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Table 1. Evaluation of the effectiveness of pepper seed treatment with different isolates of Bacillus subtillis and infection with
Tomato spotted wilt virus (TSWV) on some growth parameters and virus replication inhibition.

Johll Ao 13y L) (alaia) asb
s93d) (e ali) 6 2 a5l 405 (2 sl

ELISA O.D. values at 405 nm (&) S ¢os Gl 2 () il gL ) #4lalaal)
after 6 days of infection Dry weight (g) Number of leaves Plant height (cm) Treatment*

0.100 441 a 11.0a 45 a (B-T) B. subtillis
0.098 3.39b 9.0a 43 a (B-G) B. subtilli
0.106 298¢ 10.0a 35b (B-W) B. subtillis
0.182 2.10¢c 8.0 ab 33b TSWV + (B-T) B. subtillis
0.231 1.75d 9.0a 30b TSWV + (B-G) B. subtillis
0.259 1.70 d 8.0 ab 30b TSWV + (B-W) B.subtillis
0.976 0.67¢ 6.3 bc 21¢ Control + TSWV
0.069 2.14d 7.6 bc 29 be Control without TSWV
0.013 1.040 3.201 5.661 LSDo.os

C.AS” u.A"J}):.A ‘:B-W 6@5‘3;.“ 4_:)3 uA‘d})&A B-G ‘EJ}.\.\.\“/?LLAH‘ L)A‘\J}):.A B—T
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Y65 Jlaial (5 gimsa e (5 5ina 38 Lt dn g Y 3 galall (ads (8 Y (i Lgaily ) il
B-T: Isolated from tomato, B-G: isolated from garden soil, B-W: isolated from wheat.

Each value in the table represents an average of three replicates.

Values followed by the same letters in the same column are not significantly different at P=0.05.
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Abstract

Ali, H.H., A.H. Mohamed and R.N. Mhed. 2023. Efficiency of Different Local Isolates of Bacillus subtilis in Inducing
Resistance Against Tomato spotted wilt virus in Pepper Plants. Arab Journal of Plant Protection, 41(1): 71-76.
https://doi.org/10.22268/AJPP-41.1.071076

The study aimed to try to control Tomato spotted wilt virus (TSWV, genus Orthotospovirus) and reduce pepper yield loss by the
application of three local isolates of Bacillus subtillis (B-T isolated from tomato fields, B-G obtained from garden soil, and B-W isolated from
wheat fields). The virus was diagnosed based on symptoms produced on pepper plants and DAS-ELISA test. Pepper seeds were treated with
a suspension of B. subtillis isolates separately containing 108 CFU/ml after 24 hours. Seeds were dried on filter paper and planted in sterilized
soil in 30 cm diameter plastic pots, and placed in cages covered with cheese cloth under greenhouse conditions. The results showed that
treatment of pepper seeds with B. subtillis isolates led to an improvement of growth parameters inducing plant growth (plant height, number
of leaves, shoot dry weight, disappearance of virus symptoms, and virus inhibition in treated seed plants as compared to the untreated plants.
Keywords: Tomato spotted wilt virus, Bacillus spp., pepper, control.
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University of Mosul, Irag. *Email of corresponding author: dr.hameed@uomosul.edu.iq

References

region. Publication of the Arab Society for Plant
Protection. Dar Al-Nahda, Beirut, Lebanon. 631 pp.
(In: Arabic)].

Anfoka, G.H. 2000. Benzo-(1,2,3)-thiadiazole-7-
carbothioic acid S-methyl ester induces systemic
resistance in tomato (Lycopersicon esculentum. Mill
cv. Vollendung) to Cucumber mosaic virus. Crop
protection, 19(6): 401-405.
https://doi.org/10.1016/S0261-2194(00)00031-4

Bakker, P.A.H.M., L. X. Ran, C.M.J. Pieterse and L.C.
Van Loon. 2003. Understanding the involvement of
rhizobacteria-mediated  induction  of  systemic
resistance in biocontrol of plant diseases. Canadian
Journal of Plant Pathology 25(1): 5-9.
https://doi.org/10.1080/07060660309507043

Cherif, C., D. Spire and M.A. Hasni. 1983. Identification
du virus de rabougrissement buissonneux de la tomate
(Tomato bushy stunt virus) en Tunisie sur tomate,
piment et aubergine: quelques caractéristiques de la
souche tunisienne. Agronomie, 3(7): 701-706.

Clark, F.E. 1965. Agar-plate method for total microbial
count. Methods of Soil Analysis: Part 2 Chemical and
Microbiological Properties, 9(2):1460-1466.
https://doi.org/10.2134/agronmonogr9.2.c48

Halabi, M.H., E. Akel and 1. Ismail .2014. Survey of
Tomato spotted wilt Tospovirus on solanaceous crops
and associated weeds in Lattakia Province. Tishreen
University Journal for Research and Scientific Studies
- Biological Sciences Series, 36(4): 196-205

Han, M., X. Gao, J.Z. Su and S. Nie. 2001. Quantum-dot-
tagged microbeads for multiplexed optical coding of
biomolecules. Nature biotechnology, 19(7): 631-635.
https://doi.org/10.1038/90228

Hull, R. 2022. Matthews' Plant virology, 4" edition.
Academic press. 1056 pp.

Idris, E.E., H. Bochow, H. Ross and R. Borriss. 2004. Use
of Bacillus subtilis as biocontrol agent. VI.
Phytohormonelike action of culture filtrates prepared
from plant growth-promoting Bacillus
amyloliquefaciens FzZB24, FzB42, FZB45 and
Bacillus subtilis FZB37. Journal of Plant Diseases and
Protection, 111(6): 583-597.

75 Arab J. Pl. Prot. Vol. 41, No. 1 (2023)

e2bl

osiall ue dala 5)&93%\39&9&&44‘&& -y cg.'al.d\
lul ) ga s s o gm s I bl o Jalall 56 2011
o 3V iy Ll Gl s 3l Lyl
-259 :(1)27 el 3l astell Gdey daala Aaa ol sl
270
[Al-Ani, R.A., M.A. Azab and B.H. Abd EI-Ghafour. 2011.
Effect of interaction between rhizobium inoculation
and infection with severe cowpea mosaic virus on
nodulation and nitrogen fixation in cowpeas.
University of Damascus Journal for Agricultural
Sciences, 27(1):259-270. (In: Arabic)].
A dagladl Gliaiul 2018 sl g3a i e Baa (o
Aaapadlld sl N5 ¢ sldl alalalall (g juall o 55 (a5
137-129 :(4)27 ¢ M ke
[Ali, HH. and N.S. Ahmed. 2018. Induced systemic
resistance in tomato plant against tomato bushy stunt
virus by bion and riboflavin. Rafidain Journal Science,
27(4):129-137. (In: Arabic)].
Ll 5 Lpad Aul )0 2006 Mol Gl gl se daa cagdl)
Barley sl Dl jiualy a8 (s s il dasliall 5 dpalaiy)
dasla el ) 3 A4S ool 53824 5kl | yellow dwarf virus
Asda 136 0l
[Al-Fahd, M.A.W. 2006. Diagnostic study, economic
importance and resistance to Barley yellow dwarf
virus. Ph.D. thesis, College of Agriculture, University
of Baghdad. 136 pp. (In: Arabic)].
2006 . dlall ae GUse danay o gan dran 38 i cauld
e Aball clabiaal) § Asball cilbaaliiuall (s il du) j
.Cucumber mosaic cucumovirus bl el ) ga (g b
139-134 :(4)34 ¢l )l de) )5 dlaa
[Kassim, N.A., H.H. Ali and M.AA. Eisa. 2006. Effect of
some plant extract and antibiotic on cucumber mosaic
Cucumovirus. Mesopotamia Journal of Agriculture,
34(4):134-139. (In: Arabic)].
S8 s sliag Alad Al iy () e A e
& gl Lol 5l Jaalaall i) (=l Y1 2008
Ol atall G Ay el dmaall Jlaal Ay jell ddkaiall
Andia 631 .l g el dagdll
[Makkouk, K.M., G.A. Figla and S.G. Kumari. 2008. Viral
diseases of important agricultural crops in the Arab


https://doi.org/10.22268/AJPP-41.1.071076
https://doi.org/10.1016/S0261-2194(00)00031-4
https://doi.org/10.1080/07060660309507043
https://doi.org/10.2134/agronmonogr9.2.c48
https://doi.org/10.1038/90228

Lucas Garcia, J.A., A. Probanza, B. Ramos, J. J. Col6on
Flores and F. J. Gutiérrez Mariero. 2004. Effects of
plant growth promoting rhizobacteria (PGPRs) on the
biological nitrogen fixation, nodulation, and growth of
Lupinus albus L. cv. Multolupa. Engineering in Life
Sciences, 4(1): 71-77.
https://doi.org/10.1002/elsc.200400013

Momol, M.T., S.M. Olson, J.E. Funderburk, J. Stavisky
and J.J. Marois. 2004. Integrated management of
tomato spotted wilt on field-grown tomatoes. Plant
Disease, 88(8): 882-890.
https://doi.org/10.1094/PDIS.2004.88.8.882

Murphy, J.F., M.S. Reddy, C.M. Ryu, J.W. Kloepper and
R. Li. 2003. Rhizobacteria-mediated growth
promotion of tomato leads to protection against
Cucumber mosaic virus. Phytopathology, 93(10):
1301-1307.
https://doi.org/10.1094/phyt0.2003.93.10.1301

Saeed, G.M. and H.H. Ali. 2020. Determination of the field
spread of Tomato spotted wilt virus Orthotospovirus
on the Solanaceae crops and the associated weeds in
Nineveh province. Plant Archives, 20 (2): 6362-6366.

Scholthof, K.B.G., S. Adkins, H. Czosnek, P. Palukaitis,
E. Jacquot, T. Hohn and G.D. Foster. 2011. Top 10
plant viruses in molecular plant pathology. Molecular
Plant Pathology, 12(9): 938-954.
https://doi.org/10.1111/j.1364-3703.2011.00752.x

Van Loon, L.C. and P.A. Bakker. 2003. Signaling in
rhizobacteria—Plant Interaction. Ecological Studies.
168: 297-330.

Zitter, T.A. and J.F. Murphy. 2009. The plant health
instructor: Cucumber mosaic virus. American
Phytopathological Society. Plant Health Instructor.
https://doi.org/10.1094/PHI-1-2009-0518-01.

Received: February 24, 2022; Accepted: August 29, 2022

Kandan, A., M. Ramiah, V.J. Vasanthi, R.
Radjacommare, R. Nandakumar, A. Ramanathan
and R. Samiyappan. 2005. Use of Pseudomonas
fluorescens-based formulations for management of
Tomato spotted wilt virus (TSWV) and enhanced yield
in tomato. Biocontrol Science and Technology, 15(6):
553-569. https://doi.org/10.1080/09583150500088546

Kloepper, J.W., R. Rodriguez-Kabana, G.W. Zehnder,
J.F. Murphy. E.J. Sikora and C. Fernandez. 1999.
Plant root-bacterial biological control of soilborne
diseases and potential interaction in systemic and foliar
diseases. Australasian Plant Pathology, 28: 21-26.
https://doi.org/10.1071/AP99003

Kloepper, J.W., C.M. Ryu and S. Zhang. 2004. Induced
systemic resistance and promotion of plant growth by
Bacillus spp. Phytopathology, 94(11): 1259-1266.
https://doi.org/10.1094/phyt0.2004.94.11.1259

Lannelli, D., M. Barba, L. D'Apice, G. Pasquini, R.
Capparelli, L. Monti and C. Noviello. 1996.
Cytofluorimetric method for the detection of
Cucumber mosaic virus. Phytopathology, 86(9): 959-
965. https://doi.org/10.1094/Phyto-86-959

Leeman, M., JA. Van Pelt, F.M. Den Ouden, M.
Heinsbroek, P.AH.M. Bakker  and B.
Schippers.1995. Induction of systemic resistance
against Fusarium wilt of radish by lipopolysaccharides
of Pseudomonas fluorescens. Phytopathology, 85(9):
1021-1027. https://doi.org/10.1094/Phyto-85-1021

Liu, L., J.W. Kloepper and S. Tuzun. 1995. Induction of
systemic resistance in cucumber against Fusarium wilt
by plant growth-promoting rhizobacteria.
Phytopathology, 85(6): 695-698.
https://doi.org/10.1094/Phyto-85-695

2022/8/29 : i) o A88) gal) fe U €2022/2/24 :piuad)

(2023) 1 325 41 e oy al) ) L85 e 76


https://doi.org/10.1080/09583150500088546
https://doi.org/10.1071/AP99003
https://doi.org/10.1094/phyto.2004.94.11.1259
https://doi.org/10.1094/Phyto-86-959
https://doi.org/10.1094/Phyto-85-1021
https://doi.org/10.1094/Phyto-85-695
https://doi.org/10.1002/elsc.200400013
https://doi.org/10.1094/PDIS.2004.88.8.882
https://doi.org/10.1094/phyto.2003.93.10.1301
https://doi.org/10.1111/j.1364-3703.2011.00752.x
https://doi.org/10.1094/PHI-I-2009-0518-01

