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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

Introduction
Cucumber mosaic virus (CMV) has been an evolutionarily
successful virus with both, a wide host range of more than 885 plant
species in 65 families (Palukaitis et al., 1992) and a worldwide
distribution. CMV has been described as one of the five most
important viruses infecting vegetable species worldwide (Palukaitis
and Garcia-Arenal, 2003). It is also one of the most prevalent viruses
of the pepper. The virus causes severe mosaic symptoms, stunting,
various types of necrosis, leaf deformation and leaf shoestring.
Fruits are often malformed and necrotic lesions are common,
thereby drastically reducing marketable yield (Green and Kim,
1991). CMV is the type species of the genus Cucumovirus of the
family Bromoviridae (Roossinck et al., 1999). CMV has icosahedral
virions which encapsidate three linear plus-sense single-stranded
genomic RNAs (RNA 1, RNA 2, RNA 3) and the subgenomic RNAs 4
and 4A. RNA 1 and RNA 2 are encapsidated in distinct particles,
whereas RNA 3 and RNA 4 (Lot and Kaper, 1976) and RNA 3 and
RNA 4A are encapsidated together (Gallitelli, 2000). For the initiation
of an infection three types of particles containing either RNA 1 or
RNA 2 and a combination of RNA 3 and RNA 4 are required (Hayes
and Buck, 1990). On RNA 2 a second open reading frame (ORF)
encodes the 2b protein, which is translated by subgenomic RNA 4A.
The two ORFs of the 2a and 2b genes are partially overlapping. The
2b protein is a multifunctional protein, which is a host range
determinant (Shi et al., 2002) and a suppressor of posttranscriptional gene silencing (PTGS) (Baulcombe, 2002); it is
involved in interfering salicylic acid (SA)-mediated plant defense (Ji
and Ding, 2001), has a role in promoting cell-to-cell movement (Shi
et al., 2003) and influences the long distance movement (Soards et
al., 2002).
One way to control CMV is the use of resistant lines. A passive
and constitutive defense of plants against pathogens comprises

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
depends on the recognition of a pathogen by the plant, which evokes
active defense, the so-called hypersensitive response (HR). During
this cells, surrounding the primary infection site of the virus, die due
to an induced rapid programmed cell death, which results in a visible
necrotic local lesion. Systemic acquired resistance (SAR) refers to a
distinct signal transduction pathway that plays an important role in
the ability of plants to defend themselves against pathogens
(Chester, 1933) (Figure 1).
A number of biochemical and physiological changes have been
associated with pathogen infection. These include cell death and the
oxidative burst (Low, 1996), deposition of callose and lignin (Kauss,
1987), and the synthesis of phytoalexins (Dixon, 1986) and novel
proteins (Hammond-Kosack, 1996). A large body of evidence
suggests that salicylic acid (SA) plays a key role in both SAR
signaling and disease resistance. Initially, the leve1 of SA was found
to increase by several hundred-fold in tobacco or cucumber after
pathogen infection, and this increase was shown to correlate with
SAR (Rasmussen, 1991). Exogenous SA can induce SAR and SAR
gene expression, led to the suggestion that SA was involved in SAR
signaling (Vernooij, 1995).
The aim of our study was to induce Systemic Acquired
Resistance to CMV in pepper plants using BION and EXIN.

Material and methods
Pepper cultivars Kurtovska kapiya, Septemvriyska kapiya and
Sivriya, were grown at 22 – 25°C, 75-85% relative humidity, constant
photo-period of 16/8 hours, light intensity 3000 lux. Symptoms were
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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Figure 2. Deformation and clorotic patterns caused by
CMV on pepper leaf from the cultivar Kurtovska Kapiya
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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.

phytoalexin production (Wojtaszek, 1997). BION has been
developed as a potent SAR activator which does not have
antimicrobial properties, but instead increases crop resistance to
diseases by activating the SAR signal transduction pathway in
several plant species. Induction of SAR by BION was reported in
many plants against a broad spectrum of fungal, viral and bacterial
pathogens (Siegrist, 1997; Cole, 1999; Godard et al., 1999; Ishii et
al., 1999; Anfoka, 2000; Brisset, 2000; Lopez and Lucas, 2002). All
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
visible symptoms of young plants to flowering stage. Sometimes
there was premature loss of flowers and fruits of pepper plants.
Prevalent symptoms were mosaic and sometimes chlorosis and
occasionally necrosis and death of the whole plant. We used two
ecological substances to induce SAR: EXIN and BION. They are
salicylic acid analogs and are naturally present in the plants. They
were tested on three pepper cultivars – Kurtovska kapiya,
Septemvriyska kapiya and Sivriya. Plants were treated with the
substances in three different schemes before virus inoculation.
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
virus titer in the treated plants was slightly reduced unlike virus
symptoms and damages on the fruits which were significantly
reduced.

Conclusion
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.
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separate page. They should be outside the
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should be given where it should be
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Conclusion: The most important consequences for the science and practice
resulting from the conducted research
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The conclusions shouldn't be numbered
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Contributions are the core of conclusions.
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