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Abstract

Fungal endophytes have been shown to increase the survival and persistence of their host plants in a diverse range of environments and
may also protect them from pathogens. Acremonium zeae and Xylaria adscendens have both been reported as endophytes of many im-
portant crops plants with the potential to serve as biocontrol agents against some important pathogenic fungi. This review paper focus on
the use of fungal endophytes; such as Acremonium zeae and Xylaria adscendens to protect some economic crops against important patho-
gens.

GSJ© 2019
www.globalscientificjournal.com



GSJ: Volume 7, Issue 7, July 2019
ISSN 2320-9186
1004

Introduction

A lot of plants contain endophytes that Wilson (1995) defined as “fungi or bacteria which, for all or part of their life cycle, invade
the tissues of living plants and cause unapparent and asymptomatic infections entirely within plant tissues but cause no symptoms
of disease”. Fungal endophytes are known to produce antibacterial substances (Radi¢ and Strukelj, 2012) and have been shown to
improve the tolerance of host plants to a variety of biotic and abiotic stresses (Bacon et al., 1997; Rodriguez et al., 2004). The pres-
ence of fungal endophytes has been shown to increase the survival and persistence of their host plants in a diverse range of envi-
ronments and may also protect them from insects, pathogens, and herbivores (Martin and Dombrowski, 2015). Acremonium zeae
has been the subject of recent investigations because of its production of pyrrocidine antibiotics and its potential to serve as a bio-
control agent against mycotoxin producing fungi (Wicklow et al., 2005). Xylaria species are common in virtually every study that has
ever been done on endophytes, especially in tropical ecosystems (Davis et al., 2003). This work review fungal endophytes Acremoni-
um zeae and Xylaria adscendens and their endophytic relationships with some economically important crop plants.

|. Endophytic Microbes

Microorganisms such as fungi, bacteria, cyanobacteria, and actinomycetes belonging to a class of plant symbionts residing
within plant tissue are referred to as “endophytes” (De Bary 1866). From the germination of seeds to the development of fruits,
endophytic microorganisms are associated with different parts of the plant, such as the spermosphere (in seeds), rhizosphere
(roots), caulosphere (in stems), phylloplane (in leaves), anthosphere (in flowers), and laimosphere and carposphere (in fruits)
(Clay and Holah 1999). To adapt to abiotic and biotic stress factors, endophytic microbes produce bioactive substances (Guo et
al., 2008). The associations of endophytic microbes with plants, and in many cases their tolerance to biotic stress factors, have
correlated with fungal natural products or biologically active metabolites, such as enzymes, phytohormones, nutrients, and min-
erals, and also enhance the resistance of the host against herbivores, insects, disease, drought, phytopathogens, and variations in
temperature and salinity (Breen 1994; Brem and Leuchtmann 2001; Schulz et al., 2002). Endophytic microbes enhance the re-
sistance of plants to abiotic stress factors such as increasing drought tolerance, high temperature, low temperature, low pH, high
salinity, and the presence of heavy metals in the soil (Jalgaonwala et al., 2017). On the other hand, plants provide a protective
environment for the growth and multiplication of endophytic microbes, protection from aridness, and longevity via seed trans-
mission to the next generation of the host (Khan et al., 2015).

Il. Endophytic Fungi Diversity

Fungal endophytes are defined functionally, as those fungi found within living, healthy plant tissues; they make their living by
not harming their host enough to induce a defensive reaction (Clay 1990, Rudgers et al. 2009). Since their discovery, they have been
found to be both ubiquitous and incredibly diverse in plants of all ecosystems (Arnold & Lutzoni 2007, Porras-Alfaro & Bayman 2011).
Although numerous benefits to fitness for host-plant partners in the endophytic symbiosis have been observed, and many more pro-
posed (Rodriguez et al. 2009). From reported works on endophytic fungi diversity, it can be concluded that reported fungi belong to
diverse phyla including Ascomycota, Basidiomycota, and Mucoromycota. Reported works show biodiversity and abundance of endo-
phytic fungi from chickpea, common pea, maize, pigeon pea, rice, soybean, tomato, and wheat (Rana at al., 2019.

Despite all the benefits of fungal endophytes to plants highlighted above, it is however still worthy to note that some endo-
phytes have still yet been observed to be latent pathogens or saprotrophs, waiting for host-plant weakness or death to be the first to
colonize and digest host tissues (Chapela & Boddy 1988, Osono 2006, Promputtha et al. 2007, 2010).

Ill. The Use of Acremonium and Xylaria species as Endophytes

Acremonium zeae is one of the most prevalent fungal colonists of preharvest corn and produces symptomless infections of corn
seeds and has been isolated from the stalks of mature plants (Fisher et al., 1992; King, 1981; Reddy and Holbert, 1924; Sumner,
1968). A positive aspect concerning the use of Acremonium spp. lies in the fact that they produce chlamydospores. These give them
a greater competitive and adaptive advantage to the environment, thus surviving longer under field conditions (Vivas et al., 2017).
Acremonium zeae produces two lactam-containing antibiotics, named pyrrocidine A (PA) and B (PB), with PA exhibiting greater inhib-
itory activity against Fusarium verticillioides and other fungi (Gao et al., 2016). Acremonium zeae has been characterized as a protec-
tive endophyte of maize and displays antifungal activity against other fungi. Pyrrocidines A and B were discovered to be the metabo-
lites accounting for this activity. Pyrrocidine A also showed potent activity against major stalk and ear rot pathogens of maize, includ-
ing Fusarium graminearum, Nigrospora oryzae, Stenocarpella (Diplodia) maydis, and Rhizoctonia zeae while also exhibiting potent
activity against Clavibacter michiganense subsp. Nebraskense, the causal agent of Goss’s bacterial wilt of maize(Poling et al., 2008).

Acremonium zeae is not recognized as causing ear, kernel or storage rots of maize (White, 1999) and there have been no re-
ports that A. zeae isolates from maize produce any metabolites toxic to animals or plants (Dillon et al., 2018). Acremonium zeae was
found to be antagonistic to kernel-rotting and mycotoxin-producing fungi Aspergillus flavus Link and Fusarium verticillioides (Sacc.)
Nirenb. in cultural tests for antagonism (Wicklow et al., 1980, 2005). The fungus also limited Aspergillus flavus colonization
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and aflatoxin contamination of intact grains removed from ears produced in an environmental chamber and wound-inoculated
in the milk stage with both Aspergillus flavus and A. zeae (Wicklow et al., 1988). Chemical studies of the organic extract from
maize kernel fermentations of A. zeae, which displayed significant antifungal activity against Aspergillus flavus and F. verticil-
lioides in conventional paper disc assays, revealed that the metabolites accounting for this activity were two polyketide — amino
acid derived antibiotics pyrrocidines A and B (Wicklow et al., 2005). Pyrrocidine A also exhibits potent in vitro activity against
major stalk and ear rot pathogens of maize including Stenocarpella maydis (Berk.) B. Sutton and Fusarium graminearum
Schwabe (Wicklow and Poling 2006). Acremonium zeae was characterized as a “protective endophyte” of maize that might
best defend against pathogen attack at the more vulnerable seed and seedling stage (Wicklow et al. 2005).

Some species of Xylaria have been discovered to be endophytes of many tree species (Whalley 1996; Leessge, 1999; Crozier et
al. 2006; Thomas et al. 2008; U’Ren et al. 2009; Vega et al. 2010). Members of this genus are important saprotrophs, found primarily
on decomposing dead wood—and, rarely, on leaves and fruits—on the forest floor (Whalley 1996, Lodge, 1997, Rogers, 2000).
Xylaria species are visible during sexual sporulation, forming relatively large, macroscopic stromata, or ‘fruiting’ structures (Bayman
et al. 1998, Davis & Shaw 2008). Xylaria species are common in virtually every study that has ever been done on endophytes, espe-
cially in tropical ecosystems (Davis et al., 2003).

Conclusion

A ot of progress has been made in fungal endophytic research. Fungal endophytes have been found to colonize land plants eve-
rywhere on earth. They have been isolated from boreal forests, tropical climates, diverse xeric environments, extreme arctic envi-
ronments, ferns, gymnosperms, and angiosperms (Mohali et al. 2005; Selim et al. 2017; Sraj-KrZi¢ et al. 2006; Suryanarayanan et
al. 2000). Endophytic fungi play an important role in protecting their host from attack by phytopathogens and also facilitate the solu-
bilization of the macronutrients phosphorus, potassium, and zinc; the fixation of atmospheric nitrogen; and the production of various
hydrolytic enzymes, ammonia, siderophore, and hydrogen cyanide (HCN) (Maheshwari 2011; Rana et al. 2016a, b, 2017; Verma et
al. 2015b, ¢, 20164, b).

Climate change and the expansion of agricultural production to marginal lands will also require innovative ways to increase abi-
otic and biotic stress tolerance and improve nutrient uptake efficiency in crop plants to meet future global food demands. Many
plants contain endophytic organisms that Wilson (1995) defined as “fungi or bacteria which, for all or part of their life cycle, invade
the tissues of living plants and cause unapparent and asymptomatic infections entirely within plant tissues but cause no symptoms of
disease” (Wilson, 1995). Fungal endophytes are known to produce antibacterial substances (Radi¢ and Strukelj, 2012) and have
been shown to improve the tolerance of host plants to a variety of biotic and abiotic stresses (Bacon, et al., 1997; Malinowski and
Belesky 2000; Rodriguez et al., 2004). The presence of fungal endophytes has been shown to increase the survival and persistence of
their host plants in a diverse range of environments and may also protect them from insects, pathogens, and herbivores (Martin and
Dombrowski, 2015). There is therefore need to sponsor more fungal endophytic researches such as the use of Acremonium zeae and
Xylaria adscendens endophytes, especially in the poor/developing countries, inorder to identify more efficient biocontrol agents for
incorporation into sustainable plant pathogen control packages. This has become imperative, since the use of current popular control
measures such as cultural or chemical disease control method is no longer adequate nor sustainable in most of these poor countries.

Acknowledgment

The work was supported by TETFund National Research Grant, Nigeria, the Ambrose Alli University, Ekpoma, Nigeria and the Univer-
sity of Aberdeen, Aberdeen, UK

References

[1] Arnold, A. E., and Lutzoni, F. 2007. Diversity and host range of foliar fungal endophytes: Are tropical leaves biodiversity
hotspots? Ecology 88: 541-549. doi:10.1890/05-1459

[2] Bacon, C.W., Richardson, M.D. and White Jr., J.F. (1997) Modification and Uses of Endophyte-Enhanced Turfgrasses: A Role
for Molecular Technology. Crop Science, 37, 1415-1425

[3] Bayman, P., Angulo-Sandoval, P., B_Aez-Ortiz, Z., and Lodge, D. 1998. Distribution and dispersal of Xylaria endophytes in
two tree species in Puerto Rico. Mycol. Res. 102: 944-948.

[4] BreenJ(1994) Acremonium endophyte interactions with enhanced plant resistance to insects. Annu Rev Entomol 39:401—
423

[5] Brem D, Leuchtmann A (2001) Epichloé grass endophytes increase herbivore resistance in the woodland grass Brachypodi-
um sylvaticum. Oecologia 126:522-530

[6] Chapela, I.H.,and Boddy, L. 1988. Fungal colonization of attached beech branches. New Phytol. 110: 47-57.
doi:10.1111/j.1469-8137.1988.tb00236.x.

GSJ© 2019
www.globalscientificjournal.com



GSJ: Volume 7, Issue 7, July 2019
ISSN 2320-9186
1006

[7] Clay, K. 1990. Fungal Endophytes of Grasses. Annu. Rev. Ecol. Syst. 21: 275-297.
doi:10.1146/annurev.es.21.110190.001423.

[8] Clay, K., and Holah, J (1999) Fungal endophyte symbiosis and plant diversity in successional fields. Science 285:1742-1744

[9] Crozier, J., Thomas, SE, Aime, M.C, Evans, H.C., and Holmes KA. 2006. Molecular characterization of fungal endophytic mor-
phospecies isolated from stems and pods of Theobroma cacao. Plant Pathology 55:783-791

[10] Davis, E. C., Franklin, J. B., Shaw, A. J. and Vilgalys, R. 2003. Endophytic Xylaria (Xylariaceae) among liverworts and angio-
sperms: Phylogenetics, distribution, and symbiosis. Am. J. Bot. 90: 1661-1667. doi:10.3732/ajb.90.11.1661.

[11] Davis, E. C., and Shaw, A. J. 2008. Biogeographic and phylogenetic patterns in diversity of liverwort-associated endophytes.
Am. J. Bot. 95: 914-924. doi:10.3732/ajb.2006463.

[12] De Bary A (1866) Morpholodie und Physiologie del Pilze. Flechten und Myxomyceten, Engelmann, Leipzig

[13] Dillon R. Husbands, Hector Urbina, Susy M. Lewis & M. Catherine Aime (2018). Xylaria karyophthora: a new seed-inhabiting
fungus of Greenheart from Guyana, Mycologia, 110:2,434-447

[14] Fisher PJ, Petrini O, Lappin-Scott HM (1992) The distribution of some fungal and bacterial endophytes in maize (Zea mays L.).
New Phytol 122:299-305

[15] Gao, M., Glenn, A.E., Gold, S.E. 2016. A Battle in a Kernel: Molecular Exploration of Antagonisms between Two Maize Endo-
phytes, Fusarium verticillioides and Acremonium zeae. American Phytopathological 106:54.150.
http://dx.doi.org/10.1094/PHYTO-106-12-54.1

[16] Guo B, Wang Y, Sun X, Tang K (2008) Bioactive natural products from endophytes: a review. App Biochem Microbiol 44:136—
142

[17] Jalgaonwala RE, Mohite BV, Mahajan RT (2017) A review: natural products from plant associated endophytic fungi. J Micro-
biol Biotechnol Research 1:21-32

[18] Khan AL, Hussain J, Al-Harrasi A, Al-Rawahi A, Lee I-J (2015) Endophytic fungi: resource for gibberellins and crop abiotic
stress resistance. Crit Rev Biotechnol 35:62-74

[19] King SB (1981) Time of infections of maize kernels by Fusarium moniliforme and Cephalosporium acremonium. Phy-
tophathology 71:796-799

[20] Laessge T. 1999. The Xylaria comosa complex. Kew Bulletin 54:605-619

[21] Lodge, D. J. 1997. Factors related to diversity of decomposer fungi in tropical forests. Biodivers. Conserv. 6: 681-688. doi:
10.1023/A:1018314219111.

[22] Maheshwari DK (2011) Bacteria in. agrobiology: plant growth responses. Springer, Berlin

[23] Malinowski, D.P. and Belesky, D.P. (2000) Adaptations of Endophyte-Infected Cool-Season Grasses to Environmental Stress-
es: Mechanisms of Drought and Mineral Stress Tolerance. Crop Science, 40, 923-940

[24] Martin, R.C. and Dombrowski, J.E. (2015) Isolation and Identification of Fungal Endophytes from Grasses along the Oregon
Coast. American Journal of Plant Sciences, 6, 3216-3230.

[25] Mohali S, Burgess T, Wingfield M (2005) Diversity and host association of the tropical tree endophyte Lasiodiplodia theo-
bromae revealed using simple sequence repeat markers. Forest Pathol 35:385-396

[26] Osono, T. 2006. Role of phyllosphere fungi of forest trees in the development of decomposer fungal communities and de-
composition processes of leaf litter. Can. J. Microbiol. 52: 701-716. d0i:10.1139/w06-023.

[27] Poling, S. M.; Wicklow, D. T.; Rogers, K.D.; Gloer, J. B. 2008. Acremonium zeae, a Protective Endophyte of Maize, Produces
Dihydroresorcylide and 7-Hydroxydihydroresorcylides. J. Agric. Food Chem. 2008, 56, 3006-300

[28] Porras-Alfaro, A., and Bayman, P. 2011. Hidden fungi, emergent properties: Endophytes and microbiomes. Annu. Rev. Phy-
topathol. 49: 291-315.d0i:10.1146/annurev-phyto-080508-081831.

[29] Promputtha, I., Hyde, K. D., Mckenzie, E. H. C., Peberdy, J. F., and Lumtong, S. 2010. Can leaf degrading enzymes provide
evidence that endophytic fungi becoming saprobes? Fungal Divers. 41: 89-99.

[30] Promputtha, I., Lumyong, S., Dhanasekaran, V., Mckenzie, E., Hyde, K., and Jeewon, R. 2007. A phylogenetic evaluation of
whether endophytes become saprotrophs at host senescence. Microb. Ecol. 53: 579-590. doi:10.1007/s00248-006-9117-x.

[31] Radi¢, N. and Strukelj, B. (2012) Endophytic Fungi—The Treasure Chest of Antibacterial Substances. Phytomedicine,

19, 1270-1284

[32] Rana KL, Kour D, Sheikh I, Dhiman A, Yadav N, Yadav AN, Rastegari AA, Singh K, Saxena AK (2019) Endophytic fungi: biodi-
versity, ecological significance and potential industrial applications. In: Yadav AN, Mishra S, Singh S, Gupta A (eds) Recent
advancement in white biotechnology through fungi: Volume 1: Diversity and enzymes perspectives. Springer International
Publishing, Switzerland, pp 1-62.

[33] Rana KL, Kour D, Verma P, Yadav AN, Kumar V, Singh DH (2017) Diversity and biotechnological applications of endophytic mi-
crobes associated with maize (Zea mays L.) growing in Indian Himalayan regions. In: Proceeding of national conference on
advances in food science and technology, pp 41

[34] Rana KL, Kour D, Yadav AN, Kumar V, Dhaliwal HS (2016a) Biotechnological applications of endophytic microbes associated
with barley (Hordeum vulgare L.) growing in Indian Himalayan regions. In: Proceeding of 86th annual session of NASI & sym-
posium on “science, technology and entrepreneurship for human welfare in the Himalayan Region”, p 80

GSJ© 2019
www.globalscientificjournal.com



GSJ: Volume 7, Issue 7, July 2019
ISSN 2320-9186
1007

[35] Rana KL, Kour D, Yadav AN, Kumar V, Dhaliwal HS (2016b) Endophytic microbes from wheat: diversity and biotechnological
applications for sustainable agriculture. In: Proceeding of 57th association of microbiologist of India & International sympo-
sium on “Microbes and biosphere: what’s new what’s next”. p 453

[36] Reddy CS, Holbert JR (1924) The black-bundle disease of corn. J Agr Res 27:177-206

[37] Rodriguez, R. J., White, J. F. Jr., Arnold, A. E., and Redman, R.S. 2009. Fungal endophytes: Diversity and functional roles.
New Phytol. 182: 314-330. d0i:10.1111/j.1469-8137.2009.02773.x.

[38] Rodriguez, R.J., Redman, R.S. and Henson, J.M. (2004) The Role of Fungal Symbioses in the Adaptation of Plants to High
Stress Environments. Mitigation and Adaptation Strategies for Global Change, 9, 216-272

[39] Rogers, J. D. 2000. Thoughts and musings on tropical Xylariaceae. Mycol. Res. 104: 1412-1420.
doi:10.1017/50953756200003464.

[40] Rudgers, J. A., Afkhami, M. E., R_UA, M. A., Davitt, A. J., Hammer, S., and Huguet, V.M. 2009. A fungus among us: Broad pat-
terns of endophyte distribution in the grasses. Ecology 90: 1531-1539.

[41] Schulz B, Boyle C, Draeger S, Rommert A-K, Krohn K (2002) Endophytic fungi: a source of novel biologically active secondary
metabolites. Mycol Res 106:996-1004

[42] Selim KA, Nagia MM, Ghwas DEE (2017) Endophytic fungi are multifunctional biosynthesizers: ecological role and chemical
diversity. In: Endophytic fungi: diversity, characterization and Biocontrol, nova publishers, New York, pp 39-92

[43] Sraj-Krzi¢ N, Pongrac P, Klemenc M, Kladnik A, Regvar M, Gabers¢ik A (2006) Mycorrhizal colonisation in plants from inter-
mittent aquatic habitats. Aquat Bot 85:331-336

[44] Suryanarayanan T, Senthilarasu G, Muruganandam V (2000) Endophytic fungi from Cuscuta
reflexa and its host plants. Fungal Divers 4:117-123

[45] Sumner DR (1968) Ecology of corn stalk rot in Nebraska. Phytopathology 58:761-765

[46] Thomas SE, Crozier J, Aime MC, Evans HC, Holmes KA. 2008. Molecular characterisation of fungal endophytic morphospecies
associated with the indigenous forest tree, Theobroma gileri, in Ecuador. Mycological Research 112:852—-860

[47] U'Ren JM, Dalling JW, Gallery RE, Maddison DR, Davis EC, Gibson CM, Arnold AE. 2009. Diversity and evolutionary origins of
fungi associated with seeds of a neotropical pioneer tree: a case study for analysing fungal environmental samples. Myco-
logical Research 113:432-449

[48] Vega C De, Arista M, Ortiz PL, Talavera S. 2010. Anatomical relations among endophytic holoparasitic angiosperms, auto-
trophic host plants and mycorrhizal fungi: a novel tripartite interaction. American Journal of Botany 97:730-737

[49] Verma P, Yadav AN, Khannam KS, Kumar S, Saxena AK, Suman A (2016a) Molecular diversity and multifarious plant growth
promoting attributes of Bacilli associated with wheat (Triticum aestivum L.) rhizosphere from six diverse agro-ecological
zones of India. J Basic Microbiol 56:44-58

[50] Verma P, Yadav AN, Khannam KS, Mishra S, Kumar S, Saxena AK, Suman A (2016b) Appraisal of diversity and functional at-
tributes of thermotolerant wheat associated bacteria from the peninsular zone of India. Saudi J Biol Sci.
https://doi.org/10.1016/].sjbs.2016.01.042

[51] Verma P, Yadav AN, Shukla L, Saxena AK, Suman A (2015b) Alleviation of cold stress in wheat seedlings by Bacillus amylolig-
uefaciens |IARI-HHS2-30, an endophytic psychrotolerant K-solubilizing bacterium from NW Indian Himalayas. Natl J Life Sci
12:105-110

[52] Verma P, Yadav AN, Shukla L, Saxena AK, Suman A (2015c) Hydrolytic enzymes production by thermotolerant Bacillus altitu-
dinis 1ARI-MB-9 and Gulbenkiania mobilis IARI-MB-18 isolated from Manikaran hot springs. Int J Adv Res 3:1241-1250

[53] Vivas, JMS., da Silveira, SF., dos Santos, PHD., Pinho, DB., and Pereira, OL. 2017. Selection of fungi with biocontrol potential
against the black spot disease of papayal. Pesq. Agropec. Trop., Goiania, v. 47, n. 4, p. 369-376

[54] Whalley AJS. 1996. The xylariaceous way of life. Mycological Research 100:897-922

[55] White, D. G. (1999) Compendium of Corn Diseases. 3rd edn. American Phytopathological Society Press, St Paul, MN.

[56] Wicklow, D. T., Horn, B. W., Shotwell, O. L., Hesseltine, C. W. & Caldwell, R. W. (1988) Fungal interference with Aspergillus
flavus infection and aflatoxin contamination of maize grown in a controlled environment. Phytopathology 78: 68-74.

[57] Wicklow, D. T.; Roth, S.; Deyrup, S. T.; Gloer, J. B. 2005. A protective endophyte of maize: Acremonium zeae antibiotics inhibi-
tory to Aspergillus flaVus and Fusarium Verticillioides. Mycol. Res. 109, 610-618

[58] Wicklow, D. T.; Poling, S. M. 2006. Antimicrobial activity of pyrrocidines from Acremonium zeae against endophytes and
pathogens of maize. hytopathology 96, S122.

[59] Wilson, D. (1995) Endophyte: The Evolution of a Term and Clarification of Its Use and Definition. Oikos, 73, 274-276.

GSJ© 2019
www.globalscientificjournal.com





