 1994

91.
M

icroceroterm
es diversus

S
ilvestri

Isoptera
T

erm
itidae

T
reated-saw

dust bait w
as applied by tw

o
m

ethods,
L

C
50

and L
C

90
w

ere 8.4x10
6

and 3.9x10
7spore/m

l,
respectively

H
abibpour

et al., 2011

92.
M

onocham
us alternatus

C
oleoptera

C
erem

bycidae
A

dult
90%

 m
ortality recorded

H
e

et al., 2009
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R
esults show

ed thatM
etarhizium

anisopliae
789

(M
a

789 ) w
as the

m
ost virulent one.

Y
ongS

heng
et al., 2010

A
dult

85%
 m

ortality recorded
H

e
et al., 2008

A
dult and

grub
T

he m
ortality w

as 80.0%
 and 76.0%

 for larvae and
83.4%

 and 88.9%
 for adults

H
e

et al.,2007
G

rub
W

ith the cadaver rates being as high as
76.9-93.1%

(1.0x10
7

conidia/m
l) and 57.9-75.0%

 (6.5x10
5-

3.4x10
6

conidia per individual) for the larvae at 15
days after inoculation and adults at 20 days after
inoculation, respectively

H
e

et al., 2005

93.
M

yzus persicae
H

em
iptera

A
phididae

A
dult

P
athogenic relationship w

ith varying degree of
infectivity

P
egu

et al., 2013

94.
N

asutiterm
es exitiosus

Isoptera
T

erm
itidae

A
dult

Isolate F
I-610 w

as found to be one of the m
ost

effective
M

ilner
et al., 1998

A
lm

ost half the treated colonies becam
e

m
oribund.

H
anel, 1983

S
am

ples from
 treated colonies show

ed high levels
of contam

ination
H

anel and W
atson, 1983

D
ecreasing R

H
 reduced germ

ination but no
consistent effect on pathogenicity

M
ilner

et al., 1997

95.
N

asutiterm
es sp

Isoptera
T

erm
itidae

A
dult

Infected term
ites died 1 to 3 days post-inoculation

G
utierrez

et al., 2004
96.

N
asutiterm

es voeltzkow
i

Isoptera
T

erm
itidae

A
dult

L
arge diversity in susceptibility to disease

C
houvenc

et al., 2009

97.
N

eoceram
byx m

andarinus
C

oleoptera
C

erem
bycidae

G
rub

R
ecorded 92.7%

 m
ortalitity

F
an

et al., 1988
98.

O
cinara varians

L
epidoptera

B
om

bycidae
L

arva
F

ungal spores retarded larval grow
th by 35%

-76%
H

ussain
et al., 2009

99.
O

dontoterm
es sp.

Isoptera
T

erm
itidae

A
dult

L
C

50
of the isolates ranged from

 0.01x10
5

to
759.21x10

5. E
ffective

R
em

adeviet al., 2010

100.
O

dontoterm
es form

osanus
Isoptera

T
erm

itidae
A

dult
100%

 m
ortality 3 days post-inoculation

C
hangJin

et al., 2009
101.

O
dontoterm

es obesus
Isoptera

T
erm

itidae
A

dult
P

athogenic relationship w
ith varying degree of

infectivity.
P

egu
et al., 2013

A
dult

T
ransm

ission of
M

etarhizium
anisopliae

w
as 50 to

98%
 and 16 to 78%

 for the isolates tested
B

alachander
et al., 2013

A
dult

A
t 5 m

l/litre show
ed low

er efficacy
P

rem
alatha

et al., 2008
102.

O
dontoterm

esw
allonensis

Isoptera
T

erm
itidae

A
dult

100%
 of m

ortality of term
ites recorded

N
agaraju

et al., 2013
103.

O
ryctes rhinoceros

C
oleoptera

Scarabaeidae
A

dult and
grub

K
illing 91.7%

 of the larvae and betw
een 63%

 and
69%

 adults
M

oslim
et al., 2011

G
rub

R
ecorded 90%

 m
ortality after treatm

ent
M

oslim
et al., 2009

G
rub

T
he fungus w

as highly virulent against all stages of
the pest except egg.

K
alidas and P

rasad, 2001

A
dult

W
et inoculum

 w
as effective for the control of

O
ryctes rhinoceros

on oil palm
M

oslim
et al., 1999

A
dult

83%
 infection in 4 m

onths after treatm
ent

T
ey and H

o,1995
G

rub
D

ipping 3rd-instar larvae briefly in conidial
suspensions at 10 m

illion spores/m
l led to the

developm
ent of brow

n lesions on the body of the
larvae

S
ivapragasam

 and T
ey,

1994

A
dult

T
he pathogen can reduce

O
. rhinoceros

populations
B

edford, 2013
104.

O
tiorhynchus ovatus

C
oleoptera

C
urculionidae

G
rub

T
he fungus w

as highly virulent even at the low
F

isher and B
ruck, 2008
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dose of 1x10
4

A
dult

O
ver 98%

 control achieved
S

hah
et al., 2007

G
rub

T
em

peratures below
 20°C

 (68F
) significantly

slow
ed fungal grow

th and the speed at w
hich

M
.

anisopliae
infected B

V
W

 larvae.
B

ruck , 2007

R
eduction in larval num

bers ranging from
 0 to 96%

and 0 to 90%
 at E

ast M
ailing and L

ittle ham
pton

respectively

M
oorhouse

et al., 1993

T
hree of the 5 isolates of

M
etarhizium

anisopliae
controlled larvae

T
ol and V

an, 1993

P
athogenic at 1 x 10

6
spores/cm

3.U
ltim

ately gave
com

plete kill even at 1 x 10
5conidia m

l -1
P

rado, 1980

G
rub

74 and 81%
 control of

the pest achieved
S

tenzelet al., 1992
S

ignificant reduction on root herbivory
O

ddsdottir
et al., 2010

P
athogenic at 1 x 10

6spores/cm
3. U

ltim
ately gave

com
plete kill even at 1 x 10

5
conidia m

l -1
P

rado, 1980

G
rub

H
igher efficacy w

hen
conidia m

ixed w
ith neem

seed cake (5 g/l of peat)
S

hah
et al., 2008

T
he fungus w

as highly virulent even at the low
dose of 1x10

4
spores per g dry soil.

F
isher and B

ruck, 2008

105.
P

achycoris klugii
H

em
iptera

S
cutelleridae

A
dult

R
ecorded 65%

m
ortality

G
rim

m
 and G

uharay, 1998
106.

P
aliga m

achoeralis
L

epidoptera
C

ram
bidae

L
arva

T
he L

C
50

of the isolates ranged from
 0.01x10

5
to

759.21x10
5

R
em

adeviet al., 2010

A
m

ong the 25 isolates tested, M
IS

2, M
IS

7, M
IS

1
and M

IS
3 w

ere found to be m
ore

effective
S

apna B
aiet al., 2013

107.
P

antana phyllostachysae
L

epidoptera
L

ym
antriidae

L
arva

A
ll strains show

ed pathogenicity to 2nd-
and 3rd-

instar larvae.
Z

hang
et al., 2002

108.
P

hyllophaga
sp.

C
oleoptera

S
carabaeidae

G
rub

47.16%
 decrease in plantm

ortality over control in
treated plots.

B
hagat,2005

109.
P

ityogenes chalcographus
C

oleoptera
C

urculionidae
A

dult
C

apable of causing high m
ortality.

P
ehl and K

ehr, 1994
110.

P
lagiodera versicolora

C
oleoptera

C
hrysom

elidae
G

rub
P

athogenic.
D

em
ir

et al.,2013
111.

P
latypus cylindrus

C
oleoptera

C
urculionidae

A
dult

Infected adults w
ere able to contam

inate larvae by
transfer of spores.

G
lare

et al., 2002

112.
P

leonom
us canaliculatus

C
oleoptera

E
lateridae

G
rub

P
athogenic.

H
uaC

hao
et al., 2002

113.
P

locaederus ferrugineus
C

oleoptera
C

eram
bycidae

G
rub

A
ll the treatm

ents w
ere effective and superior over

control.
S

ahu and Sharm
a, 2008

G
rub

P
ouring conidial suspension achieved 33.3-36.4%

recovery of infested trees follow
ed by sw

abbing
conidialslurry w

ith
23-25%

 and soil application w
ith 15.4-16.6%

.

A
m

bethgar , 2010

91.66%
 m

ortality recorded
A

m
bethgar , 2001

G
rub

F
ungus caused a green m

uscardine disease in larvae
C

houdhuri , 1973
G

rub
100%

 m
ortality recorded

A
m

bethgar
et al.,1999

114.
P

olyphagotarsonem
us latus

T
rom

bidiform
es

T
arsonem

idae
L

arva and
A

dult
S

uccessful in controlling both larvae and adult
M

aketon
et al., 2008

115.
P

opillia japonica
C

oleoptera
S

carabaeidae
Infected 1.2%

 of the population
H

anula anf A
ndreadis,
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1988
116.

P
rorhinoterm

es canalifrons
Isoptera

R
hinoterm

itidae
L

arge diversity in susceptibility to infection
C

houvenc
et al., 2009

117.
P

seudacysta perseae
H

em
iptera

T
ingidae

A
dult and

N
ym

phs
A

t 30 day, treatm
ents show

ed a biological efficacy
exceeding 90%

.
R

om
ero

et al., 2012

118.
P

seudophacopteron
canarium

H
em

iptera
P

hacopteronidae
R

ecorded8.7-53%
 m

ortality
R

ongY
ing

et al., 1995

119.
P

yrausta coclesalis
L

epidoptera
C

ram
bidae

L
arva

R
ecorded 36 %

 m
ortality

R
ishiet al., 2012

120.
R

aphidopalpa foveicollis
C

oleoptera
C

hrysom
elidae

R
eduction in dam

age 64.7%
 at 3.0 g/lit.

V
ishw

akarm
a

et al., 2011
121.

R
eticuterm

es
speratus

B
lattodea

R
hinoterm

itidae
A

dult
T

he conidia affiliated w
ith the term

ites reared
individually did not show

 a
m

arked reduction.
W

ithin 3 h, alm
ost all of the term

ites held in groups
contained the conidia in their foreguts, but no
conidia w

ere detected in the foreguts of the term
ites

reared individually.

S
him

izu and Y
am

aji ,
2003

122.
R

eticuliterm
es flavipes

Isoptera
R

hinoterm
itidae

L
arge diversity observed in susceptibility to disease

C
houvenc

et al., 2009
A

dult
P

hysiological cost to successfully encapsulate
M

.
anisopliae

varied greatly
C

houvenc
et al., 2011

A
dult

N
one of the conidia found in the

alim
entary tracts

germ
inated

C
houvenc

et al., 2010

A
dult

90%
 m

ortality recorded
C

houvenc
et al., 2008

A
dult

T
he relative num

ber of hem
ocytes per term

ite
increased 24 h after fungal exposure

C
houvenc

et al., 2009

A
dult

H
yphal grow

th w
as

generalized in the body cavity
of the cadaver

C
houvenc

et al., 2009

A
dult

R
ecorded 100%

 m
ortality

W
ang and P

ow
ell, 2004

A
dult

R
ecorded 41.6%

 m
ortality

R
am

akrishnan
et al., 1999

A
dult

R
ecorded 100%

 m
ortality

Z
oberi,1995

A
dult

R
ecorded

92%
 m

ortality
Q

uarles,1999
G

ood controlling agent
M

ilner
et al., 1996

123.
R

eticuliterm
es grassei

B
lattodea

R
hinoterm

itidae
R

ecorded 93.44%
 m

ortality
A

lvarez
et al., 2005

124.
R

eticuliterm
es sp.

B
lattodea

R
hinoterm

itidae
A

dult
H

ealthy term
ites

concentrate in groom
ing activity

on diseased individuals and thereby becam
e

infected

K
ram

m
et al., 1982

A
dult

F
ungi reisolated from

 the hind gut of diseased
term

ites w
ere pathogenic to healthy term

ites
K

ram
m

 and W
est , 1982

125.
R

hagoletis cerasi
D

iptera
T

ephritidae
L

arva and
A

dult
F

ungal strains w
ere able to cause m

ycosis
D

anielet al., 2008

126.
R

hyacionia frustrana
L

epidoptera
T

ortricidae
P

opulation of
R

. frustrana
decreased to very low

levels on the treated plots
D

uarte
et al., 1992

127.
L

eucopholis lepidophora
C

oleoptera
Scarabaeidae

G
rub

2 x 10
8

at 20 g/palm
 caused 60.94 and 50.97%

m
ortality

M
urthy

et al., 2010

128.
Saccharosydne saccharivora

H
em

iptera
D

elphacidae
R

educed population of the pest from
 61.25 to

20.14%
V

anegas
et al.,2006

129.
Saperda populnea

C
oleoptera

C
eram

bycidae
R

ecorded 94.1%
 m

ortality
F

an
et al., 1988

130.
Schistocerca gregaria

O
rthoptera

A
crididae

L
arva and

adult
R

ecorded 100%
 m

ortality
M

iscellaneous.
1992
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L
arva

and adult
S

trong m
ortality in the

insects treated at the larval
and adult stage.

O
uttar

et al., 2011

131.
Scolytus m

ultistriatus
C

oleoptera
C

urculionidae
G

rub
R

ecorded 100%
 m

ortality
H

oule
et al., 1987

132.
Scolytus scolytus

C
oleoptera

C
urculionidae

A
dult

L
im

ited m
ortility observed

D
oberski, 1981

133.
Sitophilus oryzae

C
oleoptera

C
urculionidae

A
dult

P
ercentages of infestation w

ere significantly
decreased after treatm

ent
S

abbour,  2012

134.
Spilarctia obliqua

L
epidoptera,

A
crididae

A
dult

T
ested isolates w

ere virulent
R

em
adeviet al., 2010

135.
Spodoptera litura

L
epidoptera

N
octuidae

L
arva

73%
  m

ortality  and 77%
 w

eight reduction
R

ao
et al., 2011

P
athogenic relationship w

ith varying degree of
infectivity.

P
egu

et al., 2013

136.
Spondylis buprestoides

C
oleoptera

C
eram

bycidae
G

rub
E

ffectively controlled.
C

hengR
un , 2005

137.
Stigm

ella
populnea

C
oleoptera

N
epticulidae

G
rub

R
ecorded 70.8%

 control
F

an
et al., 1990

138.
Strophosom

a  capitatum
C

oleoptera
C

urculionidae
A

dult
A

verage survival tim
e at 20° C

 ranged betw
een 23

and 28
days.

N
ielsen

et al., 2006

A
dult

80%
 m

ortality in lab and 60%
 m

ortality in the field.
N

ielsen
et al., 2007

139.
Strophosom

a
m

elanogram
m

um
C

oleoptera
C

urculionidae
A

dult
D

irect inoculation caused over 80%
 m

ortality.
Indirect inoculation resulted in

72%
 m

ortality.
K

ram
, 2010

A
dult

80%
 m

ortality in lab and 60%
 m

ortality in the field.
N

ielsen
et al., 2007

A
dult

R
ecorded 90%

 m
ortality

N
ielsen

et al., 2006
140.

T
aeniothrips inconsequens

T
hysanoptera

T
hripidae

L
arva

T
he highest rates of

infection w
ere seen in larvae

recovered from
 soil sam

ples (11.9%
)

B
row

nbridge
et al., 1999

141.
T

erm
ites

Isoptera
R

hinoterm
itidae

A
dult

E
fficient for controlling term

ites
N

yeko
et al., 2010

142.
T

erm
ites

Isoptera
R

hinoterm
itidae

A
dult

B
ehavioural defence

m
echanism

s by term
ites can

lim
it the effectiveness of conidia applications

L
enz , 2005

143.
T

haum
etopoea pityocam

pa
L

epidoptera
T

haum
etopoeidae

L
arva

M
ortality w

as significantly high
E

r
et al., 2007

144.
T

oxoptera aurantii
H

em
iptera

A
phididae

A
dult

O
bserved pathogenic

P
egu

et al., 2013
145.

T
rialeurodes vaporariorum

H
em

iptera
A

leyrodidae
M

aggot
R

ecorded 75%
m

ortality
P

ena
et al.,  2011

R
ecorded 98%

 efficacy
P

rishchepa
et al., 2005

146.
T

uta absoluta
L

epidoptera
G

elechiidae
E

gg and
L

arva
P

athogenic to eggs and larvae
P

ires
et al., 2010

147.
V

atiga illudens
H

em
iptera

T
ingidae

A
dult

R
ecorded 74%

 M
ortality

O
liveira

et al., 2001
148.

Z
aprionus indianus

D
iptera

D
rosophilidae

A
dult

R
ecorded 100%

 m
ortality

S
vedese

et al.,  2012
149.

Z
euzera

pyrina
L

epidoptera
C

ossidae
L

arva
R

ecorded 95-99%
 m

ortality
D

eseo and D
occi, 1985
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CONSERVATION OF ENTOMOPATHOGENIC
FUNGUS METARHIZIUM
Biological control is defined as the reduction of pest
populations by natural enemies and typically involves an
active human role. Conservation biological control (CBC)
is a biological control strategy in which farming practices
and environmental manipulations are adopted to enhance
the living conditions for specific natural enemies of pests
(Meyling and Eilenberg, 2007). Avoiding measures that
are harmful to natural enemies and adapting measures that
can benefit them may provide successful biological
control. Probably, the first comprehensive review of the
relationships of crop pests and beneficial insects with
uncultivated land (van Emden, 1965) was able to cite
examples of all the components of Conservation
Biological Control by habitat modification used in practice
today. There are three basic types of biological pest
control strategies, importation (sometimes called classical
biological control), augmentation and conservation.
Importation is the introduction of a species in some area
with the intention of biological control. Augmentation
defines the actions or processes by which population of
biocontrol agent can be increased. Conservation means act
of preserving or guarding a biocontrol agent. Natural
enemies of insect pests, also known as biological control
agents, include predators, parasitoids, and pathogens. A
predator is an organism which naturally preys on another
organism, a parasitoid is an insect whose larvae lives as
parasite and eventually kills the host, and a pathogen is an
agent that causes illness in the host or kills it. Metarhizium
as an entomopathogen is a natural enemy of pests found in
forest and agricultural land and is a candidate for future
conservation biological control in temperate regions.
However, compared with classical and augmentation
biological control, it has received relatively little attention
as a method of arthropod pest suppression (Ehler, 1998;
Landis et al., 2000). It is generally acknowledged that
biological control alone is unlikely to provide adequate
pest control, but through careful integration with other pest
suppression tactics, it could represent a significant source
of sustainable control (Dowell, 1990; Gerling, 1992; Cock,
1994; Heinz, 1996). Here question arises what can be done
for conservation of this natural enemy of pests, and the
answer is hidden somewhere in the biology and ecology of
this entomopathogen. Like other organisms, these natural
enemies too require food, water, and shelter, and
protection from adverse conditions. One the best way
could be avoiding use of insecticides and pesticides which
has both direct and indirect effect of eliminating natural
enemies. Insecticides not only kill harmful insects but also
significantly affects biological control agent. In soil, this
species can withstand drought or any adverse climatic
condition by forming sclerotium and can start multiplying
under favourable conditions. Since it is a soil-borne
fungus, it is perfectly protected from UV radiation. It is
important to consider biological and ecological need of a
natural enemy for the success of any biological control
method. Environmental modifications may be made to
increase natural enemy effectiveness.  Some of these
modifications include, A. Construction of artificial
structures, B. Provision of supplementary food, C.
Provision of alternative hosts, D. Improvement of pest-
natural enemy synchronization, E. Modification of adverse

agricultural practices.

CONCLUSION
The forest is a dynamic ecosystem constituting principal
natural renewable resources of multifarious uses which
fulfill the requirement of the society and sustainability of
the earth. Insect pests are major biological determinants of
forest productivity, and integrated pest management is not
new to Indian forestry (Sundararaj, 2014). Biological
control is a self sustaining measure that could be adopted
for long term results in forest habitat as well as in field
conditions. It can also be used in formulation form on
timber along with timber polish, or can be sprayed and left
as such.  Though biological control with entomopathogens
like Metarhizium is most frequently encouraged to be
practiced, there are some limitations with this method. Not
all the target pests are affected up to the expectation. Field
and lab trials results some times vary greatly. Some insects
get infected when they are in their larval stage and some in
their adult stage. In case of some insects, results were
almost 100% whereas for others mortality was as low as
15% only. Death time also varies with different pests,
which vary from 3 to several days. Infection rates were
high in freshly cultured isolates as compared to old and
stored cultures. Temperature and humidity plays vital role
in attachment and growth of conidia. If temperature is
lower than 20°C it slows the infection rate of the fungus.
When Metarhizium conidia were applied with sunflower
oil or IMI, comparatively higher mortality rate was
observed. Pests exposed to Metarhizium also showed
shortened longevity and decreased oviposition. It also
reduces hatching percentage of laid eggs. Wet inoculum is
more effective as compared to dry inoculum. Biopesticide
has been mostly used in agricultural field compared to
forests. Introduction of an effective bioconrol agent in the
forest plantaion may provide a solution for the damage
caused by notorious insect pests.
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