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ABSTRACT: Studies with streptomycetes in biocontrol programs and plant growth promotion are
presented as technological alternatives for environmental sustainable production. This work has the
objective of characterizing six isolates of streptomycetes aiming the production of extracellular enzymes,
indole acetic acid, capacity for phosphate solubilization, root colonization and growth under different
pH and salinity levels. For detection of enzyme activity the isolates were grown in culture media with the
enzyme substrates as sole carbon source. The root colonization assay was performed on tomato seedlings
grown on 0.6% water-agar medium. Growth under different pH and salinity levels was evaluated in AGS
medium with 1%, 1.5%, 2%, 2.5%, and 3% NacCl, and pH levels adjusted to 5.0, 5.5, 6.0, 6.5, and 7.0. All
isolates produced the enzymes amylase, catalase, and lipase, as well as indole acetic acid. With one
exception (AC-92), all isolates presented cellulolytic and chitinolytic activity, and only AC-26 did not
show xylanolytic activity. The isolates AC-147, AC-95, and AC-29 were the highest producers of
siderophores. The isolates AC-26 and AC-29 did not show capacity for phosphate solubilization. All
isolates colonized tomato roots in vitro, and AC-92 grew under all pH and salinity levels tested. The
streptomycetes tested were considered as potential biocontrol and plant growth promotion agents.
Key words: actinomycetes, indole acetic acid, extracellular enzymes, siderophores

CARACTERIZACAO DE ESTREPTOMICETOS COM
POTENCIAL PARA PROMOCAO DE CRESCIMENTO
DE PLANTAS E BIOCONTROLE

RESUMO: Estudos com estreptomicetos em programas de biocontrole e promogao de crescimento de
plantas sdo alternativas tecnologicas de produgdo sustentdveis ao ambiente. O presente trabalho teve
como objetivo caracterizar seis isolados de estreptomicetos quanto a produgdo de enzimas extracelulares,
acido indolacético e siderdforos, capacidade de solubilizagdo de fosfatos, colonizagdo radicular ¢ de
crescimento em diferentes niveis de pH e salinidade. Para detectar a produgdo das enzimas extracelulares,
os isolados foram cultivados em meio de cultura contendo os substratos dessas enzimas, como unica
fonte de carbono. Para determinar a capacidade de colonizar o sistema radicular, sementes de tomate
foram cultivadas em meio agar-agua 0,6% e inoculadas com os estreptomicetos. O crescimento em
diferentes niveis de salinidade e pH foram avaliados em meio de cultura AGS, com os niveis de NaCl 1%,
1,5%, 2%, 2,5% e 3% e niveis de pH ajustados em 5,0, 5,5, 6,0, 6,5 e 7,0. Todos os isolados produziram as
enzimas amilase, catalase e lipase, assim como o acido indolacético. Todos os isolados apresentaram
atividade celulolitica e quitinolitica, com exce¢do do AC-92. Somente o0 AC-26 nao demonstrou atividade
xilanolitica. Os isolados AC-147, AC-95 e AC-29 foram os maiores produtores de sider6foros. Os isolados
AC-26 ¢ AC-29 nao demonstraram a capacidade in vitro de solubilizar fosfatos. Todos os isolados
colonizaram as raizes das plantulas de tomateiro e AC-92 apresentou crescimento em todos os indices de
salinidade e pH avaliados. Os estreptomicetos testados neste estudo foram considerados potenciais
agentes de biocontrole de doengas e promogdo do crescimento de plantas.

Palavras-chave: actinomicetos, acido indolacético, enzimas extracelulares, sider6foros

INTRODUCTION the Streptomyces genus, make up an important group
of soil bacteria from the actinobacteria class. Several
The actinomycetes, mainly those belonging to species of the Streptomycetaceae family are widely
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studied because of their ample capacity for produc-
tion of secondary metabolites, such as antibiotics and
extracellular enzymes (Inbar et al., 2005). These mi-
croorganisms are abundant in soils and act in the deg-
radation of complex molecules as well as recalcitrant
substances, especially cellulose, lignocellulose, xylan
and lignin, that play an important role in soil organic
matter decomposition processes (Petrosyan et al.,
2003; Ding et al., 2004).

Besides acting as organic matter decomposers,
these microorganisms have great potential as agents
for control of plant pathogens (Hoster et al., 2005;
Thirup et al., 2001) and/or for plant growth promo-
tion (Nassar et al., 2003). This is due to their capac-
ity to produce antibiotics, siderophores, enzymes that
have antimicrobial activity, substances that promote
plant growth, solubilization of phosphates and com-
petition with plant pathogens for substratum and nu-
trients (Cattelan & Hartel, 2000; Crawford et al.,
1993).

Among the studies conducted in vitro aiming
the selection of agents for biological control and plant
growth, characteristics such as antagonistic activity
against pathogens, capacity of colonizing the root sys-
tem, production of siderophores, hydrolytic enzymes,
and plant growth regulating substances are of funda-
mental importance (Cattelan, 1999). In addition, soil
salinity and pH levels are abiotic factors which can in-
terfere with the competitive capacity of these selected
biological agents. Therefore, the tolerance for high sa-
linity and low pH should be criteria for the selection
of microorganisms aiming their adaptation in saline or
acid soils, and their capacity to protect plants from
these stressing environments (Drozdowicz, 1987). This
study has the objective of morphologically and physi-
ologically characterize six isolates of streptomycetes
with potential to promote plant growth and to control
plant pathogens.

MATERIAL AND METHODS

Six streptomycete isolates codified as AC-26,
AC-29, AC-92, AC-95, AC-103 and AC-147 were
evaluated. They came from the culture collection of
the Phytopathology and Microbiology Laboratory of the
Agricultural, Environmental and Biological Sciences
Center, at Federal University of Reconcavo of Bahia
(UFRB) State of Bahia, Brazil. These streptomycetes
were isolated from rhizosphere soil of several crops
by Lima (2002), and have been selected for plant
growth promotion, control of tomato bacteria wilt
(Lima, 2002), plant parasitic nematodes (Coimbra et
al., 2005; Sousa et al, 2005; Sousa et al, 2006) and
phytopathogenic fungi (Soares et al., 2006).

Morphological characterization of streptomycete
isolates

Each streptomycete isolate was inoculated with
a flamed-sterilized inoculating loop in three equally
spaced streaks across the Petri plates with yeast ex-
tract-malte extract agar medium (YEM). Three sterile
microscope slide covers were placed into the medium
close to the culture streaks and the cultures were in-
cubated at 28 + 2°C in a B.O.D. type incubator, in the
dark. After seven, fourteen and twenty one days of
incubation, the slide covers were carefully removed
with the aid of sterile tweezers and put onto micro-
scope slides with one drop of lactophenol with me-
thyl-blue. The prepared slides were examined under a
light microscope for observation of spore bearing hy-
phae and spore chains. Also, the mass colors of ma-
ture, sporulating aerial mycelium and of soluble pig-
ments produced by the streptomycetes in the growth
medium (YEM) were examined.

Physiological characterization of streptomycete iso-
lates

The production of chitinases was determined
according to Renwick et al. (1991) using colloidal
chitin as substrate. The cellulolytic and xylanolytic ac-
tivity was determined according to Lewis (1988) us-
ing agar-mineral salt medium (Tuite, 1969), contain-
ing cellulose and xylan as carbon sources, respectively.
The production of catalase was determined in NYDA
culture medium according to Mariano et al., (2000).
The production of amylases was determined using agar
starch medium with 0.2% soluble starch (Coon et al.,
1957). The production of lipases was determined with
Tween 80 as substrate (Sierra, 1957), and the indole
acetic acid production according to Bric et al. (1991).
The production of siderophores was evaluated accord-
ing to Schwyn & Neilands (1987). The ability to solu-
bilize phosphates was determined by the method pro-
posed by Katznelson & Bose (1959).

To evaluate the ability of streptomycete isolates
to colonize the root system of tomato seedlings grown
in vitro, tomato seeds of the cultivar ‘Santa Clara’
were disinfected by immersion in ethanol (70%) for 1
minute, followed by sodium hypochlorite (1%) for 3
minutes, and six consecutive washings in distilled ster-
ile water. The disinfected seeds were transferred, with
the help of sterile tweezers, into test tubes containing
agar-water culture medium with 0.6% agar. The tubes
were sealed with plastic wrap and incubated in the dark
at 28°C, until root emergency (period of 3 to 4 days).
After root emergency, streptomycete cultures grown
in YEM medium for 10 days were scrapped with a
flamed inoculating loop and the roots close to the sur-
face of the growth medium were inoculated with a loop
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full of spores. The tubes with inoculated tomato seed-
lings were sealed with plastic wrap, and kept at room
temperature and luminosity for daily observations of the
extent of root colonization by the streptomycete isolates.

Growth of the streptomycete isolates was
evaluated using AGS culture medium (Poter et al.,
1960) at NaCl levels of 1.0%, 1.5%, 2.0%, 2.5%, and
3.0%. The control treatment used AGS medium with
0.5% NaCl (standard growth conditions). Growth of
streptomycetes was also evaluated using AGS culture
medium at different pH levels (5.0; 5.5; 6.0; 6.5; and
7.0), adjusted with 1 M HCI and 0.5 M NaOH, and a
phosphate buffer. The control treatment used AGS
medium with pH adjusted to 7.9 + 0.2 (standard
growth conditions).

RESULTS AND DISCUSSION

Morphological characterization of streptomycete
isolates

In general, the streptomycete colonies showed
sporulating aerial mycelium, firmly adhered to the solid
growth medium, visible with a stereoscopic micro-
scope (Table 1). In particular, the group Streptomyces
shows dry, smooth or hairy colonies with airborne
mycelium of different colours (Aratijo, 1998). The
colonies also produced soluble pigments of various
colours. However, these phenotypic characteristics
depend on the composition of the culture medium
(Cross, 1989).

Physiological characterization of streptomycete iso-
lates

All isolates, with the exception of AC-92,
showed chitinolytic activity (Table 2). Chitinase pro-
duction by theses streptomycete isolates could be a
mechanism of biocontrol, most notably of phytopatho-
genic fungi, because the cell wall of these microor-
ganisms consists of polysaccharides, such as chitin
and glucan (Gooday et al., 1992).

With the exception of AC-92, the streptomycete
isolates presented cellulolytic activity (Table 2). Cellu-
lose is the most abundant polysaccharide (20-50 %)

in the vegetable biomass, is formed by glucose chains
forming a glycosidic or B-1,4-bond with C-4 of glu-
cose, and may be degraded by various microbial en-
zymes such as cellulase (Murashima et al., 2002; Lynd
et al., 2002). These microorganisms play an impor-
tant role in the decomposition of organic matter and
nutrient mineralization, which promote plant growth.
They can also act as biocontrol agents on cellulose cell
wall bearing (17-25%) microorganisms such as
Phytophthora and Pythium (Lima, 1998).

Only isolate AC-26 did not exhibit xylanolytic
activity (Table 2). Xylan is the main constituent
polysaccharide in the hemicellulose plant complex and
consists of a main chain built by residues of
xylopyranosyl linked by B-1,4-glycosidic bonds (Biely,
1993). Xylanase production by these streptomycete
isolates suggests that these microorganisms act in the
decomposition of organic compounds, releasing nutri-
ents and other compounds which improve plant nu-
trition and growth.

All the studied isolates produced lipase, amy-
lase, and catalase (Table 2). These enzymes also play
an important role in promotion of plant growth and bio-
logical control of plant diseases. The lipids produced
by plants and animals are complex esters of fatty ac-
ids and alcohols, with decomposition processes which
are yet not well-understood (Moreira & Siqueira,
2002). Starch is a mixture of two glucose polymers:
amylose and amylopectin. It is the most important or-
ganic reserve compound of plants. Among the good
starch decomposers are the actinomycetes which pro-
duce organic acids, CO,, and dextrin during the de-
composition process (Moreira & Siqueira, 2002).

Variability between the isolates was observed,
with regard to their capacity to produce siderophores
(Table 2). The best producers were the isolates AC-
147, AC-95, and AC-29. The production of
siderophores concedes the microorganisms a competi-
tive advantage in soil, since siderophores act as iron-
sequestering molecules secreted by microorganisms in
response to low iron availability(Oliveira et al., 2003).

These compounds act on the outside of the
cellular membrane, capturing iron molecules in solu-

Table 1 - Morphological characterization of streptomycete isolates.

Streptomycete Spore chains Aerial mycelium Colony color Pigment production
isolates Format Length

AC-26 Spirals Long Present White Absent
AC-29 Spirals Long Present Blue Brown
AC-92 Spirals Long Present Yellow-brown Absent
AC-95 Spirals Long Present Dark-gray Absent
AC-103 Spirals Long Present White Brown
AC-147 Spirals Long Present Light- gray Absent
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tion, and binding then specifically to receptors of the
complex localized in the membrane, through which
they are absorbed, thereby making it available for plant
growth (Neilands & Leong 1986). These compounds
act as growth promoters due to their ability to inhibit
the proliferation of plant pathogens in the rizosphere,
by depriving pathogens from this essential nutrient
(Wei et al., 1996).

The production of growth promoting sub-
stances such as plant hormones is part of the metabo-
lism of various bacteria associated with plants caus-
ing modifications in the morphology of roots, influ-
encing nutrient and water absorption, and consequently
promoting plant growth (Bashan & Holgium, 1997).
All studied streptomycetes produced indole-acetic acid
(Table 2). Among the known biosynthetetic pathways
of indole-acetic acid are the ones depending on tryp-
tophan and the pathways independent of this aminoacid,
which have as precursors, 3-indole-acetamine, 3-in-
dole-pyruvate acid, and 3-indole-acetonitrile (Patten &
Glick, 1996). By producing plant hormones, microor-
ganisms can stimulate plant growth in order to increase

production of plant metabolites which can be utilized
for microbial growth (Oliveira et al., 2003).

With the exception of AC-26 and AC-29, the
streptomycetes presented the capacity for in vitro
phosphate solubilization (Table 2). Biological phosphate
solubilization is an alternative for improving the effi-
ciency of natural phosphate utilization in agriculture.
The main mechanism involved in the solubilization of
phosphorus is related to organic acids synthesized by
microorganisms, which also promote the acidification
of the microbial cell and its environment. Among these,
gluconic acid apparently is the most frequent solubili-
zation compound. Other acids involved in the solubili-
zation of phosphates are 2-ketogluconic acid, lactic
acid, isovaleric acid, isobutyric acid, and acetic acid
(Rodriguez & Fraga, 1999). Besides the organic ac-
ids, the release of protons H' by the external cellular
surface of ATPases, the production of chelating sub-
stances or the production of organic acids (sulfuric,
nitric, and carbonic) can constitute alternative mecha-
nisms for solubilization of organic phosphates (Oliveira
et al., 2003). The main phosphorus providing mol-

Table 2 - Production of extracellular enzymes, siderophores, indole acetic acid, phosphate solubilization, and root colonization

by streptomycete isolates.

Streptomycete Extracellular enzymes SideroPhores In.dole . Phog')hat.e col(ilci);attion
isolates Chitinase Cellulase Xylanase Amylase Catalase Lipase acetic acid - solubilization %
AC-26 + + - + + + + + - +
AC-29 + + + + + + +++ + - +
AC-92 = = + + + + A + + +
AC-95 + + + + + + +++ + + +
AC-103 + + + + + + ++ + + +
AC-147 + + + + + + +++ + + +

*Production of siderophores based on color intensity of culture medium: (+++) intense production (yellow); (++) medium production
(orange); (+) weak production (red) and (-) without production (purple blue). **Presence of colonized roots (+); absence of colonized

roots(-).

Table 3 - Growth of streptomycete isolates in culture medium at different pH and NaCl levels.

Streptomycete pH levels Salinity levels (% NaCl in growth medium)
isolates 50 55 6.0 6.5 7.0 1.0 1.5 2.0 2.5 3.0
AC-26 - - A A ++ ++ AR ++ + +
AC-29 ++ +++ +++ +++ +++ ++ ++ ++ + +
AC-92 AFar +++ AFaFar AFaFar AFEar AFEar +++ +++ +++ +++
AC-95 + ++ +++ +++ +++ ++ ++

AC-103 i A Arap AP AFrap st

AC-147165 + + + ++ ++ +

(+++) intense growth; (++) medium growth; (+) little growth; (-) without growth.
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ecules by means of mineralization are the nucleic ac-
ids, phospholipids and phosphate sugars that are eas-
ily degradable, and phytic acid, polyphosphates and
phosphates which are mineralized more slowly. This
mineralization is promoted by phosphatases or
phosphohydrolases and classified as acid or alkaline
according to the pH at which they show optimal ac-
tivity. These enzymes can be either secreted through
the plasma membrane or remain in the membrane
(Rodriguez & Fraga, 1999).

All streptomycete isolates colonized the root sys-
tem of in vitro tomato seedlings. The constant
exsudation of compounds, such as glutens, lecithins, fla-
vonoids, and polysaccharides by the root cells and mi-
croorganisms, is responsible for the recognition between
microorganisms and plants (Kijine et al., 1998) and the
rhizosphere effect which culminates in the root coloni-
zation by microorganisms (Kortemaa et al., 1994).

In general, better growth of streptomycete iso-
lates was observed at pH values above 6.5 (Table 3).
Gava (1988) reported that the majority of actino-
mycetes isolated from rhizosphere and non-rhizosphere
soil grow at a pH range varying from 6.5 to 8.0. Only
AC-29 and AC-92 presented good growth, character-
ized by abundant mycelium, in culture media with pH
between 5.0 and 5.5, which suggests that these are
acid tolerant isolates (Moreira & Siqueira, 2002). Re-
search conducted by Coelho & Drozdowicz (1998) in
acid soils (pH 4.9) in the Brazilian Cerrado demon-
strated the presence of a microbial population suffi-
ciently numerous and rich in actinomycetes. The re-
sults of this work indicate the adaptability of these mi-
croorganisms under these environmental conditions,
showing that they have a good ability to compete and
survive in acid soils.

Growth of streptomycetes in culture medium
AGS at different NaCl levels (varying between 1 and
3%) indicates tolerance to salinity and an adaptability
of these isolates to adverse growth conditions. Only
isolate AC-92 showed satisfactory growth at all salin-
ity levels (Table 3), indicating that it has the largest
salinity tolerance. This may assist the competitive ability
of this microorganism in adverse environments, giv-
ing it the best competitive ability and a possible role
on plant protection to these environmental conditions.
In this particular case the isolate showed rhizosphere
competence.

The occurrence of actinomycetes in different
ecosystems points out their metabolic diversity and the
evolution of specific mechanisms for dispersion and
adaptability under different environmental conditions.
This metabolic diversity allows these microorganisms
to survive in saline, acid, and high temperature envi-
ronments, indicating their good ability to adapt to ad-

verse environmental conditions (Aratijo, 1998). These
microorganisms show an elevated competitive ability
in the presence of native microflora, permitting their
establishment in environments in which they are in-
troduced (Habe & Uesughi, 2000). This could assist
the establishment of plant species under adverse envi-
ronmental conditions.

Based on the morphological and physiological
characteristics of the streptomycete isolates, it can be
concluded that these microorganisms present good
potential as agents to promote plant growth and con-
trol of plant diseases.
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