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Abstract Soil samples were collected from different rice

fields of Singur, Hooghly, West Bengal, India. Spore

forming bacteria were isolated from the soil samples and

among them, two isolates (BUSNC25 and BUSNC26) were

larvicidal against third, fourth and fifth instar larvae of rice

leaf folder, Cnaphalocrocis medinalis. The phenotypic,

biochemical characterization and 16S rDNA analysis of the

two isolates were done. On the basis of phenotypic, bio-

chemical and phylogenetic analysis, the selected bacterial

isolates (BUSNC25 and BUSNC26) were identified as

Bacillus thuringiensis. The antibiotic sensitivity tests of

these two isolates against selected doses of some standard

antibiotics were done. Against the 3rd, 4th and 5th instar

larvae of C. medinalis, the LC50 values of BUSNC25 were

2.45 9 104, 1.325 9 104 and 2.35 9 104 cfu/ml and of

BUSNC26 were 3.375 9 104, 1.9 9 104 and 3.325 9 104

cfu/ml, respectively.

Keywords Cnaphalocrocis medinalis � 16S rDNA

analysis � Bacillus thuringiensis � Antibiotic sensitivity �
LC50

Introduction

Rice is the staple food of more than one-third population of

the earth (Zhang et al. 2013) and is seriously attacked by

different insect pests causing huge economical loss to

many rice growing countries. Annually, worldwide pest

accounted rice loss is more than 5 % of the total produc-

tion. And in India, grain yield loss of rice due to insect pest

is almost 21–51 % varying from area to area depending on

the variation in the agro climatic condition (Kalode et al.

1995). There are more than 100 species of insects, known

to attack rice crop and among them the rice leaf folder

(RLF), Cnaphalocrocis medinalis (Guenee) is an important

one. The rice leaffolder, considered as a sporadic insect

pest of rice is widely distributed in rice growing areas in

Asia and Oceania, Northeast Australia and Madagascar.

The leaffolder was previously considered as a minor pest of

rice until recently increasing in importance in areas where

modern high yielding varieties were grown (Bautista et al.

1984). In India and almost all over the world, synthetic

insecticides are still the primary way to control leaffolder

menace. Indiscriminate use of synthetic pesticides has

resulted in damage to the environment, pest resurgence,

pest resistance to insecticides, and lethal effects on non

target organisms. Biopesticides, either botanically derived

insecticides or microbial pesticides are inherently less

harmful than conventional pesticides. They are clearly and

mostly target specific in contrast to broad spectrum con-

ventional chemical pesticides and are often quickly

biodegradable and thus ecologically acceptable (Weinzierl

and Henn 1991; Senthil and Kalaivani 2005). It is evident

that biopesticides can play an important role either as

principal or as supplementary system in the control of

agricultural pest (Ramarethinam 2002). The common trend

in the past two decades toward using biopesticides for
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controlling agricultural pests has made Bacillus

thuringiensis a worldwide desirable alternative of chemical

pesticide (Gill et al. 1992). Singur is an important crop

production area in Hooghly district of West Bengal. The

aim of the present piece of work is to study on the

microbial diversity and functionality of the agricultural

soils and entomopathogens to understand soil health con-

ditions and to select potent microbial pathogens to augment

soil nutritional status or develop broad spectrum bio-con-

trol agents and to select most effective indigenous Bt

against serious rice pests for the development of cost

effective, environment friendly and safe control of the

pests.

Materials and Methods

Soil Collection

The soil sampleswere collected from rice fields of six different

village areas adjoining to Singur, Hooghly, West Bengal.

[Anandanagar (22�51027.5800, 88�16004.9400E), Apurbapur

(22�48022.0000N, 88�14008.5200E), Bajemelia (22�50028.5200N,
88�12053.2700E), Beraberi (22�51050.1500N, 88�12050.4700E),
Gopalnagar (22�45037.6100N, 87�51027.7300E), Ratanpur

(22�49012.4600N, 88�13058.3100E), Environmental temperature

27 ± 1 �C]. The top most soil (1 cm) was scrapped off and

then about 100 g soils (pH 6.9–7.1) from each area were col-

lected in sterile polythene bags sealed with rubber bands.

Isolation of Bacteria

A portion of soil was blotted to optimum dryness within the

sterile filter papers. One g soil was suspended in 9 ml

sterile water and diluted serially up to 10-3 level. A 100 ll
portion was mixed with 100 ml nutrient agar (NA) (g/l:

peptone 5, beef extract 3, agar 2, pH 7), distributed in five

plates and incubated at 30 ± 0.1 �C in the BOD incubator

for 24 h. The colonies were checked under a phase-contrast

microscope and those having spores were purified on NA

plates and the pure cultures were maintained at 4 ± 0.1 �C
on NA slants.

Characterization of Bacterial Isolate

Morphological, physiological and biochemical characters

of the bacteria were studied following standard methods

(Collee and Miles 1989; Smibert and Krieg 1995; Lacey

1997; Logan and de Vos 2009). Antibiotic sensitivity was

tested using different antibiotic discs viz. kanamycin

(30 lg/disc), nalidixic acid (30 lg/disc), rifampicin (5 lg/
disc), doxycycline (30 lg/disc), gatifloxacin (10 lg/disc),

vancomycin (30 lg/disc), gentamycin (10 lg/disc), ampi-

cillin (10 lg/disc), ofloxacin (5 lg/disc), levofloxacin

(5 lg/disc), streptomycin (10 lg/disc) following Brown

(2004). The bacterium was phenotype according to Logan

and de Vos (2009).

Scanning Electron Microscopy of Bacterial Isolate

Bacteria were grown for 3 days on NA plates, smears were

prepared on cover glasses, heat fixed over a flame for 1–2 s

followed by 2.5 % glutaraldehyde (aqueous) for 45 min.

The slides were then dehydrated passing through 50, 70, 90

and 100 % alcohol for 5 min each. The specimens were

gold coated and observed under a SEM (Hitachi-S-530).

Extraction and Electrophoresis of Genomic DNA

Genomic DNA from the bacteria was isolated following

standard method (Wilson 2001). The organisms were grown

for 6–8 h at 30 ± 0.1 �C in 2 ml of nutrient broth (NB).

The cultures were centrifuged at 10,000 rpm for 10 min at

4 ± 0.1 �C; pellet was washed with 8.5 % (w/v) NaCl

solution followed by sterile water, the supernatant was

discarded and the pellet was suspended in 576 ll TE buffer

(10 mM Tris–HCl, 1 mM EDTA, pH 8.0) by repeated

pipetting. To it, 30 ll of 10 % SDS and 3 ll of proteinase K
(20 mg/ml in 0.5 % SDS) were mixed and incubated for 1 h

at 37 ± 0.1 �C. To the reaction mixture, 100 ll of 5 M

NaCl and 80 ll of CTAB/NaCl solution (10 % CTAB in

0.7 M NaCl) were mixed sequentially, incubated for 10 min

at 65 ± 0.1 �C. To the reaction mixture 0.7–0.8 ml chlo-

roform-isoamyl alcohol (24:1 v/v) was mixed, centrifuged

at 5000 rpm for 4–5 min at 4 ± 0.1 �C. The aqueous and

viscous upper phase was removed in a fresh microcen-

trifuge tube, equal volume of phenol–chloroform-isoamyl

alcohol (25:24:1, v/v/v) was added, mixed by gently

inverting the tubes and spun for 5 min at 4 ± 0.1 �C and

7000 rpm. The supernatant was taken in a fresh tube, added

0.6 volume of isopropyl alcohol, inverted back and forth

until a stringy white precipitate of nucleic acid was clearly

visible. The precipitate was pelleted by spinning for

20–30 s at 7000 rpm at 4 ± 0.1 �C. The DNA pool was

washed with 70 % ethanol to remove residual CTAB, spun

for 5 min at 7000 rpm at 30 ± 0.1 �C. The supernatant was
removed and the pellet was dried in a lyophilizer. The DNA

samples were revived in sterile water and electrophoresed

through 0.8 % agarose gel at a constant 5 V for 30 min and

subsequently 5 V/cm for the required time according to the

gel size. The DNA profile was visualized under a UV

transilluminator (312 nm), documented and analyzed using

Photocapt software Photocapt software (PhotoCaptMW

(G) Serial no. 1149).
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Amplification and Sequencing of 16SrRNA Gene

and Phylogenetic Analysis

The *1.5 kbp rDNA fragment was amplified using high-

fidelity PCR polymerase. The PCR product was sequenced

bi-directionally through a genetic analyzer using the for-

ward primer (50-AGAGTRTGATCMTYGCTWAC-30) and
reverse primer (50-CGYTAMCTTWTTACGRCT-30). The
sequence data were aligned using the ClustalW submission

form (http://www.ebi.ac.uk/clustalw) and analyzed by

ClustalW software (Thompson et al. 1994). Evolutionary

distances were calculated using the method of Jukes and

Cantor (1969) and the topology was inferred using the

neighbor-joining method (Saitou and Nei 1987). Phyloge-

netic trees were constructed following Tamura et al.

(2007).

Cut Leaf Assay

The bacteria (BUSNC25 and BUSNC26) were grown

separately in 100 ml sterilized NB (NA without agar) on a

rotary shaker (100 ± 1 rpm, 30 ± 0.1 �C, 12 h) in 500 ml

flasks, pelleted at 8000 g (10 min, 4 ± 0.1 �C) and washed

three times with sterilized distilled water. Each pellet was

suspended in sterilized distilled water and colony forming

units (cfu) were assessed by bulk plating (five plates) 2 ll
suspensions mixed with 100 ml NA. The suspensions were

adjusted to 105 bacteria/ml water, diluted logarithmically

and assayed for virulence. The bacterial suspensions and

sterilized distilled water (control) were simultaneously

used for bioassay.

Rice leaf pieces (10 cm each) were soaked for 10 min in

water containing 0.001 % Tween 80, washed three times

with sterilized distilled water and then surface sterilized for

5 min with 1.6 % sodium hypochlorite (NaOCl). The leaf

pieces were further washed three times with sterilized

water and blotted dry on sterilized blotting paper. Ten leaf

pieces were soaked separately in each bacterial (spore

crystal forming and asporogenous) suspension (of different

concentrations; 102, 103, 104, 105, 106 cfu/ml) and sterile

distilled water (control) for 15 min. Excess inoculum was

drained off and the leaf pieces were placed on sterile moist

filter paper in a sterile (150 9 20 mm diameter) test tube

covered with an insect proof nylon cloth. Healthy larvae

(reared in the net house) were surface sterilized with 1.6 %

NaOCl for 5 min, washed three times with sterile water and

10 larvae of C. medinalis were placed into the tubes. The

experiments were repeated three times. All these operations

were performed under a laminar flow hood. The tubes were

maintained in a controlled room at 30 ± 0.1 �C, 85 ± 3 %

RH, and 12 h alternating light and dark phases. Fresh leaf

pieces (10 cm) were surface sterilized with 1.6 % NaOCl

for 5 min, washed 3 times with sterile distilled water and

replaced (without bacteria) the original leaves within the

tubes at 48 h intervals.

The potted rice seedlings with 4–5 leaves were washed

thoroughly with sterile distilled water containing 0.001 %

Tween 80 followed by sterile distilled water for 15 min to

remove the Tween 80 and then air dried. The bacterial

suspensions (of different concentrations) and sterile dis-

tilled water (control) were sprayed separately on the plants

(3 replications) until the inoculum droplets were formed.

On each plant, ten larvae of 3rd, 4th and 5th instar (reared

in the net house) were released and maintained in the

controlled room.

Results

These two bacteria were identified and characterized by

following morphological, biochemical and molecular attri-

butes. Both of them showed circular, elevated and gummy

colony. But they showed difference in colour and margins of

colonies. BUSNC25 showed light brown coloured colonies

with entire margin. Whereas BUSNC26 had white metallic

colonies with erose type of margin (Table 1). The individual

bacteria were observed under a compound, as well as,

scanning electron microscope. Vegetative bodies of both of

the bacteria were rod shaped and motile. Both were Gram

positive, spore and crystal forming. The crystals of

BUSNC25 were spherical with 1 lm (mean) diameter. The

crystals of BUSNC26 were polymorphic/bipyramidal in

shape (Figs. 1, 2). BUSNC25was able to tolerate and grow at

nutrient agar added with 15 % NaCl and BUSNC26 with

10 % NaCl (Table 1). Both of them were able to tolerate

60 �C temperature. They were able to utilize glucose, fruc-

tose, and sucrose as carbon sources but not mannose.

BUSNC25 was able to produce extracellular enzymes to

digest gelatin, cholesterol, Tween 80, but not casein.

BUSNC26 was able to digest gelatin and casein both. But it

was unable to hydrolyse fat. Both of them were able to

produce amylase enzyme to digest carbohydrate (Table 1).

Both isolates were able to produce catalase and showed

positive reactions to methyl red test, Voges-Proskauer test

and nitrate test. BUSNC26 showed positive reactions to

urease test and oxidase test whereas BUSNC25 showed

negative results to these tests. Both the isolates showed

negative results to indole production test and citrate uti-

lization test (Table 1). Antibiotic sensitivity test showed that

BUSNC25 was resistant to the recommended doses of the

following antibiotics viz., penicillin G (10 U), ampicillin

(10 mg), nystatin (100 U), nalidixic acid (30 mcg), doxy-

cycline hydrochloride (30 mcg). BUSNC26 was resistant to

penicillin G (10 U), ampicillin (10 mg), nystatin (100 U),

amoxycillin (10 lg), trimethoprim (30 mg), triple sulphas

(300 mg) and sensitive to vancomycin, polymyxin B
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Table 1 Morphological, physiological and biochemical characters of BUSNC25 and BUSNC26 isolates

Characters BUSNC25 BUSNC26

Colony Circular, light brown, raised, entire margin, gummy,

4.28 ± 0.02 mm dia

Circular, white, metallic, raised, erose, gummy,

4.42 ± 0.31 mm in dia

Vegetative

cell

Bacterium rod shaped, Gram (?)ve, motile, 3.2 ± 0.42 lm length,

2.1 ± 0.31 lm dia

Bacterium rod shaped, Gram (?)ve, motile, 5 ± 0.2 lm
length, 1.13 ± 0.06 lm dia

Spore Spore elliptical, 1.65 ± 0.12 lm length, 1 lm in width Spore elliptical, 1.76 ± 0.04 lm length;

1.04 ± 0.14 lm in width

Crystal Crystal spherical, 1.03 lm dia Crystal polymorphic/bipyramidal, 1.21 ± 0.04 length

and 0.7 ± 0.04 in width

Growth

characters

Grow on nutrient media, NaCl (up to 10 %), 60 �C Grow on nutrient media, NaCl (up to 10 %), 60 �C

Biochemical

tests

Positive Negative Positive Negative

Catalase, nitrate reductase, MR, VP,

H2S production

Indole, urease,

citrate, oxidase

Catalase, urease, oxidase, MR, VP, nitrate

reductase, H2S production

Indole, citrate

utilization

Enzymatic

activity

Amylase, lipase, gelatine hydrolysis Casein hydrolysis Amylase, protease (casein and gelatine

hydrolysis)

Lipase

Fermentation Glucose, fructose, sucrose Mannose Glucose, fructose, sucrose Mannose

Antibiotic

sensitivity

test

Sensitive Resistant Sensitive Resistant

Amoxycillin (10 lg), vancomycin (30 lg),
polymyxin B (300 U), norfloxacin

(10 mg), bacitracin (10 U), erythromycin

(15 mg), gentamycin (10 lg),
tetracycline (30 lg), chlortetracycline
(30 lg), kanamycin (30 lg),
chloramphenicol (30 lg), ciprofloxacin
(5 lg), rifampicin (5 lg), streptomycin

(10 lg), levofloxacin (5 lg), gatifloxacin
(5 lg), ofloxacin (5 lg)

Ampicillin

(10 lg),

Nystatin (100

U), nalidixic

acid (30 lg),

Doxycycline

hydrochloride

(30 lg),

Penicillin G (10

U)

Vancomycin (30 mg), polymyxin B (300

U), Norfloxacin (10 mg), bacitracin (10

U), erythromycin (15 mg), gentamycin

(10 lg), tetracycline (30 lg),
chlortetracycline (30 lg), kanamycin

(30 lg), chloramphenicol (30 lg),
ciprofloxacin (5 lg), rifampicin (5 lg),
streptomycin (10 lg), levofloxacin
(5 lg), gatifloxacin (5 lg), ofloxacin
(5 lg), nalidixic acid (30 lg),
doxycycline hydrochloride (30 lg)

Amoxycillin

(10 lg)

Ampicillin (10 lg),
penicillin G (10

U), nystatin (100

U)

Fig. 1 Scanning electron micrograph of BUSNC25 isolate

Fig. 2 Scanning electron micrograph of BUSNC26 isolate
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(300 U), norfloxacin (10 mg), bacitracin (10 U), ery-

thromycin (15 mg), gentamycin (10 lg), tetracycline

(30 lg), amoxycillin (10 lg), chlortetracycline (30 lg),
kanamycin (30 lg), chloramphenicol (30 lg), ciprofloxacin
(5 lg), rifampicin (5 lg), streptomycin (10 lg), levo-

floxacin (5 mcg), gatifloxacin (5 mcg), ofloxacin (5 mcg).

BUSNC26 was sensitive to vancomycin (30 mg/disc),

polymyxin B (300 U), norfloxacin (10 mg/disc), bacitracin

(10 U), erythromycin (15 mg), gentamycin (10 lg), tetra-
cycline (30 lg), chlortetracycline (30 lg), kanamycin

(30 lg), chloramphenicol (30 lg), ciprofloxacin (5 lg),
rifampicin (5 lg), streptomycin (10 lg), levofloxacin (5

mcg), gatifloxacin (5 mcg), ofloxacin (5 mcg), nalidixic acid

(30 mcg), doxycycline hydrochloride (30 mcg) (Table 1).

The phylogenetic study showed that BUSNC25 and

BUSNC26 branched with the cluster containing different

species of Bacillus (Fig. 3). On the basis of the

morphophysiological characters, the two isolates were

identified asB. thuringiensis. The LC50 of these two bacterial

isolates against theRLFwas determined.Against the 3rd, 4th

and 5th instar larvae of C. medinalis, the LC50 values of

BUSNC25 were 2.45 9 104, 1.325 9 104 and

2.35 9 104 cfu/ml and of BUSNC26were 3.375 9 104 cfu/

ml, 1.9 9 104 cfu/ml and 3.325 9 104 cfu/ml respectively

(Table 2).

Discussion

The lethal concentration of the bacterial isolates varied

with the stages of larval instar of the RLF which matched

with the previous work of Tabashnik and Carrie‘re (2004),

where they showed that the lethal dose of Bt is instar

dependent and the susceptibility of mature larvae is very

 BUSNC26

 Bacillus thuringiensis (EF537013)

 Bacillus cereus YJK gi(HQ143569)

 Bacillus thuringiensis (EF685168)

 Bacillus cereus T194 (JN561110)

 Bacillus thuringiensis C4T2F4B2 (DQ00...

 Bacillus cereus JN80 (KF150380)

 BUSNC25

 Bacillus cereus JN222 (KF150461)

 Bacillus thuringiensis AHBR13 (KF241526)

 Bacillus mycoides DSM 384 (JX548924)

 Bacillus mycoides DSM 303 (JX548921)

 Bacillus cereus JN86(KF150383)

 Bacillus thuringiensis serovar fukuok...

 Bacillus mycoides DSM 309 (JX548923)

 Bacillus mycoides BGSC 6A68 (JX548919)

 Bacillus thuringiensis(EF685168)

 Bacillus mycoides BGSC 6A47 (JX548918)

 Bacillus thuringiensis X6(HQ917121)

 Bacillus sp. Endo28 (EU795037)

 Pseudomonas sp. C21(AM179883)

Fig. 3 Neighbor-joining tree constructed based on partial 16S rRNA genes sequences of BUSNC25 and BUSNC26strain along with the other

16S rRNA gene sequences retrieved from NCBI and RDP
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low. The Bt-exposure to C. medinalis larvae in the labo-

ratory reduced digestive enzyme activity (Senthil 2000)

which was related to the physiological condition and also

had effect on the absorption, digestion, and positive

transport of nutrients in the midgut of the rice leaffolder.

The application of Bt on larval instar of C. medinalis

caused damages in the midgut epithelial cells through its

parasporal bodies that release the active toxin after diges-

tion by serine proteases under the alkaline conditions in the

intestinal fluid which ultimately decreased the digestive

enzyme activities (Eguchi et al. 1972; Mathavan et al.

1989; Smirle et al. 1996). Furthermore Bt crystals causes

intestinal paralysis and perforation of the gut wall which

leads to the imbalance of the ions and osmotic balance of

gastrointestinal cells and get the insect killed (Zhang et al.

2013). The use of this Bt crystals against the leaf folder in

the field is safe as they do not have any effect on non target

organisms like mammals, birds, fishes and other insects.

BT proteins can be dissolved completely in a few seconds

under the effect of acidic gastric juice after it reaches into

the stomach of mammals. It can be dissolved easily and has

little environment impact on the soil.

Conclusion

From our study we can conclude that the Bt isolates

BUSNC25 and BUSNC26 have significant effects on the

larvae of RLF C. medinalis. These two isolates can be used

as potential biocides against the RLF as an alternative of

chemical insecticides which would be beneficial in terms of

economy as well as environmental safety.
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