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ABSTRACT

Brown spot disease is economically important disease which has a particular impact on the reduction of tobacco
leaves quality and, hence, on the total economic effect. The main factors for its occurrence are the climate and
irrational use of agrotechnical practices. Ontogenetic age of leaves has also a big influence on disease attack, i.e.
its intensity increases with aging of the leaves. A number of fungicides are applied in the control of this disease.

The aim of integral protection, however, is to include preventive measures and to reduce the number of
treatments. Also, the biointensive model of integral protection aims to replace them by natural resources. Our
objective was to study the effect of plant hormone kinetin on the intensity of attack of brown spot disease.

Two concentrations of kinetin were applied (30 mg/l and 60 mg/l), with one and two treatments of tobacco
plants. They were inoculated with a suspension of pure culture of the pathogenic fungus Alternaria alternata -
the causing agent of the disease.

It was concluded that kinetin treatment has a positive effect on reducing the disease intensity. The lowest
intensity in the two-year investigation was recorded in plants with a single treatment of kinetin -60 mg/I. Among
treatments with 30 mg/l, lower intensity was recorded when two treatments were applied. Histological
investigations of tobacco leaves confirmed the effect of kinetin in reduction of the possibilities for infection.

The investigations point out to the possibility for application of the plant hormone kinetin in tobacco as a
biological and preventive measure in the control of brown spot disease.
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BJIMJAHUE HA PACTUTEJIHHUOT XOPMOH KMUHTETHH BP3
HAMAJIYBAIBETO HA UHTEH3UTETOT HA BOJIECTA KA®EHA
JAMKABOCT KAJ TYTYHOT

Bonecta xadena mamkaBOCT € €JHa 0 eKOHOMCKHTE 3HA4ajHH 00JIECTH, CO 0COOCHO BIIMjaHHE BP3 HAMAITyBambe
Ha KBAJIUTCTOT HA TYTYHCKHUTC JIMCTOBHU, a OTTyKa, Ha BKYIIHHOT C€KOHOMCKH e(bCKT. Kako rmaBHHM
MpEIUCIIONNpayky (hakTopu 3a Hej3MHATA I0jaBa C€ KIMMATCKUTE YCJIOBH M HEpalMoOHAJIHATa NMpHMEHa Ha
arpoTeXHUYKUTe Mepku. McTo Taka, OHTOTEHeTcKara BO3pacT Ha JIMCTOBUTE HMa TOJIEMO BIHjaHHE Bp3
MHTEH3UTETOT Ha Haraj, OJJHOCHO, HCTHOT CE 3roJIEMYBa CO CTapeethe Ha JIHCTOBUTE.

3a 3amrTuTa 0 OBaa OoyecT ce NMpUMEHyBaar moseke QyHrunmau. Ho, exnHa oj menure Ha MHTETpajHaTa
3aIlITHTA Ha TYTYHOT € HajlIPBHH BKJIyYyBame Ha MPEBEHTHBHU MEPKH U HaMallyBame Ha OpOjOT Ha TpeTHpamba.
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Hcro Taka, OHOMHTCH3MBHHOT MOJIEN HA MHTErpaiiHa 3alliTUTa Ce MOBEKe ce HacouyBa KOH HaMalyBame Ha
ynotpebata Ha XEMHUCKH CPEICTBA 32 3aIUTHTA ¥ KOPHCTEHE HA IPUPOIHUTE PECYPCH.

Ortryka, HamaTa nen Oemre a ro NPoyYruMe A€jCTBOTO HA PACTUTEIHHOT XOPMOH KHHETHH BP3 HHTEH3UTETOT Ha
Haraj oJ] 6osecTa KaeHa JTaMKaBOCT.

Bea npumMeneTd nBe KOHIEHTpaluu Ha kuHeTrH (30 mg / | u 60 mg / I)co enHo u nBe TpeTHpama Ha TYTYHCKHTE
pactenuja. Vctute Oea MHOKYNIMpaHH CO CYCIIEH3Hja OJ 4YMCTa KyIATypa Ha NpeIu3BHKYBauoT Ha Ooiecra-
naroreHata rada Alternaria alternata.

beme xoHcTaTMpaHO JeKa TPETHUPAKETO CO KHHETHH HMa IIO3UTHBHO J€jCTBO Bp3 HAaMalyBameTo Ha
WHTEH3UTETOT Ha Oomecta. Bo 1mBeTe roamHm Ha HCTpakyBame, HajMall MHTCH3UTET Oelle yTBPACH Kaj
pacTeHujara co eJHO TpeThupame co kuHetuH -60 mg / |. Ilomery Tpetupamara co 30 mg / |, moman uuteH3uTET €
YTBPJEH IIPH JIBE TPETHPAbA.

XUCTOJIOIIKATE HUCTINTYBakba Ha TYTYHCKHUTE JIMCTOBU TO MOTBpAYyBaaT BHI/IjaHI/IeTO Ha KHHCTHHOT BO
HaMallyBambE€TO Ha MOKHOCTA 3a I/IH(l)eKHI/Ij a.

OBHe UCTpaXKyBama yKa)KyBaaT Ha MOXKHOCTA 3a IPUMEHA Ha PACTUTEIIHUOT XOPMOH KHHETHH Kaj TYTYHOT KaKo
OWoNIOIIKa ¥ MPEBEHTHUBHA MEpKa 32 3aIITUTa 0J] 0oIecTa Ka)eHa JaMKaBOCT.

Koayuynu 300poBu: kadeHa 1aMKaBOCT, HHTCH3UTET Ha HaIa[l, KHHETHH, PeIyKIHja, IPeBEHTHBHA MEpKa

INTRODUCTION

Brown spot is one of the economically costs. It also causes harmful effects to
important diseases on tobacco. It attacks human health and the environment.
all tobacco types but achieves the highest Therefore, the scientific approach is
intensity in large-leaf tobaccos. Its focused o finding alternative modes for
occurrence largely depends on climate control of the disease.

conditions, variety and modes of tobacco
production. Its intensity is increased in
areas with warm climate and higher
relative humidity or heavy rainfalls
(Gveroska, 2006 a). Occurrence of the
disease is greatly affected by the undue

The influence of ontogenetic age of
tobacco on the intensity of disease (also
known as "disease of weakness and old
age™) imposed investigations in another
field - physiological basis of reducing the

harvesting of tobacco leaves. In recent intensity of the attack.

years, the intensive mode of production Physiologically active substances are
and efforts to obtain higher yields resulted reqularly used in agriculture. Plant
in application of some cultural practices hormones or  phytohormones  are
(excessive irrigation, low planting density, substances produced by plants that are
over-fertilization, etc.) which indirectly used for regulation of growth and
increase the disease incidence. development. As in many other cultures,

they can cause physiological changes in
from the disease include application of toba;:_coI(Mlcesika t?t al., .1999_)' They f'n?c
preventive measures, resistant tobacco pra(élc?_ _tapp Ica dIOI’l _n mcreaie Of
varieties and use of chemicals. The productivity —and ~ Improvemen 0
biointensive model for integral protection, techno_loglcal properties of plants (Petrov_a
however, is inclined towards reduced and lliev, 1990), but they also have their

number of treatments and the use of role in the adaptive response of plants to
natural resources various stressful situations (Atanasova et

al., 1996).

According to Seilaniantz et al. (2007),
plant hormones play an important role in

Recommended techniques for protection

The long-term use of chemicals increases
both resistance to the pathogen and the
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growth regulation and in creation of a
network of signals involved in plant
response to a wide range of biotic and
abiotic stresses.

Cytokinins promote a wide range of
diverse biological activities that appear in
the regulation of growth, formation of
organs, aging process and dormation
period. These substances, especially
kinetin, have an influence on cell division,
elongation and differentiation of cells,
growth of the root tip and its initiation,
initiation and growth of vegetative cone
and on suspension of dormancy. Among
many other functions, they increase plant
tolerance to low and high temperatures and
to fungal infection (Sari¢ et al., 1987).

Cytokinins affect the susceptiblity of
leaves and other organs and increases the
resistance to pathogens and extreme
temperatures (Annonimus, 2011). It was
stated that plants which have an ability to
survive in suboptimal conditions contain
increased amount of cytokinin. Such is the

case with the beans exposed to AL toxin
(Massos et al., 1994 , loc cit Atanassova et
al., 1996).

No data have been found on the influence
of plant hormones on tobacco reaction to
certain  diseases, but according to
Haberlach et al. (1978), the resistance of
tobacco in tissue culture can be controlled
by regulation of the hormone regimen.

With  reference to the effect of
phytohormones on Alternaria alternata,
Perez et al. (1995) report that the brown
spot disease on fruits treated with giberelin
acid is manifested with much lower
severity.

Data on the effect of phytohormones on
plant reaction to pathogens has raised the
interest for investigation of their impact on
tobacco and its reaction to brown spot
disease. The aim of this paper was to study
the effect of the plant hormone kinetin on
the intensity of brown spot disease caused
by the pathogenic fungus.

MATERIAL AND METHOD

Two-year investigations (2009 and 2010)
were carried out in the biological
laboratory of the Scientific Tobacco
Institute - Prilep. Pots filled with 2:1 ratio
of soil and sterilized manure were planted

OB~ wWwN -

The first treatment of plants with prepared
solutions containing appropriate
concentrations of kinetin was made about a
month after planting. The second treatment
was made on half of the plants, a month
after the first treatment.

Plants were inoculated with a suspension
of fresh material, i.e. brown spot from

30 mg /I kinetin
60 mg /I kinetin

O ( control )

with 50 tobacco plants of the large-leaf
variety B 2/93 for each variant. They were
grown in traditional way, with the
following variants:

1 treatment

2 treatments

1 treatment

2 treatments
untreated plants

infected leaves. The material was blended
in a ratio 10 spots per 100 ml of distilled
water and then filtered through a three-
layer gauze. The leaves were wounded
with karborundum, sprayed with 1 %
solution of glucose, and then whole plants
were sprayed with the prepared
suspension. Inoculated tobacco plants were
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covered with polyethylene and stored in
biological laboratory for 10 days.

Small deviation was made in 2010, when
the period of humidification was 13 days,
because of the very low temperatures that
followed after inoculation.

Intensity of attack was assessed using a
six-grade scale ( 0-5 ). The leaves were
classified in appropriate category :0)
healthy leaves ; 1) 1 spot on a leaf 2) 2-5
spots on a leaf 3) 6-10 spots on a leaf 4)
11-25 spots on a leaf 5) more than 1/2 of
leafy area infected. Disease index was
calculated according to the formula of Mc-
Kiney:

2K 100
N-K

where:

n - number of leaves in the appropriate
category
k - category
N - total number of analyzed leaves
K-Total number of categories

Before inoculation, leaf samples were
taken from the investigated variants and
they were used for making permanent
preparations.

RESULTS AND DISCUSSION

Brown spot disease is manifested by the
appearance of small brown spots which
number is gradually increasing. At the
same time, the spots enlarge and coalesce,
spreading over the largest part of the leaf
(Fig. 1). They become necrotic, with
concentric rings surrounded by chlorotic

Fig 1. Symptoms of brown spot disease in large-leaf tobacco

The causing agent of this tobacco disease
in R. Macedonia is the pathogenic fungus
A. alternata (Fig. 2), subdivision
Deuteromycotina (Fungi Imperfecti) -
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area. In case of severe attack, irregular
angular areas are formed and the infected
tissue becomes stiff and falls off. These
symptoms indicate that the tissue has
undergone biochemical changes which
deteriorate the quality of raw tobacco.

imperfect fungi, class Hyphomycetes, order
Hyphomycetales, family Dematiaceae
(Ivanovi¢, 1992).
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This pathogen has a wide range of hosts. It
attacks almost all types of tobacco and all
the varieties are, more or less, susceptible.
Still, the large-leaf varieties are subject to
greater intensity of attack than the oriental
and semi-oriental varieties. Among the
large-leaf varieties, higher intensity of

Fig. 3 Brown spot in B2/93
-natural infestation

In 2009, the intensity of disease attack
ranged from 14.39% in plants treated with
60 mg/l kinetin (1 treatment) to 26.73% in

A. alternata — pure culture

attack was observed in B 2/93 than in MV
1 (Gveroska, 2006b).

The symptoms of brown spot in this
variety in conditions of natural and
artificial inoculation are presented in Fig. 3
and 4.

Fig.4 Brown spotin B2/93
— artificial infestation

plants treated with 30 mg/l kinetin (1
treatment). Between the two variants of
treatment with 60 mg/l Kinetin, higher
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intensity of attack was observed in those
where two treatments were applied
(20.85%).

The highest intensity of 40.13% was
observed in the check variant.

Table 1. The intensity of brown spot disease in 2009

Total number of

Percentage of infected

Variant Intensity of attack (%)
analyzed leaves leaves

30 mg / I kinetin 270 70,00 26,73
1 treatment

30 mg / I kinetin 165 61,82 26,67
2 treatments

60 mg / | kinetin 161 50,31 14,39
1 treatment

60 mg / | kinetin 297 51,10 20,85
2 treatments

@ Check 179 89,38 40,13

In 2010, the intensity of attack in the check
variant was much higher compared to
2009. The same situation was observed in
the other variants investigated. It was
reflected in the percentage of infected
leaves (Table 2). Such a high percentage of
infected leaves was due to the longer

period of moistening. The temperature
decrease in this case had no negative
influence, because the infection was
possible even at very low temperatures,
which are not typical for tobacco growing
season.

Table 2. The intensity of brown spot disease in 2010

Total number of

Percentage of infected

Variant Intensity of attack (%)
analyzed leaves leaves

30 mg / | kinetin 132 94,69 52.15
1 treatment

30 mg / | kinetin 138 96.38 48,31
2 treatments

60 mg / | kinetin 138 96,37 43.42
1 treatment

60 mg / | kinetin 128 93.87 4935
2 treatments

@ Check 223 95,54 70,25

Percentage of infected leaves in the check
variant is almost equal to that in the
investigated  variants. However, the
number of analyzed leaves is higher and
the infected leaves belong to higher
categories in the six-grade scale, which has
surely influenced the value of disease
index in the check variants (Table 2).

In treated plants, the highest intensity of
attack was observed with 30 mg/I kinetin -
52,15 %. In plants where two treatments
with the same concentration of Kkinetin
were applied, the intensity was slightly
lower - 48.31%.

The lowest intensity of disease attack
(43.42 %) was recorded in plants with a
42

single treatment of 60 mg /I kinetin. In
variants treated twice with the same
concentration of Kinetin, the intensity of
attack in this year was higher than the
previously mentioned variant (49.35 %)
(Table 2).

According to the average results on
influence of the plant hormone kinetin on
intensity of brown spot disease in the two-
year investigation (Graph 1), the highest
intensity of attack was recorded in plants
treated with 30 mg /I kinetin (one
treatment) and the lowest intensity of in
plants treated with 60 mg / | Kinetin (two
treatments) (Graph 1).
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(average values)

60
39.44 37.49

35.1
40 28.9
2 I
0

30 mg /I kinetin 30 mg/l kinetin 60 mg/l kinetin 60 mg/l kinetin
1 treatment 2 treatments 1 treatment 2 treatments

o

Graf. 1 The effect of kinetin treatment on disease intensity

55.24

@ Check

Such an effect was determined in tobacco
variety that was the most susceptible to
this disease. Accordingly, the treatment
with kinetin has a positive effect on
reducing the intensity of brown spot attack
in tobacco. Little is known about the
interaction between plant hormones and
the response to various pathogens.

Seilaniantz et al. (2007) investigated the
interaction between the virulence of the
pathogen and signaling networks involved
in the response to various pathogens. The

authors reported that the hormones can

influence disease outcomes through their
effect on SA (salicylic acid) or JA
(Jasmonic acid) signaling.

Similar statements were reported by Perez
et al. (1995) in the treatment with
giberellic acid. They claim that there is no
direct effect on the pathogen, but rather
physiological one, delaying senescence or
healing wounded tissue.

AR AR
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Fig. 7 Treatment with 60 mg/l kinetin

According to Geraats (2003), ethylene can
induce resistance to plant diseases. In his
experiments, tobacco plants that do not
response to ethylene become susceptible to
diseases. Ethylene plays important role in
maturation of plants and ripening of fruits
(Sari¢ et al.,, 1987). Although it is a

Fig. 5 Tobacco leaf — untreated plaﬁts

hormone with completely different role,
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such information can contribute to
explaining the role of cytokinins. The
pathogen usually attacks the plant in a
stage of turgor and uses its nutrients. This
plant disease, however, is known as a
disease of oldness and weakness and it
attacks the old, overmature leaves. In this
case cytokinins increase the activity of
plants (slowing down the aging process)
and thereby reduce the intensity of the
disease.

In our investigation, higher intensity of
disease was observed in the variant with
two treatments of 60 mg/l Kinetin,
compared to the variant with one
treatment. Petrova and lliev (1990)
reported that the increased concentration of
cytokinins leads to reduced content of
sugars. Brown spot is a disease that attacks
the tissues with low content of sugars
(Rotem, 1994). Hence, such treatment can
lead to decrease of sugar content in
tobacco leaves, which on the other hand
will increase the susceptibility of the tissue
to the pathogen. In support of this
statement is the fact that the investigated
tobacco variety is characterized by a low
content of sugars and highest susceptibility
to the disease causing agent.

Haberlach et al. (1978) reported that the
increased concentration of cytokinin in
tissue culture can have an influence on
tobacco resistance. Hypersensitive reaction
of the resistant varieties to Phytophtora
parasitica var. nicotianae is lost and the
tissue is poorly colonized with zoospores.
However, in that case, too, when kinetin
concentration was increased over 2 um, the
resistance was lost.

According to Turner (1986, loc cit.
Atanassova et al., 1996), plants have the
ability to respond to the pathogen through
morphological and physiological changes,
by which they can adapt to the changed
conditions. In our study, the treatment with
Kinetin resulted in increase of length of the
parenchymal tissue compared to that of
untreated plants (Figure 5-7), which
certainly reduced the possibility of
infection and development of the disease.

Due to the role of cytokinins in plant
response to diseases, their application may
be wuseful in inducing resistance to
pathogens and extreme temperatures
(Atanassova, 1996; Annonimus, 2011).
Therefore, the positive effect of treatment
with Kkinetin enables its application in
protection from brown spot disease.

CONCLUSIONS

1. The plant hormone kinetin affects the
intensity of attack of brown spot
disease in tobacco.

2. The highest intensity of attack was
observed in plants treated with 30
mg/lkinetin (one treatment). In variant
with two treaments with the same
concentration of Kinetin, the intensity
of disease attack was lower.

3. Brown spot disease achieved the
lowest intensity of attack in plants with
a single treatment of 60 mg/l kinetin.
However, higher intensity of attack
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was observed in plants where two
treatments with 60 mg/l kinetin were
applied.

4. In both years of investigation, the
highest intensity of disease was
recorded in plants treated with 30 mg/I
kinetin (one treatment), and the lowest
intensity was observed in plants treated
with 60 mg/l kinetin (one treatment).

5. Treatment with  kinetin  induces
histological changes in tobacco leaves,
which leads to reducing the possibility
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of infection and development of
disease.

The positive effect of treatment with
kinetin is a good reason for its use in
protection from brown spot disease on

7. The application of biochemical -

physiological products in reducing the
intensity of disease attack is a modern
and environmentally  acceptable
measure in protection of tobacco crop.

tobacco.

REFERENCES

1. Annonimus., 2011. Cytokinins.htp://www.tutorvista.com (accessed 25.05.2011)
2. Atanassova Lj., Pissarska M., Stoyanov I., 1996. Cytokinins and growth responses
maize and pea plants to salt stress. Bulg. J. Plant Physiol, 22 (1-2), p. 22-31.

of

3. Geraats B., 2003. The hormone ethylen is necessary for plant resistance. Nederland

Organization for Scientific Research. www. nwo.nl (public release date: 21.03.2003).

4. T'Bepocka b., 2006 a. Kadena namkaBocT kaj TyTyHOT Bo PenyOnuka Makenonuja. Tytyn/

Tobacco, VVol.56, No 3-4, 58-67.

5. I'Bepocka b. 2006 6. Peakuuja Ha TyTYHCKUTE COpPTH KOH Oosiecta kadeHa JTaMKaBOCT.

Tyryn / Tobacco, Vol.56, No 7-8, 138-146.

6. Haberlach G. T., Budde A.D., Sequeira L., Helgeson J.P.,1978. Modification of isease

resistance of tobacco callus tissues by cytokinins. Plant Physiol, 62, p.522-525.
7. Ivanovi¢ M., 1992. Mikoze biljaka. Nauka, Beograd.

8. Munecka I'., Jumutpuecku M., Cnacernocku M., 1999. ®usnonomku NpoMeHU Kaj

TYTYHOT OJ THUIIOT ITPUJICIT IO I[CjCTBO Ha XOPMOHHUTC Ha PaCTCH:C. 19-tn CUMIIO3UYM 3a

TYTYH, 300pHHUK Ha U3BOAH, 22-24.09, Oxpu.

9. Perez A., Beb-Arie R., Dinoor A., Genizi A., Prusky D., 1995. Prevention of black spot

disease in persimmon fruit by giberellic acid and iprodione treatment. Phytopathology,

Vol 85, No 2, p. 221-225.

10. IMerposa P., Mnues JI., 1990. Biusiaue Ha HAKOM PaCTEKHU PETYIATOPH OT AHTUAYKCUHOB
Y BUTOKMHUHOB THI BbPXY NMPOJYKTUBHOCTA U TEXHOJOIMYHHUTE KaueCTBA HA 3aXapHOTO
nBekso. CelICKOCTONmaHHCKa akaaemusi, PacrenueBpaau Hayku, Vol. XXV, No 9, p. 33-

37, Codus.

11. Rotem J., 1994. The genus Alternaria: biology, epidemiology and pathogenicity.The

American Phytopathological Sociey, Minnesota.
12. Sari¢ M., Krsti¢ B., Stankovi¢ Z., 1987. Fiziologija biljaka. Nauc¢na knjiga, Beograd.

13. Seilaniantz A. R., Navarro L., Bari R., Jones JD., 2007. Pathological hormone imbalances.

Curr Opin Plant Biol, 10:372-9.

45



