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Table 1. Total phenols (mg/100 g) and peroxidase enzyme activity (umol/mg) in pepper leaves inoculated with rhizobacter,

infected and non-infected with Cucumber mosaic virus.
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0.243 n 0.173 hi 73.73r 64.171 M2S2
0.293p 0.180 k 88.18 v 67.24n M2S3
0.059b 35.17b Lid CMV= same 2l
Control infected with CMV
0.032a 30.25a Healthy control adw 2als

355 liadld) e =83 (e e 1.0 36855 bl (e =82 e shae 0.5 3855 clibiadldl (e = 51 ¢ U 5 s craie=M2 «J 5l 6 sn i =M1

.Cucumber mosaic virus = ¢lac) =CMV «J s e 2.0
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M1=Biological fertilizer 1, M2= Biological fertilizer 2, S1= Salicylic acid 0.5 mM, S2= Salicylic acid 1.0 mM, S3= Salicylic acid 2.0 mM, CMV=infected with

Cucumber mosaic virus.

Values followed by the same letters in the same column are not significantly different at P=0.01.
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Abstract
Ibrahim, M.S., Y.A. Hammad and S. Raee. 2020. The role of some bio-fertilizers and salicylic acid in phenolic content
and peroxidase enzyme activity in pepper plants infected with Cucumber mosaic virus. Arab Journal of Plant Protection,
38(4): 327-332.

This study was conducted to determine the possibility of reducing infection with Cucumber mosaic virus in pepper plants by using two
types of biological fertilizers and salicylic acid and investigate the effectiveness of each separately and their mixture in inducing systemic
resistance in plants to Cucumber mosaic virus infection. Induction of resistance was assessed by measuring the peroxidase enzyme activity
and total phenols in pepper plants planted within a greenhouse in Tartous, Syria during the 2018-2019 growing season. Results showed that
the treatment with the first biological fertilizer M1 and salicylic acid showed a significant reduction in infection compared to all other
treatments, with increase in peroxidase enzyme activity in the presence and absence of CMV infection (0.325 and 0.183 pmol/mg),
respectively), compared with healthy control and CMV-infected control without inoculation with bacteria (0.032 and 0.059 pmol/mg,
respectively). The total phenolic content in the presence and absence of CMV infection was 90.49 and 69.35 mg/100 g, whereas in the healthy
control and infected control without inoculation with bacteria was 30.17 and 35.17 mg/100 g, respectively. The results obtained suggested the
possibility of using bacterial inoculation together with salicylic acid treatment to the seeds and shoots of plants to improve their growth,
productivity, and stimulate systemic resistance against CMV infection.

Keywords: PGPR, pepper, CMV, salicylic acid, total phenol, peroxidase activity.

Corresponding author:

Mohammad Salman Ibrahim, Faculty

of Agriculture, Tishreen University, Lattakia, Syria,

Email: Mohammad.ibrahim@tishreen.edu.sy

References

conditions. International Journal of Agricultural Crop
Sciences, 8: 107-113.

Ahmed, W., M. Imran, M. Yaseen, T. Haq, M.U.
Jamshaid, S. Rukh, R.M. Ikram, M. Ali, A. Ali, M.
Magbool, M. Arif and M.A. Khan. 2020. Role of
salicylic acid in regulating ethylene and physiological
characteristics for alleviating salinity stress on
germination, growth and yield of sweet pepper. Peer J,
8: e8475. http://doi.org/10.7717/peerj.8475

Al-Shami, R., I. Ismail and Y. Hammad. 2017. Effect of
three species of rhizobacteria (PGPR) in stimulating
systemic resistance on tomato plants against cucumber
mosaic virus (CMV). International Journal of
Agriculture and Environmental Science, 4: 11-16.
https://doi.org/10.14445/23942568/IJAES-V416P103

Behera, B., S. Ghanty, F. Ahmad, S. Santra and S.
Banerjee. 2012. UV-visible spectrophotometric
method development and validation of assay of
paracetamol tablet formulation. Journal of analytical
and bioanalytical techniques. Journal of Analytical and
Bioanalytical Techniques, 3.
https://doi.org/10.4172/2155-9872.1000151

331 Arab J. Pl. Prot. Vol. 38, No. 4 (2020)

&bl

2007 gy Jagi arny S pagh Juily gl dles (S lan)
0 Al J peana o G g yuill () yaY) pans o (5l
Ol Arala Alae Ay s (e Agdalidly sl pdhaiall
-97 19 doa ol gl o glall Al cdpalall & ganll 5 bl jall
105

Lo gl Gam Csa s 2017 A ey el clea
Tygnll 53yl Gany oo il el 5 jinall i il
25 :39 (R sm) Sl dmals Adae & il

2al) (& (PGPR) &l 1 831 Gany 5812019 . 34l ¢l
Ay sl o Jbadl clul jse Gug by ALY (4
‘%’J}“‘ ‘:\.\BJM\ ‘U:\).ﬁﬂ :\M\A ‘:\.c\J)'l\ :\:JS cc\)}f\SJ
101-90 cilsiall

slbanyl 4 pae 2018 Axgiad) Al 3l Lbasy) s ganal)
EESTREPBS F S NPECB R BISTRS S P

LS 5B Aul 13,2016 @00 kg aa jul (zlua (i)
Fusarium kil s« & Rhizobium leguminosarum
lall 48, daw L s oxysporum f.sp. lycopersici
141-135 :34 iyl
http://dx.doi.org/10.22268/AJPP-034.2.135141

Abdul Qados, A.M.S. 2015. Effects of salicylic acid on

growth, yield and chemical contents of pepper

(Capsicum annuum L.) plants grown under salt stress



http://dx.doi.org/10.22268/AJPP-034.2.135141
http://doi.org/10.7717/peerj.8475
https://doi.org/10.14445/23942568/IJAES-V4I6P103
https://doi.org/10.4172/2155-9872.1000151

Nakkeeran, S. K. Kavitha, G. Chandrasekar, P.
Renukadevi and W. G. D. Fernando.2006. Induction
of plant defense compounds by Pseudomonas
chlororaphis PA23 and Bacillus subtilis BSCBE4 in
controlling damping-off of hot pepper caused by
Pythium aphanidermatum. Journal of Biocontrol
Science and Technology, 16: 403-416.
https://doi.org/10.1080/09583150500532196

Nie, X. 2006. Salicylic acid suppresses Potato virus Y isolate
N:O-induced  symptoms in  tobacco  plants.
Phytopathology, 96: 255-263.
https://doi.org/10.1094/PHYTO-96-0255

Nienhaus, F. 1981. Virus and similar diseases in tropical and
subtropical areas. Published by German Agency for
Technical Cooperation (GTZ), Berlin, Germany. 216
pp.

Reddick, B.B. and L.F. Habera. 1999. New resistance to
plant viruses in pepper. The University of Tennessee,
Knoxville, TN, USA.

Saharan, B.S. and V. Nehra. 2011. Plant growth promoting
Rhizobacteria: A Critical Review. Life Sciences and
Medicine Research, 2011: LSMR-21.

Shahwan, E.S.M.E. 2010. Inducing systemic resistance
against some tomato virus diseases. PhD dissertation,
Benha University, Egypt. 256 pp.

Simaei, M., R.A. Khavari-Nejad and F. Bernard. 2012.
Exogenous application of salicylic acid and nitric oxide
on the ionic contents and enzymatic activities in NaCl-
stressed soybean plants. American Journal of Plant
Sciences, 3: 1495-1503.
https://doi.org/10.4236/ajps.2012.310180

Singh, D.P., C.A. Moore, A. Gilliland and J.P. Carr. 2004.
Activation of multiple antiviral defense mechanisms
by salicylic acid. Molecular Plant Pathology, 5: 57-63.
https://doi.org/10.1111/j.1364-3703.2004.00203.x

Singh, J.S. 2013. Plant growth promoting Rhizobacteria.
potential microbes for sustainable agriculture.
Resonance, 18: 275-281.
https://doi.org/10.1007/s12045-013-0038-y

Singleton, V.L and J.A. Rossi. 1965. Colorimetry of total
phenolics with phosphomolybdic-phosphotungstic
acid reagents. American Journal of Enology and
Viticulture, 16: 144-58.

van Loon, L.C., C.M.J. Bakker and P.A.H.M. Pieterse.
1998. Systemic resistance induced by rhizosphere
bacteria. Annual Review of Phytopathology, 36: 453-
483. https://doi.org/10.1146/annurev.phyto.36.1.453

Received: August 19, 2020; Accepted: November 12, 2020

Chaturvedi, R. and J. Shah. 2007. Salicylic acid in plant
disease resistance. Pages 335-370. In: Salicylic Acid:
A Plant Hormone. S. Hayat and A. Ahmad (eds.).
Springer, Dordrecht. Netherland. 401 pp.
https://doi.org/10.1007/1-4020-5184-0

Dashti, N.H., M.S. Montasser, N.Y.A. Ali and V.M.
Cherian. 2014. Influence of plant growth promoting
rhizobacteria on  fruit  yield, pomological
characteristics and chemical content in cucumber
mosaic virus-infected tomato plants. Biology Kuwait
Journal of Science, 41: 205-220.

Diyansah, B., L.Q. Aini and T. Hadiastono. 2012. The
effect of PGPR (Plant Growth Promoting
Rhizobacteria) Pseudomonas fluorescens and Bacillus
subtilis on leaf mustard plant (Brassica juncea L.)
infected by TuMV (Turnip mosaic virus). Journal of
Tropical Plant Protection, 1: 30-38.

El-Borollosy, A.M. and M.M. Oraby. 2012. Induced
systemic  resistance against Cucumber mosaic
cucumovirus and promotion of cucumber growth by
some plant growth-promoting rhizobacteria. Annals of
Agricultural Science, 57: 91-97.

Hahm, M., J. Son, Y. Hwang, D. Kwon and S. Ghim.
2017. Alleviation of Salt Stress in Pepper (Capsicum
annum L.) Plants by Plant Growth-Promoting
Rhizobacteria.  Journal of  Microbiology and
Biotechnology, 27: 1790-1797.
https://doi.org/10.1016/j.a0as.2012.08.001

Hammerschmidt, R., E.M. Nuckles and J. Kuc. 1982.
Association of enhanced peroxidase activity with
induced systemic resistance of cucumber to
Colletotrichum  lagenarium.  Physiological Plant
Pathology, 20: 73-82.
https://doi.org/10.1016/0048-4059(82)90025-X

Hammerschmidt, R., J.P. Metraux and L.C. van Loon.
2001. Inducing resistance: a summary of papers
presented at the First International Symposium on
Induced Resistance to Plant Diseases, Corfu, May
2000. European Journal of Plant Pathology, 107: 1-6.
https://doi.org/10.1023/A:1008753630626

Jarak, M.N., S.S. Duric and B.D. Dordevic. 2010. Benefits
of inoculation with Azotobacter in the growth and
production of tomato and pepper. Matica Srpska
Journal of Natural Sciences, 119: 71-76.

Jeffries, C.J. 1998. Potato. FAO/IPGRI technical guidelines
for the safe movement of germplasm, 19: 62-63.
Lancioni, P. 2008. Studies on biotic and abiotic elicitors
inducing defense responses in tomato. PhD. Thesis,
Phytopathology Department, Faculty of Agriculture,

University of Bologna, Italy. 125 pp.

2020/11/12 : 4l o 488 gal) ey 5 €2020/8/19 :a3u) e S

(2020) 4 2= 38 alaa dy al) ) 4B Al 332


https://doi.org/10.1007/1-4020-5184-0
https://doi.org/10.1016/j.aoas.2012.08.001
https://doi.org/10.1016/0048-4059(82)90025-X
https://doi.org/10.1023/A:1008753630626
https://doi.org/10.1080/09583150500532196
https://doi.org/10.1094/PHYTO-96-0255
https://doi.org/10.4236/ajps.2012.310180
https://doi.org/10.1111/j.1364-3703.2004.00203.x
https://doi.org/10.1007/s12045-013-0038-y
https://doi.org/10.1146/annurev.phyto.36.1.453

