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O ABSTRACT 0O

This research, conducted in 2024, aimed to investigate the efficacy of the local
isolate N19 of Beauveria bassiana (Bals.) Vuil., to colonize tomato plants, promote their
growth, and protect them from infection with the root- knot nematode Meloidogyne spp.
Goldi under laboratory conditions. The ability of the fungal isolate to colonize tomato
leaves, stems and roots was evaluated two months after the experiment. Plant height and
fresh weight of shoots and roots were measured. Galls and egg masses formed by
nematodes on the roots were also counted. The results showed that the isolate N19 was
able to colonize tomato stems, leaves, and roots in the laboratory by a percentage up to
50%. However, inoculation of tomato plants with B. bassiana did not enhance the plant
growth, nor reduce the number of root-knot nematode galls, egg masses, and galling index
compared to the control infected with nematodes only.
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colad il Gl al B daan A s 8 oLl e Al bl Galad) (0l
3ysandl il Ala) (ge sl 8 (N19) B. bassiana hill (e dexiivsal) dljall 50U anii Cum (40
Calae 8 LAl ae dysine ye Gl Cul€ 3 (Jlaall 12a 8 daaiie ) (S5l ¢ )dall i Jagilasy
LIS 3aliadl) 4y clliiaall e aell 7 e B. bassiana hill 58 atys oVl aiea Akl
el g Al jsdall S agles Aadle 8 ladl) aladiu) (gsaay Al il of V) AaEN Al
lagiland (and) JIS daey Sl Jalaa 8 daals dysina 321y ) B. bassiana shadll (e deadiuall <l
G Lasy 60 vy [62] Auby b mnly e s Bypall s e M. incognitagsil e sl dhe
S %70 Ad L) liay cawy ddbadl @l ehal Glaiu) e deatiud) <NVl oSG aey hilly ki)

e

& saad) 2 lagiless 3ysnl) s Dbl (e 381l 8 B bassiana il 3o WS cid) Ly L glaY) G
5930l il Al O Cupelaly cend) Cunll Cagyls die s A [53] duslyy Jie A Y) luhyall (e )
e sl S lagiland paull S sacs Heal) e A sia) sae mia ) 63 B. bassiana il
shill Adle seli€ Cyelaly ¢ endll cadl Cagyl die L il ) [54] 4wl ¢M. hapla gl
[55] w25 <M. javanica s M. incognita cpesid) (e 3ysaud) Hsaa daxd Jalae (id & B. bassiana
gsll oo Aailll Ml s (mis ) o) Bl bassiana kil syl @by dlees G ocodl )
g5l Llead) 5ypaidl Hoda it Jalae amis e laill 3538 L casl ) [35] 4l ¢M. incognita
A Gl B 2y dall 2 (=it 8 Al il B, bassiana Jkill ekl @l .M. incognita
.[20] 4y 2 M. incognita gyl dbadll 550l clils 50 e

asilagiy Bysanll il Aba) e 3al) e B. bassiana kil 5)s & ddlad) Al =508 e i
CalS il o3a G i Y Aiall luball e a3all Zalay Jin Y Meloidogyne (uial) e saal) S
Aglall agilel) AadlSe 8 3elS ST 088 8 ladl) e @A) clie ge Gad) G B Yy Aadde e
LS Lgall il il eje Leaidh ) 4l il puis 5y pially i ¥ dyphadll cNjad) 3y Lasead
lall Jilall apy G2 el ol Tyl gl il e odall dhat agilan ol Vel oda aladid) oS4}
Nagilally il cpy Jelidl) Ji f oy 8

tGlua gilly calaliiiuy)
@l ehal glhiu) Jle B. bassiana Lhill (o N19 ajll )08 (i caad) 138 il DA (e

Alaleall e cped 2y ldg alall iy (gilead) JEY) e PRI GAgydall okl &b dabiaall 3)5aul)
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Gaanl 3 395 ekl ol LS el pai cidine (b Augine 53l A ) 358 o) Al 03a O s LS L kadlly
ipalls (34,8 culS Laily Meloidogyne spp. Lsaall sias lagila Blay) (e 5ysaul) Gl dles & dysina
Madsas Jls 8 Lo
Dbl 5yl AplSe) Adped Jiall Gudadl) ) dpail oda Jiy aag duball sl mln e Gl
s gaall duahyal) il Jalus LS sl Jiadl i el cull Cagyla b ey el By00nll il Ak (g padl)
ostall e 1agiles e dflal Aadlle Al € Aaladin) BlSe) Cun e ST Rere lul ) dalal) e
Laniall el el LYl agh Aglae DA e clldy dlagee clall Limpadll haglally Lagas
ol Gias 38 B. bassiana kil e (gyal dlae e 5eUS il o LS bl o2 8 lgle Jeaniod)

References:

[1]. Agricultural Statistics Group, Syrian Arab Republic, Ministry of Agriculture and
Agrarian Reform, Directorate of Planning and International Cooperation, Statistics
Department, 244 p, (2019).

[2]. FAO. Faostat Crop, In FAO Statistics Division; Food Agricultural Organization of
the United Nations: Rome, Italy, (2017).

[3]. R.S. Hussey, and G.J.W. Janssen, Root-Knot nematodes. Meloidogyne species. In
"Plant resistance to parasitic nematodes” (starr, J.L.; R. Cook; J. Bridge, eds) C.A.B.
International, Wallingford, Oxon, UK. 43-70, (2002).

[4]. S. Abbas, S. Dawar; M. Tarig; and M.J. Zaki, Nematocidal activity of spices
against Meloidogyne javanica. Pakistan. J. Bot., 41(5): 2625-2632, (2009).

[5]. A. Seid, C. Fininsa; T. Mekete; W. Decraemer; and W.M. Wesemael, Tomato
(Solanum lycopersicum) and root-knot nematodes (Meloidogyne spp.)-a century-old
battle. Nematology. 17(9): 995-1009, (2015).

[6]. S. Rawal, A review on root-knot nematode infestation and its management
practices through different approaches in tomato. Trop. Agroecosystem, 1, 92-96, (2020).
[7]. N. Shilpa, P. Sharma; V. Thakur; A. Sharma; R.S. Rana; and P. Kumar, A status-
quo review on management of root knot nematode in tomato. The Journal of Horticultural
Science and Biotechnology. 97(4): 403-416, (2022).

[8]. C. Escobar, M. Barcala; J. Cabrera; and C. Fenoll, Overview root-knot nematodes
and giant cells. In Advances in botanical research. 73, 1-32. Academic Press. (2015).

[9]. G.C. Bernard, M. Egnin; and C. Bonsi, “The impact of plant-parasitic nematodes
on agriculture and methods of control”, In Shah, M.M.; and M. Mahamood, (Ed.),
Nematology Concepts, Diagnosis, and Control London: Intech Open, pp. 121-51, (2017).
https://doi.org/10.5772/intechopen.68958.

[10]. M.Z. Kayani, T. Mukhtar; M.A. Hussain; M.l. Haque, Infestation assessment of
Root-knot nematodes (Meloidogyne spp.) associated with cucumber in the Pothowar
region of Pakistan. Crop Protection. 47, 49-54, (2013).

[11]. J.T. Jones, A. Haegeman; E.G. Danchin; H.S. Gaur; J. Helder; M.G. Jones; and
R.N. Perry, Top 10 plant-parasitic nematodes in molecular plant pathology. Molecular
plant pathology. 14(9): 946-961, (2013). https://doi.org/10.1111/mpp.12057.

[12]. B. Navyashree, C. Dharmashekar; C. Shivamallu; S. Balasubramanian; S.K. Prasad; K.S.
Prasad; and K.C. Lath, Plant induced resistance in Solanacearum lycopersicum species against
root knot nematodes. Journal of Applied Biology & Biotechnology. 9(1): 88-95, (2021).

journal.latakia-univ.edu.sy Print ISSN: 2079-3065 , Online ISSN:2663-4260
82


https://doi.org/10.5772/intechopen.68958
https://doi.org/10.1111/mpp.12057

Sle ey Jie 3 silasiy dibia) (il s 5ysaul) il olaiinl 8 Beauveria bassiana bl e N19 aljall 50 S anis

[13]. I. Cannayane, and C.V. Sivakumar, Nematode egg-parasitic fungus I: Paecilomyces
lilacinus—A review. Agricultural Reviews. 22(2): 79-86, (2001).

[14]. M. Arif, and G. Parveen, Nematode biocontrol, a review of Paecilomyces lilacinus.
Advances in Nematology, Scientific Publishers, Jodhpur, India, pp.191-204, (2003).

[15]. A. Moreno-Gavira, V. Huertas; F. Dianez; B. Sanchez-Montesinos; and M. Santos,
Paecilomyces and its importance in the biological control of agricultural pests and
diseases. Plants. 9(12): 1746, (2020).

[16]. P.U.S. Peiris, Y. Li; P. Brown; and C. Xu, Fungal biocontrol against Meloidogyne
spp. in agricultural crops: A systematic review and meta-analysis. Biological Control,
144, p.104235, (2020).

[17]. S. Subedi, B.Thapa, and J., Shrestha, Root-knot nematode (Meloidogyne incognita)
and its management: a review. Journal of Agriculture and Natural Resources. 3(2): 21-31, (2020).
[18]. D. Zhao, B. Liu; Y. Wang; X. Zhu; Y. Duan; and L. Chen. Screening for
nematicidal activities of Beauveria bassiana and associated fungus using culture filtrate.
African Journal of Microbiology Research. 7, 974-978, (2013).

[19]. P. Zheng, Y. Xia; S. Zhang; and C. Wang, Genetics of Cordyceps and related fungi.
Applied microbiology and biotechnology. 97, 2797-2804, (2013).
https://doi.org/10.1007/s00253-013-4771-7.

[20]. F.G. Goze Ozdemir, A. Uzun Yigit; and O. Demirdzer, Evaluation of the
entomopathogenic fungi Beauveria bassiana culture filtrate for Meloidogyne incognita on
tomato. Journal of Plant Diseases and Protection. 130(2): 271-278, (2023).
https://doi.org/10.1007/s41348-022-00698-1.

[21]. G.D. Inglis, M.S. Goettel; T.M. Butt; H. Strasser, Use of hyphomycetous fungi for
managing insect pests., in: Fungi as Biocontrol Agents: Progress, Problems and Potential.
CABI publishing Wallingford UK, pp. 23-69, (2001).

[22]. F.E. Vega, and M. Blackwell, Insect-fungal associations: ecology and evolution.
Oxford University Press. (2005).

[23]. D.W., Roberts, World picture of biological control of insects by fungi. Memorias
do Instituto Oswaldo Cruz. 84, 89-100, (1989).

[24]. L.A. Mwamburi, Beauveria. Beneficial Microbes in Agro-Ecology, 1st Edition,
Elsevier, 727-748, (2020). https://doi.org/10.1016/B978-0-12-823414-3.00037-X.

[25]. A. Haj-Hasan, Survey of entomopathogenic fungi in the coastal region and
evaluation their efficacy on aphids and whiteflies. Master thesis, Department of Plant
Protection, Faculty of Agricultural Engineering, Tishreen University, Latakia, Syria, 115
pp, (2011). [In Arabic].

[26]. F., Khatib, A. Karkoukly, A.N. Trissi and M. El-Bouhssini, Genetic diversity of
some isolates of entomopathogenic fungi collected from different regions. Arab Journal
of Plant Protection, 34(1): 52-61, (2016). [In Arabic].

[27]. L.H. Rajab, Effect of some local isolates of the fungus Beauveria bassiana on
different stages of the cotton leaf worm Spodoptera littoralis. Master thesis, Department
of Plant Protection, Faculty of Agricultural Engineering, Tishreen University, Latakia,
Syria, 91 pp, (2017). [In Arabic].

[28]. B. Alshadidi, J. Faddoul, and A. Basheer, Ecological Parameters of Numerical
Diversity of Entomopathogenic Fungi in Soils of Beit Saber and Henna, Rif Damascus
Governorate, Syria. Arab Journal of Plant Protection, 42(2): 234240, (2024).
https://doi.org/10.22268/AJPP-001227 [In Arabic].

journal.tishreen.edu.sy Print ISSN: 2079-3065 , Online ISSN:2663-4260
83


https://doi.org/10.1007/s00253-013-4771-7
https://doi.org/10.1007/s41348-022-00698-1
https://doi.org/10.1016/B978-0-12-823414-3.00037-X
https://doi.org/10.22268/AJPP-001227

Latakia University Journal. Bio. Sciences Series @ 2026 (1) 2l (48) alaall L slgull aslal) LAEADU) daals dlas

[29]. L.H. Rajab, Endophytic establishment of Beauveria bassiana (Bals.) Vuil. in
cucumber plants and its effects against some cucumber insect pests. PhD thesis,
Department of Plant Protection, Faculty of Agricultural Engineering, Tishreen University,
Latakia, Syria, 187 pp, (2024). [In Arabic].

[30]. N.H. Alsaoud, Efficacy of native isolates of entomopathogens against potato tuber
moth. PhD thesis, Department of Plant Protection, Faculty of Agricultural Engineering,
Albaath University, Homs, Syria, 153 pp, (2018). [In Arabic].

[31]. J.T. Walker, and J.D. Wilson, The separation of nematodes from soil by a modied
Baermann funnel technique. Plant Disease Reporter. 44:94-97, (1960).

[32]. L. Rajab, W. Habib; E. Gerges; I. Gazal; and M. Ahmad, Natural occurrence of
fungal endophytes in cultivated cucumber plants in Syria, with emphasis on the
entomopathogen Beauveria bassiana. Journal of Invertebrate Pathology. 196, (2023).
107868. https://doi.org/10.1016/j.Jip.2022.107868.

[33]. G.D. Inglis, J. Enkerli, and M.S. Goettel, Laboratory techniques used for
entomopathogenic fungi: Hypocreales. Manual of techniques in invertebrate pathology, 2,
18-53, (2012).

[34]. T.K. Donga, Vega, F.E.; Klingen, I. Establishment of the fungal entomopathogen
Beauveria bassiana as an endophyte in sugarcane, Saccharum officinarum. Fungal
Ecology. 35, 70-77, (2018).

[35]. S. Karaborklii, V. Aydinli; and O. Dura, The potential of Beauveria bassiana and
Metarhizium anisopliae in controlling the root-knot nematode Meloidogyne incognita in
tomato and cucumber. Journal of Asia-Pacific Entomology. 25(1): 101846, (2022).
https://doi.org/10.1016/j.aspen.2021.101846.

[36]. L.E. Garcia, & M.V. Sanchez-Puerta, Characterization of a root-knot nematode
population of Meloidogyne arenaria from Tupungato (Mendoza, Argentina). Journal of
nematology, 44(3), 291, (2012).

[37]. L. Huang, N.G. Gebreselassie, L.F. Gagliardo, M.C. Ruyechan, N.A. Lee, J.J. Lee,
J.A. Appleton, Eosinophil-derived IL-10 supports chronic nematode infection. Journal of
Immunol. 193(8): 4178-4187, (2014).

[38]. A.L. Taylor, and J.N. Sasser, Biology, identification and control of root knot
nematodes (Meloidogyne species). Raleigh, North Carolina State Graphics, 11 p., (1978).
[39]. O. Petrini, and P.J. Fisher, Fungal endophytes in Salicornia perennis. Transactions
of the British Mycological Society. 87, 647-651, (1986).

[40]. W.A. Powell, W.E. Klingeman; B.H. Ownley; K.D. Gwinn, Evidence of
endophytic Beauveria bassiana in seed-treated tomato plants acting as a systemic
entomopathogen to larval Helicoverpa zea (Lepidoptera: Noctuidae). Journal of
Entomological Science. 44, 391-396, (2009).

[41]. L. Barra-Bucarei, M.G. Gonzélez; A.F. Iglesias; G.S. Aguayo; M.G. Pefialosa; P.V.
Vera, Beauveria bassiana multifunction as an endophyte: Growth promotion and biologic
control of Trialeurodes vaporariorum,(Westwood) (Hemiptera: Aleyrodidae) in tomato.
Insects 11, 591, (2020).

[42]. Y. Zheng, Y. Liu; J. Zhang; X. Liu; Z. Ju; H. Shi; A. Mendoza-Mendoza; and W.
Zhou, Dual role of endophytic entomopathogenic fungi: induce plant growth and control
tomato leafminer Phthorimaea absoluta. Pest Management Science. 79(11): 4557-4568,
(2023). https://doi.org/10.1002/ps.7657.

[43]. C.A. Omukoko, and L. Turoop, Colonization of tomato varieties by Beauveria
bassiana isolates in the screen house. International Journal of Science and Research. 6,
1024-1028, (2017).

journal.latakia-univ.edu.sy Print ISSN: 2079-3065 , Online ISSN:2663-4260
84


https://doi.org/10.1016/j.jip.2022.107868
https://doi.org/10.1016/j.aspen.2021.101846
https://doi.org/10.1002/ps.7657

Sle ey Jie 3 silasiy dibia) (il s 5ysaul) il olaiinl 8 Beauveria bassiana bl e N19 aljall 50 S anis

[44]. P. Gurulingappa, G.A. Sword; G. Murdoch; and P.A. McGee, Colonization of crop
plants by fungal entomopathogens and their effects on two insect pests when in planta.
Biological control. 55(1): 34-41, (2010).
https://doi.org/10.1016/j.biocontrol.2010.06.011.

[45]. G. Resquin-Romero, I., Garrido-Jurado; C. Delso; A. Rios-Moreno; E. Quesada-
Moraga, Transient endophytic colonizations of plants improve the outcome of foliar
applications of mycoinsecticides against chewing insects. Journal of invertebrate
pathology. 136, 23-31, (2016).

[46]. S. Tall, and N.V. Meyling, Probiotics for Plants? Growth promotion by the
entomopathogenic fungus Beauveria bassiana depends on nutrient availability. Microbial
Ecology. 76, 1002-1008, (2018). https://doi.org/10.1007/s00248-018-1180-6.

[47]. B.S. Bamisile, C.K. Dash; K.S. Akutse; R. Keppanan; O.G. Afolabi; M. Hussain;
M. Qasim; L. Wang, Prospects of endophytic fungal entomopathogens as biocontrol and
plant growth promoting agents: An insight on how artificial inoculation methods affect
endophytic colonization of host plants. Microbiological Research. 217, 34-50, (2018).
https://doi.org/10.1016/j.micres.2018.08.016.

[48]. B.S. Bamisile, J.A. Siddiqui; K.S. Akutse; L.C. Ramos Aguila; Y. Xu, General
limitations to endophytic entomopathogenic fungi use as plant growth promoters, pests
and pathogens biocontrol agents. Plants. 10, 2119, (2021).
https://doi.org/10.3390/plants101021109.

[49]. S. Mantzoukas, I. Lagogiannis; D. Mpousia; A. Ntoukas; K. Karmakolia; P.A.
Eliopoulos; and K. Poulas, Beauveria bassiana endophytic strain as plant growth
promoter: The case of the grape vine Vitis vinifera. Journal of Fungi. 7, 142, (2021).
https://doi.org/10.3390/j0f7020142 .

[50]. A.C.L. Silva, G.A. Silva; P.H.N. Abib; A.T. Carolino; and R.l. Samuels,
Endophytic colonization of tomato plants by the entomopathogenic fungus Beauveria
bassiana for controlling the South American tomato pinworm, Tuta absoluta. CABI
Agriculture and Bioscience. 1, 1-9, (2020). https://doi.org/10.1186/s43170-020-00002-x.

[51]. M. Sinno, M. Ranesi; I. Di Lelio; G. lacomino; A. Becchimanzi; E. Barra; D.
Molisso; F. Pennacchio; M.C. Digilio; S. Vitale; and D. Turra, Selection of endophytic
Beauveria bassiana as a dual biocontrol agent of tomato pathogens and pests. Pathogens.
10(10): 1242, (2021). https://doi.org/10.3390/pathogens10101242.

[52]. S. Yerukala, E.C. Bernard; K.D. Gwinn; D.M. Butler; P.S. Grewal; and B.H.
Ownley, Endophytic increases galling of ‘Rutgers’ tomato roots with. Journal of
Nematology. 53(1): 1-16, (2021). https://doi.org/10.21307/jofnem-2021-072.

[53]. T. Liu, L. Wang; Y.X. Duan; and X. Wang, Nematicidal activity of culture filtrate
of Beauveria bassiana against Meloidogyne hapla. World Journal of Microbiology and
Biotechnology. 24, 113-118, (2008). https://doi.org/10.1007/s11274-007-9446-z.

[54]. I. Kepenekci, H.D. Saglam; E. Oksal; D. Yanar; and Y. Yanar, Nematicidal activity
of Beauveria bassiana (Bals.-Criv.) Vuill. against root-knot nematodes on tomato grown
under natural conditions. https://hdl.handle.net/20.500.12513/4009 (2017).

[55]. H. Pant, and J. Verma, Bio-Management of root-knot nematode (Meloidogyne
incognita) in tomato (Lycopersicon esculeutum L.). ESSENCE International Journal for
Environmental Rehabilitation and Conservation. IX (2), pp.60-63, (2018).
https://doi.org/10.31786/09756272.18.9.2.209.

journal.tishreen.edu.sy Print ISSN: 2079-3065 , Online ISSN:2663-4260
85


https://doi.org/10.1016/j.biocontrol.2010.06.011
https://doi.org/10.1007/s00248-018-1180-6
https://doi.org/10.1016/j.micres.2018.08.016
https://doi.org/10.3390/plants10102119
https://doi.org/10.3390/jof7020142
https://doi.org/10.1186/s43170-020-00002-x
https://doi.org/10.3390/pathogens10101242
https://doi.org/10.21307/jofnem-2021-072
https://doi.org/10.1007/s11274-007-9446-z
https://hdl.handle.net/20.500.12513/4009
https://doi.org/10.31786/09756272.18.9.2.209




