Innovative Role of Endophytes in Management of Economically Important Diseases of Different Crops
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Introduction
Plant pathogens include fungi are the most visible threats to sustainable food production. The decreasing efficacy of the fungicides as well as risks associated with fungicide residues on the leaves and fruit, have highlighted the need for a more effective and safer alternative control measures. In recent years, endophytes have received increasing attention as a promising supplement or alternative to chemical control. The strategic use of naturally occurring organisms to control pest populations and increase production of major crops represents a viable option to host-plant resistance and pesticide-based pest and pathogen control. Endophytic microorganismsthat grow in the intercellular spaces of higher plants are recognized as one of the most chemically promising groups of microorganisms in terms of diversity and pharmaceutical potential (Wagenaar and Clardy, 2001). Beneficial endophytic microorganisms comprise especially fungi and bacteria that colonize internal plant tissues without causing visible damage to their hosts (Petrini, 1991). Furthermore, the endophytic microorganisms are not considered as saprophytes since they are associatedwith living tissues, and may in some way contribute to the well-being of the plant. Endophytes exist in a range of tissue types within a broad range of plants, colonizing the plant systemically with bacterial colonies and biofilms, residing latently in intercellular spaces, inside the vascular tissue or within cells (Ulrich et al.,2008). Endophytic microorganisms that reside in the tissues of living plants are relatively unstudied and potential sources of novel natural products for exploitation in agriculture. That is, the plant is thought to provide nutrients to the microbe, while the microbe may produce factors that protect the host plantfrom attack by animals, insects or microbes (Yang et al., 1994). Studies on microorganisms from plant species arerecently becoming more frequent, since these fungi and bacteria have been studied for biological control andproduction of compounds with pharmacological properties. They are different from phytopathogenic microorganismsbecause they are not detrimental, do not cause diseases to plants and are distinct from epiphytic microorganismswhich live on the surface of plant organs and tissues (Hallmannet al., 1997). Endophytic bacteria are able topenetrate and become systemically disseminated in the host plant, actively colonizing the apoplast (Quadt-Hallmannetal., 1997b), conducting vessels (Hallmannet al., 1997) and occasionally the intracellular spaces (Quadt-Hallmannet al., 1997a). This colonization presents an ecological niche, similar to that occupied by plant pathogens and these endophytic bacteria can, therefore, act as biological control agents against pathogens (Hallmannet al., 1997). In thissense, the suppression of plant diseases due to the action of endophytic microorganisms has been demonstrated inseveral pathosystems (Narisawaet al., 1998). Severalmechanisms may control this suppression, either directlyon the pathogen inside the plant by antibiosis (Sturzet al., 1996) and competition for nutrients (Puentea, et al., 2009), or indirectly by induction of plant resistance response (M'Pigaet al., 1997) and more recentlytheir potential for enhanced degradation of several pollutants has also been investigated (Doty, 2008). Thereare many reports demonstrating that many bioactivecompounds could be produced by endophytic microorganisms (Huang et al., 2001). At the same time, molecular markers provide gigantic sources of data that can assist scientists in developing tools to monitor the genetic and environmental fate of these agents. In the present review we will focus on examples of associations between endophytic microorganisms and plants, especially those that result in diseases control. The intent of this review is to provide insights into the presence of endophytes in nature, the products that they make and how some of these organisms are beginning to show some potential for control of plant pests and diseases.
Fungal Endophytes
Endophytic fungi are taxonomically and biologically diverse but all share the character of colonizing internal plant tissues without causing apparent harm to their host (Wilson, 1995). The best understood of these are members of the Clavicipitaceae (Ascomycota), which are endophytes of some temperate grasses. In these systems, there is usually only one endophytic fungal species per host and these fungi appear to be highly coevolved with their host. Generally, these fungi are transmitted vertically (from mother to offspring through seeds, as reviewed by Clay and Schardl (2002); see also Saikkonenet al. (2004)). This transmission pattern is thought to promote beneficial relationships with the host plant (Herreet al., 1999). Nonetheless, in grasses, the net effect of endophyte associations can range from parasitic (e.g., choke disease) to strongly mutualistic (Clay and Schardl, 2002). Beneficial effects for hosts include increased drought tolerance (Arechavaletaet al., 1989), deterrence of insect herbivores (Breen, 1994; Rowan and Latch, 1994), protection against nematodes (Pedersen et al., 1988; West et al., 1988; Kimmonset al., 1990), and resistance against fungal pathogens (Gwinn and Gavin, 1992; Bonoset al., 2005; Clarke et al., 2006). The last is also true for endophytes found in some tropical grasses (Kelemuet al., 2001). Anti-pathogen protection mediated by endophytes has been observed also in nongramineous hosts. For example, endophytic fungi have been found to protect tomatoes (Hallman and Sikora, 1995) and bananas (Pocasangreet al., 2001; Sikoraet al., 2008) from nematodes, and beans and barley (Boyle et al., 2001) from fungal pathogens. However, even with the accumulating evidence that endophytic fungi can reduce pathogen damage in grasses and other host plants, little is known about the generality of this role in natural systems and whether it can be exploited as a biocontrol strategy in crop protection.
How fungal endophytes can affect plant disease

Evidence showing that endophytes have a role in the outcome of plant – pathogen interactions leading to disease has been increasing in recent years. Diverse mechanisms by which they may counteract pathogen development have been observed. For example, some endophytic species may induce plant defense mechanisms which counteract pathogen attack, others produce antibiotic substances which inhibit pathogen growth, competition for plant space and resources may also occur between resident endophytes and incoming pathogens; finally, some parasites of plant pathogens are known to behave as endophytes.
Interactions with plant pathogenic fungi

Many endophytic species produce antibiotic substances (Strobel, 2002; Schulz and Boyle, 2005; Wang et al., 2007). Liquid extracts from endophyte cultureshave been found to inhibit the growth of several speciesof plant pathogenic fungi (Liu et al., 2001; Park et al., 2005; Inácioet al., 2006; Kim et al., 2007). If suchcompounds where produced by endophytesin planta, this could constitute a defense mechanism against fungalpathogens. Experiments where plant protection against pathogenic fungi is observed after the inoculation of plants with endophytes, as well as after the application of endophytic culture filtrates, suggest that the endophyte may produce an antifungal compound or a substance that induces plant defense mechanisms in the plant. This is the case with Chaetomiumand Phomaendophytes of wheat, when these fungi were previously inoculated in plants, reduced severity of foliar disease caused by Pucciniaand Pyrenophoraspp. was observed and, the same protective effect was observed when only endophytic culture filtrates were applied to the plants(Dingle and McGee, 2003; Istifadah and McGee, 2006). In these experiments the effects of culture filtratesupon plant pathogens were not tested.When a mixture of six species of endophytes frequently isolated from cacao (Theobroma cacao L.) trees was used to inoculate leaves of endophyte-free seedlings of this plant species, the severity of a leaf disease caused by a Phytophthorasp. was significantly reduced in endophyte-inoculated leaves. A mechanism of induced plant resistance did not seem to be involved, because differences in disease severity were observed between endophyte-inoculated and non-inoculated leaves of the same plant. In this case, the protection against a pathogen could be the result of direct competition among endophytes already present in leaves and the pathogen (Arnold et al., 2003). For instance, most tissue available for infection may be already occupied, or endophytes may produce zones of inhibition restricting the entry of other fungi.Endophyte infection may alter plant biochemistry in a way that defense mechanisms against pathogens are induced. PiriformosporaindicaSav.Verma, Aj. Varma, Rexer, G. Kost and P. Franken is a root endophyte with a wide host range, including several species of cereals and Arabidopsis. Barley plants inoculated with this endophyte have shown resistance to a vascular[Fusariumculmorum(W.G. Sm.) Sacc.]and a leaf pathogen [Blumeriagraminis(DC.) Speer] in addition to an increase in yield and salt stress tolerance (Waller et al., 2005). The protection against the leaf pathogen appears to be mediated by a mechanism of induced resistance, because in the pathogen-inoculated plants there is a defense response involving the death of host cells. Some endophytes may be mycoparasites. AcremoniumstrictumW. Gams is an endophyte which has been frequently isolated from DactylisglomerataL. and other grasses (Sánchez Márquezet al., 2007); recently it has been shown that this fungus is a mycoparasite of HelminthosporiumsolaniDurieu and Mont., a potato pathogen (Rivera Varaset al., 2007). A significant increase in resistance to dollar spot disease, caused by SclerotiniahomoeocarpaF.T. Benn., has been observed in FestucarubraL. cultivars infected by EpichloëfestucaeLeuchtm.,Schardl and M.R. Siegel. (Clarke et al., 2006). Cultivars of several turfgrass species infected by Epichloëand Neotyphodiumendophytes are commercially available at the present time. The efficient vertical transmission of these endophytes has allowed the production of infected seed at a commercial scale. Since Neotyphodiumand Epichloë infected cultivars have shown increased resistance to herbivores, plant pathogens, and some conditions of abiotic stress, the use of such symbiotic cultivars can result in a reduction in the use of insecticides and fungicides  in lawns (Brilman, 2005). Similar applications of other species of endophytes may be seen in the future. The above studies suggest that the outcome of some pathogen attacks may be dependent on the endophyticmycobiota associated to a host plant. Therefore, the endophytic assemblage of a given species may represent a source of organisms with potential applications for disease control in the same plant species. Out of the multiple species that can penetrate and infect a plant, only a relatively small subset, that of the pathogens, produces disease. This shows that part of the plant disease cycle is shared by pathogens of endophytes. Once a fungus enters a plant it can behave as an endophyte or as a pathogen, and it seems that a majority of plant associated fungi act as endophytes.What is the difference between infection processes caused by endophytes and pathogens, is a good question for plant pathologists. Some studies directed to answer such question point out to fungal as well as to host characteristics. For instance, a mutation in a single locus can convert a pathogen such as Colletotrichummagna Jenkins and Winstead in a mutualistic endophyte (Freeman and Rodríguez, 1993). However, some isolates of the above species may behave as a pathogen in cucurbits or as an endophyte in some species of other plant families (Redman et al., 2001).
Interactions with nematodes

Inhibitory effects against some species of migratory and sedentary endoparasites occur in grasses infected by Neotyphodiumendophytes (West et al., 1988; Kimmonset al., 1990). Neotyphodiumspecies infect aerial tissues, not roots. Therefore, the inhibitory effects observed in infected plants were interpreted as the result of fungal alkaloids being translocated to roots. This was supported by the fact that some naturally occuringNeotyphodiumstrains deficient in the production of ergot alkaloids do not show protective effects as good against Pratylenchussp. as those observed in ergot alkaloid producing strains (Timperet al., 2005). In contrast, other experiments showed that the amount of ergot alkaloids translocated to roots is very small, and experiments with Neotyphodiumknockout mutants having their pathway of ergot alkaloid synthesis disrupted suggested that these alkaloids are not responsible for the inhibition of nematode populations in endophyte infected plants (Panaccioneet al., 2006). Nevertheless, other types of alkaloids with antiherbivore activity are produced by Neotyphodiumspecies, and chemical changes such as the production of phenolic compounds do occur in Neotyphodium-infected roots (Malinowski and Belesky, 2000). In conclusion, Neotyphodiumendophytes provide host plants with protection against several nematode species, but the mechanism of action underlying this process is still unknown. Non pathogenic strains of FusariumoxysporumE.F. Sm. and Swingle isolated from plant roots are other group of endophytes known to be implicated in antinematode activity. Culture filtrates of F. oxysporum have an inhibitory effect on Meloidogyne incognitaKofoid and White, suggesting that fungal toxins could be the mechanism of interaction (Hallmann and Sikora, 1996). However, the mechanism of Fusariuminhibition of nematodes appears to be more complex than a toxinoperated system. In an experimental setup where banana plants were grown in a split root system, the plantswere resistant to RadopholussimilisCobb, Thorne in the root half which was not inoculated with a Fusariumendophyte. In this case, a phenomenon of systemic plant resistance induced by the endophyte appeared to be the mechanism of resistance to the nematode pathogen (Vu et al., 2006). Another type of plant protection mediated by endophytic fungi may come from nematophagous fungi which can inhabit plant roots as endophytes (Bordalloet al., 2002). In a similar fashion, some species of entomophagous fungi [e.g. Beauveriabassiana(Bals.-Criv.) Vuill.,TorrubiellaconfragosaMains, Metarhiziumanisopliae(Metschn.) Sorokin] have been isolated from several host plants, and appears that part of their life cycle can be endophytic (Bills, 1996). In conclusion, it is very likely that fungal endophytes affect the outcome of nematode attacks in plants, and certain endophytes could be used for nematode protection in agriculture.
Interactions with bacteria and viruses
Tests of the influence of endophytes upon bacterial and viral pathogens are not as numerous as those made with other plant pathogens. Bactericidal effects of endophyte culture extracts have been demonstrated and do not seem to differ from those observed for fungi or nematodes (Wang et al., 2007).  In the case of viruses, the incidence of Barley yellow dwarf virus (BYDV) was lower in Loliumpratenseinfected by Neotyphodiumthan in endophyte free plants.Since BYDV is transmitted by means of aphid vectors,toxic fungal alkaloids may be the reason for this effect,in fact, aphid reproduction was lower in endophyte infected plants than in those free of endophyte (Lehtonenet al., 2006). A very interesting connection of a different kind exists among endophytes and viruses. A Curvulariaendophyte of the plant Dichanteliumlanuginosum(Elliott) Gould was found to confer tolerance to high soil temperatures to the plant. Further observation of this system led to the discovery that a virus infecting the endophyte was an important factor contributing to the heat tolerance observed in the plants. Furthermore, the virus-infected endophyte could be used to confer heat tolerance to tomato plants (Márquezet al., 2007). Epichloëfestucae virus 1 (EfV1) is another virus which asymptomatically infects the grass endophyteEpichloëfestucae, in this case it is not known if the presence of the virus in the endophyte affects the plant host (Romoet al., 2007).
Bacteria Endophytes
Endophytic bacteria are able to penetrate and become systemically disseminated in the host plant, actively colonizing the apoplast (Quadt-Hallmann et al., 1997b), conducting vessels (Hallmannet al., 1997), and occasionally the intracellular spaces (Quadt- Hallmann et al., 1997a). Endophytic bacteria colonize an ecological niche similar to that of plant pathogens, especially vascular wilt pathogens, which might favor them as candidates for biocontrol agents. In addition.intensive work on rhizospherebiocontrol agents has recently shown that presence of six rhizobacteria, induced systemic resistance in cucumber and exhibited both external and internal root colonization (Kloepperet al., 1992b). Exploiting an additional microbial habitat for biocontrol purposes might enhance overall disease control and increase control consistency, since the control agent could avoid unfavorable conditions in one habitat by escaping into the other habitat.
Fungal Disease Suppression by endophytes
Wilt diseases
Studies using endophytic bacteria as biocontrol agents are conducted mostly on wilt diseasesof different commercial and food crops. Endophytic bacteria isolated from potato tubers showed in vitro antibiosis against F. avenaciarum, F. sambucinumand F. oxysporum. The antibiosis of the isolates decreased progressively with depth of their site of isolation from the tuber surface. Possibly, the plants might have adopted bacteria as part of a disease suppressive response to pathogenic attack (Sturzet al., 1999.). Endophytic bacteria isolated from live oak stems, showed in vitro antagonism against oak wilt pathogen, C.fagacearum(Brooks et al., 1994). A pre-inoculation with endophytic isolates P. denitrificans and P. putidasignificantly reduced crown loss. Bacillus spp. injected into Spanish oak stems, enabled more efficient colonization of the plants by Pseudomonas spp. (Brooks et al., 1994). Endophytic bacteria isolated from rape and tomato plants, inhibited mycelial growth and reduced the incidence and severity of diseases caused by V. dahliaeand F. oxysporumf sp. lycopersiciin these crops by more than 75% and increased the plant height and shoot dry weight (Nejad and Johnson, 2000). These strains produce volatile metabolites other than hydrogen cyanide. Bacillus spp., present in xylem vessels, reduced the percentage of silver maple stem colonization by V. dahliae(Hall et al., 1986.).
Rots and Damping-off Diseases
Endophytic bacteria isolated from rice seeds, when applied as seed treatment, colonized thestellar region of the root and exhibited strong anti-fungal activity against R. solani, Pythiummyrotylum, Guamanomycesgraminisand Heterobasidiumannosum (Mukhopadhyayet al., 1996). Two endophytic bacterial strains isolated from cotton, which were antagonistic to R. solani in vitro, reduced infection of cotton plants from R. solani infection by 60% (Qui et al., 1990.), Of the 170 endophytic bacterial strains isolated from cotton, 40 strains protected cotton plants from R. solaniinfection (Chen et al., 1995.). Endophytic bacteria from potato tubers were inhibitory to Phytophthorainfestans(Sturzetal., 1999). EndophyticBacillus and Pseudomonas spp. isolated from seeds and plants of different crops were tested for their antagonistic potential against various pathogenic fungi including P. ultimum, R. solani and S. rolfsii(Plebanet al., 1995). P. fluorescens, isolated from cotton, B. cereus strain 65 from Sinapis. B. cerellsfrom cauliflower.B. pumulisfrom sunflower, B. subtilisfrom onion were found antagonistic to one or more of the fungal pathogens tested. Radioactive labelling showed that B. cereus strain 65, when introduced into cotton, was present at the root stem junction for 16 days. The bacteria were found up to 72 days after their introduction into the root and stem atlevels of 2.8X 105 and 5Xl04 CFU g-1 fresh weight of root and stem tissue, respectively. Various endophytic bacterial strains tested,including B. cereus strain 65, when introduced into the plant during the seed germination period, protected cotton and bean seedlings from infection with R. solaniand S. rolfsiiby more than 50%. Strain 65 produced a 36 kDachitinolytic enzyme characterized as chitobiosidase and the crude preparation of extracellular proteins significantly decreased spore germination of F. oxysporumf.sp. meloni(Plebanet al., 1997). P. fluorescens, isolated from the internal tissues of micropropagated apple plantlets, effectively colonized the root tips of beans. This strain was cloned to express the chiA gene coding for the major chitinase of Serratiamarcescens, and the recombinant strain when introduced into bean seedlings provided effective protection from R. solani. Addition of this bacterium to soil did not confer protection indicating that internal colonization by P. fluorescenswas essential for disease control (Downing and Thomson, 2000).
Galls and Abnormal Growth
Lima et al. (1994) isolated 160 bacterial strains from the woody tissues of lemon and sour orange, 55 of which were antagonistic to Phomatracheiphilathe casual agent of citrus malsecco disease. Nine of the most effective antagonistic strains were tested for disease control by inoculating them into the stem of sour orange seedlings 15 days before pathogen inoculation. Three isolates of B. subtilisand one isolate of P. fluorescenssignificantly lowered the disease symptoms and maintained higher populations in the internal tissues of the host plant (Lima et al., 1994.)
Leaf spots and leaf blights
Limited attempts have been made to use endophytic bacteria as biocontrol agents of leaf spot and leaf blight diseases. Bacillus subtilis, isolated from xylem fluid of chestnuts, suppressed the growth of chestnut blight pathogen, Cryphonectriaparasiticaand reduced the lesion areas on stems, when applied 3 days prior to fungal challenge, in an in vitro bioassay (Wilhelm etal., 1998). Also.B. subtilisinduced the synthesis of acidic chitinase and β- 1,3-glucanase in chestnut (Wilhelm et al., 1998). Krishna Murthy and Gnanamanickam (1997) reported that Psuedomonasspp. induced systemic resistance in rice against sheath blight diseases caused by R. solani. Inspite of the absence of this bacterium on plant surfaces, its presence in the internal stem led to suppression of disease. In a survey of antagonistic microorganisms, 8 bacteria and 24 fungi were found antagonistic to P. infestansin the phyllosphere,rhizosphere and endoshpere of tomato (Garitaet al., 1988) indicated the endophytic nature of antagonistic organisms. Crown gall caused by Agrobacterium tumefaciensis one of the most extensively worked out system for biological control using rhizosphere isolates (Kerr, 1980). Endophytic bacteria isolated from xylem sap of grapevine plants were screened for their antagonistic activity against a range of tumerogenicA. tumefaciensbiovar 3 strains (Bell et al., 1995). Despite the variabilities in in vitro antibiosis, 24 of the 851 strains were strongly inhibitory to A. vitis, which produces galls in grapevine. These bacteria were identified as E. agglomerans,Rahnellaaquatilisand Pseudomonas spp. An isolate of P. corrugataeffectively reduced the populations of Agrobacterium strains in situ, In further trials with grape cultivar, chardonnay, where the incidence of galled vines was moderate, three endophytic bacterial strains gave significant protection against the disease. But these strains were ineffective in protecting gewurztraminer vines. In which the incidence of galls was severe (Bell et al., 1995). These studies also suggest that the performance of endophytic bacteria as biocontrol agents is largely dependent on the host genotype.
Nematode diseases
Endophytic bacteria have an additional advantage in contro1 of nematodes since the wounds produced by nematodes favour bacterial colonization of the root surface and their introduction into the root tissue (Bookbinder et al., 1982; Khan, 1993). Inoculation of cotton and cucumber plants with Meloidogyne incognita resulted in a higher density and diversity of total endophytic bacteria in these plants. To determine, the interaction between Meloidogyne and endophytic bacteria E. asburiaeStrain JM22 was used as a model system (Hallmannet al., 1998). A large number of JM22 were observed on the surface of nematode galls, especially where the root epidermis had disrupted due to gall expansion. Accumulation of bacterial cells around necrotic plant cells in the vicinity of galls was observed by electron microphotographs (Hallmannet al., 1998). Soil amendment with chitin (1 % w/w), protected cotton from the attack of plant-parasitic nematodes (Hallmannet al., 1999).When the soil bacteria and endophytic microbial communities in chitin-amended and non-amended soils were compared.B. cepaciapopulations were found to be same in both the soils, but it effectively colonized the internal tissues of cotton only in chitin-amended soil (Hallmannet al., 1999). Seven endophytic bacteria, Aerococcusviridans, B. megaterium, B. subtilis,P. chlororaphis, P. vesicularis, S. marcescensand Sphingomonaspaucimobilisisolated from cotton and cucumber plants, on seed bacterization, significantly protected cucumber seedlings from M. incognatainfection (Hallmannet al., 1995).

Effects of endophytic microorganisms towardspathogens
Indeed, intensive work has shown that endophytic microorganisms can have the capacity to control pathogens (Duijff, et al., 1997 and Sturz, and Matheson. 1996) and nematodes (Hallmannet al., 1998). The first record of an endophyte affecting a plant disease was that by Shimanuki (1987) who showed that timothy (Phleumpratense) plantsinfected with the choke fungus, Epichloetyphina, were resistant to the fungus Cladosporiumphlei. In some cases, they can also accelerate seedling emergence and promote plant establishment under adverse conditions and enhance plant growth and development (Lazarovits, and Nowak. 1997, and Pillay, and Nowak. 1997). Furthermore, several antagonistic entophytes bacterial species have been isolated from the xylem of lemon roots (Citrus jambhiri), including Achromobacterspp., Acinetobacterbaumannii, A. lwoffii, Alcaligenes-Moraxella spp., Alcaligenessp., Arthrobacterspp., Bacillus spp., Burkholderiacepacia, Citrobacterfreundii, Corynebacteriumspp., Curtobacteriumflaccumfaciens, Enterobacter cloacae, E. aerogenes, Methylobacteriumextorquens, Pantoeaagglomerans, Pseudomonasaeruginosa, and Pseudomonas spp. against root pathogens (Araújoet al., 2001, and Lima et al., 1994). Several bacterial endophytes have been reported to support growth and improve the health of plants (Hallmannet al., 1997, Stoltzfuset al., 1998) and therefore may be important sources of biocontrol agents. Erwiniacarotovora, for example, is inhibited by numerous endophytic bacteria, including several strains of Pseudomonas sp. ,Curtobacteriumluteum, and Pantoeaagglomerans(Sturzet al., 1999). Furthermore, Wilhelm et al. (1997)demonstrated that Bacillus subtilisstrains isolated from thexylem sap of healthy chestnut trees exhibit antifungaleffects against Cryphonectriaparasiticacausing chestnutblight. Endophytic bacteria have the ability to promotegrowth and inhibit plant disease, and as they are in intimatecontact with the plant they are an attractive choice asbiological control agents. For example, Sturzet al. (1999)found that 61 of 192 endophytic bacterial isolates frompotato stem tissues were effective biocontrol agents againstClavibactermichiganensissubsp. sepedonicus. In oak,endophytic bacteria biologically active against the oak wiltpathogen Ceratocystisfagacearumhave been isolated(Brooks et al., 1994). A number of the biologically active endophytes and root-colonizing microorganisms that have been isolated or detected belong to the actinobacterialphylum, specifically the genus Streptomyces (Coombs, and
Franco. 2003, Sessitschet al., 2001, Xaioet al., 2002). The first actinobacterialendophyte isolated, belonging to the genus Frankia, is a nitrogen-fixing actinobacterium that forms actinorhizae with eight families of angiosperms (Provorovet al., 2002). A number of endophyticactinobacteria were previously isolated by culturedependentmethods, with the major genera being Streptomyces, Microbispora, Micromonospora, and Nocardioides(Coombs and. Franco. 2003). A number of these isolates were capable of suppressing fungal pathogens of wheat invitro and in planta, including Rhizoctoniasolani, Pythiumspp., and Gaeumannomycesgraminisvartritici, indicating their potential use as biocontrol agents (Coombs et al., 2003).
Mechanisms of diseases control displayed byEndophytes
In this sense, the suppression of plant diseases due to the action of endophytic microorganisms has been demonstrated in several pathosystems (Narisawaet al., 1998). Several mechanisms may control this suppression,either directly on the pathogen inside the plant by antibiosis and competition for nutrients, or indirectly by induction of plant resistance response (M'Pigaet al., 1997). Endophytes usually occur in above-ground plant tissues, but also occasionally in roots (for example, dark septateendophytic fungi have been isolated from various plants), and are different from mycorrhizae by lacking external hyphae (LehoTedersooet al., 2009). Although some root endophyticfungus requires host cell death for proliferation during forming mutualistic symbiosis with plant (Deshmukhet al., 2006), it is universally hypothe-sized that endophyte-hostinteractions involve a balance of antagonism and exhibit great phenotypic plasticity compared to plant pathogens (Schulz and Boyle, 2005). Only few documents refer to the plant secondary metabolism mediated by the fungal endophytes. Currently, endophytes are viewed as an outstanding source of bioactive natural products becausethere are so many of them occupying literally millions of unique biological niches (higher plants) growing in so many unusual environments. Thus, it appears that these biotypical factors can be important in plant selection, since they may govern the novelty and biological activity of the products associated with endophytic microbes. Peppermint growth and terpene production of in vitro generated plants(Menthapiperita) in response to inoculation with a leaf fungal endophyte indicate variation of the essential oil profile by fungal infection. The other study showed that theweight of roots, seedlings and terpenoid production of Euphorbia pekinensisincreased after they were inoculated with an extensive host range endophyticPhomopsissp. Meanwhile, microbial elicitor derived from some fungal endophytes also promotes biomass and induces the terpenoids (artemisinin) biosynthesis and production in plant suspension cells (Wang et al., 2006). It seems likely that both mycorrhizal fungi and fungal endophytesinfection might result in specific-enhancement of the MEP pathway metabolic flux in plants. The red resin of Dracaena cochinchinensisis commonly used in traditional Chinese medicine for the treatment of traumatic and visceral hemorrhages. Chemical studies have revealed that the resin contains various flavonoids (Zhenget al., 2004).In addition, endophyticactinomycetes may also affect plant growth either by nutrient assimilation or enhancedsecondary metabolites (anthocyanin) synthesis. Furthermore, the production of antimicrobialsubstances, such as antibiotics or HCN, is an important mechanism to fight phytopathogens (Blumer, and Haas. 2000). Koshinoet al. (1989) have described compounds, toxic to some fungi, which include sesquiterpenes, chokols, hydroxyl-unsaturated fats, phenolic glycerides and an aromatic sterol which are produced in the mycelial-choked heads of timothy. Endophytes effectively inhibit and killcertain other fungi and bacteria by producing a mixture ofvolatile compounds (Strobelet al., 2001). The majority of these compounds have been identified by gas chromatography-mass spectrometry, synthesized or acquired, and then ultimately made into an artificial mixture. This mixture mimicked the antibiotic effects of the volatile compounds produced by the fungus. The newly described Muscodorroseuswas twice obtained from tree species growing in the Northern Territory of Australia. This fungus is just as effective in causing inhibition and death of test microbes in the laboratory as Muscodoralbus(Woraponget al., 2002). Another endophyticstreptomycete(NRRL 30566), from a fern-leaved Grevilleatree (Grevilleapteridifolia) growing in the Northern Territory of Australia, produces, in culture, novel antibiotics called kakadumycins (Castillo et al., 2003). Each of these antibiotics contains, by virtue of their amino acid compositions, alanine, serine, and an unknown amino acid. Colletotric acid, a metabolite of Colletotrichumgloeosporioides, an endophytic fungus in Artemisiamongolica, displays antimicrobial activity against bacteria as well as against the fungus Helminthsporiumsativum(Zouet al., 2000). Another Colletotrichumsp., isolated from Artemisia annua, produces bioactive metabolites that showed varied antimicrobial activity as well. Yueet al.(2000) have identified a number of compounds produced by cultures of Epichloeand Neotyphodiumspecies that have antifungal activity against the chestnut blight fungus Cryphonectriaparasiticaand suggest that they may play a similar role against other pathogens, the compounds in this study which showed the greatest antifungal activity were the indole derivatives indole-3-acetic acid and indole-3- ethanol, a sesquiterpene and a diacetamide. Indirect disease control is achieved by mechanisms modulating the plant immune response, including the induction of systemic acquired resistance (van Weeset al. 1999).
Genetic and environmental modifications influencing diseases control by endophytes
Identification of endophytes has relied mainly upon cultivation-based methods (Bell et al., 1995). Molecular techniques based on the rRNA gene as a phylogeneticmarker (Amannet al., 1995) provide a powerful approachto circumvent drawbacks related to cultivation . Molecular markers provide the means to assess genetic variation in endophytes and host plants, providing an insight into the relationship between variation in endophyte and host plants and the variability of agronomic traits (Gamperet al., 2008). Researchers have endeavored to elucidate the molecular mechanisms during the establishment of plantendophyticassociation (Bailey et al., 2006). Techniques such as terminal restriction fragment length polymorphism (T-RFLP) analysis or denaturing gradient gel electrophoresis (Smalla, et al., 2001) in combination with sequence analysis of rRNA genes allow rapid characterization of microbial communities. Comparison with data from amplified fragment length polymorphism(AFLP) data demonstrated that the SSR markers are informative for assessing genetic variation within and between endophyte species. Following the development of these markers for the sensitive detection of endophytesinplanta, the assessment of endophyte diversity in a globallydistributedpool of perennial ryegrass germplasm are reported. Recently, Garbevaet al. (2001) monitored endophytic populations of potato by PCR-denaturing gradient gel electrophoresis, which revealed the occurrence of a range of organisms falling into several distinct phylogenetic groups. Their results also suggested the presence of nonculturableendophytes in potato.
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