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Abstract

Laboratory study was carried out during 2014-2015 to screen a total of ten bacterial strains (Bacillus
subtilis VB1 and KA3, B. tequelensis, B. cereus, B. amyloliquefaciens, Ocrobactrum sp, Paenibacillus
sp, B. pumilus, B. methylotrophicus, B. megaterium) that are commonly used for pest/disease control
were prepared at 1x108 spores /ml concentration and bioassays were conducted both by leaf dip and
larval dip of third instar larvae, and a control. Among the ten bacterial strains using the leaf dip method,
the highest mean cumulative mortality in 72 h was shown by B. subtilis isolates VB1 (56.67%) followed
by KA3 (46.67%). Whereas in larval dip method, the highest mean cumulative mortality at 72 h was
caused by B. subtilis isolates VB1 (30.00%) followed by isolate KA3 (23.33%).
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Introduction

Spodoptera litura (Fabricius) (Lepidoptera: Noctuidae), is a polyphagous sporadic pest. It is
commonly known as tobacco caterpillar, a most devastating pest of cotton, groundnut, chillies,
tobacco, castor, bhendi, pulses > 9. Larva feeds on the underside of leaves causing feeding
scars and skeletonization of leaves. Early larval stages remain together radiating out from the
egg mass. However, later stages are solitary. Initially, there are numerous small feeding points,
which eventually spread over the entire leaf. Because of this pest’s feeding activities, holes and
bare sections are later found on leaves, young stalks, bolls, and buds . It is known to
develop resistance against all major groups of insecticides used for its control and demands
sustainable alternative strategies M. Biological agents’ holds great promise as an alternative to
the use of chemicals . Entomopathogens as biocontrol agents have several advantages
compared to conventional insecticides. These include low cost, high efficiency, safety to
beneficial organisms, reduction of residues in the environment and increased biodiversity in
human-managed ecosystems [19, Microbial pesticides are one such alternative to tackle
insecticide resistant population of S. litura [ % 181, Bacteria are the major sources of potential
microbial bio pesticides because they retain several valuable traits 3. A number of bacterial
pesticides are applied on crops for controlling insects and diseases, the bacterial toxins act on
specific host pathogens as well as insects which are controlled with disease organisms in crop
ecosystem.

Hence the present study was focused on ten bacterial pesticides applied against the disease
were screened against S. litura. Such broad spectrum activity of a bio pesticide will be very
much economical, eco-friendly and useful for adoption.

Materials and methods

The laboratory experiment was conducted at Agricultural College and Research Institute,
Coimbatore, Tamil Nadu, during 2014 - 2015. For screening, the materials utilized and
methodologies adopted during the course of work are described below.

Mass rearing of tobacco caterpillar

The test insect, Spodoptera litura populations used in this study were collected from castor
field at Coimbatore district, Tamil Nadu (India) during 2014-2015.Culture was maintained in
the laboratory with the castor leaves as a food source. Mass rearing was done as per standard
protocol B,
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Screening of bacterial strains

A total of ten bacterial strains Bacillus subtilis (VB1 and KA3
isolates), B. tequelensis,B. cereus, B. amyloliquefaciens,
Ocrobactrum sp, Paenibacillus sp, B. pumilus, B.
methylotrophicus, B. megaterium) obtained from Department
of Plant Pathology (Coimbatore) that are commonly
employed in insect/disease control in crop ecosystem were
screened for their toxicity to the larvae of S. litura. The
bacterial strains were prepared at 1x10°® spores /ml
concentration and bioassays were conducted both by leaf dip
and larval dip with 20 numbers of third instar larvae, and a
control. Each treatment was replicated three times.

Insect bioassays

Leaf dip

Castor leaf discs (3g) were prepared and the discs dipped in
the bacterial strains at 1x10® spores /ml concentration.
Control was maintained with distilled water.

Third instar larvae of S. litura were pre starved for 30 minutes
and then introduced into each castor leaf disc at 20 larvae per
disc in bigger petridishes (15 cm dia) and allowed to feed for
24 hours. After 24 hours, untreated fresh leaf discs were
provided for feeding.

Larval dip

Third instar larvae of S. litura were dipped individually with a
bacterial spore suspension of bacterial strains for 30 seconds.
Then the larvae were allowed to crawl on tissue paper in a
Petri dish to wipe off the excess solution on their skin. These
larvae were placed individually in small plastic containers
(3.5x1.3 cm). These containers were placed in crispers having
wet towel paper to maintain humidity.

All treated larvae were incubated at 27 + 1 °C, 80 + 5%
relative humidity and photophase of 12 h. Fresh castor leaf
discs (3g) surface sterilized with an aqueous solution of
sodium hypochlorite (0.5% v/v) followed by washing twice
with distilled water were provided as a food source for the
larvae. Leaves were regularly replaced with fresh ones at an
interval of 24 h. In the bio assays larval mortality was
recorded 24, 48, and 72 h after treatment.

The percentage mortality was calculated by using the formula
[5]

Initial weight (mg) + Final weight (mg)
2

Mean larval weight =

Statistical analysis

Data were statistically analyzed after arcsine for percentages.
For separating means, Least Significant Difference (LSD) test
was adopted [l. AGRES statistical package was utilized for
analysis.

Result and Discussion

The bioassay to screen bacterial strains on 3 instar S. litura
larvae showed that, among the ten bacterial strains using the
leaf dip method, significant mortality was observed with two
bacterial isolates. The highest mean cumulative mortality
(Table 1) at 72 h was shown by B. subtilis isolates VB1
(56.67%) followed by KA3 (46.67%). In the larval dip
method, there was no larval mortality in any bacterial
treatment for the first 24 h. However, larval mortality started
from 48 h post treatment in B. subtilis isolate VB1 and KA3
treated larvae. The highest mean cumulative mortality at 72 h
was caused by B. subtilis isolates VB1 (30.00%) followed by
isolate KA3 (23.33%). This might be due to well-developed
secretary system producing structurally diverse secondary
metabolite such as glucanase, protease inhibitor, ribosme in
activating proteins chitinase and chitinase like protiens with a
wide spectrum of anti-biotic activity [% 18 Secondary
metabolites from microorganisms have been used to control
crop pest population . The secondary metabolites from B.
subtilis showed larvicidal activity against Aedes aegypti [*1.
Mosquitocidal toxins produced by B. subtilis sp. B. subtilis
were associated with vegetative growth with maximum toxin
production observed at 72 h. Strains of B. subtilis were known
for the production of cyclic lipopeptides, toxic to mosquitoes
61, Physiological effect of chitinase purified from B. subtilis
against S. litura Fab. caused the highest insecticidal activity
within 48 h against the first, second, and third instar larvaetl,
B. subtilis caused 100 per cent mortality against the third
instar of the cotton leafworm, Spodoptera littoralis (Boisd)
and the longevity of adult emergence was decreased 171,

Table 1: Screening bacterial strains against third instar Spodoptera litura larvae in vitro by leaf dip and larval dip method.

Leaf dip | Larval dip
No. Bacterial strain® Larval mortality % (n = 20)
HAT Mean HAT Mean
24 48 72 24 48 72

. - 0.00 26.67 46.67 24.44 12.22
1 Bacillus subtilis (KA3) (0.57) | (31.09) | (49.10)° | (31.30) 24 48 72 (16.93)

5 Bacillus tequelensis 0.00 0.00 0.00 0.00 0.00 13.33 23.33 0.00
(0.57) | (0.57)° (0.57)¢ (057) | (0.57) | (21.41)° | (28.88)° | (0.57)

3 Bacillus cereus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(0.57) | (0.57)¢ (0.57)¢ (0.57) | (0.57) | (0.57)¢ (0.57)¢ (0.57)

4 Bacillus subtilis (VB1) 0.00 36.67 56.67 31.11 0.00 0.00 0.00 17.78
(0.57) | (37.22)* | (48.85)* | (33.90) | (0.57) | (0.57)¢ (0.57)¢ | (20.86)

5 Bacillus amyloliquefaciens 0.00 0.00 0.00 0.00 0.00 23.33 30.00 0.00
(0.57) | (0.57)° (0.57)¢ (0.57) | (0.57) | (28.88)* | (33.21)* | (0.57)

6 Ocrobactrum sp 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(0.57) | (0.57)¢ (0.57)¢ (0.57) | (0.57) | (0.57)¢ (0.57)¢ (0.57)

7 Paenibacillus sp 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(0.57) | (0.57)¢ (0.57)¢ (0.57) | (0.57) | (0.57)¢ (0.57)¢ (0.57)

8 Bacillus pumilus 0.00 3.33 10.00 4.44 0.00 0.00 0.00 0.00
(0.57) | (6.47)° | (18.44)° | (12.17) | (0.57) | (0.57)¢ (0.57)¢ (0.57)

9 Bacillus methylotrophicus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.89
(0.57) | (0.57)¢ (0.57)¢ (0.57) | (0.57) | (0.57)¢ (0.57)¢ | (12.46)

10 Bacillus megaterium 0.00 10.00 10.00 6.67 0.00 10.00 10.00 0.00
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(0.57) | (18.43)° | (18.44)° | (14.97) | (0.57) | (18.44) [ (18.44)° [ (0.57)
11 Control (water) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(057) | (057 | (0.57)° | (0.57) | (0.57) | (0.57)¢ | (0.57)¢ | (0.57)
SEd NS 3.07 1.94 NS 2.95 1.82
CD (P = 0.05) NS 6.37 4.01 NS 6.13 3.78
*1x108 spores/ml. each

HAT — Hours After Treatment
Values are mean of three replications
Figures in parentheses are arcsine transformed values

Figures with same superscripts are not significantly different (LSD, P = 0.05)

References

1.

10.

11.

12.

13.

14.

15.

Abbas N, Samiullah Shad SA, Razag M, Waheed A,
Aslam M. Resistance of Spodoptera litura (Lepidoptera:
Noctuidae) to profenofos: Relative fitness and cross
resistance. Journal of Crop Protection. 2014; 58:49-54.
Armes NJ, Wightman JA, Jadhav DR, Ranga Rao GV.
Status of insecticide resistance in Spodoptera litura in
Andhra Pradesh, India. Pesticide Science. 1997; 50:240-
248.

Britto AJ. Juvenomimetic and antifeedant properties of
some plant extracts on Spodoptera litura (Fab.)
(Lepidoptera: Noctuidae). 1980. M.Sc. (Ag.) Thesis.
Tamil Nadu Agricultural University. Coimbatore.
Chandrasekaran R, Revathi K, Nisha S, Suyambulingam,
Arunachalam, Kirubakaran, Subbiah, Sathishnarayanan,
Sengottayan, Senthilnathan. Physiological effect of
chitinase purified from Bacillus subtilis against the
tobacco cutworm, Spodoptera litura Fab. Pesticide
Biochemistry and Physiology. 2012; 104(1):65-71.

Cook RJ. Making greater wuse of introduced
microorganisms for biological control of plant pathogens.
Annual Review of Phytopathology. 1993; 3:53-80.
Geetha I, Manonmani, AM. Mosquito pupicidal toxin
production by Bacillus subtilis subsp. subtilis. Biological
Control, 2008; 44:242-247.

Gomez KA, Gomez AA. Statistical Procedures for
Agricultural Research. John Wiley and Sons, New York,
1984, 680.

Kramer KJ, Muthukrishnan S, Lowell J, White F.
Chitinases for insect control, in: N. Carozzi, M. Koziel
(Eds.), Advances in Insect Control: The Role of
Transgenic Plants, Taylor and Francis, Bristol, 1997,
185-193.

Kranthi KR, Jadhav DR, Kranthi S, Wanjari RR, Ali SS,
Russell, DA. Insecticide resistance in five major insect
pests of cotton in India. Crop Protection, 2002; 21:449-
460.

Lacey LA, Frutos R, Kaya HK, Vail P. Insect pathogens
as biological control agents do they have a future?
Biological Control, 2001; 21:230-248.

Liu YF, Chen ZY, Ng TB, Zhang J, Zhou MG, Song FP.
Bacillus subtilis, an antifungal protein with ribonuclease
and hemagglutinating activities from Bacillus subtilis
strain B-916. Peptides, 2007; 28:553-559.

Niranjankumar BV, Regupathy A. Status of insecticide
resistance in tobacco caterpillar Spodoptera litura
(Fabricius) in Tamil Nadu. Pesticide Research, 2001;
13:86-89.

Ongena M, Jacques P. Bacillus lipopeptides: versatile
weapons for plant disease biocontrol. Trends in
Microbiology, 2008; 16(3):115-125.

Pests not known to occur in the United States or of
limited distribution: Rice cutworm, USDA-APHIS-PPQ,
1982.
Revathi K, Chandrasekaran

R, Thanigaivel A,

16.

17.

18.

~ 1866 ~

Kirubakaran SA, Narayanan SS, Nathan S. Effects of
Bacillus subtilis metabolites on larval Aedes aegypti.
Pesticide Biochemistry and Physiology, 2013; 107:369.
Sudhakaran R. Efficacy of lufenuron (Match 5 EC)
against Spodoptera litura under in vitro condition. Insect
Environment, 2002; 8:47-48.

Salam AME, Awad M, Nemat Magdy A. Potency of
Bacillus thuringiensis and Bacillus subtilis against the
cotton leafworm, Spodoptera littoralis (Bosid.) larvae.
Archives of. Phytopathology and Plant Protection. 2011;
44(3):204-215.

Zhang B, Xie C, Yang X. A novel small antifungal
peptide from Bacillus strain B-TL2 isolated from tobacco
stem. Peptides, 2008; 29:350-355.



