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ABSTRACT: Eleven isolates of Bacillus IlllIrillgiellsis were morphologically and biochemically 
characterized and evaluated fOI' insecticidal activity against Pilitella xylostella Linn:leus under 
field-cum-Iaboratory conditions. All the isolates were gram positive. rod shaped. spore forming 
and showed typical colony morphology with mucoid or glistening surfaces having entire edges 
and density ranging between translucent to opaque. Glucose was fermented by all the cultures 
only with acid production. Xylose and Mannitol were fermented by BI d and BI VK isolates, 
respectively. All cultures were catalase positive. oxidase Jlositive. nitrate reducing (excellt III 
d). degraded tyrosine, hydrolysed casein and starch and utilized citrate ,IS ,I carbon source. 
Results of bioassay studies revealed that four isolates, namely, HIS, 4lJ4, Bt 9 and MTCC 8(}8 
caused complete mortality of the second instar larvae of PIli lelia xyioslellli within 96 hours at 
uniform concentration of 10" spores/ml. 
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INTRODUCTION 

The control of insect population by 
entomopathogenic microorganisms today is an 
important alternative to chemical insecticides. 
Bacillus tlruringiellsis (Bt), a soil bacterium is being 
widely used as biopesticidal formulation to control 
pest population among Lepidoptera, Diptera and 
Coleoptera (Schnepf el al.. 1998). There arc more 
recent reports of B. I/wrillgicnsis isolates active 
against other insect orders such as Hymenoptera, 
Homoptera and Orthoptcra (Garcia-Robelcs e/ al.. 

2001). Diamondback moth, Plute/lu :'Cy/ostdla 
Linnaeus is most serious pest of cabbage and 
cauliflower and is responsible for low productivity 
of these crops in India (Verma and Sandhu, 1968), 
and Bt isolates have been found to be quite effective 
against this pest. The management of this pest has 
become difficult, as it has developed resistance to 
almost all the available insecticides (Mehrotrd, 1991). 
In thc present investigation. different Bacillus 
f/Illringiellsis Berliner isolates were characterized 
for their morphological and biochemical properties 
and were evaluated for their insecticidal activity 
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<lgainst j)\T/osfL'lIa under field-cum-laboratory 
l'llllditiollS. 

MATERIALS AND lVIETHODS 

I-:len:n cultures or H. l/llIrillgiellsis isolates 
1.t'. standard as well as local isolales \vere lIsed in 
tilL' prcscnt study. 

( . h :11':\ l't t.'t'j za tin n () f Bacilllls fllu rillgiell s is 

isnlatt.'s 

All the HI isolates wcre charaeterii'.ed on the 
basis orlllorphologil'al and biochemical tests. They 
\\crc obselTcd on the hasis of morphology, colony 
cilaraL'tcristics. gram's rcaetion and cell size. The 
\'ariolls hioc!H:lllical tcsts. namcly. carbohydrate 
tCrmcntation tcst, catalase test. oxidase test. citrate 
lit iI ii'a t iOIl les I. 11 i trale reduct ion test. casei 11 and 
slarch hydrolysis. decomposition ortyrosille \vere 
pcrfi.nlllL'd as per Iheir slandard methods. 

Bioassay studit.'s 

TilL' bioassay studies were conducted at 
hltolllologv htrll1 and Microbiological Laboratory 
or Biocontrol llllit or Department of Entomology, 
Punjab Agricultural Uni\'ersity, Ludhiana. The 
rccommended variety of cabbage' Pride of India' 
was sown in September. 2003 at Entomological 
Research Farm. The larvae of P. .\dostella were 
C()lIected fi'ol11 the cabbage crop and were brought 
to the biocontrollaboratory for multiplication. The 
culture or P,y/osfc/la was reared in the laboratory 
and was maintained on cabbage leaves. Second 
instar larvae were used for bioassay. 

Initially, all the cleven B. t1llfrillgiensis isolates 
were inoculated on Luria agar and incubated at 
30±2°(' for 48 hours. The growth was harvested in 
101111 aliquots of sterile distilled water aseptically. 
These suspensions were then mixed well and 10 ml 
of each inoculum was added to 250 ml capacity 
flasks and were incubated undisturbed as static 
cultures at room temperature. Complete sporulation 
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was obtained 011 the fi I1h day. Thc spore-crystal 
mixturcs thus obtained were standardized based 
on haemocytometer count of spores and all the 
cultures \vere adjusted to carry 10') spores/ 1111. 
Before lIsing thcse suspensions in the bioassays. 
CMC-Triton X-I 00 was added to provide uniform 
distribution of spores in the sllspensions. 

HI suspensions along with commercially 
available biopesticides i.e. Dipel xL and chemical 
insecticide (Endosulfan 35 EC) were sprayed on the 
cabbage crop SO\VIl at the farm. Then after 24 hOllrs. 
sprayed leaves were brought to the laboratory and 
were fed to second instal' larvae of P .yv/ostel/a 
kept in Petri-dish. The larvae were starved tor 6 
hours were released on treated leaves rjl) 10/ leaf 
disc. The treatments were replicated three times. 
Suitable control was also maintained. The larvae 
were screened dai Iy for their mortal ity. The 
cumulative mortality was worked out and data were 
analyzed as per Completely Randomized Design 
«(,RD). 

RESULTS AND DISCUSSION 

All strains were or typical colony 
morphology, which was predominantly of circular 
cream ish to off white in colour with mucoid or 
glistening surfaces having entire edges and density 
ranging between translucent to opaque. 

All cultures wel'C f()ul1d to be gram positive, 
sporUlating, crystal producing and were rod shaped 
occurring in short to long chains. Cell size varied 
between 1.0 x 3.0 to 1.2 x 4.6 Jim. The spore position 
was either central or terminal. 

It \-vas also found that all the strains tennented 
glucose only with acid but !l0 gas was produced 
(Table I). Other carbohydnttcs i.e. Sucrosc, Maltose, 
Lactose, Rhamnose, Galactose \vere !lot fermented 
by any strain. Xylose and Mannitol was fermcnted 
by Nt d and Ht YK. rcspectively. All the remaining 
isolates did not utili/e Xylose and Mannitol. 
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Table 1. Carbohydrate fermentation reactions of Bllcillus t/mrillgiellsis isolates 

Isolates Carbohydrates 

Glucose Sucrose Maltose Xylose Mannitol Lactose Rhamnose (,alactosc 

4DI + 

4D4 

4A3 + 

..jJ3 

MTCC 868 + 

MTCC 869 + 

Bl I + 

Bt 5 + 

Bt d + 

Bt 9 + 

BtVK 

+ = Positive for acid production 

- = Negative for acid production 

d = Delayed positive reaction 

All the eleven cultures were characterized on 
the basis of biochemical tests, results of which are 
presented in Table 2. All the eleven strains were 
found to be catalase positive, as shown by oxygen 
evolution on reaction with H.,O.,. Tyrosine was 
typically degraded by all the st~ai~ls. Oxidase test 
was positive for all strains except MTCC 869 and 
Bt d, which gave delayed reactions. All strains 
except Bt d reduced nitrate to nitrite, which showed 
that these strains had ability to utilize nitrate as 
terminal electron acceptor in place or oxygen. As 
regards utilization of citrate as carbon sourcc_ thev 
utilized citrate and showcd t!;ood t!;H)\\th. All 
cultures hydrolyzed casein and ~"tarch-and showed 
growth. 

Sneath (1986) sllggc:-;lcd that the 8t colonies 
show more or less pronounced di ftcrcl1ccs in colour 
and translucencc and opaquenc:->s because or 
dtfferent degrees or sporulation within colonies. 
Smith ct al. ( 1(46) did not t!;i \e much \\ei>!hta>!e on 
i?entification of Hacillils :pccics 011 thL: ba:is of 
fermentation kst. They cillphasi/cd that the 
Bacil/us fill/riligiellsis strains hL'callse or their 
strong proteolytic nalurL', 1ll;1\ not rorm L'IHlllt'-h 

d 

acid to overcome alkalinity produccd from organic 
nitrogen, thus do not producc observabk change 
in an indicator. Thc ability to utilize nitratc as 
tcrminal electron acceptor has been reported in 
number of other organisms sllch as PSCIlc/OIl1()llas 

(Palleroni et a/., 1970). 

Results of bioassay or Bt strains against 
second instar larvae of P. xyloslclla showed 
variation in response to various strains of Bt when 
they were exposed to them. CUlllulative mean per 
cent mortality of second instar larvae rangcd from 
0.00 to 23.33 after 24 hours oftrcatmcnt (Table 3). 
The 111 0 rt a lit Y i 11 End 0 sui fa n (23.33'1.)) was 
significantly higher than all other strains except 
MTCC 868, Bt 5,4 D I, 4 D4 and Dipcl 8L. The 
mortality after 48 hours of exposure ranged from 
0.00 per cent in control to highest 60.00 per cent in 
Bt 5 strain, which was on par with 404 (56.67'%). 
The mortality after 72 hOLlrs in control was 3.33 per 
cent and all treatments gavc significantly higher 
mortality than control. Complete mortality was 
t!;iYen b~: Ht 5 and 4 D4, which \\ere :-;ignificantly 
better tl~an chcmical insecticidc i.e. Endnsufan and 
Biopesticide (Dipel XL) and all other strains except 
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Tahll- 2. Biocht.·mical characteristics of B. tltUrillgiCIISis isolates 

1 "t .1 ~I [ ... 
Biochcmical characteristics 

Ni Irale 
rcduclion 

Tyros inc 
degradation 

Citrate 
utiliJ'alion 

Starch 
hydrolysis 

Casein 
hydrolysIS 

·11) I 

·11)·1 

,1·\ I 

·1 J I 

\11("(" XhX 

\1 1 It :-\()l) d 

HI 1 

11\ , 
lit d d 

lit II 

Ht"" 
1'",111\ t" tOI :le'lt! prudUCIl<111 
:--"c'~:,lll\c' 1,,. ''''1.1 1'1",lu<"li"l1 

d Pcl." c'd 1'",,11\ c' fl',lcti,," 

t, 

d 

d 

-H t-

! f 

Tahll' J. I':ffil,,':u,'y of difft'n'n' isolatl's of B. tlllIrillgiclIsis against P. xylostc//a 

Isel LIIL' CUl11ulativt: per Cent mortality after 

')411 48h 72h 

1\1TCC 8M: 10.00 (18.90) 50.00 (45.26) 96.33 (83.98) 
4.13 3.33 (9.00) 43.33 (41.43) 73.33 (59.31) 
Bt5 13.:n (21.57) 60.00 (';1.04) 100.00 (90.00) 
4.'\ 3 6 . () 7 ( 1 3.(5) 36.67 (37.5\) 70.00 (57.08) 
Hid 3.33 (9.00) 33.33 (35.5\) 53.33 (47.19) 
4 D-l 1J.33 (21.57 56.67 (49.12) 100.00 (90.00) 
8,\'" 6.67 (1J.95) 43.33 (41.43) 66.67 (55.07) 
-l [) 1 I o.on (18.90) 43.33 (41.43) ~S3.33 (66.q52) 
t\!TCC 869 3.33 (9.{)0) 30.00 (33.51) 46.67 (43.35) 
fit 1 6,67 (13.95) 40.00 (39.51) 60.00(51.04) 
Bfl) 6.67 (13.95) 46.67 (43.35) 90.00 (72.02) 
Dipt:i ~L 10.00 (18.90) 40.00 (39.51) 80.00 (63.77) 
Endosulfan 23.33 (29.1 1) 43.33 (41.43) 60.00 (51.04) 
Control 0.00 (4.05) 0.00 (4.05) 3.33 (9.00) 
CD (1'=0.05» (\0.69) (4.25) (7.11 ) 

Cone. = 1 OJ spores/rnl 

Values in parentheses are arcsine transformations. 
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t-1 

i I d 

+ 

" I d 

1- j-

+ 

-I -f 

96h 

100.00 (90.00) 

7(1.67 (61.54) 

100.00 (90.00) 

80.00 (63.77) 

70.00 (57.08) 

100.00 (90.00) 

76.67 (61.54) 

86.67 (69.27) 

60.00 (51.04) 

76.67 (61.54) 

100.00 (90.00) 

1S3.33 (66.52) 

70.00 (57.08) 

3.13 (9.00) 

(5.72) 
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\ITCC 868 (96.33%). Lowest mortality was recorded 
III ~ITCC 869 (46.67°/.)) and it was significantly lower 
than all other treatments except Bt d (53.33%). 

Ninety-six hours after exposure all the 
treatments gave significantly higher mortality than 
control (3.33%)). Four Sf strains namely MTCC 868, 
B15. Ht 9 and 404 caused 100.00 per cent mortality 
and they were significantly better than commercially 
J\ailable biopesticidc i.e. Dipel 8L and chemical 
insecticide i.e. Endosulfan 35EC and the remaining 
III strains. 

It can be concluded that four Bf strains, 
n:lI11cly. MTCC 868, Bt 5, BI 9 and 404 proved very 
effective against second instar larvae of P 
tr/osfella. Thus, the results of these pathogenicity 
stlldics of Sf on P xylostella clearly indicated the 
difference in insecticidal activity among them. The 
results are in close agreement with that of Justin ef 

a/. (1989) reported the variation in insecticidal 
activity among the various Bacillus tllllringiellsis 
sub-species. The toxicity of Bt mainly depends 
upon the delta endotoxin. The delta endotoxins 
produced by different strains have different spectra 
of insecticidal activity. The present findings agree 
With the result obtained by Adams et al. (1996) 
who reported that the different strains are known 
to vary in their toxicity and different isolates of the 
same strain may show variable levels of toxicity 
against same species of insect pest. Pokharkar ef 

ill. (2002) reported that toxicity of BI persisted at 
least for 120 hours on cabbage leaves. Malathi ef 

iI/. (1999) reported that the BI formulations vi:::. Dipel 
8L and Delfin were very effective in reducing the 
population of P. X\'/ostella as compared to 

B
endosulfan and other botanical insecticides. Hence, 

t c b . an e mcorporated as one of the tools for the 
management of P xy/ostella on cabbage. 
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