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Table 1. The Effects of growth stimulant and increase of total phenol on tomato seedlings due to the
inoculation of sixteen endophytic bacterial isolates and the significant difference of ReAl isolate

compared to other isolates and control

Total Phenol Stem height Dry weight Wet weight Isolates
5.287+0.039 a 11.83+0.624 a 0.473+0.008 a 3.183+0.116 a ReAl
3.280+0.057 ef 8.50+0.408 b 0.374+0.005 b 2.193+0.155 ¢ ReA11
3.103+0.095 fg 6.67+£1.027 c 0.227+0.007 f 1.390+0.033 e ReAl13
3.257+0.079 ef 8.67+0.850 b 0.270+0.009 e 1.990+0.110d ReA4
3.470+0.073 cd 9.00+0.408 b 0.290+0.015 d 2.307+0.182 ¢ ReA5
3.973+0.097 b 8.83+0.236 b 0.316+0.023 ¢ 2.967+0.110 b ReA6
3.203+0.079 fg 5.33+0.236d 0.145+0.008gh 1.247+0.069 ef ReA7
3.437+0.118 de 5.83+0.471 cd 0.148+0.011gh 1.25040.049 ef ReA8
3.187+0.128 fg 5.67+0.471 cd 0.148+0.006gh 1.293+0.090 ef ReA9
3.187+0.071 fg 5.83+0.236 cd 0.145+0.006gh 1.273+0.073 ef ReA10
3.237+0.058 f 6.50+0.408 cd 0.145+0.007gh 1.273+0.046 ef Rel2
3.51740.078 cd 5.67+0.471 cd 0.140+0.006gh 1.297+0.079 ef Rel3
3.017+0.045 g 5.50+0.408 cd 0.138+0.005gh 1.277+0.096 ef Rel5
3.440+0.098 de 5.83+0.236 cd 0.141+0.009gh 1.250+0.071 ef Rel0
3.647+0.120 ¢ 6.17+0.236 cd 0.153+0.009 g 1.40740.156 e R12
3.473+0.057 cd 6.17+0.624 cd 0.151+0.006 g 1.363+0.057 ef Re4
3.233+0.054 f 5.50+0.408 cd 0.126+0.002 h 1.140+0.037 f Control

Bl (a5 (613 (re M (6115 s 3 ety Jlazl e Sols 5 LSD g7 el cizeas o5 0 oo (515 87 o ls 5 800e 02 a5
*The numbers in each column that have a same letter do not have significant difference in 5% level based on LSD and

Duncan's test.
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Table 1. Comparisons of disease severity in tomato seedlings including the inoculation of pathogenic bacteria

alone (Cmm); Inoculation of pathogenic bacteria and endophytic bacterium (ReA1+Cmm); Inoculation of
endophytic bacterium alone (ReA1) and control inoculated with water instead of bacteria (Control).
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Figure 1. Growth effects due to inoculation of ReAl isolate and Cmm separately and in combination
on the amount of fresh weight (A), dry weight (B) and stem height (C) in tomato seedlings. ***, ** *
and****: show significance at the probability level of 5, 1, 0.1 and 0.01 percent, respectively.
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Figure 2. Physiological changes due to inoculation of ReAl isolate and Cmm separately and in

combination on the amount of total phenol (A), catalase (B) and peroxidase (C) in tomato seedlings.

*Fhkoxk ko and****: show significance at the probability level of 5 1, 0.1 and 0.01 percent,

respectively.
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Figure 3. Cladogram obtained for ReAl isolate. The phylogenetic analysiswas per-

formed using the neighbor-joining method with 1000 replicates of bootstrapping using the MEGA7 softwar.
Outgroup was selected from Pseudomonas genus and it had the highest distance with the ReAl isolate.
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Abstract
Background and Objectives
Bacterial canker of tomato caused by Clavibacter michiganensis subsp. michiganensis,
Cmm, is one of the limiting diseases of tomato cultivation. Because of the chemical
control problems, biological control methods have been used to control this disease in
recent investigation. Basil (Ocimum basilicum L.) is an annual herbaceous plant from the
Lamiaceae family, and various endophytic bacteria have been reported from this plant.
Also, many studies have shown that endophytic bacteria can stimulate growth and control
many plant diseases. Therefore, in recent research, it was tried for the first time to test
endophytic bacteria isolated from basil plants against tomato bacterial canker.
Materials and Methods
In this research, 16 endophytic bacteria were isolated from basil. They were tested for
their antibacterial properties against tomato bacterial canker in laboratory conditions
using chloroform vapor. Also, the effect of these bacteria on increasing total phenol and
growth factors, including fresh weight, dry weight, and seedling height, were
investigated. In the next step, the best bacteria in terms of growth factors were used to
control bacterial canker, on tomato seedlings, under greenhouse conditions. Next, the
physiological changes related to total phenol, catalase and peroxidase were investigated.
Finally, molecular identification was done by PCR using universal 16SrRNA gene-
specific primers ,27f and 1492r, DNA sequencing and BlastN in NCBI Genebank.
Results
ReAl isolate was detected as Enterobacter sp. by DNA sequencing results. None of the
endophytic bacteria showed antibacterial properties against bacterial canker under
laboratory conditions. ReAl isolate showed the highest growth stimulation and total
phenol increase compared to other bacteria; therefore, it was used against tomato
bacterial canker and reduced the disease by nearly fifty percent. Also, the growth factors
were increased compared to the infected and healthy controls after inoculation with
ReAl. In addition, the amount of peroxidase, catalase, and total phenol increased in



plants treated with ReAl isolate compared to the control. So that the amount of total
phenol, peroxidase, and catalase, respectively, from the highest to the lowest, was related
to the application of ReAl and Cmm, ReAl alone, Cmm alone, and the control without
bacteria.

Discussion

Recent research showed that Enterobacter sp. strain ReAl isolated from a plant
belonging to the Lamiaceae family (basil) was tested on tomato plants from the
Solanaceae family, which was able to reduce tomato bacterial canker disease without a
direct antibacterial effect. The possible main effects of this bacterium are related to the
phenomenon of induced resistance in the plant and the increase of defensive and
antimicrobial compounds in the plant. This control effect on the different plant species
belonging to Solanaceae probably allows using this bacterium as a biological control
agent in many plants and against a wide range of plant diseases. It also stimulates plant
growth, making the simultaneous use of this bacterium as a fertilizer and biocontrol agent
possible.
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