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Abstract 

Leaf scald (LS), caused by Xanthomonas albilineans, is a major bacterial disease of sugarcane with 

widespread distribution and severe economic impact. The disease occurs in chronic and acute forms, 

often remaining latent for extended periods, which facilitates its spread through symptomless seed 

cane. Conventional management strategies rely on healthy planting material, resistant cultivars, and 

cultural or chemical interventions; however, these measures are constrained by variable symptom 

expression, limited resistant varieties, and recurrent recontamination. Early and accurate detection 

of X. albilineans is therefore critical for disease control. Traditional diagnostic approaches, including 

culture-based methods, serological assays, and PCR, provide useful tools but are hindered by low 

sensitivity, long processing times, and laboratory requirements. Advances in molecular assays such 

as nested PCR, quantitative PCR, and loop-mediated isothermal amplification (LAMP), along with 

emerging biosensor technologies, have improved detection accuracy and sensitivity. Nonetheless, 

challenges remain for their routine use in field settings due to equipment costs, technical complexity, 

and sample preparation needs. This review highlights current detection methods, their limitations, 

and prospects for portable, low-cost diagnostic platforms, including LAMP and electrochemical 

biosensors, which hold promise for early, on-farm detection and improved management of leaf scald 

in sugarcane. 
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1. Introduction 

Leaf scald (LS), a disease caused by the bacterial pathogen Xanthomonas albilineans (Xalb), is a 

major disease of sugarcane (Saccharum spp. hybrids). Its destructive impact is well-documented, 

leading to considerable economic losses (Rott et al., 1995; Rott and Davis, 2000). First identified in 

Australia in 1911 (Martin and Robinson, 1961), LS has since been detected in at least 65 countries (Rott 

and Davis, 2000). The widespread distribution of the disease is largely due to the exchange of 

symptomless but infected vegetative propagative material (seed-cane).  

LS symptoms vary depending on whether the disease manifests in its chronic or acute form, as 

well as the prevailing weather conditions (Birch, 2001; Rott and Davis, 2000; Rott et al., 2011). A key 

challenge in managing LS is its prolonged latent phase, during which infected plants remain 

asymptomatic for weeks, months, or even years before developing visible symptoms (Rott et al., 

1995). This extended asymptomatic period greatly contributes to the widespread dissemination of 

the disease, as infected but healthy-looking seed-cane is unknowingly propagated. The chronic form 

is characterized by the gradual appearance of pencil-like streaks, leaf bleaching, and necrosis, 

followed by the scalding of stalks and eventual stalk death. In contrast, the acute form leads to the 
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sudden wilting and death of mature stalks without any preceding leaf symptoms. Other symptoms 

common to both forms include shortened stalk internodes, the presence of side shoots along the stalk, 

and red vascular bundles within the stalk (Martin et al., 1932; Birch, 2001). Diseased stalks often show 

red vascular bundles, which may be partially or completely blocked by pathogens (Birch, 2001; 

Blanco et al., 2010), particularly in highly susceptible cultivars. 

Managing leaf scald primarily involves planting disease-free vegetative propagative material 

(seed cane), and resistant cultivars. Disease-free seed cane can be obtained from plants propagated 

through tissue culture techniques or by using hot-water treatment (Egan and Sturgess, 1980; Croft 

and Cox, 2013). However, screening for resistance is particularly challenging due to the extended 

latent period and symptom variability. Given that symptom expression can be delayed or 

inconsistent, early and accurate detection of Xalb in asymptomatic plants is critical for preventing 

further disease spread (Comstock and Irey, 1992). Therefore, the development and application of 

highly sensitive and efficient diagnostic tools is critical for identifying the disease in symptomless 

plants, particularly in seed-cane nurseries and breeding or quarantine programs (Duarte Dias et al., 

2018; Garces et al., 2014). Multiple diagnostic methods have been developed to detect Xalb in infected 

stalks. These include isolation on Wilbrink’s medium (Ricaud and Ryan, 1989) or a semi selective 

medium (Davis et al., 1994), serological techniques (Alvarez et al., 1996; Comstock and Irey, 1992; 

Rott et al., 1994), PCR (Pan and Grisham, 1997; Pan et al., 1999; Wang et al., 1999), nested-PCR (Duarte 

Dias et al., 2018), quantitative real-time PCR (qPCR) (Garces et al., 2014; Wang et al., 2020), and loop-

mediated isothermal amplification (LAMP) (Duarte Dias et al., 2018). This paper reviews the current 

industry-accessed diagnostic methods and opportunities from advanced technologies for more 

highly accurate, lower cost, and implementable future options. 

2. Infection Process and Transmission 

Unlike most Gram-negative pathogenic bacteria, the bacterium responsible for sugarcane leaf 

scald, X. albilineans (Figure 2b.1a), lacks the hypersensitive response and pathogenicity (Hrp) Type 

III secretion system (T3SS) (Pieretti et al., 2009). Additionally, this species within the Xanthomonas 

genus has a notably smaller genome size of 3.8 Mb than other sequenced plant-pathogenic 

xanthomonads (Pieretti et al., 2009; 2012). Bacteria with reduced genomes are often associated with a 

high degree of specialization in specific niches and a limitation to certain host tissues (Jackson et al., 

2011; Lindeberg, 2012; Purcell and Hopkins, 1996; Chatterjee et al., 2008). The pathogenicity of Xalb, 

reflected in its ability to colonize sugarcane stalks and cause disease symptoms, varies among strains, 

indicating the presence of distinct pathotypes within the species (Daugrois et al., 2003; Champoiseau 

et al., 2006). A key factor in the pathogenicity of Xalb is the production of a toxin called albicidin, 

which is crucial for symptom development in LS by inhibiting chloroplast differentiation (Birch and 

Patil, 1987a; Birch and Patil, 1987b; Birch, 2001). This inhibition leads to the characteristic white foliar 

stripes, although even toxin-deficient mutants of Xalb can still cause disease symptoms (Rott et al., 

2011). Xalb spreads throughout the plant, colonizing leaves, roots, and stalks, primarily within the 

xylem (Birch, 2001; Klett and Rott, 1994). Microscopic examination has revealed changes in the 

vascular system associated with the disease, such as occlusions (Huerta-Lara et al., 2009). Whilst Xalb 

was traditionally believed to be restricted to the xylem, recent studies using tagged bacteria have 

shown that it also invades non-vascular tissues like parenchyma and bulliform cells (Mensi et al., 

2014). Meanwhile, occlusions observed in the stalk are linked to the production of a xanthan-like 

polysaccharide, composed of glucose, mannose, and glucuronic acid (Fontaniella et al., 2002; Blanco 

et al., 2010). This polysaccharide is referred to as "xanthan-like gum" because Xalb lacks the gum gene 

cluster that other Xanthomonas species use to produce xanthan gum, a crucial factor in their 

pathogenicity (Danhorn and Fuqua, 2007; Pieretti et al., 2015b). Additionally, it is possible that the 

sugarcane plant itself produces polysaccharides in response to Xalb infection, which has also been 

linked to altered sucrose crystallization (Blanch et al., 2006). 

LS symptoms in sugarcane, particularly in systemically infected plants, are well-documented, 

with two main forms of the disease recognized: chronic and acute (Rott and Davis, 2000). The chronic 

form manifests as white to yellow chlorotic stripes on the leaves, which can be as thin as pencil lines 

or several millimeters wide (Figure 2b.1b). Emerging leaves may also display extensive white 
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chlorosis. As the disease progresses, these stripes and chlorosis turn into areas of necrosis, leading to 

leaf wilting and drying. The tips of the leaves often curl inward, giving the plant a scorched 

appearance and the disease its name, "leaf scald." A common symptom in mature sugarcane is the 

abnormal growth of side shoots along the stalk, with those near the base being the most developed. 

The acute form of LS, characterized by the sudden wilting of mature stalks, tends to be restricted to 

highly susceptible sugarcane cultivars. Systemically infected plants may not always show symptoms, 

and the pathogen can persist in the stalks for months without causing visible signs of the disease. 

This asymptomatic phase, known as latency, can end for reasons that are not yet fully understood 

(Ricaud and Ryan, 1989). 

 

Figure 1. (a) Leaf scald (LS) disease-causing bacteria Xanthomonas albilineans (Xalb) under an electron 

microscope (adapted from Birch (2001); (b) pencil-line symptom (arrow) on LS-infected sugarcane leaf. Taken 

from an LS trial site at Woodford research station, Sugar Research Australia Limited (SRA), Woodford, 

Queensland, Australia. 

Xalb can survive outside its host plant and be transmitted aerially from unknown sources outside 

the field or contaminated sugarcane fields (Daugrois et al., 2003; Champoiseau et al., 2009). The 

pathogen can reach healthy sugarcane plants through various climatic factors, such as wind and 

rainfall. During harvest, Xalb can be spread to healthy plants via contaminated tools, and infected 

plants may also regrow from stools that were previously inoculated either aerially or mechanically 

(Daugrois et al., 2012). The pathogen can also be spread through infected cuttings, with the bacteria 

colonizing new plants via the vascular system. Xalb can later exude from systemically infected leaves, 

serving as a source of inoculum for a new disease cycle (Figure 2b.2). 
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Figure 2. A sugarcane infection cycle of Xanthomonas albilineans (Xalb). The primary sources of infection are 

seed cane, contaminated planting, harvesting equipment, and environmental factors, i.e., winds, water droplets, 

or insects. 

3. Distribution and Economic Impact of LS 

Leaf scald has been reported in at least 66 countries, primarily in regions with significant 

sugarcane production (Sandhu et al., 2013). The disease is believed to have originated in the East 

Indies and was initially confined to the Eastern Hemisphere. In Java, it was first identified as 

"Hundred Brown Disease," referring to the susceptibility of a particular sugarcane cultivar. The 

disease was later known as 'gomziekte' or gum disease, which was mistakenly thought to be the same 

as gummosis, caused by a similar bacterium,  Xanthomonas axonopodis pv. vasculorum (Wiehe, 1951). 

However, these were later distinguished as separate diseases, and the Java gum disease was 

recognized as the same as the Australian LS, leading to the adoption of the name "leaf scald" for the 

disease caused by Xalb. 

LS likely appeared in Australia before 1900, possibly introduced from Java or New Guinea. It 

was subsequently reported in other Eastern Hemisphere countries, including Fiji (1911), Taiwan 

(1919), the Philippines (1921), Mauritius (1928), and Madagascar (1936). The disease reached the 

Western Hemisphere via Brazil between 1926 and 1930 and was likely introduced into Guyana 

around the same time. In South America and the Caribbean, LS has been recorded in countries such 

as Argentina, Suriname, Martinique, Puerto Rico, and St. Lucia. In Hawaii, the first report of LS 

occurred in 1930, although evidence suggests the disease had been present for several years prior 

(Martin, 1938; Martin & Robinson, 1961). 

There have been frequent outbreaks of LS in various countries, sometimes for unknown reasons. 

For example, a significant epidemic occurred in Mauritius in 1964, which seemed related to a loss of 

resistance in two sugarcane cultivars (Ricaud & Perombelon, 1964). Another serious epidemic in 

Mauritius in 1989 was attributed to the aerial transmission of the bacterium (Autrey et al., 1992b). 

Brazil, as the world’s leading sugarcane producer, has also experienced significant outbreaks of LS, 

which have contributed to severe yield losses in a commercial sugarcane field (González et al., 2024). 

These outbreaks are often linked to factors such as climatic conditions, the movement of infected 

planting material, variations in cultivar resistance, and insect vectors (Daugrois et al., 2012; Bini et al., 

2023). The number of regions affected by LS continues to rise, with outbreaks reported in Cuba (Diaz 

et al., 2021), Mexico (García-Juárez et al., 2015), Florida (Comstock & Shine, 1992), Guadeloupe (Rott 

et al., 1994), Guatemala (Ovalle et al., 1995), Louisiana (Grisham et al., 1994), Mauritius (Autrey et al., 

1995), Taiwan (Chen et al., 1993), and Texas (Isakeit & Irvine, 1995). In Florida, the disease has been 

linked to a new pathogenic strain (Davis, 1992). LS is primarily found in countries such as Australia, 
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the USA, the Philippines, Myanmar, Thailand, Java, Laos, India, and Vietnam (Viswanathan et al., 

1997; Saumtally et al., 2004; Zhang et al., 2017). In China, it is now considered the most important 

quarantine disease in regions including Taiwan, Guangxi, Guangdong, Yunnan, Fujian, Jiangxi, 

Zhejiang, and Hainan (Li et al., 2012; Zhang et al., 2017; Lin et al., 2018; Duan et al., 2021). The latest 

reports of new locations include Louisiana (Grisham et al., 1994), Guatemala (Ovalle et al., 1995), 

Texas (Saumtally et al., 2004), and Gabon (Mensi et al., 2013). 

The degree of infection and severity of LS varies depending on the susceptibility of the sugarcane 

cultivar and the conditions in which it is grown. For example, the cultivar Yellow Caledonia is 

considered highly resistant in Australia but has shown susceptibility under certain conditions in 

Hawaii, such as during retarded cane growth due to low soil fertility, drought, and maturity (Martin, 

1938). 

LS can devastate plantations of susceptible cultivars within a few months or years, causing 

significant declines in cane yields at harvest and affecting the quality of extracted juice, particularly 

with the acute form of the disease (Hoy & Grisham, 1994). In Guadeloupe, Cochereau & Jean-Bart 

(1989), estimated crop losses from the disease are 13 t/ha. On the same island, field yield losses of 15-

20% were reported for the susceptible cultivar B69379 (Rott et al., 1995). In Mexico, the disease was 

first detected in 1992, resulting in the destruction of 800 ha of the cultivar Mex64-1487. Currently, 

Mex69-290, which occupies 150,000 ha (25% of the sugarcane area), remains relatively unaffected, 

although preliminary studies indicate that it is susceptible.  

In Australia, infected sugarcane fields suffer from reduced yields, with reports of a 20% decrease 

in the number of stalks and a reduction in sucrose content, ultimately affecting sugar quality (Hoy & 

Grisham, 1994; Sugarcane Research Australia, 2014). The disease not only reduces cane tonnage and 

sugar yield but also incurs additional costs for replanting, including the use of micro-propagated 

plantlets, heat treatment, and selection of resistant cultivars (Escober et al., 1980; Rott, 1995). High-

yielding cultivars susceptible to LS, such as Q63 in Australia, B69379 in Guadeloupe, and M 69569 in 

Mauritius, should not be cultivated (Egan, 1971; Rott & Feldmann, 1991; Autrey et al., 1992b). Recent 

outbreaks in Louisiana have resulted in the loss of promising clones, necessitating changes in varietal 

improvement strategies (Hoy & Grisham, 1994). 

4. Current Management Practices for LS and Their Limitations 

Leaf scald (LS) in sugarcane is best managed by planting healthy seed cane and utilizing resistant 

cultivars (Rott and Davis, 2000). 

Healthy seed cane: Healthy seed cane can be produced from plants derived from disease-free 

tissue culture propagation (Flynn and Anderlini, 1990; Feldmann et al., 1994) or through hot-water 

treatment. For hot water treatment, two methods are used to eliminate Xalb from seed cane: long hot 

water treatment (LHWT) and cold soak long hot water treatment (CS-LHWT). In LHWT, the canes 

are treated at 50°C for three hours. In CS-LHWT, the canes are soaked at ambient temperature for 40 

to 48 hours, followed by a three-hour treatment at 50°C (Egan and Sturgess, 1980; Croft and Cox, 

2013). A specific protocol involving a 40-hour soak in cold running water (15-25°C) followed by a 3-

hour hot water soak at 50°C has been shown to eliminate Xalb, the causal pathogen of LS, with 95% 

control efficacy (Egan and Sturgess, 1980; Huang and Li, 2016). However, testing of propagative 

material, including non-tissue culture plants, is equally essential for detecting latent infections that 

can go unnoticed during the early stages of disease development. Even when propagative material 

is not derived from tissue culture, the pathogen can still be present and spread, making testing and 

early detection vital for disease management. 

Resistant cultivars: The development and use of resistant sugarcane cultivars is pivotal and 

varietal screening tests have been established to identify and eliminate susceptible plants. Accurate 

determination of a genotype's resistance to Xalb is essential for the success of breeding programs. 

However, due to the erratic expression of LS symptoms susceptibility is often difficult to detect 

accurately (Comstock and Irey, 1992). Simultaneously, the development and use of marker sequences 

linked to identified and functionally relevant resistance genes in the plant would be hugely beneficial 

in selective resistance breeding strategies. (Costet et al., 2012). Alternatively, transgenically modified 

plants resistant to Xalb have been developed through the introduction of the albicidin detoxification 
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(albD) gene via microprojectile bombardment (Birch et al., 2000).  However, the spread of LS cannot 

be fully controlled by resistant cultivars alone, as even the most resistant genotypes can harbor low 

levels of the bacteria (Rott et al. 1997).  

Antibiotics: Spraying antibiotics like streptomycin + tetracycline (60 g/ha in 500 L of water) or 

Plantomycin (250 g/ha in 500 L of water) at 2-week intervals is effective in managing Xalb in the field, 

particularly when applied two months after planting (Viswanathan and Padmanaban, 2008). Early-

stage spraying of these antibiotics can reduce the severity of LS. However, it is not an effective way 

to eliminate the pathogen. 

Biological control: Biological control methods have shown promise in managing LS. Pantoea 

dispersa (formerly Erwinia herbicola) has demonstrated strong extracellular detoxification of albicidin 

and provided effective biocontrol against Xalb in highly susceptible sugarcane cultivars (Zhang and 

Birch, 1996). Additionally, Gluconacetobacter diazotrophicus may play a significant role in the 

defense of Xalb, as it inhibits the in vitro growth of Xalb (Blanco et al., 2005; Piñón et al., 2002; Arencibia 

et al., 2006). Lactic acid bacteria (LAB) also offer a biological alternative for LS control, producing 

antimicrobial peptides (bacteriocins) and other substances such as hydrogen peroxide, lactic acid, 

and reuterin that are effective against a range of Gram-positive and Gram-negative bacteria, 

including Xalb. These antimicrobial peptides are considered alternatives to conventional pesticides 

and antibiotics (Keymanesh et al., 2009). 

Preventive measures: As an essential management strategy, prophylactic measures are also 

necessary to prevent further spread of the disease, which includes destroying diseased material, 

disinfecting cutting tools with bactericides, and enforcing strict phytosanitary controls before 

introducing plant material (quarantine). 

Despite well-recognized management practices, LS continues to challenge sugarcane industries 

worldwide due to several practical issues. Growers often avoid heat treatment, despite its 

effectiveness, because of its potential negative impact on germination and the risk of incomplete 

treatment (Mehdi et al. 2024). The lack of LS-resistant cultivars exacerbates the problem, making it 

difficult to control the disease effectively. Additionally, recontamination of healthy crops is common, 

especially when growers use planting materials from nearby sources or their infected crops (Croft et 

al. 2000). The expense, labor intensity, and time required for effective management methods further 

deter the thorough implementation of these control measures. Moreover, many sugarcane cultivars 

can tolerate the LS pathogen without showing symptoms, or the symptoms may be too mild to detect, 

allowing the disease to persist unnoticed. These challenges highlight the importance of detecting 

infected seed cane in propagation nurseries to prevent the introduction of the pathogen into new 

crops and ensure more effective LS control. 

5. Traditional and Advanced Detection Methods for Xalb  

Sugarcane leaf scald is typically diagnosed by symptoms, but the delayed and inconsistent 

expression can lead to misidentifying infected plants as healthy, contributing to its global spread 

through seemingly disease-free planting materials (Rott, 1995). To improve the diagnosis of X. 

albilineans, methods beyond symptom observation may be employed, including isolation on selective 

culture media, plant inoculation, and biochemical, immunological, and molecular assays.  

Selective media and serological methods: Current methods for Xalb detection primarily involve 

culturing on general plating media, such as Wilbrink’s medium (Ricaud & Ryan, 1989), or on 

semiselective media specifically for Xalb (Davis et al., 1994). Additionally, serological assays like 

enzyme-linked immunosorbent assay (ELISA), dot immunobinding assay (DIA), and tissue blot 

immunosorbent assay (TBIA), utilizing either monoclonal or polyclonal antisera, have been 

developed (Tsai et al., 1990; Comstock & Irey, 1992; Rott et al., 1994). These assays have a detection 

threshold of around 105 cfu/mL, which may not always accurately identify the presence of Xalb in 

asymptomatic infected sugarcane stalks (Autrey et al., 1990; Irey & Comstock, 1991). While culturing 

on semi-selective media is more sensitive than serological methods and can detect lower bacterial 

titers, it requires 6–8 days for the pathogen to form characteristic colonies and is limiting in time-

sensitive situations (Davis et al., 1994; Rott, 1995). DAC-ELISA and dot blot techniques have been 

standardized for detecting the bacterium in infected canes (Viswanathan and Ramesh, 2004). Among 
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immunofluorescence, ELISA, and latex flocculation methods, direct ELISA has proven to be the most 

sensitive, detecting bacteria at concentrations as low as 104 cells/mL (Autrey et al., 1990). 

Comparatively, while ELISA is less effective than other techniques like Wilbrink’s medium isolation, 

it remains a valuable tool due to its efficiency in detecting Xalb in both symptomatic and symptomless 

plants (Davis et al., 1994). The Xalb selective medium (XAS), based on Wilbrink’s medium and 

developed by Davis et al. (1994), incorporates antibiotics and fungicides to selectively isolate Xalb, 

aiding in the identification of this slow-growing bacterium. However, dot blot and tissue blot 

techniques are ineffective for detecting Xalb at low concentrations, with positive results only 

achievable at densities of 105 cfu/mL (Wang et al., 1999). 

Molecular methods: Polymerase chain reaction (PCR) protocols have been developed to detect 

X. albilineans in diseased sugarcane stalks. The initial PCR-based diagnostic test targeted genes 

involved in the biosynthesis of albicidin, a toxin produced by Xalb, and was effective in detecting the 

pathogen both in vitro and in sugarcane juice, especially when used in multiplex PCR (Davis et al., 

1995). Primer sets such as Ala4/L1 (Pan et al., 1997) and PGBL1/PGBL2 (Pan et al., 1999), based on the 

ITS region between the 16S and 23S rRNA genes of Xalb, demonstrated efficient detection of bacterial 

populations down to 103 cfu/mL (Davis et al., 1998; Wang et al., 1999). However, Pan et al. (1999) 

reported successful detection in only 3 out of 15 asymptomatic plants, while Urashima and Zavaglia 

(2012) achieved 100% detection with conventional PCR, even in asymptomatic samples. Additionally, 

primers derived from DNA repetitive sequences, such as BOX and enterobacterial repetitive 

intergenic consensus (ERIC), allowed clear differentiation of Xalb from other bacteria (Lopes et al., 

2001). 

Garces et al. (2014) developed TaqMan and SYBR Green qPCR assays targeting the albI gene 

involved in albicidin biosynthesis. While the TaqMan probe, which labels two quenchers (ZEN and 

ABkFQ), is complex and targets duplicated sequences in the Xalb genome, it provides high sensitivity. 

Wang et al. (2020) introduced a SYBR Green qPCR method based on the hrpB gene, but it may 

produce more false positives due to nonspecific reactions or primer dimers (Cao and Shockey, 2012). 

Shi et al. (2021) further improved qPCR sensitivity with a novel primer pair (XaABCF3/XaABCR3) 

and a new TaqMan probe (XaABCP3), achieving 100-fold greater sensitivity than conventional PCR 

for detecting Xalb in symptomless stalk juices. This qPCR assay, alongside those developed by Garces 

et al. (2014) and Wang et al. (2020), maintains the lowest detection limit of 100 copies/μl of genomic 

DNA, 100 fg/μl of bacterial genomic DNA, and 100 CFU/ml of cell suspension. 

Further enhancements in PCR-based detection include nested PCR, which amplifies the region 

between the 16S rRNA and 23S rRNA genes, increasing specificity and sensitivity compared to 

conventional PCR (Honeycutt et al., 1995; Dias et al., 2019). Loop-mediated isothermal amplification 

(LAMP), another technique employed for detecting Xalb, uses a set of six primers for auto-cycling 

strand displacement DNA synthesis and produces large amounts of DNA and by-products, such as 

hydroxy naphthol blue (HNB) (Nagamine et al., 2002; Fischbach et al., 2015; Goto et al., 2009). 

Although qPCR is highly effective for detecting LS (Ginzinger, 2002), methods like LAMP and nested 

PCR have limitations. Isolation on selective media, while effective, is time-consuming and labor-

intensive (Wang et al., 1999). Immunological and molecular methods, although robust and sensitive, 

require sophisticated laboratory setups, significant initial investment, and skilled labor, making them 

less suitable for on-farm application. Additionally, LAMP and nested PCR methods, despite their 

low detection limits, cannot easily determine pathogen population densities, and nested PCR 

requires an additional gel electrophoresis step (Dias et al., 2018). 

Electrochemical detection: To address the limitations of traditional diagnostic methods, 

nanotechnology has emerged as a promising approach in both medical and agricultural diagnostics 

(Prasad et al., 2017). Recent advancements include the development of sensitive electrochemical 

biosensors that utilize nanoparticles to enhance detection capabilities. For instance, Umer et al. (2021) 

developed an electrochemical biosensor assay for detecting LS disease in sugarcane, which employs 

gold nanoparticles. This biosensor allows for dual detection: it provides qualitative results through a 

color change visible to the naked eye, and it can quantify target DNA at femtomolar levels using 

electrochemistry. Despite its high sensitivity and accuracy, the complex fabrication of these sensors 

poses challenges for their application in field conditions. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 August 2025 doi:10.20944/preprints202508.1815.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.1815.v1
http://creativecommons.org/licenses/by/4.0/


 8 of 14 

 

6. Challenges in On-Farm Detection of LS 

Current diagnostic methods for detecting Xalb, including serological, molecular, and 

nanotechnology-based approaches, face significant challenges that limit their on-farm application. 

The time required for comprehensive sampling, transport, and handling can result in missed targets, 

degradation due to temperature fluctuations, and potential damage from chemical or enzymatic 

activity (Bakhtari, 2014; Maier et al., 2010). Serological assays using polyclonal antibodies may suffer 

from cross-reactivity with nonspecific targets (Rott et al., 1994), while monoclonal antibodies, though 

more specific, are costly and difficult to produce (Engvall, 2010). Additionally, antigenic variation 

among Xalb strains complicates accurate detection (Rott et al., 1986). Molecular methods require 

genomic DNA extraction from sugarcane samples, but PCR-based assays face issues with inhibitors 

in plant tissues—such as polysaccharides, proteins, and phenolic compounds—that can interfere with 

the reaction (Hedman and Rådström, 2013; Raˇcki et al., 2014; Schori et al., 2013), making these 

substances difficult to detect and remove from the extraction process (Martinelli et al., 2015). 

Furthermore, advanced diagnostic assays often lack portability and require expensive equipment, 

which severely restricts their use in under-resourced and field conditions. 

7. Conclusions and Future Directions 

In recent years, novel nanomaterials designed to enhance signal transduction and achieve 

ultrasensitive detection, along with integrated microfabricated devices for portable analysis, have 

made significant strides (Lim et al., 2015). Despite these advances in biomedical applications, their 

use in diagnosing plant-disease-causing pathogens remains limited. Integrated devices suitable for 

growers and diagnosticians would facilitate early and rapid on-farm or on-site testing throughout 

the growing season, eliminating the need for time-consuming sample preparation.  

While some field-deployable methods, such as LAMP-based devices, have been developed for 

plant pathogen analysis, they still require additional equipment for sample preparation, and no such 

methods have been created specifically for Xalb (Ocenar et al., 2019; Prasannakumar et al., 2021; Rafiq 

et al., 2021). Although nanoparticle-based electrochemical methods for quantifying Xalb infections 

have been reported (Umer et al., 2021), more research is needed to develop a practical device for on-

site testing. Most current methods are proof-of-concept demonstrations dependent on complex 

sensor fabrication and extensive optimization in well-equipped laboratories.  

Despite progress in molecular and biosensor-based diagnostic technologies, the early-stage 

detection and quantification of Xalb DNA remains a significant challenge. Traditional methods such 

as microscopy, ELISA, and qPCR are resource-intensive, require centralized laboratories, and can 

delay disease identification by 1-2 weeks, which limits their utility for on-farm applications. In 

contrast, Loop-mediated Isothermal Amplification (LAMP) has emerged as a promising field-

deployable tool due to its rapid, specific detection without the need for a thermocycler. However, 

current LAMP protocols still require nucleic acid extraction, which complicates early and real-time 

use in the field (Prasannakumar et al., 2021). Electrochemical biosensors have also gained attention 

in plant pathology for their ability to offer label-free detection, minimal sample preparation, and real-

time quantification. Nonetheless, these systems still require further refinement for effective 

deployment in agricultural settings (Umer et al., 2021). 

This thesis addresses these challenges by developing two novel diagnostic methods: a 

colorimetric and fluorescence-based LAMP technique designed for rapid, portable detection with 

minimal equipment, and an innovative electrochemical biosensor aimed at providing low-cost, on-

site pathogen quantification. Both methods will be validated against traditional PCR-based 

techniques to evaluate their feasibility for field use in sugarcane diagnostics. These advancements 

offer promising solutions for the early detection of Xalb and other pathogens, which could 

significantly improve pathogen management and help mitigate productivity losses in sugarcane 

cultivation. Ongoing optimization of these tools will be essential to fully realize their potential for 

widespread agricultural use. 
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