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Abstract  The objective of present study was to 
evaluate the effect of copper hydroxide and flare at three 
concentrations (0.1, 0.2 and 1%) and naphthalene acetic 
acid, salicylic acid, copper hydroxide alone and in 
combination (Flare + salicylic acid) at 0.75, 1 and 1.5% 
concentration against Xanthomonas axonopodis pv. citri in 
lab and greenhouse conditions respectively. Results 
showed that in lab condition maximum inhibition of 
bacterial growth was expressed by combination of flare and 
copper hydroxide, followed by Flare, copper hydroxide 
over control while in case of greenhouse experiment 
minimum disease incidence was expressed by combination 
of Flare + salicylic acid after 5, 10 and 15 days interval 
followed by flare, salicylic acid, naphthalene acetic acid 
and Cu(OH)2 as compared to control. 
Keywords  Citrus Canker, Copper Hydroxide, 
Naphthalene Acetic Acid, Resistance, Salicylic Acid, 
Xanthomonas axonopodis 

1. Introduction
Asiatic citrus canker caused by Xanthomonas 

axonopodis pv. citri (Xac) is the most destructive disease of 
citrus cultivars all over the world [14].  Elevated necrotic 
lesions on stem, twigs, leaves and fruits are the 
characteristic symptoms of the disease [13]. Several 
strategies like eradication and exclusion of pathogen were 
used to manage the disease [1] but the most suitable and 
economical way is the use of resistant varieties but when 
resistance is breakdown due to emergence of new lethal 
strains of pathogen then alternative way of management is 
the use of chemicals [7]. Multiple applications of copper 
based chemicals expressed adequate control of Xoc [6] due 

to prolonged residual activity as compared to other contact 
bactericides [15]. Copper oxychloride, copper hydroxide, 
copper sulphate and ammonia-copper carbonate are found 
to be highly effective against Xac [3]. Application of 
copper hydroxide and streptomycin sulphate throughout 
the season reduced the frequency of disease [7]. Three 
sprays per season of copper ammonium carbonate (CAC) 
or copper hydroxide with maneb reduced the lesions 
number on the surface of leaves and fruits (Das, 2003). 
However, continuous reliance on these compounds can 
cause mutation and emergence of aggressive races of Xac 
[15]. It is difficult to develop the most suitable and 
effective alternative of these compounds but now a days 
different biological and synthetic compounds having 
ability to manage numerous plant diseases without having 
any direct antibiotic effect are being used [10] for induction 
of resistance in citrus germplasm against Xac. 

Induced resistance in plant cells is related with several 
defense responses like formation of pathogenesis-related 
proteins [2, 9, 12], alterations in physiology and 
biochemistry of cell wall [20, 24], production of reactive 
oxygen species (ROS), variations in activities of enzymes 
during oxidative stress [11, 23] and generation of 
phenylalanine ammonia-lyase (PAL) which is the 
fundamental enzyme of phenylpropanoid pathway [4, 23]. 

Plant activators like Salicylic acid (SA), ferric chloride 
(FeCl3) and di-potassium hydrogen phosphate (K2HPO4) 
are being used against Xac [6]. SA activates plant’s own 
defense systems which provide long-lasting mechanisms of 
protection against broad spectrum of microorganisms [8, 
18, 29, and 21]. Soil application of Acibenzolar-S-Methyl, 
Imidacloprid (ASM) and Thiamethoxam through 
drenching expressed SAR in citrus cultivars against citrus 
canker disease [7]. Because induced resistance through 
some chemicals is the most economical way therefore, 
present study was designed to evaluate different chemicals 
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and plant activators alone and in combination against citrus 
canker disease. 

2. Materials and Methods 

Plant Material 

Two year old citrus canker disease affected plants 
materials were obtained from nursery area of Institute of 
Horticultural Sciences, University of Agricultural 
Faisalabad. 

Preparation of Bacterial Cultural 

For preparation of bacterial culture infected tissues were 
cut into small pieces and were surface sterilized by using 
0.1% mercuric chloride and then washed three times with 
sterilized distilled water. The small pieces of leaves were 
grounded by using sterilized pestle and mortar and mixture 
of 10 ml was made by adding sterilized water followed by 
making the tenfold dilutions. From each dilution one ml 
was transferred to Petri plate and nutrient agar was poured 
in it. The plates were shaken gently to mix the medium. 
Plates were then incubated at 30 oC temperature. After 36 
hours yellow colonies appeared in plates which were then 
shifted to agar slants to obtain pure cultures. 

Pathogenicity Test 

Test Plants 

One year old grapefruit and sweet lime plants purchased 
from nursery area of Institute of Horticultural Science, 
University of Agriculture-Faisalabad were transplanted 
into pots containing 5 % formalin sterilized soil. Additional 
amounts of fertilizer were added as needed and plants were 
watered as required. 

Inoculum Preparation and Inoculation 

Bacterial pure culture from citrus were tested for 
pathogenicity by inoculation of four week old nursery of 
grapefruit and sweet lime plants . Bacteria were grown for 
72 hours in nutrient agar. Plates were flooded with sterile 
per litter of distilled water (pH 7.2) and the resulted 
suspension was adjusted to approximately 108 cfu/ml by 
adopting plate counting technique [25]. Two hours before 
inoculation plants were irrigated and covered by polythene 
bags to generate humid conditions. Two weeks after 
inoculation symptomatic leaves were brought into lab and 
re-isolation of bacterium from infected tissues was made 
by the technique as described before for isolation and 
purification of pathogen. The morphological characters of 
bacterium were compared with the original culture used for 
inoculation. 

In-vitro Evaluation of Chemicals against Xanthomonas 
axonopodis pv. citri 

Copper hydroxide Cu(OH)2, Flare (Streptomycine 
sulphate 72%) and their combination was evaluated using 
inhibition zone technique under Completely Randomized 
Design (CRD). For this purpose leaves infected with citrus 
canker disease were collected from nursery area of Institute 
of Horticultural Sciences, University of Agriculture, 
Faisalabad (UAF). For making bacterial suspension, these 
leaves were washed with tap water and infected portions 
were cut into small pieces, dip in sodium hypo chloride for 
some time then washed with sterilized water, homogenized 
them in sterilized pestle and mortar and their extract was 
passed through four layers of muslin cloth and filtered 
through Whatman filter paper No.1. Bacterial suspension 
containing 108 cfu/ml were poured into petri dishes and 
were shaken to mix with the nutrient agar media. Sterilized 
cork borer of 1cm diameter was used for making the wells 
into agar plates and different concentrations of chemicals 
were poured into wells which then were placed in 
refrigerator at 4oC for 24 hours. Then these petri plates 
were incubated at 28oC and inhibition zones were 
measured after 24, 36 and 48 hours to incubation 

Evaluation of Different Concentrations of Chemicals 
and Plant Activators under Greenhouse Conditions 

One year old citrus plants were purchased from nursery 
area of Institute of horticultural sciences and were placed in 
pots, Department of Plant Pathology, University of 
Agriculture, Faisalabad. All the cultural practices were 
performed to keep the plants healthy and were sustained at 
25-30 0C temperature with 65 % relative humidity under 
greenhouse conditions. Plant activators like Salicylic acid 
(SA), Naphthalene acetic acid (NA) were sprayed before 
inoculation of plants with bacterium for induction of 
resistance. For the evaluation of chemicals (Copper 
hydroxide & Streptomycin Sulphate) plants were first 
inoculated (spray inoculation) with bacterial suspension of 
Xac and then sprayed with different concentrations of these 
chemicals whereas control plants were treated only with 
bacterial suspension. Plants were sprayed with water 24 
hours after treatment and were covered with polythene 
bags to provide high moisture level. Data for disease 
incidence [4] was measured after 5, 10 and 15 days. 

Data Analysis 

Data obtained from all parameters was subjected to 
complete randomized design (CRD) as described by Steel 
et al. [17]. To determine the significant differences, least 
significant difference (LSD) design was applied. All the 
statistical tests were performed by using SAS/STAT 
statistical software [16]. 
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3. Results 
All the treatments (T), concentrations (C) and their 

interactions expressed significant results against Xac. 
Maximum inhibition zone was expressed by combination 
of Flare and Copper hydroxide (5.02) followed by Flare 
(4.23) and copper hydroxide (3.781) cm as compared to 
control (Table.1 & Figure 1). 

Table 1.  In-vitro evaluation of different chemicals against Xanthomonas 
axonopodis, pv. citri 

Sr.# Treatments Inhibition zones (cm) 

T1 Flare + copper hydroxide 5.023a 

T2 Flare 4.237b 

T3 Copper hydroxide 3.781c 

T4 Control 0.000 d 

 LSD 0.022 

Mean values in the column sharing similar letters do not differ 
significantly as determined by the LSD test (P ≤ 0.05). 

 

Figure 1.  Impact of different chemicals against citrus canker disease 
caused by Xanthomonas axonopodis in lab conditions 

In the interaction between treatments and concentrations 
(T×C), minimum inhibition zone was showed by copper 
hydroxide (3.62) and Flare expressed (4.39), (4.23) and 
(4.08) cm while combination of (Flare + copper hydroxide) 
expressed maximum (5.15, 5.02 and 4.88 cm) inhibition 
zone @ 1, 0.2 and 0.1% concentrations respectively (Table 
2 & Figure 2). 

Salicylic acid, naphthalic acid, copper hydroxide and 
Flare + salicylic acid were evaluated under greenhouse 
conditions. Maximum reduction (4.091%) in disease was 
expressed by the combination of Flare + salicylic acid 
(4.09) followed by Flare (4.60), salicylic acid (5.05), 
naphthalene acetic acid (5.495) and copper hydroxide 
(5.94)% as compared to control (Table 3 & Figure 3). In the 
interaction between treatments and days naphtalic acid 
expressed 6.10, 5.95 and 5.78, salicylic acid 5.636, 5.500 
and 5.350, copper hydroxide 8.34, 8.19 and 8.04 while 
combination of Flare + salicylic acid exhibited minimum 
disease incidence of 4.240, 4.086 and 3.946% after 5,10 
and 15 days of application (Table 4 & Figure 4). 

Table 2.  Impact of interaction between treatments and concentration 
against, X. axonopodis pv. citri 

Sr. 
No. Treatments 

Inhibition zones (cm) at different 
concentrations 

1% 0.2% 0.1 
T1 Flare + Cu (OH)2 5.156a 5.026 b 4.886c 
T2 Flare 4.396 d 4.230 e 4.086 f 
T3 Cu (OH)2 3.936 g 3.780 h 3.626 i 
T4 Control 0.000 j 0.000 j 0.000 j 
 LSD 0.0389 

Mean values in the column sharing similar letters do not differ 
significantly as determined by the LSD test (P ≤ 0.05). 

 

Figure 2.  Interaction between treatment and concentration to control 
inhibition zone caused by X. axonopodis pv. Citri in lab conditions 

Table 3.  Evaluation of different chemicals and plant activators against 
citrus canker, disease under greenhouse conditions 

Sr. # Treatments Disease incidence (%) 
T1 Cu (OH)2 5.94 b 
T2 Naphthalene acetic acid 5.49 c 
T3 Salicylic acid 5.05 d 
T4 Flare 4.60 e 
T5 Flare + Salicylic acid 4.09 f 
T6 Control 8.19 a 
 LSD 3.987 

Mean values in the column sharing similar letters do not differ 
significantly as determined by the LSD test (P ≤ 0.05) 

 

Figure 3.  Impact of different chemicals to control disease incidence 
caused by X. axonopodis pv. citri in green house conditions 
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Table 4.  Impact of interaction of different treatments and days on citrus canker disease incidence under greenhouse conditions 

Treatments 
Disease incidence (%) 

D5 D10 D15 

Cu(OH)2 6.100 d 5.950 e 5.783 f 

Naphthalene acetic acid 5.636 g 5.500 h 5.350i 

Salicylic acid 5.196 j 5.056 k 4.916 l 

Flare 4.750 m 4.600 n 4.450 o 

Flare + Salicylic acid 4.240 p 4.086 q 3.946 r 

Control 8.346 a 8.196 b 8.043 c 

LSD  

Mean values in the column sharing similar letters do not differ significantly as determined by the LSD test (P ≤ 0.05) 

 

Figure 4.  Interaction between treatment and days to control disease incidence caused by X. axonopodis pv. Citri in green house conditions 

4. Discussion 
Citrus canker (Xanthomonas axonopodis pv. citri) 

causes heavy economic losses to a variety of citrus species 
and plants of Rotaceous family. A number of management 
strategies are available but resistant cultivars are the only 
durable, reliable, easy and economical way to solve the 
problem of citrus canker disease. Previously recognized 
commercial resistant cultivars now have become 
susceptible due to the emergence of new lethal strains of 
pathogen [5]. One approach to restore citrus productivity is 
the removal of inoculum sources through complete bark 
horning, followed by judicious application of chemical 
(protective copper and insecticide) sprays, and strict 
adherence to field sanitation. Applications of copper sprays 
at regular intervals suppress the citrus canker disease 
significantly [3] but continuous applications of copper 
compounds induce resistance in bacterial (Xac) population 
and have drastic impact on environment and human beings. 
Due to this reason this study was carried out to evaluate the 
potential of copper and streptomycin along with plant 
activators to avoid resistance in bacteria.  

Naturally plants survive in response to attack of various 
microbes that are a big threat for their survival. Still active 

and passive defense barriers employed by host plant 
rendered harmless of many of these microbes. Defense 
system of resistant cultivars is activated at appropriate time 
and in sufficient magnitude which is necessary for the 
suppression of the advancement of pathogen and results 
into decreased or no disease. In susceptible cultivars, 
however general defense genes are present but these are not 
able to block the advancement of pathogen and disease 
progress as these are activated late or due to their low 
expression magnitude. It is the need of the hour to make 
susceptible high yield citrus cultivars resistant against 
citrus canker disease through application of biotic/ abiotic 
plant activators. So in present study copper hydroxide {Cu 
(OH)2} and Flare (streptomycin sulphate)  alone and 
combination were evaluated under lab. conditions while 
under greenhouse conditions salicylic acid (SA), 
naphthalene acetic acid (NA) alone and in combination 
( Flare + SA) were studied. Maximum inhibition zone was 
expressed by combination of Flare + Cu (OH)2 while under 
greenhouse condition maximum reduction in disease was 
expressed by combination of SA + Flare. Outcomes of the 
present study are supported by the work of Baysal et al. [2] 
who observed that combination of streptomycin and copper 
hydroxide exhibited maximum inhibition zone in-vitro and 
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these chemicals proved to be less effective. But 
combination of antibiotics and fungicides significantly 
decrease the disease incidence agents. SA and 
streptomycin sulphate created induced resistance in citrus 
plants stimulated by specific environmental stimuli where 
by, the plant’s intrinsic defenses are potentiated against 
consecutive biotic challenges [20]. This boosted state of 
resistance is effective against an extensive assortment of 
pathogens and parasites [24]. 
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