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The INFLUENCE of insecticides on peroxidase and polyphenoloxidase enzyme activity in leaves of potato plants
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It was established that the enzyme activity of peroxidase and polyphenoloxidase in potato plants leaves depends on the type of the insecticides and the term of preservation on the leaf surface. Under the bioinsecticides based on the strains B. thuringiensis 994 and 787 it has been noted an insignificant and short increase of the enzyme activity after 6-8 days after their application. It may be reasonable phytoimmunological response of plants on the preparations processing or it can evidence the plants ability to keep stable oxidative metabolism and increase the adaptive capacity of plant organism. The plants processing by the chemical insecticide Calypso do not promote the formation of nonspecific resistance in plants throughout the period of research.
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Statement of the problem. It is well known that the insecticides using in agriculture from pests can cause various effects on the physiological state of plants. The massive use of chemical insecticides, in addition to the positive effect, leads to accumulation of pesticide remains in vegetative and generative organs of plants and consequently in food [5]. Microbial pesticides, particularly biological, based on Bacillus thuringiensis, is a naturally occurring component of soil microflora and, therefore, its using in protective measures does not affect significantly the structure of biocenosis [7].

The pathogenic effect of B. thuringiensis is connected with the toxins and other metabolites that it produces. We know that from all the toxins of B. thuringiensis, less than two – β-endotoxin (soluble thermostable toxin with nucleotide nature) and δ-endotoxin (parasporal protein crystals) can affect plants as powerful biological stimulators, factors of mobilizing phytoimmunity and growth processes [10]. Thus, the question about the influence of bioinsecticides on the base of B. thuringiensis on the physiological state of the plant, exactly their resistance to urgent environmental conditions, requires an in-depth study.

Analysis of major studies and publications which discuss the problem. The changes of measures of the ratio of the oxidizing systems activity has the adaptive significance and may be regarded as necessary conditions for the manifestation of plants resistance [9]. Such changes may be associated with the variations of environmental conditions, infectious agents, mechanical damage, which, in turn, can cause impact on the functioning of the enzyme systems of plants by disruption in the vital functions of cells and the whole organism.
The peroxidase and polyphenoloxidase enzymes activity in plants is associated with each other functionally. Activation of these enzymes is a result of new formation of additional amounts of proteins with catalytic activity [6]. The lability of peroxidase and polyphenoloxidase allows their using as markers for a more complete description of the protective mechanisms of plants [12]. The peroxidases are ensuring the normal oxidation processes for various negative effects on the plant. Under the adverse effects of environmental factors the peroxidases change their activity in parallel with the increasing of the anthropogenic pressure degree on plants, which allows to assume their mutual causality [2, 8].
Peroxidase with the polyphenoloxidase takes place in the phenolic compounds oxidizing with the corresponding quinones formations [9]. This enzyme is not a part of the antioxidant system, but it plays an important role in the reactions on not favorable natural conditions. The phenoloxidaze activity increases in stress conditions. It leads to make mechanical or chemical protective barriers [4].
Using the biological insecticides in plant protection technologies against pests can be considered like the changes in environmental conditions. It is known that by the plant treatment with the biological products based on B. thuringiensis, the spores and toxins of this bacterium may persist in agrobiocenoses for weeks [14], months and years as part of the natural microflora [15]. The entamopatohenic components can be observed on the upper side of the leaf for 1-5 days, but in the bottom side, protected from light, it can be observed for 7-10 days [16]. The long period of the components preservation in the leaf, at one time or another, can affect the physiological processes in the tonoplast of plant cells. The peroxidase can be the one of the indicators of this process, which is mainly localized in the cell membrane of the epidermis, guard cells of stoma and vascular tissues. We can expect it to respond to changes in external conditions during the first 5-13 days [11].
The purpose of the work. Based on the above mentioned, the purpose of our work was to study the influence of biological insecticides based on B. thuringiensis on the enzyme activity of peroxidase and polyphenoloxidase in potato plants in comparison with the chemical insecticide Calypso 480 SC.
The following tasks were set to fulfill the purpose of the experiments:
· to study the dynamics of peroxidase and polyphenoloxidase enzyme activity from the 2th to the 12th days after treatment of potato plants by the bioinsecticides BT 994 and BT 787 based on a strains of B. thuringiensis 994 and 787 and the chemical insecticide Calypso;
· to identify the impact of insecticide treatments on the adaptive properties of potato plants to the environmental conditions.
Materials and methods. As a material for research, the bioinsecticides BT 994 and BT 787 based on a strains of B. thuringiensis 994 and 787 were used. The strains were obtained from the collection of useful soil microorganisms to improve the crop yields IAM NAAS and were isolated from natural populations of insects in the Microbiomethod laboratory of Microbiology Department of Agricultural institute of the Crimea NААS. The strain B. thuringiensis 994 produces δ-endotoxin and β-exotoxin, the strain B. thuringiensis – only 787 - δ-endotoxin. The action of the entomopathogenic bacteria were compared with the action of the chemical insecticide Calypso 480 SC. The active substance of the Calypso is a neonicothinoid thiacloprid.
The study was carried out on the potato plants Yavir sort in the field experiments. Potato plants were treated with the liquid forms of preparations in the sprouts phase. The plants, treated with water, were used as a control. The analysis of leaves from treated plants has been performed every 2 days for 12 days after treatment.
The peroxidase activity was determined by the A. N. Boyarkin’s method using the benzidine as a substrate. The data was calculated in a relative unit per 1 mg of protein or 1 g of wet tissue. The polyphenoloxidase activity was determined by the same method using the parafenilendiamyn as a substrate [3]. The reliability of the difference between the experimental and control options were evaluated by Student’s criteria.
Studies. Studying the dynamics of peroxidase enzyme activity the assays, that were performed 2 days after plants treatment, showed no changes in enzyme activity in leaves treated by BT 994 and BT 787, and Calypso (Fig. 1). Further, on the 4th day the decreasing of peroxidase activity, respectively by 11,0; 10,3 and 13,9% was observed in the studied samples.
The data, obtained on the 6 th day of the experiment, noted the increasing of peroxidase activity in versions with BT 994 and BT 787 by 18,8 and 23,1% respectively, while for the processing of plant with Calypso the trend in downward enzyme activity remained and was 16,8%.
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Fig. 1.  The influence of insecticides on the peroxidase activity in potato leaves 
(field research, 2010)
On the 8th day in the leaves of potato plants treated by the BT 994, BT 787 and Calypso the recovery of the process by reducing the enzyme activity, respectively by 32,0; 28,5 and 47,3% was noted.
 Further, on the 10th and the 12th days of experiment studies, the dynamics of peroxidase activity significantly differed by variations. On the 10th day the rate increase for the actions of biological activity was observed in the variant with the plants, treated by BT 994 (20,4%), but the plants processing by BT 787 does not cause any significant fluctuations in enzyme activity. The chemical insecticide Calypso lost the influence on peroxidase a little and stimulated the reduction of enzyme activity not less than 10,8%. In the samples, selected on the 12th day samples, in the variant with BT 994 a significant fluctuation in peroxidase activity was not observed. At the same time positive dynamics of enzyme activity (by 19,6%) was noted for processing by BT 787 leaves. In processing of plants with Calypso the indicator of enzyme activity remained unchanged.

The regular moderate fluctuations of peroxidase activity in leaves in the variant, treated with B. thuringiensis, may be explained by the phytoimmunological response of plant cells in contact with alien microbial agent, which plants do not perceive as a significant stress factor. After all, in the opinion of V.A. Andreeva [1], the peroxidase became active on many changes and disorders of plants metabolism, and some isoenzyme in response to stress synthesize de novo.

It is known from the literature, that a slight increase in peroxidase activity in the potato leaves, which we observed during the studies, stimulate the plants growth and phytoimmunity, by the increasing of their complex stability [13]. The reducing of enzyme activity, which was observed for the actions of chemical insecticide Calypso, may indicate the suppression of adaptive capacity of the plants organism.

While studying the dynamics of polyphenoloxidase activity, it was found that during the first four days of the experiment, the plants processing by the bioinsecticides BT 994 and BT 787 and Calypso does not cause a significant effect on the enzyme activity (Fig. 2). By the action of Calypso, in such period of time we observed a slight decrease in activity of polyphenoloxidase, to a maximum of 4,4%.
The results of the analysis were carried out for 6 days after application of insecticides, still showed no significant effect on polyphenoloxidase activity in potato plants leaves treated by BT 994. At the same time, in the BT 787 variant, the enzyme activity in leaves increased to 20,9%. The plants treated with Calypso kept the elevated activity of enzyme (by 2,4%).

On the 8th day in variants with BT 994 and BT 787 the increasing of polyphenoloxidase activity raised by 7,8 and 18,0%, respectively. In the variants influenced by the Calypso decrease of polyphenoloxidase activity by 20,5% was observed.
The data, obtained on the 10-12th days of the experiment, showed that the fluctuations of polyphenoloxidase activity in all variants were irrelevant.
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Fig. 2 The influence of insecticides on polyphenoloxidase activity in potato leaves (field research, 2010)

The conducted study of peroxidase and polyphenoloxidase enzyme activity allows to analyze the adaptive properties of potato plants to environmental conditions. According to the results, processing the plants by bioinsecticides based on B. thuringiensis promotes only slight and short fluctuations in the activity of the studied enzymes. It can be a moderate phytoimmunological response of plants on treatment by the biopreparations, or it can evidence the ability of plants to keep the oxidative exchange in stable and increase adaptive capacity. The processing with Calypso plants lead to a moderate but steady decrease in enzymes activity that can indicate a not pronounced but continuous activation of catabolic processes in tissues.

 Conclusion. Thus, unlike chemical insecticide Calypso, potato plants processing by the bioinsecticides based on B. thuringiensis strains 994 and 787 can increase the resistance of plants to unfavorable environmental conditions. This, in turn, allows to provide reliable ways for keeping an ecologically safely agriculture and to a considerable extent, to solve the urgent environmental problems.
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