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Abstract: Entomopathogenic potential of nineteen Bacillius thuringiensisstrains were evaluated against neonate larvae of S. 
frugiperda.KKM 2 and KKM 14 were caused above 60% mortality. KKM 5, KKM 17 and KKM 18 were showed lowest per 

cent mortality (16.67%). Silkworms were highly susceptible to the selected B. thuringiensis isolates. Screened B. 

thuringiensisstrains did not cause any adverse effects on beneficial organisms viz., honey bees and Trichogramma chilonis. 
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INTRODUCTION 

 

ndiscriminate use of chemical insecticides leads to 

the development of resistance in agricultural pests 

and vectors of human diseases (Georghiou, 1990). 

It also pollutes the environment and cause adverse 

effects on non-targeted beneficial organisms, human 

and animal health. For this reason, biocontrol agents 

are used over the synthetic insecticides for 

controlling insect pests in agriculture. Among 

biocontrol agents, B. thuringiensis has been 

successfully used as microbial pesticide due to its 

specific activity and ecofriendly nature.   

FAO reported that, 20 to 40% of yield loss is caused 

by the attack of insect pests and pathogenic 

organisms (Zhou et al., 2002). Most of the damaging 

pests belong to Lepidoptera (Pimentel 2009). 

Lepidopteran pests causing major economic damage 

are Helicoverpa armigera Hubner on vegetables and 

pulses, Spodoptera litura Fab. on vegetables, cotton 

and oilseeds, Pieris brassicae L. on crucifers, 

Maruca vitrata on pulses particularly in pigeonpea 

and cowpea (Rathee, 2018 ). Recently Spodoptera 

frugiperda has been reported in India as an invasive 

pest. The fall armyworm (S . frug iperda ) is  a  

major pes t  o f maize, cotton, and rice, sorghum, 

sugarcane and it attacks more than 80 plant species. 

Smith  and  Abbot  reported  that  fall 

armyworm (S . frug iperda ) is  an  important 

pest of maize in America. In India, S. frugiperda (J. E. 

Smith) is recently reported in Karnataka, Tamil Nadu 

and Telangana infesting maize crop 

(Kalleshwaraswamy et al., 2018). S. frugiperda feed 

on maize cob or kernel and it reduced the grain yield 

of maize upto 34%. Curren t ly , synthetic 

insecticides such as methomyl, carbaryl, and 

cypermethrin are being used against S. frugiperda 

which adversely affect the environment and non-

targeted organisms. But, it has developed resistance 

to both insecticides and Bt toxins (Flagel et al., 

2018).To combat these problems, there is a need to 

isolate native strains of B. thuringiensis with 

insecticidal activity.  

 

MATERIALS AND METHODS 

 
Bacillus thuringiensis strains 

Nineteen new B. thuringiensis strains isolated from 

the native soil of Tirunelveli and Tuticorin 

districtsand identified based on the crystal 

morphology were used for the present study. The 

reference strain Bt-HD1was used for the present 

study which was obtained from Department of Plant 

Biotechnology, Centre for Plant Molecular Biology 

and Biotechnology (CPMB & B), Tamil Nadu 

Agricultural University, Coimbatore. 
Mass culturing of Spodoptera frugiperda (J.E. 

Smith) 

Different stages of S. frugiperda larvaewere collected 

from maize field at Agricultural College and 

I 

Journal of 

 
Plant Development Sciences 

Meerut, India 

mailto:allwin.dr@gmail.com


90 SUVATHI B, ALLWIN L, MANIVANNAN. MI AND M . PARAMASIVAN 

Research Institute, Killikulam and cultured on semi 

synthetic diet (CIMMYT diet) (Table 1). The culture 

was maintained at 25±1°C with 75±5 % relative 

humidity (Prasanna et al., 2018). The different 

instars of S. frugiperda from laboratory culture were 

used for conducting bioassays against different B. 

thuringiensis strains (Plate 1). 

 

Table 1. Ingredients for the preparation of semisynthetic diet for S. frugiperda 

Ingredients Quantity (g or ml/ Litre) 

Fraction A 

Maize leaf powder 25.2 g 

Common bean powder 88.4 g 

Brewer’s yeast 22.7 g 

Ascorbic acid 2.5 g 

Sorbic acid 1.3 g 

Mehthyl-p-hydroxyhenzoate 2.0 g 

Vitamin E capsules (200 iu)  2.1 g 

Sucrose 35.3 g 

Distilled water 403.1 ml 

Fraction B 

Agar 12.6 mg 

Distilled water 403.1 ml 

Fraction C 

Formaldehyde 40% 2.0 ml 

 

All the dry ingredients were mixed thoroughly and 

then boiled water was added into it. Before adding 

methyl-p-hydroxybenzoate into the mixture, it was 

dissolved in 20 ml of absolute ethanol. Entire amount 

agar from Fraction B was boiled with distilled water 

and then poured into the prepared mixture. And 

finally 40% formaldehyde was added and it was 

mixed thoroughly for 3 minutes. Then prepared diet 

was poured into sterilized vials and allowed to 

solidify. 

Rearing procedure 

A newly hatched first instar larva was introduced 

into sterilized glass vial along with diet. Then glass 

vial was tightly closed with a sterilized cotton wool 

plug, which provided an exchange of air. Before 

pupation, diet was not allowed to dry. For mass 

larval development, 25 to 50 vials (one larva/vial) 

were needed. Individual vials were used to avoid 

cannibalism.  To maintain the pathogen free insect 

culture larvae were inspected regularly.  

Adult emergence  

Pupated larvae were taken from capsule vial and 

placed on a circular piece of blotting paper in the 

Petridish (100 pupae/ Petridish). The emerged adults 

were collected carefully and introduced into mating 

cum oviposition cage.  

Mating cum oviposition cage  

Collected adults were released into an oviposition 

cage which was enclosed with wax coated paper. 

Cotton wool pads were soaked in 10 % sucrose 

solution and placed in a Petri dish. Two Petri dishes 

were placed inside the oviposition cage to provide 

food for the ovipositing adults. Deposited eggs were 

collected daily and kept in plastic containers for 

incubation and hatching. 

Egg incubation 

The eggs were incubated at 25±1°C with 75±5% 

relative humidity in the laboratory.  It was hatched 

within 4 to 6 days. After hatching, larvae were 

transferred into capsule vials containing diet.  

Bioassay 

Leaf disc method 

Preliminary bioassays were carried out to screen the 

virulent strains of isolated B. thuringiensis.Young 

maize leaves were collected freshly from the 

greenhouse, thoroughly washed with distilled water, 

dried and cut into rectangular leaf discs 

(approximately 2x1 cm). Each leaf disc was surface 

coated with 20 μl of crude spore-crystal mixture and 

allowed to dry in laminar air flow chamber. Ten 

neonate larvae were released on the leaf disc using 

camel hair brush without any physical injury. The 

leaf disc was placed in a Petridisc with a diameter of 

9 cm. One larva was released per leaf disc. Ten 

larvae were used per replication and three 

replications were maintained for each treatment. Bt-

HD1 strain was used as a positive control. Larval 

mortality was observed periodically upto seven days. 

Per cent mortality in the treatments was corrected by 

using Abbott's (1925) formula. 

 

Per cent mortality =  

    Number of dead larvae    x 100 

Number of larvae introduced 
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Safety of B. thuringiensis strains against non-

target organisms 

Isolated native strains weretested against non-target 

organisms like silkworms, honey bees and egg 

parasitoid, T. chilonis to check the biosafety of B. 

thuringiensis strains. 
Mulberry Silkworm, Bombyx mori 

Isolated strains and reference strain  Bt-HD1 were 

used for bioassay on fourth instar larvae of silkworm. 

Mulberry leaf smeared with 2.5 µl of distilled water 

and after air drying leaves were coated with 2.5 µl 

suspension spore crystal mixtures of different B. 

thuringiensisstrains and then leaves were air dried. 

Fourth instar larvae were fed with treated mulberry 

leaves. Ten larvae were used for a replication and 

three replications per treatment were maintained. 

Observations were recorded at 12 hours interval upto 

72 hours. 
Honey bees, Apis cerana indica 

Bioassays were conducted against newly emerged 

adults of Apis cerana indica to find out the efficacy 

of isolated B. thuringiensis. Adults were fed with 

sugar syrup which was contaminated with 20 µl 

spore crystal mixtures of different B. thuringiensis 

strains. Young workers were released into a Petri 

dish along with cotton wool pads which dipped in 

50% sugar syrup contaminated with suspensions of 

isolated strains. Ten adults per replication and three 

replications per treatment were maintained and 

observations were recorded at 12 hours interval upto 

72 hours. 
Egg parasitoid, Trichogramma chilonis 

Eggs of Corcyra cephalonica were pasted on the egg 

card @ 100/card. For parasitisation, eggs of T. 

chilonis were transferred to each egg card by using 

camel hair brush. 20 µl suspensions of different B. 

thuringiensis strain were sprayed on the egg card and 

allowed to air dry. Three replications per treatment 

along with untreated control were maintained and 

observations were recorded based on the emergence 

of adults from parasitized cards. 

Statistical analysis 

The data on concentration mortality by different 

strains was subjected to ANOVA analysis. Per cent 

mortality in the treatments was corrected by using 

Abbott’s (1925) formula. Mean values of different 

treatments were separated by least significant 

difference (LSD) using AGRES ver. (7.01) (Gomez 

and Gomez, 1984). 

 

RESULTS 

 
Entomopathogenic potential of B. thuringiensis 

strains against S. frugiperda 

Entomopathogenic potential of nineteen strains was 

found by conducting preliminary bioassay against 

neonate larvae of S. frugiperda. 20 µl of Crude 

crystal protein was coated on the maize leaf disc 

which was fed up by neonate larvae. Among nineteen 

isolates, KKM 14 (62.33%), KKM 2 (60.67%), 

KKM 4 (58.67%) and KKM 7 (56.67%) strains were 

on par with each other with highest per cent 

mortality. The per cent mortality recorded by B. 

thuringienis strains was inferior to reference strain 

Bt-HD1 (90.00%). KKM 5, KKM 17 and KKM 18 

isolates were on par with each other which showed 

lowest per cent mortality (16.67%) (Table 2, Plate 2). 
Safety of B. thuringiensis strains against beneficial 

organisms 

PCR positive nineteen B. thuringiensisisolates and 

reference strain Bt-HD1 were tested against non-

targeted beneficial organisms to evaluate safety 

nature of the isolates. 
Mulberry Silkworm, Bombyx mori 

Different isolates of B. thuringiensis and reference 

strain Bt-HD1 were tested against fourth instar larvae 

of B. mori. Per cent mortality of the isolates was 

presented in Table 3. The isolate KKM 14 recorded 

83.3% mortality followed by KKM 2 (76.67 %). The 

isolate KKM 3 recorded 36.67 per cent mortality. 

The mortality recorded by the reference strain was 

93.33 %. 
Honey bees, Apis cerana indica 

Different B. thuringiensis isolates were tested against 

honeybees. There was no significant difference 

between the isolates. Reference strain Bt-HD1 

recorded 6.00 per cent mortality (Table 4). 
Egg parasitoid, Trichogramma chilonis 

Different isolates of B. thuringiensis and also 

reference strain Bt-HD1 were sprayed on Corcyra 

eggs which were allowed to parasitize by T. chilonis.  

KKM 4 (86.00 %) and KKM 11 (84.00 %) showed 

highest per cent emergence of T. chilonis and 

reference strain Bt-HD1 showed 95.00 % emergence 

(Table 5). 

 

DISCUSSION 

 

S. frugiperda has been reported as a serious invasive 

pest in India and 9.0 to 62.5 % of incidence was 

observed (Kalleshwaraswamy et al., 2018). PCR 

screened Bt isolates were selected for preliminary 

bioassay against S. frugiperda and insecticidal 

activity of these isolates were also assessed (Fig. 1). 

Several authors studied the susceptibility of S. 

frugiperda for different B. thuringiensisstrains 

(Bernardi et al., 2016 and Burtet et al., 2017). The 

results of the present investigation revealed that 

KKM 14 (62.33%) and KKM 2 (60.6%) were caused 

more than 60 per cent mortality whereas KKM 5, 

KKM 17 and KKM 18 were shown lowest per cent 

mortality (16.67%). Bohorova et al. (1997) studied 

the performance of cry1gene on S. frugiperda larvae 

and found that cry1D and cry1F gene had highest 

insecticidal activitiy. Jara et al. (2006) reported that 

sixty-five per cent of the isolates obtained from 

phylloplane and twelve per cent of the isolates from 

soil which were showed toxicity towards S. 

frugiperda. Monnerat et al. (2006) reported that 

susceptibility of S. frugiperda populations differs 
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with the different B. thuringiensis strains. CIBCM-

166, S811, IB412, and LBIT27 and 147-5501 were 

the most toxic strains against S. frugiperda.  

dos Santos et al. (2009) have screened seven B. 

thuringiensis strains out of 100 strains which showed 

above 70% mortality against S. eridania, S. 

cosmioides and S. frugiperda. BR9, BR37, BR45 

S608 and S1905 were showed toxicity towards S. 

frugiperda. Cerqueira et al., 2016 reported that four 

strains(SUFT01, SUFT02,SUFT03 and SUFT04) out 

of 52 B. thuringiensis strains were showed highest 

(more than 80%) toxicity against S. frugiperda. 

Among four strains, SUFT01 had highest toxicity 

with an LC50 of 44.5 ng / cm
2
. del Valle Loto et al. 

(2019) studied the efficacy of native Bt RT, Btk  HD1 

on third instar larvae of S. frugiperda biotypes and 

native Bt RT strain showed higher toxicity on S. 

frugiperda.  

Different B. thuringiensis isolates and reference 

strain Bt-HD1 were tested against the fourth instar 

larvae of B. mori. The isolate KKM 14 recorded 

83.3% mortality followed by KKM 2 (76.67%). The 

isolate KKM 3 recorded lowest 36.67 per cent 

mortality. The mortality recorded by the reference 

strain was 93.33% (Fig. 2). Similar results also 

reported by Ihran et al. (1993) and Saha (1994). 

Nethravathi et al. (2010) reported that two B. 

thuringiensisstrains (1620b and 1598d) out of 35 

strains strain showed highest mortality i.e., 93.33 and 

90.00 per cent, respectively. Niu Lin et al. (2013) 

tested the effect of pollen from Bt cotton cultivars 

against B. mori larvae and observed no lethal effect 

in the survival and development. Rai et al. (2015) 

reported that commercial formulations of B. 

thuringiensis showed highest toxicity (95%) in third 

instar larvae and lowest toxicity in second instar of 

B. mori.  

Safety of newly emerged adults of Apis cerana 

indicawas evaluated by treating different isolates of 

B. thuringiensis with sugar syrup.  There was no 

significant difference between the isolates. Reference 

strain Bt-HD1 recorded 6.00 per cent mortality. 

Mommaerts  et al., (2010) reported thatB. 

thuringiensissubsp. aizawai and 

kurstakiformulationssprayed on bumble bees and 

treated with pollen. They found that no siginificant 

difference was observed in population and 

reproduction capacity. Dai et al. (2012) reported the 

effects of Cry1Ah toxin on A. mellifera, A. ligustica 

and A. cerana cerana and found that it was not 

caused any harmful effects. Similar kinds of results 

were obtained by several authors (Malone et al., 

1999; Malone and Pham-Delègue 2001; Ramirez-

Romero et al., 2005; Rose et al., 2007; Duan et al., 

2008) in their studies. 

Salord et al. (2014) tested the effects of B. 

thuringiensis subsp. kurstaki on honey bees by aerial 

application. The results showed that colony 

performance and brood development of honeybees 

was not affected. Durso et al. (2016) reported that 

workers of Apis mellifera were exposed to Bt based 

biopesticides and observed the changes occurred in 

midgut of honeybees. They found that lesser 

concentration of Bt based biopesticides were not 

harmful to honeybees. Jia et al. (2017) studied the 

effect of different concentrations of Cry1Ie toxin on 

Apis cerana cerana and they did not found any 

effect. 

Different isolates of B. thuringiensis and also 

reference strain Bt-HD1 were sprayed on Corcyra 

eggs which were allowed to parasitize by T. chilonis. 

The per cent emergence of T. chilonis from Bt treated 

Corcyra eggs were determined for the safety of T. 

chilonis. KKM 4 (86.00%) and KKM 11 (84.00%) 

showed highest per cent emergence of T. chilonis and 

reference strain Bt-HD1 showed 95.00% emergence 

(Fig. 3 ). Azizoglu et al. (2015) found the effect of B. 

thuringiensis var kurstaki HD1 on female egg 

parasitoid T. evanescens Westwood and it did not 

cause any effect on parasitism and longevity of T. 

evanescens adults. They suggested that it can be used 

together for pest management. Nascimento et al. 

(2018) reported that Bt suspensions sprayed on the 

eggs of H. zea did not affect the parasitism of T. 

pretiosumRiley. Thilagam (2003) tested the bio-

safety of the formulations of B. thuringiensis subsp. 

kurstaki at different doses on the predator, C. carnea 

and recorded no adverse effects on its biology and 

also observed no harmful effects at lower doses on 

the parasitoid, T. chilonis regarding parasitisation, 

parasitoid emergence and adult longevity.Oluwafemi 

et al. (2009) studied the combined effects of B. 

thuringiensis. 

 

Table 1. Per cent mortality caused by B. thuringiensisstrains against neonate larvae of S. frugiperda 

S.No. Strains Per cent Mortality 

1 KKM 1 33.33 

(35.22)
def 

2 KKM 2 60.67 

(51.16)
b 

3 KKM 3 26.67 

(31.00)
fgh 

4 KKM 4 58.67 

(50.00)
b 

5 KKM 5 16.67 

(23.86)
i 

https://www.sciencedirect.com/science/article/pii/S1049964409000863#!
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6 KKM 6 36.67 

(37.22)
de 

7 KKM 7 56.67 

(48.83)
b 

8 KKM 8 20.00 

(26.57)
hi 

9 KKM 9 23.33 

(28.78)
ghi 

10 KKM 10 30.00 

(33.21)
efg 

11 KKM 11 43.33 

(41.15)
c 

12 KKM 12 33.33 

(35.22)
def 

13 KKM 13 40.00 

(39.23)
cd 

14 KKM 14 62.33 

(52.15)
b 

15 KKM 15 33.33 

(35.22)
def 

16 KKM 16 23.33 

(28.78)
ghi 

17 KKM 17 16.67 

(23.86)
i 

18 KKM 18 16.67 

(23.86)
i 

19 KKM 19 43.33 

(41.15)
c 

20 HD-1 90.00 

(71.57)
a 

21 Control 0.00 

(1.65)
j
 

SEd = 2.46    CD(.05) = 4.97    

*Mean of three replications;  

Means in parentheses are arc sine transformed values. In a column, means superscripted with common alphabets 

are not significantly different by LSD (p˂  0.05)  

 

Table 2. Senstivity of different strains of B. thuringiensis to fourth instar larvae of B. mori 

S.No. Isolates Per cent Mortality 

1 KKM 1 60.00 

(50.85)
def 

2 KKM 2 76.67 

(61.22)
bc 

3 KKM 3 36.67 

(37.22)
h 

4 KKM 4 66.67 

(54.78)
cde 

5 KKM 5 43.33 

(41.15)
h 

6 KKM 6 56.67 

(48.85)
efg 

7 KKM 7 70.00 

(57.00)
cde 

8 KKM 8 40.00 

(39.15)
h 

9 KKM 9 56.67 

(48.93)
efg 

10 KKM 10 63.33 

(52.78)
cdef 

11 KKM 11 73.33 
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(59.00)
bcd 

12 KKM 12 70.00 

(56.79)
cde 

13 KKM 13 63.33 

(53.07)
cdef 

14 KKM 14 83.33 

(66.14)
b 

15 KKM 15 56.67 

(48.85)
efg 

16 KKM 16 50.00 

(45.00)
fgh 

17 KKM 17 50.00 

(45.00)
fgh 

18 KKM 18 43.33 

(41.15)
gh 

19 KKM 19 70.00 

(56.79)
cde 

20 HD-1 93.33 

(77.71)
a 

21 Control 0.00 

(1.65)
i 

SEd = 4.1771    CD(.05)=    8.4424     

*Mean of three replications 

Means in parentheses are arc sine transformed values  

 

Table 3. Safety of different strains of B. thuringienis to Apis cerana indica 

S.No. Isolates Per cent Mortality 

   

1 KKM 1 3.33 

(6.14)
 

2 KKM 2 6.67 

(12.29)
 

3 KKM 3 3.33 

(6.14)
 

4 KKM 4 6.67 

(12.29)
 

5 KKM 5 3.33 

(6.14)
 

6 KKM 6 3.33 

(6.14)
 

7 KKM 7 3.33 

(6.14)
 

8 KKM 8 6.67 

(12.29)
 

9 KKM 9 3.33 

(6.14)
 

10 KKM 10 3.33 

(6.14)
 

11 KKM 11 3.33 

(6.14)
 

12 KKM 12 3.33 

(6.14)
 

13 KKM 13 3.33 

(6.14)
 

14 KKM 14 3.33 

(6.14)
 

15 KKM 15 3.33 

(6.14)
 

16 KKM 16 3.33 

(6.14)
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17 KKM 17 3.33 

(6.14)
 

18 KKM 18 3.33 

(6.14)
 

19 KKM 19 3.33 

(6.14)
 

20 HD-1 3.33 

(6.14)
 

21 Control 0.00 

(1.65) 

 

Table 4. Safety of different strains of B. thuringienisto T. chilonis  

S.No. Isolates Emergence Per cent  

1 KKM 1 74.67 

(59.83)
abcd 

2 KKM 2 82.67 

 (65.43)
g 

3 KKM 3 72.00 

 (58.05)
g 

4 KKM 4 86.00 

(68.04)
abcde 

5 KKM 5 79.00 

 (62.75)
bcdef 

6 KKM 6 78.67 

 (62.53)
abcd 

7 KKM 7 83.33 

 (66.02)
abcd 

8 KKM 8 78.00 

(62.03)
def 

9 KKM 9 71.00 

 (57.42)
abc 

10 KKM 10 77.00 

 (61.35)
abcd 

11 KKM 11 84.00 

(66.50)
fg 

12 KKM 12 73.67 

(59.13)
abcd 

13 KKM 13 77.33 

 (61.60)
bcde 

14 KKM 14 82.67 

 (65.41)
ab 

15 KKM 15 77.00 

 (61.35)
abcd 

16 KKM 16 78.00 

 (62.03)
def 

17 KKM 17 78.00 

 (62.03)
abcd 

18 KKM 18 79.67 

(62.03)
cdef 

19 KKM 19 74.33 

 (59.57)
abcde 

20 

 

21 

HD-1 

 

Untreated Control 

86.00 

 (68.05)
bcde 

95.00 

(77.08)
a 

SEd = 5.08    CD (.05) =   10. 25     

*Mean of three replications 

Means in parentheses are arc sine transformed values  

In a column, means superscripted with common alphabets are not significantly different by LSD 
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Plate 1. Mass rearing of S. frugiperda 

 

 

    
 

Plate 2. Preliminary bioassay against S. frugiperda 
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Figure 1. Per cent mortality caused by B. thuringiensis strains against neonate larvae of S. frugiperda 

 

 

 
 

Figure 2. Sensitivity of fourth instar larvae of B. mori to different strains of B. thuringiensis 
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Figure 3. Per cent emergence of T. chilonis 
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