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A b s t r a c t  
 

Because of pesticide pollution and violation of protective reactions in biosystems, the ways to 
increase a nonspecific natural resistance in plants is relevant. For the recent decades the mechanisms of 
pathogens-to-plant cell interaction were revealed. To identify chemical signals arising in the spots of 
plant infection by pathogenic microorganisms, the term «elicitor» was suggested (M. Yoshikawa et 
al., 1993; M. Thakur et al., 2013). Cell innate immunity is based on the recognition of phytopathogenic 
surface molecules, which is a primary signal for actuating the complicated network, including 
induction and phytoimmunity regulation (I. Tarchevskii, 2000). During signaling the essential role is 
played by proteins and small molecule messengers (salicylic acid and jasmonic acid, hydrogen 
peroxide, nitric oxide). Salicylic acid is involved in amplification and multiplication of the signals 
coming from the receptors into the plant cells, which ensures the timely activated protection. The 
earliest plant organism response to the pathogen introduction is a local generation of reactive oxygen 
species (oxidative burst), triggering a chain of subsequent defense mechanisms (S. Tyuterev, 2002). A 
significant increase in the level of reactive O2 and H2O2 has an inhibitory effect on the pathogenic 
microorganisms. The reactive oxygen species (ROS) are also suggested to play significant role in 
the membrane lypooxidation, cell wall modification and signal transduction (C. Richael et al., 
1999; T. Pietras et al., 1997). A key role in ROS regulation is played by an antioxidant defense system, 
which function is to slow down and prevent intracellular oxidation of organic substances. In this, the 
antioxidant enzymes (superoxide dismutase, catalase, peroxidase) and low molecular weight antioxidants 
(ascorbic acid, glutathione, tocopherol, carotenoids, anthocyanins) are mainly involved (S.S. Gill et 
al., 2010). A defensive effect of peroxidases is due to oxidation of phenolic compounds to quinones 
(B. Barna et al.; 1995, E.N. Okey et al., 1997). The correlation was found between peroxidase activity 
in plant tissues and plant resistance to pathogens (T.B.  Kumeiko et al., 2009; N. Radhakrishnan et al., 
2009). An increase in catalase activity is a defense reaction in cells during the next stages of biotic 
stress development (F.M. Shakirova, 2001). Starting from reception of signaling molecules of phyto-
pathogens on the cell membrane all metabolic processes are controlled by resistance genes that 
regulate complex defense reactions (V. Repka et al., 2004). As a consequence, plants produce large 
variety of substances, carrying protection functions. The main ones are phytoalexins and PR-proteins 
(Yu. D’jakov, 2012). Due to stress proteins, the enzymes get activated, the membrane stabilization 
occurs, the activity of mitochondria and chloroplasts increases, and, therefore, the energy level rises 
(T. Chirkova, 2002). The data summarized herein are the basis for developing new concept for protection 
of agricultural crops by means of biologicals with eliciting effect that boost plant immune state. 
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Long use of ecotoxic pesticides in intensive agriculture resulted in an in-
creased destabilization of agrocenoses and a decreased plant resistance to patho-
gens [1]. These obviously need to improve cardinally the understanding of plant 
pathogenesis, and, primary, diagnostics of immune state which determines the 
course of pathological processes and adequate defense measures [2, 3].  

Article provides an overview of the data concerning the main regularities 
of an induced nonspecific immunity and the mechanisms which make it possible 
to estimate plant resistance to phytopathogens [4-6]. These results make the base 
for development of new concept in plant defense with a view to promoting agro-
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cenose immunity and environmental improvement due to lowering pesticide load 
by means of immune-stimulating preparations. 

The pathathogenic microorganisms being in touch with plants are shown 
to excrete the compounds providing infestation of plant tissue. Chemical signals 
produced in the locus where infection occurs are defined as elicitors [2, 7]. 
Elicitors are the initial signals and triggers of phytoimmunity induction and 
regulation [8]. Nonspecific cell immunity in plants is based on recognition of sur-
face molecules of phytopathogens, the nonspecific elicitors [9, 10]. Polysaccha-
rides, proteins, polypeptides, glycoproteins, lipid-containong copounds can serve 
the biogenic nonspecific elicitors [11, 12]. The polysaccharide elicitors from fungal 
cell wall are mostly studied. Glucans and chitosans posses an expressed elicitor ef-
fect [13]. Interaction between elicitors and the receptors of cell plasmalemma is 
the firs step in a signaling chain together with cell response to phytopathogen [14]. 
A possible number of molecular receptors of the same types can reach few thou-
sands per cell thus providing reliable transmission of information from the elici-
tors of different chemical structure [4]. Presumably, the Са2+ input and the К и 
Cl output, the membrane depolarization, NADPH-oxidase activation, and cytosol 
acidation are involved in signal transmission into the cell [15].  

Despite the individual mechanism for recognition of each elicitor, the 
complex of phosphorilation reactions is commonly involved, resulting in transfer 
of phosphoric acid residue to inner part of a receptor thus activating enzyme 
which is associated to [16, 17]. Receptors for all elicitors have the same structure 
and consist of an outer fragment located out of the cell, an intra-membrane frag-
ment and a fragment located in the cytoplasm. The outer N-end of the receptor is 
elicitor-specific while the inner C-end possesses the specificity to the receptor-
associated enzyme determining choice of a signaling system to be involved in in-
teraction.  

Transmembrane signaling from the outer receptors into the cell is one of 
the main mechanisms of metabolic regulation which area basic for intercellular 
signaling system [18-20]. In this, proteins and relatively small molecular messen-
gers such as salicylic and jasmonic acids, hydrogen peroxide, nitric oxide, etc., 
prevail, being functional intermediates between the receptors and cell response 
manifested in metabolic modifications which result in increased immunity in 
plants [21]. Necrotrophic pathogens can induce jasmonate signaling pathway 
[14, 22]. Jasmonates are assumed to enhance the eclicitors’ effects as they are an 
integral part of signaling system [23, 24]. Plant infection caused by pathogenic 
microflora is accompanied by ethylene production, the hormone important for 
increasing plant resistance [31]. 

Biotrophic microorganisms have been shown to induce the salicylate sig-
naling pathway [7, 25]. Salicylic acid well meet the features of systemic signaling 
molecules, particularly can easy move over the phloem vessels due to physical 
characteristics perfectly adjusted to distant transport via the sieve tubes [4, 26-
29]. Under the influence of pahogens its level rises tens-folds, and it can induce 
defense mechanisms in plants [30-32]. Salicylic acid is involved in enhancement 
and multiplication of the signals from receptors into cell thus guaranteeing rele-
vant defense [14, 33]. Besides, a positive influence of salicylic acid on intracellu-
lar molecular processes should be mentioned. It participates in transport of 
newly synthesized proteins into nucleus, chloroplasts, mitochondria and vacu-
oles. Salicylic acid activates synthesis, protection and restoration of structures of 
nucleic acids and proteins important for plant viability [4]. 

Generation of active oxygen species (AOS) is one of earliest plant cell re-
sponse to the elicitors [34-37]. Of them, the superoxide anion and hydrogen per-
oxide are od special importance [38, 39]. The main potential sources of AOS are 
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NADPH-oxidase, peroxidase, amino oxidase, flavin-containing oxidases, poly-
amino oxidases [40, 41]. AOS are assumed to possess a direct antimicrobial ef-
fect and be significant for other defense mechanisms, such as membrane ly-
pooxidation, cell wall modification, and signal transduction thus inducing cell 
resistance or death from oversensitivity [42, 43]. 

Activation of oxidative burst is a core component of highly amplified 
and integrated signaling system [41]. These reactions make a base for formation 
not only local resistance but also induced systemic immunity  due to which 
plant resistance to microorganisms, fungi and viruses increases [44]. Under op-
timal conditions the AOS are produced in small concentrations mainly in 
chloroplasts, mitochondria and peroxisomes [45]. Intensive AOS production in 
cell is a universal nonspecific response to pathogens as any other stressors such 
as high temperature, drought, frosts, eco-toxicants [46]. Obviously, Н2О2 and 
another AOS can be «double agents», either inducing directly an oxidative stress 
which results in cell destroying and death, or act as signaling molecules which 
induce molecular, biochemical and physiological reactions contributing to plant 
adaptation and resistance [47-50]. Salicylic acid is most powerful inducer of 
AOS [46, 51].  

A key role of AOS level regulation in cell belongs to antioxidant defense 
system of which the main function is to slow down and to prevent oxidation of 
intracellular organic matters, to protect biological structures, and to provide de-
toxication od secondary metabolites [52-54]. During initial defense reaction to 
stress the AOS are neutralized and the free radical chain is interrupted [55]. In 
this the superoxide dismutase, catalase and peroxidase, etc., are important to-
gether with low-molecular antioxidants such as ascorbic acid, glutathione, toco-
pherols, carotenoids and anthocyanins [56]. For plant viability under different 
stresses a balanced AOS generation and degradation is crucial [57, 58], therefore 
catalase and peroxidase involved in AOS degradation and utilization are impor-
tant, too [59].  

In publications there are special references to multiple roles of peroxi-
dases in plant resistance to phytopathogens [60]. An increased level of AOS in 
plant tissues initiates peroxidase activation and expression of the genes involved 
in control of induced systemic resistance. Genes determining peroxidase level in 
tissue are disclosed in many plant species. Peroxidase activation mainly serves to 
avoid the adverse AOS effects on cell structures. Peroxidases oxidate phenolic 
compounds to highly reactive quinones [61, 62]. Peroxidase was shown to enhance 
antibacterial activity of phenols in the presence of hydrogen peroxide. Particularly, 
it was reported that plant resistance to phytopathogens increases due to more solid 
plant cell wall as the lignin synthesis is activated by peroxidase. It was also re-
ported that infection was a «catalyst» of some peroxidases. Their activation results 
in AOS production and is a defense mechanism together with NADPH-oxidase 
activity. So peroxidases, being a part of signaling system in plant cells, provide de-
fense response which is adequate to the infection. 

A direct correlation is revealed between the activity of plant tissue peroxi-
dases and the resistance to pathogens [63-66]. Special attention is paid to peroxi-
dases as an element of superoxide dismutase system for an elicitor signal transduc-
tion which, as a result, determines the character of cell response to infection [67, 
68]. Peroxidase catalytic systems are considered the most important of biotic de-
fense factors in plant protection against pathogenic microorganisms [69].  

Catalases which control Н2О2 level in plant tissues are also involved in a 
defense response [70-72]. Under biotic stresses the catalase activity of pathogen 
indicates its aggressiveness as it represses AOS in host plant tissues thus decreas-
ing biocide effect of Н2О2 [60, 73]. At the initial phase of pathogenesis it is neces-
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sary to put dawn the catalase activity in plant cells. As a result, the Н2О2 concen-
tration in the tissues remains enough to kill pathogens. Due to salicylic acid bind-
ing catalases the Н2О2 is accumulated and involved in the immune response [74-
76]. Jasmonic acid demonstrates the same activity of catalase inhibiting.  

Otherwise, catalase activation is a mechanism of decreasing plant de-
fense potential [77]. As the catalase activity increases, the Н2О2 level is put-
ting down so that resistance is not developed and, in contrary, the plants be-
come more susceptible to pathogens [78-80]. Since AOS are toxic both to 
pathogen and the host plant, the intracellular AOS level is controlled strin-
gently by antioxidant system the catalase is a part of [81]. Besides, catalases 
restrict the AOS lifetime thus preventing their adverse effects in cells. There-
fore, an increase in catalase activity is considered a positive defense response 
toward cell safety when biotic stress is in progress [82, 83]. Though the oxi-
dative stress is an integral part of a developed infection, the enough antioxi-
dant level enables plants to withstand it [12]. 

All these events are controlled by resistance genes which regulate the de-
fensive mechanisms. Signaling systems and genome are related in two ways. On 
one side, all enzymes and other proteins are encoded by the genome, on the other 
side, gene expression or suppression is under control of the signaling systems. 
These include signal reception, multiplication and transduction to gene promoters, 
programmed gene expression, control of adequate response in cells, and induced 
plant immunity to phytopathogen [84, 85]. A number of interrelated metabolic 
processes are developed due to which the tolerance is expressed and the plant 
possesses the power to withstand phytopatogenes [86].  

Plants can produce a lot of defensive substances, particularly, phytoalexins 
[12]. To date, there are about 350 these plant antibiotics which are synthesized in 
response to elicitors [87, 88]. These are mostly lypophilic compounds located 
around the infected zone. Phytoalexin production is closely related to oversensitiv-
ity [89], and, in this, the phytoalexins are accumulated intensively in the ne-
crotized cells where they kill phytopathogens due to expressed antibiotic activity. 

PR-proteins related to pathogenesis are synthesized in plant tissue as a 
response to fungal, bacterial and viral infection [90-92]. For instance, the β-1,3-
glucanases can destroy cell walls in fungi, and also the suppressors are blocked 
due to them. Chitinases are involved significantly in nonspecific induced resis-
tance to phytopathogens. The expression of chitinases and β-glucanases are usu-
ally correlates with plant tolerance to biotic stressors. 

Reported mechanisms of plant immunity are tightly linked to intracel-
lular metabolic processes of restoring energy which was used for immunization. 
Due to stress proteins’ action the enzyme systems becomes more powerful, the 
stabilization of cell membranes occurs, and the functional activity of mito-
chondria and chloroplasts rises, resulting in more energy production [93]. 
Changes in intracellular metabolism make a biochemical basis for a nonspecific 
plant tolerance to different stressors [94]. 

Recently, phytoimmune correction due to the treatment with elicitors 
used to form reliable immunogenic agrocenoses with high adaptability and re-
production rate is considered promising for cultivated crops [1, 4, 12, 13, 51]. 
Particularly, in All-Russian Research Institute for Agricultural Microbiology (St. Pe-
tersburg) the concept of chitosan-based preparation has been developed. In this 
concept the chitosan is a nonspecific resistance inducer used together with a few 
more ingredients. A novelty consists in using signaling molecules to widen the 
range of defensive reactions, particularly, to intensify the AOS production, and 
to promote octadecanoid pathway of antibiotic synthesis in plants the same as 
salicylate pathway. It results in similar efficiency against necrotrophic and 
biotrophic organisms which attack plants. Different preparations under the Chi-
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tozars trade name have been developed for the stimulation of plant tolerance to 
fungi, bacteria and viruses [14]. In a view of activating natural mechanisms of 
plant tolerance to biotic stresses, Immunocitofit and Bioduks, the commercial 
preparations based on arachidonic acid and its derivates, have been developed. 
These compounds stimulate the phytoalexins production in plant tissues provid-
ing increase in tolerance to phytopathogens. Immunity activated by arachidonic 
acid or the arachidonic acid-based biolgicals is bimodal in character depending 
on used concentration of the elicitor, so that at low level it causes a long systemic 
resistance and reliable defensive effect, while only a short local induction occurs 
when the concentration is higher. Developed immunostimulants are being used 
widely in crop farming [13]. 

Studying more detail about the effects of salicylic acid as a key factor of 
plant immunity resulted in practical recommendations according to its use for 
the defense stimulation [4]. High stimulating activity is characteristic to Albit, 
the preparation of poly--butyric acid. It induces a systemic resistance to wide 
range of diseases. After the treatment with Albit, significant biochemical and 
physiological changes are observed due to induced immune response. Particu-
larly, the peroxidase activity and salicylic acid level rise reliably. Cytological 
study reveals a significant increase in the number of mitochondria in protoplasts. 
After sensitization the polymorphic leucoplasts are detected around the nucleus, 
and the production of carotenoides, terpenoids and phenols increases in the tis-
sues. Besides, Albit suppresses diseases due to promoting high immune state in 
plants for a long time [51]. 

A special feature of the inducers is their ability to sensitize the plant to 
further infestations. Activation of tolerance mechanisms along with specific 
physiological and biochemical impact on cell nucleus determine the rate and the 
type of cell response. This event is «recorded» in epigenetic programming thus 
providing prompt response under repeated attacks of the pathogen [12]. More-
over, at least 2-fold decrease in pesticide level must be regarded too as a signifi-
cant positive effect of elicitors which contribute to improvement of environ-
mental condition and functions of agro-ecosystems. 

Thus, a concept of nonspecific induced immunity in plants is quite well 
developed. According to this concept, the mechanisms involved in plant immunity 
formation are i) the interaction between signaling molecules produced by phytopa-
thogen and the receptors in plant cell membrane; ii) signal transduction through 
intercellulat signaling system; iii) expression of resistance genes which activate the 
defense mechanisms, such as oversensitivity, synthesis of key enzymes, signaling 
molecules, proteins, phytoalexins. Also the levels of salicylic and jasmonic acids, 
phytoalexins, peroxidase and catalase activity in tissues must be assayed to estimate 
plant response to the biogenic stress. Due to eliciting biologicals and optimized 
plant protection measures it is possible to boost immune state of plants thus mak-
ing agrocenoses environmentally friendly. 
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