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Abstract: Tomato bacterial canker caused by Clavibacter michiganensis subsp.
michiganensis (Cmm) is a destructive tomato disease in the world and Iran,
which can seriously affect the quality of the product. An integrated management
program using pathogen-free seeds and resistant cultivars is necessary for
disease control. In this study, the reaction of 24 cultivars of tomato was assessed
against the disease under greenhouse conditions. Inoculation of seedlings at the
4-5 leaf stage was carried out by injecting a bacterial suspension of 1 x 10* CFU
ml? at the axil, where the petiole meets the stem. The response of cultivars to
the disease was evaluated via three indices, including the time of disease onset,
disease severity (DS), and the area under the disease progress curve (AUDPC).
The results indicated that AUDPC positively correlated with the time of disease
onset (r = 0.85) and disease severity (r = 0.86). Based on the current findings,
applying different indexes in response of tomato cultivars to bacterial canker
disease provides accurate information about host resistance. The AUDPC index
is the most reliable as it has a high positive correlation coefficient with two other
indexes. In this study, cultivars ‘Rio Grenade’, ‘King Stone’, ‘Early Urbana Y,
‘CalJ N3’, and ‘Hyb. Firenze’ showed more resistance against the disease than
other studied cultivars. Usage of the mentioned cultivars is recommended in the
integrated management program of tomato bacterial canker disease.
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Introduction

Tomato Solanum lycopersicum L. is one of the
most consumed vegetables in the Solanaceae
family and is native to South and Central America
(Bergougnoux, 2014). According to the Food and
Agriculture Organization of the United Nations
(FAO), the area under tomato cultivation is
5,051,983 hectares, and its production is more
than 186 million tons worldwide (FAOSTAT,
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2022). Several infectious and non-infectious
factors can affect and limit the production of this
product. More than 60 pathogens can attack
tomatoes and cause several problems in yield
and production. The most devastating bacterial
diseases of tomatoes are bacterial speck, bacterial
leaf spot, bacterial canker, bacterial wilting, and
soft rot (Jones et al., 2014).

Bacterial canker is a systemic vascular disease
of tomato caused by Clavibacter michiganensis
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subsp. michiganensis (Cmm) (Jang et al., 2022).
For the first time, the disease was reported and
described by Smith in the early 20" century from a
greenhouse in the state of Michigan, US, and now
is a severe disease in most tomato-growing areas
around the world (Borkar and Yumlembam, 2017;
Peritore-Galve et al., 2021). The disease caused
extensive epidemics in 1930-1980 in the United
States and Canada. Tomato plants are grown from
seed, and the epidemics of this disease occur due to
disease transmission via infected seeds; therefore,
high-quality and pathogen-free seeds are essential
to produce healthy plants (Sen et al., 2015).

The economic damage of this disease varies
under farms or greenhouse conditions. A decreased
yield of 84% was reported in commercial tomato
farms in Ontario, Canada, while the rate of disease
damage in artificially inoculated plants was
variable from 46% to 93% (Nandi et al., 2018).
The primary host of Cmm is tomato; however, the
disease is reported in some other crops and weeds
of Solanaceae (Sen et al., 2015).

The first observation of bacterial canker
disease in Iran was in 1988, in tomato farms
around Urmia, North West of Iran. Since then, the
disease has been observed and reported in
different tomato cultivation regions of the country
(Osdaghi et al., 2018).

Infected tomato plants show different symptoms
depending on the sensitivity of tomato cultivars,
degree of bacterium virulence, time and type of
infection (systemic or local), and environmental
conditions, especially temperature and humidity (de
Ledn et al., 2011; Nandi et al., 2018). Disease
symptoms include leaf margin necrosis, browning
of vascular tissue, unilateral wilting, dwarfing, and
stem canker. (Boyaci et al., 2021). Small and brown
lesions on the fruits are called bird's eye spots
surrounded by a white halo (Tancos et al., 2013).
Cmm can colonize the tomato plant for several
generations without symptoms (Nandi et al., 2018).

An intensive integrated management program
by various methods such as rotation with non-host
plants for three to four years, weed control, usage of
Cmm-free seed and seed disinfection with chemical
compound and thermotherapy, removal of plant
debris to prevent pathogen spread, and use of copper
compounds is essential to prevent economic severe
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losses (Sen et al., 2015). It should be noted that none
of the mentioned methods provides complete
disease control and only plays a role in reducing
pathogen spread (Boyaci et al., 2021; Yokotani et
al., 2021). Using biological control agents might
be an alternative procedure to disease control (Jang
et al., 2022). However, this method has not been
successful in the field until now (Mohd Nadzir et al.,
2019; Karthika et al., 2020).

Development of resistant cultivars is usually
difficult, because of the high diversity in bacterial
strain pathogenicity, various disease symptoms,
differences in disease incidence at plant growth
stages, and the effect of environmental conditions
on disease progression (Yang and Francis, 2007).
No commercially successful Cmm-resistant
tomato cultivars are available (Sanver et al., 2022).
However, developing resistant or tolerant cultivars
has been conducted for decades in several
countries (Wang et al., 2018). Although bacterial
canker has caused a severe loss in tomato
production worldwide, progress in breeding to
achieve tolerant or resistant cultivars is slow
(Yuging et al., 2018).

The germplasm, Hawaii 7998, is reported to be
tolerant to the leaf phase of disease or local
infection but susceptible to systemic contamination
(Yang and Francis, 2007). Resistance against
Cmm has been observed in some wild relatives of
tomato, such as Lycopersicon hirsutum, L.
peruvianum, L. pimpinellifolium, L. chilense, and
Solanum habrochaites (Yang and Francis, 2007;
Abebe et al., 2022). Moreover, seven tomato
accessions from species of Solanum arcanum, S.
habrochaites, S. pennellii, and S. peruvianum were
screened against the highly virulent Cmm strain in
Turkey and based on the results, two accessions
including S. habrochaites LA1777 and S. arcanum
LA2157 were found to be moderate and highly
tolerant to the bacterial canker, respectively
(Sanver et al., 2022).

Regarding the importance of applying resistant
cultivars in plant protection, the resistance
response of 24 tomato cultivars was evaluated
against Cmm. Three disease indices, including
time of disease onset, disease severity (DS), and
the area under the disease progress curve
(AUDPC), were investigated over 30 days.
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Materials and Methods

Pathogenic bacterial strains

This study was carried out in 2019. Four
pathogenic strains of C. michiganensis subsp.
michiganensis were prepared from the microbial
collection of the Department of Plant Protection of
Urmia University. These pathogenic strains were
isolated from tomato fields in West Azerbaijan
province (Aghazadeh et al., 2017). In a previous
study, the wused strains showed different
pathogenicity power on cv. Early Urbana 111, a
sensitive tomato cultivar. Purified strains were
cultured on a nutrient agar medium for routine use
and stored at 25 °C for two days. For long-term
storage, freshly cultured colonies were suspended
in the 25% glycerol in nutrient broth medium and
stored at -80 °C (Schaad et al., 2001).

Plant material

Twenty-four tomato (Solanum lycopersicum L.)
cultivars commonly cultivated in Iran were used.
Studied cultivars were included 13 varieties (Early
Urbana 111, Early Urbana Y, King Stone, Super 22
TO, CalJ N3, 2270, Rio Grenade, Early Urbana,
Primo Early, Falat CH, Super Chef, Primax, and
Red Stone), and 11 hybrids (Hyb. 6515, Hyb.
Superset, Hyb. Firenze, Hyb. Comodoro, Hyb.
Bellariva, Hyb. 1585, Hyb. Kishmat, Hyb. Eden,
Hyb. 8320, Hyb. Monty marker F1, and Hyb.
Ferguson F1).

Inoculation of tomato seedlings

Tomato seeds were surface disinfested by ethanol
70% for two minutes, then sodium hypochlorite
2% for three minutes, and then washed three times
with sterile distilled water (SDW). Seeds were
sown in culture trays containing an equal mixture
of clay and sand. When the seedlings reached 2-3
leaf stage, they were transferred to plastic pots
containing a mixture of clay, sand, and compost in
equal proportions. Tomato seedlings at the 4-5 leaf
stage were injected with a suspension of 1 x 10*
CFU ml? of a combination of four pathogenic
bacterial strains using a syringe at the axil where
the petiole meets the stem. To preserve moisture,
the injection site or wound was covered with
Parafilm. The control plants were injected with
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sterile distilled water. The experiment was
repeated twice in a greenhouse with controlled
conditions under natural daylight, at 28 °C, and
80% relative humidity (RH). The experiments
were repeated twice in the greenhouse (de Leodn et
al., 2008).

Evaluation of disease indexes

Three indexes, including the time of disease
onset, the disease severity, and the area under the
disease progress curve (AUDPC), were used to
evaluate the response of cultivars to the disease.
Therefore, disease symptoms were recorded daily
from the day after inoculation up to 30 days later.

Disease severity was evaluated at the end of
the experiments under a 1 to 5 scoring scale: 1) no
symptoms (resistant), 2) wilting in 1-25% of each
plant (tolerant), 3) wilting in 26-50% of each
plant (moderately tolerant), 4) wilting in 51-75%
of each plant (susceptible), and 5) wilting in 76—
100% of each plant or dead plant (very
susceptible) (Klement et al., 1990).

The disease severity for each cultivar was
calculated based on the following formula
(Valenzuela et al., 2021):

2(n X X1_5)

DS=—-x%x100
N x5

Where n: is the number of plants in each
numerical score, X1.s: is the numerical score, and
N: is the total number of evaluated plants for
each cultivar.

The area under the disease progress curve
was calculated via the following formula (lalacci
et al., 2016).

nj—1
AUDPC = Z % (tier — )

i=1

Where yi: the disease severity in ith observation,

yi+1: the disease severity in i + 1 observation, ti: the
recording time in ith observation, t + 1. the
recording time in i + 1 observation, and n: the total
number of observations.

Statistical analysis of data

Pot experiments were conducted with a
completely randomized design (CRD). Four
repeats (sample) were considered for each
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treatment (cultivar), and five seedlings in
separated pots were assigned as subsamples.
Statistical analysis of data was performed by
Tukey test (P < 0.01), using SAS software
(version 9.4). The AUDPC index was
calculated using R software (version 3.5.2) and
the Agricolae package. The rank correlation
between disease resistance indexes was
evaluated using the Spearman correlation
coefficient in SPSS software (version 25).
Results are the average data of the two separate
experiments conducted in the greenhouse.

Results

The reaction of 24 tomato cultivars was
evaluated against the bacterial pathogen C.
michiganensis subsp. michiganensis under
greenhouse conditions. Data analysis of variance
indicated a significant difference between
tomato cultivars in resistance response against
tomato bacterial canker (Table 1).

The first symptoms of the disease appeared
three to 15 days following inoculation. A data
comparison revealed a significant difference at P
< 0.01, and the cultivars were divided into
different statistical groups (Table 2). Cv. Super
22 TO showed disease symptoms three days
after inoculation, which was the most sensitive
cultivar regarding the mentioned feature.
Symptoms appear in Super Chef, Falat CH, Red
Stone, Hyb. Comodoro and Hyb. Eden four to
seven days after inoculation, but no statistically
significant difference with Super 22 TO was
observed. Symptoms appeared in Rio Grenade
later than other cultivars, about 15 days after
inoculation. Based on the results of this feature,
11 cultivars, including King Stone, Early
Urbanae, Hyb Superset, and Early Urbana Y

have no statistically significant difference with
Rio Grenade, so they were evaluated as the most
resistant cultivars in symptoms appearance
(Table 2).

Based on the disease symptoms, a
numerical scoring scale of one to five degrees
was used to assess the disease severity index
(Fig. 1) (Klement et al., 1990). Disease
severity of Early Urbana 111 and Hyb. 6515
was 83.33% and showed the highest disease
severity in studied cultivars. Cvs. King Stone,
Early Urbana Y, Hyb. Firenze and Cal) N3
showed the lowest disease severity (16%);
after those, 13 cultivars, including cvs. Rio
Grenade, Primo Early, and Hyb. 8320 with a
disease severity from 22.16-44.50% were
placed. Therefore, based on the disease
severity, the mentioned cultivars showed more
resistance to the disease than other studied
cultivars (Table 2).

By comparing the mean area under the

disease progress curve, Rio Grenade had the
lowest AUDPC and was identified as the most
resistant cultivar based on AUDPC value.
Cultivars King Stone, Early Urbana Y, CalJ N3,
and Hyb. Firenze were also located in the same
statistical group as Rio Grenade, and they were
the most resistant cultivars based on this index.
The highest AUDPC was observed in Super
Chef, so this cultivar showed the most
sensitivity to the disease among the studied
cultivars (Table 2).
The correlation coefficient between the three
disease response indexes showed that time of
disease onset had a positive correlation at 1%
level with disease severity (r = 0.54™) and
AUDPC (r = 0.85™), as well as AUDPC and
disease severity, showed a positive correlation (r
=0.86") at 1% level (Table 3).

Table 1 Variance analysis of pathogenicity indexes of tomato against Clavibacter michiganensis subsp. michiganensis.

Mean squares

Source of variations Degrees of freedom Time of disease onset Disease severity AUDPC!
Tomato cultivars 23 34.86 571% 2461
Experimental error 48 1.93 0.31 14.18
Coefficient of variabilities (%) 14.21 22.36 22.94

! The area under the disease progress curve.
2" Significance level at 1%.
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Table 2 The response of different tomato cultivars against bacterial canker disease by measuring three indices:
time of disease onset, disease severity, and the area under the disease progress curve.

No Cultivar Time of disease onset (day)  Grade Disease severity (%) Grade AUDPC! Grade
1 Rio grenade 15.33+0.88 32 1 22.16 % 2 3.67+0.449 1
2 King stone 14.33+£0.88% 2 16.00 © 1 450+1.009 2
3 Early Urbana 13.67+0.67® 3 33.33% 5 7.67+£1.33% 7
4 Hyb. Superset 13.33 + 1.67 % 4 27.83% 4 9.17 +£2.89°0 8
5 Early Urbana'Y 13.00 +0.00%4® 5 16.00°¢ 1 5.50 +0.00°¢ 3
6 CalJN3 12.67 £0.33 % 6 16.00 © 1 5.83+0.33¢ 4
7 Primo early 12.33 £0.332¢ 7 22.16 % 2 7.30+1.36% 6
8 Hyb. Firenze 12.00 + 0.00*f 8 16.00 © 1 6.50 + 0.00 ¢ 5
9 Hyb. Monty marker F1 ~ 12.00 + 1.00 ** 8 72.16 3¢ 3 18.80 + 4.05f 14

10 Primax 11.67 +£0.33 > 9 33.33¢% 5 10.67 £0.67 9 10

11  Hyb. 8320 11.33+0.67 29 10 22.16 % 2 9.67 +2.68 %9 9

12 Hyb. Ferguson F1 10.67 +0.67 " 11 72.16 8¢ 9 21.50+2.18 % 16

13 Early Urbana 111 9.00+0.00 ¢ 12 83.332 11 24.80 + 1.86 °* 19

14 2270 9.00+1.00 ¢ 12 27.83¢% 4 1417 £3.32°9 11

15 Hyb. 6515 8.67 +£0.33 ¢ 13 83.33 11 25.80 +0.33 %% 20

16 Hyb. Kishmat 8.67+1.33% 13 77.83 10 28.30+1.83%® 22

17 Hyb. 1585 8.00 +2.00 & 14 38.83 % 6 18.50 + 2.60°F 13

18 Hyb. Bellariva 7.67+0.33% 15 27.83¢% 4 15.50 £ 2.57°¢9 12

19 Hyb. Eden 7.00+ 0.009% 16 72.16 8¢ 9 29.20 £1.45%® 23

20 Hyb. Comodoro 6.33+0.88" 17 33.33¢% 5 21.00 +2.52%¢ 15

21 FalatCH 5.33+0.67 18 44,50 7 24.30 +£2.80%° 18

22 Red Stone 5.33+0.33 18 44,50 7 27.70 £2.49%® 21

23 Super Chef 4.33+0.33Kk 19 50.00 o« 8 30.50 +3.752 24

24 Super 22 TO 3.00 +0.00¥ 20 33.33¢% 5 23.3+1.86%° 17

1 The area under the disease progress curve
2 In each column, the numbers with dissimilar letters have a significant difference of 1%, based on the Tukey’s test.
3The hyphen between the letters of the statistical groups was to prevent lengthening letters; a-d means the statistical group of abcd.

Figure 1 Disease severity degrees of tomato bacteria canker, 1) no symptoms (resistant), 2) wilting in 1-25% of
plant (tolerant), 3) wilting in 26-50% of plant (moderately tolerant), 4) wilting in 51-75% of plant (susceptible),
5) wilting in 76-100% of plant or dead plant (very susceptible), and C) control.

Table 3 The correlation coefficient between three
resistance indexes of tomato cultivars against bacterial
canker disease.

Time of disease onset

Disease severity AUDPC!

Time 1.00
Disease *0.54
severity

AUDPC 0.85

1.00

0.86

1.00

! The area under the disease progress curve.
*Significance level at 1%.
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Discussion

This study investigates the reaction of 24 tomato
cultivars against tomato bacterial canker disease.
A comprehensive knowledge of host and
pathogen biology and their interactions is needed
to provide accurate disease management
strategies (Peritore-Galve et al., 2021). Pathogen-
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free seeds and disease-resistant or -tolerant
cultivars are the most effective and safest
strategies in this disease management (Sen et al.,
2015). Understanding different aspects of host
resistance can help identify genes involved in
tolerance or resistance commercial cultivars
through traditional breeding and transgenic
approaches (Peritore-Galve et al., 2021). Many
tomato germplasm collections were evaluated to
find new resistance sources to bacterial canker
(Abebe et al., 2022). However, there are a few
cultivars with significant resistance or tolerance to
this disease and high-quality fruits (Yang and
Francis, 2007; de Ledn et al., 2011; Nandi et al.,
2018).

To the best of our knowledge, there is no
information about the degree of resistance in
the studied cultivars based on three parameters:
the time of disease onset, disease severity, and
AUDPC. The results of the onset of the disease
indicated that the symptoms became evident 3-
5 days after inoculation in sensitive cultivars
such as cvs. Super 22 TO and Super Chef. In
agreement with our study, Tsitsekian et al.
(2021) reported that symptoms of the disease
appeared on the third day in sensitive cultivars,
reaching the highest level following six days
and remained constant until the twelfth day
after inoculation. Hibberd et al. (1992) reported
Heinz 2990 showed more resistance than
Morden and Floradade genotypes. The first
symptom appearance and disease development
in Heinz 2990 was later than the other two
genotypes. In addition, IRAT L3 (Sen et al.,
2013) and LA2157 (Kabas et al., 2018)
genotypes are also reported as the most
resistant. It seems that resistance to Cmm in
tomato cultivars differed and depended on the
sources of resistance, and this resistance can be
achieved with molecular methods such as QTL
mapping (Wang et al., 2018).

The present study considers the results of
three studied indexes together, cvs. Rio Grenade,
King Stone, Early Urbana Y, CalJ N3, and Hyb.
Firenze were determined as the most resistant
cultivars, and cvs. Super Chef, Hyb. Eden, Hyb.
Kishmat and Red Stone were identified as higher
susceptible cultivars to Cmm; however,
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differences between these cultivars' rankings in
the three studied indexes were observed, for
instance, in Hyb. Monty marker F1 first
symptom appears after 12 days, but in terms of
disease severity and AUDPC indexes, it was the
sixth  and eleventh sensitive cultivars,
respectively. Resistance response to Cmm is
multigene (Peritore-Galve et al., 2021; Yokotani
et al., 2021). Such differences may be due to
gene interactions that environmental conditions
can affect (Sen et al., 2015). Indeed,
investigation of genetic resistance and
understanding of the mechanism of plant
response towards Cmm can better clarify the
basis of resistance and susceptibility in the
evaluated cultivars (Peritore-Galve et al., 2021;
Yokotani et al., 2021). Usage of resistance
cultivars led to slight wilting of the plant despite
the high density of the bacteria (Sen et al., 2015).

The correlation coefficient results between
the three disease indices indicated that the
AUDPC value is more reliable than the others.
Consequently, 12.5% of cultivars are scored as
very susceptible, 12.5% as susceptible, 42% as
moderately tolerant, and 33% as tolerant. No
resistant cultivar was found among the studied
cultivars.

Nerveless, Cvs. Rio Grenade, King Stone,
Early Urbana Y, Call N3, and Hyb. Firenze
showed acceptable tolerance to bacterial canker
disease and may be recommended in integrated
management programs in the future.

Acknowledgments

The authors thank Fereshteh Sadeghinasab from
West Azarbaijan Plant Protection Management
for her collaboration in disease detection and
Mahyar Abedi from Seed and Plant
Improvement Institute for sending some tomato
seeds. This study was supported by Iran National
Science Founding (INSF) funding. The authors
thank INSF for supporting this work through
grant no. 94009005.

Statement of conflicting interests
The authors state that there is no conflict of
interest.


https://dorl.net/dor/20.1001.1.22519041.2023.12.2.4.4
https://jcp.modares.ac.ir/article-3-62239-en.html

[ Downloaded from jcp.modares.ac.ir on 2025-07-15 ]

[ DOR: 20.1001.1.22519041.2023.12.2.4.4 ]

Mohammad Sour et al.

J. Crop Prot. (2023) Vol. 12 (2)

References

Abebe, A. M., Oh, C. S,, Kim, H. T., Choi, G,
Seo, E., Yeam, I. and Lee, J. M. 2022. QTL-
seq analysis for identification of resistance
loci to bacterial canker in tomato. Frontiers in
Plant Science, 12: 809959. https://doi.
0rg/10.3389/fpls.2021.809959.

Aghazadeh, Z., Khezri, M. and Sadeghinasab, F.
2017. Identification of pathogenic bacteria in
tomato fields of Urmia. Iran. p. 278.
Proceedings of 1st International and 5th
National Congress on Organic  Vvs.
Conventional Agriculture. 16-17 August
2017. Ardabil, Iran.

Bergougnoux, V. 2014. The history of tomato:
from domestication to biopharming.
Biotechnology Advances, 32: 170-189.
https://doi.org/10.1016/j.biotechadv.2013.
11.003.

Borkar, S. G. and Yumlembam, R. A. 2017.
Bacterial Diseases of Crop Plants. CRC
Press, Boca Raton.

Boyaci, H. F., Kabas, A., Aysan, Y. and Prohens,
J. 2021. Screening of eggplant genotypes for
resistance to bacterial wilt disease caused by
Clavibacter michiganensis subsp.
michiganensis. Plant Protection Science, 57:
112-121. https://doi.org/10.17221/105/2020-
PPS.

de Leon, L., Siverio, F., Lopez, M. M. and
Rodriguez, A. 2008. Comparative efficiency
of chemical compounds for in vitro and in
vivo activity against Clavibacter
michiganensis subsp. michiganensis, the
causal agent of tomato bacterial canker. Crop
Protection, 27: 1277-1283.

de Ledn, L., Siverio, F., Lépez, M. M. and
Rodriguez, A. 2011. Clavibacter michiganesis
subsp. michiganensis, a seedborne tomato
pathogen: healthy seeds are still the goal. Plant
Disease, 95: 1328-1338. https://doi.org/
10.1094/PDI1S-02-11-0091.

FAOSTAT. 2022. The Agricultural Production
Domain. Available from: http://www.fao.
org/faostat/en/#data/QC/. [Accessed on 5
February 2022].

Hibberd, A. M., Heaton, J. B., Finally, G. P.

169

and Dullahide, S. R. 1992. A greenhouse
method for selecting tomato seedlings
resistant to bacterial canker. Plant Disease,
76: 1004-1007.

lalacci, G. M., Gartemann K. H.,Bella, P.,
Licciardello, G., Strano, C. P., Eichenlaub,
R., La Rosa, R. and Catara, V. 2016. Clonal
populations of Clavibacter michiganensis
subsp. michiganensis are responsible for the
outbreaks of bacterial canker in greenhouse
tomatoes in Italy. Plant Pathology, 65: 484-
495, https://doi.org/10.1111/ppa.12424.

Jang, H., Kim, S. T. and Sang, M. K. 2022.
Suppressive effect of bioactive extracts of
Bacillus sp. H8-1 and Bacillus sp. K203 on
tomato wilt caused by Clavibacter
michiganensis subsp. michiganensis.
Microorganisms, 10: 403. https://doi.org/
103390/microorganisms 10020403.

Jones, J. B., Zitter, T. A.,, Momol, T. M. and
Miller, S. A. 2014. Compendium of Tomato
Diseases. APS Press, St. Paul, Manhattan.

Kabas, A., Boyaci, H. F., Horuz, S., Aysan, Y.
and Ilbi, H. 2018. Investigation on
identification of new resistant resources to
bacterial canker and wilt disease. Fresenius
Environmental Bulletin, 27: 8498-8504.

Karthika, S., Varghese, S. and Jisha, M. S. 2020.
Exploring the efficacy of antagonistic
rhizobacteria as native biocontrol agents
against tomato plant diseases. 3 Biotech, 10:
1-17.  https://doi.org/10.1007/s13205-020-
02306-1.

Klement, Z., Rudolph, K. and Sands, D. C. 1990.
Methods in Phytobacteriology. Akademiai
Kiado, Budapest.

Mohd Nadzir, M. M., Vieira Lelis, F. M., Thapa,
B., Ali, A., Visser, R. G. F., van Heusden, A.
W. and van der Wolf, J. M. 20109.
Development of an in vitro protocol to screen
Clavibacter michiganensis subsp.
michiganensis pathogenicity in different
Solanum species. Plant Pathology, 68: 42-48.
https://doi.org/10.1111/ppa.12923.

Nandi, M., McDonald, J., Liu, P., Weselowski,
B. and Yuan, Z. C. 2018. Clavibacter
michiganensis ssp. michiganensis: bacterial
canker of tomato, molecular interactions and


https://doi.org/10.17221/105/2020-PPS
https://doi.org/10.17221/105/2020-PPS
https://doi.org/10.1094/PDIS-02-11-0091
https://doi.org/10.1094/PDIS-02-11-0091
http://www.fao.org/faostat/en/#data/QC
http://www.fao.org/faostat/en/#data/QC
https://doi.org/103390/microorganisms
https://doi.org/103390/microorganisms
https://doi.org/10.1007/s13205-020-02306-1
https://doi.org/10.1007/s13205-020-02306-1
https://doi.org/10.1111/ppa.12923
https://dorl.net/dor/20.1001.1.22519041.2023.12.2.4.4
https://jcp.modares.ac.ir/article-3-62239-en.html

[ Downloaded from jcp.modares.ac.ir on 2025-07-15 ]

[ DOR: 20.1001.1.22519041.2023.12.2.4.4 ]

Resistance response to Clavibacter michiganensis

J. Crop Prot.

disease management. Molecular Plant
Pathology, 19: 2036-2050. https://doi.
0rg/10.1111/mpp.12678.

Osdaghi, E., Ansari, M., Taghavi, S. M., Zarei, S.,
Koebnik, R. and Lamichhane, J. R. 2018.
Pathogenicity and phylogenetic analysis of
Clavibacter michiganensis strains associated
with tomato plants in Iran. Plant Pathology, 67:
957-970. https://doi.org/10.1111/ppa.12801.

Peritore-Galve, F. C., Tancos, M. A. and Smart, C.
D. 2021. Bacterial canker of tomato: revisiting
a global and economically damaging seedborne
pathogen. Plant Disease, 105: 1581-1595.
https://doi.org/10.1094/PDIS-08-20-1732-FE.

Sanver, U., Akkose Baytar, A., Ozaktan, H.,

Frary, A. and Doganlar, S. 2022.
Determination of resistance levels to
Clavibacter michiganensis subsp.

michiganensis in some Solanum species.
Journal of Aegean Agricultural Research
Institute, 32: 115-123. https://doi.org/10.
18615/anadolu.1130838.

Schaad, N. W., Jones, J. B. and Chun, W. 2001.
Laboratory Guide for the Identification of
Plant Pathogenic Bacteria. APS Press,
Minnesota.

Sen, Y., Feng, Z., Vandenbroucke, H., van der
Wolf, J., Visser, R. G. F. and van Heusden,
R. W. 2013. Screening for new sources of
resistance to Clavibacter michiganensis
subsp. michiganensis (Cmm) in tomato.
Euphytica, 190: 309-317. https://doi.org/
10.1007/s10681-012-0802-1.

Sen, Y., van der Wolf, J., Visser, R. G. F. and
van Heusden, S. 2015. Bacterial canker of
tomato: current knowledge of detection,
management, resistance and interaction.
Plant Disease, 99: 1-13. https://doi.org/
10.1094/PDI1S-05-14-0499-FE.

Tancos, M. A., Chalupowicz, L., Barash, I.,
Manulis-Sasson, S. and Smart, C. D. 2013.
Tomato fruit and seed colonization by
Clavibacter michiganensis subsp.
michiganensis through external and internal
routes.  Applied and  Environmental
Microbiology, 79: 6948. https://doi.org
/10.1128/AEM.02495-13.

170

Tsitsekian, D., Daras, G., Karamanou, K.,
Templalexis, D., Koudounas, K., Malliarakis,
D., Koufakis, T., Chatzopoulos, D., Goumas,
D., Ntoukakis, V., Hatzopoulos, P. and Rigas,
S.  2021. Clavibacter  michiganensis
downregulates photosynthesis and modifies
monolignols metabolism revealing a crosstalk
with tomato immune responses. International
Journal of Molecular Science, 22: 8442.
https://doi.org/10.3390/ijms22168442.

Valenzuela, M., Gonzalez, M., Velasquez, A.,
Dorta, F., Montenegro, 1., Besoain, X., Salva-
Serra, F., Jaen-Luchoro, D., Moore, E. R. B.
and Seeger, M. 2021. Analyses of virulence
genes of Clavibacter michiganensis subsp.
michiganensis strains reveal heterogeneity and
deletions that correlate with pathogenicity.
Microorganisms, 9: 1530. https://doi.org/10.
3390/microorganisms9071530.

Wang, Y., Zhang, Y., Goa, Z. and Yang, W. 2018.
Breeding for resistance to tomato bacterial
diseases in China: challenges and prospects.
Horticultural Plant Journal, 4: 193-207.
https://doi.org/10.1016/j.hpj.2018.08.004.

Yang, W. E. N. C. A. . and Francis D. M. 2007.
Genetics and breeding for resistance to
bacterial diseases in tomato: prospects for
marker-assisted selection. In; Razdan, M. K.
and Mattoo, A. K. (Eds.), Genetic
Improvement of Solanaceous Crops, Vol. 2,
Tomato. Science Publishers Inc. New
Hampshire, pp. 379-419.

Yokotani, N., Hasegawa, Y., Sato, M., Hirakawa,
H., Kouzai, Y., Nishizawa, Y., Yamamoto, E.,
Naito, Y. and Isobe, S. 2021. Transcriptome
analysis of Clavibacter michiganensis subsp.
michiganensis-infected tomatoes: a role of
salicylic acid in the host response. BMC Plant
Biology, 21. 476. https://doi.org/10.1186
/s12870-021-03251-8.

Yuging, W. A. N. G., Yaxian, Z. H. A. N. G.,
Zhipeng, G. A. O. and Wencai, Y. A. N. G.
2018. Breeding for resistance to tomato
bacterial diseases in China: challenges and
prospects. Horticultural Plant Journal, 4:
193-207. https://doi.org/10.1016/j.hpj.2018.
08.004.


https://doi.org/10.1111/mpp.12678
https://doi.org/10.1111/ppa.12801
https://doi.org/10.1094/PDIS-08-20-1732-FE
https://doi.org/10.18615/anadolu.1130838
https://doi.org/10.18615/anadolu.1130838
https://doi.org/10.1007/s10681-012-0802-1
https://doi.org/10.1007/s10681-012-0802-1
https://doi.org/10.1094/pdis-05-14-0499-fe
https://doi.org/
https://doi.org/10.3390/ijms22168442
https://doi.org/10.3390/microorganisms9071530
https://doi.org/10.3390/microorganisms9071530
https://doi.org/10.1016/j.hpj.2018.08.004
https://bmcplantbiol.biomedcentral.com/articles/10.1186/s12870-021-03251-8#auth-Hideki-Hirakawa
https://bmcplantbiol.biomedcentral.com/articles/10.1186/s12870-021-03251-8#auth-Yusuke-Kouzai
https://doi.org/10.1186
https://doi.org/10.1016/j.hpj.2018.08.004
https://doi.org/10.1016/j.hpj.2018.08.004
https://dorl.net/dor/20.1001.1.22519041.2023.12.2.4.4
https://jcp.modares.ac.ir/article-3-62239-en.html

[ Downloaded from jcp.modares.ac.ir on 2025-07-15 ]

[ DOR: 20.1001.1.22519041.2023.12.2.4.4 ]

Mohammad Sour et al. J. Crop Prot. (2023) Vol. 12 (2)

Clavibacter michiganensis subsp. michiganensis ¢3Sy 49 Goglio gui S| g
Ol 39 ds2g0 Soy8dxe8 dlino aldyl o

Yool B pwlildl gl 9" ad pose ) ygwdexs 451 )

OVl cduegy !l cduogy ! o L&A Y ey LaS caSdl o o (S0 laS 04380
oS e 5 dhsel  colindxd gleile o ShigelaS oliyixd dwwio —Y
OV ool o) 445 ¢ (AREEO)

ma_khezri@yahoo.com : 4, 5L 0 Jadws o ibw g S g p 5 SI Guy

VEOY yaoyed VE igyody VE0) Sloys YE oradloyo

oyxo sy leaa SO < Clavibacter michiganensis subsp. michiganensis s 5.S Lo
J_gmﬁx_&_é_ﬁj,k_ﬂj_?u_odﬁuul L= _90%@;- B é_:Jijj
SO sy leoy JI00S sl saes oyl 48 5058 oS owdas |
sole slaydo H eolbwl o b dd S Gyl 4ol
s 93 Ol oo Lowl sospw palie plEyl 5 sylers D
oo VY g Loyl VY Jols (S84 48 ady YE QUS|
D13 Gy dpse 4SS ol by sy lean o) 2l Do
St a0y [Syddre S sledxa LS 4l L8y S
b oSS usl g Y x )T LSl s Liwsw Gy Lo
48l 4 SHyued Jlasl Jxwe o (OD6o) oot dao 5o 458y,
ol oo labw! Lo sy leas 4 a3yl guShy Lub plxsl ol
syl Oub oyl e oty edalas Glo) wrle 4w
b Loyt (AUDPC) ey leay adydoy dxie 3oy xhw g (DS)
pode gudel oumalde Gle) L AUDPC 48 ol glias oo
S uj—“"‘“—’p (r=+/A1) Syl oud 3(I‘='//\0) s Lo
slagpprld 5838 4y cdaxdlao ol slaaddly glw! oy oyl
O le b | clagy bl 4 u_bL&J/ Pl_T))l ST o i
o Ld g dad o 45yl sylesy 4 Goglio dyg0 Ho SO Ea8D
e ld g0 Lo Yo ande Sowops ooy Dbl o JoJo4y AUDPC
<RioGrenade ol dy! d4xtlho Gl o .owl jS5olade!l JoLBd ¢ 3850
pldyl yolw 4 o Hyb.Firenze 5 CalJN3 (EarlyUrbanaY «King Stone
olis oo o2l sl o D sodeun Gwglie cdrIlhe D)o
Goyode 4l o ol pSd aldyl 31 eoladwl g a0l
D g g SOy bare S oSSy SOl ) laay el

csaSgl (S0 dT el ysSLy 4SS5Ls cAUDPC tdadsS LSS5I,
Sy las 4 Soglio

171


https://dorl.net/dor/20.1001.1.22519041.2023.12.2.4.4
https://jcp.modares.ac.ir/article-3-62239-en.html
http://www.tcpdf.org

