International Journal of Entomology Research

International Journal of Entomology Research
ISSN: 2455-4758; Impact Factor: RJIF 5.24
Received: 05-03-2019; Accepted: 07-04-2019
www.entomologyjournals.com
Volume 4; Issue 3; May 2019; Page No. 49-54

Bio- effienc of Entomopathogenic fungus Metarhizium anisopliae (METSCH) against the tea
mosquito bug, Helopeltis theivora (water house) and the red spider mite, Oligonychus coffeae
(NIETNER) infecting tea in south India
S Anitha1, P Mahendran2, S Selvakumar3, P Janarthanan4, M Raghunath5, R Megala6, C Vinitha Ebziba7,
SL Vidya8, P Sagadevan9
1, 5-9
Department of Biotechnology, KSG College of Arts and Science Coimbatore, Tamil Nadu, India
2
Department of Entomology Division, UPASI Tea Research Institute, Valparai, Tamil Nadu, India
3
Department of Biotechnology, AJK College of Arts and Science, Coimbatore, Tamil Nadu, India
4
Aviagen Research Institute, Udumalpet, Tamil Nadu, India
Abstract
Tea Mosquito Bug (TMB), Helopeltis theivora and Red Spider Mite (RSM), Oligonychus coffeae are considered as major
pests of the South India. The current study is aimed to find entomopathogenic fungi from tea planted area and to develop a
bioremedial agents. The laboratory evaluation was made on the effect of M. anisopliae against RSM and TMB by different
types of bioassay methods were employed, they are direct spray, leaf exposure dipping and multiple dose bioassays. HPLC
analysis of M. anisopliae revealed 4 peaks out of 10 peaks from crude culture on potato dextrose agar. So that results were
observed as M. anisopliae act an important biocontrol for tea crap affecting Helopeltis theivora (tea mosquito bug) and
Oligonychus coffeae (RMS) and also, this biocontrol fungal suspension has the power to limit the growth of commercial
pesticides.
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1. Introduction
Tea (Camellia sinensis) is a perennial crop originated from
East Asia, but later it is planted in tropical and subtropical
countries. Economically, important plantation crop tea
earned is extensive foreign substitute to our nation, more
than 5, and 20,000 ha of tea plants. Tea plants cultivated and
maintained in India (Singh, 1965) [1]. Over the years, as the
complexity of tea production has increased with rapid
environmental changes and growing market demand across
the world (Subramaiam, 2013) [2]. Tea is a crop cultivated
continuously throughout the year, is known to be the
infected by a number of insects pests. Pest management in
tea is mainly achieved by the use of synthetic chemicals, for
controlling pests which lead to the problem of pesticide
residues in tea crops. And the use of biological plant origin
has been received huge acceptance in various crops
including tea.
More than 1034 species of arthropods and 82 species of
nematodes are recorded as symbiotic organisms of tea plant.
Particularly, in Bangladesh tea, so far 25 insects, 4 mites
and 10 species of nematodes have been reported
(Chowdhury et al., 2016) [3]. Helopeltis theivora Waterhouse
(tea mosquito bug) and Oligonychus coffeae Nietner (red
spider mite) ware called as major pests of the plantation
crop (Roy, Gurusubramanian and Mukhopadhyay, 2010) [4],
C. sinensis causing substantial (10-50%) loss in crop.
Presently it is the most broadly conveyed bug of tea in
North East India (Barbora and Singh, 1994) [7]. The young
and adult tea mosquito bug suck the cell sap of the young
leaves, buds and stems of tea crops. They infuse toxic saliva
which not 0nly separated the tissues around the purposes of

sucking but also executed the young stems. However
infecting carp area became failed to regenerate. Therefore,
there is huge loss of the yield (Perumalsamy et al., 2010) [9]
Not only tea mosquito bug but also the red spider mite
(RSM) make incredible economic losses occurred in the tea
developing nations. RSM survived in tea crops which
provide food and shelter for their young and adults of RSM
lacerate cells, these are produced minute characteristic
reddish brown marks on the upper surface of mature leaves,
which turn red in extreme instances of infestation, bringing
about low yield (Roy, Muraleedharan and Mukhopadhyay,
2014) [5].
Agriculturalists are widely using insecticides for regulating
this pests, which are prompted the peril of ecosystem.
However, current research focussing alternative control for
synthetic insecticides to fight against insect pests naturally
as a bio-pesticide. Disregarding the ongoing advances in
insect pathology is the investigation of mycoses causes by
entomogenous fungi has held a similarly unassuming
position. An entomopathogenic fungus is a fungus that can
act as a parasite of insects and which are possibilities as
natural control agents for the microbial control of insect
pests of crops were considered to be greater (Roy,
Muraleedharan and Mukhopadhyay, 2014) [5].
An entomopathogenic fungus isolates known as M.
anisopliae, had been observed causativeness to more than
200 insect pest species (González Portilla and Bastidas
Torres, 2010 [7]. M. anisopliae and its similar species are
applied as biological insecticides to regulate a numerous of
pests such as termites, thrips, etc. Moreover, M. anisopliae
is a not infective agent for humans or other vertebrates and
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is deliberated harmless as an insecticide and as an acaricide.
Within the latest era, the improvement and applications of
fungi as microbial insecticides have increased considerably
with the discovery of new strains and genetic improvement
of others (Lacey and Harper, 1986) [8]. In this research
paper, biological efficacy of an entomopathogenic fungus
(M.anisopliae) against generally available pests Helopeltis
theivora (TMB) and Oligonychus coffeae (RSM) in order to
reduce the commercial insecticides.
2. Materials and Methods
Isolation, bio mass and conidial production of
entomopathogenic fungi M.anisopliae
Isolation of entomopathogenic fungus was followed by
slightly modified with soundrapandian and R. Chandra
(2007) method and laboratory evaluations was carried out in
Biocontrol
Research
Laboratory,
Department
of
Entomology, UPASI Tea Research Institute, Valparai,
Tamil Nadu. The field collected of this insects/mites
infected by fungi were used for the isolation. Collected
insects were sterilized by 70% of ethanol for 3 min and
rinsed with distilled water for more than two times.
Sterilized insects were crushed and transferred to potato
dextrose broth (PDB) for the segregation of pathogens with
optimum incubating condition for 7 days (Figure 1). After
the incubation, cultures were prepared for pure culture and
microscopic observations on morphological characters of
mycelium and conidia were made. Preliminary identification
of fungi was made with the help of the Atlas of
entomopathogenic fungi (Soundarapandian and Chandra,
2007) [9].
(a) Bio mass production
The biomass of the fungal isolates was determined using
100ml of sterile potato dextrose broth (PDB) amended with
1% of yeast media. The liquid medium was inoculated with
1 ml of fungal spore suspension (1×10 8 spore/ml) and
incubated in a growth chamber at 25±1°C with 75±2%
photoperiod for 7 days. This incubation culture were
agitated vigorously and filtered by Whataman’s No.1 filter
paper and the fungal mat was oven dried at until constant
weight was achieved(Patil et al., 2014) [10].
(b) Conidial production
M. anisopliae conidia were obtained from 7 days old
cultures. Spore suspension was prepared using distilled
water containing Tween-80 (0.05%. v/v) and filtered
through a double layered muslin cloth. Colony forming units
(cfu) estimated by plating techniques. The dilutions were
made to obtain the required concentrations for further
studies from the stock spore suspension (Rangel et al.,
2004) [11].
Bioassay
(a) Rearing TMB and RSM
Tender tea shoots with minimum three leaves with bud are
collected and rolled with cotton at bottom and inserted into
vial containing water. Known numbers of insects released
and maintained in the laboratory (Roy, Gurusubramanian
and Mukhopadhyay, 2010) [4] In the laboratory, RSM were
reared by “leaf flotation” technique. Two types of leaf
flotation techniques were adopted. On the first hand, mature
tea leaves (8 cm in diameter) were placed on a thin layer of
wet cotton wad in a Petri dish for maintaining large

populations of RSM. And the small leaf discs of 2 cm
diameter were useful for short term observations on life
history, behaviour and lab bio-efficacy.
Bio efficacy of M.anisopliae against TMB and RSM
Spore suspensions of 1×107 conidia/ml were topically
applied on the major tea pests like TMB and RSM. Treated
mites/insects kept in separate sterile containers for 7 days of
exposure period and feeding tea leaves. Each experiment
was contacted by three times with 5 adult in each replicate.
Untreated control was maintained with water spray without
spore suspension (Sahayaraj and Borgio, 2010; Srikumar
and Shivarama Bhat, 2013) [13]. Following methods were
employed for conidial exposure.
a) Direct spray
Adult TMB (n=5) and RSM (n=10) were placed on tea
shoots and mature leaves respectively. Conidial suspension
of fungus directly sprayed at 25 ml for TMB and 5 ml for
RSM. Direct spray method was followed by Chowdhury et
al., (2016) [3].
(a) Leaf exposure
Conidial suspension of fungus (25 ml) sprayed on both sides
of tea leaves and then dried for 20-30 minutes. Treated
leaves provided for feeding to TMB and RSM for 24 hours
(Perumalsamy et al., 2010) [14].
(b) Dipping
A leaf contains a group of adult TMB (n=5) and RSM
(n=10), dipped with 25 ml conidial suspension of fungus
culture for 10s and kept on rearing boxes with untreated tea
leaves for feeding. Similarly, leaves treated with sterile
distilled water containing a drop of Tween 80 for feeding, it
served as a control. These are experimented with three
independent repetition (Subramaiam, 2013) [2].
(c) Multiple dose bioassays
25 ml of different concentration of conidial suspension of
fungus culture were prepared by following concentration
1x104, 1x105, of 1x106, of 1x107 and 1x108 conidia/ml with
0.05% (v/v) of tween 80 (mentioned by serious). The
suspensions were sprayed on tea shoots and leaves for
exposure, control was maintained by sprayed with the tween
80(0.05%).
Compatibility study of M. anisopliae with agrochemicals
in tea
Commonly used insecticides in pest management in tea
crops were selected for compatibility study. The test
chemicals were used in same concentrations. Selected
insecticides became diluted using sterile distilled water with
0.05% (v/v) Tween 80. Colony growth, sporulation and
spore germination assessed for this study (Subramaiam,
2013) [2].
The TMB and RSM mortality was calculated (Formula 1)
and normalized with the natural mortality as observed from
control.

High Performance Liquid Chromatography (HPLC)
HPLC analysis of the M. anisopliae crude sample were
performed according to the method (Carollo, et al., 2010)
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. The HPLC retention times were determined on a
Shimadzu Corporation, Kyoto, Japan, equipped with 2
solvent pumps (LC-20A) and a Shim Pack ODS 5-µm
Shimadzu, C-18 (250×4.6 mm) column at 25oC. Running
conditions included: injection volume, 20μl; mobile phase
MeOH/H2O, linear elution gradient starting from 3% MeOH
during 5 min and increased up to 70 % MeOH in 30 min;
flow rate, 1ml/min; and detection at 190 to 600 nm using a
diode array detector (SPD-M20A)
Scanning electron microscopy (SEM) analysis
In the final experiment, infected insects had been taken for
scanning of electron microscope examination. The specimen
samples were fixed with 3% glutaraldehyde and 3% acrolein
in a 0.1 M phosphate buffer at pH 6.8-7.2 for 6 hours in a
room temperature. After the fixation, remove excess fixative
by three/four rinse with buffer and keep on it for overnight.
The specimen were washed by the same buffer, also
flushing tenderly through this filter, and after that
dehydrated (through the filter) with a graded ethanol series:
25, 50, 75, 95, 100% (couple times), trailed by flushing with
100% hexamethyldisilazane. Then air causes to dry up
specimen, were sputter coated with platinum before
examined with a Hitachi 4700 scanning electron microscope.
3. Result and Discussion
Mass production of entomopathogenic fungi M. anisopliae
The TMB and RSM collected during survey were brought to
the laboratory and the fungi isolated in PDA medium.
Isolated M. anisopliae found to be more predominant and
infect TMB and RSM. They were identified based on the
colony characteristics and microscopic examination.
Further, its taxonomic determination confirmed at UPASI
Tea Research Institute.

Fig 1: 7 days culture of M. anisopliae (A) A culture on PDB; (B)
Isolated pure culture on PDA.

They are frequently isolated from soils, parasitize a broad
range of insect species representing numerous orders and
are found throughout the tropics and temperate regions
(Bischoff, Rehner and Humber, 2009) [19]. M. anisopliae
were isolated most often from insects in a wide range of
orders. M. anisopliae cultured in solid PDA, Palm Protein
Dextrose Agar (PPDA) and Oatmeal Agar (OMA). Conidia
were harvested at the 12thday after incubation by surfacescraping. Homogenous spore suspensions were made by
placing harvested spores in 20 ml of sterile distilled water
containing 0.1% (v/v) Tween-80 and agitated on a vortex
mixer for 30 Sec. Quantitative spore were determined by
using a haemocytometer. The procedure was repeated three
times for each strain.

Bio efficacy of entomopathogenic fungi for suppression
of TMB and RSM population
Fast external fungal hyphal growth and sporulation was seen
under optimised wet condition. At first, hyphal strands rose
up out of the mouth parts pursued by anal parts of the mite
cadaver by and by secured the cadaver with prof used
hyphal growth. 48 hours later, mycelia strands rose up
around the mouth parts, legs and abdominal regions of the
treated pests. Mortal pests could be seen after 72 hours and
mortal pest could be collected after wards maintaining at
27°C and the mite became secured with mycelia which was
followed by sporulation within 96 hours. Sporulation fungus
was seen after secured mycelium colonies. M. anisopliae
appeared greenish in colour. After that the cuticle of the
mite starts to degrade and became reddish-green in colour
before finally turned into dark blackish green (Figure 2).

Fig 2: M. anisopliae mycelium colonies developed on the (A)TMB
and (B) RSM.

Mortality rates of TMB and RSM were recorded at different
concentrations conidial suspension of fungus culture were
exposed at 96 hours post infection (HPI). HPI were
summarized by various methods in Table1-4. Mortality of
pest TMB and RSM in over exposure period (96 hours) was
significantly different (p<0.05) for M. anisopliae (Figure 36). On 24 hours of exposure, maximum average mortality
(100%) was registered from standard check and whereas the
untreated control had zero mortality. Among TMB,
maximum average mortality were observed from serious 4
(25 ml) M. anisopliae (25%) by direct spray method (Table
1) and followed by RSM (22%) in 24 hours after treatment
with 1x108conidia/ml by dipping method (Table 2).
Table 1: Bio efficacy of M.anisopliae against TMB direct spray
method.
Treatment
Serious 1
Serious 2
Serious 3
Serious 4
Quinalphos
Water

Doage
5ml
10ml
15ml
25ml
25EC
100ml

24h
0%
0%
0%
38%
100%
0%

48h
0%
19%
19%
63%
100%
0%

72h
0%
0%
19%
0%
100%
0%

96h
19%
19%
19%
0%
100%
0%

Avg.
5%
10%
14%
25%
100%
0%

Table 2: Bio efficacy of M. anisopliae against RSM dipping method.
Treatment
Serious 1
Serious 2
Serious 3
Serious 4
Serious 5
Average

Doage
1x104
1x105
1x106
1x107
1x108

24h
40%
20%
10%
30%
10%
22%

48h
20%
0%
0%
0%
10%
6%

72h
0%
0%
20%
0%
20%
8%

96h
0%
0%
0%
10%
10%
4%
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Minimum mortality were recorded (5%) in TMB with
1x105conidia/ml for 96 hours (Table 3) exposure and
followed by (10%) were seen in RSM with 1x10 7 conidia/ml
for 72 hours (Table 4) exposure by multiple spraying
method. Most probably, as time evolved, cumulative
mortality for both TMB and RSM increased attaining 100%
mortality on the 96 hours after application of the
M.anisopliae spore concentrations.
Table 3: Bio efficacy of multiple spray method M.anisopliae
against TMB
Treatment
Serious 1
Serious 2
Serious 3
Serious 4
Serious 5
Quinalphos
Water

Doage
1x104
1x105
1x106
1x107
1x108
25EC
100ml

24h
0%
0%
0%
20%
20%
100%
0%

48h
0%
0%
0%
0%
60%
100%
0%

72h
0%
10%
18%
19%
0%
100%
0%

96h
20%
20%
23%
19%
0%
100%
0%

Avg.
5%
8%
15%
15%
25%
100%
0%

Fig 4: Bio-efficacy of entomopathogenic fungi against TMB by
dipping method.

Table 4: Bio efficacy of multiple spray method M.anisopliae
against RSM.
Treatment
Serious 1
Serious 2
Serious 3
Serious 4
Serious 5
Average

Doage
1x104
1x105
1x106
1x107
1x108

24h
0%
0%
0%
0%
10%
2%

48h
0%
10%
0%
10%
20%
8%

72h
0%
10%
10%
10%
20%
10%

96h
10%
10%
10%
15%
0%
9%

The initial data of pathogenicity for both insects indicated
that all of them were virulent, even after 24 hours exposure,
causing significant mortality (up to 10%) while compared
with the untreated control (zero mortality). The mortality
percentage of both insects gradually increased and after the
96 hours, exposure all of insects gave centum mortality,
similar to the commercially available insecticides (Figure
3).

Fig 3: Compatibility evaluation of M. anisopliae with
agrochemicals. (A) Limesulpur; (B) Propargite; (C) Deltamethrin

Due to the different concentration of the entomopathogenic
fungi, mean percentage mortality of TMB and RSM were
significantly different in the exposure period. Among the
different concentration, maximum and significant mortality
was registered from 1x107 conidia/mL in highest volume
(Figure 4). Moreover, lower and significant mortality, 10%,
was recorded at 1x107 conidial mL-1(Figure 5). Similarly, in
24 hours, standard check produced significantly higher
RSM and TMB mortality (100%) while no mortality (0%)
were obtained in negative control.

Fig 5: Bio-efficacy of entomopathogenic fungi against RSM by
various dosage (conidia/ml).

Pathogenicity of M. anisopliae against H. armigera reported
by (Kencharaddi and Jayaramaiah, 1997) [18] and 66.74% of
mortality were seen by Nahar et al. (2004) [17] against H.
armigera by M. anisopliae (Nahar, Ghormade and
Deshpande, 2004) [23]. M. anisopliae spore suspension
created egg 90.4%, nymph 92% and adult 90% mortality
was seen after 2 days infection at 108 fungal spores/ml
concentration, and dose dependent variability also seen in
the mortality of RSM. An in-vitro finding confirms that the
bioremediation properties of the Metarhizium anisopliae
against RSM and suggested that the feasibility for effective
biocontrol of the pest in tea crop.
HPLC analysis
HPLC analysis of M. anisopliae revealed 4 peaks out of 10
peaks (Figure 6). These peaks were conformed in their
retention time (Rt). All these peaks were consistently
appeared and most of them isolated. The peaks identified
with oxalic acid (Rt0.880 min) and (Rt2.220 min), gallic
acid (Rt2.117 min) and chlorogenic acid (Rt2.800 min).
Fungal tyrosine betaine was detected in conidia obtained
from crude culture on PDA with presence/absence of visible
light and concluded that, the identified compound is
conserved and essential for the biological group. Extra
investigation also expected to survey the impact of physical
and chemical factors during fungal growth and to evaluate
the variability of fungal tyrosine betaine accumulation
among strains.
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Fig 6: Peaks of secondary metabolites obtained by HPLC analysis
of MeOH fractions.

Toxins originated by Metarhizium in vitro and
hypothetically present in biocontrol formulations and/or in
fungus-killed insects were examined as for safety to nontarget organisms with the conclusion that will not secrete
copious metabolites into the environment and that the toxins
could not pose a human health (Carollo et al., 2010) [18].
Scanning electron microscopic analysis
Scanning electron microscopy is a convenient tool to
observe the mode of action of entomopathogenic fungi and
to study that how M. anisopliae is to colonize and infect the
TMB and RSM. It helped to observe adhesion and
penetration structures on TMB infected by M. anisopliae.
And it clearly shows that no such structures were found on
RSM infected by M. anisopliae.

Fig 7: Inoculation and attachment of M. anisopliae isolate conidia
on the cuticle of (A) TMB and (B) RSM.

Conidia adhered to the cuticle of predatory mites RSM
within 48–96 hours. Although conidia germinated within
24-48 hours, few conidia were detected on the cuticular
surface after 48 hours. Apparently, they did not penetrate
the cuticle even after 72hours (Figure 7 B). Similarly,
conidia adhered to the cuticle of TMB within 48-72 hours
and germinated within 48 hours. However, Germ tubes of
conidia successfully penetrated the mite cuticle within 48
hours (Figure 7 A). The ability of fungal conidia attached to
the insect cuticle is strongly correlated with virulence (Altre
and cantone 1999) [23] Insect infection occurs following
germination of conidia on the cuticle, with subsequent
penetration of the cuticle by specialized infection structures.
Insect cuticle constitutes a defensive barrier to fungal
penetration (Samuels and Paterson, 1995) [16].

4. Conclusion
Tea plantations served as permanent habitats for 808 species
of tea insect pests and more than 1100 species of natural
enemies of these pests. M. ansiopiae had the potential use as
biological control agent’s insect pests because they were
quite safe in non target insects, such as natural enemies and
beneficial soil insects. Habitat Preferences should be
considered as a feature for selecting fungal strains. These
are used in insect biocontrol efforts. Particularly, in fungal
cycling and survival, are key considerations. However, this
is a facultative insect pathogen that has some ability to
survive in the soil while not infecting a host insect. Mass
cultivation of the fungi has done in media like Potato
dextrose agar. This is in use of effective media could pave
way for mass cultivation of fungi under field conditions and
their use in the biological control of insects of veterinary
importance. In laboratory evaluation of various formulations
of different fungi against Tea mosquito bud and red spider
mite revealed that M.anisopliae oil formulation and M.
anisopliae jiggery formulation and at 1 × 108CFUs per ml,
each recorded 50% mortality, respectively. The mortality of
mite is high as in case of M.anisopliae compared to other
treatments. So the M.anisopliae is very effective experiment
against red spider mites. HPLC analysis shows that fungal
secondary metabolites of M. anisopliae will be easily
restricted by controlling measures because of its least ability
can be lead un favourable environmental conditions. Finally,
observations with scanning electron microscopy revealed
that conidia were attached to the cuticle of predatory mites
within 2–12 hrs after spraying, and germinated within 24–36
hrs, after that conidia had gradually been shed from the
mites.
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