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An entomopathogenic fungus, Paecilomyces fumosoro-

ceus SFP-198 was isolated in Kyungbuk province,

Korea and screened out for the control of Trialeurodes

vaporariorum nymphs. It showed 72.5% efficacy

against second instars of T. vaporariorum nymphs at 6

days after treatment in the laboratory. To select an

active ingredient for the mass production and the for-

mulation, SFP-198 culture products were compared

based on their insecticidal activities against T. vapo-

rariorum nymphs. Among them, conidia and blas-

tospores showed much higher insecticidal activity than

supernatants. Furthermore, SFP-198 conidia were

more heat-resistant than blastospores, and also pow-

der form of conidia was more stable than their sus-

pension form. SFP-198 conidia showed high patho-

genicity on not only T. vaporariorum but also Tetrany-

chus urticae in the glasshouse. This result suggested

that SFP-198 conidia can be used as a multi-targeting

biological control agent against sucking agri-   cultural

pests, such as whiteflies and mites. 
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Introduction

Currently, the greenhouse whitefly, Trialeurodes vaporar-

iorum (Westwood) (Homoptera: Aleyrodidae) has been

focused on as a major harmful insect in many countries

(Avery et al., 2004; Chandler et al., 1993). It also inter-

feres with farmers’ working process in the greenhouse.

Most of crops in the families Cruciferae, Leguminosae,

Malvaceae and Solanaceae are mainly attacked by T. vap-

orariorum (Avery et al., 2004). Tomato, cucumber and

tobacco which are cultivated widely in Korea, are also

seriously affected by the greenhouse whitefly. They have

been controlled primarily using various chemical insec-

ticides (Hall and Papierok, 1982; Roberts and Hajek,

1992). However, the greenhouse whitefly continues to

become a major problem on crops because insecticide

resistant populations have been developed (Charnley,

1997; Roberts and Hajek, 1992). The recent studies on

entomopathogenic fungi have demonstrated the effective-

ness of fungal pathogens for the control of T. vaporari-

orum and other whiteflies (Avery et al., 2004; Chandler et

al., 1993). Most of these researches have been undertaken

with Verticillium lecanii and Aschersonia species (Hall,

1981).

An entomopathogenic isolate of Paecilomyces fumoso-

roseus (Wize) was isolated from a mealybug in Apopka,

Florida, in 1989 (Osborne and Landa, 1992). Avery et al.

(2004) tested and demonstrated that three Trinidadian

strains, T, T10 and T11, of P. fumosoroseus conidia were

highly virulent against nymphal stages of T. vaporariorum

through the glass slide bioassay.

Successful development of entomopathogenic fungi as

International Journal of

Industrial Entomology

*To whom the correspondence addressed

Department of Agricultural Biotechnology, College of Agricul-

ture & Life Sciences, Seoul National University, Seoul 151-742,

Korea. Tel: +82-2-880-4706; Fax: +82-2-873-2319; E-mail:

btrus@snu.ac.kr



182 Jae Su Kim et al.

potential microbial agents requires careful assessment and

selection of most efficacious culture product among

conidia, blastospores and supernatants (Parker et al.,

2002). It includes efficacy and stability which are signif-

icantly related to industrial process (Bradley et al., 1992;

Hall et al., 1994; Jenkins et al., 1998; Kassa et al., 2008;

Liu et al., 2002). Therefore, in this study, characterization

of P. fumosoroseus SFP-198, and comparison of efficacy

and thermal stability among culture products were per-

formed. Finally insecticidal activity of selected culture

product, conidia, was evaluated against the greenhouse

whitefly and the two-spotted spider mite in the glass-

house.

Materials and Methods

Fungal strains and culture

P. fumosoroseus SFP-198 was isolated in Kyungbuk prov-

ince, Korea in 1998 and stored in 20% glycerol at −80oC

as a conidia form until needed. The conidia were prop-

agated on Sabouraud dextrose agar medium supplemented

with yeast extract at 0.5% (SDYA). They were incubated

at 27±1oC for 14 ~ 15 days. The conidia were harvested

by scraping the plates with autoclaved brush and then

dried to a moisture content of 5% using a vacuum freeze-

drier. Liquid culture medium was based on Sabouraud

dextrose broth supplemented with yeast extract at 0.5%

(SDYB).

Scanning electron microscopy 

For scanning electron microscopy, conidia, blastospores

and nymphs were collected and initially fixed in 2.5%

glutaraldehyde and 2% paraformaldehyde in the phos-

phate buffer (0.1 M; pH 7.2) for 2 h at 24oC. Subse-

quently, they were fixed in a fresh fixative solution (24 h)

at 4oC. Specimens were rinsed in three changes of buffer,

10 ml each and then postfixed in 1% OsO4 for 2 h. The

specimens were washed twice in distilled water for

30 min, dehydrated in a graded ethanol series. Specimens

were coated with gold-palladium (20 : 80) in a Polaron

E5100 sputter coating instrument. Photographs were

taken with a JEOL JSM-35 SEM at 2.0 kV.

Insecticidal activities in laboratory and glasshouse 

The conidia were harvested by flooding the cultures with

0.1% Tween 80 solution in agar plate and filtered using 3

sheets of autoclaved cheese. In case of blastospores, the

broth was filtered using 3 sheets of autoclaved cheese

clothes to separate blastospores and mycelium. The coni-

dia and blastospores suspensions were adjusted to a final

concentration using a haemacytometer for bioassays.

Tween 80 was used at 0.1% as a spreader. Supernatants

were separated from the culture broth by centrifugation at

15,000 rpm for 10 min and subjected to a filtration using

0.2 µm syringe filters.

Second instars of T. vaporariorum nymphs were

obtained from the insectary of Dongbu HiTeK Co. Ltd.

They were maintained in a chamber at 25oC, 40 ~ 50% RH

and a 16 : 8 h L : D cycle. Tomato (variety : Kwangmyung)

was used as a host plant. In laboratory bioassay, tomato

leaves infected with about 30 ~ 50 second instars of T.

vaporariorum nymphs were dipped into conidia, blas-

tospores suspensions and supernatant solutions for 10 sec

and dried at room temperature for about 20 min, respec-

tively. The leaves were placed on a 90 mm Petridish con-

taining moisturized filter papers and also the nymphs

treated by culture products were transfer on SDYA. Con-

trol was treated with 0.1% Tween 80 only. T. vaporari-

orum nymphs were incubated at 25oC, RH 70%. Alive

nymphs were rated based on mortality such as morpho-

logical size, the degree of hyphal coverage and/or fungal

growth on host exocuticle. 

For glasshouse trial, tomatoes were cultivated in an

automatically controlled glasshouse (Institute of Dongbu

HiTeK Co. Ltd.) like temperature, light etc. Ten-foliate

tomatoes colonized with second instars of T. vaporari-

orum nymphs were used as a test crop. The fungal culture

products of SFP-198 were sprayed one time using porta-

ble hand sprayer (Gardena 864, Germany) after initial

density of nymphs per plant was examined. Insecticidal

activity was evaluated from 3 to 10 days after the appli-

cation and expressed as efficacy which was calculated like

this; efficacy = ((% of living nymph or pupae in control -

% of living nymph or pupae in treatment) / (% of living

nymph or pupae in control))×100%. All bioassays were

performed in triplicate.

For Tetranychus urticae bioassay, soybean (var: native

species) in laboratory bioassay, and three to four-foliate

soybeans in glasshouse trial were used as host plants,

respectively. Bioassay methods were similar to those of T.

vaporariorum bioassays. The analysis of variance was

conducted on normalized data. The mean of each treat-

ment was compared using a one way analysis of variance

(ANOVA) test at 0.05 of p-value.

Enzyme activity

Subtilisin-like Pr1 protease and trypsin-like Pr2 protease

were determined with N-Suc-(Ala)2-Pro-Phe-p-nitroanil-

ide and benzoyl-Phe-Val-Arg-p-nitroanilides (Sigma) as

substrates, respectively (Campos et al., 2005). The reac-

tion mixture was 15 µl substrate (2 µM), 10 µl enzyme

sample, and 75 µl of 50 mM Tris-HCl, pH 8.0. The

kinetic assay was done in a spectrophotometer (UV-260,
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Shimadzu Co.) at 405 nm. Enzyme activity was expressed

as nanomoles nitroanilide (NA) released per hour per ml

at 37oC. Chitinase activity was measured by determining

the release of p-nitrophenol from p-nitrophenyl β-D-

acetylglucosaminide (PNG) on the basis of the method

(Roberts and Selitrennikoff, 1988). 100 µl of enzyme

solution was added to 100 µl of 10 mM PNG (Sigma) and

300 µl of 0.1 M citrate-phosphate buffer (pH 6.0). After

incubation at 37oC for 1 h, 500 µl of 1.0 M Na2CO3 was

added. The kinetic assay was done in a spectrophotometer

(UV-260, Shimadzu Co.) at 405 nm.

Thermal stability

SFP-198 culture products such as conidia, blastospores

and supernatant were exposed to thermal stress in a hot

condition of incubator at 50oC for 2 h (Avery et al., 2004;

Ying and Feng, 2004). Control was maintained at room

temperature for two hours. After thermal stress, 100 µl of

conidia or blastospores suspensions resuspended with

0.1% Tween 80, was dropped on SDYA medium. Ger-

mination of conidia and blastospores was assessed micro-

scopically by counting the number of conidia and

blastospores with germ tube formation per 100 conidia

after 12 h of incubation at 27oC. Germ tubes equal to or

greater than the length of the conidia were considered a

positive symptom for germination.

Results 

Identification and genetic difference

Incubation of SFP-198 in SDYA medium showed the

white color of hyphal growth and produced the pink color

of conidia at 6 days after culture at 27oC (data not shown).

SFP-198 conidia were elliptical in form which is typical

for Paecilomyces sp. conidia (Avery et al., 2004). The

blastospores of SFP-198 were long elliptical type and two

or three times bigger than conidia in size. They set to dif-

ferentiate from the hyphae at two days after incubation in

SDYB medium. SFP-198 was identified as P. fumosoro-

seus through 5.8s rRNA sequencing and genetic analysis

by comparing sequences to the NCBI (National Center for

Biotechnology Information) gene bank data (data not

shown). 

To examine the genetic difference between SFP-198

and the previously commercialized isolate, P. fumosoro-

seus KACC41244 (KACC41244), analysis of amplified

fragment length polymorphism (AFLP) was performed.

There were 45 polymorphisms between two isolates using

six kinds of primer combinations in AFLP analysis. A

cluster analysis on the basis of the obtained AFLP mark-

ers demonstrated that SFP-198 and KACC41244 were

different in genetic structure.

Toxicity and infectivity

SFP-198 conidia showed 72.5% efficacy against second

instars of T. vaporariorum nymphs at 6 days after the

treatment in the laboratory (Fig. 1). Infectivity of SFP-198

conidia against second instars of T. vaporariorum nymphs

was confirmed by observing the germination of conidia at

a high RH condition, 70% (Fig. 2A). Growth of hyphae at

the outer parts of insect body was observed at 5 days after

treatment. It was also confirmed by structural imaging of

infection through scanning electron microscopy (Fig. 2B).

Production of virulence-related enzymes

SFP-198 produced chitinase, Pr1 and P2 proteases which

have been reported as virulence-related enzymes (Fig. 3).

Comparing with KACC41244, their productivity was

similar except Pr2 proteases. SFP-198 produced two times

higher Pr2 proteases than KACC41244.

Comparison of insecticidal activity and thermal

stability among the culture products

To select an active ingredient for the mass production and

the formulation, culture products of SFP-198 such as

conidia, blastospores and supernatant were compared

based on their insecticidal activities against T. vaporari-

orum nymphs. As a result, SFP-198 conidia and blas-

tospores showed much higher insecticidal activity against

second instars of T. vaporariorum nymphs about 70 to

90% efficacy in the laboratory at a dosage of 104 to 106

propagules per ml with 10 days of treatment (Fig. 4). The

insecticidal activity of SFP-198 supernatant, which

showed about 60 to 75% efficacy, was lower than that of

Fig. 1. Insecticidal activities of SFP-198 conidia against sec-

ond instars of T. vaporariorum nymphs in laboratory. SFP-198

conidia suspensions (1×106 conidia/ml) were sprayed on nym-

phs in tomato leaves using 0.1% Tween 80 as a spreader.

Chemical insecticide, spiromesifen 20% SC was used as a pos-

itive control. No. of living nymphs was counted at 4 days after

treatment. Different letters above error bars indicate significant

difference (P < 0.05, One way ANOVA test).
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conidia or blastospores at the same dilution rates.

To compare the storage stability of SFP-198 conidia and

blastospores, their thermal stabilities were investigated in

laboratory. Conidia were more heat-resistant than blas-

tospores, and also powder form of conidia was more

thermo-stable than suspension form (Fig. 5).

Host Spectrum of SFP-198 conidia

SFP-198 conidia showed virulence on not only T. vapo-

rariorum nymphs (Fig. 6) but also T. urticae (Fig. 7) in the

glasshouse. Insecticidal activity against T. vaporariorum

nymphs was maintained for about 14 days after the one

time’s application. In case of T. urticae, application of

high dosages, 5×106 conidia/ml showed a practicable effi-

cacy about 70 ~ 80%. However, it was observed that SFP-

198 conidia did not show biological control activity below

above dosage.

Discussion

An entomopathogenic fungus, P. fumosoroseus SFP-198

was screened out to control T. vaporariorum nymphs

Fig. 2. Conidial infection of SFP-198 against second instars of T. vaporariorum nymphs by observing with optical microscope (A)

and scanning electron microscope (B). SFP-198 conidia suspensions (1×105 conidia/ml) were sprayed on nymphs and they were

incubated in moisturized petridish (RH: 70%, at 25oC). Infectivities were evaluated at 5 (a), 7 (b) and 10 (c) days after the incuba-

tion. 

Fig. 3. Production of insecticidal enzymes, chitinases, Pr1 pro-

teases and Pr2 proteases from SFP-198 and KACC41244.

Fig. 4. Comparison of insecticidal activities among SFP-198

culture products against 2nd instars of T. vaporariorum nymphs

in laboratory. No. of living nymphs was counted at 5 and 10

days after treatment. Used controls were same to Fig. 1. 
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effectively. Infectivity by germination was confirmed by

optical microscope and scanning electron microscope.

SFP-198 showed general morphological characteristics

compared with P. fumosoroseus spp. White hypha and

pink conidia are involved in general growth pattern of

these species (Altre and Vandenberg, 2001; Avery et al.,

2004; Dunlap et al., 2005; Lee et al., 1999). In contrast to

Beauveria bassiana, the SFP-198 conidia were more

elliptical in morphology. The size of blastospore was 2 or

3 times bigger than that of conidia. In genetic comparison

with the previously reported isolate, KACC41244, SFP-

198 showed a little different polymorphism. However,

functional genomics should be followed to confirm these

differences in detail. The production of enzymes related to

virulence was compared between two isolates. Except Pr2

proteases, enzyme production pattern was similar in chiti-

nase and Pr1 proteases. SFP-198 produced more Pr2 pro-

teases than KACC41244 isolate. Pr2 proteases were

reported that it assists Pr1 proteases that hydrolyze the

protein existed in an epicuticle of insects (Clarkson and

Charnley, 1996; Fan et al., 2007; Maheshwari et al.,

2000).

However, characterization of culture products should be

performed on the basis of industrial process to commer-

cialize entomopathogenic fungi (Bartlett and Jaronski,

1988; Bradley et al., 1992). Main issues are biological

activity and stability in long storage of final products

(Burges, 1998; Inglis et al., 1993). Conidia and blas-

tospores of SFP-198 showed similar efficacy against T.

vaporariorum nymphs in laboratory. The insecticidal

activity of supernatants was lower than conidia and blas-

tospores. Recently, novel trial has been performed to com-

mercialize entomopathogenic fungi more practically

through liquid culture (Altre and Vandenberg, 2001; Lane

et al., 1991; Sandoval-Coronado et al., 2001; Vidal et al.,

1998). Blastospores can be produced more easily using

liquid fermentation in contrast to conidia produced by

Fig. 5. Thermal stability of suspension (A) and powder (B)

forms of SFP-198 culture products, conidia and blastospore, at

50oC incubation. The number of germinated conidia was

counted among 100 conidia with optical microscope. 

Fig. 6. Insecticidal activities of SFP-198 conidia against sec-

ond instars of T. vaporariorum nymphs in the glasshouse. No.

of living nymphs was counted after one time of spray. Chemi-

cal pesticides, Naturalis-L SC and pyrifroxyfen EC were used

as positive controls. Control indicates 0.1% Tween 20 treat-

ment.

Fig. 7. Insecticidal activities of SFP-198 conidia against T.

urticae adults in the glasshouse. Chemical pesticides, Natu-

ralis-L SC and Flufenoxuron SL were used as positive con-

trols.
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solid culture. Pathogenicity of blastospores was con-

firmed by several research groups (Altre and Vandenberg,

2001; Lane et al., 1991). On the point of stability, SFP-

198 conidia were more stable than blastospores at thermal

stress. Besides, powder form of conidia was more stable

than suspension form. It means that conidia should be for-

mulated to powder types such as wettable powder for-

mulation (WP) or free-water formulation. The lower

thermal stability of blastospores may be resulted from the

differentiation from a week structure of hypha (Altre and

Vandenberg, 2001; Sandoval-Coronado et al., 2001).

Hydrophobins, recently reported heat-resistant protein,

may influence the relatively higher thermal stability of

SFP-198 conidia (Maheshwari et al., 2000; Ying and

Feng, 2004). Consequently, SFP-198 conidia were

selected as an active ingredient for final product.

The selected SFP-198 conidia showed practical insec-

ticidal activity against not only T. vaporariorum but also

T. urticae in the glasshouse. However, more superior

activity must be obtained to use it more usefully. It might

be solved by following processes such as the mass pro-

duction and the formulation. Next study will be focused

on optimization of solid culture condition and formulation

recipe. Production of more virulent and heat-resistant

conidia should be obtained by optimization of solid cul-

ture condition. 
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