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 Asiatic citrus canker caused by Xanthomonas citri subsp. citri is becoming a disease of 

high economic impact, affecting all types of important citrus crops. In this study, the 

potential antibacterial activity of ten organic and inorganic salts on X. citri subsp. citri 

and on citrus canker disease development was evaluated. Among the salt compounds, 

copper, iron and zinc inorganic salts particularly zinc (with the highest diameter of 

inhibition, the lowest MIC and MBC values and the highest bacterial growth inhibitory 

effect) had direct antibacterial activity and strongly reduced the development of canker 

disease and bacterial population of lime plants.  
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Introduction 

Asiatic citrus canker (ACC) is one of the most feared 

of citrus diseases, affecting all types of important citrus 

crops. The disease causes extensive damage to citrus and 

severity of this infection varies with different species and 

varieties and the prevailing climatic conditions. The 

disease caused by Xanthomonas citri subsp. citri (syn. X. 

citri pv. citri Gabriel et al., 1989), characterized by the 

occurrence of conspicuous raised necrotic lesions that 

develop on leaves, twigs and fruits. Severe infections can 

cause a range of symptoms from defoliation, blemished 

fruit, premature fruit drop, and twig dieback to general 

tree decline (Francis et al., 2009; Dewdney and Graham, 

2012). The disease is endemic in India, Japan and other 

South- East Asian countries, from where it has spread to 

all other citrus producing continents (Dewdney and 

Graham, 2012). There are no highly effective canker 

disease suppression strategies for the most susceptible 

cultivars of citrus. Copper reduces bacterial populations 

on leaf surfaces, but the long-term use of copper 

bactericides induce copper resistance in xanthomonad 

populations and accumulation of copper in citrus soils 

have potential phytotoxic and adverse environmental 

effects. However, other contact bactericides are not as 

effective as copper because they lack sufficient residual 

activity to protect leaf and fruit surfaces for extended 

periods (Graham et al. 2000), so the develop of more 

effective alternative compounds to control citrus canker is 

crucial. Application of organic and inorganic salts, 

Generally Recognized as Safe (GRAS) compounds, is an 

interesting alternative to control plant diseases (Talibi et 

al., 2011). Moreover, these compounds have a broad-

spectrum antimicrobial activity (Deliopoulos et al., 2010). 

Recent reports have indicated that certain organic and 

inorganic salts inhibit the growth of many pathogens 

(Mimee et al., 2011; Talibi et al., 2011; Avis et al., 2009). 

The present study was performed to evaluate the efficacy 

of some organic and inorganic salts for in vitro and in 

vivo control of X. citri subsp. citri, the causal agent of 

citrus canker disease. 
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Materials and Methods 

Plant Materials 

Two years old lime seedlings were used as plant 

material. They were maintained at 25-30°C and 60% 

relative humidity conditions in a greenhouse.  

Bacterial Culture 

Bacterial inoculum was prepared with Xcc strain 88 

obtained from National Institute of Genetic Engineering 

and Biotechnology (NIGEB). The bacterial strain was 

maintained by serial transfer on Nutrient Agar (NA) 

(Merck) and periodically reisolated from inoculations 

described below to maintain virulence. For greenhouse 

tests, the strain was grown in nutrient broth and incubated 

on a shaker at 28°C for 24 h. 

Salt Compounds 

A total of ten salt compounds (Table 1) were used in 

this study (Merck Millipore, Germany) to evaluate their 

effectiveness against Xcc. Stock solutions of each reagent 

were prepared at a concentration of 500 mM and 

sterilized by filtering through a sterile 0.20 μm Minisart 

filter. 

 

Table 1 Salt compounds tested to evaluate their 

effectiveness against Xanthomonas citri subsp. citri 

Compounds Chemical 

formula 

Effectiveness 

against Xcc 

Copper (II) sulfate CuSO4 + 

ferrous sulfate FeSO4. 7H2O + 

Potassium bicarbonate KHCO3 - 
Potassium carbonate K2CO3 - 
Potassium sorbate C6H7KO2 - 
Potassium formate CHKO2 - 

Sodium carbonate Na2CO3 - 
Sodium bicarbonate NaHCO 3 - 
Sodium benzoate NaC7H5O2 - 
Zinc sulfate ZnSO4.7H2O + 

 

Inhibitory Effect of Salt Solutions on Xcc In Vitro 

Antibacterial screening 

To determine direct antimicrobial activity of the salt 

compounds on Xcc, the disc diffusion method was used 

(Bauer et al., 1966). In this case, 100μl of each bacterial 

suspension was spread evenly over NA plates with sterile 

glass rods and allowed to dry. Analytical blank paper 

dicks with 6.4 diameter (PATAN TEB company, Iran) 

dipped with 50 μl of each compound at the concentrations 

of 50 and 100 mM and distilled water as control, were 

placed on the surface of medium and tapped likely to 

ensure even contact. All plates were incubated at 28°C for 

24 hours. Each experiment was carried out in triplicates, 

and the antibacterial activity was determined by 

measuring the diameter of zone of inhibition in mm. 

Determination of MIC and MBC 

The minimum inhibitory concentration (MIC) of the 

salt treatments had direct antibacterial activity against 

Xcc, was determined by serial dilution technique (Jawetz 

et al., 1980) from a concentration of 0.1 to 200 mM in 

total volume of 200 μl with 0.1 mM as interval against 

Xcc strain. Bacterial suspension (100μl) containing 10
6-

10
8 

CFU ml
−1 

was inoculated into a sterile 96 wells plate 

(GRE 961) and was incubated at 28°C and observed for 

bacterial growth during 24 hours. After incubation, the 

samples with no visible growth of the bacterium in 

comparison to the control (bacterial suspension without 

any treatment) were taken to represent the minimum 

bactericidal concentration (MBC) value of the given salt 

treatments in mM. 

Effect of salt solutions on canker disease development 

Based on the in vitro antibacterial activity, only salt 

compounds with direct activity were retained. The 

inhibitory effect of salt solutions on the development of 

canker disease on lime leaves was determined following a 

single foliar spray of each solution. Fresh solutions of 10 

mM CuSO4, FeSO4 and ZnSO4 were prepared and 

sprayed on the upper surface of each of lime plants as 

prophylactic treatment. Control plants were sprayed with 

water. Plants were kept in the greenhouse and 48 hours 

after treatment, three plants per treatment were inoculated 

with Xcc and distilled water as control Bacterial 

suspension was centrifuged at 10,000 g for 20 min, and 

adjusted to 0.4 OD at A600 nm equivalent to 10
8
 colony-

forming units (CFU) ml
−1

. Immature leaves (75% 

expanded) were inoculated using a tuberculin syringe (1.0 

cm
3
) with no needle. Xcc inoculum was infiltrated by 

pressing the needleless syringe tip against the abaxial leaf 

surface to produce a zone of water-soaked tissue 2 mm 

beyond the diameter of the syringe opening. The 

infiltrated area of the leaf was approximately 6 mm 

diameter and contained an estimated 2 μl of bacterial 

suspension. Three injection infiltrations were performed 

on each side of the mid-vein. Ten leaves were inoculated 

per plant. The inoculated shoots were covered with plastic 

bags for 1 day to maintain high humidity conducive for 

bacterial growth in the leaves. A completely randomized 

experimental design including three replicates was used. 

Development of canker disease was determined at each 

infected leaf 1, 7, 14, 21, 28 and 35 days after inoculation, 

by measuring the bacterial population. The bacterial 

population was determined by macerating 0.64 cm
2
 of 

inoculated leaf area in 1 ml distilled water by plating on 

to Nutrient agar. The Petri plates were evaluated after 48 

hours of incubation at 28°C. The bacterial population was 

expressed on log CFU (colony-forming units)/0.64 cm
2
 of 

leaf tissue. 

Data Analysis  

Analysis of variance was carried out with the GLM 

procedure of SAS (SAS Institute, Cary, NC). When 

significant (P < 0.05), treatment means were compared 

using Duncan’s protected least significant difference.  

Results 

Inhibitory Effect of Salt Solutions on Xcc In Vitro 

Antibacterial screening 

Analysis of antibacterial activity of selected 
concentrations of salt treatments showed that Cu, Fe and 
Zn salts have a direct antibacterial activity against Xcc 
strain in concentrations of 50 and 100 mM. In contrast, 
other tested salts have no direct inhibitory effect against 
the representative strain of Iranian Xcc even in a high 
concentration (500 mM). There was a significant 
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difference in diameter of inhibition zone between Zn with 
Cu and Fe compounds (Fig. 1). The diameters of 
inhibition of 50 mM Cu, Fe and Zn were in a range of 
14.3, 15.4 and 24.3 mm respectively. As a consequent, 
among tested compounds, Zn caused the largest zone of 
inhibition against Xcc strain.  

Determination of MIC and MBC 
The differences between the MIC and MBC values 

calculated for Cu, Fe and Zn were found to be statistically 
significant (P<0.05). Among the salt compounds, Zn 
showed the lowest MIC (1.25 mM) and MBC (2.5 mM) 
(Fig. 2). 

Effect of Salt Solutions on Canker Disease 
Development 

The effect of salt compounds on disease development 
was determined by a single foliar spray of each compound 
on leaves 48 hours after inoculation with Xcc suspension. 
Our results showed that spray with Zn and Fe like Cu 
salts reduce bacterial population in lime plants about 71% 
as compared to the untreated check treatment (Fig. 3). 

 

Discussion 

X. citri subsp. citri is the causal agent of Asiatic citrus 
canker disease making economical damages to many 
citrus species and Rotaceous plants (Graham et al., 2000; 
Dewdney and Graham, 2012). No highly effective 
strategy has so far been presented to control the disease. 
The antibacterial activity of copper-based bactericides has 
been drawn attention of many investigators (Graham et 
al., 2000), but the emergence of copper resistant strains in 
the genus Xanthomonas make necessities towards 
developing more effective strategies to combat the disease 
(Rialdi et al., 2000). Several reports show that salt 
compounds have a broad- spectrum antimicrobial activity 
(Deliopoulos et al., 2010). Furthermore, Many of these 
salts have several advantages such as low mammalian 
toxicity, favorable safety profile for humans and 
environment and a relatively low cost (Olivier et al., 
1998; Hervieux et al., 2002; Deliopoulos et al., 2010). 
The present study focused on an attempt to investigate the 
potential bactericidal effect of ten organic and inorganic 
salts on Xcc. The data provided by this study showed that 
in addition to copper, inorganic salts such as iron and 
zinc, have also an in vitro and in vivo antibacterial activity 
against Xcc. These compounds inhibited the growth of 
targeted Xcc strain and have been shown to be toxic at 
minimum concentrations of 2.5, 1.25 and 5 mM, 
respectively. The highest susceptibility of the strains was 
observed in response to Zn with inhibitory zones of 24.3 
mm.  

The antimicrobial activity of metal (II) complexes 
such as copper (II), zinc (II) and iron (II) (Osowole et al., 
2012; Sharma et al., 2011; Chohan et al., 2006) against 
the vast range of pathogens such as bacteria and fungi has 
been recognized for a long time (Elsome et al., 1996; 
Osowole et al., 2012; Sharma et al., 2011). It was 
demonstrated that conidial germination and development 
of Helminthosporium solani could completely be 
inhibited by Iron salts (Mimee et al., 2011). Iron could 
also control or reduce the severity of several diseases such 
as rust in wheat leaves, smut in wheat and Colletotrichum 
musae in banana (Graham and Gottwald, 1991). 

 
Fig. 1 The comparison between inhibition zone caused by Cu, 

Fe and Zn salts against Xanthomonas citri subsp. citri. Values 

with different letters are significantly different according to 

Duncan (p=0.05) test. The inhibition zones caused by Zn were 

mostly larger than those of other compound examined 
 
 
 

 
Fig. 2 MIC and MBC values of Cu, Fe and Zn salt compounds 

on Xanthomonas  citri subsp. citri strain. Values with different 

letters are significantly different according to Duncan (p=0.05) 

test. Zn compound had the lowest MIC and MBC values 

respectively 
 
 

 
Fig. 3 Colony-forming unit of Xanthomonas citri subsp.citri on 

leaves of lime  plants treated with distilled water (control), Cu, 

Fe and Zn 0, 7, 14, 21, 28 and 35 days after inoculation with 

bacterial suspension.  
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Zinc was also found to have a toxic effect on the 

pathogen directly (Graham and Gottwald, 1991). 

Application of Zn reduced infections caused by Fusarium 

graminearum and root rot diseases caused by 

Gaeumanomyces graminis in wheat (Graham et al. 1991; 

Grewal et al., 1996). The antibacterial effect of zinc on 

Staphylococcus auerus and Pseudomonas aeruginosa was 

described by Atmaca et al., 1998. Zinc ion concentrations 

of 10
-5

-10
-7

 M are required for in vitro optimal growth of 

most microorganisms (Sugarman et al., 1983). However, 

it is claimed that high zinc ion concentrations may have 

some antibacterial properties (Liedtke et al., 2012). From 

several possible mechanisms for zinc antibacterial action, 

the ability to bind to the cell membrane has been 

highlighted (Sugarman et al., 1983). Zinc prolongs the lag 

phase of the growth cycle and increases the generation 

time of the microbes so that it takes each organism more 

time to complete cell division (Radke et al., 1994). Along 

with zinc, antimicrobial mechanisms of Cu are very 

complex. Some reports suggested that the 3-dimensional 

structure of proteins can be altered by copper, so that the 

proteins can no longer perform their normal functions. 

The result is inactivation of the pathogen. Also copper 

complexes can form radicals that inactivate viruses 

(Vasudevachari and Antony, 1982). Copper may also 

disrupt enzyme structures and functions by binding to 

sulfur or carboxylate containing groups and amino groups 

holes in the cell membranes, thereby compromising the 

integrity of cells of proteins and can interact with lipids, 

causing their peroxidation and opening holes in the cell 

membranes, thereby compromising the integrity of cells. 

This can cause leakage of essential solutes, which in turn, 

can have a desiccating effect (Manzl et al., 2004). Copper 

damages the respiratory chain in Escherichia coli cells 

and is associated with impaired cellular metabolism 

(Domek et al., 1987).  

In conclusion, this study is a part of an overall study 

that aims to determine the antibacterial activity of salt 

compounds, against citrus canker disease. Among the ten 

compounds tested Fe, Cu and Zn salt compounds 

particularly Zn (with the highest diameter of inhibition the 

lowest MIC and MBC values and the highest bacterial 

growth inhibitory effect) strongly decreased the canker 

disease damaged by X. citri subsp. citri. 
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