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Actinomycetes are aerobic and gram-positive spore forming bacteria. They belong to the order 
actinomycetales and are characterized by substrates and aerial mycelium growth. They are the most 
abundant microorganisms in soil. They play important roles in the cycling of organic matter and inhibit 
the growth of several plant pathogens in the rhizosphere. Due to the presence of enzymes such as 
proteases and chitinase, actinomycetes have been studied as a natural controller of insects and 
phytopathogenic fungi that cause considerable losses in agriculture. Additionally, the facilities for the 
industrial manipulation of cultures, and the diversity of metabolites produced make actinomycetes 
preferred for the control of pests. Furthermore, actinomycetes constitute a “green” alternative for 
controlling insects and fungi, since they do not contaminate the environment, and are natural members 
of the soil. They also contribute to the sustainability of soil by formation and stabilization of compost 
piles, due to their degrading capabilities, and ability to form stable humus. Moreover, they can be 
associated with other soil microorganisms to degrade recalcitrant residues like celluloses to maintain 
biotic soil equilibrium. 
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INTRODUCTION 
 
Historically, discoveries and developments of a class of 
new bioactive compounds with antimicrobial and anti-
parasitic activities have frequently emerged from natural 
sources (Chin et al., 2006; Ganesan, 2008). These 
natural bioactive compounds produced serve as a model 
for the synthesis of synthetic and semi-synthetic drugs. 
These developments are directly linked to the screening 
of natural producers such as microorganisms and plants, 

which require employment of biotechnological 
techniques (Marinelli and Marconi, 2011; Newman and 
Cragg, 2012). Particularly, the use of microbial sources 
for the investigations of novel natural bioactive 
compounds has proved to be productive during the last 
two decades and was emphasized extensively in review 
articles (Berdy, 2005; Balts, 2007; Naine, 2011; Raja 
and Prabakarana, 2011). Microbial   natural products are
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biotechnologically preferable due to their remarkable 
appropriate pharmacological activities and facility for 
controlling variables in bioprocess (Sanchez and Demain 
2002). 

Well-known as the source of several drugs such as 
antibiotics, antitumor, immunosuppressants, antiviral and 
antiparasitic agents, microorganisms are responsible for 
the production of about 23,000 bioactive secondary 
metabolites (dos Reis Feitosa et al., 2014; Subbanna et 
al., 2018). Despite this large amount, only 150 of these 
compounds have been employed in pharmacology, 
agriculture or other fields (Brzezinska et al., 2014). The 
filamentous bacteria group actinomycetes alone are the 
main producers responsible for the production of over 
10,000 of these compounds, representing 45% of all 
bioactive microbial metabolites discovered (Brzezinska 
et al., 2014). When considering only these compounds in 
practical use, it may represent about 80% (Olano et al., 
2008). This bacterial group represents the most 
economically and biotechnologically worthwhile 
microorganisms (Baltz, 2007; Naine et al., 2011; Raja 
and Prabakarana, 2011).  

Actinomycetes are a group of gram-positive branching 
unicellular filamentous bacteria belonging to the order 
actinomycetales; it is so called, because it has a fancied 
similitude with the radiating rays of the sun when seen in 
tissue ruptures. It is characterized by high content of 
G+C in DNA, presence of LL-Diaminopimelic acid (LL-
DAP) and the presence or absence of characteristic 
sugars in the cell wall. Members of this group are 
ubiquitous and the discovery of new actinomycete taxa 
from diverse habitat with unique metabolic activity 
implies, generally, discovery of novel bioactive 
compound. Their reproduction is based on fission of 
hyphae or by means of special spores (conidia). They 
may also form branching threads or rods, and their 
hyphae are generally nonseptate. Septa, when existing, 
may be observed in some forms (Manulis et al., 1994). 
The chemical composition of cell wall is similar to that of 
Gram-positive bacteria but because of their well-
developed morphological (hyphae) and cultural 
characteristics, actinomycetes have been considered as 
a group, well separated from other bacteria. Cell wall 
maintains cell shape, preventing bursting due to osmotic 
pressure. This wall, as distinctive in prokaryotic 
organisms, consists of a thick layer of peptidoglycan, a 
structure composed of glycan (polysaccharides) chains 
of alternating Nacetyl-d-glucosamine (NAG) and N-
acetyl-d-muramic acid (NAM) and diaminopimelic acid 
(DAP). Teichoic and teichuronic acids are chemically 
bonded to peptidoglycan (Bhatti et al., 2017; De 
Schrijver and De Mot, 1999). 

Although historically referred to as the ray fungi due to 
the mycelia of branching filaments (hyphae), 
actinomycetes, unlike the true fungi, have thin hyphae 
(0.5 1.5 mm in diameter) with genetic material coiled 
inside as free DNA (Bhatti et al., 2017). Linked  polymers  
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containing short chains of amino acids  and  long  chains 
of amino sugars are found in cell wall of the hyphae. The 
actinomycetes cell wall composition is of considerable 
taxonomic significance, varying considerably among 
different groups. Therefore, there are at least, four major 
cell wall types based on the three features of 
peptidoglycan composition and structure: (i) 
diaminopimelic acid isomer on tetrapeptide side chain 
position 3, (ii) sugar content of peptidoglycan and (iii) the 
presence of glycine in interpeptide bridges (Davenport et 
al., 2000). Interactions between actinomycetes and 
plants in soil rhizosphere make bacterial species 
essential for the micro-environment, characterizing them 
as plant growth-promoting rhizobacteria. 

Increase in population and food prices concomitant 
with the reduction in agricultural activities has become a 
global food security concern. On the other hand, losses 
of U$$ 120 billion (representing 20 to 40%) have been 
attributed to insect pests and fungal attack (FAO, 2010). 
Approximately, 70,000 different insect species damage 
food crops across the world (Vijayabharathi, 2013). 
Among them, the species belonging to Lepidoptera order 
are the major cause of crop losses (Qin et al., 2009). 
Bacteria belonging to actinomycetes group also present 
several mechanisms especially useful in the 
development of potential anti-fungal drugs based on 
anti-fungal bioactive metabolites, due to their versatility 
in the production of extracellular enzymes and a variety 
of these secondary metabolites. Many of these anti-
fungal bioactive compounds have been characterized 
and employed in agriculture (Arasu et al., 2008).  

The aim of the present study is to show the 
potentialities of actinomycetes for producing biofungicide 
and bioinsecticide important in agriculture. This study 
also describes the general mechanisms of action and 
status of main commercial products derived from 
bioactive compounds.  
 
 
ACTINOMYCETES AND BIOCONTROL OF INSECTS 
IN AGRICULTURE 
 
Since the application of chemical insecticides on crops 
for controlling deleterious insects has become 
hazardous to environment and human health, many 
efforts have been oriented in order to amend their use 
for a more ecofriendly and safe alternative control 
methods (Bream et al., 2001). The bacterial species, 
Bacillus thringiensis, for example, is the most successful 
microorganism employed as a commercial insecticide for 
biological control, replacing conventional chemical 
insecticides in some areas of application. Several other 
varieties of microorganisms including fungi and 
nematodes have been reported as strategies to 
biologically control insect pests, but, actinomycetes 
especially, play an important role in the biological control 
of insects through the  production  of  a  large  variety  of  
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Table 1. Some bioactive compounds produced by actinomycetes and their related biological activities. 
 

Bioactive compound Actinomycete Activity 

Lomofungin  Streptomyces lomondensis Antifungal 

Sclerothricin Streptomyces scleogranulatus Antifungal 

Spoxamicin Streptosporangium oxazolinicum Antitrypanosomal 

Avermectin S. avermitilis Antiparasitic 

Antimycin Streptomyces lucitanusus Antifungal 

Rosamicin  Micromonospora rosaria  Antibacterial 

Validamycin Streptomyces hygroscopicus Antifugal 

Azalomycin Streptomyces malaysiensis Antifungal 

Roseoflavin Streptomyces davawensis Antibacterial 

Rifamycin Micromonospora rifamycinica Antibacterial 

 
 
 
insecticidally active compounds against different order of 
insects (Hokkanen and Lynch, 1995). 

Hussain et al. (2002) confirmed the very high mortality 
of larval and pupal stages of Musca domestica reaching 
up to 90% of mortality, after actinomycetes treatments, 
and Sundarapandian et al. (2002) verified actinomycetes 
effectiveness against Culex quinquefasciatus. The 
effective action of actinomycetes against insects is not 
only attributed to the production of bioactive compounds, 
but especially attributed to their capacity to produce 
chitinase enzyme, which degrades the insect chitin 
surface, allowing penetration of bioactive toxic lethal 
compound in the insect body (Brzezinska et al., 2014). 
Therefore, the action of actinomycetes in insects is 
combined, depending on the action of two or more 
mechanisms (Gadelhak et al., 2005). A large variety of 
compounds that act in isolation or generally in 
combinations with other molecules is related to 
actinomycetes and it justifies the ability or even the 
potentiality of several of them to be employed as insect 
plagues controllers. Some typical actinomycetes and 
their major role as biocontrol agent are depicted in Table 
1. 

Cotton bollworms represent a highly polyphagous 
insect species (Lepdotera order), attacking crops such 
as tomato, cotton, pigeon pea, chickpea, rice, sorghum 
and cowpea. Other vegetal hosts include groundnut, 
okra, peas, field beans and soybeans. The high mobility, 
high fecundity, and facultative diapause contribute to the 
dispersion of these species and, therefore, over 181 
plant species of economically important crops are 
potentially infested (Shad et al., 2012). The second most 
important polyphagus lepidopteran pest, Spodoptera 
litura, causes 25 to 100% yield loss on economically 
important crops such as cotton, groundnut, chilli, 
tobacco, caster and okra. 

In the last two decades, actinomycetes have been 
shown to be a vast source of novel agents having 
considerable potential for the biocontrol of insect pests. 
Many secondary metabolites produced by the members 
of  this   group   of   bacteria   show   insecticidal  activity. 

Hence, the   possibility   of   using  these  metabolites  in 
controlling insects had been achieved by several 
researchers (Dutton and Gueguen, 1999; Sazonova et 
al., 1993; Dindo, 1993; Spindler and Spindler-Barth, 
1994; Lasota and Dybas 1991; Scholl et al., 1992; 
Campbell et al., 1983; Vijayan and Balaraman 1991; 
Takahashi et al., 1989; Mishra et al., 1987). 
 
 

ACTINOMYCETES’ MAIN BIOACTIVE COMPOUNDS 
USED AGAINST PHYTOPATHOGENIC INSECTS 
 
As discussed, a large variety of metabolites found in 
actinomycetes species may contribute to the control of 
insects in plants. As a rule, most of them act based on 
combined effects. 
 
 

Chitinase as a coadjutant 
 

Chitinase is an enzyme used by insects to degrade the 
structural polysaccharide “chitin” during the molting 
process (Gupta et al., 1995; Zhang et al., 2002). The 
largest chitinase activity among bacteria has been 
observed in species of Streptomyces. Gadelhak et al. 
(2005) isolated streptomycete and non-streptomycete 
actinomycetes and tested their capacity to produce 
chitinase enzyme on colloidal chitin agar (CCA). These 
experiments confirmed the high ability of Streptomyces 
to produce chitinase. Species of Streptomyces show 
high multiplicity of chitinase genes. 
 
 

Spinosyn as the first specific insect pest controller  
 

The tobacco budworm, Heliothis virescens (F.) is a well-
known tobacco plague in United States of America. As 
reported by Sparks and co-workers (1981, 1982, 1983), 
this species and others belonging to the same genus 
developed resistance to a wide variety of insecticides 
including DDT, methyl-parathion and the pyrethroids. In 
some areas, the  resistance   spectrum  of  H.  virescens  
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Figure 1. Main structure of spinosyn (Sparks et al., 1998). 

 
 
 
expands and incorporates many of the newer 
organophosphorus and carbamate insecticides (Sparks 
et al., 1993). The search on new insect control agents 
includes an assortment of random or directed screening 
scenarios, sometimes referred to as the trial and error 
approach (Sparks and Hammock, 1983; Hammock, 
1985; Hammock et al., 1986). 

Discovery of new insect control agents is still a 
common and hard effective development, particularly 
when the focus is the natural product source as well as 
synthetic organic chemistry. In this context, in 1985, a 
program to screen fermentation broths from soil 
microorganisms for pharmaceutically and agriculturally 
useful compounds was conducted by scientists at Lilly 
Research Laboratories (Indianapolis, IN, USA). Those 
scientists discovered a new species of Actinomycete, 
Saccharopolyspora spinosa (Mertz and Yao 1990) 
isolated from soil sample. Extracts of this fermentation 
broth were active against mosquitos (Kirst et al., 1992) 
and southern armyworm, Spodoptera eridania (Cramer), 
larvae in early screening assays. Consequently, they 
discovered this activity was associated with a new 
bioactive compound classified in the group of 
macrocyclic lactones (Kirst et al., 1992) called the 
spinosyns (Sparks et al., 1998). Spinosyn A (1 H-as-
Indaceno [3,2-d] oxacyclododecin-7,15-dione, 2-[(6-
deoxy-2,3,4-tri-O- meth yl-a- L- man nopyranosyl)oxy]-
13-[[5-(dimethyl-amino)tetrahydro-6-methyl-2H-pyran-2-
yl]oxy]-9-ethyl-2,3,3a,5a,5b,6,9,l0,1l,12,13,l4,l6a,l6b-
tetradecahydro-14-methyl-,[2R-[2R*,3aS*,5aR*,5bS*,9S* 
,13S*(2R*,5S*,6R*),l4R*,16aS*,16bR*]]-[9CI]) are the 
principal components of spinosad™ (Tracer Naturalyte 
Insect Control, Indianapolis, IN), and other spinosyns 
active against larvae of H. virescens. 

Spinosyns are a macrolide insecticide belonging to the 
family of tetracyclic lactones to which are attached an 
amino-sugar (D-forosamine) and a neutral sugar (L-
rhamnose). Members of the family differ in the extent of 
N- and O-methylation on the sugars, or C-methylation on 
the polyketide nucleus (Ichikawa et al., 2013; Kirst, 
2010;   Sparks   et   al.,   1998).  Their   activity    against 

mosquitos  (mosquito  larvicidal activity) was evidenced. 
In complementary works, Strobel and Nakatsukasa 
(1993) identified a strain A83543, as S. spinosa, and 
confirmed it as a new species of actinomycete which 
produces a large family of macrolide compounds. 
Particularly, spinosyns A and D are the two active 
ingredients. Most of the genes involved in spinosyn 
biosynthesis are clustered in an 74 kb region of the S. 
spinosa genome. This region has been characterized by 
DNA sequence analysis and targeted gene disruptions. 
The spinosyn biosynthetic gene cluster contains five 
large genes encoding a type I polyketide synthase, and 
14 genes involved in modification of the macrolactone, 
or in the synthesis, modification and attachment of the 
deoxysugars. Four genes required for rhamnose 
biosynthesis (two of which are also required for 
forosamine biosynthesis) are not present in the cluster. 
A pathway for the biosynthesis of spinosyns was 
proposed by Waldron et al. (2000). Figure 1 shows the 
main structure of spinosyn. 
 
 
FUNGI IN AGRICULTURE 
 
The economic significance of fungal biotechnology 
cannot be overstated; indeed, fungi have been exploited 
to yield a range of valuable products, some of which 
have proved invaluable to mankind. Since ancient times, 
fungi have been utilized for simple food processing. In 
the last century, the development of fungal biotechnology 
for the subsequent production of valuable commodities 
such as antibiotics, enzymes, vitamins, pharmaceutical 
compounds, fungicides, plant growth regulators, 
hormones, and proteins were seen (Wiley, 2018); 
however, fungi can be detrimental to agriculture, 
especially foods of largest commercial importance. 

Fungi represent one of the major threats for 
biodeterioration of cereals and pulses during storage, 
causing economic losses to growers by increasing the 
free fatty acid content of seeds and decreasing 
germination ability of  the  plants  (Dhingra  et  al.,  2001;   
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Kedia et al., 2014).  In addition, the mycotoxins  secreted 
by different food borne molds cause qualitative losses of 
commodities, potentially inducing various health 
problems in consumers. Some species of Aspergillus are 
highly aflatoxigenic, particularly in tropical and 
subtropical countries, secreting high level of aflatoxins. 
Furthermore, aflatoxin is classified as group 1 human 
carcinogen by the International Agency for Research on 
Cancer (Mishra et al., 2013). 

Food commodities are frequently contaminated by 
fungi, and the associated toxins generated by some of 
them during storage, transportation and post-harvest 
processing cause significant losses in quality, quantity, 
nutrient composition, and thereby reduce market value. 
According to the Food and Agriculture Organization 
(FAO), about 1000 million metric tons of food is spoiled 
globally each year due to mycotoxins produced by fungi 
(Bhat et al., 2010; Prakash et al., 2005; Prakash et al., 
2014). 

Commodities are intensive products in natural state 
(primary) or with a small degree of industrialization. This 
category involves agricultural products (raw and/or 
processed), minerals (raw and/or industrialized) and 
energy (Veríssimo and Xavier, 2015). In the food sector 
of Brazil, among the main commodities, crops such as 
soybean, corn and cotton can be mentioned. 

Among the most consumed grains is soy, which is 
considered as a functional food; it provides nutrients to 
the body, prevents chronic degenerative diseases and is 
also an excellent source of minerals. Corn, in turn, is 
also of great importance for human consumption, as it is 
an energetic, digestible food with high starch content. It 
is the raw material of many industrialized products 
including animal feed, in which corn and soybeans 
complement each other (Ferrarini, 2004; Balini et al., 
2015). Corn has high energy content and soy has rich 
protein value (Oliveira et al., 2004 Balini et al., 2015). 
Corn is one of the oldest food grains considered as one 
of the three major cereal crops in the world, together 
with rice and wheat. Brazil produced 56.3 million tons of 
corn in the 2011-2012 harvest, and exported 8.5 million 
tons (Godfray and Garnet, 2014; De Rossi, 2015). 

From the process of cultivation till distribution, the 
seeds of these grains are conditioned to fungus 
contamination. This is because the grains present food 
components of these microorganisms, in addition to 
several other factors. The most frequently found genera 
are Aspergillus and Penicillium; the fungi are so-called 
because they grow in seeds and store grains with 
moisture contents within the range of 8 to 18%. Among 
these fungi, the genus Aspergillus is a frequent 
contaminant of soybean and corn (Balini et al., 2015). 

Cotton (Gossypium hirsutum L.) is among the most 
important fiber crops in the world. Each year, 
approximately 35 million hectares of cotton are planted 
worldwide. World cotton trade moves about $ 12 billion 
annually and involves more than 350 million people in its  

 
 
 
 
production, from farms to logistics, ginning,processing 
and packaging. Currently, cotton is produced by more 
than 60 countries, where the five countries that produce 
the most are: China, India, the United States, Pakistan 
and Brazil (USDA, 2017). Throughout the world, there 
are reductions in cotton productivity due to outbreaks of 
disease. In Brazil, with the introduction of cultivars 
adapted to the Cerrado and with higher yield of fiber, 
cotton cultivation has intensified. In this ecosystem, 
climatic conditions are favorable to the development of 
various diseases caused by fungi, resulting in increased 
production costs (Borém and Freire, 2014). 
 
 
ACTINOMYCETES’ ACTION AGAINST 
PHYTOPATHOGENIC FUNGUS 
 
Actinomycetes are important enzyme producers, such as 
quitinases, proteases, peptidases and cellulases. 
Quitinases are the most important in the process of 
phytopathogenic fungi control. Similar to insect control 
mechanisms, the control of actinomycetes in fungi is a 
result of combined and complementary action. Firstly, 
the cell wall chitin is degraded by enzymes, and 
consequently the cell is assessed and antibiotics and 
others active compounds are released in the cell. 

Fungal plant diseases management by Streptomyces 
has been well documented, but few commercial products 
are in the market using specific strains of the 
microorganism or its metabolites. While it is 
unmanageable for massive production, the potential 
microorganisms like S. plicatus used in biocontrol 
programmes connecting their enzymatic properties 
seems to be practical to develop methods for production 
and extraction of secondary metabolites, or the use of 
extract of broth directly (Sinha et al., 2014). 

Investigations on the potential of actinomycetes on 
biological control have been reported since the 80s, as 
shown in the classical work of Tahvonen (1982b), who 
tested strains of Streptomyces isolated from peat for 
control of soil and seedborne disease in peat culture. 

A key illustration of Streptomyces biocontrol agent is 
the action of a strain of Streptomyces griseoviridis, 
reported by Tahvonen (1982a). In that paper, the author 
described a strain originally isolated from light coloured 
Sphagnum peat as antagonistic to a variety of plant 
pathogens together with Alternaria brassicola (Schw.) 
Wiltsh., Botrytis cinerea Pers., Fusarium avenaceum 
Sacc and Fusarium culmorum. The species, S. 
griseoviridis has been used in root dipping or growth 
nutrient treatment of cut flowers, potted plants, 
greenhouse cucumbers, and different alternative 
vegetables (Bhatti et al., 2017). 

Fungal pathogens pose serious problem worldwide 
and cause a  number of plant diseases including rusts, 
smuts, rots, wilt, anthracnose causing severe damage to 
crops  (Pakdeevaraporn  et  al., 2005;  Ashokvardhan  et  



 
 
 
 

al., 2014); in this context and in the natural world, no 
microorganism  can  survive  independently,  and  micro-
organisms can interact with each other by a number of 
ways. Interactions between microorganisms can be 
divided into mutually beneficial, neutral and harmful such 
as mutualism, neutralism, amensalism, antagonism, 
parasitism, etc. So, interactions between micro-
organisms can be positive, negative or no effects 
(Moënne-Loccoz, 2014). 

Biological control of postharvest diseases by 
antagonistic microorganisms seems to be a promising 
alternative to fungicides. Understanding the methods of 
action of antagonisms is essential to allow the use of 
antagonists under partial conditions and to enhance their 
biological control while protecting human health and the 
environment. Several modes of action have been 
documented for the antagonistic activity of biological 
control agents: they act by multiplying on the fruit 
surface or within wounds on the fruit; this is done by 
competing for space and nutrient at an infection court on 
the product, by antibiosis, by restricting the action of 
hydrolytic enzymes produced by pathogen, by producing 
enzyme to degrade pathogen cell walls, and/or by direct 
parasitism of the pathogen (Long et al., 2005; Shojaee et 
al., 2014). Soil actinomycetes have revealed their wide 
antifungal activity (Ventura et al., 2007; Sharma et al., 
2014; Tinatin and Nuzrat, 2006). They have been shown 
to protect several plants to various degree of soil borne 
fungal pathogens. Actinomycetes as biocontrol agent 
produce Urauchimycins which is a member of antimycin  
class, a  set  of  well-identified  antifungals, that act by 
inhibiting  the electron flow in the mitochondrial 
respiratory chain of a phytopathogenic fungus and have 
been identified in Streptomyces isolated from the 
integument of  attine  ants (Schoenian et  al., 2014). 
More recently, Dias et al. (2017) isolated strains of 
Streptomyces sp. (a very promising genus of the order 
Acinomicetales) of sediment from an urban mangrove 
located at the city of São Luís MA and verified 
antimicrobial activity of these bacteria in front of 
organisms of clinical and agricultural interest. Costa et 
al. (2017) isolated species of actinomycetes of 
biotechnological interest from soil contaminated with 
agrochemicals and verified, already in isolation, the 
antibiosis potential of these bacteria. Furthermore, 
biofungicides such as MYCOSTOP® are produced using 
actinomycetes for the control of seed- and soil-borne 
plant pathogens (Fusarium, Alternaria, Phytophthora and 
Pythium) which cause damping-off and root diseases, 
Actinovate® isolated from streptomycetes species. 
Streptomyces lydicus WYEC108 is a strain of this 
species which has been  formulated  to control  fungal 
plant pathogens effectively for fresh market tomatoes, 
PRESTOP® is used for controlling damping-off and root 
diseases (Pythium, Fusarium, Phytophthora and 
Rhizoctonia) as well as for the control of Botrytis grey 
mould and Didymella  (Mycosphaerella) gummy stem 
blight in cucumber (Kamara and Gangwar, 2015),  which  

Gomes et al.          557 
 
 
 
are all available commercially. After undergoing various 
biological processes, Streptomyces are able to 
successfully control plant pathogenic fungi including P. 
oryzae by hydrolyzing their cell walls (Kavitha et al., 
2010; Awla et al., 2016). 
 
 
CONCLUSION 
 
It is of great importance to know the diversity of bioactive 
compounds produced by soil microorganisms. 
Understanding the mechanisms of action of these 
bioactive is crucial for its efficient application in 
agriculture. In this sense, actinomycetes are preferable 
due to their predominance in soil, and enormous 
potential to adapt and produce a variety of bioactive 
metabolites with activity against important 
phytopathogenic fungi and insects. Although many 
biofungicides and bioinsecticides have been produced 
and successfully applied to cultivars, many other 
potentially useful molecules with bioactivities against 
such organisms need more investigations to confirm 
their efficiency. Additionally, many other compounds 
need to be commercially available, and the production 
must be intensified. The status of research worldwide, 
points out to the necessity of tests involving new 
metabolites and further investigations, to find new 
species and optimize production process conditions. 
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