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ABSTRACT

The use of biological agents is becoming an increasingly important alternative to chemical control against insects,
weeds and diseases in agriculture. The success of this method depends on the nature antagonistic characters and the
mechanisms of action of microorganism. Fungi are the most important biological agents against plant pathogens.
Trichoderma species are common filamentous imperfect fungi. The mycoparasite ability of Trichoderma species
against some economically important plant pathogens allows for the development of biocontrol strategies. In this
research, the effect of biocontrol of Trichoderma species on some plant pathogens was investigated. The results
showed a direct inhibition of the pathogenic microorganisms by Trichoderma species. Hence Trichoderma species
can be considered as biocontrol agents for control of some plant pathogens.

Keywords: Biological control, Trichoderma spp., Plant pathogens.

INTRODUCTION

Biocontrol or Biological control can be defined the use of natural organisms or genetically modijfgeenes or
gene products the effects of undesirable organienfsvor organisms useful to human, such as crepst animals
and beneficial microorganisms [1]. This strategycoftrol is ecologically clean and compatible wittiferent
models of agriculture organic biological and pattoghanagement [1].

Biocontrol agents are widely regarded by the gdneudlic as natural and therefore non-threateningdpcts,
although risk assessments must clearly be carrigdon their effects on non-target organisms anadtplfl].
Moreover, knowledge concerning the behavior of saragonists is essential for their effective [U3e

One of the most interesting aspects of the scieft@ological control is the study of the mechanisemployed by
biocontrol agents to effect disease control [2].

Bacteria and fungi are the most important biololggggents against plant pathogens.

Particular bacterial strains in certain natural immments prevent infectious diseases of plant.rétmw these
bacteria achieve this protection from pathogenigfinas been analyzed in detail in biocontrol ssaif fluorescent
Pseudomonads. During root colonization these haci@oduce antifungal antibiotics, elicit inducegstemic
resistance in the host plant or interfere spedificgith fungal pathogenicity factors [3].
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2. Description of fungus

Fungal species belonging to the gefimghoderma are worldwide in occurrence and easily isolatednfrsoil,
decaying wood, and other forms of plant organicten§2]. They are classified as imperfect fungi, in thatythave

no known sexual stage. Rapid growth rate in cultumd the production of numerous spores (conidia) #re
varying shades of green characterize fungi in gieisus[2]. The reverse side of colonies is often uncololedf,
yellow, amber, or yellow-green, and many speciesdpce prodigious quantities of thick- walled spores
(chlamydospores) in submerged mycelijdj. Trichoderma species are fungi with teleomorphs belonging to the
Hypocreales order of the Ascomycota division [Bjese fungi colonize woody and herbaceous planémadd, in
which the sexual telemorph (gendypocrea) has most often been fouri@]. However, many strains, including
most biocontrol strains, have no known sexual stigeature, the asexual forms of the fungi pemssstional, often
heterokaryotic, individuals and populations thathably evolve independently in the asexual sfaéyje

They shown high level of genetic diversity, and banused to produce a wide range of products ohoential and
ecological interesfThe potential offrichoderma species as biocontrol agents of plant diseasedixgasecognized

in the early 1930s, and in subsequent years, doafrmmany diseases has been added to the listT2f has
culminated in the commercial production of seva@rathoderma species for the protection and growth enhancement
of a number of crops in the United States, andvénpgroduction oflrichoderma species and mixtures of species in
India, Israel, New Zealand, and Sweden [7]. Onthefmost interesting aspects of the science obbichl control

is the study of the mechanisms employed by biocbaments to effect disease control. Past reseaditates that
the mechanisms are many and varied, even withigehesTrichoderma. In order to make the most effective use of
biocontrol agents for the control of plant diseasee must understand how the agents work. The teelec
manuscripts used in this paper were chosen bedheseillustrate what has been learned about meshemni
involved in biocontrol withTrichoderma species.

2.1. The metabolitesThey are prolific producers of extracellular pragiand are best known for their ability to
produce enzymes that degrade cellulose and clélinThey also produce other useful enzymes. Fomeia,
different strains produce more than 100 differentabolites that have known antibiotic activitiek [6

2.2. TelemorphsMembers of the Hypocrealésungi, Ascomycota) are common in all types of méasests [8].
These fungi are easily recognized by their brighityoured fructifications [8]. The most conspicuauembers,
species oHypomyces (Hypocreaceae), parasitize mushrooms and brackgt f8]. Another commonly encountered
genus isHypocrea (Hypocreaceae), Species oHypocrea and its anamorpfrichoderma Pers. [8] are commonly
encountered in humid tropical or subtropical fasesthough they also occur in arid, temperaturbaseal forests,
even in the most extreme north and south latit(i@sThe Hypocrea teleomorph can be found on wood, on other
members of the Ascomycota, on resupinate basidietagcor on perennial bracket fungi in varying etagf decay,
and less commonly on herbaceous substrata. Allstigeted Trichoderma species are intimately related to
Hypocrea, and increasingly, naméktichoderma species are being shown to be the anamorphiydcrea species
[8]. The Hypocrea form is rarely seen in culture. On the other hani in theTrichoderma state that members of
this genus are recovered in ecological investigatior cultivated in connection with commercial apgtions. The
Trichoderma forms are commonly isolated from soils but alsorsfade on moist wood, mushrooms, or bracket
fungi in forests, where they are easily recognibgdtheir masses of conidia that are usually grdsn, less
commonly white or yellow [8]. They are also founddiverse habitats: for example, they may be foundater-
damaged buildings, or as endophytes within thekBwf asymptomatic tropical forest trees [8]. Irdigidn, they
may be isolated as etiologic agents of opportunistiection in immunocompromised humans [8]. Thet fébat
many Trichoderma species have demonstrated antifungal or plant-gratinulating activities has led to their
exploitation as biological control agents, andhis tconnection some isolates are used in commbrasahilable
application [8]. More than 200 species bifypocrea have been described, yet the genus has never been
monographed. Recent systematic research suggesti th not possible to identify lypocrea species unless its
Trichoderma anamorph is known [8]. Although only about 50 descof Trichoderma have been described,
exploration of new geographical locations and egiokl niches has revealed many additional undesdripecies.
Because the anamorph is the form most commonly exiad to information on the economic and ecological
significance of these organisms, it is essentialaoify the biology ofTrichoderma andHypocrea in a unitary way.
Holomorphs must be studied in order to effectivéddyermine both life cycles and species concepts [8]

Hypocrea was first described by Elias Fries in 1825 basedSuhmaeria rufa Pers.: Fr., a species with hyaline,
ascospores. Currently, the type species of the ggenuepresented bilypocrea rufa Fr. Hypocrea is generally
characterized by having perithecia embedded imylesromata formed by pseudoparenchymatous tisshégbly
compacted hyphaeHypocrea has eight 1-septate ascospores that disarticulatthea septum early in their
development producing 16 part-ascospores in eanfsakven though the disarticulation of ascospirese of the
distinguishing characters of the genus, other gensuch asAphysiostroma Arachnocrea, Dialhypocrea,
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Podostroma, Protocrea, Pseudohypocrea, and Sporophagomyces also have disarticulatin ascospores [8]. Recent
studies using DNA sequence data suggestRbadstroma andProtocrea [9] are congeneric witHypocrea.

In several studies, similarities were noted betwPBedostroma and Hypocrea, which differ only in the stalked
stroma of the former [8]. Other characteristics Rifdostroma, such as morphology of the stromatal tissue,
perithecia, and anamorphs and ecology, are indisishable from corresponding features Hf/pocrea.
Aphysiostroma, Arachnocrea, Dialhypocrea, Pseudohypocrea, and Sporophagomyces, which are similar to
Hypocrea in the disarticulation of their ascospores, hawtilit teleomorph and anamorph morphology [8]. Most
notably, ascospores ofrachnocrea, Pseudohypocrea and Sporophagomyces are biconical.Arachnocrea and
Soorophagomyces are mycoparasitic [8]. Recent molecular-phylogenatiudies show thaf\physiostroma and
Arachnocrea are basal télypocrea.

2.3. Mechanisms and examples of actibrichoderma species have long been recognized as agents faottieol

of plant disease and for their ability to incregmt growth and development [@]he ecological role of this genus
is thatTrichoderma strains take part in the decomposition of planidigss in the soil. Somérichoderma species
are very good cellulose producers and thereforg thiee important for the biotechnological industriOJ.
Antagonism is based on different mechanisms, lileedf antifungal metabolites Biyrichoderma, competition for
production space and nutrients and mycoparasitMytoparasiticTrichoderma strains are able to recognize the
host hyphae, to coil around them, develop haustpeaetrate the cell wall of the host with cell-Imdegrading
enzymes like chitinases, glucanases and proteasesijtilize the contents of the host hyphae asemitsource [5].
Trichoderma strains with effective antagonistic abilities am@tgntial candidates for the biological control ddurg
disease$l1]. Abiotic and biotic environmental parametarsy have negative influence on the biocontrokaffy

of Trichoderma strains, therefore it is very important to collécformation about the effects of environmental
factors on the different activities dfrichoderma strains with biocontrol [5].Trichoderma spp. are promising
candidates for the biological control of plant magénic fungi [5]. When planning the applicationasftagonistic
Trichoderma strains for the purposes of biological control,isitvery important to consider the environmental
parameters affecting the biocontrol agents in tik[S]. A series of abiotic and biotic environniehparameters
has an influence on the biocontrol efficacyTofchoderma. Some important parameters to be considered are th
effects of temperature, water potential and pH, thedoresence of pesticides, metal ions and anistgobacteria in
the soil [5]. Most of thelrichoderma strains are mesophilic. Low temperatures in wimey cause a problem
during biological control by influencing the activiof the biocontrol agent [5]. Another problem egiag during
the application offrichoderma strains as biocontrol agents is that they canrletate dry conditions, however, we
may need biocontrol agents against plant pathodemigi which are able to grow and cause disease @avelry
soils [5]. The pH characteristics of the soil also belongh®most important environmental parameters affgdtie
activities of mycoparasiticlrichoderma strainswithin the frames of a complex integrated plantt@ection strategy,
we may have to combinErichoderma strains with chemical pesticides or metal compautiterefore it is important
to collect information about the effects of pestés and metal ions on the biocontrol strains [5jta§onistic soil
bacteria may also have negative effects on theobioal abilities of Trichoderma strains, therefore it may be
advantageous if a biocontrol strain possesses mattedegrading abilities as well [5§cientists observed that it
was possible to implement biological remediatiorategies based on the ability of microorganismsadoy out
degradative processes to identify the potentialroéhoderma spp.in soil remediation is an important step in the
recognition of the value of the genetic resourddsiadiversity, in this case, microorganisms. Tagpect shows the
importance of biological control in soil improvenigarogram [12].Trichoderma spp. attack parasites and possess
resistance to most agricultural chemicals. Theystiute its living part and are responsible for theamics of
transformation and development of soil structure.

Trichoderma spp. are agriculturally and industrially importameing the major source of many commercial enzymes
and as biofungicides. More than 60% of all regetebiofungicides used for plant disease controlTarehoderma
spp. directly kills and obtain nutrients from otliengi is considered to be one of the most impanta@chanisms of
biocontrol [13]. Others being competition for netits, antibiosis and induced resistance in plagagnat invading
pathogen [13]. In addition to use as biocontiichoderma spp., are also used as biofertilizers (plant ghowt
promoters) and for the mitigation of abiotic andygiblogic stresses. Earlier, an industrial strainfdchoderma
reesei was sequenced and analysed [13]. However, thésiep is not used as biocontrol, being very weakly
mycoparasitic [13].

SomeTrichoderma species are antagonistic to many soil borne phytogenic fungi and significantly decreased
infection and disease through antibiosim [12].harzianum has been shown to be bioactive aga#ustillaria

mellea. Investigations have shown that 6-pentyl-pyrone aftiger-pyrone analogues exhibit antibiotic activity
against the growth of the fung@aeumanmyces graminis var tritici. 6- pentyl-pyrone has been reported to inhibit
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growthin vitro of a number of fungi and that it reduced the rdtdammping-off in lettuce by inhibiting the growtti o
Rhizoctonia solani [14].

Trichoderma harzianum is a fungal biocontrol agent that attacks a rangphgytopathogenic fungiT. harzianum
alone or in combination with oth&irichoderma species can be used in biological control of séyaemt diseases
[15]. It has been also shown to be effective integling Fusarium crown and root rot under greenhouse and field
conditions. AlthoughTrichoderma spp are ubiquitous, the type of the soil can affgciwth, proliferation and
effectiveness as biocontrol agent. Because soibggds complex, and with year-to-year fluctuatiansclimate
conditions, treatments with microbials are oftecoimsistent [16]. The study showed thaharzianum strains were
effective in reducing disease incidence and sevefitFusarium crown and root rot of tomato under greenhouse
conditions. The effect ofrichoderma on reduction of the crown and root rot disease @ngield of tomatoes has
been investigate [15].

3. How Trichoderma specieswork?

Biological control is a promising tool to help m&im current levels of agricultural production vehileducing the
release of polluting chemical pesticides to theiremment. However, more knowledge of the mecharo$raction
of the biological agents involved is needed to iower[17]. Early in the process of parasitizationRbfzoctonia
solani by Trichoderma harzianum, directed hyphal often in advance of conthein, the hyphae df. harzianum coil
tightly around those oR. solani [18]. It has recently been shown that a lectimfi&clerotium sclerotium induces
coiling of hyphae ofT. harzanum and the formation of mycoparasitism-related stmeg (e.g., hooks and
appressorium-like bodies) around fibres coated thighlectin, and thus simulates the interactiom e host [19].
Similar lectins have been identified R solani and other fungal host species [20]. Thus, leqtiesent on the cell
wall of the host are suggested to take part imeit®gnition. The use of light and scanning electrocroscopy has
demonstrated the penetration of hypha®.ablani by T. harzanum [17]. A complex set of extracellular enzymes is
produced by mycoparasitic strainsTofchoderma when grown on isolated cell walls Bf solani [17]. Weindling
(1934) reported that a strain ®f lignorum produced a “lethal principle” that was excreteditite surrounding
medium, allowing parasitic activity by the biocaitragent. In 1941, he characterized the “lethahgpie”,
demonstrated that it was toxic to bd¥hsolani and Sclerotinia americana, and named it gliotoxin [2]. Thus, lytic
enzymes such as b-1,3-glucanases, chitinases atehpes are probably responsible for hyphal lysisugh the
digestion of major cell wall components. The clatjtic system ofT. harzianum comprises six distinct enzymes,
two of which are classified as acetyl glucosamis@aand the rest as endochitinases [21].

Three chitinase-encoding genes have been cloned chadacterized [22]. However, the relevance of the
corresponding enzymes to mycoparasitism remaite tproven [17]. The gene ech42 coding for the ehitioase
[22]. Ech42 is highly expressed when the fungusgriswn on media [23]. Another mycoparasitism-related
containing chitin or in dual cultures with a hodiréct confrontation assays; gene, prbl, encodiBg-&Da basic
proteinase) is strongly induced during direct confation experiments [17]. Strong expression oflpib also
observed wherT. harzanum is grown in media containing chitin as a sole carlsource [24]. Furthermore,
transgenicTrichoderma strains carrying multiple copies of prbl showednach higher level of control of the
disease caused B solani [25], suggesting that this gene is indeed direictplved in mycoparasitism [17]. It may
be expected that the production of hydrolytic enegrtekes place simultaneously with the formatioparasitic
structures and that both events might be activiayeal common mechanism [17]. However, the recogmiéieents at
the molecular level are not yet clear. Oligosaddesr containing N-acetyl-D-glucosamine (GIcNAc)¢lirding
chitin oligomers, which are components of the ptétiost, might act as elicitors, enabling theadsr to trigger
the so-called mycoparasitic reaction [26].Inbar &t have shown an increase in the activity ointnacellular
102 glucosaminidase using a biomimetic systemdasethe binding of a purified lectin frof rolfsii to nylon
fibres, suggesting that the recognition event atedi by lectins serves as a signal that trigggysnaral antifungal
response ifrichoderma [19]. However not a single mycoparasitism-relagetie has been directly associated with
the response to the lectin-carbohydrate intera¢fidgh The mycoparasitic relationship betwégichoderma and its
potential host might involve bioterms of its depende on contact with the host [17]. Mycoparasitr@igs of
Trichoderma were grown on isolated cell walls 8 solani [27]. Thus, lytic enzymes such as b-1,3-glucanases
chitinases and proteases are probably respon&bléyphal lysis through the digestion of majodl ogall
components [17]. The chitinolytic system &f harzianum comprises six distinct enzymes, two of which are
classified as N-acetyl glucosaminidases and theareendochitinases [17].

4. M echanisms of plant-disease control by Trichoderma

The results presented and discussed in the revilew ais to propose a model of the mechanisms byclwhi

Trichoderma spp. control or reduce plant disease. Other meshenalso exist, including the inhibition of pathnge
enzymes that are necessdoy leaf penetration and competition for seed utts that are required for pathogen
germination in soil [6].Trichoderma spores or other biomass can be added to soil riaty of methods. If the
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strain is rhizosphere competent, it colonizes samfaces and the outer layerstioé cortex. This establishes a zone
of interaction into which thelrichoderma strain releases bioactive molecules [6]. Thessude elicitors of
resistance, such as homologues of avirulence (Bradeins and proteins with enzymatic or other fiore. The
fungi also produce enzymes that release cell-wagirhents, which also enhance plant resistance mespo

The plants produce cell-wall deposits and biochahfactors that limit the growth of thErichoderma strain and
cause it to be avirulent [6].

Pathogens can attack roots but, in the presenc&riofioderma, infection is reduced by the same or similar
molecules and cell-wall alterations that resultha avirulence of th@&richoderma strains [6]. Furthermore, several
strains induce systemic resistance in plants éwemgh they are localized on the roots, probahigugh the action
of a signalling compound (curved arrow going uprirthe roots).

Then, when pathogens attack plant leaves or stimglant is potentiated to respond rapidly by picddg defence-
related enzymes and antimicrobial compounds [6addition, Trichoderma strains can attack pathogens in the soil
by a variety of mechanisms. The strains responpidatly to the presence of the pathogens, and ritexaction
begins before the two organisms come into conféwe. Trichoderma produces sensing enzymes that release cell-
wall fragments from the hyphae of the target pagimpgwhich increases the release of additional ersym
[6].Antibiotics can also be produced. The next stéghe interaction is the actual parasitism (whicdquently
results in the coiling of thérichoderma fungus around the pathogen) and the productionmifraber of synergistic
cell-wall-degrading enzymes and other substancdiswfed by the infection and death of the targetgius. In the
absence ofrichoderma, root pathogens infect roots and cause diseas®[@its are also unprotected against foliar,
stem and flower pathogens.

As a consequence of the interactions betwiérhoderma fungi and plants, a variety of pathogens of roaoid #ne
above-ground parts of plants cause less disegdants in which the roots are colonizedTrychoderma [6].

Even in the absence of pathogens or disease, gtagisently have larger roots and higher levelprouctivity in
the presence odfrichoderma. In the absence dirichoderma, either the above-ground or below-ground portiohs
plants usually have more disease, and are ofterrdésist [6].

Another mycoparasitism-related chemical and phggiohl reactions that precede the microscopicalibie
phenomena of hyphal coiling, appressorium formatgenetration and cytoplasmic degradation [17}hia study,
the possible involvement of lectins in the industiof two hydrolytic enzymes inl. harzianum during
mycoparasitism was investigatéé]. A novel system was used to analyze the paragtpanse in gene, prbl,
encoding a 31-kDa basic proteinase is stronglyéaduduring direct confrontation experiments. Strergression
of prbl is also observed wh@nharzianum is grown in media containing chitin as a sole oarbource [17].

In the recent years, the environmental contaminatmused by excessive use of chemical pesticidesadsed the
interest in integrated pest management, where da¢mpesticides are substituted by biopesticidesoturol plant
pests and plant diseases [ZRjichoderma based biocontrol agents (BCAs) possess bettetyatblipromote plant
growth and soil remediation activity compared teitftounterparts (virus, bacteria, nematodes, aotbpoa) [22].
Their capability to synthesize antagonistic compmsuiiproteins, enzymes, and antibiotics) and micrimients
(vitamins, hormones, and minerals) enhance theudsitrol activity [28]. Like other fungal BCAs, ciolial mass of
Trichoderma is the most proficient propagule, which toleradesvnstream processing despite [22]. The advantages,
mass production ofrichoderma BCAs is less prevalent, owing to high-cost rawemats like Mendel’s medium,
molasses, corn steep liquor, and other [2®]choderma spp. have gained wide acceptance as effective BCAs
against several commercial phytopathogens [22].s&heantagonistic fungi are most common among fungal
biocontrol agents because of their multiple BCArakteristics, namely, antagonism and plant-growithigation
[22]. Thus, mass-scale production dfichoderma spp. would have great potential for commercial . use
Micropropagules ofTrichoderma spp. in the form of conidia are preferred over wijydospores and mycelial
biomass because of the viability and stabilityigidf application [22]. Therefore, there are sev&@W products of
Trichoderma spp. in the market containing conidiaTofchoderma spp. as active ingredients. Multiple BCA action
renders the production dfrichoderma spp. conidia of commercial and environmental irger@2]. There is
abundant literature on the use of conventionaltstit media like glucose, cellulose, soluble stasrid molasses

to produceTrichoderma spp. [22]. However, the cost of these raw materfiat commercial production of BCAs is
one of the major limitations behind the restrictesg [22]. To overcome the cost limitation, manyeegshers have
successfully used substrates like corn fiber drngsmand sewage sludge compost [22]. Despite thaltesmate
sources, the cost of production was still highthese raw materials need to be supplemented by wtigents [22].
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The density of a pathogen population is one ofrtteest important factors to trigger the initiation af epizootic
[22]. High relative humidity is widely recognized a critical factor. As such, the objectives of $iiedy comprises
the elevation of the use of products of the ceire@dlistry (corn bran and wheat bran) as raw matet@lproduce
Trichoderma spp. conidia without the need of the addition ofriemts (C and N sources) to increase spore
concentration [22].

CONCLUSION

Biological control is one of the best alternatigaimst some plant pathogens. The limitations t@dnrol use are
scarce knowledge on the ecology of rhizosphereumeadof in vitro antagonism for selection of biokai control
agents. But, the advantages of this method is midiehoderma spp. that are common saprophytic fungi found in
almost soil and micro flora, have been investigategotential biocontrol agents because of theiityabo reduce
the incidence of disease caused by plant pathodgengi.
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