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EFFECT OF BIOLOGICAL AND CHEMICAL PREPARATIONS ON PEROXIDASE
ACTIVITY IN LEAVES OF TOMATO PLANTS
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In terms of treating tomato variety Chaika with chemical preparations with active substances if aluminum phos-
phate, 570 g/l + phosphorous acid 80 g/,I and mankotseb in concentration of 640 g/kg, the maximum increase in
peroxidase activity in leaves of plants was observed in12 hours. In terms of use of biological preparations based
on living cells Bacillus subtilis and Azotobacter chroococcum its activity was maximum in 24 hours and ranged
from 77.7 to 112.7 un.mgtes™
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1. Introduction

In tomato plants it can be found a number of bac-
terial diseases affecting various organs: stem centrum ne-
crosis, bacterial leaf spotting, fruit mottling (spotting),
fruit top rot, watery rot of stems and fruits, bacterial wilt
(brown rot) of stems, root cancer.

To protect plants from infectious organisms they
are used pesticides in agriculture. In the second edition of
the official “List of pesticides and agrochemicals permit-
ted for use in Ukraine for 20107, there is no information
on the drugs recommended for bacterial lesions of toma-
to plants [1]. According to the obtained data, fungicides,
which include mankozeb or copper hydroxide, signifi-
cantly inhibit the growth of bacterial agents and the de-
velopment of cancer and bacterial black spotting [2].

Recently, in Ukraine it was renewed the interest in
biological methods of plant protection, which is based on
the use of microorganisms or their metabolic products to
inhibit the development of pathogens. Biologicals based
on live bacterial cultures are characterized by low toxici-
ty and broad spectrum of activity against plants and patho-
gens. The use of combined biologicals that include proper-
ties of bio-fertilizers, fungicides, and insecticides, makes it
possible to solve a large number of problems of biological
protection of plants and improve the quality of final prod-
ucts (vegetables, fruits), as well as soil fertility [3].
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Preparations of chemical, biological and natural
origin cause induced systemic resistance against patho-
gens by stimulating defense reactions of the plant body
[4]. They activate a complex network of signaling path-
ways that include regulatory molecule messengers (sali-
cylic and jasmonic acids and their derivatives, indolyl-3-
acetic acid, hydrogen peroxide, nitric oxide and other
compounds), resulting in the synthesis of de novo PR-
proteins pathogenesis-related (pathogenesis-related pro-
teins, PR). PR-proteins implement various mechanisms
to protect cells, the earliest of which is the intensive for-
mation of reactive oxygen species (ROS) [5, 6].

2. Literature review

Under the ROS control, there are hypersensitivity
and apoptosis reactions, due to which in the pathogenesis
conditions it is formed the zone of dead plant cells, rich n
antimicrobial compounds. ROS and products of oxidative
modification of biomolecules, produced under their in-
fluence, act as second messengers for signal transduction
to activate the expression of protective genes [7]. The re-
sulting ROS affect the metabolism of plants and phyto-
pathogens. However, in the resistant plants, oxidative
processes offset by higher content of antioxidants.

With the opening of the signal and the protective
role of ROS, attention is paid to oxidoreductase, regulat-
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ing their levels in the cell. Among them, of particular in-
terest are peroxidases, the activity of which correlates
with the development of plant resistance against biologi-
cal and abiotic stresses [8, 9]. Enzyme activation is the
most important link of signaling system, the function of
which is transferring and multiplication of elicitor signal,
culminating with expression of protective genes and pro-
tein biosynthesis, which determine the response of plants
to infection and the impact of elicitors. Being constitu-
tionally required, peroxidase as multifunctional enzyme
is involved in photosynthesis redox reactions, respiration
processes, protein metabolism and plant growth process
regulations, allowing it to respond quickly to infection
with phyto-pathogens. Its substrates are phyto-hormones
(abscisic and gibberellin acids, auxins), causing the regu-
lation of physiologically active substances in plant tis-
sues [10]. Peroxidase utilizes ROS in the polymerization
of phenolic compounds to form lignin. Directly involved
in the synthesis of lignin, which limits the supply of nu-
trients to the pathogen in the zone of its penetration into
the tissues of plants, are anionic peroxidase [11].

However, the biochemical processes occurring in
plants under the influence of plant protection products,
are still poorly understood. Any preparations caused rear-
rangement of metabolism in the plant cell. However, the
regulation paths may be different. Ascertainment of these
questions is necessary for the correct use of chemical and
biological agents with an aim to the regulation of plant
growth and development, increasing their resistance to
adverse conditions, producing a high yield, improve the
quality of agricultural products and the preservation of
favorable ecological situation. Thus, the present study
was carried out to determine the induction of peroxidase
activity in tomato plants in response to the application of
chemical and biological preparations.

3. Aim and research problems

Aim — determination of redox enzyme peroxidase
activity in the leaves of tomato plants in terms of treating
with chemical and biological preparations.

Research problems: identify the optimal pH for
the molecular forms of peroxidase, the influence of bio-
logical and chemical preparations on peroxidase activity,
the antibacterial activity of biological preparations
against the agents of bacterial cancer C. michiganensis
subsp. michiganensis and bacterial black spotting X. ves-
icatoria.

4. Materials and methods

For research it was taken Chaika tomato variety,
which, according to the data, in culture in vitro showed
resistance to bacterial cancer and bacterial mottle, and
bacterial black spot [12]. Plants of Chaika tomato varie-
ties were grown in the scientific research field “Horticul-
tural Garden” of National University of Life and Envi-
ronmental Sciences of Ukraine. They were used chemical
pesticides with active ingredients, including Fital (alumi-
num phosphite, 570 g/l + phosphorous acid 80 g/l); Me-
taksyl (metalaxyl, 80 g/kg + mankotseb, 640 g/kg) and
Kuproksat (threemain copper sulfate, 345 g/l). Biologi-
cals were used in concentrations recommended by the

manufacturer, including Phytohelp containing a concen-
trated blend of natural bacteria Bacillus subtilis
(4x10° CFU/cm?), micro- and macroelements, biologically
active products of microorganisms (BTU-center, Ukraine)
[13], Fitotsyd — living cells and spores of natural endophyte
bacteria Bacillus subtilis (1x10° — 4x10° CFU/cm®), their ac-
tive metabolites (BTU center, Ukraine) [10], Azotofit — cells
of natural nitrogen-gathering bacteria Azotobacter chroo-
coccum (1x10° CFU/cm®), macro- and microelements, BAP
of bacteria (BTU center, Ukraine) [13].

Peroxidase enzyme activity in leaves of tomato
plants was measured using spectrophotometric method
according to the optical density of the reaction products
formed by oxidation of benzidine per second for 120 s at
wavelength 590 n. before treatment, in 1, 6, 12 and
24 hours after spraying with preparations. Tissue sample
weight of 200-300 mg was ground in cold porcelain
mortar with cold pestle in 2 ml of acetate buffer (pH 4,7;
5,0; 5,5). The resulting homogenates was centrifuged for
5 minutes at 12 000 g. To store the samples were placed
in a refrigerator at 4° C. The reaction mixture contained
150 mcl of 0,2 M Na-acetate buffer (pH 4,7; 5,0; 5,5),
150 mcl of 0,01 % solution of muriatic benzidine of
50 mcl extract, 200 mcl of 0,3 % hydrogen peroxide, and
200 mcl of distilled water. The control cuvette contained
150 mcl of 0,2 M Na-acetate buffer (pH 4,7; 5,0; 5,5),
200 mcl of 0.01 % solution of muriatic benzidine, 50 mcl
of extract, and 400 mcl of distilled water [14].

Calculation of peroxidase enzyme activity was
provided by the formula [14]:

A:E(a~6),
c-t

where E is an extinction = 0,125;

a — the ratio of liquid taken for extract cooking,
cm®/mg;

b — the degree of constant dilution of extract in the
reaction mixture;

¢ — layer thickness, cm;

t—time, s.

The effect of biologics on bacteria was studied by
method of diffusion in agar [15]. In Petrie dishes into
holes made by sterile cork drill in the middle of frozen
potato agar, with the help of sterile removable spouts it
was added biological in the recommended by manufac-
turer concentrations. Then it was radially plated one-day
old bacteria with titer 10° CFU/mI. The dishes were in-
cubated for 48 hours at a temperature of 28+1 °C. The
antibacterial effect of the substance was set due to the di-
ameter of the zone with no bacterial growth.

Statistical analysis of the results was performed
using application software package STATISTICA v.6.0.

5. Results of the research

In the leaves of tomato plants of Chaika variety it
was determined the optimal activity value of peroxidase
loosely bound with cell wall. In particular, there was a
shift of the pH optimum for peroxidase, caused by the
advantage of enzyme forms synthesis in terms of treating
with chemical and biological preparations (Fig. 1).
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Fig. 1. Effect of pH Na-acetate buffer on peroxidase activity of anionic forms in the leaves of tomato plants of Chaika
variety in terms of treating with preparations: 1 — kontrol, 2 — Fital, 3 — Kuproksat, 4 — Metaksyl, 5 — Azotofit, 6 — Phy-
tohelp, 7 — Fitotsyd: a—pH 4,7; b —pH 5,0; c — pH 5,5

It was determined that plants treated with biologi-
cal preparations are characterized by higher values of pe-
roxidase activity 51,4-112,5 un.mges™ with pH=4,7 and
pH=5,5, indicating the induction of synthesis of anionic
and cationic-anionic forms. They were found two peaks
of activity in leaves of tomato plants in terms of the ac-
tions of biological preparations Fitotsyd and Phytohelp
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based on living cells of natural bacteria Bacillus subtilis.
The optimal value for peroxidase activity for plant leaves
in terms of treating with chemicals were characteristic
with pH=4,7, which was accompanied by enhanced genera-
tion of anionic peroxidase. Thus, changing in activity of the
molecular forms of peroxidase is likely to ensure the re-
sistance of plants against complex of environmental factors
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To analyze the intensity of synthesis of ROS,
caused by chemical and biological preparations, and
the study of adaptive properties of tomato plants of
Chaika variety, it was studied the daily dynamics of

peroxidase activity (Table 1). During the experiment it
was found that during the day peroxidase activity in
leaves of plants remained at the initial level — 15,0—
15,6 un.mgtes.

of treating with preparations

Table 1
Change in activity of peroxidase enzyme (un.mg™ss™) in the leaves of tomato plants of Chaika variety in terms

Biologicals before treatment 1h 6h 12 h 24 h
Kontrol 15,0+0,04 15,4+0,04 15,0+0,02 15,6+0,03 15,4+0,04
Fital 16,3+0,02 27,7+0,06 55,5+0,03 112,5+0,02 24,5+0,02
Kuproksat 19,34+0,05 36,0+0,02 7,62+0,02 31,5+0,05 13,5+0,06
Metaksyl 14,340,03 67,5+0,03 81,1+0,05 111,5+0,03 65,8+0,06
Azotofit 18,2+0,02 30,7+0,05 43,0+0,04 54,5+0,04 77,7+0,04
Phytohelp 16,2+0,02 24,0+0,04 32,6+0,02 41,5+0,02 94,7+0,03
Fitotsyd 17,6+0,04 23,24+0,02 23,24+0,02 80,5+0,04 112,7+0,03

Peroxidase activity in leaves of tomato plants
treated with chemical preparations Fital and Metaksyl
was maximal in 12 hours, while in 24 hours it took place
its decrease by 41,0-78,2 %. In general, the impact of
pesticides is found in diverse effects on metabolism in
plants. They change the permeability of the cell mem-
brane, the intensity of photosynthesis, respiration and ac-
tivity of the related oxidation-reductive enzymes. The in-
tensity and direction of these processes depends on the
nature, norms, terms and forms of the preparation use
and environmental conditions [11].

In response to the treating with biological prepara-
tions we have identified a gradual increase in activity of
peroxidase in 1, 6, 12 and 24 hours. In the leaves of
plants treated with Bacillus subtilis, the enzyme activity
increased and was maximal in24 hours 94,7-112,7
un.mg?es™. According to [16], endophytic bacteria Bacil-
lus subtilis protect plants from pathogens, produce phys-
iologically active substances and form induced systemic
resistance.

Phytohelp and Phytocide showed high antibacteri-
al activity against the agents of bacterial cancer C. mich-
iganensis subsp. michiganensis and bacterial black spot-
ting X. vesicatoria, and the no growth zone diameter
ranged from 73 to 80 mm. Bacilli antagonistic activity
against the phytopathogens associates with the synthesis
of antibiotics, toxins, volatile organic compounds, phyto-
hormones, and other exometabolites of different chemi-
cal nature. A significant place in manifestation of antag-
onism takes a lytic enzyme complex of bacteria of the
Bacillus genus, which is able to destroy certain connec-
tions in the structure of cell walls peptidoglycan of gram-
positive and gram-negative bacteria.

In terms of treating with Azotofit, based on Azo-
tobacter chroococcum, peroxidase activity increased up
to 77,7 un.mg?ss™. In our study we examined the anti-
bacterial activity of biologicals Azotofit based on nitro-
gen-fixing bacteria (plant growth-promoting rhizobacte-
ria — PGPR-bacteria). Biological Azotofit, based on cells
of nitrogen-fixing bacteria Azotobacter chroococcum,
showed high antibacterial activity against the agent of
bacterial cancer C. michiganensis subsp. michiganen-
sis, no growth zone diameter was 78+2,0 mm. This
preparation was middle-active against the agent of
bacterial black spotting X. vesicatoria and showed no
activity against the agent of bacterial speck of tomato

P. syringae pv. tomato. PGPR-bacteria positively af-
fect plant growth and development due to the ability to
fix atmospheric molecular nitrogen, to synthesize sub-
stances of hormonal nature, improve water and miner-
al nutrition of plants, and inhibit the development of
pathogens, due to the synthesis of substances of bacte-
ricidal and fungicidal action.

Thus, a higher tendency of peroxidase activity in
leaves of plants treated with biological preparations
based on living cells Bacillus subtilis and Azotobacter
chroococcum, confirm the increase in activity of non-
specific defense reactions.

6. Conclusions

In terms of treating Chaika tomato variety with
chemical and biological preparations, it was identified
increased activity of peroxidase, which varied depending
on the active ingredient of the preparation. The studied
preparations with active substances aluminum phosphate,
570 g/l + phosphorous acid, 80 g/l, and mankotseb in a
concentration of 640 g/kg have caused the maximal pe-
roxidase activity in leaves of plants in 12 hours, which
amounted up to 111,5-1125 un.mgles?, while in
24 hours — its reduction by 41,0-78,2 %. In terms of use
biological preparations based on living cells Bacillus
subtilis and Azotobacter chroococcum, peroxidase activi-
ty was maximal in 24 hours and ranged from 77,7—
112,7 un.mg?es™. The increase in activity of peroxi-
dase in leaves under the influence of chemical and
biological preparations confirms the effectiveness of
their use for growth and activation of tomato plant
immunity.
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