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Abstract: The fungal isolate of Paecilomyces fumosoroseus obtained from the agricultural soils of Kanchipuram
district of Tamil Nadu, India. Fungal spores were tested for its effect on the feeding of Spodoptera litura at
concentration of 10 , 10  and 10 . Exposure of higher concentration of spore significantly decreases the3 5 7

consumption of leaf. The production efficiency of S. litura decreased gradually in relation to exposure to the
fungal spores concentrations. Insects infected by the fungus showed reduction in the activity of enzymes such
as amylase and trehalase and this could account for the reduced weight gain of infected insects and 58.32 %
mortality recorded in infected S. Litura.
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INTRODUCTION fumosoroseus blastospores resides in their toxic

Entomopathogenic fungi have an important position affect various agricultural crops [8]. Studies on the
in the biological control of insect pests, due to the fact occurrence of entomopathogenic fungi populations in
that they are responsible of causing diseases and the soils  from  fields  differing  in  the level of farming
death of the insects [1]. Entomopathogenic fungi infect intensity  can  help  to  monitor  the functioning of the
the insect through the cuticle. On account of this, there is agri-environmental packages. Knowledge of the species
no need to be ingested as they act as contact insecticides composition of entomopathogenic fungi in different
[2]. The development of the infection is divided into three regions of the country can be also useful in assessing the
stages. I) Conidia adhesion and germination in the potential of individual fungal species to regulate the
epicuticle of the insect [3]; germination is activated by populations of crop pests [9]. Spodoptera litura Fabricius
carbohydrates present in the cuticle. Entomopathogenic (Lepidoptera: Noctuidae) is the most notorious chewing
fungi develop an aspersorium with the purpose of insect pest that causes heavy losses in cotton, thus,
beginning the penetration stage through the germ tube deprives the farmers from getting high yield. It is difficult
formation [4]. II) The cuticle penetration is the result of to control because of its cryptic habitat and high rate of
combined action of mechanical force and the enzymatic infestation post- heavy rains [10]. Plant protection
action of those enzymes secreted by the fungus. Such measures with frequent applications of synthetic chemical
enzymes include proteases, chitinases, lipases and insecticides to protect cotton crop from this pest are
lipoxygenases which break down the cuticle, offering typical of intensive cultivation. Insecticides of synthetic
nutrients to the fungus [1, 5, 6]. III) Insect’s propagation origin have been used to manage insect pests for more
and death; when the fungus reaches the hemocoel, it than 50 years [11]. However, due to adverse effects of
presents a cellular hyphae differentiation to yeast-like insecticides on environment, their rational use is being
blastospores  to  evade  the  insect immune system [7]. advocated. Paecilomyces fumosoroseus microfungal
The importance of the production of Paecilomyces species insect-borne    filamentous    fungus   belongs  to

effectiveness as a control agent in combating pests that
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Hyphomycetes of Deuteromycota and have been reported
to cause  diseases in a wide species of insects [12-15].
The present study was undertaken to evaluate the
efficacy of a locally isolated strain of Paecilomyces
fumosoroseus from the agricultural field at Kanchipuram
district of Tamil Nadu against one of the most notorious
lepidopteran pest namely Spodoptera litura.

MATERIALS AND METHODS

Fungal Strain: Paecilomyces fumosoroseus was isolated
from soil collected from the agricultural fields at
Thevariampakkam, Kanchipuram district (12°82’ N and
79°89’E), Tamil Nadu, where paddy, groundnut, cotton
and  vegetables  are  cultivated  in rotation every year.
Pure cultures were maintained through the technique of
serial dilution in Sabouraud dextrose agar medium.

Preparation of Spore Inoculums: Conidia from cultures
that are 2 to 3 weeks old were scraped from the surface of Fig. 1: Experimental setup for Entomopathogenic fungal
the stock culture plates with a sterile scalpel into sterile studies
distilled water with 0.1% Tween-80 solution. The A -Experimental set up for Entomopathogenic study
concentrations of the fungal spores in the culture were against Spodoptera litura
adjusted to 10 , 10  and 10 spores/ml. The spore B -Laboratory rearing cage for S.litura7 5 3

concentration in the suspension was determined by a
haemocytometer slide. Effect of Fungal Infection on the Activity of Gut Enzymes:

Feeding Bioassay for Pathogenicity Testing: Circular R. communis smeared with spores of the B. bassiana at
discs (14 cm diameter) were cut from the leaves of Ricinus concentrations of 10 , 10  and 10  spore/ml. After 72 h of
communis. Fungal spores at concentration of 10 , 10 , 10 feeding, the insects were sacrificed and the gut dissected3 5 7

per ml was tested by spreading 2 ml of the spore under the dissection microscope (Wild Leitz). The midgets
suspension using a fine pipette on the circular discs leaf. obtained from three individuals were pooled, weighed and
After air drying, the disc were placed in a round plastic homogenised using a tissue homogeniser and centrifuged
box  and  three  freshly  moulted  third   instar   larvae  of at 10000 rpm for 20 min at 4°C to avoid denaturing of the
S. litura were placed at the centre and allowed to feed. enzymes. The supernatant solution was used for the
After 24 hrs, the insects and remaining leaves were enzyme assay [17].
weighed. Subsequently fresh untreated leaves were
provided each day till the larvae pupated. Data on the Assay for Amylase Activity: Amylase activity was
amount of leaf consumed and weight of the insect was determined as described by Ishaaya [18]. The amylase
recorded daily and indices of consumption and reaction was carried out with 0.4 ml of 0.05 M glycine
production calculated as per Waldbaur [16]. There were NaOH buffer at pH 7.0, 0.2 ml of enzyme solution and 2 ml
four replicates for each spore concentration tested. A of 2% starch. After 60 min of incubation at 37°C, the
Similar experiment was conducted to evaluate the reaction was terminated by adding 1.6 ml of 3, 5-
mortality of insects exposed to different concentration of dinitrosalicylic acid reagent. The reaction mixture was
the spores. However, each test had thirty instar larvae heated at 100°C for 5 min  and  was  immediately  cooled
exposed to the spores and the larval mortality was in an ice bath. The colour developed was read
recorded  at  the  end  of  24,  4 8 and 72 h after exposure. spectrophotometrically at 550 nm. The activity of enzyme
A suitable control was maintained and the test conducted was expressed as micrograms of glucose per gram of
with four replicates Fig. 1. midgut tissue per hour.

Third  instar larvae  of  S.  litura  were fed with leaves of

3 5 7
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Assay for Trehalase Activity: Trehalase activity was However, the quantum of leaves consumed up to  72 h
determined as described by Ishaaya [18]. The reaction
consisted of 0.4 ml of 0.2 M phosphate buffer at pH 7.0,
0.2 ml of 1.5% trehalose and 0.2 ml of enzyme solution.
After 60 min of incubation at 37°C, the reaction was
terminated by adding 1.6 ml of 3, 5-dinitrosalicylic acid
reagent.  The  reaction  mixture  was  heated  at 100°C for
5 min and was immediately cooled in an ice bath. The
colour  developed  was  read spectrophotometrically at
550 nm and the enzyme activity expressed as micrograms
of glucose per gram of midgut tissue per hour

RESULTS

The effect of different concentrations of fungal
spores on consumption of R. communis by S. litura is
summarised in Table 1. There was a significant decrease
in the consumption in all the experimental treatments
compared to the control. The maximum reduction was
recorded in the treatment with spore concentration of
10 /ml. Also, within each spore concentration tested, the7

consumption of leaves decreased with time after exposure.

was not statistically different  from  that  at  24 h.
Compare  to  concentration  of   spore   10   vs  10   and7 3

10  vs 10  significantly differs    the    consumption   rate.5 3

Production  efficiency  calculated  in  terms  of  weight
gain was  also impaired due to exposure to the spores of
P. fumosoroseus. Consequent to decreased food
consumption, the production efficiency also decreased
when exposed to different concentrations of the spores
(Table 2). The production efficiency no significantly
different between the 24, 48 and 72 h regimes. However
concentration of  spore  such as 10  vs. 10 , 10  vs. 107 5 7 3

and 10  vs. 10  significantly differ the production. The5 3

activity of two digestive enzymes, namely, amylase and
trehalase, was studied in relation to infection by the
fungal species. There was a significant reduction in the
activities of both these enzyme in comparison to the
control. The general trend was a reduction in enzyme
activity with increase in spore concentration (Fig. 2).
Exposure to P. fumosoroseus spores also brought about
mortality during the larval, prepupal and pupal stages
(Table 3). A cumulative mortality of 58% was obtained
with 10  concentrations of spores.7

Table 1: Effect of different concentration of P. fumosoroseus spores on the food consumption of S. litura

Concentration of P. fumosoroscus
--------------------------------------------------------------------------------------------------------------

Duration (hours) 10 10 10 Control7 5 3

24 0.1787 ± 0.0107 0.1973 ± 0.0071 0.2229 ± 0.0091 0.3200 ± 0.0196
48 0.1639 ± 0.0085 0.1856 ± 0.0050 0.2070 ± 0.0059 0.3230 ± 0.0277
72 0.1613 ± 0.0128 0.1663 ± 0.0084 0.1943 ± 0.0212 0.2934 ± 0.0070

Values represent mean ±SD in grams per day

Source of Variation DF SS MS F P

Duration 2 0.00249 0.00124 2.287 0.121
Concentrations 2 0.00983 0.00492 9.047 <0.001
Duration x Concentrations 4 0.00034 0.0000841 0.155 0.959
Residual 27 0.0147 0.000544
Total 35 0.0273 0.000781

Comparisons for factor: Duration

Comparison Diff of Means p Q P<0.05

48h vs. 72h 0.0181 3 2.686 No
48h vs. 24h 0.0171 3 2.547 No
24h vs. 72h 0.000933 3 0.139 No

Comparisons for factor: Concentrations

Comparison Diff of Means p Q P<0.05

10  vs. 10 0.0401 3 5.955 Yes7 3

10  vs. 10 0.0151 3 2.239 No7 5

10  vs. 10 0.025 3 3.716 Yes5 3

p: Degree of freedom, q: Studentised range statistic (Tukey), P: Probability.
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Table 2: Effect of different concentration of P. fumosoroseus spores on the production efficiency in S. litura
Concentration of P. fumosoroscus
--------------------------------------------------------------------------------------------------------------

Duration (hours) 10 10 10 Control7 5 3

24 0.1504 ± 0.0187 0.1839 ± 0.0052 0.1991 ± 0.0094 0.2981 ± 0.0055
48 0.1380 ± 0.0079 0.1642 ± 0.0092 0.1842 ± 0.0079 0.2915 ± 0.0147
72 0.1176 ± 0.0120 0.1429 ± 0.0071 0.1766 ± 0.0142 0.2728 ± 0.0137
Values represent mean ±SD of weight gained per day in grams

Source of Variation DF SS MS F P
Duration 2 0.00053 0.000267 1.193 0.319
Concentrations 2 0.0158 0.00792 35.373 <0.001
Duration x Concentrations 4 0.00042 0.000105 0.47 0.757
Residual 27 0.00604 0.000224
Total 35 0.0228 0.000652
Comparisons for factor: Duration

Comparison Diff of Means p Q P<0.05
48h vs. 24h 0.00908 3 2.103 No
48h vs. 72h 0.00233 3 0.54 No
72h vs. 24h 0.00675 3 1.563 No
Comparisons for factor: Concentrations

Comparison Diff of Means p Q P<0.05
10  vs. 10 0.0513 3 11.873 Yes7 3

10  vs. 10 0.0283 3 6.557 Yes7 5

10  vs. 10 0.023 3 5.316 Yes5 3

p: Degree of freedom, q: Studentised range statistic (Tukey), P: Probability.

Fig. 2: Activity of amylase and trehalase in the gut of S. litura exposed to different concentration of P. fumosoroseus

Table 3: Effect of different concentration of fungal spores on the mortality of
S. litura

P. fumosoroseus
Spore Concentration
------------------------------------------------------

Mortality of S.litura 10 10 107 5 3

Larval Mortality 33.33 25.00 25
Prepupal 8.33 8.33 0
Pupal Mortality 16.66 16.66 8.33
Cumulative Mortality 58.32 49.99 33.33

DISCUSSION

The infected fungal strain on host insect reduced
food intake and therefore the quantity of food
consumption is an ideal parameter for assessing the
initiation of pathogenicity. Similar results [19] were
reported with B. bassiana spores, showing a strong
negative correlation between inoculums concentrations
and food consumption in the tiger moth, Atteva sciodoxa.
Also, Ekesi [20] reported that leaf consumption by beetles
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treated with B. bassiana was significantly reduced within Cumulative mortality in S. litura (50%) by 2.4 x 10
2 days after treatment. Similarly, high concentrations of
10  and 10  conidia/ml, resulted in greater reduction in8 7

food consumption as compared to the lower
concentrations  (10   and 10  conidia spores/ml solution)6 5

in Chilo partellus larvae treated with B. bassiana and
Metarhizium anisopliae [21]. As the fungal infection
progresses on the insect host, there is reduced growth
and therefore data on the production efficiency appears
as a useful additional parameter for evaluating
pathogenicity. Since much of the energy obtained from
food consumption is diverted towards combating
infection, weight gain in infected insects is reduced and
consequently the production efficiency dwindles.
Production efficiency of S. litura decreased on exposure
to  increased  dosage  of  fungal  spores. Moreover,
Tefera  and  Pringle  [21]  reported similar results with
Chilo  partellus  larvae  infected  with  B. bassiana and
M. anisopliae.  Another  work of Hajek and Anne [22]
who infected Lymantria dispar larvae with the
Entomopathogenic fungus, Entomophaga maiming and
showe that the weight gain of infected larvae was less
than weight gain of healthy larvae. Furthermore [23]
observed  the  highest  morality  of  2nd  instar  larvae of
S. litura at the highest conidial concentration of fungal
isolates. In present study also maximum mortality was
recorded in higher (10 ) concentration of spores. 7

Fungal infected Insects showed reduced activities of
enzymes such as amylase and trehalase and this could
account for the reduced weight gain of infected insects.
Abundant amylase activities have been reported during
larval development in many insect species in the present
study, implying that this enzyme has some physiological
role during growth [24]. Trehalases are devoted to
utilising intracellular and extracellular trehalose to supply
energy and material for the whole body and play a pivotal
role in various physiological processes [25]. Infected
insects also showed lesions in the alimentary canal, which
accounted for the reduced enzyme activity. In the event
of the insect succumbing to the infection, percentage
mortality reveals the usefulness of the fungus as a
biocontrol agent. Sahayaraj and Thomson [26] showed
that the amylase activity in Dysdercus cingulatus
Fabricius was reduced significantly when exposed to
infection by fungal spores. Insects infected by the fungus
showed reduced activities of enzymes such as amylase
and trehalase and this could account for the reduced
weight gain of infected insects. Infected insects also
showed lesions in the alimentary canal which accounted
for the reduced enzyme activity. 

6

concentration of Metarhizum anisopliae was reported
[27]. Meanwhile [28] reported reduced rate of pupation
(43.3%)  was  observed  in  larvae  treated with a high
spore concentration of 2.4 × 10  spores/ml of B. bassiana.7

A sequential follow up from this assay was done on the
resulting pupae and adults. Further treatment of the
resultant pupae caused mortality and adult malformation.
Similarly, in the present study also a high concentration
of 10  spores/ml caused maximum cumulative mortality7

(58.32%). Also, Kaur et al. [29] reported highest
percentage of S. litura larval mortality at 2.03 × 10  spore8

concentration

CONCLUSION

Pest management involving biocontrol agents is
assuming prominence and have been considered as an
important strategy in insect population reduction.
Pathogenicity  of  fungal  on  host  insect   express in
terms  reduce  food intake and reduce production
efficiency  followed  by  reduce   intestinal  enzyme
amylase and trehalase final cause mortality of host.
Biopesticides is the better option for the management of
Spodoptera litura and ecofriendly not harmful to human
being
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