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Abstract

Bacterial canker caused by Clavibacter michiganensis subsp. michiganensis is one of the most serious and economically
important diseases of tomato worldwide, including Iran. Control of this disease is difficult due to seed-borne nature and long
term survival of the bacterial agent on seed. A preventive disease management program based on using pathogen-free seeds
and resistant cultivars is the best method for the disease control. In this research, effects of thermal treatment (44-64 °C for
15, 25 and 35 minutes), chemical compounds (Bordeaux, Nordox, Copper oxychloride and Mancozeb at three different doses),
and nine antibiotics (Nalidixic Acid, Gentamicin, Doxycycline, Streptomycin, Erythromycin, Cloxacillin, Rifampin,
Cefalexin and Furazolidone) were investigated on tomato seeds disinfestation under laboratory conditions. The results showed
that thermotherapy is a suitable approach for seed disinfestation as thermal treatment of 56 °C for 35 minutes eliminated 98%
of bacterial infestation without any effect on seed germination. In lower temperature, seed disinfestation was unsuccessful,
and treatments of 60 and 64 °C showed a significant negative effect on seed germination. Treatments with Rifampin, Nalidixic
acid, Doxycycline and Gentamicin were effective in the elimination of 100% bacteria on seeds without any negative effect on
seed germination. Treating infected seeds with the copper compounds showed that none of them were able to eliminate the
bacteria, and significantly reduced seed germination. Overall, the application of the studied antibiotics is the most effective
method for tomato seeds disinfestation for research purposes, but heat treatment at 56 °C for 35 minutes for the practical
application is recommended.
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Table 1. Antibiotic discs used in the antibiogram test.
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Antibiotic Concentration” Antibiotic Concentration”
Amikacin 30 Imipenem 10
Amoxicillin 25 Meropenem 10
Ampicillin 10 Nalidixic acid 30
Cefalexin 30 Nitrofurantoin 300
Ceftizoxime 30 Novobiocin 30
Chloramphenicol 30 Penicillin 10
Cloxacillin 1 Rifampin 5
Doxycycline 30 Streptomycin 10
Erythromycin 15 Tetracycline 30
Furazolidone 100 Trimethoprim 75.23
sulfamethoxazole
Gentamicin 10 Vancomycin 30

*Microgram per disc
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Table 2. Chemical compounds used for tomato seeds disinfection.

Generic name Trade name Recommended Producer company
concentration

Mancozeb Mancozeb 80% WP 2/1000 Nantong chemical Co. (China)

Bordeaux Bordeaux Kimia 18% SC 2/100 Kavosh Kimia Kerman Co. (Iran)

Nordox Cobre Nordox 75% WG 1.5/1000 Nordux chemical Co. (Norway)

Copper oxychloride Copper oxychloride Ghazal 35% WP 3/1000 Ghazal Shimi Co. (Iran)
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Table 3. Variance analysis of temperatures and times on seed disinfestation and seed germination.
Mean squares

Degrees of freedom Seed disinfestation (%) Seed germination (%)

Source of variation

Temperature 6 15144.7°" 162675
'Tl':arrr:leperatureXTime 122 2 3626 7

; 35.93 4036
Experimental error 63 8.41 13.31

Coefficient of variabilities (%)

3.64

4.45

" Not significant and ™“significance level at 1%

Table 4. The effect of temperatures at different times on the studied traits.
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Temperature (°C) Time Seed disinfestation (%) Seed germination (%)
(minute)
15 00" 99.6 £0.24 2
Control (25) 25 0£0" 99.6 +0.24 2
35 0+ 0h 99.6 +0.242
15 80.5 + 0.969 99.2 +0.482
44 25 85.5+4.94 99.2 4+ 0.48°
35 87.5+0.50 &9 99.0 +0.582
15 85.0+1.73 99.0£0.502
48 25 88.9+ 1.14¢f 98.7+£0.75°2
35 90.4 4+ 1.23¢f 98.7 £ 0.952
15 90.5+ 1.50¢f 98.5+ 0.642
52 25 91.5+ 0.465f 98.0 + 1.412
35 92.6 + 0.432f 98.0 + 0.82°2
15 94.0 + 0.822¢ 98.0 + 0.50°2
56 25 97.0 £ 0.582°¢ 97.3+1.152
35 98.0+ 0.0%¢ 97.2+0.952
15 96.0 & 2.452d 95.54 2,223
60 25 99.0 + 0.58% 93.0+ 6.35°
35 99.5 + 0.50°2 485+ 4.11°
15 99.5+ 0.502 0.0£0.0¢
64 25 99.5+ 0.502 0.0+0.0¢
35 100+ 0.02 0.0+ 0.0¢

Numbers with different letters in each column have a statistically significance level at 5% based on the Tukey test.
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Table 5. Variance analysis of antibiogram test.

b Silen Aslin 1 b 53y b cslylasd ol
o|).~'e O Lb)Lo.z.T ols UL""‘" IRV as’)“"‘?"’ &9y ‘5}')1)} LSLQ)LA.:.T
slales ,o (F Jguz) aixd )5 )13 skl 09,5 aw o anls jles
Uinlesl 8590 lej dw ,o 40 wgawd a0 OF 4 OY FA FF
4285 YO 4 VO slogle j0 ugawdaws azy0 o sleo o g
o les ol g auid oayd ol jles b dnlie ;0 (5 lolize B
«5stel 09,8 (nl 5o oyl (Siallez (liee i3S 18 A0g)S 5o
Oles b wgundis a0 7 gloo j0 09 e 7AY 5 Y 0
B 05, il als TFAO U a,d giale> w@ads YO

S sl Ggeyl lly 4 B Jous

Mean squares

Source of variation Degrees of freedom Inhibition zone diameter
Antibiotic disc 21 155.27""
Experimental error 46 942
Coefficient of variabilities (%) 21.60

**Significance level at 1%.

O lse ol ) ¢yl 3579157 ¢ bog 120l e Logiy il
SASL Al sleas sl e yhad oy iy ol 5 4 (y9ads3l598
ol (0 K)o S obml wels s b oawslas jo
A8 ookl 3550 )3 siluplle ge3l el sl sl

S o s JB ol el Fpa sl ol 5o

GASL as;y oasloil dla sloy! bl 51 ccaliBee Sdgu 5]
ol pl S an 5T a3l sloesls Sl dslie .y 5 canlive
VWoolows Y] S)y90 &AJ}AJ‘SQT ;i.,..io AR )‘ as ols
dle 5 osles vals [l b gl gme S| g 5]
O JS8) ais ol lecSiuss SlLbl jo (6,55L ol 5l easlosl



7Y sy (Hlaw (Fghead (g9, hlize shlewd ST (2b 5, l)Kes 9 jgmioo

30 1
25 4 b

20 A

Inhibition zone diameter (mm)
=
&
o

Antibiotic disc

g,> b slacygiw Clavibacter michiganensis subsp. michiganensis (s xSL (sladsgus o) (53, cilides lacSigm ool Suws Sl S
(P <0.05) 55,105 I3 cne BB o by LSy

Figure 1. Effect of different antibiotic discs on growth of Clavibacter michiganensis subsp. michiganensis strains. Columns
with similar letters have no statistically significance difference (p < 0.05).
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Table 6. Variance analysis of different antibiotics on studied traits.

Mean squares

Seed disinfestation (%) Seed germination (%o)

Source of variation Degrees of freedom

Treatment 9 4679.12"" 537"
Experimental error 30 9.43 3.06
Coefficient of variabilities 4.27 1.79

(%)

" Not significant and **significance level at 1%.



b5 I8 a g bl 0g,5 0 g Wk 5,SL w4 eogll sla,d
S Gilepdle TPF L anslogt il Sign 8l (Y Jgo)
S TOA ke S8l Ssa T b g, 5 5 B gAY JS)
C 09,5 10 & luplles ZOVIO b (Sl g 51 9 C 09,5
St 5o d (b ileplle g5, Sl ST 85 18
;a5 s sanlie giluplls 1FF L Crnnlog ol S ]

(Y Jgor) 2855 5 d s bl 095

390 GBS Sn Bl (Sl awslie 51 Jol> mls bl
)1)5 alises ‘_g)Lc] 05; B odBﬂ QL )Lo.:.? o‘,o.a LY PP [129)
Joml gl 55 (S5 osa3l bl )bl Bld 5l 5 a8 8
(Y Jgo) o lo gxe BT 6l ls woys iy
NSTE VLS UPLIPRVIVIE GO VAW [FPRNUR IR YR W PO
Gilwpdles o 1y 31 iy llis 5 udSolo ST
Ve Gleplls Gl a5 g b @ il oyl ol

o Sy g xla giluplle 53, wiie GlaSsm T Y Jgax
Table 7. Effect of selected antibiotics on seed disinfestation and germination.

Antibiotic Seed disinfestation (%) Seed germination (%)
Control 0.0+0.0¢ 99.6 £0.24°2
Rifampin 100+ 0.02 98.1+1.122
Nalidixic acid 100 £ 0.0% 97.7+1.032
Furazolidone 100+ 0.0° 97.7+1.032
Doxycycline 100 + 0.02 97.2 £ 0.43%
Gentamicin 100+ 0.0 97.7 £ 21.03?
Streptomycin 64.0+0.82° 98.1+0.87°2
Cloxacillin 58.0 £+ 4.08b¢ 969+ 1.26°
Cefalexin 525+ 1.71°¢ 95.7+£0.852
Erythromycin 44,0+ 1.83¢ 97.9+0.832

Numbers with different letters in each column have a statistically

significance level at 5% based on the Tukey test.
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Figure 2. Effect of streptomycin on seed disinfestation and germination indexes, A. Inhibition of pathogenic bacterial growth
B. Control, C. Minor negative effect on seed germination, D. Control.
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Table 8. Variance analysis of different doses of antibacterial compounds on studied traits.

Source of variation Degrees of freedom

Mean squares

Seed disinfestation (%0)

Seed germination (%0)

Pesticide 3 651.7 " 145"
EOS‘? e Z 21826.1"" 309.5"
esticide x Dose
! 815" 28.9"
Experimental error 48
6.71 5.08
Coefficient of variabilities (%) 5.01 2.39
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Significance level at 5% and * significance level at 1%.
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Figure 3. Effect of chemical compounds in different doses on seed disinfestation percentage. Dose 1 (recommended dose of
pesticide: Mancozeb (2/1000), Bordeaux (2/100), (Nordox (2.5/1000) and Copper oxychloride (3/1000)); dose 2 (twice
recommended dose) and dose 3 (triple of recommended dose). Columns with similar letters do not have a statistically

significance difference, based on the Tukey test (p < 0.05).
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Figure 4. Effect of chemical compounds in different doses on seed germination percentage. Dose 1 (recommended dose of
pesticide: Mancozeb (2/1000), Bordeaux (2/100), (Nordox (2.5/1000) and Copper oxychloride (3/1000)); dose 2 (twice
recommended dose) and dose 3 (triple of recommended dose). Columns with similar letters do not have a statistically

significance difference, based on the Tukey test (p < 0.05).
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