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ABSTRACT: Actinomycetes are important plant disease control and growth promotion agents, which
makes it necessary to develop technology to produce large quantities of inoculum for green-house
and field work. The present study had the objective of evaluating the growth of several isolates of
Streptomyces in sterile rice for inoculum production. The sterile rice was inoculated with isolates of S.
thermotolerans, S. griseus subsp. griseus, Streptomyces sp. N0035, S. purpurascens, and Streptomyces
sp., and incubated at 28 ± 2ºC. Five days after its inoculation, mycelial growth and sporulation was
observed for all Streptomyces isolates on the rice grains. Twelve days after incubation, the colonized
rice was transferred to envelopes of dark brown paper and let to dry in an incubator at 30ºC for three
days. After drying, 1g of colonized rice was added to 200 mL of sterile distilled water and the number
of spores was counted under a microscope with a Newbauer counting chamber. Spore production
varied from 0.14 × 109 to 1.47 × 109 spores per gram of rice and differed among the Streptomyces
species. Sterile rice can be an alternative substrate for low cost mass production of Streptomyces
inoculum.
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PRODUÇÃO DE INÓCULO DE ESTREPTOMICETO
EM ARROZ ESTERILIZADO

RESUMO: Os actinomicetos são importantes agentes de controle biológico de doenças e promoção
de crescimento de plantas, tornando necessária a obtenção de grandes quantidades de inóculo para
trabalhos em casa-de-vegetação e campo. No presente trabalho, avaliou-se o crescimento de diversas
espécies de Streptomyces em arroz esterilizado para a produção de inoculo. O arroz foi inoculado com
isolados de S. thermotolerans, S. griseus subsp. griseus, Streptomyces sp. N0035, S. purpurascens e
Streptomyces sp. e incubado a 28 ± 2ºC. Cinco dias após a incubação, para todos os isolados de
Streptomyces, o crescimento micelial e esporulação eram visíveis nos grãos de arroz. Doze dias após
incubação, o arroz colonizado foi transferido para envelopes de papel pardo e colocado em estufa a
30ºC por três dias. Após secagem, adicionou-se 1 g do arroz em 200 mL de água e fez-se a contagem de
esporos por grama de arroz, em câmara de Newbauer. A produção de esporos de Streptomyces sp.
variou de 0,14 × 109 a 1,47 × 109 esporos por grama de arroz e variou entre as espécies de Streptomyces.
O arroz esterilizado é um substrato viável para a produção massal, de baixo custo, de inóculo de
estreptomicetos.
Palavras-chave: actinomicetos, controle biológico, substratos para crescimento

INTRODUCTION

Actinomycetes have important characteristics
for biological control and plant growth promoting
agents, due to their capacity to produce spores, anti-
biotics, enzymes with antimicrobial activity, plant
growth promoting substances and to act as organic
matter decomposers (Crawford et al., 1993). These
microorganisms have an important role in the degra-

dation of polymers such as lignin, chitin, cellulose, and
starch (Crawford, 1988; Nolan & Cross, 1988), the
control of plant pathogens (Getha et al., 2005; Minuto
et al., 2006; Sousa et al., 2006), as well as in the pro-
duction of other important secondary metabolites of
industrial interest (Lancini & Lorenzetti, 1993).

To use these plant biocontrol and growth pro-
motion agents, either in green-house or field condi-
tions, it is necessary to produce large amounts of in-
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oculum. For such studies, strains of actinomycetes
grown in culture media are usually resuspended in ster-
ile water or buffered solutions for the suspensions be
used as inoculum (Cao et al., 2005). A Streptomyces
sp. delivery medium consisting of 5% (w/w) sago
hampas in soil, autoclaved and adjusted to moisture
content of 40%, was described by Stevenson (1956)
and used by Getha et al. (2005). Actinomycete inocu-
lum production in sterile moist wheat bran as the
growth substrate and its use for soil inoculation has
also been described (El-Tarabily et al., 2000). In addi-
tion, some studies have used commercial biocontrol
agents in powder formulations such as Mycostop®

(Verdera OY, Helsinki, Finland), a formulation with S.
griseoviridis, for the control of soilborn tomato patho-
gens (Minuto et al., 2006).

For fungi, a classical example is the large scale
production of Beauveria and Metarhizium in rice grains
for biological control of insects (Nelson et al., 1996)
and large scale production of Trichoderma species in
rice grains for biological control of plant pathogenic
fungi. The development of technology for mass pro-
duction of biocontrol agents can involve large com-
panies with large capital investments in automated pro-
cesses for large-scale production of commercial pow-
der formulations, or more labour-intensive small scale
production models which are economically viable for
small scale market supply (Jenkins et al., 1998).

The present study had the objective of evalu-
ating the growth of different species of Streptomyces
in sterile rice grains for inoculum mass production.

MATERIAL AND METHODS

To hydrate the rice grains, 500 mL of distilled
water was added to 300 g of rice and kept at room
temperature for one hour. The excess of water was
removed by using a 35 mesh sieve and aliquots of 50
g of rice were transferred to glass pots, which were
covered with aluminum foil and sealed with plastic
wrap film to prevent evaporation. The rice in the glass
pots was sterilized in the autoclave at 120ºC, for 55
minutes.

To inoculate the sterile rice, the Streptomyces
isolates were grown in arginine-glycerol-mineral salt
agar media (Poter et al., 1960) in Petri dishes and in-
cubated for ten days in a growth chamber at 28 ±
2ºC. The isolates tested were Streptomyces sp., S.
thermotolerans, S. griseus subsp. griseus, Streptomy-
ces sp. N0035, and S. purpurascens, which had been
selected in previous work as potential biocontrol
agents (Lima, 2003; Soares et al., 2006; Sousa et al.,
2006). The cell suspension of each Streptomyces iso-
late was prepared by adding 15 mL of sterile distilled

water to each Petri dish and the Streptomyces colo-
nies were scraped with a bacterial loop. The
suspension’s cell concentration was adjusted with
sterile water to absorbance of A540 = 0.3 in a UV spec-
trophotometer. One mililiter of the Streptomyces cell
suspension was added to each 50 g rice aliquot. Six
replicates were made for each isolate tested. The in-
oculated rice pots were covered with aluminum foil,
sealed with plastic wrap film and incubated at 28 ±
2ºC.

After 12 days of incubation, the colonized rice
(Figure 1) was transferred to brown paper envelopes
and dried in an oven at 30ºC, for three days, in order
to facilitate spore extraction from the rice grains. Af-
ter the drying period, 1 g of rice was added to 200
mL of sterile distilled water, the mixture was hand
shaken and the suspension was filtered through a piece
of cheese cloth. The number of spores in the filtered
suspension was quantified by counting under a light
microscope with a Newbauer chamber. For all tested
Streptomyces species, colonized rice grains were inocu-
lated onto arginine-glycerol-mineral salt agar plates and
incubated at 28 ± 2ºC to check for inoculums viabil-
ity.

The experimental design was a completely ran-
domized block with six replicates. The analysis of vari-
ance (ANOVA) and the comparison of means by the
Tukey test were performed with the statistical SISVAR
(Ferreira, 2000).

RESULTS AND DISCUSSION

Mycelial growth and sporulation of the Strep-
tomyces species were visually perceptible on the rice
grains five days after inoculation. Spore production
varied from 0.14 × 109 to 1.47 × 109 spores g-1 of rice,
after incubation for 12 days at 28ºC, followed by dry-
ing at 30ºC for 3 days (Table 1). Streptomyces sp. pre-
sented the highest number of spore production per
gram of colonized rice, in relation to the other isolates,
while Streptomyces sp. N0035 presented the lowest
spore production per gram of colonized rice (Table 1).

Table 1 - Quantification of spores per gram of rice grains
colonized by Streptomycete isolates.

setalosietecymotpertS gseropsfoºN 1- *ecirfo
secymotpertS .ps 24.1 × 01 9 a

snarelotomreht.S 45.0 × 01 9 ba
suesirg.S suesirg.psbus 01.1 × 01 9 ba

secymotpertS 5300N.ps 80.0 × 01 9 b
snecsaruprup.S 33.0 × 01 9 ba

*Means followed by the same letter do not differ by the test of
Tukey at (P < 0.05).
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Although S. griseus subsp. griseus and Strep-
tomyces sp. N0035 appeared to have higher levels of
rice colonization (Figure 1), these were not the iso-
lates with the highest production of spores (Table 1),
possibly due to the growth of a large quantity of non-
differentiated mycelia. However, a microscopic study
of rice grains colonized by these actinomycetes for
observation of substrate and aerial hyphae with spore
chains was not performed.

The viability of the rice inoculum was con-
firmed by the growth of all Streptomyces species from
colonized rice grains on arginine-glycerol-mineral salt
agar plates at 28 ± 2ºC and in vitro antagonism to some
plant fungal pathogens (data not shown). However, the
percentage of spore germination, as described by
Hirsch & Ensign (1976), was not determined for the
rice based Streptomyces spore inoculum. Spore ger-
minability may also vary with the Streptomyces spe-
cies and growth conditions (Hirsch & Ensign, 1976).
On the other hand, rice grains colonized by these Strep-
tomycete isolates have been used for inoculation of a
commercial planting mix, for evaluating their potential
for controlling Meloidogyne incognita in tomato seed-
lings (Sousa et al., 2006). These authors demonstrated
that Streptomyces sp. N0035, S. purpurascens and S.
griseus subspecies griseus rice inoculum caused sig-
nificant reduction in the number of root galls and egg

masses in tomato plants inoculated with M. incognita.
Growth promotion was also observed in tomato plants
grown in pots with planting mix inoculated with Strep-
tomyces rice inoculum (Sousa, 2006; Sousa et al.,
2006). In addition, these Streptomyces species have
been indicated as potential biological agents for con-
trolling yam (Dioscorea cayennensis Lam.)
phytophathogenic fungi associated with leaf spot dis-
eases (Soares et al., 2006).

Records of Streptomyces inoculum production
in rice grains were not found in the consulted litera-
ture. The growth of Streptomyces species in sterile
moistened rice grains can be a viable method for mass
production of inoculum. Yet, the inoculum concentra-
tion, in regard to spore production, varied with the
Streptomyces species.

Growth of actinomycetes and production of
secondary metabolites varies with the isolate, growth
conditions, such as carbon and nitrogen sources, as
well as pH, oxygen level and temperature conditions
(El-Enshasy et al., 2000). In addition, the type of in-
oculum (spores and vegetative cells) also affects the
production of secondary metabolites (El-Enshasy et al.,
2000). Therefore, for each Streptomyces species or iso-
late, the ability to produce high-titre inocula should be
tested with a variety of substrates and growth condi-
tions.

Figure 1 - Sterilized rice (A) and rice colonized by Streptomyces thermotolerans (B), Streptomyces purpurascens (C), Streptomyces
griseus subsp. griseus (D), Streptomyces sp. (E), and Streptomyces sp. N0035 (F).
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