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Lgina 398 O30 (sl e %465 %50 Ly FOL kil sai bhaii B.275 B.Ra LSl jle of bl el
Glabiae @yl 8 LK o e les ¢ sl Ao ae (25 3) dilae FOL haill sai € ) Bl LS ¢(4 Jan) gl
e 58 ) gl udll (2019) (esals Bari @il ae lly Gilgus cdibidl o3 b laill i Cunie Alad dign
On gl Alie gaill =€y Hidall Cagyl cnd FOL bl g b e Ghall 8 dgiaal) B. Subtilis Lyl
FOL _bhdl sai Janiil dugial) dacal) caaly Gum Wilyn & (2021) (55305 Machang’u @it g Gilsis WS cae 11-1.5
%40 caaly 3 ddad) Al b Ll ksl B. subtilis dle &8 %559

Bla die cplaatll (e ol 7 s Aagaial) Aol Al FOL Jhaill gai Jawii & B. subtilis LSl cifie 5sliS :4 Jgaal
02425

5.95 1.15 LSD0.01

ol AN (giue e Ligina (B b Lty 2258 Y Lagee dgliie Cipaly desaall o)

L 3 B.27 53jsisall Aljall 52 (e Luf dap ) Lelgags B.RA sl Aljal) vie Jagfill il il g lin) o)
cel3ally S e dndliad) o dllal) Lgiyas ddaall LS g depu Ao (s i) sa
Cuties Gle FOL Jhill sai =S 3 (T.34, T.ZH, T.SM) Trichoderma _hill ci¥ie 5eliS Liaf il gl

5l o e 130 (5U52) Lot Lisiea (3958 Gon sl Gle (%30-33%-%33) Ll s cials Cus (PDA
Of Langl By davil) L 8 (T34) 5sisall Al il 50US aa il (T.ZH, T.SM) giudadll galiall il
o Jis e (& Mg catlgai e g FOL Gajeall ladll ciljaniven (398 Aoy Caad Byiidall ci¥ial) aoes il jaslions
Gsals Debbi il pe @lld 38l5ug o3l Ao givdliag diajaall Holadl) g xiag OISl jlasial skl s3a sl

-(2010 )¢5.41s Charoenporn s ( 2012 ) Meraj -ul-Haque and Nandkar 5 (2012) ks (2018)

Oa abl 7 s dagasal) do 3l ddijhy FOL asaall jhdll gad Jasds 2 Trichoderma sp_ball c\je 55Wis :5] gaal)
02425 Bl die Gudaall)

(%) sl dgial) dunsl (#9) Bpaxional) Sl Jauasia
33.3a 20 T.SM
33.3a 20 T.ZH
30a 21 T.34
B 30 2 Lad)
5.00 - LSD 0.01
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waal) 2 FOL kil dadlsa & B. subtilis U<y Trichoderma sp. jball cNje 3sUs JLid) o

s Cumidi) Cus sl Aa8lSe 8 Ll Lib gad B.osubtilis LSl ciie slasial of mll oy
OS s (A ((6J522) (%100) (saeal) Ll xa d5)lie (syine Bl %83.33 I slaaall sl b ALY
Slo 43 eV Saily il paes (3 %100 @il 3) ALY duas b )L,3G Trichoderma il cisad
%185 %7 o zolp il IS Jadll LlaY) 828 yise dphdlly 40yl ciall Cicadd 3 dila)) 824
Dbl e Bl aliail (g By . (%90)sanall 2Ll Gy lein dugine Ggyt bl cDlalad) A
Aalae o @SS Al Lunajall ciladalls 45lae FOL kil 4a8<a 3 B. subtilis Ly<ily Trichoderma sp.
(%100 —%48-%44) i Jedlh dlay) s2i cumid Trichoderma sp hill (e ey bl
el Jgdll dlae I (Bedellaoui et al., 2019; Debbi et al., 2018; Charoenporn et al., 2010)
Ge Ll da dlead SN Gl ol lae Gageall hill (goaall eha] s udt (b Adlal) dail<d)
((0) el vie LD Lllall LAY g (F72) deaiiuall Aball 4y 38 ) ALYl (sl Llay)
Ay i Djlgall Logladll s of (1999) o5 aTs Huertas-Gonzalez S5 sg ciaslaall e 43,3 s
Oo a8 AalaY) LKA Ghh sl (gaal 8 chaslid) Ciljge dgas Ak Bend) B casylsdll Jsl
-(Doan et al., 2019 «Raza et al., 2015) FOL (=l Lilay)

Baail) il e \ghadig J sk i) das A B. subtilis Lyisdly Trichoderma sp. skl cije 86 :(6) Jsan
93l (e Lags 80 a o) & FOL Jhaills 5aaal

% Alay) Bad (adds dud Llay) Bad yaja Yodsbua) dsusi
%DII
18.55 73.3d 83.33b FB.27
14.8 76.6 cd 83.33b FB.Ra
11.1 80 bc 100a FT.ZH
11.1 80 bc 100a FT.34
7.4 83.3b 100a FT.SM
90 a 100a F.Co
5.43 2.29 LSDO0.05

%5 AN (ssie e Ligina (395 lgin 2298 Y Lages dgline Cijals desad) il

Jsba 8 83L)y M (ol bl sas aas B subtilis Li<iisTrichoderma sp ladll ci¥ie alain) of Liad gibill i
salally (saeal) 2Ll (e JS LS pe lke Citle (K0 Lags Alalad) 8ygail) bl Gilally Calayl) (3l s bl
sall Chdise puen die FOL bl sl clabeall pues 8 Linidie duginall 3o il ilS 3 o7 Jsan) adad
kel adll cialiy ¢ sanall 28l Aleleas Aijlke (Lsdally (Sradll gaanall (o JSI Calall G3glly cadall G34ll) Aasgpaall
OS5 ply bl gai B2l A Sh 1L Trichoderma il el a5 ol s <t B.Ray B.27 LSl e (sl
@il s & Ll Wilel T.ZH dlebaall cul€y g snall chdiall aaan 8 gaeall 2Ll Gy lgin Ligina gl

Dl Ll T.SM alzall
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JEeal (e Lags 80 e 5ygaiall il gad gaand (2 B. subtilis Ll Trichoderma sp jhdl) ¢e e L :(7) sl

ey gﬂ

(Sl f¢) il 03

(S &) o 03

25l (gpial) gsanal 25 gzl gsaral
114 a 38a 11.8 ab 22.06 a 56.3 a B.27
1.18a 3.5ab 13.2a 20.79ab 54 a B.Ra
1.08 ab 3.4 ab 9.2 bc 20.73 ab 56.3 a T.ZH
1.05 ab 3.3ab 9.13 bc 20.34 ab 52.8a T.34
0.94 abc 3.2ab 9.13 bc 19.75 ab 53.8a T.SM
0.85 abcd 3.02 bc 9.07 bc 17.9 abc 495 ab Co
0.80 bcd 2.75 bcd 81lc 16.09 abc 46 ab FB.27
0.85 abcd 2.3 cde 8.6¢c 15.4 bcd 46.5 ab FB.Ra
0.76¢cd 2.01de 75¢c 15.2 bed 48.5 ab FT.ZH
0.77 cd 19e 7.7c 13.1cd 39.3 bc FT.34
0.71d 18e 6.8c¢ 11.05d 40.6 bc FT.SM
0.68d 1.7e 6.5¢ 10.09d 35.6¢C F.Co
0.27 0.74 2.64 5.57 9.05 LSDO0.05

%3 AN (g5iue die Ligina (B3 b Lty 2258 Y Lagee dgliie Cipals desadll o)

cad FOL jhill dadl<a 2 Bacillus subtilis L<dls Trichoderma sp. jbdll ¢ cje seliS JLadl o
) ) gk
Ll ady A pamnad e dugyadll B, subtilis Li<dly Trichoderma sp. kil «¥je 58 mibull oyekl
goanall Clayll Oisll (8 dagiaa B2l o Llad) Gl (uSaily canall LAl pe L)l (goine Sy agsadll Jsdlls
g Joudl (mpe Anil€a 8 Lgndled 8 Lgi Lo el iy ¢ (sanall 20 LA po A3l Y 8aliys Lall (gl

(958 Culsaall) cdagyaall Chdgall ians v (s5ina
o \giady gl J gl L) das & B. subtilis Lyisdly Trichoderma sp. bl ¢a cie 86 1(8) Jsaa
L) ) gl cas de 3l o Lags 120

30.14 57.92Db 12.50 87.50 bc FT.SM
41.2 48.75¢ 6.25 93.75 ab FT.34
41.7 48.34 c 10.41 89.59 bc FT.ZH
48.74 4250c 10.41 89.59 bc FB.Ra
48.74 4250c 16.67 83.33 ¢ FB.27
6.96 7.86 LSD 0.05

%5 AN (ssie e Digina (395 lgin 228 Y Lages dgline Cijals desad) il
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il an ol duall o3 4 deadiwdll Trichoderma sp. Jhdlls B. subtilis LSl ci¥ie s of Gow leo oy
Uanigia ol Liaitia ayil OlS5 cpanall das A gsmill Jlegll Joalll (mpe Wiads b)) daus (madds 3 Uasale
(o) ) Apat 8 LA e bl 21 g sell clpige 50L) (8 Lsine OIS Lyl S0 csaeall salall 43l
Oe JS 8 gyl @hasall aues 8 Trichoderma bl ciie Jle cdgn B. subtilis LSl ei¥ie of sy
B.27 53siwdl) c¥Viall sty ¢ Bl 5ol Cun o loiy Lad el il L) il paa) g ¢ nal

g yaall sl b ggine e (S Adadl CYll e T.34 5

Shieh, et al., -Syrian Journal of Agriculture Research-SJAR 12(5): 271-283 October 2025




280 2025 _psiSl/ T oy pdii 283-271 2(5) 12 4o Ll Eiganll 4y gpead) Unall — (1943 pruad
Jhilly Bacillus LSl «ie js0 Jos allall (e Zdline 3hlie 4 dald) clabal) e a0 aa bl sda Goés
Aydi Ben Abdallah Ll s (Lles il e goniiy FOL el Jhill sai e 2all 3 Trichoderma
Lylie Jaall gyl it Joudll ba) 525 anias 4 B. subtilis (e ddae e 90 ) pig & (2019) ol
e %12.5 9%16.3 9%10.6 ) 5L ciliag Cun SLEN £y jedal) Gigs bl ol J3) LS ¢ (sanall 20 LAl pe

csanall 2alal) (5] Lgald sl e A3lae )

LA (e IS e dulae e ddlad ) 15l ol ol 8 (2019) Gs0aTs DoaN gl ae bl sda (i LS
delll 8 FOL ey bl dumyall ol (e o€ 220 s i 8 Bacillus Li<ily Collimonas arenae
die (pasal) dlial) Chaiy dliall el b oasld b an o) e Bl 8 S cutiad) e dagaial)
33)lae Lgine (FOL) 8yl Joudy Blea) 528 (maids & lidall Lagaladind agud m 8 dTajiie Legia S pladiud
Lganall aalall

Slaliingy)
%50 —46 Gawy a3 FOL il sai 5,554 B, subtilis LSl b caas .1
-%33-30 ey idall & FOL kil sai 8)aa4ll Trichoderma sp. <y <iladi .2
LLaY) Gas papids 8 Uaugie 5l Liaisie B. subtilis Lyidls Trichoderma sp Jhall e¥je it o< .3
Ll s L) gal Caad WS ¢ pand) ) By panal) ara casy sl ol giadig
Baly & Dhill e il ST LKl cal€y sayginadl cV3a pe dliie 5oUS Bynaa) Llaal) N @l 4

Sl gil)
ol il 458K Trichoderma sp. Lkl B. subtilis LSl (e sauas Llae cilfie 80US duyy 8 agil

&bl

Pyrenochaeta  ssvull jsds ol (aye & Laydlis (gocmal) dlawll digall 5ol ot L(2015) (ol cin )l
coa 127 cla dnals —iel) 3l AS —clal) 48, ad b o) )53 dag k0 - lycopersici

Dbl e cuead) sl e Slegl Jsdl) (ape dadle b dphill Cladl s 586 A3lke L(2019) Gae ¢l
abia 98 el AS (it dasla ol )5S0 dagyhal LFusarium oxysporum f.sp. lycopersici

Aypes 3 celean) 581 ¢ oy 3l DYl dely W 5l3s +(2022) Lysedl Liliasy) de sandl

Fusarium oxysporum f.sp. lycopersici (Sacc.) Snyder& ,hall 43a¥) 48l .(2007) daas ¢ yois 5
6. 23a)) Lehy3l) astell Aluds el Aaala Giga Alaa . Slegl 85300 Josd el sl Hansen

Fusarium oxysporum f. sp. bl ds8l<a 3 dagually LLasl ohaill Cilasa pans Ldeld L(2012) 2ena ¢ shaa
=57 4 2021l 34 Aadl) cdnglond) aglall dladis ¢y daals Ana LBygaull Jsid (ayal Casad) lycopersici
76

Sbieh, et al., -Syrian Journal of Agriculture Research-SJAR 12(5): 271-283 October 2025



281 2025 _usiS)/! g i 283-271 2(5) 12 Lo L3 Egasll 4y pead) Alnall — (9 3 9 g

Aydi Ben Abdallah, R; H, Jabnoun-Khiareddine; A, Nefzi; F, Ayed; M, Daami-Remadi (2019). Field
suppression of Fusarium wilt and microbial population Shifts in tomato rhizosphere
following soil treatment with two selected endophytic bacteria. Eurasian J Soil Sci, 8 (3):
208 — 220.

Bari, M; R, Hussein; F, Toama (2019). Biological control of Fusarium wilt of tomato by endophytic
rhizobactria. Energy procedia 157: 171-179.

Benhamou N., Chet,l. (1997) - Cellular and molecular mechanisms involved in the interaction
between Trichoderma harzianum and Pythium ultimum. Appl. Environ. Microbiol. 63. P:
2095-2099.

Bidellaoui,B & G. Segarra & A. Hakkou & M. Isabel Trillas (2019). Beneficial effects of
Rhizophagus irregularis and Trichoderma asperellum strain T34 on growth and fusarium
wilt in tomato plants. Journal of Plant Pathology 101:121-127

Charoenporn, C.; S. Kanokmedhakul; F. C. Lin; S. Poeaim and K. Soytong (2010). Evaluation of
bio-agent formulations to control Fusarium wilt of tomato. African Journal of Biotechnology
\ol. 9(36), pp. 5836-5844.

Debbi, A., H. Boureghda, E. Monte and R. Hermosa (2018). Distribution and genetic variability of
Fusarium oxysporum associated with tomato diseases in Algeria and a biocontrol strategy
with indigenous Trichoderma SPP. Front. Microbiol. 9:1-11.

Doan,H; N. Maharaj; K. Kelly; E. Miyao; R. Davis and J. Leveau (2019). Antimycotal activity of
Collimonas isolates and synergy-based biological control of Fusarium wilt of Tomato.
Phytobiomes Journal. DOI: 10.1094/PBIOMES-05-19-0027-R.

El-Sharkawy, H; M, Abbas; A, Soliman; S, Ibrahim; I, EI-Nady (2021). Synergistic effect of
growth-promoting microorganisms on bio-control of Fusarium oxysporum f. sp. pisi,
growth, vyield, physiological and anatomical characteristics of pea plants. Pesticide
Biochemistry and Physiology. https://doi.org/10.1016/j.pestbp.2021.104939.

Fanasca S.; G. Colla; G. Maiani; E. Venneria; Y. Rouphael; E. Azzini and F. Saccardo (2006).
Changes in antioxidant content of tomato fruits in response to cultivar and nutrient solution
composition. Journal of Agricultural and Food Chemistry, 54. 4319-4325.

Fokkema N. J. (1976). Antagonism between fungal saprophytes and pathogens on aerial plant
surfaces. In: Microbiology of aerial plant surfaces. Eds: C.H. DKKINSON and T.F.
PREECE. pp. 487-506. Academic Press. London.23.

Heuvelink, E. (2005). Tomatoes. Crop production science in Horticulture 13. Wageningen
University, Wageningen.

Huertas-Gonzalez, M. D; M. C. Ruiz-Roldan; A. Di Pietro and M. I. G. Roncero (1999). Cross
protection provides evidence for race-specific avirulence factors in Fusarium oxysporum.
Physiological and Molecular Plant Pathology. 54, 63—72.

Jones, J. B.; J. P. Jones; R. E. Stall and T. A. Zitter (1991). Compendium of tomato disease, 1st

edition. The American Phytopathological Society, New York, p. 100.

Machang’u, R; A. Maerere; B. Mwinuka; J. Nashon and G. Makingi (2021). Antifungal effect of a
local Bacillus subtilis, isolate TMOQ7, on Fusarium oxysporum f.sp. lycopersici in Morogoro,
Tanzania. Tanzania Journal of Agricultural Sciences Vol. 20 No. 1, 118-125

McGrath, D. J.; D. Gillespie and L. Vawdrey. (1987). Inheritance of resistance to Fusarium
oxysporum f. sp. lycopersici race 2 and race 3 in L. pennellii. Aust. J. Agric. Res. 38: 729-
733.

Sbieh, et al., -Syrian Journal of Agriculture Research-SJAR 12(5): 271-283 October 2025



282 2025 _usiS)/! g i 283-271 2(5) 12 Lo L3 Egasll 4y pead) Alnall — (9 3 9 g

McKinney, H.H (1923). Influence of soil temperature and moisture on infection of wheat seedlings
by Helminthosporium sativum. J. Agrie. Res. 26:195-217.

Meraj-ul-Haque and Nandkar P.B (2012). Antagonistic effect of rhizospheric Trichoderma isolates
against tomato damping-off pathogen, Fusarium oxysporum f.sp. lycopersici. International
Journal of Research in BioSciences Vol. 1 Issue 2, pp. (27-31).

Mohammed, B (1990). Fusarium wilt or “Yellows” of tomato. University of Illinois at Urbania,
RPD No0.929.

Murthy, D. S.; M. Sudha; M. R. Hegde and V. Dakshinamoorthy (2009). Technical efficiency and
its determinants in tomato production in Karnataka, India: data envelopment analysis (DEA)

Approach. Agricultural Economics Research Review. 22: 215-224.

Raza, w; N, Ling; R, Zhang; Q, Huang; Y, Xu and Q, Shen (2016). Success evaluation of the
biological control of Fusarium wilts of cucumber, banana, and tomato since 2000 and future
research strategies, Critical Reviews in Biotechnology, DOl:
10.3109/07388551.2015.1130683.

Shishido, M.; C. Miwa; T. Usami; Y. Amemiya and K. B. Johnson (2005). Biological control

efficiency of Fusarium wilt of tomato by nonpathogenic Fusarium oxysporum Fo-B2 in
different environments. Phytopathology 95:1072-1080.

Sundaramoorthy, S and P, Balabaskar (2013). Biocontrol efficacy of Trichoderma spp. against wilt
of tomato caused by Fusarium oxysporum f. sp. lycopersici. Journal of Applied Biology &
Biotechnology Vol. 1 (03), 36-40.

Sbieh, et al., -Syrian Journal of Agriculture Research-SJAR 12(5): 271-283 October 2025



283

Sbieh, et al., -Syrian Journal of Agriculture Research-SJAR 12(5): 271-283 October 2025

2025 _w o3/ o i 283-271 2(5) 12 L)l Eiganlt 4y gedd) Unall — (g 3] 9 e

The effect of the fungus Trichoderma sp. and the bacteria
Bacillus subtilis on controlling tomato vascular wilt disease
(Fusarium oxysporum f. sp. lycopersici )

Ali Sbieh*!, Mohamed Matar?, Qusay Alrhayeh! and Wafaa
Choumane?

(1) Agricultural scientific research centre in Lattakia. Syria.

(2) Department of plant protection, Faculty of Agricultural engineering, Tishreen
University, Lattakia. Syria.

(3) Biotechnology Centre, Tishreen University, Lattakia. Syria.

(*Corresponding author: Ali Sbieh, E-Mail: ali_sbeeh@hotmail.com)

Received: 19/3/2024 Accepted: 23/6/2024

Abstract

This study aimed to assess the efficiency of local isolates of the fungus
Trichoderma sp. and the bacteria Bacillus subtilis in the biological control
of Fusarium wilt disease of tomato, caused by Fusarium oxysporum f. sp.

lycopersici (FOL), in vitro and in the greenhouse. This research conducted

in the Agriculture Research Centre in Lattakia during the years 2021 and
2022. The results showed the ability of the used isolates to inhibit the
growth of Fusarium in in vitro, by 50% (by Bacillus subtilis) and 33% (by
Trichoderma sp) on PDA medium. The results of planting in pots in
greenhouse showed the ability of the fungus Trichoderma sp. and the
bacteria Bacillus subtilis isolates to reduce the wilt severity percentage and
to promote the growth of tomato plants compared to healthy and infected

controls. The greenhouse trial confirmed the efficiency of tested isolates in

decreasing the disease symptoms and increasing plant growth and

production by 209.5%, by Bacillus subtilis isolate B.FZB27, compared to

infected control.

Key words: Tomato, Biological control, Bacillus, Trichoderma sp,
Fusarium oxysporum f. sp. lycopersici,
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