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ABSTRACT: Carrier material plays a pivotal role in maintaining the viability and virulence of an entomopathogenic fungus (EPF).  
Evaluation studies using sunflower oil, groundnut  oil and talc as the basic carrier materials and their enrichment with chitin and chitosan, 
was conducted. The ideal proportion of carrier material and technical ingredient and viability were assessed based on number of colony 
forming units (cfu) over a period of storage of 3 months. Chitin enriched ground nut oil (GNO + Chitin) and chitin enriched sunflower 
(SFO + chitin) were observed as the best carriers for formulating the fungus.  Ideal proportion of carrier and technical ingredient in oil 
formulations was found to be 65:35 per cent.  The number of cfu observed with chitin enriched GNO and SFO by the end of three months 
of storage was 2.27 x 106 ml-1 and 2.20 x 106 ml-1 under room temperature respectively. Enrichment of oil formulations (GNO and SFO) 
with chitin could thus sustain viability as well as spore count of L. lecanii till the end of experimental period (three months). 
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INTRODUCTION

In the present era of organic farming, biocontrol 
agents like entomopathogens play a key role in eco-friendly 
pest management tactics. Lecanicillium lecanii is a promis-
ing fungal bio agent primarily infesting sucking pests viz. 
aphids, scales, mealy bugs and whiteflies which has gained 
great scope for insect pest management (Hall and Papierok, 
1982; Cuthbertson and Walters, 2005; Diaz et al., 2009; 
Park and Kim, 2010; Ujjan and Shahzad, 2012). 

The popular trend of formulating bio pesticides is 
mainly in solid carriers like talc, peat, lignite, clay, etc.  
However, these solid formulations suffer from major set-
backs like shorter shelf life, high contamination and low 
field performance (Hedge, 2002). The carrier should be 
carefully chosen in such a way to enhance the inherent po-
tential of the formulated organism. Liquid formulations of-
fer longer shelf life, with high purity, carrier-free activity, 
easiness in handling and application, convenience in stor-
age and transport, better quality parameters and enhanced 
export potential (Pindi and Satyanarayana, 2012). 

Formulating entomopathogens in oil was found to 
increase their efficiency (Prior et al., 1988).  The carrier 
material and other constituents used in a bioformulation 

should be non-inhibitory to the infective propagule i.e., 
conidia, inert on the target crop plant, at the same time 
should maintain viability during storage.  Groundnut oil 
was proved as a better carrier for Verticillium lecanii com-
pared to sunflower oil, as germination in the former was 
found to be excellent (Verhaar et al., 1999).  Lomer and 
Lomer (2001) observed comparatively higher germina-
tion of Metarhizium anisopliae (Metschnikoff) Sorokinand 
Beauveria bassiana (Balsamo) Vuilleminin in diesel: sun-
flower oil mixture (7:3) than diesel: groundnut oil mixture 
(7:3). Sunflower oil formulation of Nomurea rileyi Farlow 
Samson (Vimaladeviet al., 2002) and oil combination of 
coconut oil and soya bean oil in the ratio 50:50 with M.  
anisopliae (Batta et al., 2003) were reported to improve 
viability at storage.  Similar works were carried out using 
talc as carrier also. Talc formulations of L. lecanii prepared 
by mixing Molasses Yeast Broth (MYB) plus two percent 
polyethylene glycol (PEG) and sterilized talc in the ra-
tio 50:50 maintained higher viability than prepared from 
Potato dextrose Broth (PDB).  Banu (2013) prepared dry 
formulations by mixing L. lecanii multiplied in PDB and 
Sabouraud Dextrose Broth (SDB) with yeast extract with 
talc in the ratio 1:2.   

Bottleneck in microbial formulation technology is 
lesser shelf life which can be addressed with addition of 
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suitable additives to bioformulations for improving their 
shelf life. Presence of chitin in formulation enhanced vi-
ability of M. anisopliae (St. Leger et al., 1986). Addition of 
chitin in wheat bran was reported to induce conidia produc-
tion in B. bassaina formulations (Gerding-gonzalez et al., 
2007).  Sriram and coworkers (2010) reported that two or 
five per cent chitin helped in maintaining the number of 
colony forming units (106 cfu g-1) in the formulation upto 
six months of storage. They also reported that addition of 
colloidal chitin at 0.2 per cent in production medium en-
hanced the shelf-life by additional two months.  Abdel-
Kader et al. (2012) reported that carriers, sawdust + talc 
+ chitosan and sawdust + chitosan maintained viability of 
Trichoderma harzianum in a dry formulation over a pe-
riod of three and five months, respectively. Present study 
evaluated the basic carrier materials, sunflower oil (SFO), 
groundnut oil (GNO) and talc and their enrichment with 
chitin and chitosan for formulating a better formulation of 
L. lecanii having better efficiency and improved shelf life.

MATERIALS AND METHODS

Preparation of Spore Concentrate

Spores were harvested from SDB following the pro-
cedure of Kim, et al. (2007) with some modifications. The 
14 days old culture was filtered through sterilized Whatman 
No.1 filter paper to remove mycelia. The filtrate was cen-
trifuged at 12000 rpm for 25 min in Hermile labortechnic 
Z323K centrifuge to obtain spore pellet.  The pellet was 
repeatedly washed with sterile distilled water and resus-
pended in 10 ml sterile distilled water and this concentrated 
spore suspension was utilized for preparation of formula-
tions.

Preparation of Colloidal Chitin

Crude chitin (40 g) was slowly added into 250 ml of 
cold 0.25 N HCI with vigorous stirring and kept overnight 
at 4 º C in a refrigerator. The mixture was filtered through 
glass wool into 2 L ice cold water with rapid stirring using 
a magnetic stirrer. The gelatinous white material formed 
beneath was separated by filtration through a Whatman No. 
1 filter paper. The chitin pellet was washed repeatedly with 
tap water until the pH became neutral (Roberts and Seli-
trennikoff, 1988).

Preparation of formulations

Formulations were prepared by mixing L. lecanii spore 
suspension  (having 8.12 x 108 spores ml-1) with sterilized 
carriers viz. sunflower oil, groundnut oil  talc at proportions 
mentioned in Table 1. Colloidal chitin 0.1 per cent was as 
additive in enriched oil formulations while crude chitin 0.5 
per cent and crude chitosan 5 per cent were added to talc 
formulations. 30 ml / 30 g of each formulations were pre-

pared. Liquid formulations were stored in glass vials with 
bakelite lid and dry formulations were stored in polypro-
pylene covers under room temperature (28±3˚C, 85±5%). 
Spores suspended in sterile distilled water alone served as 
control and all the treatments were replicated thrice. Spores 
suspended in sterile distilled water alone served as control 
and all the treatments were replicated thrice. Spore count 
and cfu were estimated at fortnightly interval for a period 
of three month and the data was subjected to Analysis of 
Variance.

Table 1. �List of carriers, additives and proportions 
of spore suspension used for preparing the 
formulations

Type of for-
mulation

Carrier + additive
Proportion 
(Carrier : Spore 
suspension)

Basic

Sunflower oil (100 %) 
50 :50
60 :40
65:35

Groundnut oil (100 %)
50 :50
60 :40
65:35

Talc
50 :50
60 :40
65:35

Enriched

Chitin enriched sunflower oil
50 :50
60 :40
65:35

Chitin enriched groundnut oil
50 :50
60 :40
65:35

Chitin enriched talc
50 :50
60 :40
65:35

Chitosan enriched talc
50 :50
60 :40
65:35

Sterile distilled water (99.90 %) + colloidal chitin (0.1 %)
Sterile distilled water (100 %) (Check)

Viability Test

Colony forming units (cfu) per gram /millilitre is con-
sidered as viability of spores (Derakhshan et al. 2008). One 
gram /millilitre of formulations sterile water for making se-
rial dilution. Prepared serial dilutions were plated at one 
microliter per plate on SDA medium as per spread plate 
method. The cfu counts were recorded on seventh day after 
plating. Cfu were estimated at fortnightly interval for a pe-
riod of three month and the data was subjected to Analysis 
of Variance.

cfu = Number of colonies x Dilution factor  
        Weight/ Volume of sample (g/l) 

Estimation of Spore Count

One gram/ one millilitre sample each of the formula-
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tions were suspended separately in 10 ml of sterile water at 
forthnightly intervals. The spore count was assessed after 
making necessary dilutions using Neubauer’s haemocytom-
eter. This was repeated 90 days of storage and the data was 
subjected to Analysis of Variance.

Spores ml-1 = (n) x 104, where ‘n’ is the average num-
ber of spores in the four one millimetre corner squares of 
haemocytometer. 

RESULTS AND DISCUSSION

Effect of carrier materials on conidial viability

The conidial viability of Lecanicillium lecanii in the for-
mulations was evaluated at 15 days interval using cfu counts 
observed for three months (Table 2). The results proved the 
superiority of two enriched oil carriers, chitin enriched ground 

nut oil (GNO + chitin) and the chitin enriched sunflower oil 
(SFO + chitin) in terms of viability of L. lecanii. After 90 DAS, 
the enriched formulations, GNO + chitin 65:35, SFO + chitin 
65:35,  GNO + chitin 60:40 and GNO + chitin 50:50 were 
found to be superior, with a cfu of 2.27 x 106 ml-1, 2.20 x 106 
ml-1, 2.16 x 106 ml-1 and 2.10 x 106 ml-1, respectively. Enriched 
formulation, SFO + chitin 60:40 was on par with the basic for-
mulation, GNO 65:35 (1.66 x 106 ml-1). Among the basic oil 
formulations, both GNO and SFO were better in maintaining 
viability of spores when compared to talc based basic formu-
lation.  The decline in number of viable colonies ranged from 
2.67 x106 ml-1 at 15 DAS to 1.29 x 106 ml-1 at 90 DAS in basic 
oil formulations and 1.30 x106 ml-1 at 15 DAS to 6.00 x 104 
ml-1 at 90 DAS in basic talc formulations. However, chitin en-
riched talc formulation was superior to basic talc formulation 
(2.13 x106 ml-1 @ 15 DAS to 6.00 104 ml-1 @ 90 DAS).

Table 2. Effect of carrier materials on the viability of Lecanicillium lecanii formulations stored at room temperature
Sl no. Carrier : Spore concentrate *Mean number of cfu (x 106 spores ml-1)

15 DAS 30 DAS 45 DAS 60 DAS 75 DAS 90 DAS
1 SFO + SC (50 : 50) 2.67 (1.63) 2.43 (1.56) 2.23 (1.49) 2.03 (1.43) 1.56 (1.25) 1.33 (1.15)
2 SFO + SC (60 : 40) 2.77 (1.66) 2.43 (1.56) 2.23 (1.49) 1.97 (1.40) 1.63 (1.28) 1.29 (1.14)
3 SFO + SC (65 : 35) 2.90 (1.70) 2.46 (1.57) 2.30 (1.52) 2.09 (1.45) 1.70 (1.30) 1.49 (1.22)
4 (SFO + CC 0.1 %) + SC (50 : 50) 2.97 (1.72) 2.63 (1.62) 2.60 (1.61) 2.13 (1.46) 1.86 (1.37) 1.60 (1.26)
5 (SFO + CC 0.1 %) + SC (60 : 40) 3.13 (1.77) 2.90 (1.70) 2.63 (1.62) 2.27 (1.51) 2.13 (1.46) 1.66 (1.29)
6 (SFO + CC 0.1 %) + SC (65 : 35) 3.07 (1.75) 3.10 (1.76) 2.7 (1.64) 2.50 (1.58) 2.36 (1.54) 2.20 (1.48)
7 GNO + SC (50 : 50) 2.83 (1.68) 2.53 (1.59) 2.3 (1.52) 2.13 (1.46) 1.66 (1.29) 1.36 (1.17)
8 GNO + SC (60 : 40) 2.90 (1.70) 2.50 (1.58) 2.37 (1.54) 2.37 (1.54) 1.73 (1.32) 1.53 (1.24)
9 GNO + SC (65 : 35) 2.93 (1.71) 2.57 (1.60) 2.4 (1.55) 2.46 (1.57) 1.73 (1.32) 1.66 (1.29)
10 (GNO + CC 0.1 %) + SC (50 : 50) 3.13 (1.77) 3.00 (1.73) 2.67 (1.63) 2.53 (1.59) 2.20 (1.48) 2.16 (1.47)
11 (GNO + CC 0.1 %) + SC (60 : 40) 3.30 (1.82) 3.20 (1.79) 2.90 (1.70) 2.53 (1.59) 2.23 (1.49) 2.10 (1.45)
12 (GNO + CC 0.1 %) + SC (65 : 35) 3.40 (1.84) 3.23 (1.80) 3.16 (1.78) 2.59 (1.61) 2.46 (1.57) 2.27 (1.51)
13 Talc + SC (50 : 50) 1.30 (1.14) 1.30 (1.14) 1.13 (1.06) 0.79 (0.89) 0.33 (0.58) 0.06 (0.24)
14 Talc + SC (65 : 35) 1.40 (1.18) 1.37 (1.17) 1.10 (1.05) 0.93 (0.96) 0.50 (0.71) 0.06 (0.24)
15 Talc + SC (80 : 20) 1.50 (1.22) 1.30 (1.14) 1.30 (1.14) 1.09 (1.05) 0.90 (0.95) 0.33 (0.58)
16 (Talc + C 5 %) + SC (50 : 50) 2.13 (1.46) 1.73 (1.32) 1.46 (1.21) 1.06 (1.03) 0.63 (0.79) 0.06 (0.24)
17 (Talc + C 5 %) + SC (65 : 35) 2.57 (1.60) 2.37 (1.54) 2.23 (1.49) 1.83 (1.35) 1.19 (1.09) 0.66 (0.81)
18 (Talc + C 5 %) + SC (80 : 20) 2.53 (1.59) 2.30 (1.52) 2.20 (1.48) 1.93 (1.39) 1.30 (1.14) 0.85 (0.92)
19 (Talc + CS 0.5 %) + SC (50 : 50) 2.43 (1.56) 1.90 (1.38) 1.72 (1.31) 1.11 (1.05) 0.73 (0.85) 0.07 (0.26)
20 (Talc + CS 0.5 %) + SC (65 : 35) 2.50 (1.58) 2.26 (1.50) 2.13 (1.46) 1.69 (1.30) 1.13 (1.06) 0.63 (0.79)
21 (Talc + CS 0.5 %) + SC (80 : 20) 2.63 (1.62) 2.40 (1.55) 2.20 (1.48) 1.83 (1.35) 1.33 (1.15) 0.90 (0.95)
22  SC+ CC 1.93 (1.39) 1.87 (1.37) 1.57 (1.25) 1.40 (1.18) 1.26 (1.12) 1.16 (1.08)
23 SC 1.73 (1.32) 1.50 (1.22) 1.23 (1.11) 0.99 (1.00) 0.82 (0.91) 0.63 (0.79)

CD (0.05) 0.064 0.072 0.107 0.134 0.128 0.378
*Mean of three replications, DAS: Days after storage; SFO: Sunflower oil; GNO: Groundnut oil; SC: Spore Concentrate; CC: Colloidal Chitin;  
C: Chitin; CS: Chitosan, Figures in parentheses are square root transformed values

Plate 1.    �Lecanicillium lecanii formulations in groundnut oil (GNO)/ sunflower oil (SFO). A. Distilled water, B. Distilled water + 
chitin, C. GNO / SFO + Spore concentrate (SS) 50:50,  D. GNO /    SFO + SS 60:40, E. GNO / SFO + SS 65:35, F. (GNO / 
SFO + chitin) + SS 50:50, G. (GNO / SFO + chitin) + SS 60:40, H. (GNO / SFO + chitin) + SS 65:35.
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Effect of Carriers on Spore Count

The spore count of L. lecanii formulations stored un-
der room temperature using different carriers showed con-
siderable variations under storage (Table 3). The overall 
observations based on spore count revealed that the chitin 
enriched formulations with GNO and SFO as carriers in 
proportions 65:35, 60:40 and 50:50 were the best. Though 
the spore count observed was 108 ml-1 even after three 
months of storage, there was a slight decline in the num-
ber at the end of three months. The spore count of enriched 
oil formulations ranged from 5.33 x 108 spores ml-1 @ 15 
DAS (for GNO + Chitin 60:40) to 1.38 x 108 spores ml-1 
@ 90 DAS (for SFO + chitin 50:50). The spore count in 
chitin and chitosan enriched talc formulations were equally 
good as basic formulations of GNO and SFO. The decline 
in number of spores ranged from 2.86 x 108 spores ml-1 @ 
15 DAS to 3.9 x 107 spores ml-1 @ 90 DAS in enriched talc 
formulations and 3.36 x 108 spores ml-1 @ 15 DAS to 7.20 x 
107 spores ml-1 @ 90 DAS in basic oil formulations.  How-
ever, chitin enriched talc formulation was superior to basic 
talc formulation (1.17 x 108 spores ml-1 @ 15 DAS to 2.00 
x 106 spores ml-1 @ 90 DAS).

Of the basic and enriched carrier materials evaluated 
for their ability to maintain conidial viability and spore 
count, chitin enriched ground nut oil (GNO + Chitin) and 

chitin enriched sunflower (SFO + chitin) were observed 
as the best carriers.  Ideal proportion of carrier: technical 
ingredient in oil formulations was found to be 65:35. The 
corresponding spore count was 1.67 x 108 spores ml-1 and 
1.65 x 108 spores m-1, respectively.  The basic as well as chi-
tin enriched oil formulations were found to be superior in 
terms of viability than the chitin and chitosan enriched talc 
formulations.  The enriched talc formulations were better 
than basic talc formulations in maintaining viability.

The experiment demonstrated that ideal proportion 
of carrier : technical for oil based liquid formulations was  
65:35 and for talc based dry formulation it was 80:20. The 
present finding points out to the possibility of formulat-
ing an entomopathogen with lesser proportion of technical 
ingredient (80:20) as against the proportion (50:50) sug-
gested by Burges and Jones (1998).  But, there is a dearth 
of knowledge regarding standardization of the proportion 
in which carrier is to be mixed with technical ingredient 
while formulating a mycoinsecticide.  However, perusal of 
literature revealed that various workers have tested the ef-
ficacy of mycoinsecticide formulations prepared in oil i.e., 
formulation of N. rileyi F. in the ratio 50:50 based on sun-
flower oil (Vimaladevi et al., 2002); 50:50 oil combination 
of coconut oil and soya bean oil mixed with spore suspen-
sion of M. anisopliae in distilled water (Batta, 2003).  Dry 

Table 3. �Effect of carrier materials on the spore count of Lecanicillium lecanii formulations stored at room temperature
Sl no. Carrier : Spore Concentrate *Mean spore count (x 108 spores ml-1)

15 DAS 30 DAS 45 DAS 60 DAS 75 DAS 90 DAS
1 SFO + SC (50 : 50) 3.36(1.83) 2.61(1.62) 2.05(1.43) 1.51(1.23) 1.05(1.03) 0.76(0.87)
2 SFO + SC (60 : 40) 3.63(1.91) 2.57(1.60) 2.24(1.50) 1.59(1.26) 1.06(1.03) 0.76(0.87)
3 SFO + SC (65 : 35) 3.79(1.95) 2.66(1.63) 2.29(1.51) 1.60(1.27) 1.22(1.10) 0.83(0.91)
4 (SFO + CC 0.1 %) + SC (50 : 50) 4.15(2.04) 3.84(1.96) 2.87(1.69) 2.35(1.53) 2.03(1.42) 1.38(1.18)
5 (SFO + CC 0.1 %) + SC (60 : 40) 4.56(2.14) 4.13(2.03) 3.26(1.81) 2.58(1.61) 2.11(1.45) 1.51(1.23)
6 (SFO + CC 0.1 %) + SC (65 : 35) 4.53(2.13) 4.19(2.05) 3.78(1.95) 2.82(1.68) 2.24(1.50) 1.65(1.29)
7 GNO + SC (50 : 50) 3.77(1.94) 3.01(1.74) 2.12(1.46) 1.79(1.34) 1.36(1.17) 0.72(0.85)
8 GNO + SC (60 : 40) 3.94(1.99) 3.36(1.83) 2.84(1.68) 1.94(1.39) 1.41(1.19) 0.72(0.85)
9 GNO + SC (65 : 35) 4.19(2.05) 3.56(1.89) 2.76(1.66) 2.23(1.49) 1.45(1.20) 0.86(0.93)
10 (GNO + CC 0.1 %) + SC (50 : 50) 5.23(2.29) 4.67(2.16) 3.52(1.88) 2.74(1.66) 2.19(1.48) 1.54(1.24)
11 (GNO + CC 0.1 %) + SC (60 : 40) 5.33(2.31) 4.56(2.14) 3.70(1.92) 2.68(1.64) 2.29(1.51) 1.60(1.27)
12 (GNO + CC 0.1 %) + SC (65 : 35) 5.21(2.28) 4.65(2.16) 3.94(1.98) 2.82(1.68) 2.32(1.52) 1.67(1.29)
13 Talc + SC (50 : 50) 1.71(1.31) 1.11(1.05) 1.04(1.02) 0.54(0.74) 0.23(0.48) 0.02(0.13)
14 Talc + SC (65 : 35) 2.25(1.50) 1.67(1.29) 1.14(1.07) 0.72(0.85) 0.28(0.53) 0.05(0.22)
15 Talc + SC (80 : 20) 2.28(1.51) 1.91(1.38) 1.18(1.09) 0.82(0.91) 0.31(0.55) 0.06(0.24)
16 (Talc + C 5 %) + SC (50 : 50) 2.07(1.44) 1.76(1.33) 1.19(1.09) 0.73(0.85) 0.43(0.65) 0.07(0.27)
17 (Talc + C 5 %) + SC (65 : 35) 3.12(1.77) 2.02(1.42) 1.53(1.24) 1.15(1.07) 0.74(0.86) 0.39(0.63)
18 (Talc + C 5 %) + SC (80 : 20) 3.08(1.75) 2.54(1.59) 1.81(1.34) 1.36(1.17) 0.90(0.95) 0.60(0.77)
19 (Talc + CS 0.5 %) + SC (50 : 50) 2.27(1.51) 1.51(1.23) 1.27(1.13) 0.84(0.92) 0.52(0.72) 0.08(0.29)
20 (Talc + CS 0.5 %) + SC (65 : 35) 2.89(1.70) 2.31(1.52) 1.98(1.41) 1.21(1.10) 0.79(0.89) 0.56(0.75)
21 (Talc + CS 0.5 %) + SC (80 : 20) 2.86(1.69) 2.55(1.60) 1.82(1.35) 1.41(1.19) 0.83(0.91) 0.53(0.73)
22  SC+ CC 2.44(1.56) 2.35(1.53) 1.95(1.40) 1.57(1.25) 1.00(1.00) 0.69(0.83)
23 SC 2.32(1.52) 1.82(1.35) 1.29(1.14) 1.08(1.04) 0.66(0.81) 0.33(0.57)

CD (0.05) 0.057 0.119 0.090 0.100 0.115 0.124
*Mean of three replications, DAS: Days after storage; SFO: Sunflower oil; GNO: Groundnut oil; SC: Spore Concentrate; CC: Colloidal Chitin;  
C: Chitin; CS: Chitosan, Figures in parentheses are square root transformed values
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formulations of V. lecanii based on talc prepared by earlier 
workers were in the ratio 50:50 (Derakhshan et al., 2008) 
and 65:35 (Banu, 2013).  Conversely, in the present work 
50:50 formulations based on talc were inferior to others.

The results proved the superiority of two carriers, one 
using enriched ground nut oil (GNO + chitin) and the other 
using enriched sunflower oil (SFO + chitin) in terms of vi-
ability of L. lecanii. Verhaar et al. (1999) reported an ex-
cellent germination of L. lecanii spores in arachid (ground 
nut) oil compared to sunflower oil.  While studying the vi-
ability of M. anisopliae in various formulations Alves et al. 
(2002) found that ground nut oil was superior for retention 
of viability than mineral oils, where the conidial viability 
was more than 90 per cent even after 40 weeks of storage.  
They also observed that the number of viable spores de-
clined over storage time.  High viability of L. lecanii spores 
in SFO formulation compared to talc based formulations 
was earlier reported by Banu and Gopalakrishnan (2012).  
The increased viability observed with arachid oil and sun-
flower oil may be due to the protective action of these on the 
mucilaginous outer envelope of L. lecanii spores which is 
usually lost while drying them for preparation of formula-
tions. 

Conidia are infective propagules in EPF ultimately 
leading to mortality of susceptible insects.  The virulence 
of entomopathogens is generally assessed in terms of mor-
tality of susceptible host insect.  In this context apart from 
spore count, estimation of cfu is more relevant for assessing 
the effectiveness of formulations over the period of storage. 
The data on spore count revealed that the chitin enriched 
formulations with GNO and SFO were superior with re-
spect to spore count. Presence of chitin in the formulation 
may enhance virulence, as chitin induces production of 
chitinases, which are important cuticle degrading enzymes 
(St. Leger et al., 1986b; Mohanty and Prakash, 2004; Fang 
et al., 2005). The viability observed before and after three 
months of storage in this study was 106 cfu/ml and spore 
count was in the range of 108 spores ml-1. The effective dose 
of L. lecanii was reported to be 107 spores ml-1 (Nirmala et 
al., 2006; Wenzel and Filho 2011).

The chitin enriched oil formulations thus could main-
tain the viability and spore count in an effective range even 
after three months of storage. Chitin addition improved the 
bioformulations by suppressing the common contaminant 
like Penicillium (Knudsen et al., 1990) attributing to the 
fact that saprophytic organisms are unable to utilize chitin 
as carbon source.  Pavlyushin et al. (2005) observed bet-
ter retention of viability of T. viride in chitin and chitosan 
based formulations, even after a longer period of storage.  

Addition of chitin two or three per cent to wheat bran in-
duced higher conidia production in alginate pelleted for-
mulations of B. bassiana (Gerding-gonzalez et al., 2007).  
Chitin addition (two or five per cent) in talc formulations 
helped in maintaining high cfus in talc based formulations 
of T. harzianum and also enhanced shelf life by additional 
two months (Sriram et al., 2010).  However, enrichment of 
vegetable oil with chitin to improve storage properties of 
EPF was not seen attempted earlier.

In short, enrichment of oil formulations (GNO and 
SFO) with chitin could sustain viability as well as spore 
count of L. lecanii till the end of experimental period (three 
months). 

Conidia are infective propagules in EPF ultimately 
leading to mortality of susceptible insects.  The virulence 
of entomopathogens is generally assessed in terms of mor-
tality to susceptible host insect.  In this context apart from 
spore count, estimation of cfu is more relevant for assessing 
the effectiveness of formulations over the period of stor-
age. Presence of chitin in the formulation may enhance 
virulence, as chitin induces production of chitinases, which 
are important cuticle degrading enzymes. Enrichment of oil 
formulations (GNO and SFO) with chitin could sustain vi-
ability as well as spore count of L. lecanii till the end of 
experimental period (three months). 
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