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Endophytes include microorganisms such as fungi and bacteria that live in healthy plant
Antioxidant, Antimicrobial, . . . . . . . ..
Microorganism, Symbiotic, tissues without causing symptoms or disease. These microorganisms establish a symbiotic
Vitis vinifera relationship with their host plants, producing a diverse array of metabolites that enhance
plant growth, improve stress tolerance, and contribute to the overall survival and fitness
of the host.The aim of this study was to investigate some metabolites produced by
endophytic fungi in grapevine orchards in Zanjan province. For this purpose, samples were
collected from grapevine orchards in Zanjan Province during October to November 2017.
The identification of fungal isolates was based on morphological characteristics and ITS-
rDNA sequence data for selected isolates. In this study, a diverse range of metabolites,
including D-homoandrostane (50,13a), eicosane, heneicosane, hexadecane, octadecane,

Received: 30 July 2025 octadecanoic acid, pentadecanoic acid, tetracosane, tetradecanoic acid, tetradecanethiol,
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Accepted: 9 February 2026 a-muurolene, and methyl 16-methyl-heptadecanoate, were detected and identified
from Cytospora viticola, Epicoccum nigrum, and Microsphaeropsis olivacea. These

/z‘ovza;lable online: 30 April metabolites have been reported to possess various biological activities, including
antimicrobial, anticancer, antioxidant, antibiotic, and antifungal properties.
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Table 1. Identified compounds of Epicoccum nigrum znu2 and their bioactive activity in ethyl acetate extract by GC/MS.

Comp. No Name of compound Retention Molecular Reported activity
time (min) Weight
1 Pentadecanoic  acid, 14-methyl-, 19.721 270.256 Antimicrobial and Anticancer
methyl ester (C17H3402) (Aisha et al. 2022)
2 9,12-Octadecadienoic acid, methyl 22.885 294.256 Antioxidant capacity and
ester (C19H3402) Cytotoxicity
(Chutulo et al. 2020)
3 cis-13-Octadecenoic  acid, methyl 22.994 296.272 Antioxidant activity, and anti-
ester microbial activities
(Ravi & Krishnan 2017)
4 Methyl 16-methyl-heptadecanoate 23.464 298.287 Antimicrobial Activity
(Jianglin Zhao et al. 2009)
5 Docosane 24.64 310.36 Antibacterial activity
(Lietal.2021)
6 Hentriacontane 31.211 436.501 Antioxidant and anti-proliferative
effects
(Paramasivam Deepak et al.
2017)
7 Tetradecanethiol 31.522 230.207 Antibiotics

(Cordero et al. 2014)

GC/MS ol&iss Loy bl L3l o,lasc jo Ll Jbd cos; <dled g Epicoccum nigrum znu3 4545 oo olwlis luS 5.Y Jeus

Table 2. Identified compounds of Epicoccum nigrum znu3 and their bioactive activity in ethyl acetate extract by GC/MS.

Comp. No Name of compound Retention Molecular Reported activity
time Weight
(min)
1 Cinnamaldehyde, (E)- 6.519 132.058 Antioxidant activity (Septiana et al.
2021)
2 a-Muurolene 10.974 204.188 Antifungal (Tan et al. 2018)
3 Naphthalene,  1,2,3,4-tetrahydro- 11.486 202.172 Antifungal activity (QiliL ez al. 2010)
1,6-dimethyl-4-(1-methylethyl)-,
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(1S-cis)-
4 2-Propenal, 3-(2-methoxyphenyl)-  11.785 162.068 Antifungal activity (Sanchez-Ortiz
et al. 2016)
5 Tetradecanoic acid 16.832 228.209 Antifungal activity (Seto et al. 2007)
6 n-Hexadecanoic acid 21.263 256.24 Antifungal activity (Premjanua et al.
2016)

7 Docosane 24.902 310.36 Antibacterial activity (Li et al . 2021)

8 Tricosane 26.603 324.376 Antibacterial activity (Li ef al . 2021)

9 D-Homoandrostane, (5a,13a)- 31.936 274.266 Antifungal activity (Sanchez-Ortiz et al.

2016)

Ghls 4eS ol oS ols Ll agh ol mls eoren
5 7B w2 ple ghls a5 w0 Glie lacdplie
bS5 COytospora slaaisS 5l ool oo (Soigu o
oSSl doass L a5 cul sas gjlolas>  alise
odd (plolid SlaS 5 5 et Sl sz slovel 5 laadsn

Cytospora viticola 4535 j/ oud lwlis SleS 7 oy o
znul

awl, Sordariomycetes oo, ;| Cytospora =
ol Cagr all o Cytosporaceae oolgil> ¢ Diaporthales
ool ITS-rDNA 4l Jlg 5l Jol> mls oluly aiss

3o Coviticola 4565 a5 sls lis s p ol @l 0 )5
Al ol liwl Glap St jo cudgail > B Jalse

2 oo rl o A5 (nl et plabid BlS 5 wis

otws Lawgs Sliwl Jil ojlae jo Ll Jlad sy <dled 5 Cytospora viticola znul 555 suis olulis Sl 5 clled Y Jous
GC/MS
Table 3. Identified compounds of Cytospora viticola znul and their bioactive activity in ethyl acetate extract by GC/MS.

Comp. No Name of Retention Molecular Reported activity
compound time (min) Weight
1 Hexadecane 12.974 226.266 Antimicrobial (Vijay et al. 2022)
2 Octadecane 17.179 254.297 Antimicrobial (Vijay et al. 2022)
3 Eicosane 21.099 282.329 Fuel in automobile industry. (Maheshwari et al. 2018)
4 Heneicosane 22.94 296.344 Antioxidant activity (Nurhalimah et al. 2021)
5 Tetracosane 28.035 338.391 Antioxidant activity (Nurhalimah et al. 2021)
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Table 4. Identified compounds of Microsphaeropsis olivacea znu4 and their bioactive activity in ethyl acetate extract by
GC/MS.
Comp. Name of compound Retention Molecular Reported activity
No time (min) Weight
1 Octadecane 17.280 254.297 Antimicrobial (Vijay et al. 2022)
2 n-Hexadecanoic acid  21.656 256.24 Antifungal activity (Premjanua et al. 2016)
3 Eicosane 22.114 282.329 fuel in automobile industry. (Maheshwari et al. 2018)
4 Heneicosane 23.942 296.344 Antioxidant activity (Nurhalimah ef al. 2021)
5 Octadecanoic acid 25.228 284.272 Antifungal activity (Premjanua ef al. 2016)
6 Tetracosane 29.044 338.391 Antioxidant activity (Nurhalimah et al. 2021)
ARPP
J Appl Res Plant Prot @



https://www.mycobank.org/details/708/433616
http://www.mycobank.org/BioloMICS.aspx?TableKey=14682616000000067&Rec=431106&Fields=All
http://www.mycobank.org/BioloMICS.aspx?TableKey=14682616000000067&Rec=92507&Fields=All
https://www.mycobank.org/details/708/545545

0 Mjub/&&b C)@ .ézw}.: oL J.J}J&[‘bg.ﬁ«./}.f[w j/f).: L:"L"L'“’ /UL'L(“"”ﬁ wb

2o g SlamST (T olss a5 o b Ss e 09,8
Nurhalimah et ) ceol ool (o,135 OLuS 5 ol 5l 09,50
Narmani et al. (2019) .(al. 2021, Vijay et al. 2022
A 053,8 plelid iz onl 5l (il 45l sla ol galie
SenSFgen 5 (29,500 WS (oung Mo ol sl
ol e Al OloS 5 Molivacea 455 ) pizmon diiws
S Wy oz ladsal 098 5l a5 W S gilulaxr agh
Sl 5 ol 5l ST (T 5 (2,802 ¢ 29,50 0 ol
Premjanua et al. 2016, Nurhalimah ef ) cowl oo o )155
iz M. olivacea 4565 5| (al. 2021, Vijay et al. 2022
Keusgen et al. ) oayjg 0y dox 51 (Sojelem Jd oS 5
Yuer) ol sloos pcdS 5 Jgomo pué oy sloonl (1996
S 9y 0By 9 ,5lang oo (al. 1996, Holler 1999
(Holler et al. 1999b) e  wSg0m  ile
& 3 yegwesy (Wang ef al 2002) B g A yg,5lawg,Seo
Ol Glitie ¢ bS] ¢ (Seephonkai er al. 2002)

el ol 5,155 (Brauers et al. 2000)

&3 Sl

6153 0)0 sl pbl b §) iy Jols dllie ol
ezl 5 (ol y oBiils (g5lol g o (5,58 5 gy e e
3o 30 500 (Jlo)u8 5 S g ime el g Siglas
Sy pyle olBaily gilugls saSadly cend olKiulesl
5 S8 65 ojlas lp ¥ Sl el sl ol
23,5 o (Slo a8

References

Aisha A, Zahra S, Tahir IM, Hussain A, Bano N, ef al.
2022. Anticancer L-Asparaginase and Phytoactive
Compounds From Plant Solanum nigrum Against
MDR (Methicillindrug resistant) Staphylococcus
aureus and Fungal Isolates. Dose-Response 20(2):
p.-15.

Aloi F, Riolo M, Parlascino R, Pane A, Cacciola SO,
2021. Botgummosis of lemon (citrus x Limon)
caused by Neofusicoccum parvum. Journal of Fungi
7:294.

Amalfitano C, Sparapano L, Surico G, Evidente A, 2000.
Le fitotossine e le fitoalessine coinvolte nel “mal

J Appl Res Plant Prot

Elgl o cudsail slag,B a5 wlools lis o] Slalllas

Jolss oz ;B alulss (Tan & Zou 2001) wyls jea> lals
oo Gyme b 93 wyamie 5 duste laassS
lordisn Glopme (nl gloosysl ailice Jyereyd
St 9 IRRS (95w i Silb s el sl
Sl e S gl slaz ) (Keller et al. 2005) ol
9 Wgyen et 4 JUb Sy oz DL 5 5l oaisS lgal
S o g 093 laplie o 1) s slaca)plie
2 EpSeds gl i ()8 sl cnbie leslinal
Slaams el 4Bl g (29,0 (S «55,0liS sl aie
Dm0 g s dalol a4 gill GluS 5 alS gl o)lgen
g bl a4 wlg oo LS 5l zlseul 5 gilulas s
e SlaS 5 Gl adei b dnnsd 13 (2B slacadgnl ik
glio 1o Ll o5 5 sl nl g5 ISl ol (nl 05
¢l el slag,8 (Daley er al. 2017)auS oo ol 3 1, alises
S s olul S s 466 o gl 5l pf avn
2939025 rE Sy daaS (J deaden 5 4 Seiiivgy
Nobge g akb ) L Lo gbeddale
3eads glolis sl codglie  (Degenkolb et al. 2007)
C. viticola ) jinghy (! 3o asllas 0,50 o> )B sloaslos
M. olivacea znu4 (E. nigrum znu3 (E. nigrum znu2 znul
wlolbs olos 5 xs1ad 8 )18 Gl sl 09,5 )0 5 (
o> ol 09,8 5l iwgl cpl yo E. nigrum 4565 5l onls
D2 (529,58 2S¢ (7B 0l (el aS Wag acn Sg 008
ol 035 3 S5 ol 3 SareST (5 5L
S| (Tan et al. 2018, Li et al . 2021, Aisha et al. 2022,)
3 osegh ol o Coviticola 4365 5l oals olulis OlLS 5

dell’esca” della vite. In: V' Convegno Giornate di
Chimica delle Sostanze Naturali 21-23 Giugno 2000,
Napoli, Italy (abstract).

Bernardini S, Tiezzi A, Laghezza Masci V, Ovidi E,
2018. Natural products for human health: An
historical overview of the drug discovery approaches.
Natural Product Research 32: 1926—-1950.

Bills GF, Gloer JB, 2016. Biologically active secondary
metabolites from the fungi. Microbiology Spectrum
4(6).

Blumenstein K, 2010. Characterization of endophytic
fungi in the genus Ulmus: putative agents for the

$



AF-0) OY-FY :(V) VD Lf@)‘;goéf).) Lgdﬂjlrd[aﬂjjﬁ

)

biocontrol of dutch elm disease (DED). Diploma
thesis, University of Kassel.

Bruno G, Sparapano L, Amalfitano C, Evidente A,
Graniti A, 2000. Detection of phytotoxic fungal
metabolites in xylem sap of esca-affected
grapevines. In: 5" International Congress of
European Foundation for Plant Pathology, 18-22
September 2000, Taormina, Italy (abstract).

Busby PE, Ridout M, Newcombe G. 2016. Fungal
endophytes: Modifiers of plant disease. Plant
Molecular Biology 90(6): 645—655.

Chutulo EC, Chalannavar RK, Pramod Kumar P,
2020. Chemical compositions, cytotoxicity and
antioxidant activity of the endophytic fungus F.
napiforme isolated from Psidium guajava L.
Studies in Fungi 5(1): 332-352.

Cordero P, Principe A, Jofre E, Mori G, Fischer S,
2014. Inhibition of the phytopathogenic fungus
Fusarium proliferatum by volatile compounds
produced by Pseudomonas. Archives of
microbiology 196(11): 803-9.

Daley DK, Brown KJ, Badal S, 2017. Fungal
Metabolites. Pharmacognosy  Fundamentals,
Applications and Strategies 20: 413—421.

Degenkolb T, Kirschbaum J, Briickner H, 2007. New
sequences, constituents, and producers of
peptaibiotics: an updated review. Chem. Biodivers
4:1052-1067.

Evidente A, Sparapano L, Andolfi A, Bruno G, 2000.
Two naphthalenone pentaketides isolated from liquid
cultures of Phaeoacremonium aleophilum, a fungus
associated  with  esca  disease  syndrome.
Phytopathologia Mediterranea 39: 162—168.

Favaro LCdL, Melo FL, Aguilar-Vildoso CI, Araujo WL,
2011. Polyphasic Analysis of Intraspecific Diversity
in Epicoccum nigrum Warrants Reclassification into
Separate Species. Plos one 6(8): e14828.

FAO, 2022.
https://www.fao.org/faostat/en/#rankings/commoditi
es by country.

Ganley RJ, Brunsfeld SJ, Newcombe G, 2004. A
community of unknown, endophytic fungi in western
white pine. Proceedings of the National Academy of

Sciences of the United States of America.
101:10107-10112.

Ghasemi Esfahlan S, Hemmati R, Mohebbi S, Batley J,

Arzanlou M, 2022. Identification of endophytic fungi
of grapevine with emphasis on the causal agents of
grapevine trunk disease in the vineyards of Zanjan
Province in Iran. Forest Pathology 53(1): e12784.

Gramaje D, Urbez-Torres JR, Sosnowski MR, 2018.
Managing grapevine trunk diseases with respect to
etiology and epidemiology: Current strategies and
future prospects. Plant Disease 102: 12-39.

Graniti A, Sparapano L, Bruno G, 2001. Alcuni progressi
degli studi sulla patogenesi del “mal dell’esca” edelle
“venature brune del legno” della vite. Informatore
Fitopatologico 51(5): 13-21.

Hardoim PR, van Overbeek LS, Berg G, Pirttild AM,
Compant S, et al. 2015. The hidden world within
plants: Ecological and evolutionary considerations
for defining functioning of microbial endophytes.
Microbiology and Molecular Biology Reviews 79(3):
293-320.

Harrison J, GriffinA, 2020. The diversity and distribution
of endophytes across biomes, plant phylogeny and
host tissues: How far have we come and where do we
go from here? Environmental Microbiology 22(6):
2107-2123.

Helander M, Ahlholm J, Sieber TN, Hinneri S,
Saikkonen K, 2007. Fragmented environment
environment affects birch leaf endophytes. New
Phytologist 175: 547-553.

Imazio SF, Mattia DE, Labra M, Failla O, Scienza A.
Grassi F. 2009. Biodiversity and Conservation of

Vitis vinifera ssp. sylvestris. Acta Horticulturae
827(12): 95-102.

Jianglin Zhao, Tijiang Shan, Yongfu Huang, Xili Liu,
Xiwu Gao, et al. 2009. Chemical Composition
and In Vitro Antimicrobial Activity of the
Volatile Oils from Gliomastix murorum and
Pichia guilliermondii, Two Endophytic Fungi in
Paris polyphylla var. yunnanensis. Natural
Product Communications 4(11): 1491-1496.

Koutb M, Ali EH, 2010. Potential of Epicoccum
purpurascens strain 5615 AUMC as a biocontrol
agent of Pythium irregulare root rot in three
leguminous plants. Mycobiology 38(4): 286-294.

Kumar V, Bhushan Prasher I, 2022. Antimicrobial
potential of endophytic fungi isolated from Dillenia
indica L. and identification of bioactive molecules
produced by Fomitopsis meliae (Undrew.) Murril.

J Appl Res Plant Prot

$



https://www.fao.org/faostat/en/#rankings/commodities by
https://www.fao.org/faostat/en/#rankings/commodities by
https://www.tandfonline.com/author/Kumar%2C+Vijay
https://www.tandfonline.com/author/Prasher%2C+Indu+Bhushan

oy Mjub/&&b C'jL‘? .é.w}.: oL J.J}.ch‘[bg.ﬁ«./}.r[w}/ff L:"L“"L'“’ /UL'L(“"”ﬁ w@

Natural Product Research 1454008.

Liang XR, Ma XY, Ji NY, 2019. Trichosordarin A, a
norditerpene glycoside from the marinederived
fungus Trichoderma harzianum RS. Natural
Product Research 1-6.

Narmani A, Teponno RB, Helaly SE, Arzanlou M,
Stadler M, 2019. Cytotoxic, anti-biofilm and
antimicrobial polyketides from the plant
associated fungus Chaetosphaeronema achilleae.
Fitoterapia 139: 104390..

Narmani A, 2019. Isolation and characterization of

metabolites ~ with  potential  antimicrobial
properties from endophytic fungi associated with
woody plant species in the Hatam-Baig and
Fandoghlou. PhD thesis, Plant Pathology, Tabriz

University, The Iran.

Lehoczky J, 1974. Black Dead-arm disease of grapevine
caused by Botryosphaeria stevensii infection. Acta
Phytopathologica Academiae Scientiarum

Hungaricae 9: 319-327.

Li Y, Kumar PS, Tan Q, Tan X, Yuan M, et al. 2021.
Diversity and chemical fingerprinting of endo-
metabolomes from endophytes associated with
Ampelopsis grossedentata (Hand.-Mazz.) WT Wang
possessing antibacterial activity against multidrug
resistant bacterial pathogens. Journal of Infection and
Public Health 14(12): 1917-1926.

Maas JL, Uecker FA, 1984. Botryosphaeria dothidea
cane canker of thornless blackberry. Plant Disease
68: 720-726.

Madrigal C, Tadeo JL, Melgarejo P, 1991. Relationship
between flavipin production by Epicoccum nigrum
and antagonism against Monilinia laxa. Mycological
Research 95(12):1375-1381.

Maheshwari S, Rajagopal K, Sriraman V, Lokesh K,
Meenambiga SS, et al. 2018. 1-Eicosane, A
Hydrocarbon from Curvularia lunata an endophytic
fungi isolated from bark tissue of Ficus religiosa.
Research Journal of Pharmacy and Technology
1;11(12): 5297-303.

Mondello V, Songy A, Battiston E, Pinto C, Coppin C, et
al.  2018. Grapevine trunkdiseases: A review of
fifteen years of trials for their control with chemicals
and biocontrol agents. Plant Disease 102: 1189-
1217.

Moral J, Morgan D, Trapero A, Michailides TJ, 2019.

Ecology and epidemiology of diseases of nut crops
and olives caused by Botryosphaeriaceae Fungi in
California and Spain. Plant Disease 103: 1809—1827.

Mosunova O, Navarro-Muiioz JC, Collemare J, 2020.
The biosynthesis of fungal secondary metabolites:
From fundamentals to biotechnological applications.
In Reference Module in Life Sciences; Elsevier:
Amsterdam, The Netherlands pp. 1-19.

Mugnai L, Graniti A, Surico G, 1999. Esca (black
measles) and brown-wood streaking: two old and
elusive diseases of grapevines. Plant Disease 83:
404-418.

Nurhalimah S, Rahmawati S, Hermanianto J, Nurjanah
S, Izzati 1, et al. 2021. Aktivitas antioksidan dari
metabolit sekunder kapang endofit mangrove
aegiceras corniculatum. Journal of biomedical
informatics 12(1) : 51-61.

Li Y, Kumar PS, Tan Q, Tan X, Yuan M, et al. 2021.
Diversity and chemical fingerprinting of endo-
metabolomes from endophytes associated with
Ampelopsis grossedentata (Hand.-Mazz.) WT Wang
possessing antibacterial activity against multidrug
resistant bacterial pathogens. Journal of Infection and
Public Health 14(12): 1917-26.

Pacifico D, Squartini A, Crucitti D, Barizza E, Lo
Schiavo F, Muresu R, Carimi F, Zottini M. 2019. The
role of the endophytic microbiome in the grapevine
response to environmental triggers. Frontiers in Plant
Science 10: 1256.

Perveen I, Raza MA, Igbal T, Naz I, Sehar S, et al. 2017.
Isolation of anticancer and antimicrobial metabolites
from Epicoccum nigrum; endophyte of Ferula
sumbul. Microbial Pathogenesis 110: 214-224.

Premjanua N, Jaynthyb C, Diviyab S, 2016. Antifungal
activity of endophytic fungi isolated from lannea
coromandelica— an in silico approach. International
Journal of Pharmacy and Pharmaceutical Sciences

8(5): 207-210.

QIiliL i, Ping Ning, Lu Zheng, Junbin Huang, Guoqing Li,
et al. 2010. Fumigant activity of wvolatiles of
Streptomyces globisporus JK-1 against Penicillium
italicum on Citrus microcarpa. Postharvest Biology
& Technology 58(2): 157-165.

Ravi L, Krishnan K, 2017. Cytotoxic potential of N-
hexadecanoic acid extracted from Kigelia pinnata
leaves. Asian Journal of Cell Biology 12(1): 20-27.


https://www.tandfonline.com/journals/gnpl20
https://doi.org/10.1080/12298093.2018.1454008
https://www.sciencedirect.com/science/article/abs/pii/S0925521410001353#!
https://www.sciencedirect.com/science/article/abs/pii/S0925521410001353#!
https://www.sciencedirect.com/science/article/abs/pii/S0925521410001353#!
https://www.sciencedirect.com/science/article/abs/pii/S0925521410001353#!
https://www.sciencedirect.com/science/article/abs/pii/S0925521410001353#!
https://www.sciencedirect.com/journal/postharvest-biology-and-technology
https://www.sciencedirect.com/journal/postharvest-biology-and-technology

AF-0) OY-FY :(V) VD Lf@)‘;goéf).) Lgdﬂjlrd[aﬂjjﬁ

)

Rodriguez RJ, White Jr JF, Arnold AE, Redman AR,
2009. Fungal endophytes: diversity and functional
roles. New phytologist 182(2): 314-30.

Sanchez-Ortiz BL, Sanchez-Fernandez RE, Duarte G,
Lappe-Oliveras P, Macias-Rubalcava ML, 2016.
Antifungal, anti-oomycete and phytotoxic effects of
volatile organic compounds from the endophytic
fungus Xylaria sp. strain PB3f3
from Haematoxylon brasiletto. Journal of Applied
Microbiology 120(5): 1313—-1325.

isolated

Schoeneweiss DF. 1975. Predisposition, stress, and plant
disease. Annual Review of Phytopathology 13: 193—
211.

Senthilkumar N , Murugesan S, Suresh Babu DC,
Rajeshkannan C, 2014. GC-MS analysis of the extract
of endophytic fungus, Phomopsis sp. isolated from
tropical tree species of India, Tectona grandis L.
International Journal of Innovative Research in
Science, Engineering & Technology 3(3): 10176—
10179.

Septiana E, Bustanussalam, Yadi, Rachman F, Hapsari
Y, et al. 2021. Antioxidant activity of endophytic
fungi from young and old leaves of cinnamon plants
from Bogor, Indonesia. /OP Conference Series:
Earth and Environmental Science 762(1): 012038.

Seto Y, Takahashi K, Matsuura H, Kogami Y, Yada
H, et al. 2007. Novel cyclic peptide, epichlicin,
from the endophytic fungus, Epichloe typhina.
Bioscience, biotechnology & biochemistry 71(6):
1470-1475.

Songy A, Fernandez O, Clement C, Larignon P, Fontaine
F, 2019. Grapevine trunk diseases under thermal and
water stresses. Planta 249(6): 1655-79.

Sparapano L, Bruno G, Ciccarone C, Graniti A, 2000a.
Infection of grapevines with some esca-disease
associated fungi. II. Interaction among Fomitiporia
punctata, Phaeoacremonium chlamydosporum and P.
aleophilum. Phytopathologia Mediterranea 39: 53—
58.

Sparapano L, Bruno G, Graniti A, 2000b. Effects on

plants of metabolites produced in culture by
Phaeoacremonium chlamydosporum, P. aleophilum
and  Fomitiporia  punctata.
Mediterranea 39: 169—-177.

Phytopathologia

Strobel G, 2018. The emergence of endophytic microbes
and their biological promise. Journal of Fungi 4(2),
57.

Strobel G, Daisy B, 2003. Bioprospecting for microbial
endophytes and their natural products. Microbiology
& Molecular Biology Reviews 67(4): 491-502.

Sun H, Mao W, Jiao J, Xu J, Li H, ef al. 2011. Structural
characterisation of extracellular polysaccharides
produced by the marine fungus Epicoccum nigrum
JJY-40 and their antioxidant activities. Marine
Biotechnology 13: 1048—1055.

Tabacchi R, Fkyerat A, Poliart C, Dubin GM, 2000.
Phytotoxins from fungi of esca of grapevine.
Phytopathologia Mediterranea 39: 156-161.

Tan W, LiQ, Dong F, Zhang J, Luan F, et al. 2018. Novel
cationic chitosan derivative bearing 1, 2, 3-triazolium
and pyridinium: Synthesis, characterization, and
antifungal property. Carbohydrate polymers 182:
180-187.

Tan RX, Zou WX , 2001. Endophytes: a rich source of
functional metabolites. Natural Product Reports 18:
448-459.

Vandenkoornhuyse P, Quaiser A, Duhamel M, Le Van
A, Dufresne A, 2015. The importance of the
microbiome of the plant holobiont. New Phytologist
206(4): 1196-1206.

Wang JM, Ding GZ, Fang L, Dai JG, Yu SS, ef al. 2010.
Thiodiketopiperazines produced by the endophytic
fungus Epicoccum nigrum. Journal of Natural
Products 73(7):1240—-1249.

White JFJr, Torres MS, 2010. Is plant endophyte-
mediated defensive mutualism the result of oxidative

stress protection?. Physiologia Plantarum 138: 440—
446.

J Appl Res Plant Prot

$



https://sfamjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=S%C3%A1nchez-Ortiz%2C+BL
https://sfamjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=S%C3%A1nchez-Fern%C3%A1ndez%2C+RE
https://sfamjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Duarte%2C+G
https://sfamjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Lappe-Oliveras%2C+P
https://sfamjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Mac%C3%ADas-Rubalcava%2C+ML
https://sfamjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Mac%C3%ADas-Rubalcava%2C+ML
https://sfamjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Mac%C3%ADas-Rubalcava%2C+ML
https://sfamjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Mac%C3%ADas-Rubalcava%2C+ML
https://sfamjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Mac%C3%ADas-Rubalcava%2C+ML
https://sfamjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Mac%C3%ADas-Rubalcava%2C+ML




