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Ratoon stunting disease (RSD) is the most economically significant disease of sugarcane, and, although it was first dis-

covered in 1945, surprisingly little is understood of the nature of the relationship between the host and the pathogen,

Leifsonia xyli subsp. xyli. This review traces RSD to the release of modern commercial hybrids, and provides evidence

that Saccharum officinarum, the major progenitor of modern sugarcane cultivars, is not the natural host for L. xyli

subsp. xyli. Rather, it is proposed that the wild relative, S. spontaneum, is more likely to be the original host, and that

L. xyli subsp. xyli was acquired during interspecific hybridization work undertaken in Java during the 1920s. The

release of the universally adopted variety POJ2878 then facilitated the dissemination of a single, worldwide clone of L.

xyli subsp. xyli. The implications of the hypothesis are discussed in relation to plant improvement and the potential for

new diseases to emerge through further attempts at broadening the genetic base of commercial sugarcane.
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First Detection and Field Presentation of RSD

Ratoon stunting disease (RSD) is the most economically
significant disease of sugarcane (Hughes, 1974; Young &
Brumbley, 2004), and has impacted sugarcane for at
least 70 years. It was first recognized in Mackay, Aus-
tralia, in the summer of 1944/5 following prolonged dry
weather. Dramatic disparities in the performance of adja-
cent fields of the newly released hybrid variety Q28 were
traced to different plant-cane sources (McDougall et al.,
1948). Shortly afterwards, ‘Q28 disease’ (Steindl, 1949)
was identified in other cultivars and districts within
Queensland and New South Wales, and the term RSD
was coined (Mungomery, 1949; King, 1953).
Pathologists realized the presumed viral disease was

widespread when it was diagnosed in imported canes
growing in quarantine (King, 1953). It was later found
in a wide range of the world’s sugarcane industries
(Hughes & Steindl, 1956). What initially appeared to be
a disconcerting problem for a single variety at a single
location became an issue of grave concern for the future
of the sugar industry. It was soon apparent that the dis-
ease also had significant bearing on the past.
Ratoon stunting disease is caused by the xylem-limited

bacterium Leifsonia xyli subsp. xyli (Davis et al., 1984;
Evtushenko et al., 2000). The disease has no specific
external symptoms, and the associated internal vascular

discolouration can be ambiguous and cultivar variable
(Hughes & Steindl, 1956). The bacteria extend systemi-
cally through the plant, with the highest concentrations
at the lower nodes, where the xylem vessels are largest
and most numerous (Bailey, 1977a). Generally, the more
vascular bundles that are infected, the greater the suscep-
tibility, and the higher the bacterial titre of expressed
fibrovascular sap (Bailey, 1977a; Teakle et al., 1978;
Davis et al., 1988; Roach, 1992; Roach & Jackson,
1992; Comstock et al., 1995; Croft, 2001; McFarlane,
2002). Infected plants attempt to minimize vascular colo-
nization by exuding a gummy substance, which occludes
the xylem vessel (Kao & Damann, 1978). Thus, infection
with L. xyli subsp. xyli interferes with water mobility in
the plant, so water use efficiency and nutrient balance
are impaired (Teakle et al., 1978). Stunting is more pro-
nounced in droughts, where infected plants are the first
to show wilting and death of the leaf-tips (Steindl &
Hughes, 1953).
Ratoon stunting disease typically results in lower

yields through reductions in stalk weight and number
(Steindl, 1950), although not all stalks within a stool,
nor stools within a crop, are infected, so a general patch-
iness is usually observed. Numerous reports of RSD-asso-
ciated losses have been published, but a few will suffice
to demonstrate the direct impacts of the disease. Initial
reports of RSD on the variety Q28 indicated losses of
between 12% and 37% tonnage in the plant crop, and
between 41% and 67% in the ratoon crops (that is, new
crops sprouting from subterranean buds of harvested
crops; Steindl & Hughes, 1953). It is now known that
Q28 was particularly susceptible, and the losses were
extreme. For many modern cultivars, estimates of yield
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loss exceed 30%, and few are lower than 5% (Steib &
Chilton, 1968; Koike et al., 1982; Grisham, 1991; Bailey
& Bechet, 1997). Even when assessing the same variety,
yield loss estimates may vary due to the effects of differ-
ent climatic conditions on plant growth, low levels of
infection in control ‘healthy’ plants and also inconsisten-
cies in inoculation, resulting in differences in the level of
infection between experiments. Even under good growing
conditions yield loss is usually significant (Bailey &
Bechet, 1997). Under extreme dry conditions, affected
crops can completely die out while adjacent healthy
crops stay green (Steindl, 1950). The indirect losses asso-
ciated with RSD, such as increased weed competition
and reduced number of ratoon crops, are significant
(Gillaspie & Teakle, 1989).
Leifsonia xyli subsp. xyli is physically transmitted dur-

ing mechanical harvesting, so ratoon crops are most
often more severely affected than plant crops. However,
the bacteria are also spread vegetatively through planting
infected material, eventually leading, in the absence of
adequate control measures, to the complete infection of
all planting stocks. There is no evidence of seed transmis-
sion or specific vectors (Bourne, 1965; Barbehenn &
Purcell, 1993).
Ratoon stunting disease control measures include ster-

ilization of harvesting and planting equipment, ther-
motherapy of seedcane and timely diagnosis of planting
stocks. However, as all of these measures have limited
efficacy, RSD persists in the world’s industries, and has a
high likelihood of increasing in incidence whenever con-
trol measures are relaxed (Koike et al., 1982; Damann
& Benda, 1983; Victoria et al., 1986; Roach, 1987; Tay-
lor et al., 1988; Young et al., 2012).
Having no specific external symptoms, and a field pre-

sentation that can readily be attributed to peripheral
exacerbating factors such as drought, poor nutrition,
inadequate soil preparation or root problems, the disease
is generally under-recognized. However, in the absence
of mitigating factors, it is possible that RSD was respon-
sible for many historic unexplained growth problems of
sugarcane.

Pre-history of RSD

Given its apparent industry-wide distribution, it was
thought that RSD was present during the early years of
sugarcane agriculture, and must have been associated
with the original source of sugarcane germplasm, the
noble cane, Saccharum officinarum. These canes were
domesticated from S. robustum in prehistoric times in
New Guinea (Artschwager & Brandes, 1958). During
the period of colonial agricultural expansion in the 19th
and early 20th centuries, sugarcane pioneers and entre-
preneurs collected thousands of clones to augment many
of the early industries (Artschwager & Brandes, 1958).
In 1951, Australian scientists collected over a hundred
clones of S. officinarum and other Saccharum species
from across New Guinea, but using the internal diagnos-
tic symptoms, cross inoculations with Q28 and

observation plots failed to find RSD (King, 1953; King
& Steindl, 1953; Hughes, 1955). Surveys conducted over
the next 50 years, most recently in 2001 (Magarey et al.,
2002), also failed to identify the disease.
It was not until 2002 that RSD was first positively

identified in Papua New Guinea (Kuniata et al., 2005).
Initially, the disease was found in 40% of the samples
taken from hybrid varieties growing at Ramu. Since then,
its spread has been rapid. As had been previously postu-
lated (Magarey et al., 2002), the frequent use of bush
knives would see the rapid spread of the mechanically
transmitted disease if ever it were introduced. Follow-up
survey work in 2004 found that more than 85% of sam-
ples from commercial hybrids were positive for RSD,
and that the disease could now be found in wild Saccha-
rum growing nearby and in immediately neighbouring
provinces. However, RSD was not found in native canes
growing on the neighbouring island of New Britain
(Kuniata et al., 2005). While there is a remote possibility
that, despite intensive surveys, RSD had been present but
undetected among S. officinarum clones of New Guinea
for many years, this is unlikely, as it has not yet been
detected in areas remote from commercial sugarcane
plantations, and the spread from the commercial planta-
tions of Ramu could not have been noticed if the disease
was always present. If RSD was not originally present in
the centre of origin of S. officinarum, it is difficult to rec-
oncile a long relationship between this plant and the bac-
terium L. xyli subsp. xyli.
The original detection of RSD was facilitated by the

high susceptibility of the commercial hybrid Q28; how-
ever, many other varieties experienced abnormal growth
reductions in the period immediately prior to the discov-
ery. While older varieties were typically grown over
extended periods, and were replaced only after severe
reactions to diseases such as mosaic and (the still uniden-
tified) sereh disease, the new hybrids experienced much
shorter commercial lifetimes (Deerr, 1949; King, 1951;
King & Steindl, 1953; Rosenfeld, 1956; Abbott, 1959).
This circumstance was recognized by Australian scientists
King & Steindl (1953), when their interests converged
on seemingly different problems: Steindl on the newly
discovered RSD, and King on the unexplained phe-
nomenon of varietal yield decline.
Varietal yield decline, the ‘running out’ or senescence

of varieties, was the observation that new varieties
needed to be replaced as yields dropped far below
what was initially expected. Without treatment, the
incidence of RSD increases until ratoons are unprof-
itable and all available planting stocks are infected.
For a susceptible variety, 10–12 years is typically the
timeframe required for RSD to infiltrate crops and
contaminate planting stocks (Steib & Chilton, 1968).
This readily accounts for the observed timeframe for
‘decline’ of a variety.
Comparison of yield records and varietal susceptibility

has shown that RSD was probably involved in the down-
fall of some older varieties (Hughes & Steindl, 1956;
Steib & Forbes, 1959). Significantly, Badila, a New
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Guinea S. officinarum clone commercially grown in Aus-
tralia for over 40 years at the time RSD was discovered,
never suffered varietal yield decline (King, 1951); it was
also found to be highly resistant to RSD (King, 1953;
Roach, 1992). Subsequently, it has been shown that cul-
tivars not affected by varietal yield decline were resistant
to RSD (King, 1951; Abbott, 1959).
Early records on varietal yield decline are fragmentary,

anecdotal and commentary in nature. However, a range
of ‘unexplained’ growth problems has been uncovered in
several key industries throughout the 1930s, including
‘variations in primary vigour’ (Bell, 1935a), ‘variations
in clonal populations’ (Hill, 1935), ‘sick soils’ (Bell,
1935b), ‘ratooning problems’ (Tapiolas, 1934), ‘stool
disparity’ (Anonymous, 1934), ‘variety deterioration’
(Stevenson, 1947), ‘root trouble’ (Anonymous, 1935)
and ‘stubble deterioration’ (Denley, 1938; Edgerton,
1939). What links these reports is a pattern where vari-
eties were released and enjoyed good success for 5–
10 years, but diminishing returns, especially in the
ratoons or through drier periods, resulted in their aban-
donment. These presentations are identical to RSD.
Given the disease could not have spontaneously appeared
around the world sugarcane industry the moment it was
discovered, it is not unreasonable to suppose that it was
the cause of these previously unexplained disorders. If
these problems had always existed, or if they were
explained by other factors, it is unlikely that they would
be noticed as something out of the ordinary, let alone
reported. Whatever was the cause of these unexplained
growth problems, it was new, and of sufficient concern
to warrant reporting and broader discussion.

Genetics of L. xyli subsp. xyli

Leifsonia xyli subsp. xyli is remarkably genetically uni-
form. An examination of isolates from nine countries
revealed no DNA sequence variation at the 16S rRNA
and intergenic spacer loci, nor any genomic rearrange-
ments based on DNA fingerprinting profiles that are use-
ful for determining genetic variation across a wide range
of taxa (Gillings & Holley, 1997; Young et al., 2006).
These results are consistent with other sequencing results
that show no genetic variation for this pathogen (Fegan
et al., 1998; Taylor et al., 2003; Li et al., 2013). A total
of 11 kb of the flanking regions from 461 transposon
mutation sites of an Australian isolate had 100%
sequence identity to the genome sequence of a Brazilian
isolate, CTCB07 (Monteiro-Vitorello et al., 2004; Brum-
bley et al., 2006; Young et al., 2006). Further confirma-
tion of the apparent clonal nature of L. xyli subsp. xyli
comes from recent genome sequencing of a Chinese iso-
late, GXBZ01 (X. Q. Zhang et al., Agricultural College,
Guangxi University, Nanning, China unpublished data,
accessed from the National Center for Biotechnology
Information (NCBI) on 09/02/2016). Comparison of
2.2 Mb of sequence, comprising 2725 contigs from the
unassembled shotgun sequence of GXBZ01, showed
100% sequence identity to homologous sequences of the

genome of isolate CTCB07. This extraordinary degree of
genomic conservation, if confirmed, adds further evi-
dence to the postulated recent host jump of L. xyli
subsp. xyli, and is further evidence for extremely strong
stabilizing selection (Young et al., 2006).
The genetic and genomic conservation of L. xyli subsp.

xyli is unusual for many populations, particularly plant
pathogens, where participants in host–pathogen systems
normally exhibit inherent variation. Where long interac-
tions between hosts and pathogens have occurred, partic-
ularly under strong selection pressures, there is ample
scope for generation of variation among the host and
pathogen populations. If L. xyli subsp. xyli was origi-
nally associated with S. officinarum, it may be expected
that repeated translocation of clones of this cane from its
centre of origin and diversity (Janoo et al., 1999) over
many years would have facilitated the transmission of
multiple strains of the bacterium. However, instead, it
may be concluded that L. xyli subsp. xyli has undergone
a recent population bottleneck.
Leifsonia xyli subsp. xyli is a highly evolved plant

endosymbiont that does not fit the usual model of a
plant pathogenic bacterium. The small genome sequence
of 2.6 Mb has fewer predicted pathogenicity genes than
most plant-pathogenic bacteria (Monteiro-Vitorello
et al., 2004; Brumbley et al., 2006). It contains only one
ribosomal RNA operon and has apparently lost many of
the genes that were necessary to support its free-living
ancestors, particularly those involved in amino acid
biosynthesis pathways and flagellum assembly. Leifsonia
xyli subsp. xyli does not appear to break down the host
tissues, and cannot metabolize sucrose (Davis et al.,
1980; Monteiro-Vitorello et al., 2004). The red gum,
which occludes vascular bundles and constitutes the sole
internal symptom of infection, appears to be associated
with a generic host defence response targeted at restrict-
ing vascular colonization (Kao & Damann, 1978). The
relatively reduced genome size, loss of free-living genes,
and the low number of genes associated with pathogenic-
ity all suggest that L. xyli subsp. xyli has had a long evo-
lutionary interaction with its plant host, but not
necessarily as a plant pathogen.

The Genus Leifsonia

The genus Leifsonia offers few clues as to the nature
of the relationship between L. xyli subsp. xyli and its
host. The closest known relative of L. xyli subsp. xyli is
the xylem-limited L. xyli subsp. cynodontis (Davis et al.,
1984; Evtushenko et al., 2000). This species was origi-
nally isolated from Bermuda grass (Cynodon dactylon)
(Davis et al., 1980), but has since been identified in sev-
eral other grass species (Mills et al., 2001). Other Leifso-
nia species have been described from soils in east Asia
(Suzuki et al., 1999; Dastager et al., 2008), glaciers in
India (Reddy et al., 2008; Pindi et al., 2009), Antarctic
ponds and sediments (Reddy et al., 2003; Pindi et al.,
2009), snow (Schuerger & Lee, 2015), insects (Nishiwaki
et al., 2007), and distilled water in Russia (Leifson,
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1962). Another species is associated with plants (Evtush-
enko et al., 2000), and one with lichens (An et al.,
2009), but these are not known to be pathogenic.
There have been numerous molecular detections of

Leifsonia (and bacteria erroneously attributed to the
genus) from a range of environmental samples, as
revealed by searching the GenBank database of the
NCBI. It is possible that, being generally fastidious and
perhaps of low environmental abundance, it is only with
advances in culturing techniques and molecular profiling
that they are being revealed (Ferrari et al., 2005). Other
than their identification in varied habitats, little is known
of their evolutionary history or environmental functions.
Given its specialization to the xylem habitat, and that

it has been artificially inoculated into at least 14 other
grasses (Steindl, 1957; Rao et al., 1990), it is clear that
L. xyli subsp. xyli has had an evolutionary association
with one or more grass species. RSD susceptibility is gen-
erally determined by the number of colonized vascular
bundles in infected plants, and, thus, L. xyli subsp. xyli
titres in expressed xylem fluid (Bailey, 1977a; Teakle
et al., 1978; Davis et al., 1988; Roach, 1992; Roach &
Jackson, 1992; Comstock et al., 1995; Croft, 2001;
McFarlane, 2002). In general, varietal differences in the
severity of stunting correspond with xylem anatomy. The
highest resistance is observed in varieties with highly
branched vessels, and with fewer vessels that pass unin-
terrupted through the nodes (Teakle et al., 1978). This
inherent structural ‘resistance’ is presumed to operate by
restricting colonization of new vascular bundles. Thus,
highly susceptible varieties have higher numbers of colo-
nized, and consequently occluded, vascular bundles,
which, therefore, support greater numbers of L. xyli
subsp. xyli in expressed xylem fluid. No other mecha-
nism of resistance is known.
When inoculated into other hosts, L. xyli subsp. xyli

does not attain the high cell densities observed in sugar-
cane cultivars (Davis et al., 1980; Rao et al., 1990).
Likewise, when L. xyli subsp. cynodontis is inoculated
into sugarcane, it does not reach the same population
densities as L. xyli subsp. xyli, nor does it induce stunt-
ing or the internal symptoms characteristic of RSD
(Davis et al., 1980; Mills et al., 2001). Unless it can be
reasoned that disparate hosts independently evolved
specific and highly efficient defences against this particu-
lar, clonal endosymbiont, then the low L. xyli subsp. xyli
titres supported by other grasses must reflect the sub-
optimal nature of these plants as hosts. It follows that it
may be expected that the natural hosts will support the
highest numbers of the endosymbionts.
In research examining the distribution of RSD suscep-

tibility within the Saccharum complex, Roach (1992)
made bacterial counts from expressed xylem fluid of over
a hundred ‘naturally infected’ Saccharum clones (S. offic-
inarum, S. robustum, S. sinense, S. barberi, S. edule, S.
spontaneum) and some allied genera (Coix, Erianthus,
Miscanthus, Narenga, Pennisetum). The canes were sam-
pled from the breeding collection where they had been
grown for many years without application of RSD

control measures. There was great variation in the num-
ber of L. xyli subsp. xyli cells present in samples of
expressed xylem sap, with clones of S. spontaneum sup-
porting on average more than ten times as many as
S. officinarum clones. This suggests that L. xyli subsp.
xyli is more adapted to S. spontaneum than it is to
S. officinarum; therefore, it is probable that S. sponta-
neum is the natural host of L. xyli subsp. xyli, and that
susceptibility to RSD comes from genetic introgression of
this species. If S. spontaneum was the original host of
L. xyli subsp. xyli, then it is necessary to determine how
the bacterium entered into modern sugarcane.

Origins of Sugarcane

Like many other agriculturally important crops, modern
sugarcane is the result of a complex genetic interaction
among multiple taxa. The key progenitor, S. officinarum,
was originally derived from S. robustum in New Guinea,
which has the same basic chromosome number (2n = 80)
and similar morphology, but does not have a high sugar
content (Price, 1957; Artschwager & Brandes, 1958).
The origins of S. robustum are less clear, but are thought
to involve ancient interactions between locally evolved
taxa and the radiating S. spontaneum species complex
(Panje & Babu, 1960). Saccharum spontaneum has
played several roles in the later history and expansion of
sugarcane agriculture.
The S. spontaneum species complex is a diverse assem-

blage of tough, perennial plants with a native range that
extends from Africa to Melanesia. They are thought to
have emerged in India, where clones with the lowest
chromosome numbers (2n = 40) are found (Panje &
Babu, 1960). They radiated widely, evidently hybridizing
with locally endemic forms to the extent that karyotypes
are observed with the range of 2n = 40 through to
2n = 128 (Panje & Babu, 1960; Daniels & Roach,
1987). In Melanesia, it is thought that ancestral clones
of S. spontaneum hybridized with local forms to give rise
to S. robustum (2n = 80), from which S. officinarum was
progressively selected for high sugar content by human
and animal agency (Artschwager & Brandes, 1958).
Since the advent of S. officinarum, clones of S. sponta-

neum have made at least two additional and very differ-
ent contributions to sugarcane agriculture. When
S. officinarum came through trade to the Asian main-
land, these are thought to have hybridized with endemic
S. spontaneum clones, leading to the establishment of the
canes originally described as S. barberi and S. sinense
(Jeswiet, 1927; Deerr, 1949; Rosenfeld, 1956; D’Hont
et al., 2002). The hybridization is presumed to have been
natural, because spontaneous hybridization between
S. officinarum and S. spontaneum has long been estab-
lished (Jeswiet, 1927).
It may be expected that wherever humans transplanted

S. officinarum outside of its centre of origin, any natural
hybrids that arose would have enjoyed a degree of cli-
matic pre-adaptation conferred by the endemic parent.
Therefore it is probable that these agronomically
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superior spontaneous hybrids and natural backcrosses
rapidly supplanted the introduced S. officinarum clones
originally propagated for their sugar content. Thus S.
barberi and S. sinense (now considered too similar for
separate species status) were derived from S. officinarum
and S. spontaneum hybrids (D’Hont et al., 2002). These
became the basis for the ancient Chinese, Indian and Per-
sian sugar industries, and later accompanied the modern
expansion of the sugar industry throughout the rest of
the world (Rosenfeld, 1956).

Artificial Hybridization

The second major contribution made by S. spontaneum
is the role it played in resurrecting sugarcane agriculture
throughout the 1920s and 1930s. A combination of pests
and diseases threatened the collapse of several key indus-
tries that were largely based on S. officinarum clones.
Briefly, these were Fiji leaf gall virus and gumming in
Australia (North, 1935), mosaic disease in the USA
(Rosenfeld, 1929), and, in Java, mosaic and the still mys-
terious sereh disease (Jeswiet, 1927). The rediscovery of
sugarcane fertility in the late 19th century facilitated
attempts at resistance breeding, which initially failed due
to the focus on intraspecific crosses of S. officinarum (Jes-
wiet, 1927). Furthermore, the production of hybrids was
haphazard, with workers relying on the close field proxim-
ity of the parent canes to achieve the crosses, and therefore
not being able to confidently ascribe the male parent.
Leading to what was a major and revolutionary break-

through was Jeswiet’s observations that the wild S. spon-
taneum clones growing in Java were resistant to sereh.
Jeswiet implemented a hybridization programme and
pioneered techniques, still used today, whereby the male
flower was cut and placed in a pollen-proof bag with the
female flower, and later the seed was collected for trial.
In a process termed ‘nobilization’, by backcrossing the
original interspecific hybrids with other S. officinarum
(noble) clones, canes that were resistant to sereh but
retained commercially acceptable sugar levels were

produced. It was also found that these POJ canes
(known from the acrostic of where they were bred, the
Proefstation Oost Java), showed good resistance to the
other known sugarcane pathogens (Jeswiet, 1927).
Of the POJ series of canes, the most important was

POJ2878, known colloquially as the Javan Wondercane,
Javan Wonder, or simply Java. This cultivar came from
a 1921 cross, and was so successful that it traversed the
world, and was adopted wherever cane was commer-
cially grown. The success of POJ2878, and varieties bred
from it, eventually led to the complete replacement of
the original S. officinarum clones. Likewise, they formed
the basis of all subsequent sugarcane breeding work
around the world. There can be very few, if any, existing
commercial cultivars that do not find one or more of Jes-
wiet’s hybrids in their pedigree, and thus a bottleneck
has long been in existence in sugarcane improvement
programmes (Jackson, 2005). At a distance of nearly a
century, there can be no proof, but it is possible that the
physical cutting of parent flowers during breeding opera-
tions presented a pathway for the introduction of L. xyli
subsp. xyli into the breeding collection, and that dissemi-
nation of the seminal POJ2878 around the world facili-
tated the establishment of a single worldwide clone of
L. xyli subsp. xyli. This proposed scenario is illustrated
in Figure 1.

Implications of the Hypothesis

As the interspecific hybrids and backcrosses had good
resistance to sereh and mosaic disease, any effects of
RSD would be relatively masked. That unexplained crop
abnormalities identical to the presentation of RSD in the
field appeared within 10 years of the release of POJ2878
and other hybrids is not irrelevant. Either the hybrids
carried the disease with them, or the increased suscepti-
bility of the hybrid varieties accentuated the symptoms
of a pre-existing disease, whose emergence, apart from
not being associated with S. officinarum, must otherwise
remain a mystery.

(a)

(b)

Figure 1 Proposed route for the advent of

RSD following the release of commercial

interspecific hybrids in the 1920s. (a)

Sugarcane was transported out of its centre

of origin, New Guinea, over thousands of

years, but RSD was not found there until

2002, when it was discovered in commercial

plantations based on hybrid varieties. (b)

The release of the Javan Wondercane,

POJ2878, in the 1920s may have facilitated

the worldwide dissemination of a single clone

of the RSD pathogen, Leifsonia xyli subsp.

xyli.

Plant Pathology (2016) 65, 1403–1410

Origin of ratoon stunting disease 1407



If S. spontaneum is the natural host of L. xyli subsp.
xyli, it could be expected that natural populations of this
cane may support diverse assemblages of L. xyli subsp.
xyli from which the widespread strain could have been
drawn. Of particular interest would be S. spontaneum
populations from Java and southeast Asia, whence arose
modern sugarcane cultivars, or India, whence arose
S. spontaneum and some of the S. spontaneum material
used by Jeswiet and his predecessors (Jeswiet, 1929).
If L. xyli subsp. xyli was originally associated with

S. spontaneum, a broader phenomenon may be involved.
As canes and related grasses became established through-
out different regions, they have been exposed to different
pathogens and microbial consortia, which have adapted
to the host resources. Although S. spontaneum germ-
plasm introgression was overwhelmingly beneficial, it is
probable that the resulting hybrids would be more suit-
able hosts for S. spontaneum pathogens than the unhy-
bridized S. officinarum canes. This may also be the case
with sugarcane smut, caused by the fungus Sporisorium
scitamineum, which has long been associated with
S. spontaneum in India, but was historically absent from
New Guinea (Chona & Gattani, 1950; Srinivasan &
Chenulu, 1956; Magarey et al., 2002). Evidence that
L. xyli subsp. xyli inhibits smut (James, 1976; Bailey,
1977b) may suggest a selective advantage for clones of
S. spontaneum that harbour a bacterium that clearly
does not exhibit properties that are characteristic of most
plant-pathogenic bacteria. This possibility requires
further exploration.
It is possible that undiscovered strains related to L.

xyli subsp. xyli may cross into commercial hybrids and
have an impact on sugarcane productivity. For example,
Young et al. (2006) revealed that a bacterium isolated
from putatively RSD-affected sugarcane in Colombia
was a related actinomycete distinct from L. xyli subsp.
xyli. Furthermore, the bacterium on which Venezuelan
researchers conducted Koch’s postulates was clearly not
L. xyli subsp. xyli, based on growth rate, culture med-
ium and biochemical profile (Contreras et al., 2008),
and, like the Colombian strain, may represent a distinct
sugarcane pathology. As plant breeders look to broaden
the germplasm basis for plant improvement (Piperidis
et al., 2000), the endophytic composition of canes and
grasses of interest should be examined not just for
known pathogens, but also for other endophytes that
may potentially have deleterious impacts.

Conclusion

The hypothesis presented is that unidentified clones of
S. spontaneum were the natural host of L. xyli subsp.
xyli, and that the release of POJ2878 in the mid-1920s
facilitated the dissemination of a single worldwide clone
of the bacterium. Consistent with this is the historic
absence of RSD in the centre of origin for S. officinarum,
and the period of emergence of RSD, which appears to
coincide with the release of the artificial commercial
hybrid varieties. That S. spontaneum clones support

many more L. xyli subsp. xyli in their vascular fluid than
S. officinarum clones indicates that they are more likely
to be the natural hosts, and that susceptibility to RSD
among commercial hybrids is derived from the S. sponta-
neum contribution. This hypothesis, that L. xyli subsp.
xyli was naturally associated with clones of S. sponta-
neum, is consistent with the available evidence and is
more likely than the alternative that RSD was derived
from S. officinarum.
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