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27F AGAGTTTGATCCTGGCTCAG Islam et al., 2016

1492R GGTTACCTTGTTACGACTT Islam et al., 2016

Xac01 CGCCATCCCCACCACCACCACGAC  Coletta-Filho et al., 2006

XAc02 AACCgCTCAATgCCATCCACTTCA

Coletta-Filho et al., 2006

1- Basic Local Alignment Search Tool
2- Pin prick
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Figure 1. Phylogenetic distance tree constructed by neighbor-joining method, comparing 16S

rDNA sequences of Xanthomonas translucens isolates. Bootstrap values are shown as percentages
of 100 replicates at the branch point. MZ325442 indicates the isolate used in this study.
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Figure 2. The results of pathogenicity tests- A: Water-soaking symptoms induced by artificial
inoculation of X. translucens on wheat one week after inoculation- B and C: Typical symptoms of

canker obtained by inoculation of X. citri sub sp. citri on the leaf (B) and twig (C) of Mexican lime.
The arrow key shows inoculation site of negative control (distilled water).
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Figure 3. Amplification of 580 bps fragment in PCR using Xac01/02
primers (Coletta-Filho et al., 2006) from bacterial strains isolated
from symptomatic tissues of Mexican lime- L: 100 bps DNA ladder-
1-5: bacterial solates- C: negative control(distilled water)
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Table 2. Analysis of variance of data resulted from an assessment of biocontrol activity of some
plant extracts on two plant pathogenic bacteria (Xanthomonas citri sub sp. citri and X. translucens)

Source of variations df Mean squared
Species 1 0.897ns
I'* species 2 0.27 ns
Plant Extract 4 2.59**
Concentration 3 12.688**
Plant Extract * Species 4 3.369**
Concentration * Species 3 20.047**
Plant Extract * Concentration 12 1.069**
Plant Extract * Concentration * Species 12 2.286**
Error 78 0.235

Cv 4.700

ns: no significant, **: significant at 1% level
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Table 3. Mean comparison of growth inhibitory zone diameter obtained by some plant extracts at two
concentrations (10 and 20 mg of active ingredients) against two bacterial species compared to positive
(Tetracycline 30pg) and negative (distilled water) controls

No. Plant extracts

Means of inhibition zone (cm)

Concentration (mg)

Xanthomonas translucens Xanthomonas citri

1 Tetracycline 0.03
2 . . . 10
Achillea millefolium
20
3 Hymenocrater longiflorus ;8
4 Allium sativum 10
20
5 Teucrium polium 10
20
6 Salvia officinalis 10
20

7 Distilled water -

3.50 A 3.00 A
2.67 C 1.07 E
2.37 C 1.77 C
2.53 C 1.20 DE
3.14 B 2.20 B
1.33 E 1.47 CD
1.73 D 1.68 C
1.00 F 1.70 C
1.40 E 2.50 B
0.73 Fg 0.75 F
0.73 Fg 0.62 F
0.60 G 0.60 F

Means with same letter in each column are non-significantly different (LSD test, 5% level)
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Table 4. Mean comparison of the interaction effect of plant extractxspecies on growth
inhibitory zone diameter against two bacterial species

Means of inhibition zone (cm)

No. Plant extracts

Xanthomonas translucens

Xanthomonas citri

1 Achillea millefolium 2.28
2 Hymenocrater longiflorus 2.44
3 Allium sativum 1.78
4 Teucrium polium 1.61
5 Salvia officinalis 1.38

b 1.61 e
a 1.75 de
d 1.69 de
e 1.95 c
f 1.24 f

Means with the same letter are not significantly different (LSD test, 5% level)

(Achillea millefolium) ¢fyologs ol 2T (Solas 3 45l Wl b 35 31 fol> Sodls il 1y 4 35 —0 Joda
S Job ps ol 3L S5lg5 4T (Gokow DUl 9 £e89 w0 yd ¢ (Hymenocrater longiflorus) 419, 5 o
(oS! 53) ko WBLE 9 (T) e wli b 4wslio y3 Xanthomonas translucens

Table 5. Analysis of variance of data resulted from an assessment of the effect of applying the aqueous
extracts of yarrow (Achillea millefolium) and gol-e-arvaneh (Hymenocrater longiflorus) on diseases
incidence and diseases severity of wheat bacterial leaf streak caused by Xanthomonas translucens
compared with negative (distilled water) and positive (Tetracycline) control groups

Mean squared

Source of variations Df

DIP? DIL" DS°¢
Block 3 47.08 1.127 0.74
Extract 3 1204** 12.07** 26.6**
Time 1 60.5 " 1.36™ 0.09"
Extract*Time 3 400.75 "™ 0.633"™ 0.39"
Error 21 149.774 1.061 0.58
CcVv 19.69 13.43 19.6

ns: no significant, **: significant at 1% level; a: diseases incidence in plants; b: diseases incidence in

leaves; c: diseases severity
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Table 6. Mean comparison of the effect of applying aqueous extracts of yarrow (Achillea millefolium) and
gol-e-arvaneh (Hymenocrater longiflorus) on control of wheat bacterial leaf streak caused by Xanthomonas
translucens compared with negative (distilled water) and positive (Tetracycline) control groups.

Diseases Incidence

No.  Extracts in Plants (%)

Diseases Incidence
in Leaves (%)

Diseases Severity (%)

1 Achillea millefolium 45.5¢

2 Hymenocrater longiflorus 67.375ab
3 Tetracycline 61.375b
4 Distilled water 74.25a

39.875h 4.725c
51.125b 14.9b
70a 11.4b
82.37a 42.025a

In each column, means with same letter are not significantly different (LSD test, 5% level); a: Diseases severity
was assessed using pictorial disease assessment key proposed by Duveiller (1994).
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Abstract
Background and Objectives
Bacterial leaf streak of wheat caused by Xanthomonas translucens and Asiatic citrus canker
caused by Xanthomonas citri subsp. citri are two important bacterial diseases that cause
considerable damage in Iran. Copper compounds are usually applied to control these diseases.
However, their phytotoxicity and development of copper-resistant bacterial strains have made
to develop new antimicrobial compounds indispensable. On the other hand, because of
awareness of the chemical pesticides' threats to the environment and human health,
biopesticides were considered. Hence, this study aimed to identify plant extracts that
effectively control these two bacteria.
Materials and Methods
Identifying bacterial isolates was accomplished based on phenotypic, molecular and
pathogenicity tests. In the first step, the effect of aqueous extract of five medicinal plants was
examined against X. translucens and X. citri sub sp. citri in vitro using the agar well diffusion
method and minimum inhibitory concentration (MIC), and minimum bactericidal
concentration (MBC) were determined by serial dilution method. Then, according to the
results of laboratory experiments, two extracts were chosen, and their effect was assessed on
the control of wheat bacterial leaf streak under greenhouse conditions.
Results
In the laboratory tests, measuring growth inhibitory zone diameter showed that the extracts of
gol-e-arvaneh (Hymenocrater longiflorus Benth), yarrow (Achillea millefolium L.), garlic
(Allium sativum L.) and Teucrium polium L. have different degrees of significant antibacterial
effect on both examined bacteria. The extract of sage (Salvia officinalis L.) had no inhibitory
effect on both bacteria. The extracts of gol-e-arvaneh and yarrow had the highest antibacterial
activity against X. translucens with the inhibitory zone of 31 and 24 mm, respectively. In the
case of X. citri, the extracts of T. polium and gol-e-arvaneh had the highest antibacterial
activity with the inhibitory zone of 25 and 22 mm, respectively. In the greenhouse
experiments, applying the extracts of yarrow and gol-e-arvaneh to control wheat leaf streak
led to remarkable reduction of disease incidence and disease severity percent.
Discussion
According to the laboratory experiments, the intensity of the inhibitory effect of extracts varied
based on the bacterial species. Therefore, to produce a plant extract as an antimicrobial agent
against a bacterial pathogen, the performance of screening tests is unavoidable. The affectivity of
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the extracts of yarrow and gol-e-arvaneh for controlling X. translucens in laboratory and
greenhouse conditions showed that these two extracts are suitable candidates for further

investigation, to synthesis safe antibacterial compounds for the management of wheat bacterial
leaf streak.

Keywords: Growth inhibition, Minimum inhibitory concentration, Minimum bactericidal
concentration



