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Ratoon stunting disease (RSD) is a pathology caused by 
the major diseases affecting sugarcane world production. The accurate diagnosis of the disease 
presents some difficulties, because once noticeable, not always the symptoms are specific. Therefore, 
diagnostic tests should include reliable
even in the asymptomatic stages of the disease in plants, such as PCR. The present study aimed to 
evaluate 
with 8
shoots were cut approximately 3 cm long and they were subjected to an electrotherapy treatment 
(electric currents of 20 mA and 30 mA for 15 minutes). The 
PCR assays with specific primers for Lxx. The PCR technique manifested itself as capable method 
for detection of Lxx with sensibility even in
identify samples previou
using specific primers for Lxx. As so, PCR can be used to analyze 
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INTRODUCTION 
 
Sugarcane (Saccharum spp.) is one of the major agronomic 
crops cultivated in Brazil. Despite its economic importance 
and technology development, this crop has still been affected 
by pathogens such as fungi, bacteria, viruses and phytoplasmas 
which may lead production losses in the field. The fastidious 
bacterium Leifsoniaxyli subsp. xyli (Lxx) is the causal agent of 
ratoon stunting disease (RSD) in sugarcane and is 
characterized by colonize the xylem of plan
obstruction and hindering the transport of water and nutrients 
to leaves (Brumbley et al., 2002). The RSD has no easy 
external classic signs or symptoms, being easily spread to a 
new planting area. Although there is variation in susceptibility 
to RSD, has not been found yet an immune variety to the 
pathogen. However, the lack of genetic varia
isolates, independent of sampling conditions, suggests the 
worldwide spread of a single pathogenic clone (Young 
2006), but failure in previous procedures to obtain complete 
elimination of the pathogen generated a new source of 
inoculum (Benda, 1994).  
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ABSTRACT 

Ratoon stunting disease (RSD) is a pathology caused by Leifsoniaxyli
the major diseases affecting sugarcane world production. The accurate diagnosis of the disease 
presents some difficulties, because once noticeable, not always the symptoms are specific. Therefore, 
diagnostic tests should include reliable methods that ensure the health report with high sensibility, 
even in the asymptomatic stages of the disease in plants, such as PCR. The present study aimed to 
evaluate in vitro shoot tips of sugarcane by PCR-specific technique. Sugarcane plants (RB92579) 

-11 months old were used as a source of explants (stem cuttings). After 
shoots were cut approximately 3 cm long and they were subjected to an electrotherapy treatment 
(electric currents of 20 mA and 30 mA for 15 minutes). The plant DNA material was submitted to the 
PCR assays with specific primers for Lxx. The PCR technique manifested itself as capable method 
for detection of Lxx with sensibility even in in vitro plants. Through this method was possible 
identify samples previously submitted to electrotherapy which did not PCR presented amplification 
using specific primers for Lxx. As so, PCR can be used to analyze 
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and technology development, this crop has still been affected 

bacteria, viruses and phytoplasmas 
which may lead production losses in the field. The fastidious 

(Lxx) is the causal agent of 
ratoon stunting disease (RSD) in sugarcane and is 
characterized by colonize the xylem of plants, causing 
obstruction and hindering the transport of water and nutrients 

., 2002). The RSD has no easy 
external classic signs or symptoms, being easily spread to a 
new planting area. Although there is variation in susceptibility 
to RSD, has not been found yet an immune variety to the 
pathogen. However, the lack of genetic variation among Lxx 
isolates, independent of sampling conditions, suggests the 
worldwide spread of a single pathogenic clone (Young et al., 
2006), but failure in previous procedures to obtain complete 
elimination of the pathogen generated a new source of 
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Therefore, it is essential to associate different disinfection 
procedures, besides the traditionally used thermotherapy 
practice, and perform systematic examination of plant sanity 
condition (Tokeshi, 2005). Heat treatment, used to eliminate 
Lxx, works the binomial parameters time
explants are submitted to immersion i
degrade proteins and enzymes of bacterial cells. Even so, is 
known that thermotherapy treatment
completely effective since did not completely eradicate Lxx
the treated stems (Urashima and Grachet, 2012). 
alternative most widely used for the obtainment of pathogen
free plants is the combination of more than one technique. 
Some studies have suggested the combined use of 
thermotherapy and others techniques to improve the success on 
contamination control (Neelamathi
Electrotherapy consists in a simple method for elimination of 
some plant pathogens without the need for any special or 
expensive equipment. The technique presupposes submit plant 
tissue to an electric current in order to eliminate
cells by interruption or degradation of some of its 
nucleoprotein. Electrotherapy has been successfully applied to 
the elimination of potyvirus from different potato clones 
(Meybodi et al., 2011), and its efficiency has been investigated 
also in beans mosaic virus, in which based on the Therapy 
Efficiency Indices, the electric current was an effective 
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Leifsoniaxyli subsp. Xyli bacterium, one of 
the major diseases affecting sugarcane world production. The accurate diagnosis of the disease 
presents some difficulties, because once noticeable, not always the symptoms are specific. Therefore, 

methods that ensure the health report with high sensibility, 
even in the asymptomatic stages of the disease in plants, such as PCR. The present study aimed to 

specific technique. Sugarcane plants (RB92579) 
11 months old were used as a source of explants (stem cuttings). After in vitro establishment, 
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PCR assays with specific primers for Lxx. The PCR technique manifested itself as capable method 
plants. Through this method was possible 
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using specific primers for Lxx. As so, PCR can be used to analyze in vitro shoot tips of sugarcane. 
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Therefore, it is essential to associate different disinfection 
the traditionally used thermotherapy 

practice, and perform systematic examination of plant sanity 
Heat treatment, used to eliminate 

Lxx, works the binomial parameters time-temperature. Stem 
explants are submitted to immersion in hot water in attempt to 
degrade proteins and enzymes of bacterial cells. Even so, is 
known that thermotherapy treatment (50ºC/2h) alone is not 
completely effective since did not completely eradicate Lxx in 
the treated stems (Urashima and Grachet, 2012). The 
alternative most widely used for the obtainment of pathogen-
free plants is the combination of more than one technique. 
Some studies have suggested the combined use of 
thermotherapy and others techniques to improve the success on 

Neelamathi et al., 2014). 
Electrotherapy consists in a simple method for elimination of 
some plant pathogens without the need for any special or 
expensive equipment. The technique presupposes submit plant 
tissue to an electric current in order to eliminate the pathogen 
cells by interruption or degradation of some of its 
nucleoprotein. Electrotherapy has been successfully applied to 
the elimination of potyvirus from different potato clones 
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treatment for both cultivars tested (Hormozi-Nejad et al., 
2010). The use of the PCR technique for Lxx sugarcane 
detection has been used for over a decade (Taylor et al., 2003; 
Grisham et al., 2007; Gao et al., 2008; Liu et al., 2013). In the 
work described by Taylor et al. (2003), two primers designed 
from the sequence pSKC2-800, were effective for amplifying 
the Lxx DNA from the vascular fluid of infected sugarcane. 
However, despite PCR efficiency, no work has been found 
describing the use of PCR to amplify Lxx specific sequences 
in sugarcane in vitro cultured plants. 
 
The present study aimed to evaluate the efficiency of 
electrotherapy associated with thermotherapy for Lxx 
elimination on micropropagated sugarcane plants, and also its 
effect on explant development, as well as the PCR technique 
detection efficiency on micropropagated sugarcane for 
pathogen-free plants identification. 
 

MATERIALS ANDMETHODS 
 
All the studies carried out in Centro de Tecnologias 
Estratégicas do Nordeste (CETENE), and performerat 
Laboratório de Pesquisas Aplicada a Biofábricaand 
Laboratório de Diagnose Fitossanitária e Fidelidade Genética.
Sugarcane plants (Saccharum spp.), from variety RB92579, 
with 8-11 months old were used as a source of explants (stem 
cuttings). The explants were collected from donor plants in the 
Estação Experimental de Itapirema, from the Instituto 
Agronômico de Pernambuco (IPA). 
 
Thermotherapy 
 
The stems were cut into a 7 cm long explant. The cut stems 
were washed with sponge and commercial detergent and rinsed 
in water. After superficial disinfestation, the heat treatment 
series (HTS) was performed through explants submersion in 
hot water over controlled time and temperature. The HTS was 
reproduced in three consecutive days, consisting in three baths 
with 24 h time interval  between them, first 52°C / 20’, second 
50°C / 15’, and finally 52°C / 10’. After the HTS, cut stems 
were treated with Kasumin® fungicide  and planted in plastic 
trays using commercial substrate Basaplant®, and transferred  
to a greenhouse with daily irrigation for 45 days to promote 
buds development and shoots maturation. Explants were 
treated with Kasumin® fungicide 10 days before in vitro 
introduction, and after fungicide treatment, the stem apex was 
removed from the stems (for in vitro establishment) and leaf 
samples were collected for molecular diagnosis. 
 
Once collected, the processing of explants was performed on 
laboratory. Oldest leaves were removed and explants were 
cleaned with sponge, water and benzalkonium chloride 1%. 
The material was deposited in pots, washed with sterile water 
and taken to hot water bath at 51 °C for 10 minutes (to perform 
another thermotherapy treatment).  The disinfection was made 
with explants immersion in 70% ethanol for 2 minutes, 
followed by two immersions in 1.5 % sodium hypochlorite 
solution with two drops of Tween 20 with stirring for 15 min 
each. All explants were rinsed four times with sterile distilled 
water under stirring. After that, explants were kept in a sterile 
solution of 5 % citric acid until in vitro introduction. 

For in vitro introduction, the explants were cutter, in a flow 
chamber, to obtain a 2 cm long explant. After this, all explants 
were placed inverted into a test tube containing 10 mL 
modified MS medium culture (MSS)for sugarcane in vitro 
establishment and a filter paper bridge. The MSS medium was 
composed of salts and vitamins of MS (Murashigue and 
Skoog, 1962) added 50 mg L-1 citric acid, 100 mg L-1myo-
inositol, 0.2 mg L-1 BAP, 0.1 mg.L-1 KIN, 20 g L-1 sucrose, 2.0 
g L-1Phytagel™, pH 5.0.The test tubes containing the explants 
were kept in the dark for 10 days; then were placed in a growth 
chamber with temperature 25 ± 2 °C, 16 hours photoperiod and 
light intensity of 50 micromole m-2 s-1, for five days. After this 
period, the infected explants were eliminated and the viable 
explants were kept for more 15 days and then were subculture 
on micropropagation medium (MMS). The MMS medium was 
composed of salts and vitamins of MS (Murashigue and 
Skoog, 1962) added 50 mg L-1 citric acid, 50 mg L-1ascorbic 
acid,100 mg L-1myo-inositol, 2.0 mg L-1 BAP, 1.0 mg.L-1 KIN, 
30 g L-1 sucrose, 2.0 g L-1Phytagel™, pH 5.8. 
 

Eletrotherapy 
 

Shoots tips from introduced and acclimatized sugarcane were 
cut approximately 3 cm long which were submitted to electric 
currents of 20 mA and 30 mA for 15 minutes. The plants were 
arranged in three groups: Group A (20 mA for 15 minutes), 
Group B (30 mA for 15 minutes) and Group C (Controls: 0 v), 
each group containing 20 shoot tips. All electrotherapy 
procedure was performed in a laminar flow in sterile TBE 
buffer (90 mMTris borate, 2 mM EDTA, pH 8), using a 
horizontal electrophoresis system. Soon after the treatment, the 
shoots were kept in flasks containing MMS medium modified 
in the growing room with appropriate light and temperature 
(25 ± 2 °C, 16 hours photoperiod and light intensity of 50 
micromole m-2 s-1). Two weeks after electrotherapy treatment, 
the shoots tips were evaluated for contamination, oxidation, 
and propagation. 
 

Molecular diagnosis 
 

Samples of in vitro sugarcane plant leaves (RB92579) were 
collected from shoot tips and stem segment, and 25 mg of each 
sample was frozen in liquid nitrogen for subsequent grind. 
After, processing plant material was submitted to DNA 
extraction using QIAamp DNA Mini Kit from Qiagen® 
(California, USA). PCR assay was performed. The material 
was submitted to PCR for Lxx genome amplification. PCR 
was performed using primers LxxW.1 (CAGAGCACCA 
TCGTGAAGAC) and LxxW.2 (AAGGACAAGTCCACCAA 
GGA) for RSD with 182 base pair (bp). PCR reaction mix was 
carried out in a volume of 50 μL containing 10 μL of DNA 
sample, primers at the final concentration of 0,5μM each, 
1.5mM of MgCl2, 1X PCR buffer, 0.2mMdNTP and 0.05 unit 
of Taq DNA polymerase under the conditions of a denaturation 
step at 94°C/5’followed by 35 cycles of denaturation at 
94°C/45”, annealing at 56°C/30”, extension at 72°C/1’, and a 
final extension hold of 10’ at 72°C. At the end of PCR 
reaction, the amplicons were submitted to electrophoresis on 
2% agarose gel and visualized in ultraviolet light. The 
generated amplicons were visualized in the form of bands and 
was defined as positive when observed an 182bp fragment, 
compared with molecular weight pattern of 100bp. 
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RESULTS  
 
During plant in vitro establishment was observed that the main 
problem was a higher contamination rate caused by the 
incidence of fungus (Table 1). However, in subsequent 
subculture steps, contamination tended to be reduced. From the 
third subculture was no longer identified visual fungal 
contamination occurrence. However, the occurrence of visual 
bacterial contamination was identified only after the start of 
micropropagation. This result may indicate that the bacterial 
infection is present as endophyte condition in some explants 
and only under stress conditions the contamination is visually 
expressed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A traditional parameter of evaluation for explants development 
is the explants necrosis (Figure 1A), which in this study did 
not showed as a hurdle. The occurrence of tissue necrosis can 
interfere with the capacity for regeneration and in vitro 
proliferation. Various antioxidant compounds can be used on 
in vitro culture, although according to Klenotičová et al. 
(2013), they can interfere with the development of explants, in 
the present study the use of citric acid was satisfactory to avoid 
death of explants by oxidative process during in vitro 
establishment of sugarcane, not being the tissue necrosis a 
relevant problem for micropropagation. Tissue oxidation/ 
necrosis was observed at the base of the explants, despite the 
tissue being or not in contact with the culture medium 
(establishment and micropropagation). This result indicates 
that the culture medium composition probably did not prevent 
phenolic compounds accumulation in the culture medium and 
from causing the necrosis of the tissue explant base.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1.  Result of each development parameter analyzed during in vitro culture of sugarcane (RB92759) shoot tips 
 

In vitroculturestage Evaluatinparameter* 
 Visiblefungalcontamination Visiblebacterialcontamination Tissuenecrosis Mediumoxidation Propagation/explant 
Establishment 54 0 100 100 - 
Subcultives 1° 17 0 100 100 5 

2° 2.4 14.6 100 100 9 
3° 0.0 9.7 100 100 20 
4° 0.0 0.0 100 100 29 

(*)Values expressed in percentual(%) of sample units. 

 

 
 

Figure 1. Aspect of in vitro sugarcane shoot tips (establishment and plant micropropagation). A. – Sugarcane shoot tips  
on establishment medium, B. –In vitro sugarcane whit new shoo tips and C. -  Sugarcane shoot tips used to micropropagation.  

White arrow indicates tissue necrosis areas 
 

 
Figure 2. Example of sugarcane shoot tips DNA amplification using specific primers for Lxx.  

Samples A5, A6 and A7 showed no amplification. 
*C+ - Positive sample, C- Negative sample. 
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However, oxidation observed in all explants did not affect the 
ability to new shoots tips sprout during the micropropagation 
process (Figures 1B and 1C). It was observed that the 
electrotherapy process interfered with explants propagation 
rate. However, decrease in explants able to propagate was not 
higher than 10%. Therefore, electrotherapy does not apparently 
interfered on sugarcane explants viability after this treatment.
All plants showed oxidation in the explant base, similar to that 
observed in explants that were not exposed to electrotherapy. 
The propagation was higher in the groups A, with 91% of 
shoot development, ranging between 2 to 11 new shoot 
tips/explant. In Group B was 90% with shoots propagating 
with 1 to 6 new shoot tips/explant. Already in group C was all 
explants initiate propagation, with 2 and 5 new shoot 
tips/explant. 
 
Electrotherapy efficiency on healthy recovery of sugarcane 
plant was observed using PCR analysis. According to the 
results, it was observed that part of the explants undergoing 
electrotherapy showed no amplification using specific primers 
for the Lxx genome. The bacterial DNA was detected by 
conventional PCR of stems and leaves of in vitro sugarcane 
plants. All samples were retested and showed that PCR test are 
efficiency for Lxx detection in micro propagated sugarcane 
plants.  
This result indicates that PCR methodology can be an efficient 
tool for identification of healthy in vitro plants of sugarcane.        
 In the performed analysis, it was observed that PCR assays 
have been shown to differentiate plants with or without 
amplification with specific Lxx primer. This result indicates 
that electrotherapy can be an auxiliary technique to help the in 
vitro obtainment of clean sugarcane plants. Although, PCR 
analysis can identify clean plants for large scale propagation, 
obtained by electrotherapy treatment or other methodology. 
 

DISCUSSION 
 
According to Mbah and Wakil (2012), although the culturing 
plant tissue is a successfully used technique for commercial 
production of pathogen-free plants, obtaining clean cultures is 
not easily achieved. It has been reported that some cultivars 
maintained in multiplication medium are often contaminated 
with endophytic bacteria. These bacteria can survive within 
these in vitro plants and hamper commercial micropropagation 
(Barrett and Cassells, 1994; Cassells, 2001; Wang and 
Valkonen,  2009). The combine use of traditional plant culture 
procedures, such as thermotherapy, and electrotherapy showed, 
in the present work, to be a promising strategy for healthy 
sugarcane plant production. Antibiotics are usually used to 
eliminate endophytic contamination. However, clean culture 
rates (explants free from contamination) through antibiotics 
use during in vitro establishment are not 100% (Gilbert et al., 
1991).  Part of this bacterial contamination may be latent in the 
plant tissues, and so the antibiotic treatment can turn poorly 
effective (Gilbert et al., 1991; Reed and Tanpraser, 1995; 
Kałużna et al., 2013).  The development of the experiment 
showed that traditional protocols of sugarcane 
micropropagation onlycan possibly control visual 
contamination, after a few cycles of the subculture.  However, 
molecular analysis showed that electrotherapy 
treatmentfavored the possible elimination of Lxx in sugarcane 

micropropagated plants. The results indicate that the main 
problem for successful establishment and in vitro 
micropropagation of sugarcane explants is the microorganism 
contamination (latent or not), which according to Carvalho,             
et al. (2012) can compete with the explant for nutrients from 
medium, with a higher growth rate, culminating in losses of 
plantlets through the micropragating process. In this evaluation 
it was observed that during explant establishment, the 
emergence of sugarcane shoot tips only occurred in explants 
whit no visible sing of contamination, showing that part of 
endophytic contamination can interfere with successful 
establishment in vitro of sugarcane. 
 
Compared to different methodology (thermotherapy and 
meristem culture) used  in others plant species (Lassois et al., 
2013; Mishizuki and Ohki, 2015), the electrotherapy could not 
be the most efficient isolated technique for endophytic 
contamination elimination, however, electrotherapy may also 
be associated with other methodologies to optimize pathogen 
elimination (Jung-Yoon et al., 2003; Mahmoud et al., 2009; 
AlMaarri et al., 2012) and this method is simpler, faster, and 
requires fewer infrastructures than the others (Hormozi-Nejad 
et al., 2010), as observed during the experiments performed 
with sugar cane.It was observed that the nodal segments 
treated with electrotherapy and grown in medium with 
ribavirin favored to obtain a larger number of potato free PVY 
(Potato Virus Y) explants compared with the explant cultivated 
in medium without Ribavirin. Plants free of infection were 
obtained with electrotherapy and explant culture in medium 
with Ribavirin (Mahmoud et al., 2009). According to AlMaarri 
et al. (2012), the highest percentage virus free plantlets of 
PVY were observed in meristem-tips excised after electric 
treatments. These results may indicate that electrical 
stimulation works similarly as the thermotherapy and can be as 
efficient as thermotherapy for sugarcane Lxx elimination. The 
main difference between the electrical therapy and 
thermotherapy is how explants tissue heats. It seems that 
electrotherapy increases the temperature only within the 
explant tissue. Thus, as the plant cell is thermally insulated by 
the cell wall, this technique may be effective for treating 
endophyte in the intercellular spaces. It is believed that when 
the microorganism is in the intercellular spaces, electrotherapy 
can denature proteins present in the cell membrane of the 
pathogen(González et al., 2006). The inactivation of specific 
nucleoproteins which are responsible for cell to cell movement 
can help prevent the spread of the pathogen to healthy tissues. 
However, until now, the understanding of this mechanism is 
not fully known in any plant species already tested with this 
methodology(González et al., 2006;Hormozi-Nejadet al., 
2010).On effort to increase explant development, in general, it 
is believed that the success of electric treatment could depend 
in part on the propagation rate and the plant development 
speed (AlMaarri et al., 2012), but in order to be used as a 
process to control contamination, the size of explant can be 
one of the most influent parameters, in which its size is related 
with the transference of heat through the tissue. The technique 
presupposes heating the tissues inside-out, and so, smaller 
explants apparently are much susceptible to its effect. 
Therefore, so as the explant tissue, Lxx cellular size (0.25 to 
0.50 cells µm wide by 1.0 µm long) been smaller than that of 
other pathogenic bacterial species (Xanthomonasalbilineans 
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0.4 to 1.0 µm wide by 3.0 µm long), could be more sensitive to 
thermic and electrotherapy treatments, which can partly 
explain the success achieved with the use of electrotherapy in 
sugarcane in vitro plants.Another important detail is that, in 
some cases, the electrotherapy treatment seems to stimulate the 
explants development (Mahmoud et al., 2009). However, in 
the present study the electrotherapy treated explants showed a 
lower number of propagating explants compared with the 
control explants. This result suggests that sugarcane 
(RB92579) is more sensitive to this kind of treatment than 
others plant species. 
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