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 The excessive use of chemical pesticides to confront pests causes environmental 
pollution. Furthermore, plant pathogens resist chemical pesticides. When such pathogens 
accumulate in plants or soil, they will cause harmful effects on humans. Biological control is 
an alternative method that reduces or terminates the use of chemical compounds in agriculture. 
Biological control is also carried out by microorganisms. Bacteria are the main group of these 
microorganisms. Due to the extensive presence in the soil, tolerating changes of temperature, 
pH, and salinity as well as producing endospore resistant species, Bacillus bacteria are used 
in biological control of soil. Bacillus species are often found in soil and rhizosphere. These 
bacteria help with the control of plant pathogens by producing siderophore, secretion of enzymes, 
production of antibiotics and inducing systemic resistance. In this study, various biological 
control mechanisms which are carried out by microorganisms have been reviewed.
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 The increasing use of chemicals as 
pesticides to eliminate plant pathogens has provided 
effective solutions in agriculture. However, due to 
the fact that the excessive use of these chemicals 
such as thiabendazole and o-phenylphenol causes 
environmental pollution, and as plant pathogenic 
agents are quickly become resistant to chemical 
pesticides and considering the high price of 
pesticides and their accumulation in plants or soil 
which has harmful effects on humans, extensive 
researches are being conducted in the world to 
replace this method with more recent methods to 
confront fungicidal resistant pathogens. Since the 
late 1900s, scientists have made great efforts to 
use natural antagonisms of terricolous organisms 

to protect plants. Some bacteria exhibit activities 
against pathogenic pathogens such as pathogenic 
fungi due to the ability to produce anti-microbial 
compounds such as antifungal lipopeptides and 
some antibiotics. For a long time, aerobic gram-
negative bacteria, especially Pseudomonas spp, 
have been widely studied as biological control 
agents. Despite the desired characteristics of 
Pseudomonas to play a role in biological control, 
its main weakness as a biocontrol agent is the 
inability to produce spores, which has recently 
led to greater attention to bacteria that form 
Spores of Bacillus species (Mavrodi et al., 2017). 
 Agricultural waste is considered as one 
of the most important agricultural issues for 
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many reasons, including not observing the correct 
principles of harvesting, moving, transporting and 
storing such products. Losses and degradation 
caused by the action of microorganisms after 
harvesting result in significant economic losses in 
agricultural sector. Plant-fungal diseases are one of 
the most important issues in agriculture and food 
production in the world. It is estimated that the crop 
losses due to plant diseases in the Western countries 
is 25% and in developing countries is about 50% 
One hundred and one third of these damages are 
due to fungal diseases (Gohel et al., 2006). Citrus 
is one of the most important fruits of the world in 
terms of economic value, and as before reaching 
the market and the customer; these fruits are stored, 
in this time interval, they are more sensitive to 
post-harvest damages and are exposed  to stressed 
aerobic and anaerobic soil conditions (Usall et al., 
2016). Some fungi, especially Penicillium species 
(p.digitatum, p.italicum), are involved in post-
harvest losses (Barkai- Golan 2001; Eckert and 
Eaks, 1989). Other citrus pathogenic fungi include 
the Aspergillus and Alternaria. Aspergillus is the 
most common environmental fungi and can be 
isolated from citrus fruits, vegetables, tomatoes, 
corn, pistachios, etc. In citrus, Aspergillus 
niger citrus produces brown rot and Aspergillus 
flavus creates albinism (virescence). Alternaria 
is a species of an incomplete fungus that causes 
brown to black and fairly soft rot in the lemon. 
Alternariaalternata is one of the most important 
citrus pathogens in the world (Book 2006). The 
primary method for controlling the fungal damage 
to fruits and other agricultural products is the use of 
chemical fungicides, some of which are not suitable 
for the treatment of these products, and some have 
been eliminated due to the possibility of having 
toxic agents (D’Aquino et al., 2017). Recently, the 
use of biological control agents, especially bacteria, 
has attracted a lot of attention due to the ability of 
some species to suppress different plant diseases 
and the possibility of combining with other control 
methods (Arrebola et al., 2010). Therefore, various 
sources of antibiotic production are screened, 
among which bacillus especially is an important 
alternative to extract antibiotics and their industrial 
production. The soil is considered one of the main 
sources of microbes and naturally is a habitat for a 
large group of bacteria that is the source of bioactive 
products with diverse pharmacological activities. 

Soil bacteria, especially the Bacillus species, 
grow rapidly and are characterized by synthesis of 
secondary metabolites with significant variations in 
structure and performance and as biocontrol plants 
(fungicides, bactericides and fertilizers), probiotics 
and pathogens (Mongkolthanaruk 2012; Amin et 
al., 2012). 
 Therefore, in the growing trend of the 
use of secondary bacterial metabolites in medicine 
and industry, it seems that in the biological 
control of fungal diseases of the soil, the useful 
microorganisms of rhizosphere or plant probiotics 
are appropriate alternatives for the first line of 
defense against these pathogens. So, the present 
research studied the effects of various plant pests 
and diseases and described the biological methods 
for confronting them using antifungal extracts of 
bacteria.
Citrus
 Citrus is from the family of Rutaceae and 
the subfamily of Aurantioideae. This subfamily 
has 33 different species whose three species i.e. 
Pencitrus, Fortunella, and Citrus have a significant 
economic value in citrus producing countries. The 
citrus contains salts and is rich in vitamins C, B, 
and A. It has medicinal and nutritional values, and 
about100 industries use citrus to produce their 
own products. Post-harvest diseases are diseases 
that occur during harvesting, grading, packaging, 
storing and transporting the product to the market 
and ultimately to the consumer. Even at normal 
room temperature or in the refrigerator, and up to 
the time of eating the product, pathogens continue 
to grow (Sivakumar et al., 2007). Post-harvest 
diseases are mainly caused by fungal and bacterial 
microorganisms, and fungi are more important 
pathogens in fruits (Bernat et al., 2017). 
 Food health is a key component of 
crop rotation control programs. The failure in 
controlling some specific storage diseases and the 
need for more environmentally friendly methods 
for controlling and confronting plant diseases have 
led to the emergence of new controlling methods. A 
society cannot rely on one or two methods of plant 
disease controlling and it should use all existing 
methods (Bernat et al., 2017). 
 Among the available techniques for 
controlling post-harvest disease, we can point to the 
biological control and the use of food preservatives 
(Zhang et al., 2017). 
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Biological control in plant diseases management
 An  inc rease  in  popu la t ion  and 
consequently an increase in demand for food as 
well as the limitation of agricultural land use have 
led to an increase in crop yields per unit area. 
In order to achieve sustainability, the need for 
sustainable agriculture should be felt. Achieving 
a sustainable lifestyle requires reducing the use 
of chemical pesticides and applying biological 
methods against pests and diseases (Stirling, 2017). 
As the excessive use of chemicals in agriculture 
causes environmental pollution, throughout the 
world, comprehensive researches have been 
conducted to replace this method with newer 
methods to confront fungal resistant pathogens. An 
essential solution is the utilization of the activity 
and function of microorganisms (Nagórska et al., 
2007). Biological control reduces the effects of 
pesticide use in the long term and makes a balance 
between harmful plant pathogens and their natural 
enemies. In this regard, antagonistic bacteria and 
fungi are widely used to control plant diseases 
(Shahzad et al., 2018).
Biological control mechanisms
 Biological control is usually carried 
out by reducing the concentration of inoculum, 
replacing pathogens existing in plant residues with 
saprophytes prior to host culture and preventing 
proliferation and growth through mechanisms such 
as competition, antibiosis, predation and parasitism 
(Stirling, 2017).  
Parasitism
Competition
 It is a kind of mutual coexistence between 
two living organisms, which occurs when different 
microorganisms within a population attempt to 
achieve something similar. The target may be a 
place or food (Stirling, 2017).
Predation
 The primarily refers to animals that at the 
higher stage of nourishment and in the macroscopic 
world are predations (Stirling, 2017).  
Antagonism
 It is the negative effect that an organism 
has on another organism. This is a one-way process 
and is due to the production of certain compounds 
such as antibiotic or bacteriocin produced by an 
organism (Stirling, 2017).
Parasitism
 It is a coexisting relation in which two 

organisms that are not evolutionally related to 
each other live together for a long period of time, 
and as a result of this kind of relation, usually 
one of these two types of organisms which is 
physically smaller and is called the parasite, 
benefits from the other one which is partially 
damaged and is called the host. The most direct 
type of competition in a biological control is 
hyperparasitism in which pathogenic parasites are 
used to eliminate a pathogenic pathogen. The most 
direct type of competition in biological control 
is hyperparasitism, in which obligate parasites 
are used to eliminate the same plant pathogen 
(Stirling, 2017). Today, it has been observed that 
the relation between plants and non-pathogenic 
microorganisms stimulates the host plant defense 
systems, which in turn causes biological control of 
pathogens and significantly reduces the severity of 
the disease (Stirling, 2017). 
 Several studies have been done to identify 
biological control mechanisms in plant diseases, 
and in most of these studies, there is an antagonistic 
property that can affect rhizospheric microflora 
and cause some kind of environmental antagonism 
and accelerate the host’s response to the pathogen 
(Savini, 2016). 
Microorganisms affecting biological control
Fungi
 Several  groups of fungi play an 
important role in the microbial control of insects 
which are included in Deuteromycete class and 
Entomophthorales, Saprolegniales and Laenidiales 
orders, and the Coelomomycetaceae family. 
 These fungi are able to attack insect 
cuticle and can directly penetrate the insect’s 
exoskeleton and make infection, or infect the 
insects’ tracheae. Trichoderma and Gliocladium are 
fungi that biologically control fungal pathogens. 
Through different mechanisms and by producing 
antimicrobial compounds such as antibiotics with 
complex structure like gliovirin and gliotoxin, and, 
most often, through the parasitism relation, they 
suppress the plant fungal pathogens. 
Viruses
 Viruses are used for biological control 
of insect-borne plant pathogens.  Baculoviridea, 
Poxvi r idea ,  Reovi r idea ,   I r idov i r idea , 
ParvovirideaPicornaviride and Rhabdoviridea are 
used for an effective biological control (Bonning, 
2015). 
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Fig. 1. The structure of two antibiotics produced by fungi which are used for biological control of plant pathogens

Bacteria
Pseudomonas spp
 Pseudomonas spp has many characteristics 
that make them biocontrol, such as colonization and 
proliferation within the plant, competition with 
other microorganisms, adaptation to environmental 
stresses, and the production of a wide range 
of active biometabolites such as antibiotics, 
sydrophores, volatile substances, and growth 
stimulant compounds. Due to this, such bacteria 
are used to suppress plant pathogens. Among 
the most common Pseudomonas species which 
have a role in biological control, we can name P. 
fluorescens, P. chlororaphis, P. aureofaciens, P. 
putida and among non-pathogenic speciies of this 
bacteria we can refer to P. syringae. These species 
are used in the suppression of plant diseases such 
as Take-all (Take-all is a plant disease affecting 
the roots of grass and cereal plants in temperate 
climates caused by the fungus Gaeumannomyces 
graminis var. tritici. All varieties of wheat and 
barley are susceptible) and Fire Blight [caused by 
the bacterium Erwinia amylovora, is a common 
and frequently destructive disease of pome fruit 
trees and related plants. Pear (Pyrus species) 
and quince (Cydonia) are extremely susceptible. 
Apple, crabapple (Malus species), and firethorns 
(Pyracantha species) also are frequently damaged] 
(Agaras et al., 2015). Fusarium Head Blight 
Bacillus spp
 The Bacillus specie was discovered in 
1872 by Chon. Gram-positive Bacillus spp are 
rod-shaped, optional aerobic or anaerobic, catalase-
positive, and have peripheral cilium. These 
microorganisms have low chemoorganotrophic 
metabolism which are dependent to organic 

compounds and are used as carbon and energy 
sources.
 The most important characteristic of 
the members of this specie is the production of 
endospore, which help with the durability of 
bacteria in the nature and can last for a very long 
time, perhaps millions of years (Zimina et al., 
2016). 
A review on the role of Bacillus spp in Biological 
in biological control of plant diseases
 Bacilli associated with the plant are 
known as plant parasites, saprophytes and 
biological control agents. Three species of Bacillus 
are considered as plant parasites. These species 
include Bacillus megaterium pvcerealis causing 
White Blotch Incited in Wheat, B. circulance which 
causes the death of date seedlings and Bacillus 
polymyxa causing blight tomato. Most Bacillus 
species are harmless saprophytes. (Kumar et al., 
2015).  
 Bacillus species are good candidates 
for biological control due to their specific 
characteristics. First, they produce anti-fungal 
and anti-bacterial antibiotics. Their second feature 
is the ability to produce spores, due to the same 
characteristic, it is easy to be formulated because 
comparing with tube cells, it survives longer. 
Another feature is their permanent presence 
(because they are part of the general microflora 
of the soil) in the soil (Balouiri et al., 2015). 
Among the activities of antibiotics produced by 
this bacterium, one can name their direct effect on 
fungi, competition with microorganisms which 
attack root systems. Bacillus bacteria seem to be 
appropriate solutions to control vascular pathogens 
due to their ability to colonize the internal organs 
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of the plant (Pii et al., 2015). The results of the 
studies conducted by Kim et al. indicate that 
Bacillus spp controls wheat diseases. B.subtilis 
inhibits germination of plant pathogen spores, 
causes degradation or disruption of their germ 
tube growth and interferes with the attachment of 
pathogen to the plant. 
Bacillus
 Bacillus species include gram-positive 
bacteria which are rod-shaped, and often move. 
These bacteria can produce products such as 
ethanol, H2, acetone, acetic, formic, lactic, and 
succinic acids by fermentation of glucose. Bacillus 
subtilis can produce compounds which resist 
against fungi. Among these compounds one can 
point to be extracted from the etorin A, which 
was first extracted from Bacillus circulans. This 
compound is a cyclic lipopeptide that has inhibitory 
effect on fungal growth while has a little toxic 
effect on humans. Thus, it is used in the treatment 
of fungal infections of humans and animals. Other 
Bacillus species that are able to produce Euthorin 
A is Bacillus amilolycophasins. This species of 
Bacillus is used as a biological controller against 
plant pathogenic fungi (Balouiri et al., 2015). A 
study on the antifungal metabolites of Bacillus 
species shows that these metabolites are resistant to 
temperature and pH changes and do not lose their 
antifungal effect. 
 Bacillus subtilis is also able to produce 
a metabolite called surfactin, which is a strong 
biosurfactant and has an antifungal activity. A 
compound which is called fusaricidin  A also has 
anti-fungal properties and is obtained from Bacillus 
polymyxa. Fusaricidin A acts against both fungi 
and gram-positive bacteria.
Bacillus a source of biological active molecules
 Most Bacillus species are considered as 
microbial factories which produce a wide range of 
biologically active molecules that have inhibitory 
properties towards the growth of pathogens (Passari 
et al., 2015). One of the most common and well- 
known microorganisms is B.subtilisan. An average 
of 4-5%  of its genome is used for antibiotic 
synthesis and can produce different antimicrobial 
compounds with different structures (Kumar, 
2011). Among the antimicrobial compounds, the 
potential of cyclic lipopeptides such as Surfectin, 
etorin and fengycin for biotechnology and 
pharmacy applications is well-known for their 

surfactant properties (Huszcza & Burczyk 2006). 
An overview on industrial applications of 
Bacillus species
 Bacillus bacteria are widely used to 
produce important industrial enzymes, food 
products, pesticides and insecticides. Basiluses 
secrete extracellular enzymes such as alpha-
amylase and protease, which make half of the total 
commercially produced enzymes (Behera and Ray, 
2016).
 Certain strains of Bacillus are generally 
safe (GRAS) and are used in industry and 
agriculture. Bacterium B.thuringiensis contains 
etorins (Hiradate et al., 2002) that is effective in 
protecting the berry leaves against Colletotrichum 
dematium. Some Bacillus species produce very 
strong natural biosurfactant compounds such as 
surfactants from B.subtilis and lichenysin from 
B.licheniformis which are used to improve the 
oil refinement. Lantibiotics produce peptide 
antibiotics containing lanthionine like mersacidin 
which is produced by HILy85 and 54728 strains 
of Bacillus spp and has meticillin effect on strains 
of Staphylococcus aureus which resist against 
antibiotics. Bacteriocin produced by B. subtilis 
ATCC6633 strain inhibits the germination of 
Clostridium sp and B.cereus spores (Chatterjee et 
al., 2005).
Characteristics and biological effects of non-
protein toxins from of Bacillus species
 M a n y  m i c r o b i a l  p e p t i d e s  a r e 
synthesized by peptide synthetase which are 
multienzyme complexes (Heidari, 2016). About 
4 to 7 percent of the genomes of Bacillus subtilis 
and B.amyloliquefaciens are used to produce 
biologically active compounds (Stein, 2005). 
Surfactin, Lichenysin A, fengycin, Tricocidine, 
bacitracin mycosubtilin are produced by non-
rhizome peptide synthesis (Koumoutsi et al., 
2004). Bacillus species produce a wide variety 
of antibacterial, antiviral and antimicrobial 
compounds, some of which are toxic for eukaryotic 
cells. Bacillus toxins are associated with various 
chemical groups whose structure consists of 
cyclic lipopeptides, cyclic peptides, phospholipid 
oligopeptides, low molecular weight compounds 
with NH2 functional groups as side chains and 
cationic sugar derivatives of cationic derivatives. 
The peptides have a molecular weight between 
500-4000 daltons and non-peptides have a 
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molecular weight between 555 and 129 daltons 
whose average weight is 1000 and 300 daltons, 
respectively.
 Most of the non-protein toxins extracted 
from Bacillus species are listed in the table and 
their roles as food contaminants are relatively well-
known. Most of these materials were discovered 
before the 1980s, while their toxic properties were 
identified later. 
 Bacillus strains produce compounds that 
in different ways change the function of biological 
membranes. Some compounds affect the integrity 
of the plasmid membrane (such as surfactin 
and lichenysin A) and may cause electrolyte 
leakage, loss of cell contents, and cell death. 
The ionophoric materials (such as Gramicidin S, 
Cruicid, Gramicidin A) form ion channels or act as 
ion carriers. Such substances change the fluidity of 
the plasma membrane or the organelles membranes. 
Protecting transmembrane electrical potential, as 
well as the proper ionic concentration of cells or 
organelles, are vital for cellular functions. Many 
biochemical functions are regulated by the ion 
flow in the membranes and the change in the 
structure of the membrane proteins. The change 
in membrane potential changes the structure of 
membrane proteins such as Na + / K + channels 
and may cause cell death ( Passari et al., 2015).

ConClusion

 For many years, agricultural waste has 
been considered as an important issue due to 
numerous reasons, including non-compliance with 
the principles of harvesting, moving, transporting 
and maintaining such products. Losses and 
degradation resulted from microorganism activities 
after harvesting causes significant economic losses 
to agricultural products. As health is related to 
the type of diet, the human being who is the main 
consumer of agricultural products is made to seek 
foods free from pesticide residues, toxins, and 
harmful microorganisms. Particular attention to 
human health and the environment, as well as 
the resistance of some extracts of pathogens to 
chemical pesticides and the high price of these 
materials, motivates human to find alternative 
methods to fight plant pathogens. Recently, the use 
of biological control agents, especially bacteria, has 
attracted a great deal of attention due to the ability 

of some species to suppress different diseases of 
plants through different functional methods and 
the possibility of combining with other control 
methods. Biological control reduces the effects 
of using pesticides in the long term and creates a 
balance between harmful plant pathogens and their 
natural enemies. 
 Terricolous and non-pathogenic bacteria 
with the antagonistic ability of plant pathogenic 
fungi and disease prevention are an appropriate 
alternative to chemical fungicides and are one 
of the most important factors in establishing and 
sustaining agricultural systems. Biological control 
reduces the effects of pesticide in the long run, leads 
to a balance between harmful plant pathogens and 
their natural enemies. In this regard, antagonistic 
bacteria and fungi are widely used to control 
plant diseases. In comparison with chemical 
controls, biological control is a healthier and 
safer control since, unlike some toxic substances, 
microorganisms are not stored and accumulated 
in food chains. Biological control is carried 
out through mechanisms such as competition, 
antibiosis, predation, and parasitism. 
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