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Environmental friendly methods of inducing resistance against Cucumber mosaic virus in 
pepper

N. Petrov*

Institute of Soil Science, Agro Technologies and Plant Pprotection, Nikola Pushkarov, 7 Shosse Bankya, 1331 Sofia, Bulgaria

Abstract. Many viruses infect pepper in Bulgaria including Cucumber mosaic virus (CMV), Pepper mild mottle virus (PMMV), Tobacco mosaic virus (TMV), 
Tomato spotted wilt virus (TSWV) and Potato virus Y (PVY). These viruses can infect either singly or in combination. CMV has been described as one of the five 
most important viruses infecting vegetable species worldwide. The virus causes severe mosaic symptoms, stunting, various types of necrosis and leaf 
deformation. Fruits are often malformed and necrotic lesions are common, thereby drastically reducing marketable yield. Control of CMV can be achieved by 
planting of resistant crops, but resistance in many crop species is often not available to a broad range of CMV strains. Developing and improving resistant lines 
by conventional breeding is very difficult since there are no CMV-resistant lines on the market. From the different treatment schemes best results were obtained 
from pepper plants treated with 5 mM BION and the combination BION+EXIN three days before CMV inoculation. For the plants treated after virus inoculation 
the best scheme is the combination BION+EXIN. Reduction of the virus symptoms is not always associated with its reduction of the virus titer. Different cultivars 
expressed different immune reactions to these plant viruses according to the genomic characteristics of the plant cultivar and the virus. Treatment with these 
SAR elicitors reduced losses from the CMV infection to almost zero.

Keywords: pepper, cucumber mosaic virus, natural elicitors
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Introduction barriers like the rigid cell wall present in plants prior to any contact 
with pathogens. Furthermore, plants exhibit active induced defense 
mechanisms upon recognition of pathogens. Induced resistance Cucumber mosaic virus (CMV) has been an evolutionarily 
depends on the recognition of a pathogen by the plant, which evokes successful virus with both, a wide host range of more than 885 plant 
active defense, the so-called hypersensitive response (HR). During species in 65 families (Palukaitis et al., 1992) and a worldwide 
this cells, surrounding the primary infection site of the virus, die due distribution. CMV has been described as one of the five most 
to an induced rapid programmed cell death, which results in a visible important viruses infecting vegetable species worldwide (Palukaitis 
necrotic local lesion. Systemic acquired resistance (SAR) refers to a and Garcia-Arenal, 2003). It is also one of the most prevalent viruses 
distinct signal transduction pathway that plays an important role in of the pepper. The virus causes severe mosaic symptoms, stunting, 
the ability of plants to defend themselves against pathogens various types of necrosis, leaf deformation and leaf shoestring. 
(Chester, 1933) (Figure 1). Fruits are often malformed and necrotic lesions are common, 

A number of biochemical and physiological changes have been thereby drastically reducing marketable yield (Green and Kim, 
associated with pathogen infection. These include cell death and the 1991). CMV is the type species of the genus Cucumovirus of the 
oxidative burst (Low, 1996), deposition of callose and lignin (Kauss, family Bromoviridae (Roossinck et al., 1999). CMV has icosahedral 
1987), and the synthesis of phytoalexins (Dixon, 1986) and novel virions which encapsidate three linear plus-sense single-stranded 
proteins (Hammond-Kosack, 1996). A large body of evidence genomic RNAs (RNA 1, RNA 2, RNA 3) and the subgenomic RNAs 4 
suggests that salicylic acid (SA) plays a key role in both SAR and 4A. RNA 1 and RNA 2 are encapsidated in distinct particles, 
signaling and disease resistance. Initially, the leve1 of SA was found whereas RNA 3 and RNA 4 (Lot and Kaper, 1976) and RNA 3 and 
to increase by several hundred-fold in tobacco or cucumber after RNA 4A are encapsidated together (Gallitelli, 2000). For the initiation 
pathogen infection, and this increase was shown to correlate with of an infection three types of particles containing either RNA 1 or 
SAR (Rasmussen, 1991). Exogenous SA can induce SAR and SAR RNA 2 and a combination of RNA 3 and RNA 4 are required (Hayes 
gene expression, led to the suggestion that SA was involved in SAR and Buck, 1990). On RNA 2 a second open reading frame (ORF) 
signaling (Vernooij, 1995). encodes the 2b protein, which is translated by subgenomic RNA 4A. 

The aim of our study was to induce Systemic Acquired The two ORFs of the 2a and 2b genes are partially overlapping. The 
Resistance to CMV in pepper plants using BION and EXIN.2b protein is a multifunctional protein, which is a host range 

determinant (Shi et al., 2002) and a suppressor of post-
transcriptional gene silencing (PTGS) (Baulcombe, 2002); it is 
involved in interfering salicylic acid (SA)-mediated plant defense (Ji Material and methods
and Ding, 2001), has a role in promoting cell-to-cell movement (Shi 
et al., 2003) and influences the long distance movement (Soards et Pepper cultivars Kurtovska kapiya, Septemvriyska kapiya and 
al., 2002). Sivriya, were grown at 22 – 25°C, 75-85% relative humidity, constant 

One way to control CMV is the use of resistant lines. A passive photo-period of 16/8 hours, light intensity 3000 lux. Symptoms were 
and constitutive defense of plants against pathogens comprises reported 7-21 days after virus inoculation. Plants were treated with 
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Figure 1. Induction and expression of Systemic Acquired Resistance (Mauch-Mani, 1998) 
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phytoalexin production (Wojtaszek, 1997). BION has been combination BION+EXIN three days before CMV inoculation. For 
developed as a potent SAR activator which does not have the plants treated after virus inoculation the best scheme is the 
antimicrobial properties, but instead increases crop resistance to combination BION+ EXIN. Reduction of the virus symptoms is not 
diseases by activating the SAR signal transduction pathway in always associated with its reduction of the virus titer. Different 
several plant species. Induction of SAR by BION was reported in cultivars expressed different immune reactions to these plant 
many plants against a broad spectrum of fungal, viral and bacterial viruses according to the genomic characteristics of the plant cultivar 
pathogens (Siegrist, 1997; Cole, 1999; Godard et al., 1999; Ishii et and the virus. Treatment with these SAR elicitors reduced losses 
al., 1999; Anfoka, 2000; Brisset, 2000; Lopez and Lucas, 2002). All from the CMV infection to almost zero.
these authors treated plants with BION alone only. In our study we 
use combination of BION with another SA derivative – EXIN. At the 
beginning of the virus infection with CMV there were no clearly References
visible symptoms of young plants to flowering stage. Sometimes 
there was premature loss of flowers and fruits of pepper plants. 

Anfoka GH, 2000. Benzo-(1,2,3)-thiadiazole-7-carbothioic acid S-
Prevalent symptoms were mosaic and sometimes chlorosis and 

methyl ester induces systemic resistance in tomato (Lycopersicon 
occasionally necrosis and death of the whole plant. We used two 

esculentum Mill. cv. Volledung) to cucumber mosaic virus. Crop 
ecological substances to induce SAR: EXIN and BION. They are 

Protection 19, 401-405.
salicylic acid analogs and are naturally present in the plants. They 

Baulcombe D, 2002. Viral suppression of systemic silencing. 
were tested on three pepper cultivars – Kurtovska kapiya, 

Trends Microbiology Journal, 10, 306-308.
Septemvriyska kapiya and Sivriya. Plants were treated with the 

Chester KS, 1933. The problem of the acquired physiological substances in three different schemes before virus inoculation. 
immunity in plants. Quarterly Review of Biology, 8, 275-324.Cucumber mosaic virus symptoms observation was done every 

week and confirmation with DAS-ELISA test was performed. Our 
results indicated relatively good protection of pepper cultivars 
against Cucumber mosaic virus. We received different percentage 
of reduction of the virus symptoms and damages of the fruits. CMV 

Clark MF and Adams AN, 1977. Characteristics of the micro plate virus titer in the treated plants was slightly reduced unlike virus 
method of enzyme -linked immunosorbent assay for the detection of symptoms and damages on the fruits which were significantly 
plant viruses. Journal of General Virology, 34, 475-483.reduced.
Cole DL, 1999. The efficacy of acibenzolar-S-methyl, an inducer of 
systemic acquired resistance against bacterial and fungal diseases 
of tobacco. Crop Protection, 18, 267-273.

Conclusion Conrath U, Thulke O, Katz V, Schwindling S and Kohler A, 2001.
 Priming as a mechanism in induced systemic resistance of plants. 
European Journal of Plant Pathology, 107, 113-119.From the different treatment schemes best results were 

obtained from pepper plants treated with 5 mM BION and the Dixon RA, 1986. The phytoalexin response: Elicitation, signaling, 

Brisset M-N, Cesbron S, Thomson SV and Paulin J-P, 2000. 
Acibenzolar-S-methyl induces the accumulation of defense related 
enzymes in apple and protects from fire blight. European Journal 
of Plant Pathology, 106, 529-536.

Figure 3. DAS-ELISA results as percentage of non infected with CMV pepper plants
Legend: 1-3 – treatment of pepper cultivars with BION once three days before CMV inoculation; 4-6 – 
treatment of pepper cultivars with BION once one day after CMV inoculation; 7 – Negative control from 
healthy non treated and non inoculated plants; 8 – Control from healthy plants treated only with BION for 
phytotoxicity; 9 – Positive control from plants inoculated with CMV only; 10-12 – treatment of pepper 
cultivars with EXIN once three days before CMV inoculation; 13-15 – treatment of pepper cultivars with 
EXIN once one day after CMV inoculation; 16 – Control from healthy plants treated only with EXIN for 
phytotoxicity; 17-19 – treatment of pepper cultivars with BION+EXIN once three days before CMV 
inoculation; 20-22 – treatment of pepper cultivars with BION+EXIN once one day after CMV inoculation; 
23 – Control from healthy plants treated only with BION + EXIN for phytotoxicity.
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different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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