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Abstract : The environmental pollution caused by excessive use and misuse of

agrochemicals, as well as fear-mongering by some opponents of pesticides, has

led to considerable changes in people’s attitudes towards the use of pesticides in

agriculture. Consequently, some pest management researchers have focused their

efforts on developing alternative inputs to synthetic chemicals for controlling pests

and diseases.  Among these alternatives are those referred to as biological control.

Biocontrol of plant diseases provides practices compatible with the goal of a

sustainable agricultural system. The mechanisms of biocontrol mainly include

antibiosis, competition, mycoparasitism, cell wall degrading enzymes, and induced

resistance. These mechanisms are probably never mutually exclusive; these terms

are meant to organize the examples into general groups to facilitate comparisons.

A variety of biological controls are available for use, but further development and

effective adoption will require a greater understanding of the complex interactions

among plants, people, and the environment.
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1. Introduction

In plant pathology, the term biological control applies to the use of microbial antagonists to

suppress diseases as well as the use of host- specific pathogens to control weed populations.
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More broadly, the term biological control also has been applied to the use of the natural

products extracted or fermented from various sources.  National Research Council took into

account modern biotechnological developments and referred to biological control as “the use

of natural or modified organisms, genes, or gene products, to reduce the effects of undesirable

organisms and to favor desirable organisms such as crops, beneficial insects, and

microorganisms”, but this definition spurred much subsequent debate and it was frequently

considered too broad by many scientists who worked in the field (US Congress, 1995).

Because biological control can result from many different types of interactions between

organisms, researchers have focused on characterizing the mechanisms operating in different

experimental situations. Consequently, understanding the mechanisms of biological control of

plant diseases through the interactions between biocontrol agentand pathogen may allow us to

manipulate the soil environment to create conditions conducive for successful biocontrol or to

improve biocontrol strategies (Fravel, 1988). Recently several methodologies for genetic

analysis, such as the approach of mutant analysis, have provided promise for the study of

mechanisms of biocontrol agents and their targets (Wilhiteet al., 1994). In all cases, pathogens

are antagonized by the presence and activities of other organisms that they encounter.  Direct

antagonism results from physical contact and/or a high-degree of selectivity for the pathogen

by the mechanism(s) expressed by the BCA(s). In such a scheme, hyperparasitism by obligate

parasites of a plant pathogen would be considered the most direct type of antagonism because

the activities of no other organism. Biological pest control provides an important route to

environmentally harm- less plant protection. This route reduces risks, e. g. of becoming aware

too late of unfortunate side effects of plant protection agents. Intense use of active substances

can harm beneficial organisms and some- times even promote pests.

2. Interactions contributing to biological control

Odum (1953) proposed that the interactions of two populations beFrom the plant’s perspective,

biological control can be considered a net positive result arising from a variety of specific and

non-specific interactions. Mutualism is an association between two or more species where

both species derive benefit. Sometimes, it is an obligatory lifelong interaction involving close

physical and biochemical contact, such as those between plants and mycorrhizal fungi. However,

they are generally facultative and opportunistic. Protocooperation is a form of mutualism, but
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the organisms involved do not depend exclusively on each other for survival. Many of the

microbes isolated and classified as BCAs can be considered facultative mutualists involved in

protocooperation, because survival rarely depends on any specific host and disease suppression

will vary depending on the prevailing environmental conditions. Down the spectrum,

commensalism is a symbiotic interaction between two living organisms, where one organism

benefits and the other is neither harmed nor benefited. Most plant-associated microbes are

assumed to be commensals with regards to the host plant, because their presence, individually

or in total, rarely results in overtly positive or negative consequences to the plant. Neutralism

describes the biological interactions when the population density of one species has absolutely

no effect whatsoever on the other. Related to biological control, an inability to associate the

population dynamics of pathogen with that of another organism would indicate neutralism. In

contrast, antagonism  between organisms results in a negative outcome for one or both.

Competition within and between species results in decreased growth, activity and/or fecundity

of the interacting organisms.Biocontrol can occur when non-pathogens compete with pathogens

for nutrients in and around the host plant.  Direct interactions that benefit one population at the

expense of another also affect our understanding of biological control.  Parasitism is a symbiosis

in which two phylogenetically unrelated organisms coexist over a prolonged period of time. In

this type of association, one organism, usually the physically smaller of the two (called the

parasite) benefits and the other (called the host) is harmed to some measurable extent. The

activities of various hyperparasites, i.e., those agents that parasitize plant pathogens, can result

in biocontrol. And, interestingly, host infection and parasitism by relatively avirulent pathogens

may lead to biocontrol of more virulent pathogens through the stimulation of host defense

systems. Lastly, predation refers to the hunting and killing of one organism by another for

consumption and sustenance.

3. Mechanismm of biocontrol agents

Because biological control can result from many different types of interactions between

organisms, researchers have focused on characterizing the mechanisms operating in different

experimental situations.  In all cases, pathogens are antagonized by the presence and activities

of other organisms that they encounter.
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4. Antibiotic mediated supression

Antibiotics are microbial toxins that can, at low concentrations, poison or kill other

microorganisms.Antibiotics produced by bacteria include volatile antibiotics (hydrogen cyanide,

aldehydes, alcohols, ketones, and sul?des) and nonvolatile antibiotics: polyketides

(diacetylphloroglucinol; DAPG and mupirocin), heterocyclic nitrogenous compounds (phenazine

derivatives: pyocyanin, phenazine-1-carboxylic acid; PCA, PCN, and hydroxyphenazines)

(de Souza et al. 2003),andphenylpyrrole antibiotic (pyrrolnitrin) (Ahmad et al. 2008). Bacillus

strains produce a variety of lipopeptide antibiotics (iturins, bacillomycin, surfactin, and

Zwittermicin A).  Methods have been developed to ascertain when and where biocontrol

agents may produce antibiotics (Notz et al. 2001) but detecting expression in the infection

court is difficult because of the heterogenous distribution of plant-associated microbes and the

potential sites of infection.  In a few cases, the relative importance of antibiotic production by

biocontrol bacteria has been demonstrated, where one or more genes responsible for

biosynthesis of the antibiotics have been manipulated.  For example, mutant strains incapable

of producing phenazines (Thomashow and Weller 1988) or phloroglucinols (Keel et al. 1992)

have been shown to be equally capable of colonizing the rhizosphere but much less capable of

suppressing soilborne root diseases than the corresponding wild-type and complemented mutant

strains.The role of antibiotics in biocontrol has been studied by genetic analysis, e.g., mutants

that do not produce antibiotics to demonstrate a correlation between antibiotic productivity

and biocontrol activity. For example, a phenazine antibiotic (Phz) produced by Pseudomonas

fluorescensstrain 2-79 has been implicated in control of takeall disease of wheat caused by

Gaeumannomycesgraminisvar. tritici(Handelsman  and Parke, 1989. Among other bacteria,

antibiotic agrocin 84 produced by Agrobacterium radiobacterstrain K84 is one of best described

examples of biocontrol to control crown gall caused by virulent A. tumefaciensstrains (Kerr,

1989). Several studies haveimplicated agrocin K84 in the disease control process produced

by Trichodermavirensin the suppression of Pythium damping-off of cotton seedlings has also

been confirmed recently by mutational analysis (Di Pietroet al., 1993)

5. Competition

This process is considered to be an indirect interaction whereby pathogens are excluded by
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depletion of a food base or by physical occupation of site (Loritoet al., 1994). Biocontrol by

nutrient competition can occur when the biocontrol agent decreases the availability of a particular

substance thereby limiting the growth of the pathogen. Particularly, the biocontrol agents have

a more efficient uptake or utilizing system for the substance than do the pathogens (Handelsman

and Parke, 1989). For example, iron competition in alkaline soils may be a limiting factor for

microbial growth in such soils (Leongand Expert 1989). Some bacteria, especially fluorescent

pseudomonads produce siderophores that have very high affinities for iron and can sequester

this limited resource from other microflora thereby preventing their growth (Loper and Buyer

1991. Some studies have  foundsiderophores to play little or no role in disease control,

particularly with Pythiumspecies (Hamdan, et al.,1993). More recently, Leemanet al.1996

have reported that iron-chelating salicylic acid produced by selected P. fluorescensstrains at

low iron availability may be involved in the induction of systemic resistance to Fusarium wilt of

radish. Competition for specific substances or stimulants for germination of microorganisms

may also occur in soil since most resting structures of microbes cannot germinate without

specific stimulants due to soil fungistasis (Ko, and Lockwood 1970). Infection of plants by

pathogens occurs only after dormancy is broken in the presence of stimulants from plant hosts.

Consequently, microbes including pathogens may compete for specific stimulants of germination

that may come from germinating seeds or growing roots. These factors may include fatty

acids, or their peroxidation products (Harman and Nelson 1994), or volatile components

such as ethanol and acetaldehyde (Gorecki, Harman and Mattick 1985.). Harman et al. 1993

have also proposed that the volatile peroxidation products of unsaturated fatty acids may be

the active stimulants for fungal germination

6. Parasitism

This process involves the direct utilization of one organism as food by another (Handelsman

and Parke 1989). Fungi that are parasitic on other fungi are usually referred to as mycoparasites

(Ba ker and Cook 1974.). Many mycoparasites occur on a wide range of fungi and some of

them have been proposed to play an important role in disease control (Adams, 1990). For

example, Darlucafilum( nowSphaerellopsisfilum) was described by Saccardo as a parasite of

some rust fungi, especially Pucciniaand Uromyces(Sundheim and Tronsmo 1988).

Trichodermalignorum(T. viride) parasitizing hyphae of Rhizoctoniasolaniand suggestion of
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inoculating soil with Trichodermaspores to control damping-off of citrus seedling was reported

by Weindling  and Fawcett in 1936. This and other Trichodermaspecies were observed to

parasitize Rhizoctoniabataticolaand Armillariamellea(Baker and Cook. 1974). Generally,

mycoparasitism can be described as a four-step process (Chet, 1987): The first stage is

chemotropic growth. The biocontrol fungi grow tropistically toward the target fungi that produce

chemical stimuli. For example, a volatile or water- soluble substance produced by the host

fungus serves as a chemo attractant for parasites. The next step is recognition. Lectins of hosts

(pathogens) and carbohydrate receptors on the surface of the biocontrol fungus may be involved

in this specific interaction (Inbar  and Chet 1994). The third step is attachment and cell wall

degradation. Mycoparasites can usually either coil around host hyphae or grow alongside it

and produce cell wall degrading enzymes to attack the target fungus (Chet, 1987). These

enzymes such as chitinases and b-1,3-glucanase may be involved in degradation of host cell

walls and may be components of complex mixtures of synergistic proteins that act together

against pathogenic fungi (Di Pietro, et al, 1992). The final step is penetration. The biocontrol

agent produces appressoria-like structures to penetrate the target fungus cell wall (Chet, 1987).

In hyperparasitism, the pathogen is directly attacked by a specific BCA that kills it or its

propagules.

7. Induction of systemic resistance

The inducible resistance in plants to a variety of pathogens is known as systemic acquired

resistance (SAR). SAR may be induced by inoculating plants either with a necrogenic pathogen

or nonpathogen or with certain natural or synthetic chemical compounds (Lam  and Gaffney

1993). These defense responses may include the physical thickening of cell walls by lignification,

deposition of callose, accumulation of antimicrobial low-molecular-weight substances (e.g.,

phytoalexins), and synthesis of various proteins (e.g., chitinases, glucanases, peroxidases, and

other pathogenesisrelated (PR) proteins) (Hammerschmidt, et al, 1984). This defense system

is also triggered when plants are colonized by plant growth- promoting rhizobacteria (Sticher,

et al., 1997) and a few binucelateRhizoctonia(BNR) AG-K (Poromarto, et al., 1988). Recently,

many strains of PGPR have been shown to be effective in controlling plant diseases by inducing

plant systemic resistance (Liu, et al., 1995). Plants colonized by these strains are more resistant

to foliar diseases, even though the PGPR is present only on roots (Wei, 1996). The chemical
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compounds that induce resistance of plants to pathogens may include polyacrylic acid, ethylene,

salicylic acid and acetyl salicylic acid, various amino acid derivatives, the herbicide

phosphinotricin, and harpin produced by Erwiniaamylovora(Sequeira, 1983). It is known that

stress can induce defense mechanisms against pathogens (Maurhofer, et al., 1994). However,

the hypothesis should be proved by genetic analysis such as heterologous expression, which

shows that inducing ability may be transferred to other potent strains as an additional

complementary mode of action, and gene mutation, which knocks out the ability and leads to

less disease control.

8. Endophytic Streptomyces and their potential for biocontrol

Endophytic micro-organisms have received considerable attention for their potential as biocontrol

agents of fungal plant pathogens. Varied enzyme production may result in new biochemical

characteristics and in part be responsible for the inherent biodiversity of endophytic micro-

organisms. Among the lytic enzymes evaluated as source of biocontrol agents, chitinases have

been studied largelybecause these enzymes are produced by a variety of endophytic micro-

organisms (El-Tarabily and Sivasithamparam 2006). Many species of bacteria, fungi and plants

produce chitinolytic enzymes, which can vary both within and among microbial species,

depending on the number, types and positions of discrete binding and catalytic domains

(Kobayashi et al. 2002). Chitinases are divided into three categories according to their enzymatic

function: exochitinase, endochitinase and chitobiase, which constitute a complex of different

degradation enzymes (Vyas and Deshpande 1989). One possible explanation for fungal inhibition

is the action of chitinases in fungal cell walls, acting as plant protective agents (Inbar and Chet

1991). However, chitinases are not fully effective in all circumstances owing to different

environmental conditions (Gohelet al. 2006).
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