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Abstract

Sugarcane is infected by three rust species, Puccinia melanocephala (brown rust), Puccinia
kuehnii (orange rust) and Macruropyxis fulva (tawny rust). Brown rust is widespread, infecting
cane throughout the sugarcane-growing world and was first reported in South Africa in 1941.
Orange rust was initially classed as a minor disease and was confined to Asia and Australasia.
An apparent genetic shift in the pathogen resulted in serious losses in Australia between 1999
and 2001. Since then, the disease has spread through the Americas and Africa, with symptoms
being observed in South Africa for the first time in 2022. Tawny rust is a relatively new disease
of sugarcane, which was first reported in eSwatini in 2008, before spreading throughout
southern Africa. This rust has yet to be reported in countries outside of southern Africa. This
paper provides a review of recent literature on yield losses associated with rust infections in
different countries, along with the management strategies that have been adopted, the factors
reported to favour infection, breeding, screening and selection methods for rust resistance, and
diagnostics. The review will be used to identify gaps in the rust research programme at SASRI
and, where necessary, to supplement the management strategy that is currently
recommended.
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Introduction

Commercial sugarcane, a complex hybrid of Saccharum spp. (Poaceae), is infected by three
rust fungi, namely, Puccinia melanocephala H. & P. Sydow (brown rust) (Cummins, 1971;
Egan, 1979), Puccinia kuehnii (W. Krtger) E.J. Butler 1914 (orange rust) (Egan, 1964), and
Macruropyxis fulva L.A. Martin, S.A. McFarl. and L.A. Castl. (tawny rust) (Martin et al., 2017a).

Distribution

Brown rust was first observed on sugarcane in South Africa in 1941 (Bailey, 1979; Bailey,
1995) and is widespread throughout Africa, southern and south-east Asia, Australasia and the
Americas (Purdy et al., 1983; Ryan and Egan, 1989). The presence of orange rust in Australia
dates back to the 1880s, and whilst confined to the Australasian region, it was considered a
minor sugarcane disease (Ryan and Egan, 1989). The warmer weather conditions, higher
rainfall and development of a more virulent race in Australia are presumed to have led to an
orange rust epiphytotic in 2000 (Magarey et al., 2001; Braithwaite et al., 2009). Orange rust
has more recently been observed in the western hemisphere, appearing first in Florida (USA)
in 2007 (Comstock et al., 2008) before spreading throughout the Americas. The disease was
first reported in western and central Africa in 2010 (Saumtally et al., 2011), followed by reports
in Reunion (Hubert et al., 2019) and Mauritius (Mungur et al., 2020) in 2018. Spores of P.
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kuehnii were detected in 2016 on spore traps located at the SASRI Komati Research Station,
Mpumalanga, but the disease was only observed on sugarcane in the North Coast region of
South Africa in 2022 (McFarlane et al., 2023). Tawny rust, a new disease of sugarcane, was
observed for the first time on variety N25 in eSwatini in 2008 (Martin et al., 2017a). The disease
spread quickly to South Africa and was found on a wide range of commercial varieties and
unreleased genotypes in most Pest and Disease Control areas in the industry by 2009. The
disease was later reported in Zimbabwe and Mozambique (Martin et al., 2017).

Host range

The rust species that infect sugarcane are largely restricted to the Poaceae family. Hosts for
P. melanocephala, the causal organism of brown rust, include Saccharum barberi Jeswiet, S.
narenga (Nees ex Steud.) Wall. Ex Hack., S. officinarum, S. robustum E.W. Brandes & Jeswiet
ex Grassl, S. ravennae (L.) L., S. rufipilum Steud., and S. spontaneum L., Bambusa spp.
Schreb, Miscanthus floridulus (Labill.) Warb. Ex K. Schum. & Lauterb., M. sacchariflorus
(Maxim.) Benth., M. sinensis Andersson, Phyllostachys aurea Riviere & C. Riviére, P.
bambusoides Siebold & Zucc., P. glauca McClure, P. nigra (Lodd. Ex Lindl.) Munro. It has also
been reported to infect Aquilegia spp, which are part of the Ranunculaceae family (Virtudazo
et al., 2001; Farr and Rossman, 2009).

Hosts for P. kuehnii, the causal organism of orange rust, include Saccharum arundinaceum
Retz., S. barberi, S. edule Hassk., S. narenga, S. officinarum, S. robustum, S. sinense Roxb.,
S. spontaneum, and a species in the Cyatheaceae family Sclerostachya fusca (Roxb.) A.
Camus (Virtudazo et al., 2001).

Macruropyxis fulva, the causal organism of tawny rust, has been observed on Saccharum spp.
hybrids and Miscanthidium capensis (Nees) Stapf (Martin et al., 2017a). Host jumps are one
of the main drivers of speciation for rust fungi (McTaggart et al., 2016).

Morphological characteristics, molecular identification and phylogeny

Some important differences in the morphology of the uredinia and urediniospores, along with
molecular analyses, make it possible to distinguish the three rust species. Puccinia
melanocephala produces reddish-brown, to dark brown urediniospores in dark brown uredinia,
while P. kuehnii produces light orange to orange-brown urediniospores in shorter, more oval
uredinia (Ryan and Egan, 1989; Glynn et al., 2010). Macruropyxis fulva produces bright orange
to orangey-red urediniospores in orange uredinia that turn dark brown over time (Martin et al.,
2017a). The urediniospores of both P. melanocephala and P. kuehnii are most commonly
observed on the lower leaf surface, and while those of M. fulva are more profuse on the lower
surface, they are also frequently observed on the upper surface. The walls of P. melanocephala
and M. fulva urediniospores are uniform in thickness, while those of P. kuehnii tend to show
distinct apical thickening (Dixon et al., 2010; Martin et al., 2017a). Puccinia melanocephala
produces abundant sterile paraphyses, while these are rarely observed in the uredinia of P.
kuehnii and M. fulva.

Molecular tests have been developed to confirm the identification of the three sugarcane rust
fungi when the morphological characteristics are inconclusive. Glynn et al. (2010) developed
conventional and real-time Polymerase Chain Reaction (PCR) assays that are specific for P.
melanocephala and P. kuehnii. A touchdown PCR assay specific for M. fulva was developed
by Martin et al. (2017b).

Dixon et al. (2010) investigated the phylogenetic relationship of P. melanocephala and P.
kuehnii using nuclear ribosomal DNA sequences (rDNA), including portions of the 5.8S rDNA,
the complete internal transcribed spacer 2 (ITS2) and 5’ region of the large sub-unit (nLSU)
rDNA. Although both Puccinia spp. infect sugarcane, the study revealed that they are not
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closely related within the Pucciniales group. This was supported by a later study by Martin et
al. (2017a) once M. fulva was identified as an additional rust pathogen of sugarcane. Analysis
of the 5.8S rDNA, ITS2 and 28S rDNA gene regions indicated that all three sugarcane rusts
are relatively divergent from one another (Figure 1).
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Factors Favouring the Development and Transmission of Rust Fungi

Rust pathogens are completely dependent on living plant hosts to reproduce and complete
their life cycle and they are adapted to obtain nutrients from living plant cells (Kolmer et al.,
2009). The success of rust fungi is influenced by their genetic plasticity (Hennen and Buritica,
1980, cited in Avasthi et al., 2023; Aime et al., 2017), their high rate of sporulation, and the
rapid spread of new virulent races over long distances (Roelfs, 1985). Urediniospores that are
produced by rust pathogens are mainly spread by wind, which can result in long-range
dispersal between continents (Nagarajan and Singh, 1990; Hovmegller et al., 2008), and water-
splash (Hirst et al., 1967; Kim et al., 2019). Under favourable conditions, rust pathogens
produce germ tubes, and later haustoria, that invade the leaf through the stomata before
producing masses of urediniospores that rupture the epidermis to form a sporulating pustule.
For most rust pathogens that infect Poaceae, this usually occurs within 14 days of the
urediniospores being deposited on a leaf (Sotomayer et al., 1983; Raid and Comstock, 2000;
Kolmer et al., 2009).

The development of rust is influenced by host resistance, environmental conditions
(temperature, leaf wetness and relative humidity) and inoculum load (Comstock and Ferreira
1986; Purdy et al. 1983; Raid and Comstock 2000; Sanjel et al., 2019; Chaulagain et al., 2019
a, b). Infection and severity is strongly influenced by the duration of conducive climatic
conditions. While dew, mist and light rainfall promote leaf wetness, heavy rainfall is not
favourable for rust development as it tends to wash the spores off the leaves onto the soil
(Comstock and Ferreira, 1986). These spores are then unable to germinate and infect the host
plant. Rust is less likely to develop in sugarcane that is stressed due to factors such as drought
or frost (Sanjel et al., 2019).

Brown rust is most commonly observed during spring and autumn (Magarey et al., 2004b; Rott,
2017). Numerous in vitro studies have been conducted on the conditions required for the
germination of P. melanocephala urediniospores (Hsieh et al., 1977; Purdy et al., 1983;
Sotomayor et al., 1983; Raid and Comstock, 2000; Ramouthar, 2009; Barrera et al., 2012).
The temperature range for germination is large, with germ tubes developing between 4° and
34°C. However, germination was highest between 20° and 26°C, and in most studies, was
severely reduced at temperatures exceeding 30°C (Purdy et al., 1983; Sotomayor et al., 1983).
In a recent field-based study in Florida, Sanjel et al. (2019) found that maximum brown rust
severity was correlated with the number of night-time hours (20:00 to 08:00), where the
average temperatures were between 16.7°C and 22.2°C (Sanjel et al., 2019). Free moisture is
critical for brown rust infection and most reports indicate a minimum leaf wetness duration
requirement of 6-8 hours (Ryan and Egan, 1989; Raid and Comstock, 2000). Growth chamber
studies in South Africa indicated that brown rust infection was most severe at temperatures of
between 20° and 25°C, with a leaf wetness period exceeding 9 hours (Figure 2) (Ramouthar,
2009). Germination capacity is reduced when temperatures exceed 30° to 32°C (Purdy et al.
1983; Sotomayor et al. 1983; Ramouthar, 2009; Sanjel et al., 2019).
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Figure 2. Effect of temperature and wetness period on the germination of Puccinia

melanocephala urediniospores on multiwell slides at 100% RH (from
Ramouthar, 2009)

The minimum daily temperature was reported to be a limiting factor for the onset of brown rust
epidemics, while maximum daily temperatures were associated with a decline in disease
severity (Barrera et al. 2013). Aerial concentrations of P. melanocephala urediniospores
detected on spore traps decreased when daily temperatures were 30°C or higher (Irey, 1987).
Plant age limits the progress of brown rust, with severe symptoms generally being observed
on 4- to 7-month-old sugarcane (Comstock and Ferreira 1986; Victoria et al. 1990; Raid and
Comstock, 2000). These age-related changes in susceptibility may be associated with changes
in the physiology of the plant, or the expression of different resistance genes as the plant
matures. In some brown rust-susceptible varieties, plant crops are more prone to severe
infection than ratoon crops (Raid and Comstock, 2000).

Orange rust tends to occur in the summer months (Magarey, 2004b; Sanjel et al., 2019). In
Florida, epidemics develop twice during the crop season, the first from late March to July,
during active sugarcane growth, and the second from November to December, as the cane
matures (Rott et al., 2017). In vitro studies in Australia indicated that temperatures between
17° and 24°C and a relative humidity of at least 97% were most conducive for the germination
of P. kuehnii urediniospores (Magarey et al., 2004b). In growth chamber studies conducted in
Florida, temperatures between 20° and 25°C, and a leaf wetness period exceeding eight hours
were necessary for orange rust infection (Martins et al., 2010). In a study that compared the
development of brown and orange rust in Florida, Sanjel et al. (2019) reported that extended
periods with night-time (20:00 to 08:00) temperatures of between 20° and 22.2°C and high
humidity were most conducive for orange rust infection. Unlike brown rust, plant age does not
limit orange rust infection in Florida, with symptoms developing from early season until harvest
(Rott et al., 2017). Agro-climatic zones favouring orange rust development were mapped using
predictive models based on long-term weather data in Australia and Brazil (Sentelhas et al.,
2016; Valeriano et al., 2021), as well as in Argentina (Angelotti et al., 2022). These models are
valuable for highlighting high-risk zones in industries with diverse climatic conditions (Dumont
et al., 2022).

Laboratory-based spore germination studies showed that M. fulva urediniospores did not
require free moisture to germinate at a relative humidity close to 100% (Figure 3) (Martin et al.,
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2015). Conditions for the germination of M. fulva urediniospores were, however, optimal when
free moisture was available and at temperatures of 18° to 22°C, with highest germination rates
being recorded at 19°C. Field observations support these findings, with tawny rust infections
tending to begin and end earlier in the spring/summer season than those of brown rust.
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Figure 3. Germination of Macruropyxis fulva urediniospores under wet and dry conditions,
and varying temperatures

Climate change

Changes in climate have the potential to influence the occurrence of plant pathogens and may
impact plant infection in several ways. These include changing host-pathogen-vector
interactions, changing the plant canopy architecture, altering the evolution of the pathogen and
promoting the emergence of new strains of pathogens resulting in a breakdown of host-plant
resistance (Newbery et al., 2016; Velasquez et al., 2018; Singh et al., 2023). Plant pathogens
have both high and low temperature tolerances and moisture requirements, or climate optima
(Rohr et al., 2011; Chaloner et al., 2020; Dudney et al., 2021). Climate change has the potential
to shift the location of optimal climatic conditions, leading to both increases and decreases in
disease prevalence in different parts of the geographic range (Burdon et al., 2020; Dudney et
al., 2021). Looking specifically at the rust pathogens that infect different crops, increased
daytime temperatures are reported to have decreased the latency period of coffee leaf rust
(Hemileia vastatrix Berkeley and Broome), which has promoted rust epidemics in Central
America (Toniutti et al., 2017). Conversely, a steady rise in summer temperatures over a 30-
year period was reported to cause the local extinction of the rust pathogen Triphragmium
ulmariae (DC.) Link, that infects Filipendula ulmaria (meadowsweet) on islands situated close
to the Swedish coast in the Gulf of Bothnia (Zhan et al., 2018). Generally, rusts that infect
Poaceae are negatively affected by higher temperatures and increased CO- levels (Helfer,
2014). However, an increase in the severity of orange rust in Florida in 2012 and 2013 was
linked to warmer winter conditions (Zhao et al., 2015). Mathematical models developed by
Hamada et al. (2022) predicted a decrease in the incidence and severity of brown rust in Séo
Paulo, Brazil. This was mainly related to a predicted decrease in relative humidity, but also due
to an increase in average temperatures.
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Economic Importance

Reductions in green leaf area and leaf net photosynthetic rate associated with rust infections
can affect plant growth and contribute to yield losses (Carretero et al., 2011; Dijoux et al.,
2023). In addition, damage to the epidermis of the leaf after the uredinia rupture affects the
water-use efficiency of the plant, contributing to yield loss (Grimmer et al., 2012). Decreased
nitrogen and phosphorus content has also been reported in rust-infected plants. This was
attributed to increased nitrogen metabolism and transportation, as well as a decrease in the
ability of infected plants to absorb nitrogen and phosphorus from the soil (Zhang et al., 2022)

Yield losses from brown rust infection, which are usually associated with a reduction in cane
yield rather than juice quality, range from 10 to 40% in susceptible varieties (Taylor et al., 1992;
McFarlane et al., 2006; Comstock and Shine, 1992; Rutherford et al., 2013). Yield loss tended
to be greatest when epidemics persisted and was lower when fungicides were applied in the
early stages of the epidemic (Hoy and Hollier, 2009; Chaulagain et al., 2019b). In South Africa,
yield loss was most severe when environmental conditions favoured the development of
severe brown rust (>70% leaf area infected) in the early stages of crop growth and when
drought impacted the later stages of growth (Rutherford et al., 2013).

Total sugar losses of 15-40% due to orange rust, have been reported in a number of countries
(Magarey et al., 2004a; Comstock et al., 2010; Chaves et al., 2013), with severe infections
causing a reduction in cane yield and sucrose content (Comstock et al., 2010). In a study by
Zhao et al. (2011), the leaf SPAD index (an indication of leaf chlorophyll content),
photosynthetic rate, stomatal conductance and transpiration rate decreased with increased
rust severity. However, the effect of infection on photosynthetic rate was greater than that on
stomatal conductance and transpiration. The reduction in leaf photosynthesis caused by
orange rust under low light was greater than that under high light conditions. In Reunion, losses
ranged from 10 to 14% in the drier regions of the island, while losses of up to 26% were
recorded in the most humid area (Dijoux et al., 2023). There was a positive correlation between
orange rust susceptibility and recoverable sucrose in the trials conducted in the drier areas.
These results are being investigated further.

The maximum loss estimated in tawny rust fungicide trial was 9.7% (Martin et al., 2015). There
was a significant reduction in cane quality in the treated plots in one ftrial, but this was not
observed in other trials.

Detection and Quantification Methods

Disease identification and severity assessments are usually based on the visual inspection of
plants. These assessments are subjective, and there may be considerable variation among
the evaluators, although steps can be taken to improve accuracy with regular training, detailed
guidelines and severity charts (Bock et al., 2022). However, visual inspections are time-
consuming and may influence the size of the experimental blocks.

Spectroscopy-based, imaging-based and relevant Remote Sensing (RS) methods have the
potential to provide reliable, accurate and timeous large-scale plant disease detection and
monitoring (Zhang et al., 2020). This technology is being explored for sugarcane disease
detection and variety screening. The response of plant tissue to infection is likely to be detected
by Near-Infrared Spectroscopy (NIRS). For example, as an indicator of resistance, an increase
in the lignification of cell walls in sugarcane leaves in response to rust infection could be
detected using NIRS (Li et al., 2015). Fungal build-up, as an indicator of susceptibility, could
be quantified by indirectly assaying fungal metabolites, such as ergosterol and chitin, using
NIRS (Yang et al., 2015; Roberts et al., 1991). Ergosterol, the predominant sterol in fungal cell
membranes, is absent in higher plants. Likewise, chitin is a major component of fungal cell
walls. An NIRS method for predicting smut resistance has been developed along these lines
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(Rutherford and Spelman, 2023). Orange rust was detected by Apan et al. (2004) using the
Earth Observing Satellite (EO-1) Hyperion instrument. Several narrow-band indices were able
to discriminate sugarcane that was severely infected with orange rust from healthy sugarcane.
The indices used spectral bands that are known to be sensitive to changes in leaf pigments,
the internal leaf structure and moisture content. The incorporation of a short-wave infrared
band with visible near-infrared-based indices provided the maximum discrimination. Simoes et
al. (2023) evaluated the accuracy of Unmanned Aerial Vehicle (UAV)-based multispectral data
for assessing varietal resistance to brown and orange rust. Significant correlations were
achieved between the red band data and infection scores for the two rust species, which
indicated that UAV-based multispectral data have potential in assisting with the phenotyping
of new sugarcane varieties in relation to disease resistance. Machine-learning methods have
become an important area of research in disease diagnostics and have been successfully
developed to quantify several diseases, including rust on individual leaves, field plot and aerial
images (Mutka et al., 2015; Bock et al., 2020; Jiang et al., 2023; Holan et al., 2024).

Management
Varietal resistance

Host resistance has traditionally been key in managing rust on sugarcane, and other control
measures, including fungicides, were considered to be uneconomical and impractical for many
years (Ryan and Egan, 1989; Raid and Comstock, 2000). Resistance to rust is a heritable trait
and is expressed quantitively (Comstock et al., 1992; Raboin et al., 2006). Quantitative
resistance is usually more durable against races of pathogens that arise from genetic
mutations. However, shifts in varietal resistance to P. melanocephala have been reported in
the USA, which has been linked to the adaptation of the pathogen (Dean and Purdy, 1984;
Raid and Comstock, 2000; Shine et al., 2005; Hoy et al., 2014). Genetic diversity has also
been reported in P. kuehnii populations. The orange rust epidemic in Australia in 2000 was
attributed to a mutation in the pathogen, which produced a race that was virulent to the widely
grown variety Q124 (Magarey et al., 2001; Braithwaite et al., 2009). Glynn et al. (2010)
detected a single nucleotide polymorphism in the internal transcribed spacer region of P.
kuehnii, with a specific allele (183A) being common in samples from Australasia, but which
was absent from all samples from the Caribbean basin. In addition, several varieties that were
resistant to orange rust when the disease was initially observed in Florida in the late 2000s,
became susceptible within four years of the incursion (Rott et al., 2017; Sanjel et al., 2021). At
least two races of P. kuehnii are now known to exist in Florida.

Phenotypic screening for sugarcane rust resistance is usually performed by evaluating the
reactions of the genotypes of interest under field, glasshouse or laboratory conditions, either
through natural infection or artificial inoculation (Asnaghi et al., 2001; Braithwaite, 2005; Sood
et al., 2009; Barrera et al., 2012; Chaulagain et al., 2019a). The success of these approaches
is influenced by environmental conditions, the quality and levels of inoculum, methods of
inoculation, and the accuracy of rust assessments. Marker-assisted selection, using markers
that are linked to genes of interest, offers an efficient method of selecting desirable genotypes
instead of, or in addition to, phenotypic screening (Jena and Mackill, 2008). The classification
of sugarcane genotypes using molecular techniques has been employed for brown rust. Two
loci associated with brown rust resistance, Bru1 and Bru2 (Daugrois et al., 1996; Raboin et al.,
2006) were identified. Bru1, a dominant resistance locus, was found to be effective against P.
melanocephala isolates that are representative of countries in North and South America and
Africa (Asnaghi et al., 2001). Using molecular markers developed by Costet et al. (2012), Bru1
was identified in the parent and selection populations of several countries, including South
Africa (Rutherford and Koch, 2015; Rutherford, 2018). However, the marker was absent in
some resistant cultivars indicating the presence of other sources of resistance. Research to
identify these alternate sources of resistance continues in order to facilitate marker-assisted
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selection of brown rust resistant genotypes and to mitigate the risk of a breakdown in
resistance, as P. melanocephala evolves.

Klosowski et al. (2013) showed that resistance to orange rust is controlled by a major gene
and several other accessory genes. Putative resistance genes were characterised by Yang et
al. (2018) and used for the development of the first molecular marker (G1) associated with the
resistance of sugarcane to orange rust. However, an investigation by Hoepers et al. (2021)
indicated that the efficiency of the diagnostic marker in predicting orange rust resistance in
germplasm and commercial varieties in Brazil was low.

Twenty-one percent of the more commonly grown commercial varieties in South Africa, which
cover an area of approximately 40 000 ha, were susceptible to tawny rust once the disease
had spread throughout the industry (unpublished data).

Fungicides

Breeding for rust resistance is challenging, since sugarcane has a complex genome and the
release of varieties for commercial production is slow (Jackson et al., 2018). Adding to this
challenge is the fact that sugarcane is attacked by at least two rust pathogens in most
countries, with three infecting sugarcane in southern Africa. Importantly, an apparent negative
relationship between brown and orange rust resistance was identified in progeny across
families in Florida (Zhao et al., 2015) means that some parents may produce progeny with
resistance to one rust, but susceptibility to another. While the use of fungicides to manage rust
adds to the cost of production, it has now become a necessity in areas where environmental
conditions frequently favour the development of severe infections. Fungicides with some
systemic activity against sugarcane rusts include strobilurins, triazoles, carboxamides,
phenylpyrrole, acylalaninate and various combinations of these, with strobilurins generally
providing the best control (Raid et al., 2013; Rutherford et al., 2013; Chaulagain et al., 2019a,
b; Koch et al., 2021). Fungicides are most effective when applied early in disease outbreaks
and when conditions for plant growth are good for supporting the effective uptake of the product
(Poole et al., 2014). Staier et al. (2003) reported that the timeliness of applications, and not
always according to a set regime, was most effective in the management of orange rust in
Australia and providing an economic benefit. A threshold of 5% leaf area infected was used as
a guide for the timing of fungicide applications in Australia (Staier et al., 2003). In Florida,
fungicide applications at the beginning of orange rust epidemics (with a severity below 10%
leaf area infected) resulted in the lowest rust progress values and biggest yield improvements
(Raid and Comstock, 2013; Chaulagain et al., 2019a). Applications in the mid- or late-epidemic
stage were less effective, but still provided partial control. Spray intervals are important for
acceptable chemical control of rust diseases. Two applications of a strobilurin-triazole
fungicide, with a spray interval of 3-4 weeks, were effective in treating brown rust, with
subsequent yield improvements if applied early in the outbreak (Rutherford et al., 2013;
Chaulagain et al., 2019b), while three applications provided the best control for orange rust
(Chaulagain et al., 2019a).

Neonicotinoid insecticides (e.g. imidacloprid and thiamethoxam) have been shown to have a
beneficial effect on the growth of sugarcane under stressed conditions, by altering plant
physiology (Endres et al., 2016; Shi et al., 2021). This effect is partially mediated via the plant
stress hormone, Salicylic Acid, and can lead to induced resistance against biotrophic plant
pathogens, including rusts (Ford et al., 2010). A sugarcane strip trial conducted on the
KwaZulu-Natal North Coast, which tested the effects of a fungicide (Abacus® — pyraclostrobin:
epoxiconazole) and insecticide (Bandit® - imidacloprid) on plant growth, revealed that the
neonicotinoid insecticide was as effective as the fungicide, in terms of reducing the percentage
of leaf area infected by brown rust (McFarlane, unpublished results). This suggests an
enhancement of Salicylic Acid-based resistance by imidacloprid.
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Forecasting systems based on mathematical models can be used to predict disease outbreaks
and identify areas with a high risk of infection. These systems can potentially reduce the
number of fungicide sprays, or improve the efficiency of chemical control, through better timing
of fungicide applications (Gleason et al., 2008; Gonzalez-Dominguez et al., 2023). Models
were developed to predict the onset of orange (Chaulagain et al. 2020) and brown rust
(Chaulagain et al., 2021) epidemics using regression analyses.

Biological control and plant defense inducers

There is a growing interest in biological control agents and plant resistance inducers as
potential alternatives to pesticides. Some microbes are hyperparasites that kill pathogens,
while others release compounds that allow them to compete for space and nutrients (van
Lenteren et al., 2018). Plant resistance inducers, which include chemical compounds, microbial
or plant extracts and micronutrients, induce the defence mechanisms of the plant, which offers
protection against plant pathogens (Gozzo et al., 2013; Pieterse et al., 2014; de Paula et al.,
2021). Some biological control mechanisms may be effective against the rust pathogens.
Darluca filum (Biv.) Cast. was reported to parasitise P. kuehnii (Dube et al., 1978). Pillay et al.
(2005) identified Cladosporium uredinicola Speg. and C. tenuissimum Cooke, Grevillea in
uredinia of P. melanocephala. These fungi are known to be hyperparasites of rusts (Ryan and
Wilson, 1981; Moricca et al., 2001). In addition, a fungus was identified that is closely related
to Phoma species, which are antagonistic to other fungal plant pathogens (Hutchinson et al.,
1994; Ouimet et al., 1997). Bacteria such as Bacillus, Erwinia and Pantoea spp. have been
effective against rust in other crops (Kiani et al., 2021). These researchers hypothesised that
varieties with some resistance to foliar pathogens may support a microbial biome that is
antagonistic to these pathogens.

Crop nutrition

The severity of brown rust has been found to be influenced by the physical and chemical
properties of the soil (Anderson and Dean, 1986: Anderson et al., 1990; Cadet et al., 2003;
Grisham et al., 2006; Johnson et al., 2007; McFarlane et al., 2008). The relationship is complex
and is reported to be most commonly associated with nutrient imbalances. A study by
Anderson and Dean (1986) found that the severity of brown rust was positively correlated with
nitrogen levels, while higher calcium concentrations were associated with reduced infection.
Cadet et al. (2003) showed that the nutritional physiology of sugarcane was affected by brown
rust infections. In this study, brown rust appeared to increase the uptake of potassium, to the
detriment of calcium, magnesium and silicon. The authors suggested that brown rust severity
could be reduced with the application of calcium in the early stages of crop growth, and before
the onset of rust infection, in order to reduce excessive potassium uptake. Anderson et al.
(1990) reported that brown rust was less severe on field edges adjacent to lime (CaCOs) road
spills, which supports this hypothesis. Brown rust has been observed to be more severe in
plant crops of some varieties, compared to ratoon crops (Anderson and Dean, 1986). This may
be associated with increased nitrogen mineralisation from organic matter in the soil, particularly
after the incorporation of cover crops. Rust is often more severe when nitrogen is applied in
excess to the requirements of the crop (Johnson et al., 2007). Brown and orange rust severity
has been reduced by increasing the silicon content of the plant (de Camargo et al., 2013;
Ramouthar et al., 2016; Nicchio et al., 2024). The application of foliar manganese in a
glasshouse trial improved resistance to orange rust infection, which may have been associated
with antifungal activity and augmented lignin deposition (Mesquita et al., 2019).

Future Approaches for Managing Rust in South Africa

e While breeding and selecting varieties with adequate resistance to all three rusts that
infect sugarcane in South Africa remains a challenge, these processes can be
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facilitated by using the molecular markers that are available for identifying genotypes
with associated rust resistance genes.

o With the active ingredients in pesticides being increasingly scrutinised for their
deleterious effects on human health and the environment, more research on suitable
plant resistance inducers is warranted. Low risk fungicides should be identified for
potential registration, with a focus on the timing of their application to improve efficacy.

o Research on detecting and quantifying rust in commercial fields and research trials,
using multispectral and satellite imagery, should remain a priority.

e The use of NIRS to screen for rust resistance in vitro should continue to be explored.
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