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INVESTIGATION OF THE INFLUENCE OF SALICYLIC ACID ON THE CAUSES OF
BACTERIAL DIAGNOSTICS OF TOMATOES

©Y. Kolomiets

Bcmanosneno anmubaxmepianvuuti éniue caniyunogoi Kuciomu Ha 30YOHUKI6 OAKMepianbHO20 pakxy, 4OpHOL
baxkmepianvHoi naAMUCMOCcmi ma OaKmepianrbHOi Kpaniacmocmi momamie i NOMenyitHi il MoXscIusocmi 6 npu-
eHiyenni pozsumxy xe6opod. 3acmocysanna CK snudicysano cmyninb po3eumky 6axmepianbHux Xopob momama
Ha 8—65 % 3a wmyunoeo 3apascenns. Obnpuckysanns pociun momamie pozuunom CK oyno epexmugniwum,

HIJIC 3AMOYYBAHHA KOPEHIE

Knrouosi cnoea: momamu, 30y0HUKU OAKMEPIATbHUX XB0POD, CANIYUNO8A KUCIOMA, AHMUOAKMEPIATbHA

AKMUBHICMb, 3AXUCT POCIUH

1. Introduction

The problem of plant resistance against bacterio-
sis pathogens is one of the most important in modern
horticulture. In this regard, compounds increasing the
stability of plant varieties by mobilizing their natural de-
fense mechanisms are increasingly used, in particular sal-
icylic acid (SA).

SA is one of the key molecules involved in the
formation of immune response and systemic induced
plant resistance against bacterial diseases. It is accumu-
lated in infected areas of plants, transported by phloem
and concentrated in remote uninfected leaves, where, in
turn, takes place the expression of protective genes re-
sponsible for the structural and functional plant protec-
tion from stress [1]. SA participation in the mechanisms
of plant resistance against diseases is associated with the
induction of the generation of reactive oxygen species
(ROS) and stimulation of the synthesis of a number of
components related to the pathogenesis of plant compo-
nents [2]. Among SA-dependent signaling systems there
are NADPH-oxidase — SA, acting as an inhibitor of cata-
lase activity and hydrogen peroxide accumulation regula-
tor. NO-synthase — SA promotes NO-induced salicylate-
dependent formation of mRNA protein PR1, and MAP-
kinase — SA associated with the induction of the kinase
isoforms SIPK and adenyl cyclase system [2].

2. Literature review

Bacterial diseases are the most dangerous for
tomato plants, which is caused by prolonged latent pe-
riod of pathogen development, the complexity of the di-
agnosis in the early infection period, and numerous
sources of infection [3]. Despite the minor species
composition, pathogens of bacterial diseases have a
wide range of host plants, making it difficult to rotate
crops in crop rotation, although most of them are con-
fined to the Solanaceae crops. In recent years it has
been seen an increasing hazard of bacterial diseases that
is associated with the emergence of new, more aggres-
sive strains of pathogenic bacteria, gradual increase in
the duration and average temperatures of the growing
season, and the monoculture share and genetic uni-
formity of cultivated varieties [4].

Application of pesticides based on copper com-
pounds for pathogen control in the field or greenhouse
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conditions are effective only at an early infection stage
due to the rapid emergence of bacterial resistance to
drugs. Under cover they are recommended seed treat-
ing, plant debris removal, and equipment disinfection.
In the field in terms of the intensive development of
bacterial diseases they use crop rotation with planting
tomatoes not earlier than in a season. They are de-
scribed tomato varieties and hybrids resistant to diseas-
es, but because of racial variability of pathogens they
are ineffective in terms of significant disease deve-
lopment [5].

One of the potential ways to activate defense
mechanisms of plants against bacterial disease patho-
gens is the induction of systemic acquired resistance
[6]. Classical form of SAR can be caused by virulent,
avirulent, and non-pathogenic microorganisms or arti-
ficially with the help of chemicals, which are products
of intermediate product of the immune response avail-
able for plants. These can be salicylic acid (SA), me-
thyl salicylate, 2,6-dichloroisonicotinic acid (INA),
jasmonic acid (JA), JA methyl, benzothiazole deriva-
tives, DL-B-aminobutyric and oxalic acids [7]. Exog-
enous SA is included into the signal path and metabo-
lism of the endogenous SA in plants and induces sys-
tems of resistance against biotrophic pathogens, in-
cluding hypersensitivity and local resistance reaction.
In the absence of pathogens SA together with sugars
produces nonphytotoxic glycosides, and in response to
the infection of plants with pathogens turns into an ac-
tive form by the action of the glycosidase enzyme [8].
As a result, phloem healthy tissues accumulate SA,
which induces the synthesis of pathogen-related PR-
proteins that destroy the walls and cell membranes of
bacteria. This is a major defensive SAR reaction in
plants and its main marker.

It is shown that salicylic acid has a stimulating ef-
fect on the morphometric characteristics and antioxidant
activity of plant-regenerants of the tomato varieties
Chaika and Malynovyi Dzvin in terms of bacterial stress
caused by Pseudomonas syringae pv. tomato. While the
simultaneous action of SA and phytotoxic metabolites of
P. syringae pv. tomato 1S-28, the antioxidant activity of
phenols in tomato variety Chaika increased by 4,94 —
7,04 mclU-equiv, and of Malynovyi dzvin variety — by
4,86 — 7,16 mclU-equiv [9].
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3. Aim and research problems

Aim — investigate the ability of the SA to inhibit
the growth of strains of Xanthomonas vesicatoria, Pseu-
domonas syringae pv. tomato and Clavibacter michi-
ganensis subsp. michiganensis in nutrient media and
suppress the development of bacterial black spot, bacte-
rial spotting and bacterial cancer in tomato plants in
terms of artificial infection.

Research problems:

1) identify the virulence of strains C. michiganen-
sis subsp. michiganensis, X. vesicatoria and P. syringae
pv. tomato;,

2) investigation of the antibacterial effect of SA
on the agents of bacterial cancer, bacterial black spot and
bacterial speck;

3) establish the effect of SA on the degree of de-
velopment of bacterial black spot, bacterial spotting and
bacterial cancer on young tomato plants under artificial
infection.

4. Materials and methods

Virulence of selected strains of X. vesicatoria
IS-30, IS-31, IS-34, P. syringae pv. tomato 1S-28, 1S-46
and C. michiganensis subsp. michiganensis 1S-38, 1S-40
in laboratory environment was determined by artificial
infection of stalks and leaves of tomato plants by injec-
tion. It was deposited a drop of bacterial cell suspension
in density of 1x10° CFU/ml (turbidity standard) and
bruised the surface of plants with triple stab. The suspen-
sion of bacterial cells was prepared on the day of infec-
tion with bacterial mass that has been grown on potato
agar for 1-2 days in sterile tap water. For control it was
used sterile tap water.

In 7 and 14 days the inoculated plants showed ne-
crosis development around the injection site, browning of
vessels in longitudinal and transverse sections, wilting of
tops or leaves of plants. Accounting of strains aggression
was carried out using the 10-point scale [10]. Strains
with pathogenicity from 7 to 9 points were considered
aggressive, from 5 to 7 points — of average aggressive-
ness, and from 5 to 1 point — of low aggressiveness.

SA on bacteria was studied by perforation method
[11]. First they were made holes in the middle of thicken
potato agar with the help of cork borer. Then, in petri
dishes into the holes with the help of sterile removable
spouts it was dispensed SA solution at concentrations of
0.5, 1.0, 2.5, 5.0 and 10 mg/l. After that, it was radially
plated one-day suspension of bacteria cells with titer of
10° CFU/ml. The plates had been incubated for 48 h at
28+1 °C. Antibacterial effect of SA was assessed by di-
ameter of the zone with no bacterial growth.

Tomato seeds of Chaika variety were planted in
boxes in sterile substrate mixture of soil and sand (4:1)
and germinated in greenhouse conditions. After the ap-
pearance of seedlings, the plants were transplanted into
individual containers. The treatment of young tomato
seedlings with SA was conducted at the stage of replant-
ing; for this, roots were dipped into SA solution and kept
there for 1 hour. The repetition of experiments was four
times. In 28 days tomato seedlings were sprayed with SA
solution. Artificial infection with pathogens was con-
ducted in 30 days after pricking in. The level of disease

development was assessed in 7 and 14 days after artifi-
cial infection with pathogens by the following scale:

— 0 % — the plant is not affected;

— 1-5 % — individual spots on the leaves at the in-
jection site;

—6-10 % — 1/4 of leaf surface is infected is cov-
ered with lesions;

—11-25 % — spots which can be counted, lesions
cover not more than 1/3 of the surface of the leaves
and stems;

—26-50 % — lesions cover 2/3 of the surface of
the leaves and stems;

—51-75 % — wilting of leaf tops of the plants,
stems of plants are greatly affected [12].

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

5. Results of the research

As a result of artificial infection of young tomato
seedlings it was found that isolated strains X. vesicatoria
IS-30, IS-31, IS-34, P. syringae pv. tomato 1S-28, 1S-46,
and C. michiganensis subsp. michiganensis 1S-38, 1S-40
result in the appearance of symptoms of plant infestation.
Symptoms of infection, which occurred in 3—4 days,
were marked by the appearance of necrotic spots of ir-
regular shape on the leaves, twisting and withering of the
top. The most aggressive strains proved to be P. syringae
pv. tomato 1S-28, X. vesicatoria 1S-30 and C. michi-
ganensis subsp. michiganensis [S-38, aggressiveness of
which was 7-9 points. Average aggressive strains were
X. vesicatoria 1S-31 and C. michiganensis subsp. michi-
ganensis 1S-40, with aggressiveness of 5 and 6 points
(Fig. 1, 2).
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Fig. 1. Manifestation of aggressiveness of isolated strains
during artificial infection of young tomato plants of Chaika
variety

SA concentrations show different antibacterial
activity against selected strains due to their character-
istics (Table 1). The diameter of the zone with no
growth increased with increasing concentrations of
SA, which showed high antibacterial activity against
bacterial cancer C. michiganensis subsp. michiganen-
sis and bacterial black spotting X. vesicatoria, and no
growth zone diameter ranged from 70 to 80 mm.
Somewhat less antibacterial activity of SA was ob-
served against strains P. syringae pv. tomato, growth
inhibition zones of which did not exceed 14 mm. Indi-
cated that SA antibacterial properties associated pri-
marily with its effect on the cell walls of microorgan-
isms as of chelating agent [13].
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Fig. 2. Manifestation on the leaf blades and stalk of tomato plants
of the Chaika variety of symptoms caused by pathogens of
bacterial diseases: a — C. michiganensis subsp. michiganensis,
b — X vesicatoria, ¢c — P. syringae pv. tomato

In the case of gram-negative bacteria, the pri-
mary target of action appears lipopolysaccharide,
which is a part of the outer membrane and is negative-
ly charged, which gives hydrophilic properties to the
surface of microbial cells, due to which it becomes
complicated the penetration into hydrophobic mole-
cules with antibacterial action. Interaction of chelating

agent with LPS causes destabilization of the external
structures of gram-negative bacteria and substantially
reduces its barrier function, resulting in bacterial cells
becoming more inclined to action of other antimicro-
bial agents that are not able to penetrate through na-
tive membrane [14, 15]. The main targets of gram-
positive bacteria are teichoic acids, the negative
charge of which is provided by numerous remains of
phosphoric acid. They are in a complex with bivalent
metal ions and as the result of interaction with the che-
lating agent it takes place a violation of the ionic bal-
ance of cells. Teichoic acids in composition of cell
walls are also linked with positively charged autolysin
proteins that play an important role in murein degrada-
tion. Competitive displacement of excessive amount of
autolysins from their complex by chelating agent
causes uncontrolled cell wall lysis [14]. Under the in-
fluence of chelating agents it also plasmolemma per-
meability, occur conformational changes of membrane
proteins that are involved in the transfer of electrons
during aerobic respiration and control the functioning
of the electron transport chain [14, 16].

The use of SA reduces the degree of the devel-
opment of bacterial black spot, bacterial spotting and
bacterial cancer in young tomato plants under artificial
infection (Table 2). In the infected leaves of untreated
with SA plants the disease symptoms manifested on
the second day as light brown spots with yellow rim,
which increased at the end of the experiment up to the
large light-brown necrosis. It was recorded that on the
second day after infection of tomato plants, the ones
treated with SA, had no obvious signs of lesions when
compared to the control plants that had not been treat-
ed with SA.

On the seventh day on the leaves of the control
group of tomatoes they were observed light-brown dry
spots, the degree of destruction of leaves ranged from 26
to 50 %. In the plants treated with SA these symptoms
were observed slightly, evidenced by the appearance of
compared smaller dark brown spots on the leaves, and le-
sions area was 5—15 % of lamina.

In plants untreated with SA and infected with C.
michiganensis subsp. michiganensis in a week it was
found pith necrosis on the cut of the stem, and after
2 weeks the degree of lesions was 50-75 %. While in
treated tomato plants on the 7th day they were not ob-
served obvious symptoms infestations, and on the 14th day
they were affected not more than 50 % of tissues.

Table 1

Antibacterial activity of salicylic acid against pathogens bacterial diseases of tomatoes

The diameter of the zone of no growth (mm) of the isolated strains
around wells with a solution of SA
Concentration SA, . ;

. . . C. michiganensis subsp.

mg/l X. vesicatoria P. syringae pv. tomato - ;

michiganensis
1S-30 IS-31 1S-34 1S-28 IS-46 IS-38 IS-40
0,5 24+1 2242 2442 2+1 2+1 152 1242
1,0 3642 34+1 38+4 4+1 4+1 20+4 26+3
2,5 42+3 40+3 44+2 8+2 6+2 45+3 47+4
5,0 60+2 60+2 6243 10+3 8+2 63+4 66+2
10,0 80+3 70+4 80+4 14+4 12+£2 70+4 60+2
control 0+0 0+0 0+0 0+0 0+0 0+0 0+0
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Table 2
The effect of salicylic acid on the degree of development of the disease in the artificial defeat of tomato plants of
the Chaika variety

Degree of development of bacterial | Degree of development of bacterial | Degree of development of bacte-
Concent- | black spot (%) during processing speck (%) during processing rial cancer (%) during processing
ration roots leaves roots leaves roots leaves

SA, mg/l 7 14 7 14 7 14 7 14 7 14 7 14

days days days days days days days days days days days days

0,5 1542 50+4 1242 45+4 152 50+4 13+£2 45+2 3+1 2542 2+1 23+1

1,0 1242 | 4542 10£2 | 40+2 12+1 4542 10+1 40+2 3+1 22+1 2+1 20+1

2,5 12+£2 4342 10£1 40+2 8+£2 3642 8+1 30+1 2+1 18+2 2+1 15+2

5,0 10+2 40+1 7£1 35+1 8+1 30+2 e 25+1 2+1 15+1 1£1 10«1

10,0 5+1 3042 S5+1 25+1 7+1 20+2 5+1 1842 1+1 12+1 1+1 10+1

control 26+2 58+2 30+2 60+2 45+4 68+2 50+4 7242 50+1 70+£2 45+2 7542

Spraying of tomato plants with SA solution was
more effective than soaking of roots. Increase of SA con-
centrations increased the degree of disease inhibition.
The mechanism of induction of systemic acquired re-
sistance of SA is associated with the synthesis of com-
pounds of pro- and antioxidant systems, which inhibit the
growth and spread of phyto-pathogenic bacteria in plants.
It was established that SA increases resistance of cucum-
bers against Pseudomonas syringae pv. lachrymanus
[17], of tobacco — against Erwinia carotovora [18], of
potatoes — against E. carotovora subsp. carotovora, Ral-
stonia solanacearum [13] and common scab pathogen
Streptomyces scabies [13]. It was proved high efficiency of
SA as of antioxidant against bacterial and fungal diseases.

SA compounds are used in crop production. On
the basis of analogous the firm “Novartis” (Switzerland)
has developed and implemented the drug Bion (active
substance benzothiadiazole (benzo-(1,2,3)-thiadiazole-7-
carbotionic acid S-metyl ester), the company “BASF” —
Strobi that are effective against infectious diseases of
Cucurbitaceae, Solanaceae and cereals [19]. However,
despite intensive research, the use of SA and its deriva-
tives is limited because between stimulating and phyto-

toxic concentrations there are very small differences.
Application of SA is one of the parts of a complex sys-
tem, which leads to increased resistance of plants against
tomato bacterial spotting, but its amount does not exceed
a certain concentration threshold, which is required for
activation of protection systems and optimal functioning
of plants [9]. In the absence of infection the existing SA
concentrations did not cause the visual changes in the
morphology of leaves of young tomato plants.

6. Conclusions

1. The most aggressive strains proved to be
P. syringae pv. tomato 1S-28, X. vesicatoria 1S-30 and
C. michiganensis subsp. michiganensis IS-38, aggres-
siveness of which was 7-9 points.

2. SA solutions showed high antibacterial activity
against pathogens of bacterial cancer C. michiganensis
subsp. michiganensis and bacterial black spot X. vesica-
toria with no growth zone of 70-80 mm.

3. Spraying of tomato plants with SA solution was
more effective than soaking the roots. Increased SA con-
centrations caused the increased effectiveness of inhibi-
tion of tomato plants bacterial diseases.
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JOCIIIKEHHSA BIVIMBY TRIGONELLA FOENUM GRAECUM L. HA AKTUBHICTb
®EPMEHTIB AHTUOKCUIAHTHOI'O 3AXHUCTY 3A YMOB JI€ETIHAYKOBAHOI'O
OXUPIHHA Y L1YPIB

© B. B. KoHoneJanbHIOK

Bcemanoeneno, napocmanns macu s#cuposoi mkaHunu ma nopyuwenHs QYHKYioHy8aHHs aHMUOKCUOAHMHOT cuc-
memu 8 MEAPUH 3 ONCUPIHHAM THOYKOBAHUM CROICUBAHHAM GUCOKOKANOPIiHOT Oiemu. Beedennsa 2 % Opionoouc-
nepcrozo nopowiky nacinus Trigonella foenum graecum L. ¢ 6ucoxkoxanopitinuii Kopm npuseno 0o Hopmanizayii
6CIX 00CNIONCYBAHUX NOKAZHUKIB (HCUPOBOT MKAHUHU Ma akmueHocmi epmenmis). Taxi pezyromamu ceiouamo
npo npogirakmuuny 0iio HACIHHA (penyepexy

Knrouosi cnosa: genyepex, odcupints, 8UCOKOKANOPIUHA OIEMA, WYpPU, HCUPOBA MKAHUHA, CYNEPOKCUOOUCMY-
masa, Kamanasa, 2ymamioHnepoKcuoasza

1. Beryn
OXHpIHHAA € OJHUM 3 HaHOUTBII MOIHUPEHUX XPO-

YyBaHHS BYIJIEBOAIB Ta JKUPIB, HENPABHIBHUI PEXHUM
Xap4dyBaHHS, IO XapaKTePHU3yeThCs HAIMIPHUM HaKOITH-

HIYHHX 3aXBOPIOBaHb, & TAKOX € OJHIEI0 3 IPOBIAHHX
mpo0sieM Cy4acHOCTI, MOB‘S3aHUX 31 30POB‘SIM JIFOJCT-
Ba. Y 2016 pori Oyjao ONpHUIIOIHEHO IOCHIPKEHHS, B
SKOMY TI0Ka3aHo, 110 10 2025 poky Ha 0KHpiHHS Oy1yTh
crpakaatu Maibke 20 % wHacenenHs 3emui [1]. B
VYkpaini, 3a craructukoro BOO3, 53 % nronelt MaroTh
3aiiBy Bary, 20 % CTpaXIaroTh Ha OXXKUPIHHS Ta KOXEH
JOpYTHi 3HaXOOWThCS B 30HI pu3uWKy [2]. Po3BuTky
OKHMPIHHS CHPUSIIOTH 3MIHHM B CIOCOO1 JKUTTS Jtojei
(Mamopyxomuii crioci6 KHUTTS, 3pOCTaHHS B PaIioHi Xap-
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YEHHSAM Y KUPOBIH TKAaHUHI TPUAIFITIIIEPOITIB).

2. JlitepaTypHuii orJisijg

HanmipHe HakonWYeHHs KHUPY B KHUPOBii TKaHHU-
Hi € pe3yJbTaTOM XPOHIYHOTO TUCOAIAHCy MiX CIIOMKH-
BaHHsAM Ta BUTparolo eHeprii [3, 4]. Panime >xuposa
TKaHWHA PO3TJISAAacs, IK TKAaHWHA 3 HEBEJIUKOIO KiJIbKi-
CTIO MeTaboJIIYHUX (YHKIIH, IPOTEe CHOTOXHI BiIOMO,
110 JKMPOBa TKaHWHA € METabONIYHO aKTHBHHM OpraHOM
[5]. Heski mOCHigHUKA MOKA3alHd B3a€MO3B’SI30K MiXK PO3-



