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Figure 1. F.oxysporum colony on potato dextrose agar medium

1. Potato Dextrose Agar
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(a)Control. (b) Seedlings with wilting symptoms. (c) Diseased seedlings with defoliated leaves
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2. generalized method of moments
3. Least Significant Difference
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Figure 3. Symptoms of Fusarium wilt disease in A. julibrissin Durazz.trees.
(a) Drying of the touch. (b) Wilting of leaves. (c) Secretion of sap
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Figure 4. (a) Single phialide, (b) Accumulation of microconidia, (c) 6-celled macroconidia
(Sacle bars: 10 pm)
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Table 1. Analysis of variance for the effect of experimental treatments on the percentage of inhibition of
Trichoderma species in interculture with F. oxysporum at 27+1°C after 12 days
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**Represents significance at the 1% probability level
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Figure 5. Inhibition of Fusarium mycelium growth by Trichoderma species,
(a) control (b) T. koningii (c) T. virens (d) T. atroviridae
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Table 3. Analysis of variance of the effect of experimental treatments on the percentage of inhibition of

fungicides and their concentrations on the mycelial growth of Fusarium, the causative agent of A. julibrissin
Durazz.trees disease
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**Represents significance at the 1% probability level.
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Table 4. The inhibitory effect of fungicides on the mycelial growth of F. oxysporum in Silk trees
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Table 5. Analysis of variance of the effect of Trichoderma species and chemical fungicides on the percentage of
mycelial growth inhibition of Fusarium, the causative agent of 4. julibrissin Durazz. trees disease
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Figure 6. The effect of chemical fungicides and Trichoderma fungi with different concentrations in inhibiting the
growth of the pathogenic mycelial of F. oxysporum After 12 days in PDA

DB oy )0 S axlee St L) Jlb o9 0
3 leasss lawg F e a5l Saslosl
o=l @it sladaslas 4 S alh e de Ley0eS 5
Sl 69y Sl (Faylol s canssSL
clra o a s wlod Jome jo .cilii 024
0= ke Lol el lapsalace 0y dloyoSs 5
o=l yo ol saaline S QY SO O jgods g ol
al s L acslio (o s lew Jole ol olie Joxe
aliwdlyy baslas 5l S ioren 05 oy lalS
J—=o5 joban Joliie cuis 5l 59, F-V cunds 5l o
Sldgn G0 9 H5aS L) s lew Jule a5 5
[EPNNY) LQO)LA_? ‘5_5).3 9 S @‘))BHJ L)T S99
Grdn ) ol CeinnS g asliasly wlisS (S5
LosTl ot cunsigS LT sladuy ) & jlns jo 5 Lo
e ol sl (2 S0Le (S J5US &S
5 Lo il de; ;5 (sages Sl LSS 5 b JSie
dlse Oloieds o cnl 39 LoposS 5 sladisS (nlnle
39 05 Coaeal S jauwsn ) jo ) 5 0oS S

00 el B0 (695 5 (SO0 Solew

Slosmg connl 5l o ygiS i o F. oxysporum ;|
LaFin Jubghm cpl 10 a5 45T len .l lo 95 1
Sy b sloaisS SIF. oxysporum 4ssS i
i 5o 9 (James et al., 2006) ol Glio RLESN
AUl ke 55, bolidly 5 IS Gblio
O (6 Lo o) (Stewart et al., 2006) 5,135 o
S9-b ,oll 53 b e o b e 5l G s, ol
I bl i 7,8 (»l Ll (Anderson et al., 2002)
sy el jo LaJos 5 amsse 5 b o
(09— Sl oy 7,68 (] James et al., 2006)
‘) f)-: ) é}m ‘5’[4‘94 G j00g ‘_gLbe)lB :b.o.’ dy})—’
L ooy Jalse Jawgs jds &gy laml aul oSl o)l
Aol el )& o wilely Z,B G ojls, SIS 0wl e
Foog)B8 095 Jls 50 s)lom cumwoail o g
Oy e 3 s ole g0 5l o L..).m oxysporum
DB 5 ail ol Co pae i3 50 s o



e SO Golem Jele 2 LeyosSs 5 7,6 g b iS5z B (S )*‘b b)) )

L as coul (alS slo 5 lows ply 50 CansSLI
= 3 2 Sly—Fed ()
>o)L8d S aw Slskavousi et al. (2018)
8 &3, 9, T koningii 4 T. atroviride I.virens
09,0 St bl il o gilealy JLej ey Jsle
S5 g Joliie ciS g, 90 5l eolatwl b glaca s
50 LayasSs 5 g5 duw ;2 45 0d Laseios 1,3 olge
S ober @) ol 5l (SWlssl o gl g 5 Cuie
slaz, B ;| Poveda et al. 2024) g ;o .05 b
Suillus  Lactarius sanguifluus 1. portentosum
2B iole;l bl o Agaricus silvicola 4 luteus
5 (F. oxysporum) s 368 z,L8 L o,Le (sl
o=l S ols lis gl solatl bgly (25 LS 5o
Solom Jole Giaslez g0y 08 0 Lag )8
Ll o, 5 2oy jige (allialojl Lulyd 10 ps)ljsh
sealS ao,0 AV ) gausS Siaile> g do o YY
S s Cemals 5l lml s Gl 5o 05950l 0l
odisl ;o 09 oo oolainl Lo yogSy 5 > B slaassS
GRS g (i Slp i Glagtagh b oly o
Pl s 5, e ol b plali Jone
Sl S ddr b S5 0 b ety g o5
ol 392855 0yt LT 5l 5588 5] gnss s 50
Cble a o 3 J5isS oS5 oS A e Shagy
Voo cbale U fte-blgs « (ppm Ve g Ve ()
Voo JsSlappm Ve ) e mslan)lS 5 ppm
SxS sk ponlied S5 ilem @l porbane 0 5l ws o
e oot g )ay Jole JolS S Crge 5 03
3,5 8, o kavousi et al. 2018) )y ;o
JoilE85msn e WIS (ST Lo 15g 8
08 L o3 sl sl S VEe 5 o5
S Ll b 50 gileadds s ye Jies 5 jlen Jale
Joibs5mgn S8 &5 ab asuie ladndiyg,s
P hee Vo) (Sasyloih e mplan )5
5 @le s & azr g bl b 257 6
p9=2l598 2B S)lom &5 ab et (aalej]

oSl L5 i lisee Sladsl 5 gm0 0
A Sl (0520388 oo L 0 )be 50 LoyooSe 5
Sdxie Slidod [ a5l (g)ls e OS] wall
slo S lon asde vy 705 Ane) po (i
Loydose s sloasss (Siale b oS wd osalie ol
ol g, l po 4ty 3 s g il cs 8
Cleasy wad oo a8l (g lory Jole a5 Gloj 5 oo
oS Ay, Bl bl (sldd yoes 5 ol (ogr a s
slaaiv; 59, Wlgioo ks ;5 jlew dlop39S 5 Lo
Dol Slsar 5 oisl (Soyehy 9wl il £5
Xin et al., 2023) ol oo juals 5 o ,Lon

S (Sl o ey 5 il 55 Le Sy 5
Slgs 3l oolaiwl oL Sguge (LS 0y s oSl
Sy daome 35 5 oS Caglie al3dl gdie
S Joele dd ey (rizmen Lo j3sSs 5 1350 0
Sy baza b )5l 5 S50 i 3o0S (el (S
Lo ydsSa i aS o0 Joo (o2])) Blizeo slaaiss sl
LS sl o J5S 9 sl 035 jobany
5 0LS s dgo (SLe o Cdel g 09l o oolasl
Wl e 9 )18 392y (aretinn ) slolue 44
Xu) ass' Ju5' 1) olS slags o glsil 5o j5boay
Jolize oS el mles bl et al., 2022
30 Ogldi 09> b Lo y0sSs 5 (slodiss aS ul sualice
Ogeml5elS 9 0B, 50 BB g jrimen g5
2 oleiee 695 @lhml © )98 0 el 5 e
&y S oy p o8 5 Lo e wily goece
¢ Ageb—ns 0, Mustafa et al. 2009) .2y
g Tvirens 455 9o 10 |, 094565 adgi 5 oljg0usS
~ (st Joimas S S a0 (g9, T. atroviridae

Fooolyds 3o Lo e, o T virens
s R. solani .[F. solani .[F. oxysporum anoniliforme

Sl Joliie e nS ol 0 4. alternate
468 ol (SaiS S puwg 8 nS Bases s



FEY FRO U FYY dorao AF-F 500 oV 6 )Ll qpaain Jlo ol ! SLIKe ezl o)) ] IKs dlxe

P St (LSS0 pe 598 (o500 )b
Ol 009 ales S5l ailesl bty
o))l = (2lre Lalpd )0 (LeeSS Sladiod b
oy jolaiedy Gdod glaail Lo, 5 sl

Sgd eolatul cand s sy I8 05 (o lew

&l Sl
OB S b b 5 55)5liS pale olRisls |
58 oLl gl e e ity ol
ers e S 500 51 5 ) sl IS el
6‘)—.’ ‘e)“}/ u;*“w <ol Ql;l......lf Ql.’i.u‘ Lg)b}:_égi 9
sas—iils 5l g JKax ;0 0091 slaygils ass;b
I ol b Lasl s col alS wladys
o)l Lz sbalas g DLl 5 Ol

g0 (10,98 Lo j09S; 5

2 B 0)lL iz s Gl g s
Solo Jsle J 08 6l s ST Lo B
Pl cnd ol iz o pg)lie8 (S
@l Ll b 50wy p g 285 pll aiobej]

Ol Syg 0o

GO S e ps o8 (28 sl

0528 Jled Gz jo sl (33l b
3 Solem S-S (bl (el o
(o @S peloly 055 )18 e Wb e lie?
e Sllas g JoilsS 955 emalan )5 sla 25 8
Jele S8 gl LoposSe i cendsSLT slag B

References
Abbasi, H. (1999). Fast-growing trees. Publications of the Cultural Department of the Academic Jihad
Central Office. Tehran, 148. (In Persian)

Anderson, R.C., Gardner, D.E., Daehler, C.C., & Meinze, F.C. (2002). Dieback of Acacia koa in
Hawaii: ecological and pathological characteristics of affected stands. Forest Ecololgy and
Management, 162(2-3), 273-286. https://doi.org/10.1016/S0378-1127(01)00522-9.

Asadi, H., Hosseini, S.M., & Esmailzadeh, O. (2012). Persistent soil seed bank in Khybus protected
area. Journal of Forest and Wood Products, 65(2), 131- 145. 10.22059/JFWP.2012.30095. (In
Persian)

Bahramsari, N., Zamani, M.R., & Motallebi, M. (2005). -1, 3-glucanase production in Trichoderma
isolates. Iranian Journal of Biology, 18(3), 261 —271. (In Persian)

Basseri, F., Akbarinia, M., & Esmailzadeh, O. (2014). Flora, life form and chorological study of soil
seed bank in Sisangan box tree (Buxus hyrcanus Pojark.) Forest Reserve. Journal of Plant Biological
Sciences, 6(21), 9-22. (In Persian)

Dennis, C., &Webester, J. (1971). Antagonist properties of species group of Trichoderma, 111, hyphal
interaction. Transactions mycological society japan, 57, 263-369. https://doi.org/10.1016/S0007-
1536(71)80077-3.

Garcia-Bastidas, F.A., Quintero-Vargas, J.C., Ayala-Vasquez, M., Schermer, T., Seidl, M.F., Santos-
Paiva, M., Noguera, A.M., Aguilera-Galvez, C., Wittenberg, A., & Hofstede, R. (2020). First report
of Fusarium Wilt Tropical Race4 in Cavendish bananas caused by Fusarium odoratissimum in
Colombia. Plant Disease, 104(3), 994. https://doi.org/10.1094/PDIS-09-19-1922-PDN.

Jafarpour, b. (1992). Pathology of trees, field and laboratory guide. Publications of Ferdowsi
University of Mashhad, 377pp. (In Persian)

James, R.L., Dudley, N.S,. & Yeh, A. (2006). Investigating koa wilt in hawai'i: Examining Acacia koa
seeds and seedpods for Fusarium species. Native Plants Journal, 7(3), 315-323.


https://doi.org/10.1016/S0378-1127(01)00522-9
https://doi.org/10.22059/jfwp.2012.30095
https://doi.org/10.1016/S0007-1536(71)80077-3
https://doi.org/10.1016/S0007-1536(71)80077-3
https://doi.org/10.1094/PDIS-09-19-1922-PDN

e SO Golem Jele 2 LeyosSs 5 7,6 g b iS5z B (S )*‘b b)) FEY

Jorge, P., Jorge, M., Paula, Z., Ménica, P., & Julio, J. (2024). Biological control of damping-off
by Fusarium oxysporum and F. verticillioides on pine and oak seedlings using edible
ectomycorrhizal fungi. Pedobiologial, 5, 20-30. https://doi.org/10.1016/j.pedobi.2024.150973.

Kavousi, M., Mohammadi, J., & Payamoor, V. (2021). Identification and contaminated areas under the
management of Golestan province (Golestan National Park and Jahannama Protected Area) to pests
and diseases, providing executive control strategies and rehabilitation programs. 163pp. (In Persian)

Kavousi, M., Yavarian, R., Mohammadzadeh, A., & Karmi, J. (2018). Biological compounds and
fungicides to combat Biscogniauxia mediterranea casual agent of charcol disease hn vitro. Journal of
Forest Research and Development, 3(4), 343-360. (In Persian)

Lin, Y.H., Su, C.C., Chao, C.P., Chen, C.Y., Chang, C.J., WenHuang, J., & Chang, P.F.L. (2013). A
molecular diagnosis method using real-time PCR for quantification and detection of Fusarium
oxysporum f. sp. cubense race 4. European Journal of Plant Pathology, 135(2), 395-405.
https://doi.org/10.1007/s10658-012-0096-0

Lorito, M., Woo, S.L., Gary, E., Harman, G.E., & Monte, E. (2012). Translational research on
Trichoderma: From Omics to the Field. Anneal Review Physiopathology, 48, 395-417.
https://doi.org/10.1146/annurev-phyto-073009-114314.

Mosavi mirak, L., Shirza, A., & Mohammadi, D. (2019). Integrative effect of some synthetic
fungicides with some biological agents in control of Rhizoctonia solani on cotton seedlings. Genetic
Engineering and Biosafety Journal, 8(1),11-23 (In Persian).

Mustafa, A., AslamKhan, M., Inam-ul-Hag, M., AslamPerevez, M., & Umar, U.U.D. (2009).
Usefulness of Different Culture Media for /n-vitro Evaluation of Trichoderma spp. Against Seed-
Borne Fungi Of Economic Importance. Pakistan Journal of Phytopathology 21(1), 83-88.

Nazari, J., Payamnoor, V., Kavosi, M.R., & Asadi, A. (2023). Increasing terpenes in bark endophytic
fungi of Betula pendula Roth as an anticancer potential source by cellulose nanofibers and sodium
nitrate. South African Journal of Botany,157, 592—601. https://doi.org/10.1016/j.sajb.2023.04.032

Nelson, P.E., Toussohn, T.A., & Marsas, W.F.O. (1983). Fusarium species an illustrated manual for
identification.The Pennsylvania State University Press, Pennsylvania, 193pp.

Ozby, N., Newman, S.E., & Brown, W.M. (2004). The Effect of the Trichoderma harzianum Strains
on the Growth of Tomato Seedling. Acta Horticulturae, 635(635)
https://doi.org/10.17660/ActaHortic.2004.635.16

Pan, S., & Bhagat, S. (2008). Characterization of antagonistic potential of Trichoderma spp. against
soil born plant pathogens. Journal of Biological Control, 22(1), 43-49. DOI:
https://doi.org/10.18311/jbc/2008/3796.

Panahian, G.H. & Rahnama, K. (2010). Fusarium wilts on native silk trees (Albizia julibrissin
Durazz.) in the north of Iran. Gorgan. International Journal of Agronomy and Plant Production, 1(1),
1-5.

Poveda, J., Martin-Garcia, J., Zamora-Brauweiler, P., Pastor, M., & Diez, J.(2024) Biological control
of damping-off by Fusarium oxysporum and F. verticillioides on pine and oak seedlings using edible
ectomycorrhizal fungi. Pedobiologia, (105), 150973. https://doi.org/10.1016/j.pedobi.2024.150973

Rezapour, M., Hassanzadeh, A., Mirabadi, A.Z., & Forouzan, K. (2017). Evaluation of the efficacy of
Trichoderma isolates in biological control of soybean charcoal rot disease under laboratory and
greenhouse  conditions.  Biological =~ Control  in  Plant  Medicine, 5(1),  71-80.
https://doi.org/10.22092/BCPP.2017.116072.

Sabeti, H. (1995). Forests, trees and shrubs of Iran. Yazd University Press, Yazd, 876pp .(In Persian)

Skarmoutsou, H., & Skarmoutsos, G. (1999). First Report of Fusarium Wilt Disease of Mimosa in
Greece .Plant Disease, 6(83), 492—-501. https://doi.org/10.1094/PDIS.1999.83.6.492


https://www.sciencedirect.com/journal/pedobiologia
https://doi.org/10.1146/annurev-phyto-073009-114314
https://doi.org/10.1016/j.sajb.2023.04.032
https://www.researchgate.net/journal/Acta-Horticulturae-2406-6168?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.17660/ActaHortic.2004.635.16
https://doi.org/10.18311/jbc/2008/3796
https://www.sciencedirect.com/author/56389368800/jorge-poveda
https://www.sciencedirect.com/journal/pedobiologia
https://doi.org/10.1016/j.pedobi.2024.150973

FEE FEO B FY) dmio VP F 50l ¥ 5l qemiin Jlo o)l SllKiz ezl ool JSi> e

Stewart, J.E., Kim, M., James, R.L., Dumroese, R.K., & Klopfenstein, N.B. (2006). Molecular
characterization of Fusarium oxysporum and Fusarium commune isolates from a conifer.
Phytopathology, 96(10), 1122-1133. https://doi.org/10.1094/PHYTO-96-1124

Woo, S.L., Scala, F., Ruocco, M., & Lorito, M. (2006). The molecular biology of the interactions
between Trichoderma spp., phytopathogenic fungi and plants. Phytopathology, 96(2), 181-185.
https://doi.org/10.1094/PHYTO-96-0181.

Xin, Y., Hailin, G., Kaixuan, Z., Mengyu, Z., Jingjun, R., & Jie, Ch. (2023). Trichoderma and its role
in biological control of plant fungal and nematode disease. Frontiers in Microbiology, 14, 1-15.
https://doi.org/10.3389/fmicb.2023.1160551.

Xu, H., Yan, L., Zhang, M., Chang, X., Zhu, D., Wei, D., Naeem, M., Song, C,. Wu, X., Liu, T.,
Chen, W., & Yang, W. (2022). Changes in the density and composition of rhizosphere
pathogenic Fusarium and beneficial Trichoderma contributing to reduced root rot of intercropped
soybean. Pathogens(MDPI), 11(4), 478-494. https://doi.org/10.3390/pathogens11040478.

Zakaria L. (2023). Fusarium Species Associated with Diseases of Major Tropical Fruit Crops.
Horticulturae(MDPI), 9(3), 322. https://doi.org/10.3390/horticulturac9030322


https://doi.org/10.3390/horticulturae9030322

Iranian Journal of Forest DOI: 10.22034/ij£.2025.489338.2018

Vol. 17, No. 3, Autumn 2025 @® CCBY4.0
pp. 431-445

Research Article

Iranian Socity of Forestry
2002)

Evaluation of the effect of selected fungicides and 7richoderma fungus on the causal agent of
wilting disease (Fusarium oxysporum Schltdl.) in silk tree under laboratory conditions

E.Yahya Doost Razlighi', M.R. Kavousi*", and M.R. Ahmadi’

"MSc. of Silviculture & Forest Ecology, Dept. of Silviculture & Forest Ecology, Faculty of Forest Sciences, University of
Agricultural Sciences and Natural Resources, Gorgan, Iran.
2Associate Prof., Dept. of Silviculture & Forest Ecology, Faculty of Forest Sciences,University of Agricultural Sciences and
Natural Resources, Gorgan, Iran
3Ph.D. of Plant Pathology, Dept. of Plant Protection, University of Agricultural Sciences and Natural Resources, Gorgan, Iran

(Received: 19 November 2024; Accepted: 26 September 2025)

Abstract

Introduction: Albizia julibrissin Durazz. is a native species of the plain forests of northern Iran. The fungal discase
Fusarium wilt, which is common in A. julibrissin Duraz. has caused significant damage to this valuable species.
The causative fungus, Fusarium oxysporum Schltdl., enters through root or crown wounds and leads to disease in
the tree. The aim of this study is to investigate and compare the control of Fusarium wilt using Trichoderma fungi
and the fungicides carbendazim, tebuconazole, and thiophanate-methyl in laboratory conditions.

Materials and Methods: Sampling was conducted in the forests of Golestan province to isolate the pathogenic
fungus. After disinfection, the samples were transferred to a culture medium (PDA) and placed in an incubator with
conditions of absolute darkness and a temperature of 25+2 degrees Celsius. After purification, the samples were
transferred to a refrigerator at a temperature of 1+4 degrees Celsius and absolute darkness for species identification.
The structure of spores, polyphyllides, monophyllides, macroconidia, microconidia, and chlamydospores were
examined. The pathogenicity test involved inoculating the fungi with mycelium tablets into the stems of silk tree
seedlings. Three identified Trichoderma isolates from the mycological collection of Gorgan University of Agricultural
Sciences and Natural Resources (iso2 7. koningii isolates, 6022 T. atroviridae isolates, and 6011 T. virens isolates)
were used to study the antagonistic effect on Fusarium. The percentage of inhibition of pathogen mycelial growth, as
well as the diameter growth of fungal colonies in treatments and control, were calculated up to 12 days after treatment.
Three fungicides, carbendazim, tebuconazole, and thiophanate-methyl, were used in laboratory conditions at
concentrations of 1, 10, and 100 (mg/ml) each to investigate the effect of chemical control on inhibiting Fusarium
growth. The experiments were conducted in four replications and three levels in a completely randomized design. Data
analysis and statistical analysis were performed using SPSS software, with means compared using the least significant
difference (LSD) method at the maximum confidence level.

Results: F. oxysporum was identified from infected samples of nightshade trees, and all three Trichoderma
species prevented the complete growth of F. oxysporum. The highest inhibition percentage was observed for 7.
virens and T. atroviridae species, with 68.87% and 68.12%, respectively, while the lowest inhibition rate was for
T. koningii species at 66.75%. In chemical control, thiophanate methyl at concentrations of 1 and 10 (mg/ml)
resulted in 19% and 60.5% inhibition, respectively, with complete growth inhibition at 100 (mg/ml).
Carbendazim at a concentration of 1 (mg/ml) inhibited pathogen growth by 52%, and at concentrations of 10 and
100 (mg/ml), growth was completely stopped. Tebuconazole also completely halted pathogenic mycelium
growth at all three concentrations.

Conclusion: Fusarium fungal disease poses a serious threat to valuable nightshade trees in the plain areas of the
northern forests of the country. Given the significant damage to these trees, controlling the pathogen and
preserving and developing nightshade trees should be a priority. The study demonstrated that the fungicides
carbendazim, tebuconazole, and thiophanate-methyl, along with antagonist fungi Trichoderma (7. virens, T.
atroviridae, T. koningii) were effective in reducing and completely controlling the growth of the disease-causing
fungus in laboratory conditions. The results indicate a significant difference between chemical compounds and
biocontrol agents in combating the Fusarium disease-causing fungus.
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