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ABSTRACT

Paecilomyces lilacinus has potential for pests control. We aimed to analyze mycelia growth and spore
productioninP. lilacinus strainsin several agro-industria residuesand commercial media. Thisstudy suggests
aternative nutrient sources for fungi production and that the biotechnological potential of agro-industrial
refuses could be employed in byproducts development.
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Rationa utilization of pathogens, whether from bacterial,
fungal, nematode or arthropod origin, aiming pest maintenance
at anon economic level with reduced environment aggression,
has been adopted worldwidein biological control programs(1).
The use of microbia agentsfor biological control of pests and
plant diseases is an important strategy to minimize synthetic
chemical pesticides effects in humans, animals and to the
environment (21).

Fungi arethe microorganismsthat hold the highest potential
for biological control (16), they have alimited host range, with
minimal impact on non-target species(14). Thecurrent working
hypothesis for the number of fungi on Earth was estimated in
1-to 5 million species(13). Theseestimated data provide potential
searching material for finding new fungal agents that could be
able to cause epizootics on insect and nematodes populations.
These fungi also can be isolated as endophytes (26), living
within host plants without causing any noticeable symptoms
of disease (3,8,27). It is hypothesized that the endophytes, in
contrast to known pathogens, generally have far greater
phenotypic plasticity and thus more options to interact with
their host than pathogens (29).

The genus Paecilomyces, which is widespread in nature,
assembles several entomopathogenic species(1). Paecilomyces

lilacinus is a soil fungus with a good potential for biological
control. This specie has been described as being as efficient as
the commonly used nematicides (17,28) and also asacontroller
of greenhouse insects and mite pests (10).

Fungi can be manipulated in several ways for use in
biocontrol, but must be available in large quantities (1). The
success of microbia control, often depends upon the pathogen
at competitive prices (20). Production processes for fungal
biopesticides must be low-cost and yield high concentrations
of viable, virulent, and persistent spores (14). The nutritional
composition of the production medium has asignificant impact
on the attributes of the resulting propagules, such as biocontrol
efficacy, desiccation, tolerance, and persistence (12,18).

A great aternative to achieve a satisfying price is the
utilization of industrial residues or agricultural products. The
agricultural wastes are produced in large quantities in many
Statesin Brazil, including the Parana State. Thebiotechnological
potential of these refuses can be employed in byproducts
development and improvement. Severa studies have been
performed on the utilization of agro-industrial residues with
added value (23,31,33). Many materials have been tested for
spore production by entomopathogenic fungi, such as
sorghum, broad bean, beans, cassavabagasse, ryeflour, cassava
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flour, rice and residues such as sugar-cane bagasse and refused
potatoes(5,7,9,32).

Ayala (2) mentioned the utilization of refuse potato in the
entomopathogenic fungus Beauveria bassiana large-scale
production. Brand et al. (4) selected low-cost substrate for spore
production of P. lilacinusin solid state fermentation.

In this paper we aimed to analyze the mycelia growth and
spore production in Paecilomyces lilacinus strains in Refuse
Potato natural medium and Potato Dextrose Agar (PDA)
commercial medium. The strain that showed the highest spore
production was evaluated in severa agro-industrial residues
and commercia media. Thedataavailablefrom these experiments
could be employed in mass production of P. lilacinus for
biological control.

TheBrazilian strain Endo 69 wasi sol ated as endophytefrom
soy plants by Pimentel (25). Mutant strains 2K and RG3,
originaly isolated form Meloydogine incognita, were obtained
by U.V-light and GAMMA ray irradiation, respectively, by
Pimentel and Azevedo (24). Thefungal strainswere maintained
in the biological collection of Laboratério de Microbiologia e
BiologiaMoalecular (LabMicro), Universidade Federal do Parana,
Curitiba, Parana, Brazil. The substrate refuse potato was
obtained from thelocal market (Curitiba). Cassavabagasse, rye,
barley, wheat, soy and coffee husks substrates were gently
donated by industrials from Parana. The residues were dried at
55°C for 48 h, milled and sieved to obtain particles size between
0.8 and 2.0 mm. The flour production followed the protocol
described by Ayala (2), with modifications in pH that was
adjusted to 4.0. All natural media were added with 15% agar.
Thecommercid mediautilized were: MatAgar (MA), Sabouraud
Dextrose Agar (SDA) and Potato Dextrose Agar (PDA) and
were prepared following the manufacturer (Difco) instructions.

Paecilomyces lilacinus strains Endo 69, 2K and RG3 were
grown on selected mediafor 7 daysat 28°C in B.O.D. incubator.
A sample of 0.5cm diameter was removed from the center of
each colony and placed upside down in new plates. After
incubation for 14 days, the colony diameter wasrecorded using
2 cardinal diameters. Spore production was estimated by
removing a sample of 0.5cm diameter, tangentialy from the
inoculum. The spores were dispersed in Tween 80 (0.1%)
suspension and counted in aNeubauer chamber. Sevenreplicate
Petri disheswere prepared for each strain evaluated. The strain
which showed the highest spore production rate was selected
for further experiments as described below.

A 0.5ml aiquot of sporesuspension from P. lilacinus selected
strain in Tween 80 (0.1%) (108 spores.mlt) was placed in
Erlenmeyer flasks containing 50 ml of PDA (maintained melted
at 45°C) and mixed gently until the medium solidifies. This
procedurewasrepeated 2 times. Then, theflaskswereincubated
at 28°C for 10 days.

The spore suspensions were prepared by addition of 40 ml
steriledistilled water, 15 g of glass beadsand Tween 80 (0.1%) at
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thecultureflask, and stirred for 30 minutes on amagnetic stirrer.
The spores were counted in Neubauer chamber and the spore
concentration was adjusted to 108 spores.ml. Spores from P.
lilacinus selected strain, obtained as described, were grown on
selected agro-industrial residues media: Refuse Potato (RP),
CassavaBagasse (CB), Rye(R), Barley (B), Whesat (W), Soy (9),
80% Cassava Bagasse added with 20% Coffee Husks (CC), 80%
CassavaBagasse added with 20% Soy (CS80) and 90% Cassava
Bagasse added with 10% Soy (CS90) and commercia media
MA, SDA and PDA for 14 daysat 28°CinB.O.D. Threereplicate
Petri dishes were prepared for each media evaluated data were
analyzed by ANOVA, means were compared by a Tukey test at
1% or 5%, using software ASSISTAT version 7.5, 2008 (30).

Diametersfrom fungal colonieswere evaluated after 14 days
of grown. All strains assayed on Refuse Potato medium showed
higher mycelial growthin contrast with PDA medium. The Endo
69 strain showed the highest mycelial growth only on PDA
mediumwhich differsstatistically from 2K and RG3 strains (p <
0.05) (Tablel).

PDA and Refuse Potato mediadid not differ in promoting
spore production in all strains assayed. However, the strain
Endo69 showed the highest spore production rate, which is
significantly different from strains 2K and RG3 (p < 0.05)
(Table1).

The P. lilacinus strain Endo 69 showed high rate of spore
production on Refuse Potato medium and its efficiency is
statistically comparableto commercial medium PDA andtothe
natural medium Cassava bagasse 80% and coffee husks 20%
(CC). ThemediaCS80 and CS90 composed by Cassavabagasse
80% and 90%, and soy 20% and 10%, respectively, aswell Wheat
(W) and Rye (R) media, showed no statistical difference (p <
0.01) (Table 2). Thelowest spore production rate was observed
in Soy medium, followed by Cassavabagasseand Barley media.
The natural media evaluated did not show a performance as
good as that displayed by Malt Agar commercial medium for
sporeproductionin P. lilacinus strain Endo 69. However, Refuse
Potato medium provided spore production asefficiently asPDA
medium (Table2).

All P. lilacinus strains assayed showed the highest mycelial
growth on RP mediumin contrast with PDA commercia medium
and no statistical difference was observed among them.
However, on PDA, the mycelial growth of Endo 69 strain was
higher thanin 2K and RG3 strains.

The composition of natural Refuse Potato medium, which
contains amino acids as lysine, methyonine and cystein, and
several minerals, known as growth promoting factors, may have
contributed to a higher mycelial growth in contrast with the
observedin PDA commercial medium (34).

Although only a few studies had been performed in P.
lilacinusinregards of mycelial growthin agro-industrial media,
iswell known that most fungi require nitrogen source as well
as an utilizable carbohydrate for mycelial growth. Kamp and
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Table 1. Mycelial growth and spore production in P. lilacinus strains Endo 69, 2K and RG3, after 14 days at 28°C, on PDA

commercia and Refuse Potato natural media.

Culturemedia

Strains Refuse-Potato PDA
Colony diameter (mm)® Spores.10%.ml1®@ Colony diameter (mm)® Spores.105.ml@
Endo69 56,4167 aA 1.5667 aA 51,8333aB 1.6167 8A
X 54,50002A 0.7833bA 44,1667 bB 0.8250bA
RG3 55.6677 8A 0.4583bA 47,0833bB 0.6417bA

WM eans calculated from 3 replications. Datatransformed to log(x+2). C.V.= 5.2901. @M eans cal cul ated from 3 replications. Datatransformed
to log(x+2). C.V.= 37.1959. Means followed by the same small letter (strains) and capital |etter (media) do not differ among them by Tukey

test at 5%.

Table 2. Spore production in P. lilacinus strain Endo 69 on
commercia and natural mediaafter 14 daysat 28°C.

Media Spores.10°. ml-*®
MA 26130 a
SDA 20806 b
RP 17546 c
PDA 16011 c
ac 15600 cd
C30 13526 de
C0 13307 de
W 11883 e
R 10770 ef
B 0.7959 fg
oz} 06927 g
S 06780 g

WM eans calculated from 3 replications. Data transformed to log(x+1).
C.V.= 7.55%. Means followed by the same letter do not differ among
them by Tukey test at 1%.

MA: Malt Agar; SDA: Sabouraud Dextrose Agar, PDA: Potato
Dextrose Agar, RP: Refuse Potato, CC: 80%Cassava Bagasse added
with 20%Coffee Husks, R: Rye, B: Barley, CB: Cassava Bagasse, S:
Soy, CS80: 80%Cassava Bagasse added with 20%Soy, CS90: 90%Cas-
sava Bagasse added with 10%Soy, W: Wheat.

Bidochka (15) had demonstrated that growth in B. bassiana,
Metarhizium anisopliae and Verticillium lecanii is affected
by different solid substrate culture conditions as measured by
colony diameter. Colony diameters on nutrient poor substrates
were often similar to that of other mediatypes but growth was
extremely sparse. Ayala (2) assayed the potato refuse medium
for spore production in B. bassiana and observed that this
mediumwasmoreefficient when compared with PDA commercia
medium.
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Although PDA and RP media did not differ in promoting
spore production in al P. lilacinus strains assayed, the strain
Endo69 showed the highest spore production rate, which is
significantly different from strains 2K and RG3. Thelow spore
production rates observed in P. lilacinus mutant strains 2K and
RG3, which were obtained by U.V-light and GAMMA ray
irradiation, respectively, may be resultant of mutagenic agents
effects. These mutational events could be responsible for
altering genesinvolved in metabolic pathwaysthat lead to spore
production. Pacolla-Meirelles et al. (22) described two B.
bassiana UV-light resistant mutants, which showed lower
sporulation rates in contrast with wild strains.

High spore numbersis one of the main criteriafor choosing
afunga pathogen for biological control of pestsin the field.
According to Martignoni (20), the success of microbial control,
often depends upon the pathogen at competitive prices.
Production processes for fungal biopesticides must be low-
cost and yield high concentrations of viable, virulent, and
persistent propagules (14). Through the knowledge that P.
lilacinus strain Endo 69 showed higher spore production on
RP medium, this strain was selected for further experiments on
severa agro-industrials media.

Once agricultural wastes are produced in large quantitiesin
Brazil, this study provides agreat contribution to employ these
refuses with added value. Several studies have been performed
on the utilization of agro-industrial residues, such as sugarcane
and cassava bagasses, corn, wheat coffee husks, soy, glucose
syrup, grape and beetroot syrup (6,23).

Methods for commercia production of conidia are usually
done on solid substrates that can consist of cereal grains, rice
or other starch-based substrate (11). According to Kamp and
Bidochka (15), spore production in B. bassiana, Metarhizium
anisopliae and Verticillium lecanii was affected by different
solid substrate culture conditions. Different nutrient types in
the agar media resulted in variability in the number of spores
produced after the 14 days growth period. Sporulation likely



occurs upon nitrogen depletion in the presence of carbohydrate.
For optimum sporulation amedium isrequired where extensive
mycelia growth is followed by spore production. A nutrient
rich medium would not stimulate sporulation while a nutrient
poor medium would not offer extensive mycelial growth.

Leenaet al. (19) evaluated mass production of P. farinosus
and P. lilacinus on sugarcane molasses, spent wash and other
agro-industrial wastes. Sugarcane pressmud supported the
growth aswell assignificantly greater spore production of both
species compared to other agro-industrial byproducts and
wastes tested.

Among al the natural media assayed, RP allowed strain
Endo 69 to produce higher spores number. Its efficiency for
providing this particular capacity by thefunguswas comparable
to commercia medium PDA. Potato dextrose agar is usually
applied for fungal cultures in laboratory conditions due its
efficiency in providing mycelial growth and spore production.
Upon theknowledge that agro-industrial refuse potato provides
aswell high spore production ratesin P. lilacinus strain, which
was similar to that observed on PDA, this natural media could
be employed hereafter in mass production evaluations on this
and others fungi with potential for biological control.

Inregard of achievelow-cost and yield high concentrations
of viable fungal spores and to make good use of agricultura
wastes produced inlarge quantitiesin Brazil, this study suggests
alternatives for nutrient sources aiming P. lilacinus mass
production. The biotechnological potential of these agro-
industrial refuses could be employed in byproducts devel opment
and improvement for biocontrol programs establishment.

RESUMO

Producao de esporosem linhagensde
Paecilomyceslilacinus (Thom.) samson em residuos
agro-industriais

Paecilomyces lilacinus apresenta potencial para controle
de pragas. O objetivo deste trabalho foi analisar o crescimento
micelial e a producéo de esporos de linhagens de P. lilacinus
em residuos agro-industriais € meios comerciais. Este estudo
sugere fontes alternativas para producéo de fungos com
potencial biotecnol égico paradesenvolvimento de bioprodutos.

Palavras-chave: controlebiol 6gico, crescimento micdlial, fungos
nematéfagos.

REFERENCES

1. Alves, SB.; Lopes, R.B. (2008). Controle Microbiano de Pragas na
América Latina: Avancos e Desafios. FEALQ, Piracicaba, S0 Paulo.
2. Ayala, L.A.C. (1996). Aproveitamento Biotecnologico de Refugos
de Batata (Solanum tuberosum L.) para a producéo de esporos do
fungo entomopatogénico Beauveria bassiana (BALS.) VUILL, por

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Spore production by P. lilacinus

Fermentacdo no Estado Solido. Parand, Brasil. (M.Sc. Dissertation.
UFPR).

Azevedo, J.L. (1998). Genética de Microrganismos. Editora UFG,
Goiania, Goias.

Brand, D.; Roussos, S.; Pandey, A.; Zilioli, PC.; Pohl, J.; Soccol, C.R.
(2003). Selection of low-cost substrates for spore production of
nematophagous fungi. In: X1V Simpésio Nacional de fermentacdes,
Florianépolis. X1V Simpdsio Nacional de Fermentacses.

Burtet, M.J.G; Silva, M.E.; Diehl-Fleig, E. (1997). Producéo de conidios
e micélio seco de Beauveria bassiana (Bals.) Vill. para controle de
formigas cortadeiras. Congresso Bras. Entomol. 16, 101.

Buzzini, P; Martini, A. (1999). Production of carotenoids by strains
of Rhodotorula glutinis culturedin raw materials of agro-industrial
origin. Bioresour. Technol. 71, 41-44.

Calderon, A.; Fraga, M.; Carreras, B. (1995). Production of Beauveria
bassiana by solid-state fermentation. Rev. Protec. Veg. 10, 269-
273.

Carroll, G.C. (1988). Fungal endophytes in stems and leaves: from
latent pathogen to mutualistic symbiont. Ecology 69, 2-9.

Dalla Santa, H.S,; Dalla Santa, O.R.; Brand, D.; Vandenberghe, L.P.S;
Soccol, C.R. (2005). Spore Production of Beauveria bassiana From
Agro-Industrial Residues. Braz. Arch. Biol. Biotech. 48, 51-60.
Fiedler, Z.; Sosnowska, D. (2007). Nematophagous fungus
Paecilomyces lilacinus (Thom) Samson is also a biological agent for
control of greenhouse insects and mite pests. BioControl. 52, 547-
558.

Goettel, M.S.; Roberts, D.W. (1992). Mass production, formulation
and field application of entomopathogenic fungi. In: Lomer, C.J,;
Prior C. Biological Control of Locusts and Grasshopper. CAB
International, Wallingford, UK.

Hallsworth, J.E.; Magan, E.1 (1994). Improved biologica control
by changing polyols/trehalose in conidia of entomopathogens. In:
Brighton Crop Protection Conference—Pests and Diseases. British
Crop Protection Council, Farnham, UK.

Hawksworth, D.L. (2001). The magnitude of fungal diversity: the
1-5 million species estimate revisited. Mycol. Res. 105, 1422-1432.
Jackson, M.A. (1997). Optimizing nutritional conditions for the
liquid cultureproduction of effective fungal biological control agents.
J. Ind. Microbiol. Biotechnol. 19, 180-187.

Kamp, A.M.; Bidochka, M.J. (2002). Conidium production by insect
pathogenic fungi on commercially available agars. Lett. Appl.
Microbiol. 35, 74-77.

Kaya H.K.; Lacey, L.A. (2000). Introduction to microbial control.
In: Lacey, L.A., Kaya, H.K. (eds), Field Manual of Techniques in
Invertebrate Pathology. Kluwer Academic Publishers.

Kerry, B.R. (1990). An assessment of progress toward microbial
control of plant parasitic nematode. J. Nematol. 22, 621-631.
Lane B.S.; Trinci, A.PJ; Gillespie, A.T. (1991). Influence of culture
conditions on the virulence of conidia and blastospores of Beauveria
bassiana to the green leafhopper, Nephotettix virescens. Mycol Res.
95, 29-833.

Leena, M.D.; Easwaramoorthy, S.; Nirmala, R. (2003). In vitro
production of entomopathogenic fungi Paecilomyces farinosus
(Hotmskiold) and Paecilomyces lilacinus (Thom.) Samson using
byproducts of sugar industry and other agro-industrial byproducts
and wastes. Sugar Tech. 5, 231-236.

Martignoni, M.E. (1968). Control f insects and weeds. In-Mass
production of insects patogens. Reinold Pub. Co., New York.
Messias, C.L. (1989). Fungos, sua utilizacdo para o controle de insetos
de importancia médica e agricola. Mem. Inst. Oswaldo Cruz. 84,
57-59.

Pacolla-Meirelles, L.D.; Vilas-boas, A.M.; Azevedo, J.L. (1997).
Obtention and evaluation of pathogenicity of ultra violet resistant
mutants in the entomopathogenic fungus Beauvaria bassiana. Rev.
Microbiol. 28, 121-124.

299



Pimentel, 1.C. etal.

23.

24.

25.

26.

27.

28.

300

Pandey, A.; Soccol, C.R.; Poonam, N.; Soccol, V.T.; Vandenberghe,
L.PS. (2000). Biotechnological potencial of agroindustrial residues
II: cassava bagasse. Bioresour. Technol. 74, 81-87.

Pimentel, 1.C.; Azevedo, J.L. (1989). Obtencéo de mutantes de
Paecilomyces lilacinus para utilizagdo no controle biolégico de
nematoides. 3a Reunido sobre Controle Biolégico de Doengas de
Plantas. Anais da 3a Reunido sobre Controle Biolégico de Doengas
de Plantas, Piracicaba-SP. p. 105.

Pimentel, 1.C. (2001). Fungos Endofiticos do milho (Zea Mays L.)
e de soja (Glycine max (L.) Merril) e seu potencial biotecnolégico
no controle de pragas agricolas. Parang, Brasil. (PhD thesis).
Pimentel, 1.C.; Blanco, C.B.; Gabardo, J.; Stuart, R.M.; Azevedo, J.L.
(2006). Identification and Colonization of Endophytic Fungi from
Soybean (Glycine max (L.) Merril) under different Environmental
Conditions. Braz. Arch. Biol. Technol. 49, 705-711.

Pinto, L.S.R.C.; Azevedo, J.L.; Pereira, J.O.; Vieira, M.L.C.; Labate,
C.A. (2000). Symptomless infection of banana and maize by endophytic
fungi impairs photosynthetic efficiency. New Phytol. 147, 609-615.
Schenck, S. (2004). Control of Nematodes in Tomato with Paecilomyces
lilacinus Strain 251. Haw. Agricul. Res. Cent. Veg. 5, 1-5.

29.

30.

31.

32.

33.

34.

Schultz, B.; Boyle, C. (2005). The endophytic continuum. Mycol.
Res. 109, 661-686.

Silva, F.A.S.; Azevedo, C.A. (2002). Versdao do programa
computacional Assistat para o sistema operacional Windows. Rev.
Bras. Prod. Agroind. 4, 71-78.

Soccol, C.R. (1994). Contribuicdo ao Estudo da Fermentacéo no
Estado Sdlido em Relacéo com a Producdo de Acido Fumarico,
Biotransformagéo de Residuo Sélido de Mandioca por Rhizopus e
Basidiomacromicetos do Género Pleurotus. Parang, Brasil. (Thesis
Prof. Titular. UFPR).

Soccol, C.R.; Ayala, L.A.; Soccol, V.T.; Krueger, N.; Santos, H.R.
(1997). Spore production by entomopathogenic fungus Beauveria
basssiana from declassified potato by solid-state fermentation. Rev.
Microbiol. 28, 34-42.

Soccol, C.R.; Vandenberghe, L.PS. (2003). Overview of applied solid-
state fermentation in Brazil, Bioch. Eng. Journ. 3, 205-218.
Trindade, J.L.F. (1994). Caracterizacdo de algumas variedades
de batata do municipio de Contenda - PR e indicages quanto ao
uso doméstico e fins tecnolégicos. Parang, Brasil. (PhD Thesis,
UFPR).



