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Four isolates of Beauveria bassiana were tested against two age groups i.e.
0-24 hr and six day old larvae of Spodoptera litura by direct topical methods
and crawling on treated leaves to observe the effect on growth and
development. Six concentrations of each isolate were used against both the
age groups and both the methods of application. Larval and pupal periods of
neonate and 6 day old larvae were not affected by all isolates. However,
percent pupation and adult emergence were significantly decreased in all
isolates of B. bassiana at 10° to 108 spores per ml when applied on neonate
larvae while low percent pupation and adult emergence were recorded only
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at 10° spores per ml when applied by both the methods.

Introduction

Spodoptera litura (Fabricius) is a widely
distributed South East Asia, feeding on 63
plant species belonging to 22 families (Prasad
and Bhattacharya, 1975). It is a serious pest of
soybean, pulses, oilseeds, cotton and
vegetables (Bhattacharya and Rathore, 1977,
Seema Rani et al.,, 2002). In an outbreak
phase this insect can completely defoliate
large area of crops causing reduction in yield.
About 70 percent avoidable loss has been
estimated due to this pest in blackgram
(Krishnaiah et al., 1983). Heavy use of
synthetic organic insecticides to control this
pest resulted in development of resistance
against insecticides belongs to different
groups (Ramakrishnan et al., 1984,

Muregesan and Dhingra, 1995). Therefore,
alternative control measures were searched
out for this noxious pest. In recent years
Biointensive Integrated Pest Management is
emphasized.

Use of ecofriendly approach  with
entomopathogenic fungi, bacteria, virus and
nematodes may provide a stable pest
management programme (Jayraj, 1985).

Among the microbial pathogens of insects,
entomopathogenic fungi are a very important
group which can flourish in water, soil and air
(Ferron, 1985). Therefore the experiment was
carried out to observe the effects of four
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isolates of Beauveria bassiana on the growth
and development.

Materials and Methods
Fungal isolates and their culture

Four fungal isolates were used in this
investigation (Table 1). These isolates were
grown on potato dextrose agar medium in 500
ml flasks at 25 + 1°C. Spores from these
cultures were sprayed on S. litura and again
isolated from dead insect to maintain
virulence. For experiments conidia were
harvested from 20 days old fungal culture by
washing the surface with 50 ml sterilized,
distilled water containing 0.05 percent Tween
80 under aseptic condition. Concentration of
spore was measured by haemocytometer
under a microscope. Different concentrations
of spore suspension were prepared in water
having Tween 80 by serial dilution (Table 1).

This experiment was conducted on two age
groups, neonate (0-24 h old) and 6 days old
larvae, to observe the potency of four isolates
of B. bassiana. Larvae for experiment were
obtained from the nucleus culture. Spore
suspension was directly applied on test insect
and also on castor leaves followed by
crawling of insect on treated leaves. Six
concentrations of each isolate were used
(Table 2). Sterilized distilled water containing
Tween 80 (0.05 percent) was used as control.
One ml of spore suspension of each
concentration was sprayed on both sides of
castor leaf or on 10 larvae with the help of
Potter’s tower at 20 psi pressure. Neonate
larvae were initially reared in groups of 10 in
plastic vial (3 x 10 cm) upto 6 days after
which they were reared individually.
However, 6 days old larvae were reared
individually from start of the experiment.
These vials were provided with screw cap
fitted with brass wire mesh for free aeration.
Castor leaves were first changed after 48 h of

spraying the spore suspension and thereafter
fresh leaves were provided ad libitum.
Sterilized sand was provided at the bottom of
the vials to fully grown larvae to facilitate
pupation. Each treatment was replicated three
times and 10 insects were used in each
replication. Observations were recorded on
mortality at 24 h interval. Surviving larvae of
both age groups and methods of application
were allowed to complete the development.
Observations were recorded on larval period,
pupal period, pupation and adults’ emergence
for all four isolates. From these observations
Growth index (Pant, 1956) and Success index
(Prasad and Bhattacharya, 1975) were also
calculated as follows:

Growth index (GI) = 2

Av
Where,
N = percent adult emergence
Av  =average developmental period

LPI + PPI + PI + AEI

Success index =

4
Where,
Larval period index (LPI) =

Larval period in control
Larval period in treatme nt
Pupal period index (PPI) =

Pupal period in control
P upal period in treatme nt

Pupation index (PI) =

Percent pupation in treatme nt

Percent pupation in control

Adult emergence index (AEI) =

Percent  adult emergence intreatme  nt

Percent  adult emergence in control
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The data on various developmental parameters
were analysed under Complete Randomized
Design (CRD) to compare the effect of different
doses of B. bassiana. Angular transformation
on percent pupation and adults’ emergence
were also analysed.

Results and Discussion

Surviving larvae of bioassay experiment were
allowed to complete their development on
castor leaves.

Pantnagar isolate

Figure 1 reveals that a marked decrease in
larval survival was observed after 4 days of
application of fungal spore by crawling
method on neonate larvae. Larval survival
decreased upto 10 days only at 6.1 x 10° to
6.1 x 10° spores per ml but beyond this period
larval survival remained same. Dead larvae
mummified with white fungal growth. No
marked variation in larval and pupal periods
were recorded but pupation was reduced
significantly at 6.1 x 10°to 6.1 x 10° spores
per ml. Adult emergence was further reduced
at 6.1 x 10° and also at above concentration
Growth and Success indices were lower in all
fungal treatments as compared to untreated
larvae feeding on castor leaves (Table 2).

Like crawling method, larval survival also
decreased at 6.1 x 10° to 6.1 x 10° spores per ml
when spores were applied topically on 0-24 h
old larvae of S. litura (Figure 2). Pupation and
adult emergence were significantly reduced at
6.1 x 10° and higher concentrations and it
ranged from 33.3 to 93.3 percent. Low Growth
and Success indices were also recorded in all
test concentrations of Pantnagar isolate by
topical application (Table 2).

Larval survival was reduced to 16.7 percent
when Pantnagar isolate at 6.3 x 10° spores per

ml was applied on 6 day old larvae of S. litura
by above two methods. However, larval and
pupal developmental periods were not affected
by both the methods of application (Table 3).
Pupation ranged from 83.3 to 100 percent in
different concentrations by both methods but
adult emergence was reduced to 76.7 percent by
crawling method at 6.1 x 10% spores per ml.
Growth and Success indices fluctuated within a
very narrow range for different concentrations
when this isolate was applied by both methods
on 6 day old larvae (Table 3).

MTCC-984 isolate

Larval mortality started in all test
concentrations after 2 days of application of
spores of MTCC-984 isolate by crawling
method on neonate larvae. It gradually
increased upto 10 days (Figure 3). However,
larval and pupal periods were not affected by
crawling method but pupation and adult
emergence were significantly reduced at 5.9 x
10* to 5.9 x 10° spores per ml (Table 4). A
marked reduction in Growth and Success
indices was apparent at 5.9 x 10°to 5.9 x 108
spores per ml on neonate larvae by crawling
method.

Figure 4 indicates a reduction of 50 percent
larval survival within 5 days of topical
application of 5.9 x 10® spores per ml of
MTCC-984 isolate on neonate larvae while in
rest of the concentrations survival ranged
from 70 to 90 percent. Developmental period
was not affected but a significant reduction in
pupation and adult emergence was recorded at
5.9 x 10* to 5.9 x 10® spore per ml when
spores of this isolate were applied topically on
neonate larvae (Table 4).

MTCC-984 reduced 6.7 to 16.7 percent larval
survival by topical application and 13.3 to 30.0
percent by crawling method for 6 day old larvae
when 6.0 x 10" and 6.1 x 10°® spores per ml,
respectively, were used. No effect on larval and
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pupal periods was observed by this isolate of B. were recorded at 6.0 x 10" and 6.0 x 10° spores
bassiana by either methods of application on 6 per ml by crawling method and topical
day old larvae of S. litura (Table 5). However,a  application, respectively.

little reduction in pupation and adult emergence
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Figure 1. Larval survival of S. fitura when 0-24 h old larvae were allowed
crawl on castorleaveswith different spore concentration of
Pantnagarisolate of B. bassiana
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Figure 2. Larval survival of S. litura when different spore concentrations
of Pantnagarisolate of B. bassianaweretopically applied on
0-24 h larvae
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Figure 3. Larval survival of S. fitura when 0-24 h old larvae were allowed

crawl on castorleaves with different spore concentration of
MTCC-984 isolate of B. bassiana

15

——5 90E+03
—8—5 90E+04
—— 5 90E+05
——5 90E+06
—#—5 90E+07
—e— 5 90E+08
——Water

2 3 4 5 6 7 8 9 10 11 12 13 14
Days

Figure 4. Larval survival of S. litura when different spore concentrations
of MTCC-984 isolate of B. bassianawere topically applied on
0-24 h larvae
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Figure 5. Larval survival of S. litura when 0-24 h old larvae were allowed
crawl on castorleaves with different spore concentration of
Chikmagaloreisolate of B. bassiana
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Figure 6. Larval survival of S. litura when different spore concentrations
of Chikmagalore isolate of B. bassianawere topically applied

on 0-24 h larvae
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Figure 7. Larval survival of S. fitura when 0-24 h old larvae were allowed

crawl on castorleaves with different spore concentration of
Delhiisolate of B. bassiana
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Table.1 Different isolates of B. bassiana, their sources and concentrations used for bioassay

Isolates Source Concentrations (spore/ml)
Pantnagar - A6.1x10°6.1%10% 6.1 % 10% 6.1 x 10%,6.1 x 10" and 6.1 x 10°
B 6.3 x 10% 6.3 x 10%, 6.3 x 10°, 6.3 x 10°, 6.3 x 10’ and 6.3 x 10°

MTCC-984 Microbial Type Culture collection and A 5.9 x 10°,5.9 x 10*, 5.9 x 10°, 5.9 x 10° 5.9 x 10" and 5.9 x 10°
Gene Bank, Chandigarh B 6.0 x 10°, 6.0 x 10*, 6.0 x 10°, 6.0 x 10° 6.0 x 10" and 5.9 x 10°

Chikmagalore Central Coffee Research Institute, A 6.2 x 10°% 6.2 x 10* 6.2 x 10°, 6.2 x 10°, 6.2 x 10" and 6.2 x 10°
Chikmagalore B 6.2 x 10°, 6.2 x 10* 6.2 x 10°, 6.2 x 10° 6.2 x 10" and 6.2 x 10°

Delhi Indian Agricultural Research Institute, A 5.9 x 10° 5.9 x 10%, 5.9 x 10%, 5.9 x 10%, 5.9 x 10” and 5.9 x 10°
New Delhi B 5.9 x 10% 5.9 x 10%,5.9 x 10°, 5.9 x 10°, 5.9 x 10" and 5.9 x 10°

A = For 0-24 old larvae

B = For 6 days old larvae

Table.2 Developmental behaviour of S. litura when 0-24 h old larvae crawled castor leaves treated with
Different spore concentrations and topical application of Pantnagar isolate of B. bassiana

Concentration (spores/ml on Larval period Pupal period Pupation (%) Adult emergence Growth index Success index
castor leaf) (days) (days) (%)

Crawling method

6.1 x 10° 14.6 9.2 96.7 (83.9) 93.3 (77.7) 3.91(2) 0.99(2)
6.1 x 10° 15.3 9.4 93.3 (77.7) 93.3 (77.7) 3.79(3) 0.97(3)
6.1 x 10° 15.3 9.9 90.0 (71.6) 80.0 (63.9) 3.18(4) 0.91(4)
6.1 x 10° 14.7 9.3 76.7 (61.7) 56.7 (48.9) 2.37(5) 0.84(5)
6.1 x 10’ 14.4 8.9 60.0 (50.8) 53.3 (46.9) 2.14(6) 0.81(6)
6.1 x 10° 16.0 9.6 36.7 (37.3) 23.3(28.8) 0.90(7) 0.65(7)
Water (0.05% Tween 80) 15.1 8.9 96.7 (83.9) 96.7 (83.9) 4.03(1) 1.00(2)
P =0.05 0.6 0.9 17.1 (15.7) 14.8 (14.8)

Topical Application

6.1 x 10° 14.5 9.2 93.3(81.1) 93.3(81.1) 3.94(2) 0.99(2)
6.1 x 10° 14.5 9.4 86.7 (68.9) 83.3 (66.6) 3.50(3) 0.95(3)
6.1 x 10° 14.8 8.9 83.3 (66.1) 80.0 (63.9) 3.42(4) 0.94(4)
6.1 x 10° 14.6 9.4 73.3 (59.0) 73.3 (59.0) 3.06(5) 0.88(5)
6.1 x 10’ 14.8 9.3 56.7 (48.8) 56.7 (48.8) 2.36(6) 0.80(6)
6.1 x 10° 16.1 10.2 33.3(34.9) 33.3(34.9) 1.25(7) 0.63(7)
Water (0.05 percent Tween 80) 15.1 9.2 96.7 (83.9) 96.7 (83.9) 3.99(1) 1.00(2)

P =0.05 0.6 1.1 15.3 (14.9) 23.3 (20.8)

Data in parentheses are angular transformed except for Growth and Success indices which indicate ranking
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Table.3 Developmental behaviour of S. litura when 6 day old larvae crawled on castor leaves treated with different spore

Concentrations and topical application of Pantnagar isolate of B. bassiana

Concentration (spores /ml on Larval period Pupal period Pupation (%) Adult emergence Growth index Success index
castor leaf) (days) (days) (%)

Crawling Method

6.3 x 10° 14.7 8.4 100.0 (90.0) 100.0 (90.0) 4.33(2) 0.98(2)
6.3 x 10* 14.4 8.4 96.7 (83.9) 93.3(81.1) 4.08(3) 0.96(3)
6.3 x 10° 14.4 9.1 93.3 (77.7) 93.3 (77.7) 3.97(4) 0.94 (4)
6.3 x 10° 14.3 8.3 93.3 (77.7) 86.7 (72.3) 3.79(5) 0.94(5)
6.3 x 10’ 14.3 8.9 90.0 (71.6) 83.3(66.1) 3.59(6) 0.91(6)
6.3 x 10° 14,5 8.6 83.3 (66.1) 76.7 (61.9) 3.34(7) 0.86(7)
Water (0.05 percent Tween 14.2 8.1 100.0 (90.0) 1.00 (90.0) 4.47(1) 1.00(2)
80)

P=0.05 0.6 0.5 7.6 (12.6) 15.8 (17.7)

Topical Application

6.3 x 10° 14.4 8.7 100.0 (90.0) 100.0 (90.0) 4.33(2) 0.99(2)
6.3 x 10* 14.4 9.1 96.7 (83.9) 96.7(83.9) 4.11(3) 0.96(3)
6.3 x 10° 14.4 8.3 93.3(77.7) 90.0 (75.0) 3.96(4) 0.96(3)
6.3 x 10° 14.0 8.7 90.0 (71.6) 90.0(71.6) 3.95(5) 0.94(4)
6.3 x 10’ 14.3 9.3 90.0 (75.0) 86.7 (68.9) 3.67(6) 0.91(5)
6.3 x 10° 14.4 8.6 83.3 (66.1) 83.3 (66.1) 6.61(7) 0.90(6)
Water (0.05 percent Tween 14.2 8.3 100.0 (90.0) 100 (90.0) 4.47(1) 1.00(2)
80)

P=0.05 0.3 0.8 9.4 (13.8) 9.4 (12.3)

Data in parentheses are angular transformed except for Growth and Success indices which indicate ranking
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Table.4 Developmental behaviour of S. litura when 0-24 h old larvae crowed on castor leaves treated with different spore
Concentrations and topical application of MTCC-984 isolate of B. bassiana

Concentration (spores/ml on Larval period Pupal period Pupation (%) Adult emergence Growth index Success index
castor leaf) (days) (days) (%)

Crawling Method

5.9 x 10° 15.6 7.4 86.7 (68.9) 86.7 (68.9) 3.78(2) 0.95(2)
5.9 x 10* 15.7 7.4 73.3(59.0) 73.3(59.0) 3.17(3) 0.54(3)
5.9 x 10° 16.1 7.4 73.3 (59.0) 70.0 (56.8) 2.98(4) 0.86 (4)
5.9 x 10° 15.8 7.5 66.7 (54.8) 66.7(54.8) 2.86(5) 0.84(5)
5.9 x 10’ 16.2 7.5 63.3 (52.8) 63.3 (52.8) 2.67(6) 0.82(6)
5.9 x 10° 15.7 7.4 26.7 (30.3) 26.7 (30.3) 1.57(7) 0.64(7)
Water (0.05 percent Tween 15.8 7.3 96.7 (83.9) 96.7(83.9) 4.19(1) 1.00(2)
80)

P =0.05 0.5 0.3 13.8 (11.5) 13.2 (11.2)

Topical Application

5.9 x 10° 15.7 7.6 90.0 (71.6) 90.0 (71.6) 3.86(2) 0.94(2)
5.9 x 10 15.8 7.6 83.3 (66.6) 83.3 (66.6) 3.56(3) 0.91(3)
5.9 x 10° 15.8 7.4 73.3(59.2) 73.3(59.2) 3.16(4) 0.87 (4)
5.9 x 10° 15.7 7.6 73.3 (59.0) 73.3(59.0) 3.15(5) 0.86(5)
5.9 x 10’ 15.7 7.6 70.0 (56.8) 70.0 (56.8) 3.00(6) 0.84(6)
5.9 x 10° 16.0 7.7 43.3(41.1) 43.3 (41.1) 1.80(7) 0.70(7)
Water (0.05 percent Tween 15.7 7.4 100.0 (90.0) 100.0(90.0) 4.33(1) 1.00(2)
80)

P =0.05 0.5 0.2 13.8(9.1) 13.8(9.1)

Data in parentheses are angular transformed except for Growth and Success indices which indicate ranking
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Table.5 Developmental behaviour of S. litura when 6 day old larvae crawled on castor leaves treated with different spore

Concentrations and topical application of MTCC-984 isolate of B. bassiana

Concentration (spores/ml on Larval period Pupal period Pupation (%) Adult emergence Growth index Success index
castor leaf) (days) (days) (%)

Crawling Method

6.0 x 10° 15.6 7.7 100.0 (90.0) 100.0 (90.0) 4.29(2) 0.99(2)
6.0 x 10* 15.8 7.6 100.0 (90.0) 100.0 (90.0) 4.27(3) 0.99(2)
6.0 x 10° 15.9 7.7 96.7 (83.9) 96.7 (83.9) 4.10(4) 0.97 (3)
6.0 x 10° 15.9 8.0 96.7 (83.9) 93.3(77.7) 4.05(5) 0.96(4)
6.0 x 10’ 15.9 7.8 86.7 (72.3) 86.7 (72.3) 3.66(6) 0.91(5)
6.0 x 10° 16.0 8.0 70.0 (57.0) 70.0 (57.0) 2.92(7) 0.82(6)
Water (0.05 percent Tween 80) 15.4 7.4 100.0 (90.0) 100.0(90.0) 4.39(1) 1.00(1)
P =0.05 0.5 0.6 11.5 (14.8) 11.5 (14.8)

Topical Application

6.0 x 10° 15.7 7.7 100.0 (90.0) 100.0 (90.0) 4.27(3) 0.99(2)
6.0 x 10* 15.9 7.6 100.0 (90.0) 100.0 (90.0) 4.26(4) 0.99(2)
6.0 x 10° 15.4 7.5 100.0 (90.0) 96.7 (83.9) 4.37(1) 0.99(2)
6.0 x 10° 15.9 7.7 96.7 (83.9) 96.7(83.9) 4.10(5) 0.97(3)
6.0 x 10 15.8 7.8 93.3 (77.7) 93.3 (77.7) 4.00(6) 0.95(4)
6.0 x 10° 16.1 7.8 83.3 (66.1) 83.3 (66.1) 3.49(7) 0.90(5)
Water (0.05 percent Tween 80) 15.6 74 100.0 (90.0) 100.0(90.0) 4.35(2) 1.00(1)
P=0.05 0.5 0.5 6.6 (10.4) 7.6 (12.6)

Data in parentheses are angular transformed except for Growth and Success indices which indicate ranking
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Table.6 Developmental behaviour of S. litura when 0-24 h old larvae crawled castor leaves treated with
Different spore concentrations and topical application of Chikmagalore isolate of B. bassiana

Concentration (spores/ml on Larval period Pupal period Pupation (%) Adult emergence Growth index Success index
castor leaf) (days) (days) (%)

Crawling Method

6.2 x 10° 15.9 7.7 93.3 (77.7) 93.3 (77.7) 3.95(2) 0.98(2)
6.2 x 10* 15.8 7.6 83.3(66.1) 83.3(66.1) 3.56(3) 0.93(3)
6.2 x 10° 16.3 7.8 83.3 (66.1) 83.3 (66.1) 3.46(4) 0.91(5)
6.2 x 10° 14.9 7.3 76.7(61.2) 76.7(61.2) 3.45(5) 0.92(4)
6.2 x 10’ 15.9 8.0 60.0 (50.8) 60.0 (50.8) 2.61(6) 0.89(6)
6.2 x 10° 16.3 7.9 43.3 (41.2) 43.3 (41.2) 1.79(7) 0.70(7)
Water (0.05 percent Tween 155 7.6 96.7(83.9) 96.7(83.9) 4.19(1) 1.00(2)
80)

P =0.05 0.5 0.5 11.5(12.0) 11.5(12.0)

Topical Application

6.2 x 10° 15.5 7.6 90.0 (75.0) 90.0 (75.0) 3.90(2) 0.95(2)
6.2x 10* 15.7 7.7 83.3(66.1) 83.3(66.1) 3.56(3) 0.91(3)
6.2 x 10° 15.7 7.8 83.3(66.1) 83.3(66.1) 3.54(4) 0.91(3)
6.2 x 10° 15.9 7.8 80.0 (67.9) 76.7(65.9) 3.24(6) 0.87(5)
6.2 x 10’ 16.1 7.4 80.0 (63.9) 76.7 (61.2) 3.26(5) 0.89(4)
6.2 x 10° 16.2 7.8 43.3 (41.2) 43.3 (41.2) 1.80(7) 0.70(6)
Water (0.05 percent Tween 15.5 7.6 100.0 (90.0) 100.0(90.0) 4.33(1) 1.00 (1)
80)

P =0.05 0.7 0.4 16.2(17.0) 17.1(17.5)

Data in parentheses are angular transformed except for Growth and Success indices which indicate ranking
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Concentration (spores/ml on Larval period Pupal period Pupation (%) Adult emergence Growth index Success index
castor leaf) (days) (days) (%)

Crawling Method

6.2 x 10° 15.9 7.9 96.7 (83.9) 96.7 (83.9) 4.06(5 0.958(5)
6.2x 10* 15.8 7.6 100.0 (90.0) 96.7 (83.9) 4.27(2) 0.978(2)
6.2 x 10° 16.1 7.6 96.7 (83.9) 96.3 (83.9) 4.08(4) 0.965(3)
6.2 x 10° 15.6 7.9 96.7 (83.9) 96.7(83.9) 4.11(3) 0.963(4)
6.2 x 10’ 15.5 8.0 93.3(77.7) 93.3 (77.7) 3.97(6) 0.944(6)
6.2 x 10° 15.6 7.9 66.7(54.8) 66.7 (54.8) 2.84(7) 0.813(7)
Water (0.05 percent Tween 15.1 7.5 100.0(90.0) 100.0(90.0) 4.42(1) 1.000(2)
80)

P =0.05 0.5 0.6 8.5(14.3) 9.3(15.9)

Topical Application

6.2 x 10° 15.4 7.7 100.0(90.0) 100.0(90.0) 4.33(1) 1.01(2)
6.2x 10* 16.0 7.7 100.0 (90.0) 100.0 (90.0) 4.22(4) 1.00(2)
6.2 x 10° 15.5 7.8 100.0(90.0) 100.0(90.0) 4.29(2) 1.00(2)
6.2 x 10° 15.9 7.8 96.7(83.9) 96.7(83.9) 4.08(5) 1.00(2)
6.2 x 10’ 16.0 7.9 86.7(68.9) 86.7(68.9) 3.63(6) 0.93(3)
6.2 x 10° 15.4 7.8 70.0(56.8) 70.0(56.8) 3.02(7) 0.86(4)
Water (0.05 percent Tween 15.5 7.9 100.0(90.0) 100.0(90.0) 4.27(3) 1.00(2)
80)

P =0.05 0.6 0.8 5.4(7.7) 5.4(7.7)

Data in parentheses are angular transformed except for Growth and Success indices which indicate ranking
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Table.8 Developmental behaviour of S. litura when 0-24 h old larvae crawled on castor for leaves treated with different spore
Concentrations and topical application of Delhi isolate of B. bassiana

Concentration (spores/ml on Larval period Pupal period Pupation (%) Adult emergence Growth index Success index
castor leaf) (days) (days) (%)

Crawling Method

5.9 x 10° 15.3 10.2 96.7 (83.9) 96.7 (83.9) 3.79(2) 0.97(2)
5.9 x 10* 15.7 9.9 93.3(77.7) 93.3(77.7) 3.65(3) 0.96(3)
5.9 x 10° 15.3 9.4 86.7(68.9) 86.7 (68.9) 3.50(4) 0.94(4)
5.9 x 10° 15.6 9.8 80.0(63.9) 76.7(61.2) 3.02(5) 0.89(5)
5.9 x 10’ 15.5 10.4 66.7(54.8) 63.3(52.8) 2.46(6) 0.81(6)
5.9 x 10° 16.0 9.9 33.3(35.2) 33.3(35.2) 1.29(7) 0.65(7)
Water (0.05 percent Tween 15.3 9.7 100.0(90.0) 100.0(90.0) 4.00(2) 1.00(1)
80)

P =0.05 0.9 1.1 10.8 (12.0) 9.4(11.2)

Topical Application

5.9 x 10° 15.5 10.3 90.0 (75.0) 90.0 (75.0) 3.28(2) 0.95(3)
5.9 x 10 15.4 9.7 90.0 (75.0) 90.0 (75.0) 3.58(3) 0.97(2)
5.9 x 10° 16.0 10.2 80.0(63.9) 80.0 (63.9) 3.05(4) 0.90(4)
5.9 x 10° 15.2 9.7 66.7(54.8) 66.7(54.8) 2.68(5) 0.86(5)
5.9 x 10’ 16.2 10.5 66.7(54.8) 66.7(54.8) 2.48(6) 0.82(6)
5.9 x 10° 15.4 10.3 53.3(46.9) 53.3(46.9) 2.05(7) 0.77(7)
Water (0.05 percent Tween 15.2 10.6 100.0(90.0) 100.0(90.0) 3.86(1) 1.00(2)
80)

P =0.05 0.7 1.0 14.8 (14.7) 14.8(14.7)

Data in parentheses are angular transformed except for Growth and Success indices which indicate ranking
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Table.9 Developmental behaviour of S. litura when 6 day old larvae crawled on castor for leaves treated with different spore
Concentrations of Delhi isolate of B. bassiana

Concentration (spores/ml on Larval period Pupal period Pupation (%) Adult emergence Growth index Success index
castor leaf) (days) (days) (%)

Crawling Method

5.9 x 10° 14.2 8.3 100.0 (90.0) 100.0 (90.0) 4.43(2) 0.99(2)
5.9 x 10 14.3 8.6 100.0 (90.0) 100.0 (90.0) 4.40(3) 0.98(3)
5.9 x 10° 14.3 8.4 96.7(83.9) 96.7 (83.9) 4.25(4) 0.95(5)
5.9 x 10° 14.3 7.9 93.3(77.9) 93.3(77.9) 4.00(5) 0.96(4)
5.9 x 10’ 14.3 8.5 93.3(81.1) 90.0(81.1) 3.94(6) 0.94(6)
5.9 x 10° 14.4 8.4 86.7(68.9) 86.7(68.9) 3.80(7) 0.91(7)
Water (0.05 percent Tween 80) 14.4 7.7 100.0(90.0) 100.0(90.0) 4.52(1) 1.00(2)
P =0.05 0.4 0.9 10.1 (14.6) 10.1(14.6)

Topical Application

5.9 x 10° 14.6 8.8 100.0 (90.0) 100.0 (90.0) 4.27(4) 0.99(4)
5.9 x 10 14.3 8.0 100.0 (90.0) 100.0 (90.0) 4.45(1) 1.01(2)
5.9 x 10° 14.2 8.4 100.07(90.0) 100.0 (90.0) 4.43(2) 1.02(2)
5.9 x 10° 14.1 8.0 93.3(77.7) 93.3(77.7) 4.22(5) 1.02(2)
5.9 x 10’ 14.2 8.5 93.3(77.7) 90.0(74.9) 3.98(6) 0.98(5)
5.9 x 10° 14.7 8.5 86.7(68.9) 86.7(68.9) 3.74(7) 0.93(6)
Water (0.05 percent Tween 14.6 8.3 100.0(90.0) 100.0(90.0) 4.39(3) 1.00(3)
80)

P =0.05 0.3 0.8 6.6 (10.4) 8.5(11.9)

Data in parentheses are angular transformed except for Growth and Success indices which indicate ranking
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Chikmagalore isolate

A gradual decrease in larval survival with
increase  in spore  concentration  of
Chikmagalore isolate was recorded by
crawling method on neonate larvae of S.
litura (Figure 5).

Larval and pupal periods were somewhat
similar in all test concentrations but pupation
and adult emergence were significantly lower
at 6.2 x 10® spores per ml (Table 6).

Figure 6 reveals that Chikmagalore isolate
effectively reduced the survival of neonate
larvae upto 46.7 percent when 6.2 x 10°
spores per ml were applied topically. In rest
of the concentrations survival ranged from
80.0 to 93.3 percent. This isolate also failed to
show any adverse effect on developmental
period of S. litura when topically applied on
neonate larvae (Table 6).

Pupation and adult emergence were 43.3
percent at 6.2 x 10° spores per ml, while in
other concentrations adult emergence ranged
from 76.7 to 90.0 percent while in control 100
percent pupation and adult emergence were
recorded.

Test with 6 day old larvae of S. litura when
sprayed with 6.2 x 108 spores per ml topically
or when allowed to crawl on treated leaves
with above concentration of spores resulted in
a marked reduction in larval survival. Pupal
periods were not affected by this isolate by
both methods of applications (Table 7). Adult
emergence ranged from 66.7 to 96.7 percent by
crawling method while it was 70.0 to 100
percent by topical application. However,
Growth index were 2.84 to 3.97 and 3.02 t03.63
while Success index were 0.86 to 0.93 and 0.86
t0 0.93 at 6.2 x 10" and 6.2 x 10° spores per ml
when both the methods of application were used
indicating poor performance of this isolate
(Table 7).

Delhi isolate

Figure 7 reveals that larval survival decreased
with increase in concentration of spores from
5.9 x 10% to 5.9 x 10’ spores per ml of Delhi
isolate. However, a sudden fall in survival
was observed at 5.9 x 10° spores per ml
applied by crawling method on neonate larvae
of S. litura. Pupation and adult emergence
were 33.3 percent at 5.9 x 10® spores per mli
(Table 8) Growth and Success indices were
2.05 and 0.77, respectively, when this level of
spores were applied on insects.

Mortality of neonate larvae started 2 days
after topical application of Delhi isolate and
progressed upto 10 days (Figure 8). Adult
emergence ranged from 53.3 to 90.0 percent
at 5.9 x10° to 5.9 x 10° spores per ml of Delhi
isolate applied topically on neonate larvae
(Table 8).

Application of 5.9 x 10® spores per ml of
Delhi isolate on 6 days old larvae by two
methods revealed less effect as reduction of
larval survival was 13.3 percent. This isolate
failed to show any adverse effect on larval
and pupal periods by either methods of
application (Table 9). Pupation and adult
emergence were also not affected by this
isolate. Similar response was also recorded on
Growth and Success indices. Ndoye (1977)
reported 30 to 75 percent larval mortality of
C. suppressalis by different isolates of B.
bassiana. However, 77.5 to 87.5 percent
mortality was recorded on third instar larvae
of E. ello by B.b 9601 isolate of this fungus
(Munera et al., 1999).

Therefore, it is apparent that B. bassiana did
not affect the developmental period when
neonate and 6 day old larvae were sprayed
with spores either directly on insects or by
allowing the larvae to crawl over the sprayed
castor leaves. However, application of 10° to
10® spores per ml of all isolates of B. bassiana
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on neonate larvae by both methods of
application indicated a decrease in larval
survival and, percent pupation and adult
emergence. On the other hand larval survival
of 6 day old larvae was low when 10° spores
per ml for all isolates were applied by both
methods. Therefore, it is suggested that B.
bassiana spores should be used on the
neonate larvae of S. litura for achieving an
effective control of this pest.
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