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Figure 2. Effect of endophytic fungi a) TB03 and b) TR41 isolated from yew on growth inhibition of F. oxysporum after

7 days on PDA
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inhibition of Fusarium oxysporum
(Means with at least one common letter were not significantly different at the 5% level of the LSD)

o Colletotrichum Acremonium coégu! slag,6 oo
Ul 35 Taxus baccata ;| ous las> Fusarium spp.
D391 1> 1y )55l il 53 oS jl cdabloe o JouST 0
OlalS Sl oad L slacudgnl cpspld (JS)sba (V)
Lladosporium Colletotrichum gl > 4 slo
(YY) xsg Xylaria 4 Fusarium
S gl jl (Sp &5 cwl 908 4 Gl 4 22y
S esn 09,8 (YY) sl igslew ;S0 sladissS (ol
Jolos Glilonpt lage @iy eyl
db"é)& & O‘}:UA Lzz»@)l.'é O-’J alos Ju.u}l)(jb 1506 )lows
F. oxysporum Jke :lsie 4 .5,8 o,Lil Fusarium s
b (Stos o LS 3 s low Jolo (lsis & lsi oo
Sbage I Sp Jbool Lol Ak, Sk
S5 olS o cudaul laie 4 Wle o F. OXySporum
claslowe wile ;S slagylon plp )3 olS 5l 5 008
Slgs o peizmen F.OXySpOrum cudousl g6 (V) aus
Syl gjl Jb ol b a8 o) [ jlaw Jolge L pdis
R8s 53 S low JpiS lp @) ol bewyi 55 65503
Sl ol Sgeumls g5 51 (86 Cuoglio 5,k
patudie (63503 (owp (V7 92) )1 3929 BT 5 e
Solanum ;| oui s F. solani g6 o« a

Syl Vb g9 393 J31 3 ) (daee (alS
2 Wlg o el ylg o opl S o Dbyl Codgu]
Sl G 255 (S5 ol sloddy) 5 besls by
b g )bl S o)ly 355 Gl 4 lasre
2 3)lge (S5 g sl slocdl Mgl > ot
Py e flae 4 (¥) diws Sl ol Jsbo 3D
ol (S o Ady Ju5y 50 45 (Theobroma cacao L.)
05,5 (pdix & Glxie 189l slag B )l LS a5 i
Colletotrichum Acremonium spp. Sslo
Gliocladium JFusarium spp. gloeosporioides
JPestalotiopsis spp. Lasiodiplodia theobromae
(Y0) s Verticillium spp. 4 Trichoderma spp.
)90 S;b 4 Paeonia spp. LS slcudgul go
S 2 ololid g)B il (glagpiz 5 <85 )18 (o)
s Alternaria Phoma Fusarium ol Wl oy 5 lel )8
((¥¥) 24 Pestalotiopsis
Lalgy (ljpe Gl 5 budguil Cae SYobo (st jon
g aeadoll Sigpba A8 e ok 1) Ll
28 155 395 e lalS alie Jlb 45 clacplio
2lp 3ol cladlons LY 5l (S Slgs o g el ool (F+)
Cadgil ) 3,5 (A cudgiil syl bwg )3 oy
Taxus brevifolia ;l .5 1> Taxomyces andreanae
(S0 53 iz (YY) 45 oo g5 |y J3uST JUb S


http://dx.doi.org/10.52547/ifej.10.20.1
https://dor.isc.ac/dor/20.1001.1.24237140.1401.10.20.10.7
https://ifej.sanru.ac.ir/article-1-450-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-02-03 ]

[ DOR: 20.1001.1.24237140.1401.10.20.10.7 ]

[ DOI: 10.52547/if€}.10.20.1 ]

oo os Jrdigs a5 Lty o polS I3l i glis asgime

Olrl e o3 o Jlend iz cudoal slag )l i&

sgB o 5l .8ae F.oooxysporum 3 les podiue
Moy oyl FLosolani g)B ous  olelis cudgul
S S8 I oolitel (imen g 155 5 (WS e
Szl 15y ke o prins jobdy Bl & St
Sz B (alyen b 5 pulins i jobods aSL; 295 00 )5 )lons

Solew 2B ply pd olS cdadlbxe e lycopersicum
(YY) a5 F. oxysporum

5 25 oS

iy 5l bl s gl s e oS 5l esd (glulis

N -

o N oo o b~

9.

10.
11.
12.
13.

14.
15.

16.
17.

18.

19.

20.

21.

22.

S o bl 1S lags il 50 ol 5l udo]

&l

. Agrios, G.N. 2005. Plant Pathology. 5" edites. New York: Academic Press, 922 pp.
. Araujo, W.L., P.T. Lacava, J. Marcon, A.O.S. Lima, J.K. Sobral, A.A. Pizzirani-Kleiner and G. Pratico. 2010.

Isolation and characterization of endophytic microorganisms; Copiadora “Luiz de Queiroz; Copiadora “Luiz
de Queiroz”: Piracicaba, Brazil.

. Azevedo, J.L., W. Maccheroni Junior and W.L. Araujo. 2003. Importation of endophytic microorganisms in

agriculture. In RAPP: annual revision of plant pathology, Luz, W.C., Ed.; Brazilian Phytopathological
Society: Passo Fundo, Brazil, 11: 333-371.

. Backman, P.A. and R.A. Sikora. 2008. Endophytes: An emerging tool for biological control. Biological

Control, 46: 1-3.

. Bhattacharyya, P.N. and D.K. Jha. 2012. Plant growth-promoting rhizobacteria (PGPR): emergence in

agriculture. World Journal of Microbiology and Biotechnology, 28(4): 1327-50.

. Caruso, M., A.L. Colombo, L. Fedeli, A. Pavesi, S. Quaroni and M. Saracchi. 2000. Isolation of endophytic

fungi and actinomycetes taxane producers. Annals Microbiology, 50: 3-13.

. Chakravarthi, B.V., P. Das, K. Surendranath, A.A. Karande and C. Jayabaskaran. 2008. Production of

paclitaxel by Fusarium solani isolated from Taxus celebica. Journal of Biosciences, 33: 259-267.

. Cheng, C., D. Li, Q. Qi, X. Sun, M.R. Anue, B.M. David, Y. Zhang, X. Hao, Z. Zhang and Z. Lai. 2020. The

root endophytic fungus Serendipita indica improves resistance of Banana to Fusarium oxysporum f. sp.
cubense tropical Race 4. European Journal of Plant Pathology, 156: 87-100.
Constantin, M.E., F.J. de Lamo, B.V. Vlieger, M. Rep and F.L.W. Takken. 2019. Endophyte-mediated
resistance in Tomato to Fusarium oxysporum is independent of ET, JA, and SA. Frontiers in Plant Science,
10, 979.

De Lamo, F.J. and F.L.W. Takken. 2020. Biocontrol by Fusarium oxysporum using endophyte-mediated
resistance. Frontiers in Plant Science, 11, 37.

Dean, R., J.A.L. Van Kan, Z.A. Pretorius, K.E. Hammond-Kosack, A. Di Pietro and P.D. Spanu. 2012. The
top 10 fungal pathogens in molecular plant pathology. Molecular Plant Pathology, 13(4): 414-430.

Dennis, C. and J. Webester. 1971. Antagonist properties of species group of Trichoderma 111. Hyphal
Interaction Transaction of the British Mycological Society, 57: 363-369.

El-Bialy, H.A. and H.S. El-Bastawisy. 2020. Elicitors stimulate paclitaxel production by endophytic fungi
isolated from ecologically altered Taxus baccata. Journal of Radiation Research and Applied Sciences, 13:
79-87.

Elewski, B.E. 1993. Mechanisms of action of systemic antifungal agents. Journal of the American Academy
of Dermatology, 28(5): 28-34.

El-Sayed, A.S., M.T. El-Sayed, A. Rady, N. Zein, G. Enan, A. Shindia, S. El-Hefnawy, M. Sitohy and B.
Sitohy. 2020. Exploiting the biosynthetic potency of Taxol from fungal endophytes of conifers plants;
Genome mining and metabolic manipulation. Molecules, 25(13): 3000.

Fadiji, A.E. and O.O. Babalola. 2020. Elucidating mechanisms of endophytes used in plant protection and
other bioactivities with multifunctional prospects. Frontiers in Bioengineering and Biotechnology, 8, 467.
Fontana, D.C., S. de Paula, A.G. Torres, V.H.M. de Souza, S.F. Pascholati, D. Schmidt and D. Dourado Neto.
2021. Endophytic fungi: Biological control and induced resistance to phytopathogens and abiotic stresses.
Pathogens, 10, 570.

Hahn, M. 2014. The rising threat of fungicide resistance in plant pathogenic fungi: Botrytis as a case study.
Journal of chemical biology, 7(4): 133-141.

Jalali, S., N. Panjeke, M. Darvishnia, M. Salari and A. Salehi. 2014. Biological effect of Trichoderma and
biological toxin of Trichomix-H against Fusarium wilt on tomato in vitro and greenhouse conditions. 1st
National Conference on Agriculture Contaminations and Food Safety, Challenges and Solutions, Varamin,
Iran, (In Persian).

Joseph, B., M. Ahmad Dar and V. Kumar. 2008. Bioefficacy of plant extracts to control Fusarium solani F.
Sp. Melongenae Incitant of Brinjal Wilt. Global Journal of Biotechnology and Biochemistry Research
(GJBBR), 3(2): 56-9.

Karampour, F., M. Okhovat and A. Sharifi-Tehrani. 1996. Effect of benomyl and Iprodione-Carbendazime
on Fusarium solani fungus of Chickpea black root rot. Iranian Journal of Agricultural Science, 27(4): 87-94
(In Persian).

Kavroulakis, N., S. Ntougias, G.I. Zervakis, C. Ehaliotis, K. Haralampidis and K.K. Papadopoulou. 2007.
Role of ethylene in the protection of tomato plants against soil-borne fungal pathogens conferred by an
endophytic Fusarium solani Strain. Journal of Experimental Botany, 58: 3853-3864.


http://dx.doi.org/10.52547/ifej.10.20.1
https://dor.isc.ac/dor/20.1001.1.24237140.1401.10.20.10.7
https://ifej.sanru.ac.ir/article-1-450-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-02-03 ]

[ DOR: 20.1001.1.24237140.1401.10.20.10.7 ]

[ DOI: 10.52547/if€}.10.20.1 ]

Camayor Jdrs ilaue g Loty ] polS ol 5omsld walie jglii dygumo
A A uLa.nA) 9 )ub /Y' D)Loui' /pb.) JL» ul)Jl L;‘Jbﬂ J.:L.mfy

23

24.
25.
26.

217.
28.
29.
30.
3L

32.
33.
34.

35.

36.

37.
38.

39.
40.
41.

42.

43.

44,

45,
46.

. Kim, H.Y., G.J. Choi, H.B. Lee, S.W. Lee, H.K. Lim, K.S. Jang, S.W. Son, S.O. Lee, K.Y. Cho and N.D.
Sung. 2007. Some fungal endophytes from vegetable crops and their anti-oomycete activities against Tomato
late blight. Letters in Applied Microbiology, 44: 332-337.
Kohl, J., R. Kolnaar and W.J. Ravensberg. 2019. Mode of action of microbial biological control agents against
plant diseases: Relevance beyond efficacy. Frontiers in Plant Science, 10, 845.

Labossiere, A.W. and D.F. Thompson. 2018. Clinical toxicology of Yew poisoning. Annals of
Pharmacotherapy, 52(6): 591-599.

Lopez-Aranda, J.M., P. Dominguez, L. Miranda, B. de los Santos, M. Talavera and O. Daugovish. 2016.
Fumigant use fors Strawberry production in Europe: the current landscape and solutions. International
Journal of Fruit Science, 16: 1-15.

Manganyi, M. and C. Ateba. 2020. Untapped potential of endophytic fungi: A review of novel bioactive
compounds with biological application. Microorganisms, 8: 1934.

Murray, M. and W. Thompson. 1980. Rapid isolation of high molecular weight plant DNA. Nucleic Acids
Research, 8(19): 4321-4325.

Naik, B.S. 2019. Developments in taxol production through endophytic fungal biotechnology: a review.
Oriental Pharmacy and Experimental Medicine, 19(1): 1-13.
Narisawa, K., H. Kawamata, R.S. Currah and T. Hashiba. 2002. Suppression of Verticillium wilt in eggplant
by some fungal root endophytes. European Journal of Plant Pathology, 108(1): 103-1009.
Ordonez, L.N., F. Garcia-Bastidas, H.B. Laghari, M.Y. Akkary, E.N. Harfouche and B.N. Awar. 2016. First
report of Fusarium oxysporum f. sp. Cubense tropical race 4 causing panama disease in Cavendish bananas
in Pakistan and Lebanon. Plant Disease, 100(1): 209-210.

Porras-Alfaro, A. and P. Bayman. 2011. Hidden fungi, emergent properties: endophytes and microbiomes.
Annual Review of Phytopathology, 49: 291-315.

Raja, A., N. Miller, J. Pearce and H. Oberlies. 2017. Fungal identification using molecular tools: A primer
for the natural products research community. Journal of Natural Products, 80: 756-770.
Ramamoorthy, V., T. Raguchander and R. Samiyappan. 2002. Induction of defense-related proteins in tomato
roots treated with Pseudomonas fluorescens and Fusarium oxysporum f. sp. lycopersici. Plant and Soil,
239(1): 55-68.

Rubini, M.R., R.T. Silva-Ribeiro, A.W.V. Pomella, C.S. Maki, W.L. Aradjo, D.R. Dos Santos and J.L.
Azevedo. 2005. Diversity of endophytic fungal community of Cacao (Theobroma cacao L.) and biological
control of Crinipellis perniciosa, causal agent of Witches’ Broom Disease. International Journal of Biological
Sciences, 1: 24-33.
Schulz, B., U. Wanke and S. Draeger. 1993. Endophytes from herbaceous and shrubs: effectiveness of surface
sterilization method. Mycological Research, 97: 1447-1450.
Sekhon, A, J.Y. Wang, J.C. Tan, S.P. Holland and S.N. Yeung. 2020. Limbal stem cell deficiency secondary
to systemic paclitaxel (Taxol) for breast cancer: a case report. BMC ophthalmology, 20(1): 1-4.
Staniszewska, M., A. Sobiepanek, G. Matgorzata, E. Pena-Cabrera, 1.J. Arroyo-Cordoba, K. Michalina, L.
Kuryk, M. Wieczorek, M. Koronkiewicz, T. Kobiela and Z. Ochal. 2020. Sulfone derivatives enter the
cytoplasm of Candida albicans sessile cells. European Journal of Medicinal Chemistry, 191: 112-139.
Strobel, G., X. Yang, J. Sears, R. Kramer, R.S. Sidhu and W.M. Hess. 1996. Taxol from Pestalotiopsis
microspora, an endophytic fungus of Taxus wallichiana. Microbiology, 142(2): 435-440.

Tejesvi, M.V. and A.M. Pirttila. 2018. Endophytic fungi, occurrence, and metabolites. Physiology and
Genetics, 15: 213-230.
Wang, CJ., Y.Z. Wang, Z.H. Chu, P.S. Wang, B.Y. Liu, B.Y. Li, X.L. Yu and B.H. Luan. 2020. Endophytic
Bacillus amyloliquefaciens YTB1407 elicits resistance against two fungal pathogens in sweet potato
(Ipomoea batatas (L.) Lam.). Journal of Plant Physiology, 253: 153260.

Wani, M.C., H.L. Taylor, M.E. Wall, P. Coggon and A.T. McPhail. 1971. Plant antitumor agents. VI.
Isolation and structure of taxol, a novel antileukemic and antitumor agent from Taxus brevifolia. Journal of
the American Chemical Society, 93(9): 2325-2327.
White, D.J., W. Chen and K.L. Schroeder. 2019. Assessing the contribution of ethaboxam in seed treatment
cocktails for the management of metalaxyl-resistant Pythium ultimum var. ultimum in Pacific Northwest
spring wheat production. Crop Protection, 115: 7-12.
Yang, G., P. Li, L. Meng, K. Xv, F. Dong, Y. Qiu, L. He and L. Lin. 2018. Diversity and communities of
culturable endophytic fungi from different tree peonies (geoherbs and non-geoherbs) and their biosynthetic
potential analysis. Brazilian Journal of Microbiology, 49: 47-58.

Zhang, P., P.P. Zhou and L.J. Yu. 2009. An Endophytic taxol-producing fungus from Taxus media,
Cladosporium cladosporioides MD2. Current Microbiology, 59(3): 227-232.

Zhao, C., X. Zhang, H. Hua, C. Han and X. Wu. 2019. Sensitivity of Rhizoctonia spp. to flutolanil and
characterization of the point mutation in succinate dehydrogenase conferring fungicide resistance. European
Journal of Plant Pathology, 155(1): 13-23.


http://dx.doi.org/10.52547/ifej.10.20.1
https://dor.isc.ac/dor/20.1001.1.24237140.1401.10.20.10.7
https://ifej.sanru.ac.ir/article-1-450-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-02-03 ]

[ DOR: 20.1001.1.24237140.1401.10.20.10.7 ]

[ DOI: 10.52547/if€}.10.20.1 ]

Ecology of Iranian Forests, Vol. 10. No. 20, Autumn and WInter 2023 ..ot 10

The Role of Endophytic Fungi Isolated from Native Iranian Yew (Taxus baccata)
in Biological Control of Fusarium Oxysporum

Mahboubeh Ashnavar?, Azim Ghasemnezhad?, Kamran Rahnama? and
Mostafa Khoshhal Sarmast*

1- Ph.D. Student, Department of Horticultural Sciences, Faculty of Plant Production, Gorgan University of
Agricultural Sciences and Natural Resources, Iran
2- Associate Professor, Department of Horticulture Sciences, Faculty of Plant Production, Gorgan University of
Agricultural Sciences and Natural Resources, Iran. (Corresponding author: ghasemnezhad@gau.ac.ir)
3- Associate Professor, Department of Plant Protection, Faculty of Plant Production, Gorgan University of
Agricultural Sciences and Natural Resources, Iran
4- Assistant Professor, Department of Horticulture Sciences, Faculty of Plant Production, Gorgan University of
Agricultural Sciences and Natural Resources, Iran
Received: 7 December, 2021 Accepted: 11 January, 2022

Extended Abstract

Introduction and Objective: The yew tree is a native conifer of Iran. This plant is the main source of
the anti-cancer drug Taxol. Research has shown that yew coexisted with endogenous fungi. These
endophytes increase food availability, resistance to pests, diseases, and environmental stresses by producing
secondary metabolites that they provide to their hosts. Isolation and characterization of this type of
microorganism can be important to discover new species with the potential to produce antimicrobial
compounds. Therefore, this study was performed to investigate the effect of systemic fungicides and
antagonistic effects of endophytic fungi isolated from yew against the pathogenic fungus Fusarium
oxysporum.

Materials and Methods: This research was conducted in Gorgan University of Agricultural Sciences and
Natural Resources. To isolate the endophytes, two groups of plants were used, including plants treated with
systemic fungicides (Rovral-TS and Fosetyl aluminum) and control. Treatments were applied by foliar
application in three periods with an interval of seven days. After foliar application, the root, stem, and leaf
of experimental plants were used to isolate endophytes. Selected isolated endophytes were used to
determine the percentage of inhibition against F. oxysporum. Finally, molecular identification of selected
and effective strains from isolated endophytic fungi was performed.

Results: The research results showed that all the endophytic fungi isolated from yew could inhibit pathogen
growth. Based on molecular studies, five strains of identified endophytic fungi belonged to the genera
Fusarium, Phomopsis, and Colletotrichum. Fungi which were identified from fosetyl aluminum-treated
organs showed the most growth inhibitory effect. Among the identified fungi, Fusarium solani had the
highest inhibitory power with 71.81% inhibition, which was obtained from yew seedlings treated with
rovral-TS systemic fungicide. The least inhibitory effect was related to Phomopsis sp. with 12.97%
inhibition. This fungus was isolated from yew seedlings in the control treatment.

Conclusion: In general, the results showed that endophytic fungi isolated from native Iranian yew seedlings
have a high ability to biologically control the pathogen F. oxysporum. In addition, the application of
systemic fungicides not only directly inhibits pathogens, but strengthening endophytic fungi can protect the
plant against pathogens as well.
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