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ABSTRACT
This research was undertaken to determine the effect of phytoplasma associated
diseases on Stylosanthes spp. and clarify the relationship between the "little leaf' and
"reversion" disease syndromes.

Preliminary surveys of Stylosanthes stands in

Queensland (Qld) and the Northern Territory (NT) identified the phytoplasmas pigeon
pea little leaf (PLL), sweet potato little leaf variant V4 (SPLL-V4) and stylosanthes
little leaf (StLL) in association with a wide range of symptoms such as leaf size
reduction, side shoot proliferation and floral deformation. In addition to these three
pathogens, the phytoplasma vigna little leaf (ViLL) was also detected in one sample
from the NT but was never identified in samples from Qld. Genetic studies of the
ribosomal operons of these phytoplasmas found that StLL was unique, having
ribosomal operons both with and without the characteristic tRNA 11e gene within the
16S-23S intergenic spacer region.
The combination and severity of symptoms expressed by plants with stylosanthes
little leaf disease was highly variable making it diffi cult to correlate symptom type
with phytoplasma strain. As a result no pathogen specific disease description could
be made. Instead the term stylosanthes little leaf (SLL) disease was adopted to refer
to all phytoplasma associated diseases of this host. The most accurate indicator of
SLL disease was found to be reduction in leaf size (little leaf) which usually occurred
in association with side shoot proliferation. Further studies of the floral symptoms
expressed by diseased plants showed that particular types of floral deformation could
be associated (p

= 0.1)

with specific phytoplasma strains. Namely, phyllody was

associated with PLL, while virescence was often associated with SPLL-V4. This
finding was not used to formulate a pathogen specific symptom description because
of the seasonal nature of this symptom and the small size of stylo flowers which
makes the accurate identification of different types of floral deformation problematic.
To determine the susceptibility of members of the genus Stylosanthes to SLL disease
23 varieties were surveyed for phytoplasma associated symptoms over the 1999
growing season. Included in this trial was Stylosanthes scabra cvv Seca, Siran, and
Fitzroy, S. guianensis var. guianensis cv Cook, S. hamata cvv Amiga and Verano and
"Stylosanthes seabrana" cvv Unica and Primar, as well as seven unreleased cultivars

from a CS IRO anthracnose resistance breeding program, and four unreleased
introduced lines.

Except S. hamata cv. Verano and "Stylosanthes seabrana" cv.

Unica, all taxa were found to be susceptible to SLL disease, although the S. scabra
varieties were found to have the highest disease incidence, with many varieties having
significantly higher levels of disease than that of the original introductions from
which they were derived.
To study the spatial and temporal dynamics of SLL disease 2500 S. scabra cv. Seca
plants were studied over two seasons (1999 & 2000). The incidence of SLL disease
differed considerably between seasons, with a total of 15.4% of plants in 1999 being
found positive for the SLL phytoplasmas (PLL, SPLL-V4 and StLL), while 40.4%
were phytoplasma positi ve in 2000. The impact of these pathogens on the longevity
of infected plants was minimal, with only 1.1% and 4.3% of diseased plants dying in
the 1999 and 2000 seasons, respectively. Of the diseased plants that did die, those
affected by mixed infections ofStLL with either PLL or SPLL-V4 were more likely to
die than those affected by any of the phytoplasma strains on their own. Comparisons
of the increase in each phytoplasma strain over the two seasons indicated that the
1999 and 2000 epidemics progressed quite differently. In both years spatial analysis
was used to identify clusters of diseased plants within the trial.

Spatiotemporal

analysis of these clusters indicated that they did not expand over time, suggesting that
spread of disease from one diseased plant to adjacent plants was uncommon which is
consistent with the transmission of SLL disease by a mobile aerial vector.
To determine the effect of SLL disease and the time of infection on seed yield, both
diseased and asymptomatic Seca plants were harvested at the end of the 1999 and
2000 seasons. Plants that first showed symptoms after flowering for less than 30 days
did not produce significant amounts of seed. Yield continued to be low until plants
had flowered for at least 60 days before symptom expression, after which yield was
extremely variable but within the range of that observed for individual asymptomatic
plants. The small number of fatalities due to SLL and the minimal effect this disease
has on seed yield means that, except in unusual circumstances, SLL is unlikely to
adversely effect the productivity of commercial seed crops in north Queensland.
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CHAPTER

1:

GENERAL INTRODUCTION

1.1

PHYTOPLASMAS

The biology of phytoplasmas
Phyto plasmas are a &rroup of plant pathogens that are associated with symptoms such
as foliar yellow ing. stunting. decline, floral abnonnalities, leaf deformation, leaf and
phloem necrosis. proliferation of side shoots and changes in internode length (Davis
& Prince. 1994: lee et a! .. 2000: McCoy et a/. . 1989). These pathogens affect a

large range of plant genera including members of the fami li es Fabaceae. Asteraceae,

Solanaceae. Poaccae and Rosaceae. many of which are of economic importance
(Lee ct a!.. 2000: McCoy ct a!.. 1989: Seemiiller eta!.. 1998).

Phyto plasma associated diseases were fi rst thought to be caused by viruses because
the pathogen could not be cultured in vitro and was small enough to pass through
filters that would normall y retain bacteria (lee & Davis, 1986; Lee et a/., 2000).
However. in the late 1960s microscopy studies found particles simi lar to animal
mycoplasmas in the phloem of symptomatic, but not asymptomatic, plant material
(Doi et a/.. 196 7). This was the first indication of the invol vcment of a prokaryote
with thi s disease (lee et a/.. 2000: McCoy et a/.. 1989). The morphology of these
organisms was found to be variable although, like animal mycoplasmas, branched
filamentous fonns were the most common (Haggis & Sinha, 1978; Lee & Davis,
1983: MacBeath et a/., 1972; Waters & Hunt, 1980). Further analysis showed that
these particles were very small. contained what appeared to be ribosomes and DNA,
and lacked a cell wall, instead being surrounded by a single unit membrane (Lee &
Davis, 1992). The plasticity of the cell membrane made it possible for these phloem
limited organisms to move through sieve plate pores, while damage they caused to
the phloem tube walls allowed horizontal movement between adjacent phloem
vessels (Bowyer & Atherton, 1970; Kirkpatrick, 1989; MacBeath et a!., 1972;
Rudzinska-Langwald & Kaminska, 1999).

The morphological similarities between these phloem limited particles and animal
mycoplasmas led to the adoption of the trivial name "mycoplasmalike organism"
(MLO). Mycoplasmas are members of the class Mollicutes which is characterized by
small size, low number of ribosomal operons, low percentage of guanidine and
cytosine nucleotides (%G+C) in the genome, sensitivity to tetracycline antibiotics
and variable morphology (lCSB Subcommittee on the Taxonomy of Mollicutes,
1995b; Razin. 1992). While the morphological characteristics of MLOs supported
their classification as mollicutes. the inability to culture these organisms made this
taxonomic arrangement controversial.

In 1985. studies on the MLO associated with aster yellows found that the distribution
and activity of several housekeeping enzymes was similar to that of other mollicutes,
in particular some species of the genera Mycoplasma and Acholeplasma (Arora &
Sinha. 1985). Four years later the genomic base composition of several MLOs was
detennined and found to be within the range expected for members of the class

Mollicutes (Kollar & Seemiiller. 1989; Sears et a/.. 1989). Similarly sequence data
for part of an MLO ribosomal operon was found to have low %G+C, while several
additional characteristics of the sequence suggested a closer relationship between
MLOs and Acholeplasmas than that between these organisms and Mycoplasmas
(Kuske & Kirkpatrick. 1992; Lim & Sears, 1989). This finding was supported by
subsequent comparisons of ribosomal protein genes (Lim & Sears, 1992).

In

addition, later work by Schneider & Seemtiller ( 1994) showed that MLOs had on Iy
two copies of the ribosomal operon.

Combined, this evidence confirmed the

classification of MLOs as members of the class Mollicutes and further clarified their
taxonomic position as relatives of the genus Acholeplasma. As a result the name
..mycoplasmalike organism"

was dropped

in

favour of the

trivial

name

"phytoplasma", after which a provisional taxonomic system was adopted, allowing
the designation of Candida/us species until the requirements for the designation of a
new species, such as the growth of the organisms in pure culture, can be satisfied
(ICSB Subcommittee on the Taxonomy of Mollicutes, 1993, l995a, 1997; Lee et al.,
2000).
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Without the ability to culture phytoplasmas their classification into different species
and strains has been difficult.

This problem has been addressed, in part, by

transmission and host range studies. Phytoplasmas can be transmitted artificially by
either grafting (Hill & Mandryk, 1954; Hiruki, 1986) or via the parasitic vine, dodder
(Cuscuta sp.; Kunkel, 1952), as well as by their natural vectors, homopterous insects
such as leafhoppers (Cicadel/idca), and planthoppers (Fulgoridea). These insects
can acquire the pathogen by feeding on the phloem of infected plants and, after a 2 to
6 week latent period, are capable of transmitting the pathogen to a suitable host
(Bowyer, 1974; Davies et a!., 1992; Fletcher et a!., 1998; Kirkpatrick, 1989; Lee et
a/. , 2000). In the weeks following the acquisition of the phytoplasma, the organism
colonises the host insect, multiplying and moving through the gut wall into the
hemolymph, and from there into the brain and salivary glands where they continue to
multiply (Hirumi & Mararnorosch, 1969; Kirkpatrick, 1989; Lefol et al., 1994; Nasu
er al.. 1970). While it has been suggested that some phytoplasmas are pathogenic to

their vector (Garcia-Salazar et a/., 1991) in general this colonisation process is not
detrimental to the insect, with many infected individuals living longer and on a wider
range of plants than those that are not infected (Beanland eta/., 2000; Chiykowski,
1991 ; Whitcomb & Williamson, 1979).

Microscopy studies have shown that phytoplasmas are present in most organs of
infected insects (Lefol eta!. , 1994), but the issue of their movement into the genital
organs and progeny of infective hoppers remains undecided. It was accepted that
transovarial transmission of phytoplasmas did not occur (Kirkpatrick, 1989; Lee &
Davis, 1992), but recent studies have found phytoplasmas in the reproductive organs
and eggs of some vector species and in some cases have shown the persistence of
phytoplasmas through several generations (Alma et a!., 1997; Hanboonsong et al. ,
2002; Kawakita eta/., 2000). The issue of seed transmission of these pathogens has
also been controversial.

Some phytoplasma strains are thought to result in seed

sterility (Kaminska et a/., 1999), some appear not to be seed transmitted (RajasMartinez et a/., 2001 ), and some have been detected in flowers and seeds taken from
diseased plants (Bertelli et a/., 2002; Cordova et at., 2003 ). These findings have
important technical implications and while transovarial transmission is not common
this characteristic has not been investigated for all phytoplasma strains, nor has it
been determined if seed carrying a phytoplasma remains viable.
3

Studies of transmission efficiency and host range provided the first opportunity for
researchers to differentiate phytoplasmas. Differences in the range of host plants to
which a phytoplasma could be transmitted, and the symptoms induced in these hosts,
have been interpreted as differences between the phytoplasmas themselves.
However phytoplasma transmission by insects is not dependent entirely on the type
of phytoplasma. with a range of characteristics of both the insect and plant hosts also
influencing both symptom expression and host range, including ambient temperature,
the sex. age and feeding preferences of the insect. and the vigour and age of the plant
at the time of infection (Beanland et a/., 1999; Bosco et a!. , 1997; Chiykowski &
Sinha. 1970: Davies ct a/.. 1992: Moya-Raygoza & Nault, 1998). Even so these
techniques allowed the differentiation of many of the phytoplasmas associated with
different disease syndromes, although the significance of these characteristics, in
terms of species definitions remains unclear (Carraro eta/., 1994; Chiykowski, 1965;
Errampalli eta/.. 1991: Granados & Chapman, 1968; Kunkel, 1932). The inability to
adequately describe different phytoplasma species Jed to the adoption of trivial
names based on the symptoms they induce in the host in which they were first
observed (Chiykowski. 1965).

Identifying phytoplasma diseases
The ability to recogni se characteristic phytoplasma symptoms is valuable because
these organisms often occur at low levels and can be unevenly distributed throughout
their host making reliable detection difficult (Kirkpatrick, 1989; MacBeath et al.,
1972; Rosenberger & Jones, 1977; Schneider, 1977).

In addition many of the

techniques used to detect phytoplasmas are expensive and time consuming making it
important to sample ti ssue which is likely to contain detectable levels of the
pathogen.

As mentioned previously, a range of abnormal growth characteristics have been
associated with phytoplasma infection.

Of these, witches' broom, especially in

association with reduced leaf size, and floral abnormalities such as phyllody (floral
parts become leaf-like) or virescence (greening of floral parts), are the most useful

4

disease indicators.

Other typical symptoms such as chlorosis, proliferation and

general decline can be induced by other pathogens, by environmental conditions, in
response to insect pests, or as a result of herbicide damage and so are less reliable
indicators of these diseases (McCoy eta/., 1989).

Methods for the detection and differentiation of phytoplasmas
As phytoplasma detection and differentiation has been complicated by the inability
to culture these organisms in vitro, early detection protocols relied on the use of a
range of microscopy techniques including scanning and transmission electron
microscopy and dark-field microscopy (Haggis & Sinha, 1978; Lee & Davis, 1983;
MacBeath ct al. , 1972; Marcone et al. , 1994; Waters & Hunt, 1980).

Several

different stains were also utilised. Analine blue and resorcin blue were used to detect
the abnormally high levels of callose that is deposited in response to phytoplasma
infection (Braun & Sinclair, 1978; Eschrich & Currier, 1964; Gocio & Dale, 1982).
Similarly. Dienes ' stain, and the DNA binding fluorochrome DAPI (4 ',6-diamidino2-phenylindole) were used to detect phytoplasmas within the unstained phloem tubes
by either light- or fluorescence-microscopy (Dale, 1988; Deeley et al. , 1979; Hiruki,
1987; Seemuller, 1976).

Of these methods, fluorescence microscopy of sections

stained using DAPI in conjunction with analine blue was favoured because it
provided rapid results that were simple to interpret (Dale, 1988; Errampalli et al.,
1991 ; Hiruki & da Rocha, 1986; Schaper & Converse, 1985; Sinclair et al. , 1989).

While microscopy detection methods are useful they provide little information about
the organisms identified, and can be unreliable because of the uneven distribution
and low titre of many of these pathogens.

The development of more sensitive

detection methods that also allowed the differentiation of these non-cultivable
organisms required the purification of either the entire organisms or their DNA from
their host.

Techniques such as bisbenzimide-caesium chloride density gradient

centrifugation (Kollar ct al., 1990; Sears eta!., 1989), discontinuous Percoll density
gradient centrifugation (Davis ct a!., 1988), and differential centrifugation (Arora &
Sinha, 1985; Griffiths eta!., 1994; Sinha, 1974) were all adapted for use with these
organisms. Once optimised these purification procedures provided material essential
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to the development of both antibody and nucleic acid based detection protocols.
Immunofluorescence microscopy (Griffiths et af., 1994) and the enzyme linked
immunosorbent assay (ELISA; Lefol eta f., 1994; Saeed eta!., 1993) were developed
using antibodies raised against purified phytoplasma extracts.

Similarly, dot blot

hybridisations (Bertaccini et a/., 1990; Lee et al., 1993a), restriction fragment length
polymorphism (RFLP) analysis using Southern hybridisation techniques (Ahrens et

a/., 1993; Davis eta/. , 1992; Kison et al., 1994), and the polymerase chain reaction
(PCR) were made possible by the cloning of purified phytoplasma DNA.

The PCR relies upon the ability of short pieces of DNA, called primers, to anneal to
the target DNA and direct the synthesis of a nucleic acid strand by the DNA
polymerase enzyme.

This process is very sensitive, resulting in the exponential

amplification of a specific piece of DNA that can be visualised and characterised
following the PCR. Through modifications to the primer sequence, the PCR can be
made to be specific for a particular species, or general enough to amplify all
members of a genus. The sensitivity of thi s technique makes it attractive for the
development of detection methods for phytoplasmas, resulting in a range of
diagnostics including those using primers designed from sequences of cloned
chromosomal DNA (Bertaccini et a!., 1992; Deng & Hiruki, 1990; Harrison et al.,
1994 and 1996; Kuan & Su, 1998; Schaff eta/., 1992). Other protocols use primers
based on ribosomal operon sequences, some of which are group specific (Davis &
Lee, 1993; Firrao eta/., 1994) while others are more general, amplifying DNA from
most, if not all phytoplasma strains (Ahrens & Seem tiller, 1992; Firrao et al., 1993).
The development of universal primers that allow the amplification of DNA from all
phytoplasma types has led to the standardisation of phytoplasma detection
procedures, with the ribosomal primer pair PI (Deng & Hiruki, 1991) and P7
(Schneider et af., 1995) being used by many researchers for initial phytoplasma
detection.

The P l/P7 primers amplify a fragment of approximately 1.8 kb, containing both the
conserved 16S rRNA gene and the variable 16S-23S intergenic spacer region. The
combination of both conserved and variable fragments makes the amplified product
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ideal for RFLP analysis which, through the comparison of fragment patterns, allows
researchers to differentiate phytoplasmas and compare them to those already
described (Jarausch et a!., 2000; Marcone et a!., 1994; Maurer & Seemiiller, 1994;
Saeed & Cousin, 1995; Schneider eta/. , 1997b). In cases where the RFLP pattern is
unique, the phytoplasma is usually further characterised by sequencing the l6S
rRNA gene and comparing it to those of other phytoplasmas using phylogenetic
analysis (Gundersen et a/., 1994; Lee eta/. , 1993b & 2000; Schneider eta!., 1993 &
1995: Seemiiller et a!., 1994).

Thi s approach has led to the classification of

phytoplasmas worldwide into !:,'TOups or clades, with twenty distinct subclades now
being recognised (Seemiiller eta/., 1998).

As with other prokaryotes, the 16S rRNA gene has been invaluable in establishing
the phylogenetic relationships between phytoplasmas. However, the suitability of
thi s gene for di stinguishing closely related organi sms is uncertain. Further genomic
studies of various prokaryotes have provided some evidence for phylogenetic
relationships contrary to those indicated by 16S ribosomal gene analysis (Botti &
Bertaccini. 2003: de Souza & Raaijmakers, 2003; Fox et a/., 1992; Ludwig &
Schleifer. 1999: Renesto eta/., 2000). In addition, other researchers have shown the
presence of sequence heterogeneities between copies of the ribosomal operons of
some phytoplasmas (Berges et a/. , 1997; Davis et a/., 1998; Harrison et al., 2002;
Lee era/.. 1993b; Liefting eta!., 1996), a characteristic that can significantly affect

the outcome of subsequent phylogenetic analyses (Cilia eta/., 1996; Pettersson et al. ,
1998). To address this issue and further characterise these organisms other genetic
markers are also studied, including various ribosomal protein genes and the tuf gene
which codes for the elongation factor Tu (Berg & Seemiiller, 1999; Harrison et al.,
1997: Jomantiene eta!.. 1998: Schneider eta/., 1997a)

The advent of PCR techniques made it necessary to optimise sample processing
procedures to suit the detection of phytoplasmas in plant DNA extracts that often
contain high levels of tannins, polysaccharides and polyphenolics, all of which can
inhibit the DNA polymerase enzyme. These substances are difficult to remove from
the DNA and in combination with the extremely low titre of some phytoplasma
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strains, especially those from woody hosts, can affect the ability of the PCR to
successfully amplify the target DNA (Gibb & Padovan, 1994; Murray & Thompson,
1980; Porebski et a/., 1997). To overcome these problems extraction procedures
have been optimised for use with material from a range of different plants (Ahrens &
Seemiiller, 1992; Marcone et a/. , 1996), and insects (Marzachi et al., 1998; Vega et
a/., 1993). The utilisation of PCR technology for phytoplasma detection in insects
has made it possible to identify potential vectors without lengthy transmission trials
(Khadhair eta/., 1997; Marzachi eta/., 1998), although the presence of detectable
levels of phytoplasma DNA is not, in itself, evidence of the ability to transmit the
pathogen (Vega eta/., 1993).

Molecular techniques have also shown that many diseases are associated with more
than one phytoplasma strain.

Often the symptoms induced by the different

phytoplasmas are indistinguishable (Jomantiene et a/., 1998; Lee et al., 1995 ;
Marcone et a/. , 1996) but in some cases close examination has revealed subtle
differences that suggest the presence of a particular phytoplasma type (Padovan &
Gibb, 2001 ). These techniques have also made it possible to detect mixed infections.
When this occurs naturally one phytoplasma strain is often dominant making it
necessary to use highly sensitive nested PCR techniques to detect the second
pathogen (Alma et a/., 1996; Lee et a/., 1994). Earlier transmission studies have
demonstrated variability in the 'aggression' of different phytoplasma strains in
artificial mixed infections, with the symptoms of one strain dominating over those of
the less 'aggressive' pathogen (Frietag, 1964). Further studies of this phenomenon
have suggested that some phytoplasma strains multiply more rapidly than others but
with no reliable method to detect the second phytoplasma (other than strain specific
primers), the frequency of naturally occurring mixed infections often cannot be
determined (Jensen, 1971; Sinclair & Griffiths, 2000).
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Beyond detection and identification
Phytoplasmas cannot be cultured in vitro usmg current technology.

However

research into the biology and ecology of these organisms continues through the use
of molecular tools in both epidemiological and genetic studies. The development of
rapid and sensitive detection and differentiation methods has made large scale
epidemiological studies possible (Elder eta/., 2002; Jarausch eta/., 2001; Padovan &
Gibb 200 I). Studies of this nature provide information essential to the formation of
effective disease management strategies.

Recent developments m nucleic acid
phytoplasma research.

methodologies continue to advance

The heteroduplex mobility assay has been used to

differentiate phytoplasma strains in both plants and insects (Cousin et al. , 1998;
Palmano & Firrao, 2000; Wang & Hiruki, 2000). Sequence and RFLP comparisons
of marker genes have been utili sed to further investigate the taxonomic position of
these organisms (Botti & Bertaccini, 2003; Guo et a/. , 2000; Miyata et a/., 2002).
Similarly pulsed field gel electrophoresis studies have allowed the comparison of
chromosome sizes of many phytoplasmas (Marcone et a/., 1999; N eimark &
Kirkpatrick; 1993), while chromosome mapping and sequence analysis has revealed
more about the genome of these organisms (Firrao et a/. , 1996; Liefting &
Kirkpatrick, 2003; Padovan et al., 2000). In addition, sequencing techniques have
been used to investigate extrachromosomal DNAs that are often associated with
these pathogens (Kuboyama et al., 1998; Nishigawa et al., 2002; Rekab et al., 1999).

Phytoplasma associated diseases in Australia
The first phytoplasma associated disease in Australia was described in the early
1900s (Cobb, 1902). As with phytoplasma research elsewhere in the world, the
fastidious nature of these pathogens, then thought to be viruses, meant that beyond
the initial description of symptoms research proceeded slowly. However from the
1930s results of microscopy and transmission studies of various phytoplasma
diseases have been published (Bowyer, 1974; Bowyer et al., 1969; Edwards, 1935 ;
Greber, 1966; Hill & Mandryk, 1954).

Transmission to alternative hosts was

achieved by grafting (Edwards, 1935), dodder bridges (Helms, 1962) or insect
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vectors such as the brown leafhopper, Orosius argentatus which was shown to
transmit many of the phytoplasma diseases identified in Australia (Bowyer &
Atherton, 1971 ; Hill & Helson, 1949; Hutton & Grylls, 1956).

Since the development of molecular methods many phytoplasma associated diseases
in Australia have been described, two of which have been assigned provisional
taxonomic names: Candidatus Phytoplasma australiense and Candidatus

P.

australasia, both of which are associated with several hosts throughout Australia,
although Candidatus P. australasia is the more common and has a wider host range
than Candidatus P. australiense (Davis et al., 1997 a; White et a/., 1998). Large scale
surveys for phytoplasma associated diseases have identified two common
phytoplasmas, tomato big bud (provisionally named Candidatus P. australasia) and a
sweet potato little leaf variant, in association with witches' broom and big bud
symptoms of a large range of plant species (Davis eta/. , 1997b & 2003; Gibb et a/.,
1995; Schneider et a/., 1999b; Tran-Nguyen et a/. , 2000; Wilson et a/. , 2001).
However occasionally novel phytoplasmas or new host plants are also identified
(Davis et a/. , 2001; Gowanlock et al., 1998).

1.2

STYLOSANTHES

Introduction and breeding of Stylosanthes in Australia
The genus Stylosanthes (stylo) is quite widespread, occurring naturally in the tropical
areas of south-east Asia and Africa as well as the tropical, subtropical and temperate
areas of North and South America, with the majority of species originating from
Brazil ('t Mannetje, 1984; Williams eta/. , 1984). More than 40 species have been
differentiated although phenotypically this genus is quite variable making species
and sub-species identification problematic (Burt, 1984).

Stylosanthes humilis (Townsville stylo) was first introduced to Australia accidentally
in the early 1900s (Edye, 1997a). The success of this species in semi-arid tropical
regions demonstrated the potential of this genus fo r pasture improvement in areas
where other legumes had performed poorly and led to the intentional introduction of
S. guianensis in the 1930s (McTaggart, 1937). By the late 1940s the importance of
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this genus to pasture improvement was established (Chapman et a/., 1996) and the
first of many trips to South and Central America to collect new germplasm took
place. By the early 1970s plant introductions into Australia had peaked, by which
time a large collection of stylo species was available for use in agronomic research
(Edye, 1997a; Hacker, 1997; Schultze-Kraft eta/., 1984).

The agronomic potential of stylo has been recognised in Australia, Colombia and the
USA where similar breeding programmes, organised by CS IRO, CIAT and the
University of Florida respectively, have been implemented in loose collaboration
with each other (Cameron et a/., 1984; Humphreys, 1984).

In Australia, stylo

breeding and selection programmes were aimed at improving their ability to persist
under heavy grazing, extending the range of growing conditions to which they are
suited, and increasing their resistance to drought , frost and the fungal disease
anthracnose (Cameron eta/., 1984; Edye, 1997a; Hacker, 1997). These programmes
resulted in the release of at least 15 stylo cultivars based on South American
introductions (Table 1. 1), although some are no longer used commercially, partly
because of their susceptibility to anthracnose (Davis & Irwin, 1994).

Commercial applications of Stylosanthes
As mentioned previously Townsville stylo demonstrated the usefulness of this genus
in improving the diet of cattle grazing in the semi-arid tropical regions in the north of
Queensland, Western Australia, and the Northern Territory (Cameron et a/. , 1984;
Chapman et a/., 1996; McTaggart, 1937).

Stylo is particularly useful because it

provides a source of digestible protein in the late wet and early dry season when
pasture grasses are haying off (Coates, 1996; Coates eta/. , 1997; Gardener, 1980), as
well as allowing increased stocking rates and higher live weight gains than possible
on unimproved native pastures (Gardener & Ash, 1994; t' Mannetj e, 1997).
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Table 1.1 Stylosanthes cultivars released in Australia. (Adapted from Hacker 1997 and
Oram 1990). Note that the common types Townsville stylo (S. humilis), fine-stem sty lo
(S. g uianensis var. intermedia) are not included in this table, nor are unreleased
accessions of a range of species that have been naturalised.

Species
S. guianensis var. intermedia.
S. guianensis var. guianensis.
S. lwmilis
S. humilis
S. humilis
S. guianensis var. guianensis
S. guianensis var. guianensis
S. hamata
S. scabra
S. guianensis var. guianensis
S. scabra
S. hamata
S scabra
" Stylosanthes seabrana"
"Stylosanthes seabrana"

Cultivar
Oxley
Schofield
Lawson
Gordon
Paterson
Endeavour
Cook
Verano
Seca
Graham
Fitzroy
Arniga
Siran
Primar
Unica

Year Released

1965
1966
1968
1968
1969
197 1
197 1
197 1
1976
1979
1979
1988
1990
1996
1996

The use of stylos in pastures steadily increased from the 1960s until , in the mid
1970s the combination of high fertiliser prices, low beef cattle prices and the
appearance of the fungal disease, anthracnose, made pasture improvement
uneconomic (Chapman et al., 1996; Thomas, 1994; Walker & Weston, 1990). The
development of anthracnose resistant varieties and changes in the beef market have
meant that sowing of stylos has become important especially if Australian beef
producers are to satisfy the specific demands of Japanese and other Asian markets
(Coates eta/., 1997; ' t Mannetje, 1997; Walker et al., 1997).

Although stylo has been an invaluable tool in pasture improvement in northern
Australia adverse effects such as stylo dominance, soil acidification, and the
incursion of dicotyledonous weeds and annual grasses because of over-grazing must
be addressed to maintain productive Stylosanthes-grass pastures (Jones et al., 1997;
Noble et al. , 1997, t' Mannetje, 1997). Another concern is the evolution of the
anthracnose pathogen which has made many previously resistant stylo lines
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susceptible to the disease.

Of the lines released from breeding and selection

programmes only S. scabra cv. Seca and S. hamata cv. Verano are still widely grown
in north Queensland where they are used extensively for pasture improvement by
oversowing into undisturbed native pasture (Coates et a/., 1997; English, 1999;
Humphreys & Partridge, 1995).

The use of stylo for pasture improvement in northern Australia means there is
significant demand for seed domestically.

In addition, the development of both

pasture improvement and seed production programs in other countries has created a
limited export market for seed of a range of stylo cultivars (Hopkinson & Walker,
1984 ). In response the production of stylo seed in Australia has continued to grow
reaching over 200 t in 1995 (Walker et al., 1997), most of which areS. scabra cv.
Seca and S. hamata cv. Verano grown in north Queensland on the Atherton
Tablelands and Lakeland Downs using well established production methods
(English, 1999: Hopkinson & English, 1990, Hopkinson & Walker, 1984).
I'

Seed production and pasture improvement are likely to remain the primary uses of
stylo in Australia, although other applications such as mine site rehabilitation (Grigg

et a/., 2000; Schwenke et al., 2000) and ley farmin g (Armstrong et al. , 1997;
Cameron, 1996) are being investigated.

Diseases of stylo seed crops
By far the most destructi ve disease of stylo both in Australia and overseas is
anthracnose (Lenne, 1994).

This disease is commonly caused by the fungus

Colletotrichum gloeosporioides although other pathogens have been reported in
association with the di sease both here and overseas (Irwin et a/. , 1984; Lenne &
Calderon, 1984).

Anthracnose causes significant losses in both seed crops and

pastures and has made it impossible to grow some highly susceptible cultivars
commercially, including Townsville stylo (S. hamata), and several S. guianensis
cultivars (Davis & Irwin, 1994). This has led to considerable research effort being
invested in producing resistant lines, better understanding the nature of plant
resistance to this pathogen, the ecology and pathogenicity of the fungus, and
13

ensuring that alternative varieties are available for use should the resistance of
current lines be overcome (Boland et at., 1995; Chakraborty et at., 1991; Davis eta!.,
1984, 1987 and 1994; Edye & Maass, 1997)

In addition to anthracnose Sty/osanthes spp. are susceptible to a range of other
diseases, most of which are caused by fungal pathogens (Lenne & Calderon, 1984).
Of these botrytis head blight, caused by Botrytis cinerea, is the most serious although
this disease has not been a significant problem outside Australia (Davis & Irwin,
1994; English, 1999; Lenne, 1994). The severity ofbotrytis head blight is dependent
on the occurrence of cool, wet weather when the plants are flowering. If favourable
conditions persist this di sease can spread rapidly through a seed crop and cause
significant yield losses (English, 1999; O' Brien & Pont, 1977). Other diseases of
minor concern in Australia are the fungal diseases sclerotium wilt and sclerotinia rot,
caused by Corticium ro/fsii and Sc/erotinia sc/erotiorum respectively (English, 1999)
and bacterial wilt caused by Pseudomonas so/anacearum, although this disease is
only a problem in the Northern Territory (Lenne, 1994). Also of concern is little leaf
disease caused by several phytoplasma strains (Davis eta/., 1997b; Schneider et al.,
1999b). This disease is characteri sed by leaf size reduction, shoot proliferation and
floral deformati on, and is thought to significantly reduce the yield and vigour of
affected plants (Hutton & Grylls, 1956; Lenne, 1994).

1.3

PHYTOPLASMA DISEASES OF STYLOSANTHES

Phytoplasmas induce a range of symptoms in stylo including shortening of
internodes and the proliferation of small leaves which are collectively referred to as
little leaf disease (English, 1999). This disease has been reported in most stylo
growing regions throughout the world although it is only a concern in Brazil where it
is the most important disease of S. scabra (Lenne, 1994; Lenne & Calderon, 1984).
In Australi a this disease was of little concern until , in the last I 0 years, the build up
of diseases in ratoon crops has made it necessary to change management practices
(Hopkinson & Engli sh, 1990; English 1999). Little leaf is generally more severe in
second year stands which, in combination with the accumulation of other diseases,
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makes it impossible to maintain seed crops for 4 years before renovation as
recommended by Hopkinson and English in 1990.

Early work on legume little leaf disease indicated that it was transmitted by the
leafhopper Orosius argentatus (Hutton & Grylls, 1956). Much later disease surveys
by Davis et a/. ( 1997b) and Schneider et a/. ( 1999b) confirmed the involvement of
several phytoplasma strains such as tomato big bud (TBB), sweet potato little leaf
variant Y 4 (SPLL- Y 4) and pigeon pea little leaf (P LL) with this disease occurring in
both S. scabra and S. hamata. These phytoplasmas are common pathogens of a large
range of plant genera in more than ten different plant families.

In contrast

stylosanthes little leaf (StLL) phytoplasma has only been associated with diseases in
stylo. peanut (Arachis pintoii), and papaya (Davis eta/., 1997b; Padovan & Gibb,
2001; Schneider et al.. 1999b). Occasionally, however, StLL has been detected in
two herbaceous weeds, Bonamia pannosa and Indigofera linifolia, in the understorey
of a commercial papaya field (Padovan & Gibb, 2001) The confirmation of the
involvement of phytoplasmas with little leaf disease has been an important step in
learning more about the possible effects of little leaf on commercial crops. However
little is known about the true impact of the disease or which management practices
are best suited to its control.

1.4

RESEARCH AIMS

There have been significant changes in management practices for stylo seed crops in
the last 10 years (English, 1999; Hopkinson & English, 1990). These changes have
been necessary, in part, to prevent yield losses to phytoplasma associated diseases
which accumulate in ratoon crops (English 1999). The increased seed production
costs resulting from these management changes are in themselves sufficient to
warrant further investigation of this disease. However the main impetus behind this
project was the occurrence of a new disease in stylo called "reversion" which is
characterised by severe phyllody, with long vegetative stalks growing out of floral
spikes. The sudden appearance of this disease and the apparently serious effect it
had on seed yield was of concern to both seed producers and Queensland Department
of Primary Industries extension staff, prompting requests for further research to be
done.
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Preliminary studies indicated, not unexpectedly, that the "reversion" symptoms
observed were associated with the presence of a phytoplasma.

When the

phytoplasma strains were identified they were found to be the same as those
associated with little leaf disease. Since the range of pathogens associated with both
of these disorders appeared to be indistinguishable, the "reversion" syndrome
became accepted as an extreme form of little leaf rather than a distinct disease.

The research presented in this thesis was undertaken in response to the concerns of
QDPI scientists and seed producers about the effect of little leaf on stylo seed
production in north Queensland.

However, this study also provided a unique

opportunity to investigate the epidemiology of the disease and the biology of the
pathogens involved, many of which are also associated with diseases in other
commercial crops. With this in mind, thi s project was planned to address a range of
questions, as outlined below:
I. Are "reversion" and "little leaf' differen t diseases and have all the
phytoplasma strains associated with these syndromes been identified and
described?
2. Are all stylo spec1es and cultivars grown

tn

Australia susceptible to

phytoplasma associated diseases?
3. Are there any epidemiological characteristics that could be utilised to predict
the impact of thi s disease on crop productivity?
4. Can phytoplasma associated diseases significantly reduce the yield of
commercial seed crops?
5. What are the implications of these findings to current management practices?

This thesis addresses these questions in sequence with the fi nal chapter providing an
opportunity to discuss the possible implications of these findings on management
practices and any future attempts at implementing disease control measures. In the
interests of providing information to the seed producers and DPI staff who supported
this work, much of the research presented here has already been publ ished. The
reproduction of those papers here has unavoidably led to some repetition of both
methods and introductory material.

16

CHAPTER2:

STYLOSANTHES IS A HOST FOR SEVERAL PHYTOPLASMAS, ONE

OF WHICH SHOWS UNIQUE 16S-23S INTERGENIC SPACER
REGION HETEROGENEITY.

rI

I'

JOURNAL OF PHYTOPATHOLOGY (200l)

149: 613-619.
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2.2

ABSTRACT

Stylosanthcs sp. exhibiting characteristic symptoms such as little leaf, witches'
broom. and floral abnormalities were collected from north Queensland and the
Northern Territory, Australia. Previous studies have shown that sweet potato little
leafV4 (SPLL-V4). tomato big bud (TBB), stylosanthes little leaf(StLL) and pigeon
pea little leaf (PLL) phytoplasmas are associated with thi s disease. The detection of
an additional phytoplasma type. vigna little leaf (ViLL) is reported herein.

The

range and severity o f symptoms expressed by affected plants is highly variable but is
not associated with a particular phytoplasma type. Similarly, host plants infected
with a complex of two phytoplasmas did not have unique or more severe symptoms.
Of the phytoplasmas associated w ith stylosanthes little leaf disease, StLL is unique
because it Jacks the tRNA 11c: gene which is normally situated in the 16S-23S rRNA
intergenic spacer region . This phytopl asma was shown to have a second operon
conta ining the expected tRNA 11c gene in all StLL samples examined.

Sequence

analysis suggests that the two 16S rRNA genes amplified by polymerase chain
reaction from StLL samples originate from the same phytoplasma. This the first
report of a phytoplasma having ribosomal operons both with and without an
intergenic tRNA 11c: gene.

2.3

INTRODUCTION

Stylosanthcs is a leguminous shrub grown in Australi a to improve pastures. One of
the diseases which is known to severel y affect this crop is 'little lear which was first
reported in Australia by Hutton and Grylls (1956). This disease affects a wide range
of species, inducing symptoms such as shortening of internodes, reduction in leaf
size, and shoot proli feration. Affected parts do not flower normally or set seed, thus
reducing seed production, and in many cases plants eventually die. Nitrogen fixation
is also affected resulti ng in reduced nodule size and number, which can lead to
severe leaf chlorosis (Lenne & Trutmann, 1994).
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The aetiology of little leaf diseases of leguminous species remained unknown until
electron microscopy revealed mycoplasma-like organisms (MLOs) within the
phloem of diseased plants (Bowyer eta/., 1969). MLOs were subsequently shown to
be more closely related to acholeplasmas than mycoplasmas (Lim & Sears, 1989)
which led to these organisms being given the trivial name ' phytoplasmas'.

Phytoplasmas cannot be cultured and this limited their study for decades. The
development of primers for the polymerase chain reaction (PCR) based on ribosomal
DNA sequences represented a breakthrough that led to the development of a
diagnostic for phytoplasmas (Deng & Hiruki, 1991 ; Lee eta/., 1993b; Lorenz eta/. ,
1995; Schneider eta!., 1995; Smart eta/., 1996). The ribosomal operon is especially
useful because it contains both conserved and variable regions wh ich allows both the
detection and differentiation of these pathogens. Phytoplasmas have two ribosomal
operons (Schneider & Seemiiller, 1994) containing the 16S rRNA and 23S rRNA
genes separated by a variable intergenic spacer region containing the conserved
tRNA 11e gene which is considered to be characteristic of phytoplasmas (Kuske &
Kirkpatrick, 1992; Lim & Sears, 1989).

With the development of a molecular diagnostic, the association between
phytoplasmas and little leaf disease of Stylosanthes was confinned when several
phytoplasma strains were reported in symptomatic plants (Davis et al. , 1997b;
Schneider et a/., 1999b ). Four phytoplasma strains were found in association with
stylosanthes little leaf including sweet potato little leaf variant V4 (SPLL-V4),
tomato big bud (TBB), pigeon pea little leaf (PLL), and stylosanthes little leaf (StLL;
Davis et a/., 1997b; Schneider et a/., 1999b). This chapter describes a detailed
investigation into the phytoplasma strains associated with stylosanthes little leaf, and
the further characterisation of several of the phytoplasmas associated with this
disease.

2.4

MATERIALS AND METHODS

Source of phytoplasmas
Tomato big bud (TBB) and sweet potato little leaf V4 (SPLL-V4) were extracted
from the experimental host periwinkle (Catharanthus roseus) and used as reference
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isolates. These phytoplasmas were transmitted by dodder (Cuscuta australis) into
periwinkle from their natural hosts Lycopersicon esculentum and Ipomoea batatas
respectively.

Stylosanthes spp. field samples were collected from Southedge Research Station
(SRS) and Walkamin Research Station (WRS), Atherton Tablelands, Queensland
and Northern Territory University, Darwin, Northern Territory. Samples collected
had characteristic phytoplasma symptoms such as reduced leaf size (little leaf),
bunching and proliferation (witches' broom), and floral deformation such as
virescence and phyllody. Samples were stored at 4°C for a maximum of one week
before processing. Prior to DNA extraction, a symptom profile was recorded noting
characteristics such as leaf size, flower appearance, branching characteristics and
plant colour.

DNA extraction
DNA was extracted from phloem scrapings from thin {<5 mm) branches or several
entire young petioles of symptomatic Stylosanthes sp. plants. Reference isolate DNA
was extracted from the midribs of symptomatic periwinkles. DNA was extracted
from host plants using the Doyle and Doyle (1990) technique adapted for a smallscale extraction as described by Schneider et al. (1999b). Reference isolate DNA
was extracted using the phytoplasma enrichment procedure described by Ahrens and
Seem Liller ( 1992). Nucleic acid pellets were resuspended in I 00 flL of water and
stored at -20°C.

Phytoplasma detection and identification
Phytoplasmas were detected by PCR using the universal primer pair fP l (Deng &
Hiruki, 1991) and rP7 (Schneider et a/. , 1995) which amplifies the 16S rRN A gene
and adjacent spacer region. Reactions were performed in 50 flL containing 0. 1 mM
of each dNTP, 0.25 U Taq DNA polymerase (Geneworks, Adelaide, Australia),

1x buffer (supplied with the enzyme) and 20-l 00 ng of sample DNA. Reaction
conditions for 35 cycles were: denaturation at 95°C for l min, annealing at 55°C for

1 min and extension at 72°C for 1.5 min.
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Phytoplasmas were differentiated by restriction fragment length polymorphism
(RFLP) analysis of the fPJ /rP7 PCR product as described by Davis ct a/. (I 99Th)
using the restriction enzymes Alul. Rsa l Msel. and Hpall (New England 81<llabs.
Beverl y MA, USA). Subsequent polyacrylamide gel electrophoresis (PAGE) was
performed using 8% polyacrylamide gel s run at 8 V 'em for 5 h.

Gel

were

visualized by UV ill umination after staining with ethidium bromide.

Size

estimations were achieved by com pan son with a 1-kb DNA ladder (Life
Technologies, Melbourne, Australia).

Characterisation of the StLL ribosomal operon usin~ PC R
The primer pair fP 3/rP7 (Schneider et a!., 1995) was used to ampli fy the 165-235
rONA intergenic spacer region of the StLL phytoplasma. The primer pair fP I ff int
(Smart eta!., 1996) was used to amplify the 16S rRNA gene and part of the tR NA 1k
gene. Cycling parameters using primers fP 3/rP7 were the same as described for
fPllrP7 whereas fPI /Tint primers were used with the program described by Smart ct

a/. (1996). The universal primer pair fPI /rP7 was also used in a 40 cycl e program
(same parameters as mentioned previously).

Detection of multiple phytoplasmas
Multipl e phytoplasmas were detected by subjecting PCR products to PA GE to detect
small changes in spacer region lengths (Palmano & Firrao. 2000). The ph ytoplasma
spacer region was ampl ified using the primers fP 3/rP7 as described previously and
the resulting DNA was separated on an 8% PAG at 8 V/cm tor 5 h. The identit y of
the phytoplasmas was determined by comparing band sizes with reference
phytoplasmas already identified using RFLP anal ysis o f 16S rONA. Multiple
phytoplasmas were recognised by the presence of composite band patterns.

Sample preparation for sequencing
Phytoplasma strains SPLL-V4, PLL. and ViLL RFLP types isolated from di seased

Stylosanthes were amplified using the primers fP llrP7. PCR products were purified
using QIAquick PCR clean up columns (Qiagen. Clifton Hill s. Australia) with
subsequent precipitation in ethanol. The DNA was then resuspended to give a final
concentration of 60-l 00 ng DN N J1L determined by comparison to a DNA mass
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ladder (Life Technologies, Melbourne, Australia). The second operon detected in
StLL samples was amplified for sequencing in two parts using the primer pair
Plffint as described previously and ffint!P7 (the reverse and complement of Tint)
with the same cycling parameters as for Plffint. The PCR products were purified
for sequencing as described above.

Sequencing and data analysis
Sequencing reactions were done using the ABI Prism BigDye terminator cycle
sequencing kit (Perkin Elmer, Scoresby, Australia).

Gel separation of the

sequencing reactions was performed at the Australian Genomic Research Facility
(University of Queensland, Brisbane, Australia). Primers used for sequencing the
16S rRNAgenewerefP 1, 16R723f(Padovan eta/. , l 995),rU3 (Lorenz eta!., 1995),
fP3, and m23SR (Padovan eta/., 1995). Additional primers based on those already
published were 16R723 r, tu3, and ffint (reverse and complement of 16R723f,
rU3,

and

the

16S

1237,

Tint,

respectively).

sequencing

of

Primers

designed

some

samples

5'-CAATGGCTGTTACAAAGG-3'),

5'-TTCGTGCCTCAGCGTC-3').

specifically
were
and

to

complete

fl220

( 1220-

r715

(715-697,

Sequences from each primer were edited and

assembled using MacVector and AssemblyLign (Eastman Kodak Company, New
Haven, CT, USA) to provide a consensus sequence, although not all primers were
needed to complete the sequencing of each sample in both directions.

The similarity between l 6S rDNA sequences was determined using the GCG 8.1.0
(Genetics Computer Group, Madison, WI, USA) program Gap (gap weight 5.0,
length weight 0.3). This service was obtained through ANG lS (Australian National
Genomic Information Service, Sydney, N.S.W.). Sequence accession numbers are
given in the table legend.

2.5

RESULTS

Phytoplasma detection and differentiation
The TBB phytoplasma was not detected in any Stylosanthes samples collected in the
Northern Territory or Queensland. It was not possible, therefore, to include TBB in
the further characterization of the phytoplasmas associated with stylosanthes little
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leaf disease. Plants with little leaf disease had a range llf . ~mptorn~ (Tahk
which were consistentl y associated with fou r different RFLP
(Figure 2. 1).

~. 1 l

ph~1npiJ !' ma t~11c.:' .

No sin gk symptom cou ld be clearly associated \\ ith a pantc.:ular

ph ytopl asma type (Tab le 2. 1).
T able 2. 1 Symptom~ o f ~ t y l osanthe~ little leaf dN~<bl' and th~ phyto pla,ma t~ pc,
found in a~~oc iation with the m l Y (yes) ind1cate' prc,cncc 0 f phyw pla,ma. :--! t fl P I
indicates absence o f phytoplasma ].
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~ Symptoms occurred either o n their own o r in combination.

T he tem1 floral defo rmatio n refers to phyllody. virl':-.ccncl' and o ther hud
abno m1alities because Slr!O.\OIIIIIl's sp. flowers are 'ery :-mall making 1t d1flic ult tP
accurate ly describe particular sympto ms .
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Figure 2. 1 Rc~trict ion fragment length pol)11Hlrph1sm (R I l PI analys1:- o f thl.' t(, ur
phytoplasma ~trains associated " ·ith stylosanthcs li ttle leaf d 1sease. fP I rP' P( R
pwducts were digested with (a) . .·1/u l: (b). Rsa l: (c) . .If,('( : and (d). Hpal l. Ph ~·tnp ( a,ma
type abbre,iations are Vill. vig na little..' leaf: . PLI - \ ·4 . ·meet po tat0 llll ll' kaf \ '4 .
StLL. stylosanthes little..' leaf: PLL. pigeon pea little leaf. Band :-JLC~ in ba:;l.' pa1r' !bpl
arc indicated on the left of each panel.

Characterisation of the StLL ribosomal operon using PCR

When samples with the StLL phytoplasma were subj ected to PCR using the primers
fP3/rP7. two bands were observed. One band was smal ler than that of the reference
isolate TBB and one was the same size (Figure 2.2a). The primer pair fp I /rP 7 also
gave two products but onl y atter 40 ampl ifi cati on cycles (Figure 2.2b).
amplitication with the primer pair tP \/Tint which

PCR

hould only amplify tRNA

containing operons. gave a single product similar in size to that of the reference
isolate TBB (Figure 2.2c) .
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Figure 2.2 PCR of St U . samples using a range of primers and varying cond itions.
PCR conditions \\'ere: (a). using the primers tP3/ rP7: (b), using fPl trP7 primers for 40
cyc les: (c). using the primers fPI /Tint. Band sizes in base pairs (bp) are indicated to the
left of each panel.

Detection of multiple phyto plasmas

Phytoplasmas were first identified by RFLP analysis of the

fp

I/rP7 PCR products

with a representati ve of each RFLP type used as a reference for comparison with
field collected sampl es.

DNA amplified usi ng fP 3/rP 7 primers was separated by

PAG E (Figure 2.3 ). The f?3 /rP7 band pattern of most of the field samples wa
similar to one of the reference phytoplasma types (lanes I to 4). However, some
sam ples had a combinati on of bands corresponding to SPLL-V4 and either PLL
(lane 5) or StLL (lane 6).
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Figure 2.3 Detection o f mu ltip le p hytop las mas in Strlosunthes sp. using PAGE o f
f? J /rP7 produc ts. Lanes I to 4 show the band sizes of sweet pc>tato little lea f V4
(SPLL-V4). vigna litt le leaf (ViLL). p igeon pea litt le leaf ( PLL) and stylosa nthes little
leaf (StLL) as sing le in fections. Lanes 5 and 6 sho w the band pattem s fo r samp les with
m ixed infections of SP LL-V4 and either PLL or S tLL respecti ve ly . Band si zes in base
pairs (bp) are indicated on the le ft.

Sequencing and data analysis

Compari sons of the two 16S rRNA gene sequences amplified simultaneo usly from a
single StLL sampl e showed that they are 99.9% similar, with only two

s ub ~ tit u t i o n s

and one del etion di stingui shing the two (Figure 2.4). This suggests that th ese two
genes are from a sin gle organism and thus represent the two ri bosomal opcrons of
the StLL phytoplasrna.

Compari son of the entire spacer region sequences (not

including tR A 1k) supported this view (Fi gure 2.4). Gap compari sons of the 16S
rRNA gene of YiL L from the host Vigna /anceolata indicated that it is 99.8% similar
to the same phytoplasma in Srvlosanthcs sp. (data not show n). Gap comparisons of
the phytoplasmas associated with stylosanthes little leaf di sease are depicted in
Table 2.2.
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Figure 2.4 Comparison of the two 16S rRNA genes and adjacent spacer regions from
samples infected with the StLL phytoplasma (rrnA. Y 17055; rrnB. AJ289192). In
comparisons between the two genes, two substitutions and one deletion occur and the
16S rRNA gene fini shes at position 1476 as shown. The solid line indicates the tRNA 11c
coding region which is deleted from the sequence designated rrnA (Schneider et a/ ..
1999b). Regions of I 00% identity are represented by the truncation symbol.

Table 2.2
Percentage s imilarities between 16S rRNA genes of phytoplasmas
associated with stylosanthes little leaf disease as determined by Gap analysis.
Accession numbers are as follows: vigna little leaf (ViLL). AJ289195; stylosanthes
little leaf (StLL) rrnA (Schneider et a/., l999b), Y 17055: stylosanthes little leaf (StLL)
rrn B , AJ289192 ; pigeon pea little leaf (PLL). AJ289191; sweet potato little leaf V4
(SPLL-V4), AJ289193.

ViLL
StLL (rrnA)
StLL (rrn B)
PLL

StLL (rrnA)
93.9

StLL (rrnB)
93.9
99.9

PLL
91.0
90.2
90.5

SPLL-V4
91.4
90.6
90.9
98.9
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2.6

DISCUSSION

Davis et a/. ( 1997b) and Schneider et a/. ( 1999b) detected the phytoplasmas SPLLV4, TBB, PLL, and StLL in Stylosanthes with little leaf disease. In addition to these
strains collected in Queensland, vigna little leaf (ViLL) was detected in a single
sample from the Northern Territory. All of these phytoplasma strains have been
detected in other host species, the most common and widespread being SPLL-V4
which is associated with diseases in more than 50 plant species (Gibb et al., 1996;
Schneider et a/., 1999b). The most frequent symptom of phytoplasma infection in
Stylosanthes is little leaf, which is generally accompanied by stunting and
proliferation of side shoots, and floral deformation. However because stylosanthes
flowers are small it is difficult to accurately describe the nature of the deformation;
thus phyllody, virescence, and big bud symptoms cannot be distinguished from each
other, or in some cases from immature buds, making this symptom a less reliable
disease indicator than the little leaf symptom.

Many host species are susceptible to several phytoplasma types.

Sometimes the

symptoms expressed by a particular host do not vary regardless of the type of
phytoplasma (Alma eta/. , 1996; Cousin eta/., 1998; Lee eta/., 1998), while in other
cases diseased plants can show a range of symptoms depending on the phytoplasma
involved (Padovan eta/., 1997). Diseased stylosanthes plants are highly variable in
appearance because floral and leaf symptoms can occur on their own or together and
at different degrees of severity. Despite this, this study has shown that individual
phytoplasma types cannot be associated with a particular symptom profile. This is
partially due to characteristics of the host such as flower size which make some
common identifying symptoms such as virescence and phyllody, difficult to
differentiate. Consequently a pathogen specific di sease description cannot be made.
Instead, symptoms such as reduction in leaf size, witches' broom, and floral
deformation must be used as identifiers for stylosanthes little leaf disease (SLL) with
which five phytoplasmas are associated. This highlights the importance of testing
multiple diseased plants to ensure that the diversity of phytoplasmas involved is
revealed, that all symptoms are described, and that the true disease agent is identified
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The association of several phytoplasma strains with SLL indicates that some
individual plants in a crop may be infected with more than one phytoplasma
simultaneously, as has been observed with other phytoplasma diseases (Lee et ai.,
1995). Several samples collected for this study generated multiple products when
amplified with the primers fP3 /rP7. The same samples also produced RFLP patterns
where the sum of the bands was greater than that of the tP 1/rP7 PCR product
digested (results not shown). In both cases closer examination showed that the
additional DNA represented composite patterns of two common phytoplasma strains.
Mixed infections ofSPLL-V4 and either PLL or StLL have been observed on several
occasions, but the symptoms expressed by the host are not significantly different to
those of other diseased plants with single infections

Of the phytoplasmas invol ved in SLL, StLL is the most interesting because it is the
first report of a phytoplasma lacking the characteristic intergenic tRNA 11e gene in the
ribosomal RNA operon (Schneider eta!., 1999b). This was determined by sequence
analysis following PCR amplification using primers tP l/rP7 which resulted in one
band of approximately 1500 bp, lacking the tRNA 11 c gene. Further assays described
in this study using the primer Tint, which is homologous to a region within the
tRNA 11e gene, in combination with PI , unexpectedly revealed a product for all StLL
samples indicating that a tRNA 11c gene was in fact associated with a 16S rRNA gene.
Further PCR tests showed that two bands were amplified from all StLL samples
using the primers tP 1/rP7 ( 1500 bp and 1800 bp) but only when the PCR was run for
40 cycles. Similarly, amplification of the spacer region using tP3/rP7 also resulted
in two bands for all StLL samples.

These results suggest that either a second phytoplasma is present and always
associated with the StLL phytoplasma, or that the StLL phytoplasma has two
different operons, one containing and the other lacking the tRNA

11

e

gene. To study

thi s further, the tP I /Tint PCR product from a StLL sample was sequenced and
compared to the StLL sequence published by Schneider et a/. ( 1999b ). The two 16S
rRNA genes were 99.9% similar, with only two substitutions and one deletion
distinguishing them. In addition, comparison of the intergenic spacer region
sequences of both StLL ribosomal operons indicated that, excluding a region of
115 bp starting 19 bp downstream of the tRNA lie gene, the sequences were identical.
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These results support the hypothesis that the fP Iffint product originates fro m the
StLL phytoplasma and not from a second obligate phytoplasma. This is the first
report of a phytoplasma having rRNA operons both with and without intergenic
tRNA genes.

Sequence heterogeneity between the 16S rRNA genes of other

organisms has been documented previously (Mylvaganam & Dennis, 1992; Ueda et

a/.. 1999) as has the occurrence of both tRNA-containing and non-tRNA-containing
spacer regions (Nagpal et a/., 1998; Nour, 1998).

Analysis of phytoplasma 16S

rRNA genes has also revealed intra-operon variabi li ty which suggests that ribosomal
sequence heterogeneity also occurs among phytoplasmas (Berges et al., 1997; Davis

ct a/.. 1998: Lee eta/.. 1993b: Liefting eta/. , 1996).

The ori ginal StLL 16S rONA sequence (Schneider eta/. , 1999b) is designated rrnA,
while the sequence of the operon containing the tRNA

11

c

is designated rrnB. This

cases study reinforces the view that when phytoplasma strains are closely related it is
important to compare equivalent operons (Davis & Sinclair, 1998; Nagpal et a/.,
1998).

There is considerable difficulty in defining and designating phytoplasma species and
strains when only 16S rR NA gene sequences are available. Although this gene is
useful. it is highly conserved and is often not representative of the entire genome
(fox ct a/.. 1992). Generally phytoplasma phyl ogenetic groups exhibit levels of 16S
rONA homology greater than 99.5% which is usually sufficient to regard the
organisms involved as identical as is the case with the StLL phytoplasma.

The

problem of determining when phytoplasma isolates are the same organism showing
operon heterogeneit y, different species or just variants, is unresol ved (Davis &
Sinclair, 1998). The SLL complex encompasses a number of these issues and is an
important model with which to study these questions.

Certainly the problems

encountered in thi s system support the notion that wherever possible. a number of
samples and a range of genes should be used when identifying and characterising
these organisms.
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CHAPTER3:

PHYTOPLASMA HOST RA NGE AN D SYMPTOM EXPRESSION IN
THE PASTURE LEGUME STYLOSANTHES.

F IELD CROPS R ESEARCH( 2003)

84:327-334.
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3.2

ABSTRACT

A field trial of 23 stylo taxa was assessed for susceptibility to stylosanthes little leaf
(SLL) disease. The trial included Stylosanthes scabra cvv Seca, Siran, and Fitzroy,
S. guianensis var. guianensis cv Cook, S. hamata cvv Amiga and Verano and

"Stylosanthes seabrana" cvv Unica and Primar, as well as seven unreleased culti vars
from a CS IRO anthracnose resistance breeding program, and four unreleased
introduced lines. Plants that had SLL symptoms were sampled on six occasions
from March to August 1999 and tested for phytoplasmas, the presumed causal
organism of this disease, using the polymerase chain reaction (PCR). All taxa were
found to be susceptible to SLL disease except S. hamata cv. Verano and
"Stylosanthes seabrana" cv. Unica. Varieties were ranked on disease incidence, with

S. scabra varieties bred for anthracnose resistance having the highest inci dence o f
the disease. These varieties also had significantly hi gher SLL incidence than that of
the original introductions from which they were derived.

Before testing, symptom profiles were recorded noti ng the presence of chlorosis,
spike elongation, reddening of leaf tips and floral parts, and reduced leaf size (l ittle
leaf). Statistical analysis of the association of these characteri stics with SLL di sease
showed that little leaf was the best disease indicator and that chlorosis and excessive
reddening of leaf tips and floral parts were also associated with the disease. The
presence of floral abnormalities was also recorded in the symptom profi les. At no
time were normal flowers found on samples that had S LL, making this symptom a
good indicator of SLL. However not all plants with floral symptoms tested posi tive
for phytoplasmas by PCR, probably because these symptoms are difficult to
diagnose visually.

Virescence and phyllody were the most common floral

abnormalities and were found to be associated specificall y with the phytoplasmas
pigeon pea little leaf and sweet potato little leaf variant V4, respectively.

An

additional floral abnormality, termed abortion, was also observed in association with
this disease.
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3.3

INTRODUCTION

The genus Stylosanthes (stylo) can survive in low rainfall areas and on infertile soils,
making it important in the improvement of native pastures in tropical and subtropical
regions of Asia, Africa, South America and Australia (Noble eta/., 2000). Stylo has
also been used as a cover crop in plantation agriculture, grown as green manure, cut
for either fresh fodder or hay, and sown to increase levels of available soil nitrogen
for mine site rehabilitation (Grigg eta/., 2000; Lenne, 1994). In Australia, stylo seed
crops are grown in north Queensland to provide seed for use in pasture improvement
and for sale internationally (English, 1999; Hopkinson & Walker, 1984).

Stylo was affected by few pests and diseases until the early 1970s when anthracnose,
a fungal disease caused by Colletotrichum gloeosporioides, was first detected
(O' Brien & Pont, 1977). This disease quickly destroyed all stands of Townsville
stylo (S. humilis) and has limited or completely stopped the production of S.

guianensis cvv Schofield, Endeavour, Cook, and Graham, and S. scabra cv. Fitzroy
(Davis & Irwin, 1994).

Another potentially serious disease of stylo is stylosanthes little leaf (SLL) disease.
SLL is associated with several phytoplasma strains, the most common being sweet
potato little leaf variant V4 (SP LL-V4), pigeon pea little leaf (PLL) and stylosanthes
little leaf (StLL; Chapter 2). Recent research into the affect of these pathogens on
stylo seed crops found that yield is significantly reduced in plants that become
diseased before flowering is well established, but that yield in older plants is
generally unaffected by SLL (Chapter 5).

Early work by Hutton and Grylls ( 1956) found that while many Stylosanthes species
and strains were severely affected by SLL, then called legume little leaf, some
resistant accessions were identified. Since 1956, new stylo cultivars with unknown
susceptibility to SLL disease have been developed and are in widespread use. The
purpose of this study was to survey current stylo varieties, both commercial and
unreleased, for susceptibility to SLL and to determine which SLL symptoms are the
most accurate disease indicators.
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3.4

MATERIALS AND M ETHODS

Study site and sampling strategy
Twenty-three accessions of stylo were grown for this study. Table 3.1 lists the
registered commercial cultivars and unreleased accessions used in this study. The
components of the commercially released mixture S. scabra cv. Siran were
considered separately (designated 1, 4 and 8), and three phenotypically different
types of S. scabra cv. Seca (designated l , Rand T) were included. In addition seven
S. sea bra lines that were part of the CSIRO anthracnose resistance breeding program

(designated 94-XX) were also included.

Tablt> 3.1 Stylosanthes taxa surveyed for stylosanthes little leaf (SLL) disease, with
country of origin and year o f release in Australia

S. guianensis (Aubl.) Sw. var. g uinanensis
S. hamala (L.) Taub.
S. scahra Vog

Cultivar/CPI
Cooku
A mtga·
. '
Verano 1·2
Fitzroyu
Secac.l.l
Siran d.l

40292 e
931164
" Stylosanthes seabrana''

Prima~
2
Unica

S. l'isco.m Sw.

33941 4
349044

Origin
Colombia
Venezuela
Venezuela
Brazil
Brazil
Brazi UAustral ia
Brazil
Brazil
Brazil
Brazil
Brazil
Brazil

Year

197 1
1997
1973
1980
1976
1990
1996
1996

• T his table does not include seven unreleased S. sc:abra lines fro m a CSIRO
anthracnose resistance breeding program.
b CPI (Commonwealth Plant Introduction) number quoted for accessions never released
c T hree different phenotypes o f this variety were used in this study (Seca I , R & T).
d This variety is a mixture o f three commercially released cultivars which were
considered separately in this study (Siran I. 4 & 8).
< Material of 40292 similar to the original introduction was used. Cv. Seca was also
derived from CPI 40292 but has undergone much genetic change.
1
Oram. 1990
J Edye, 1997b
4
~ Hacker. 1997
QOPI , 2002

Six week old seedlings were planted out at Southedge Research Station, Queensland ,
Australia ( 16°59'S, 145°2 1'E; elevation 440 m) on the 1th of December 1998, after
being raised in an insect free glasshouse. Two hundred seedlings of each variety
were planted on woven plastic mat (weed mat) in plots containing 50 plants with a
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spacing of 0.5 m in four replicates. Plots were separated by 1.5 m and randoml y
positioned within each block.

After planting the trial was managed as for a

commercial crop (Hopkinson & English, 1990) and surveyed weekly for
symptomatic individuals.

Previous studies have not identified any cas es of

asymptomatic stylo being infected by a phytoplasma (Chapter 2) so only plants
exhibiting abnormal growth characteristics were sampled for phytoplasma screening.
However to ensure that all affected individuals were identified, plants showing any
evidence of abnormal growth were noted for subsequent PCR testing. Of particular
interest were symptoms characteristic to phytoplasma disease such as reduced leaf
size, side shoot proliferation and floral abnormalities.

Samples of symptomatic

tissue were taken on the 11 1h March, 23rd April, 2 151 May, 1ih June, 5 1h July, and 16 1h
August. At least one sample was taken from each seed line studied.

Symptom profiles
After collection samples were examined and a symptom profile was recorded. The
following growth characteristics were assessed: reduced leaf size (little teat), foliar
yellowing (chlorosis), exaggerated reddening of leaf tips and flowers, spike
elongation and aborted or deformed floral parts. The measurement of side shoot
proliferation, a typical phytoplasma symptom, was not possible because this
symptom was often not evident until after plants were sampled. At the end of the
season the height of 5 random plants per plot was measured to account for variability
in size between taxa.

Phytoplasma screening
When testing for phytoplasmas, DNA is usually extracted from leaf midribs but this
is not practical for stylo leaves because they are small.

As an alternative,

preliminary DNA extraction experiments were done using very small leaves, fin e
stems and phloem tissue obtained using a technique based on that of Marcone et a/.
(1996). Leaf and stem tissue was prepared for DNA extraction by removing any
dead material and then excising symptomatic parts. Phloem tissue was obtained by
scraping a scalpel blade at right angles along the fine stems. Once approximately 50
mg of tissue was obtained it was chopped finely to aid homogenisation and then
extracted as described by Schneider et a/. ( l 999b ).
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DNA extracts were screened using the polymerase chain reaction (PCR) using the
primers fP 1 (Deng & Hiruki, 1991) and rP7 (Schneider et a/., 1995), with positives
being subjected to restriction fragment Length polymorphism (RFLP) analysis using
the enzymes Rsal and Alul (New England Biolabs, Beverly MA, USA) as described
in Chapter 2. Samples that returned a negative PCR result were diluted 1 in 10 and
then 1 in 100 to overcome possible inhibition of the PCR by contaminants in the
DNA extract. Only samples that returned a positive PCR result were considered to
have SLL disease.

The reference phytoplasmas SPLL-V4 and tomato big bud (TBB) were used fo r both
PCR screening and RFLP analysis. DNA from these phytoplasmas was extracted
using the method of Schneider eta/. (l999b) fro m the experimental host periwinkle

(Catharanthus roseus (L.) G. Don)).

Statistical analysis
Generalised linear models (GLMs) with binomial errors and logit link were used to
investigate the rel ationship between the characteristics assessed for the symptom
profile and disease incidence. These models included the design terms block and
variety and added the symptoms as covariates one at a time (Neter et a/., 1996).
Significance was judged by the p value associated with the coefficient of the
symptom. Odds ratios were used to interpret the coefficients. The symptom or
symptoms which best described the incidence was determined using a forward
stepwise model building proced ure (Neter et a/., 1996). The most parsimonious
model is the one that contains the design terms and all the symptom covariates that
describe the incidence.

To determine if the presence of a phytoplasma affected the onset and continuation of
reproductive activity, the percentage of plants that were flowering when sampled
was calculated, as was the distribution of flowering plants between the different
phytoplasma types identified by RFLP analysis.

The occurrence of the floral

abnormalities in association with SLL disease was further analysed using a

x2 test.
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The varieties assessed were then ranked and a generalised linear model (GLM) was
used to gauge the differences in disease incidence between varieties. If the model
indicated that there were differences, then pairwise comparisons of the model
coefficients were obtained. From these results loose groupings of varieties could be
made based on disease incidence.

3.5

RESULTS

Symptom profiles
The numbers of plants of all taxa collected between April and August 1999 showing
normal and abnormal characteristics, either floral or vegetative, are shown in
Table 3.2. A total of 62 1 plants were tested, of which 445 (72%) were positive for
phytoplasma. Floral symptoms were recorded for the 394 samples that had floral
structures when collected, of which 307 (78%) were phytoplasma positive by PCR.
At no time were plants with normal flowers (Figure 3. 1a) found to be positive for
phytoplasmas by PCR.

Deformed floral structures were divided into those with

virescence (Figure 3. Ib), phyllody (Figure 3.lc) or aborted (Figure 3. l d).

The

average height of each plot was also determined from measurements taken at the end
of the season (data not shown).

Pbytoplasma screening
Of the 445 plants with detectable levels ofphytoplasma DNA, 76% were positive for
the SPLL-V4 phytoplasma, 16% with PLL and 8% with StLL. All plants that were
PCR negative after dilution of the template DNA were re-examined for phytoplasma
symptoms and re-sampled if they were still showing symptoms. All plants that were
re-sampled returned a positive PCR result. Of the phytoplasma positive samples 6
were found to have multiple infections, 5 with SPLL-V4 and StLL phytoplasmas and
I with SPLL-V 4 and PLL phytoplasmas.
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Table 3.2 The numbers of plants of all taxa collected berween April and August I~
showing normal and abnormal characteristics. Of 621 plants tested. 394 were nowering
when sampled.

Characteristic
Leaf Size
Reduced
Nonnal
Plant Colour
Chlorotic
Nonnal
Red Pigmentation
Excessive
Nonnal
Spike Length
Elo ngated
Nonna l
Floral structure
Phyllody
Virescence
Aborted
Nonnal

PC R Positive

PCR Negative

398
47
120
325
333
112
13
432
113
189
5
0

125
51
39
137
110
66
I

175
15
53
I

18

Fig ure 3.1 Floral symptoms of SLL disease. a. healthy. b. virescence. c. phyllody. and
d, aborted.
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Statistical analysis
The GLM analysis for association between symptoms and incidence showed that
little leaf, excessive reddening and chlorosis were all strongl y associated with
incidence (Table 3.3). Forward selection model bui lding indicated that only little
leaf was needed to explain most of the variation from the covariates under
consideration.

Table 3.3 Odds ratio of a 0. 1 increase in the proportion of symptoms and their
significance levels (p) for covariates added to a model of SLL incidence.

Characteristic
Reduced Leaf Size (little leaf) a
Plant Colour (Chlorosis) a
Red Pigmentation3
Seed Head Elongationa
Plant Height

Odds Ratio
1.057
1.106
1.059
ns b
ns b

Significance Level (p)
<0.001
<0.00 1

<0.00 1
0.236
0.26

The value of these covariates was calculated as a proportion of the total number of
plants with that characteristic.
b Not significant.
a

Of the 176 plants that did not have SLL disease, 87 (47%) were fl owering when
sampled, of which 18 (21 %) had nonnal flowers. At no time were nonnal flowers
observed on sampl es that were PCR positive for phytoplasma. The proportion of
plants affected by each phytoplasma strain that were fl owering when sampled is
presented in Table 3.4.

A

l

test indicated a strong likelihood (p

=

0.0 I) of an

association between virescence and phyllody and the phytoplasmas SPLL-V 4 ( 162
with virescence out of 245 with SPLL-V4) and PLL respectively (31 with phyllody
out of 51 with PLL).

Table 3.4 Percentage of plants affected by the different phytoplasma strains that were
flowering when sampled.

Phytoplasma strain
SPLL-V4
PLL
StLL

%Flowering
76

64
31
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All of the taxa used in this trial were found to be susceptible to SLL disease except
S. hamata cv. Verano and "Stylosanthes seabrana" cv. Unica.

Average di sease

incidence per plot for each variety is presented in Table 3.5. When these data were
analysed to determine which varieties were the most susceptible, three groups with
no evidence of di fferent incidence within each group became apparent (Table 3.5).
It should be noted that there is quite a large amount of overlap between groups. The
group with the highest range of incidence values contained I 0 varieties all of which
were S. scabras, including the commercial cultivars Siran, Fitzroy, and two types of
Seca (1 and R).

Table 3.5 Ranking of Stylosanthes varieties according to disease incidence and their
grouping into like disease incidence groups. The SLL incidence of varieties with a
shared group are not significantly different from each other.

Seed Line
Verano
Unica
CPI 34904
Amiga
Primar
CPI 931 16
C PI 40292
Cook
94-93
Seca T
CPI 33941
94-96
94-86
Seca 1
94-99
Seca R
Siran 8
Siran 4
94-16
94-26
Fitzroy
94-97
Siran 1

Average Disease Incidence a
0.00
0.00
0.79
1.28
1.24
2.0 1
4.46
2.03
2.58
21.79
6.6 1
4.68
7.81
16.49
8.59
14. 11
27.55
31.72
8.29
44.2 1
9.68
13.6 1
11.46

Incidence Grouping
a
a
a
a
a
a
a
a
a
a
ab
ab
ab
abc
abc
be
be
be
be
be
be
c
c

a Average incidence(%) of plants with SLL disease (confirmed by PCR screening) for
each taxa.
b Groups generated by pairwise comparisons. Disease incidence values for taxa of the
same group (represented by the let1ers: a, b, and c) are not significantly different to each
other.
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3.6

DISCUSSION

Research into phytoplasma diseases was limited until the development of molecular
methods that made fast and sensitive detection of these pathogens possible. Studies
where a large number of plants must be screened require a quick DNA extraction
procedure, even though the resulting DNA is comparatively crude, often containing
contaminants such as tannins, polyphenolics and polysaccharides which can inhibit
the PCR reaction (Gibb & Padovan, 1994; Green eta!., 1999; Michaels et al., 1994;
Murray & Thompson, 1980; Porebski et a/. , 1997). The procedure described by
Schneider et a!. ( 1999b) was used in this study, but to address the problem of
inhibitory contaminants in the DNA extracts, additional purification procedures such
as high salt precipitation were tried (Andersen eta/., 1998; Fang et at., 1992). These
additional purification steps were found to improve the quality of the DNA, but not
enough to make the extra sample processing time worthwhi le (data not shown). This
is especiall y true since the DNA extracted from phloem tissue using the procedure
described by Schneider eta/. ( l999b) was generall y amplifiable without any dilution
of the template DNA to overcome inhibition of the PCR.

While PCR screening of samples for the presence of phytoplasmas is the most
sensitive method for detecting these pathogens, it is expensive. Part of the purpose
of this study was to determine effective indicators of S LL so that plants sampled fo r
PCR testing could be chosen with more confidence. As with many plant diseases, it
is often the overall appearance of the plant that suggests the presence of the
pathogen.

Because of time constraints, it was not possible to record symptom

profiles in the field or to closely examine each diseased individual over time to see
how symptoms developed.

Instead symptoms were recorded from the sampled

portion of the plant at that particular point in time, which introduced some variability
in the recording of abnormal characteristi cs. In addition, phytoplasmas tend to be
unevenly distributed in their hosts, making it possible to fail to detect the pathogen
when a small amount of plant material is used for DNA extraction. It is also possible
that apparently healthy plants are sampled after infection but before symptoms are
expressed.

Because of these potential inconsistencies the symptom data gathered

during this study have been interpreted as trends.
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Previous studies have shown that SLL does not significantly affect the seed yield of
diseased plants unless they become infected before flowering is established (Chapter
5). However, this study shows that it is important to consider S LL when selecting
for particular characteristics. Seven seed lines from a CSIRO anthracnose resistance
breeding program were found to have quite variable levels of SLL, with four lines
having a significantly hi gher incidence than the others. Similarly all of the early CPI
accessions used in this tri al were found to have lower SLL incidence than most of
the cultivars developed more recently such as S. scabra cvv. Seca and Siran. While
the data presented here does not allow conclusions to be drawn about the ability of
these lines to resist phytoplasma infection, it does suggest that over many years of
selection there has been genetic drift in the S. scabra lines to a phenotype that is
more "susceptible" to SLL disease, possibly because the selection process has
resulted in taxa that are more attractive to vector insects. If this gradual increase in
susceptibility is not addressed this SLL could become a more serious problem in the

future.

Analysis of the symptom profi le data found that, regardless of seed line or
phytoplasma type, little leaf, chlorosis and exaggerated reddening of leaf tips and
floral parts were significantly associated with SLL. Of these, little leaf was found to
be the best disease indi cator, but the other covari ates (the proportion of chlorosis and
reddening) did not significantly improve the accuracy of the model. Chlorosis and
excessive reddening have been associated with phytoplasma diseases in other hosts
(McCoy et a/., 1989).

However, the findin g that these characteristics are not

accurate disease indicators is not unexpected since these symptoms can be induced
by a range of factors including environmental stress, other pathogens and nutritional
deficiencies (Andrew & Pieters, 1970; McCoy et a!. , 1989).

The other characteristics assessed, namely average plant height and spike (individual
inflorescence) elongation, were not found to be associated with SLL. The average
plant size varied greatly across taxa because of both growth habit, and the failure of
some varieties to nodulate, leading to poor vigour.

Height was measured as an

indicator of plant size to determine if larger plants were more likely to become
diseased.

The absence of an association between size and disease incidence is

interesting, since the two varieties (Verano and Unica) that had no cases of SLL both
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had small average heights (data not shown). While this finding appears to support
the notion that Verano and Unica are less likely to be affected by this disease than
the others varieties studied, it is possible that because of poor growth they remained
asymptomatic when infected with SLL. However, in previous studies of thi s disease
there has been no evidence of asymptomaticall y infected plants (Chapter 2).

The small s1ze of stylo flowers means that while floral deformation has been
recognised as a symptom of SL L disease since the 1950s, no attempts have been
made to differentiate the different types of deformation (Chapter 2; CSIRO
Agricultural Research Liaison Section, 1958). Recent work by Padovan and Gibb

(2001) found that SPLL-V4 and TBB could be differentiated in Carica papaya L.
(papaya) with papaya yellow crinkle, on the basis of floral symptoms. Similarly, this
study found that virescence and phyllody in stylo can be used to differentiate two
types of phytoplasmas associated with SLL. The phytoplasmas SPLL-V4, PLL and
TBB have been associated with S LL and while they are closely related to each other
(Chapter 2; Schneider et a/., l999b) various studies have indicated that SPLL-V4
and TBB are not as closely related as suggested by 16S rONA sequence comparisons
(Padovan er a/., 2000; Schneider er a/., 1999a). As with papaya the phytoplasma
SPLL-V4 in stylo was found to be significantly (p

=

virescence, while PLL was associated with phyllody (p

0.01) associated with

=

0.0 1).

This find ing

suggests that PLL and TBB may be more closely related to each other than to SPLLV4, although furth er genetic studies are needed to investigate this possibility.

In addition to phyllody and virescence a third floral symptom, termed abortion, was
observed during this study.

In these cases the buds were found never to open,

instead remai ning pale and often appearing tattered at the edges of the petals. This
symptom was observed three times in association with the StLL phytoplasma, and
twice associated with the SPLL-V4 phytoplasma. It is possible that in these cases
phytoplasma infection results in a complete halt in floral development, with the
flowers that were initiated before infection never fully differentiati ng. Interestingly,
of the plants infected by the StLL phytoplasma during this study only 31% were
flowering when sampled in comparison to 47% of healthy plants that were flowering
when sampled.

Perhaps this low percentage of flowering plants with the StLL

phytoplasma is due to this pathogen arresting reproductive activity, resulting in the
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abortion of flowers and therefore decreasing the likelihood of diseased plants having
flowers when sampled.

Fortunately SLL disease in Australia has never been serious enough to threaten the
seed industry in north Queensland. However it is of great concern in other countries
where it affects a large range of species in addition to those induded in this study
(Lenne, 1994 ). The wide ranging susceptibility of this genus to SLL disease is cause
for concern because there appear to be few, if any, sources of resistance that could be
utilised in future breeding programs. The apparent drift of lines bred in Australia
toward genotypes with greater susceptibility to SLL is also problematic and could
already have contributed to changes in seed crop management that have been
necessary in response to disease build up in second year (return) crops.
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CHAPTER4:

SPATIAL AND TEMPORAL ANALYSIS OF STYLOSANTHES
LITTLE LEAF DISEASE.
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4.2

ABSTRACT

Stylosanthes little leaf (SLL) disease is associated with several phytoplasma
strains, many of which have been detected in other plant genera throughout
Australia. ln a field trial near Mareeba, north Queensland, 2500 Stylosanthes
seabra cv Seca plants were observed over two seasons ( 1999 and 2000) so that

the spatial and temporal dynamics of this disease could be analysed. During this
study the incidence of SLL disease differed considerably between seasons, with a
total of 15.4% of plants in 1999 positive for the SLL phytoplasmas, while 40.4%
were phytoplasma positive in 2000. The phytoplasmas identified in association
with this disease were the same in both years with sweet potato little leaf variant
V4 (SPLL-V4) occurring most frequently, while the pigeon pea little leaf (PLL)
and stylosanthes little leaf (StLL) phytoplasmas occurred less often. The impact
of these pathogens on the longevity of infected plants was minimal, with only
1.1% and 4.3% of diseased plants dying in the 1999 and 2000 seasons,
respectively. However mixed infections of StLL with either PLL or SPLL-V4
were found to be more likely to kill diseased plants than any of the phytoplasma
strains on their own. Comparisons of disease spread in the two seasons for each
phytoplasma strain indicated that the 1999 and 2000 epidemics progressed quite
differently.

Spatiotemporal analysis of data from both seasons indicated the

presence of clusters of diseased plants within the trial. The size of these clusters
did not increase over time, suggesting that spread of disease from one diseased
plant to adjacent plants was uncommon.

This finding was consistent with

disease transmi ssion by a mobile aerial vector.

4.3

I NTRODUCTION

Seed producers in north Queensland, Australia, grow approximately three
quarters of the Stylosanthes spp. (stylo) seed traded globally (English, 1999).
These leguminous plants are grown in tropical and subtropical regions of the
world for pasture improvement, hay, green manure, and as a cover crop (Lenne,
1994).

Other than seed production, it is primarily used in semi-arid tropical

grazing areas in Australia where it reinforces native pasture to increase stocking
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rates and improve live weight gains of beef cattle (Coates eta/., 1997; English,
1999).

The most serious disease affecting stylo seed crops is anthracnose, caused by the
fungal pathogen Colletotrichum gloeosporioides (Hopkinson & English, 1990;
Hopkinson & Walker, 1984; Leone, 1994; O'Brien & Pont, 1977). Anthracnose
limits the commercial use of stylo worldwide, and has curtai led the commercial
production of several cultivars in Australia (Davis & Irwin, 1994; Leone, 1994;
Walker & Weston, 1990). Resistant varieties such as S. scabra cv. Seca have
reduced the impact of anthracnose but recent work has shown that, as a result of
the selection process, some of these cultivars have become more susceptible to
stylosanthes little leaf (SLL) disease, probably because of phenotypic changes
that have made these varieties more attractive to the insect vectors of this disease
(Chapter 3).

In Australia SLL disease, previously referred to as legume little leaf, is
associated with several different phytoplasma strains (Chapter 2; Davis et al.,
1997b; Schneider eta/., l999b) and is transmitted in a persistent manner by the
leafhopper Orosius argenta/us (Hutton & Grylls, 1956; Taylor, 1958).

This

disease is characterised by floral symptoms such as virescence, phyllody, and
floral abortion as well as side shoot proliferation and reduced leaf size which
result in a witches' broom appearance (Chapter 3; Davis eta/., 1997b; Schneider

eta/. , 1999b). It has been shown that SLL generally has little effect on the seed
yield of Seca stylo crops (Chapter 5). However the accumulation of di seases,
including SLL, has led to changes in management practices, with the crop now
being treated as an annual resulting in increased production costs (English, 1999;
Hopkinson & English, 1990).

The purpose of this study was to investigate the dynamics of SLL disease in an
experimental plot of S. scabra cv. Seca and to investigate the biological
significance of the different phytoplasma strains identified in association with
this disease.
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4.4

MATERIALS AND METHODS

Experimental sites and disease monitoring
Sty/osanthes scabra cv. Seca seedlings were raised for 6 to 8 weeks in an insect
free glasshouse before being transplanted at Southedge Research Station,
Queensland, Australia ( l6°59'S, 145°21 ' E; elevation 440 m). T he site chosen for
this trial had been used for Stylosanthes trial s for many years resulting in a high
occurance of volunteer stylo plants, both surround ing the trial and in
neighbouring bushland, many of which were affected by phytoplasma diseases
and so could act as a source of inoculum for thi s trial. The history of the site also
meant that the fi rst year trial was unlikely to alter the inoculum potential of the
surrounding area before starting the second season. Seedlings were planted on
woven plastic mat (weed mat) in a 50 by 50 plant grid with a spacing of 0.5 m.
In the field, irrigation and soil nutrition were managed as for a commercial seed
crop (Hopkinson & Engli sh, 1990), with approximately 50mm of inigation
applied three times a week unless j udged unnecessary due to rainfall (Table 4.1 ).
Return crops were not studied as this practice is no longer used in Australia. The
experimental plot for the 1999 season was planted out on the 191h of December
1998 and harvested after 306 days on 141h October 1999. The 2000 season lasted
207 days and was planted, adjacent to the site of the 1999 trial, on the 2ih
January 2000 and harvested on 2 1 August 2000.

Table 4.1 Rainfall at Southedge Research Station for the 1999 and 2000 seasons.

Month
October
November
December
January
February
March
April
May
June
July
August
September

Rainfall (mm)
1999 Season 1
2000 Season 1
7.8
4.6
150.6
52.7
77.4
188.1
331.4
77.6
485.2
502.6
234.0
180.0
14.6
55.6
12.6
1.8
7. 1
23.6
40.2
0.0
15.4
5.8
8.0
0.6

1

Rainfall data for the 1999 season from October 1998 to September 1999 and the
2000 season from October 1999 to September 2000.
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All plants were asymptomatic when transplanted, after which disease surveys
were conducted at approximately weekly intervals, with each plant being visually
assessed for symptoms of SLL disease, anthracnose, and other common diseases.
Replants for each season were maintained in the glasshouse for the duration of
each trial and were also regularly surveyed for SLL symptoms.

All plants

identified as having SLL disease when surveyed were sampled and tested for
phytoplasma using the polymerase chain reaction (PCR). Testing occurred on
six occasions during the 1999 (II th March, 23rd April, 2 1st May, 17th June, 5th
July and 16th August) and 2000 (14th April, 15th May, 14th June, 4' 11 July, 25'h
July, 21 51 August) seasons.
performed

usmg

the

Phytoplasma detection and identification wert!

P l!P7

PCR/RFLP

(restriction

fragment

length

polymorphism) technique described in Chapter 2. Only plants that returned a
positive PCR test were considered diseased for subsequent statistical analyses.
Plants that were PCR negative were re-examined on the next sampling date and
retested if still symptomatic. For most analyses, plants that were phytoplasma
positive by PCR were recorded as diseased from the survey date when symptoms
were first observed.

Phytoplasma occurrence and disease impact
SLL disease incidence was determined at each survey date, and disease progress
curves (incidence vs. days after planting) were generated. The percentage of
SLL disease associated with the different phytoplasma strains identified was also
calculated with mixed infections of more than one phytoplasma type being
considered as a distinct phytoplasma strain. Similarly, the proportion of plants
affected by these different phytoplasma strains that died before harvest was
calculated and analysed using the

l

test to determine if infection by a particular

phytoplasma type, or mixture of types, was more likely to result in the death of
the host plant.

For those plants that did die after phytoplasma infection the

periods between symptom expression and death were determined and analysed
using a one-way analysis of variance (ANOV A) to compare values between
phytoplasma strains.
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Spatial analysis of SLL disease
Initial analysis of the distribution of disease within the trial was done using the
program FOCI which identifies and quantifies the size (number of diseased
plants) and dimensions (columns and rows) of foci (or clusters) of di seased
individuals within a lattice of plants (Nelson, 1996). This program also provides
a measure of the dispersion of diseased plants in each focus in the form of the
proximity index (PI) which is calculated by dividing the size of each focus by its
dimensions. To summarise the output from the FOCI program the number of
disease foci identified at each sampling date was plotted with disease incidence
against time, and the average size and PI for each sampling date were calculated.

To determine if the location of new diseased plants was random in relation to
those that were already diseased, the distribution at the final sampling date was
compared to that at the first sampling date by spatiotemporal- and two
dimensional- distance class analysis.

The theory behind two dimensional

distance class analysis is described in detail by Gray et a!. ( 1986) and Nelson et

a/. (1992). In brief, this analysis compares the observed distribution of diseased
plants within a lattice to that expected if the distribution of di seased indi viduals
was random. To achieve this all the plants within the lattice are considered as
pairs, with their relationship to each other falling into different distance classes
depending on their spatial separation. Distance classes are described using [X Y]
coordinates, for example, adjacent plants within a row are members of the
distance class [1,0] where the first and second digits ind icate the number of
columns and rows between the first and second plants in the pair. The number of
pairs of diseased plants in each distance class is counted and standardised to
obtain the standardised count frequency (SCF) value. The observed SCF values
are then compared with expected values calculated from simulations of the
random distribution of the same number of diseased plants within the lattice.
This analysis results in a distance class matrix depicting all the possible distance
classes and indicating where the observed SCF values are significantly greater or
less than that expected, assuming random distribution. The group of significant
distance classes around [0,0] is called the core cluster and indicates the spatial
relationships between diseased plants within clusters.

Groups of significant
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distance classes at a distance from [0. 0] are called reflected clusters and are
indirect evidence of the presence of additional disease clusters.

Spatiotemporal distance class analysis uses this principle to examine changes in
disease distribution between two assessment dates. The same process is used,
although in this case at least I% of lattice positions are already designated as
diseased from the first assessment date (t 1). The random distribution of new
diseased plants from the second assessment date (t2 ) is then simulated around
these fixed diseased individuals to provide the expected SCF values.

The

distance class matrix generated using spatiotemporal distance class analysis is
then combined with that generated using two dimensional distance class analysis
so that distance classes which are significant using spatiotemporal analysis only
can be identified.

It is these distance classes that indicate the relationship

between the new diseased plants at t 2 with those that were diseased at t,, thus
allowing analysis of the pattern of disease increase between two assessment
dates.

Spatiotemporal distance class analysis was performed to compare the disease
distribution at the end of the season (t2) with that observed at the first sampling
date (t 1) to determine if disease cl usters (or foci) became larger over time.
Analysis was done using the program STCLASS (Nelson, 1995) with 800
simulations being performed to determine the expected SCF values.

Two

dimensional distance class analysis of disease distribution at the end of the
season was done using the program 2DCLASS (provided as part of STCLASS).
The STCLASS program then provides a combined distance class matrix.

Temporal analysis of different phytoplasma strains
Analysi s of parallelism for non-linear models was done to determine if disease
progress over the 1999 season was comparable to that observed in the 2000
season (Genstat 5 Committee, 1997). Models of varying levels of parallelism
between curves (single line, constants separate, linear parameters separate, nonlinear parameters separate) were fitted to the two seasons of data to determine
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...

whether a common regression curve could represent the disease progression or if
not, if any of the regression parameters were constant between seasons. The
models considered in this analysis were: exponential, y
A + C/( 1+ exp( -B(x-M))), and Gompertz, y

4.5

=

A + B*Rx, logistic, y

=

= A + C*exp(-exp(-B(x-M))).

RESULTS

Pbytoplasma occurrence and disease impact

No symptomatic plants were observed either in the glasshouse or within one
month of transplanting indicating that occurrence of SLL in the field was not due
to seed transmission of the di sease. During both seasons diseased plants were
first observed in the trial within 2.5 months of planting out, with disease
incidence reaching a peak of 15.4% and 40.4% at the end of the 1999 and 2000
seasons respectively (Figure 4. 1). Identification of the phytoplasmas associated
with SLL disease by RFLP analysis showed that three strains were associated
with this disease, namely: sweet potato little leaf variant V 4 (SPLL- V 4 ), pigeon
pea little leaf (PLL) and stylosanthes little leaf (StLL; results not shown). Of
these, SPLL-V4 was the most common over both seasons, al though PLL
occurred quite frequently during the 1999 season (Figure 4.2).
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Relatively few plants died following phytoplasma infection wi th only 4 (1.1 % of
plants with SLL disease) dying in the 1999 season and 43 (4.3 % of plants with
SLL disease) dying in the 2000 season. The distribution of these deaths between
the different phytoplasma strains (including mixed infections as a separate strain)
is shown in Figure 4.3. The proportion of plant asymptomatic for SLL that died
is also shown in Figure 4.3 . Causes of death other than phytoplasma disease
included anthracnose, which was observed at low levels throughout both seasons,
and physical damage primarily due to stem borers and wallabies. Observations
made throughout the study did not suggest any relationship between the
occurrence of anthracnose and the impact of SLL disease.

The number of plants with either SPLL-V 4, PLL or StLL individually, or mixed
infections was analysed by

l

test (p < 0.0 l ), which showed that plants with

mixed infections were more likely to die than those affected by each
phytoplasma strain alone. The times between symptom expression and death did
not differ significantly between the phytoplasma types identified, with the
average time being 77.3 days (±28.33).
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Figure 4.3
Proportion of asymptomatic plants and plants with different
phytoplasma strains, including mixed infections as separate groups, that died
before harvest.

Spatial analysis of SLL disease
The distribution of plants with SLL disease is shown in Figure 4.4. Analysis of
these data using the program FOCI indicated that the number of disease foci
increased with SLL incidence over time in both years (Figure 4.5), although in
the 2000 season disease incidence was high enough for the foci to start to
coalesce from day 140, resulting in the number of disease foci decreasing later in
the season. The mean foci size and proximity index (PI) and their associated
standard deviation are shown in Table 4.2.
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Table 4.2 Spatial analysis of Sll disease using the program FOCI for the 1999
and 2000 seasons

Days after planting
89
132
160
187
205
247
79
11 0
1401
160
18 1
207

Number of Foci
Size (SD) 1
1999 Season
12
1.33 (0.49)
25
1.40 (0.76)
56
1.36 (0.67)
1.60 (1.24)
95
I. 79 (1.52)
105
2.20 (2.21)
166
2000 Season
76
1.42 (0.90)
1.98 (2.35)
122
153
2.68 (3.02)
3.59 (4.37)
152
127
5.50 (9.60)
79
12.06 ( 40.68)

PI (SD) 2
0.92 (0.19)
0.94 (0.17)
0.94 (0.1 6)
0.91 (0. 19)
0.90 (0.20)
0.85 (0.24)
0.92 (0.19)
0.89 (0.21)
0.82 (0.25)
0.77 (0.27)
0.75 (0.29}
0.77 (0.29)

1

Mean of the number of diseased plants in each focus identified. The associated
standard deviation is given in brackets.
~ Mean proximity index (PI) for each disease focus identified. The proximity
index is a measure of the density of diseased plants within a disease focus and is
calculated by dividing the number of diseased plants in the focus (size) by the
dimensions (rows by columns) of the focus. The standard deviation associated
with this value is given in brackets.
a Note that at approximately day 140 the disease foci identified in the 2000 season
start to coalesce. resulting in increasing size but decreasing number of foci.
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Figure 4.4a. Spatial distribution of plants with SLL disease at each sampling date for
the 1999 season. Legend : 0
dead.

= asymptomatic,

•

= diseased

(PCR positive), and l!l =
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Figure 4.5 Plots of disease incidence and number of disease foci against the number of
days after planting for the 1999 (A) and 2000 (B) seasons.

Analysis of the distribution of diseased plants at the first and last sampling dates using
STCLASS indicated a core cluster of 6 and 4 distance classes in the 1999 and 2000
seasons, as indicated by the # and + symbols located around distance class [ 0. 0] in
Figure 4 .6. In addition, significantly more diseased individuals were observed at the
edge of the plot in the 2000 season, as indicated by the numerous signifi cant distance
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classes represented by the # symbols at column 50 in Figure 4. 6b. A large number of
small reflected clusters (indicated by all clusters of symbols (#, @, S, +, <, >) other
than those directly associated with distance class [0, 0]) occurred throughout the
distance class matrix as indicated by the large number of significant distance classes
not associated with the core cluster.

Temporal analysis of different phytoplasma strains
Parallel curve analysis of each phytoplasma strain indicated that the progress of SLL
disease in the 2000 season was different from that observed in the 1999 season with
no parallelism observed between years for any of the models considered. Comparison
of the fit of the various models ind icated that the exponential model fitted the data
best for all strains with the percentage of variance described by the model (R2) being
99.8. 97.3. and 99.2 for the progression of the SPLL-V4, PLL and StLL phytoplasmas
respectively.

4.6

DISCUSSION

Disease incidence at the end of the 1999 season was less than half the inci dence at the
end of the 2000 season.

It remains uncertain if the large difference in disease

incidence between the two years is a result of natural variation in disease levels
between seasons, or if some fundamental factor (for example temperature or rainfall)
altered the disease or vector populations between the two years.

Weather data

collected from near the site (data not shown) indicated that the maximum and
minimum temperatures were similar throughout both seasons, while rainfall was much
greater in 1999 than 2000. It is possible that the reduced rain fall in 2000 meant that
the vector, or vectors, of this disease were forced to feed on the inigated crop because
other food sources were unavailable or in poor condition due to drought. It is also
possible that a tropical cyclone which crossed the coast near the study site had some
effect on hopper migration behaviour therefore changing the local vector population.
The Jack of information regarding the biology of the suspected vector of this disease
and the epidemiology of these pathogens in other cropping systems makes it difficult
to draw meaningful conclusions without additional data.
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Figure 4.6a Distance class matrix generated by STCLASS from disease distribution
data for the first and last sampling date in the 1999 season.
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Figure 4.6b Distance class matrix generated by STCLASS from disease distribution
data for the first and last sampling date in the 2000 season.
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However, the types of phytoplasmas involved in the disease over both years remained
the same, as did their incidence in relation to each other. In both years SPLL-V4 was
far more prevalent than PLL, while the StLL phytoplasma accounted for less than
10% of diseased plants. This is similar to the findings of disease surveys in Australi a
where tomato big bud (TBB) and SPLL-V4 were identified as the most common
phytoplasma strains across most host genera (Davis et at. , 1997b; Schneider et a/. ,
1999b).

Since there was such a large difference in the incidence of SLL disease in the two
years of thi s study, these data were analysed for parallelism of disease incidence
curves to determine if the spread of disease in each season was comparable. This
analysis was done using the incidence data for individual phytoplasma strai ns because
it was expected that differences in the proportion ofS LL disease caused by SPLL-V4,
PLL and StLL would affect comparisons between seasons. However no significant
differences could be detected between the progression of the different phytoplasma
strains in 1999 and 200o with all strains being best described by the exponential
model, suggesting some similarities in the spread of the different pathogens.
The identification of several phytoplasma strains within the trial made it likely that
mixed infections would be detected. As with the incidence of SLL disease, mixed
infections also occurred at different levels in each year, although in both years they
were more prevalent early in the season, with 71% showing symptoms within I 00
days of planting (data not shown).

In general SLL disease was not found to decrease the longevity of most infected
individuals except when plants were affected by two phytoplasmas simultaneously.
In these cases plants were significantly more likely to die (p < 0.01) than plants with
either phytoplasma strain individually or those that remained unaffected. The time
between symptom expression and plant death was highly variable so no conclusions
could be drawn about differences in the pathogenicity of the phytoplasma strains
identified. This finding is similar to that of Padovan and Gibb (200 1) who did not
find significant differences in the time between infection and death of Carica papaya
plants affected by the tomato big bud (TBB) and SPLL-V4 phytoplasmas that are
commonly associated with papaya yellow crinkle.
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The spatial distribution of plants with SLL disease was analysed using the programs
FOCI and STCLASS. Analysis using the program FOCI indicated that there was
clustering of diseased plants at each sampling date. This analysi s al so indicated that
in the 2000 season the disease foci started to coalesce when the di sease incidence was
greater than 17%, at which time the average size of the foci identified was increasing
but the PI was decreasing. This is expected when nearby foci join. because often the
dimensions of the foci dramatically increase in relation to the number of diseased
plants that form the foci. In 1999 the disease incidence only reached 15%. However
the gradual increase in foci size and decrease in PI suggest that, had the season been
longer and disease incidence had continued to increase, then the foci would have
coalesced at a similar disease incidence to that observed in 2000.

When the disease distribution data for the first and last sampling dates were compared
using STCLASS, the core clusters in both years were small and. in general did not
expand over time.

In addition, a significant edge effect in the 2000 season was

detected using STCLASS but the sign ificance of this is unclear.

This failure of

di sease foci , or clusters, to expand as the epidemic progressed is consistent with the
involvement of a highly mobile aerial vector.

The observed pattern of di sease

incidence suggested that the vector, or vectors, of this disease, arrived within the trial.
fed on several neighbouring plants, and then either left the trial or moved at random to
another location within the plot.

The edge effect observed in the 2000 season

suggests that the infective leafhopper migration into the crop was directional but the
significance of this observation is uncertain because not enough is known about the
migratory habits of these insects, or their preferred host when stylo is not available.

The large numbers of small reflected clusters displayed in the distance class matrix
generated by STCLASS are an interpretation of the spatial relationships between the
apparently randomly distributed disease clusters that were observed within the trial.
However the importance of these reflected clusters is unclear. The recognition of the
distance classes that make up the reflected clusters as statistically significant could be
erroneous because of limitations in the stati stical methods used in the STCLASS
program. According to Ferrandino (1996) problems with the number of simulations
used in association with an insufficiently stringent significance level cause
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inaccuracies in the recognition of significant distance classes, resulting in a proportion
of distance classes being incorrectly designated as significant.

Ferrandino ( 1996)

proposes solutions to this problem, including the use of a more stringent significance
level.

However these solutions have not been used in this study because the

conclusions drawn from this analysis would not change even if a proportion of the
significant distance classes recognised by STCLASS were found to be in error.

Phloem feeding insects such as leafhoppers and planthoppers have been shown to
transmit phytoplasmas between host plants (Lee et a/., 2000).

In particular, the

leafhopper Orosius argentatus has been implicated in the spread of a wide range of
phytoplasma associated diseases throughout Australia (Hill & Helson, 1949; Hutton
& Grylls, 1956; Taylor, 1958).

Insecticide application has been found to be a

practical way of controll ing some phytopl asma associated diseases (Soika &
Kaminska, 2000; Zh ou et al. , 2002).

However, unless disease incidence is

exceptionally high early in the season, SLL is unlikely to have a serious enough effect
on seed yield or plant survival to warrant the application of insecticides (Chapter 5).
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CHAPTERS:

ASSESSMEN T OF STYLOSANTHES SEED YIELD REDUCTION
CAUSED BY PHYTOPLASMA ASSOCIATED DISEASES.

Australian Journal ofExperimental Agriculture (2002) 42: l 0531056
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5.2

ABSTRACT

The effect of Stylosanthes little leaf (SLL) disease on Stylosanthes scabra cv.
Seca seed yield was monitored over two consecutive seasons at Southedge
Research Station, North Queensland (16°59'S, 145°21'E; elevation 440 m). The
time of initial symptom expression was recorded during weekly surveys to
determine what effect time of infection after planting had on seed yield. First
flowering date was also recorded to establish if the developmental stage of the
plant, as indicated by onset of reproductive activity, at the time of symptom
expression influenced the effect of SLL on yield. At the end of each season both
diseased and asymptomatic plants were harvested and seed yield was determined.
Seed yield data from the 1999 season showed that there was no significant
difference between the mean yield of symptomatic plants, regardless of when
they first showed symptoms, and that of asymptomatic plants. However during
the 2000 season, plants that first showed symptoms early in the season were
found to have a significantly lower seed yield than both asymptomatic plants and
plants that became diseased later in the season. This decrease in productivity
amounted to a yield loss of 98.8% and 56.5% when the plants showed symptoms
at 79 and I I 0 days after planting respectively.

The relationship between

individual plant yield, and time between flowering and initial symptom
expression indicated that plants which first showed symptoms after flowering for
less than 30 days did not produce significant amounts of seed. Yield continued
to be low until plants had flowered for at least 60 days before symptom
expression, after which yield was extremely variable but within the range of that
observed for individual asymptomatic plants. It is concluded that SLL has little
or no effect on seed yield if plants have been flowering for approximately 8
weeks prior to symptom expression.
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5.3

INTRODUCTION

The improvement of native pasture by the addition of introduced grass and
legume species has made it possible for beef production in Australia to keep pace
with the specific requirements of the world market (Humphreys & Partridge.
1995; Walker & Weston, 1990). While there are many introduced grass species
that are useful in pasture improvement, legumes such as Stylosanthes spp (stylo)
have been found to be the most productive in northern Australia, allowing an
annual live weight gain of 30-60 kg/head greater than that achieved on pure grass
pastures (Coates et a/., 1997). The success of this genus has created a demand
for seed, both domestically and internationally, which is satisfied almost
completely by growers in North Queensland.

Stylo is susceptible to few insect pests and a limited number of diseases. The
most serious of these are anthracnose, caused by Colletotrichum gloeosporioides,
which was responsible for destroying Townsville stylo (S. humilis) from 1974
onwards, and botrytis head blight caused by Botrytis cinerea, which occurs
during periods of low temperature, high humidity and high rainfall (Coates eta!.,
1997; Hopkinson & English, 1990; Hopkinson & Walker, 1984; Lenne, 1994;

0' Brien & Pont, 1977). Another disease of concern is little leaf disease caused
by

phytoplasmas,

previously

known

as

mycoplasma-like

organisms.

Phytoplasmas are a group of non-cultivable intracellular pathogens transmitted
by phloem-feeding insects such as leafhoppers and are found in many
leguminous species (Bowyer, 1974; Davis eta/. , 1997b; Hutton & Grylls, 1956;
McCoy et a/., 1989; Schneider et a/., 1999b). Previous studies have shown the
association of several different types of phytop1asma with symptoms such as
reduced leaf size (little leaf), floral abnormalities and general proliferation of side
shoots (Chapter 2; Davis et al., 1997b; Schneider eta!. , 1999b) which are typical
of little leaf disease in stylo.

Since the phytoplasma types involved were

indistinguishable except through molecular identification techniques the term
stylosanthes little leaf (SLL) disease was adopted in Chapter 2 to refer to the
symptoms observed rather than to the specific types of phytoplasma identified.
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While the development of resistant varieties like S. scabra cv. Seca has
minimised the impact of anthracnose the effect of phytoplasmas on seed crop
yield is unclear. The purpose of this study was to determine whether SLL could
cause significant reductions in stylo seed yield. In addition the effect of time of
infection in relation to both planting and plant maturity was of interest to
determine if current management techniques would be effective in minimising
losses due to this disease.

5.4

MATERIALS AND METHODS

Sampling and phytoplasma screening
A plot of 2500 Stylosanthes scabra cv. Seca plants was grown at Southedge
Research Station, Queensland, Australia (l6°59' S, l45°2 l 'E; elevation 440 m).
The plot was grown from 6-8 week-old seedlings planted out on weed mat with a
spacing of 0.5 m. Seedlings were raised in an insect free glasshouse prior to
planting where they were fertilised weekly with a proprietary preparation
containing trace elements. Irrigation and soil nutrition were managed as for a
commercial crop (Hopkinson & English 1990). After planting (see Table 5.1 for
planting dates) the trial was surveyed weekly for SLL symptoms, the most
common of which were little leaf, proliferation and floral deformation. During
these surveys the presence of flowers was also noted to establish the reproductive
state of plants at the time of initial symptom expression. Each month all plants
that showed SLL symptoms in previous surveys were sampled (Table 5.1) for
PCR screening as described by in Chapter 2. Plants that were negative by initial
PCR testing were observed over subsequent surveys.

All of those that were

expressing definite SLL symptoms the following sampling date were retested and
returned a positive PCR result.

Phytoplasmas were never detected in

asymptomatic plant material.
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Table 5.1 Time of sampling and mean yield of plants, both symptomatic and
asymptomatic, harvested at the completion of the 1999 and 2000 seasons.

Block

99-0
99-1
99-2
99-3
99-4
99-5
99-6
99-A
00-0
00-1
00-2
00-3
00-4
00-5
00-6
00-A

Sampling for PCR test
Plant productivity
Plant dry
Number of
Date
index b
Days after Elanting weight 3 (g) Elants harvested
1999 Symptomatic
12 Dec. 1998
0
11 Mar. 1999
89
133
13
0.506
23 Apr. 1999
21
0.521
132
1885
21 May 1999
160
0.606
4696
30
17 June 1999
187
4564
30
0.591
5 July 1999
0.698
205
3882
30
247
0.734
16 Aug. 1999
4035
30
1999 Asymptomatic
14 Oct. 1999
306
18646
158
0.471
2000 Symptomatic
27 Jan. 2000
0
473
14 Apr. 2000
0.0 16
79
30
0.626
15 May 2000
1468
30
110
14 June 2000
2800
29
1.353
140
4 July 2000
160
1.387
2388
30
25 July 2000
1.443
181
278 1
30
21 Aug. 2000
207
1.593
2785
30
2000 Asymptomatic
21 Aug. 2000
207
4675
64
1.428
a Total

dry weight of all plants harvested for that sampling date.
Mean of yield determined for all groups of plants from each sampling date. Yield
was calculated by expressing the NK weight as a percentage of the total dry weight
and then dividing that by the number of plants in each group.

b

Seed yield determination

At the end of the 1999 season 158 plants not exhibiting phytoplasma symptoms
were chosen at random to determine asymptomatic yield. Initial data analysis
from the 1999 season indicated that it was unnecessary to harvest such a large
number of asymptomatic plants making it possible to reduce the number to 64 in
the 2000 season. While asymptomatic plants were being harvested symptomatic
plants (i.e. PCR positive fo r phytoplasmas) from each sampling date were also
harvested. All harvested plants were dried at 40°C for 48 h and then weighed to
determine plant dry weight. To allow the largest possible number of samples to
be harvested at the end of the 1999 season plants were pooled into groups of up
to 10 for seed recovery. The reduced number of asymptomatic plants harvested
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at the end of the 2000 season made it possible to process these samples
individually. The total pure naked kernel weight (NK) and plant dry weight data
for individuals from the 2000 season were pooled for comparison with yield data
from the 1999 season. In order to account for dead plants and variation in li ve
plant size the final yield was transformed into a plant productivity index. This
was done by expressing the NK weight as a percentage of plant dry weight.

Data analysis
The symptomatic and asymptomatic yields were used in a subsequent one-way
analysis of variance. This was followed by Tukey's test (McGuinness, 1999) to
determine which sampling dates were significantly different from the others. For
the 2000 season the time between first flowering and initial symptom expression
was plotted against yield to determine whether there was a relationship between
reduced yield and the reproductive state of each plant at the time of symptom
expression.

5.5

RESULTS

Phytoplasma screening and seed yield determination
The 1999 season was 306 days long with a total of 368 plants being found
phytoplasma positive by PCR. The 2000 season was considerably shorter (207
days) due to late planting and earlier harvest than the previous year. At the
conclusion of the 2000 season a total of 995 phytoplasma positive plants had
been detected. The mean seed yield for both symptomatic and asymptomatic
plants is presented in Table 5.1.

Data analysis
One-factor analysis of variance for the 1999 season showed that the seed yield of
PCR positive plants collected on all sampling dates was essentially equal to that
of the asymptomatic plants collected that year. In contrast to the data from the
2000 season, analysis of variance followed by Tukey's test showed that the mean
yield for blocks 00-1 and 00-2 (days 79 and 11 0) was significantly less than
those for the other sampling dates and the asymptomatic samples (Table 5. 1).
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The effect of phytoplasma infection in relation to the growth stage of the plant at
which symptoms were first detected is shown in Figure 5.1. This graph shows
that diseased plants did not produce significant amounts of seed unless they had
been flowering for at least 30 days before symptom expression. Reduced yield
remained common until plants had been flowering for at least 60 days before
symptom expression. Disease status after thi s 60-day period had no effect on
seed production which was highly variable but within the range observed for
individual asymptomatic plants (average asymptomatic yield fo r individual
plants was 7 ± 6.8% per plant)
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Figure 5.1 Yield vs. the time (days) between flowering and symptom expression
for all symptomatic plants harvested at the completion of the 2000 season. Yield is
a measure ofNK weight as a percentage of dry we ight per plant.

5.6

DISCUSSION

The agronomic advice given to stylo seed growers regarding SLL has come from
years of observation rather than specific scientific investigations. This is mainly
because until the recent development of molecular tools for the detection of
phytoplasmas detailed research into these pathogens was impossible. Though
unpublished, the accepted method for limiting yield losses due to most stylo
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diseases including SLL is to plant as earl y as the weather allows and to keep the
growing period short by encouraging early flowering. The data presented here
show that plants which were mature at the time of initial symptom expression
produced the same amount of seed on average as uninfected plants, while plants
that are immature at the time of symptom expression produced little or no seed.
In the context of a commercial seed crop in which plant populations are usually
high enough to permit compensation for early fai lures, individuals that are
infected when still young enough for SLL to reduce yield would soon be
overgrown or replaced by its neighbours. Thus significant yield losses due to
SLL would only be possible if incidence was extremely high very early in the
season before the majority of the plants had been flowering for 60 days or if the
plant population was low enough to prevent replacement of affected individuals.

It has been observed that the symptoms of little leaf disease in most legumes,

including Stylosanthes, are often restricted to a single branch if the plant was
reproductively active at the time of infection (Hutton & Grylls 1956). Hutton
and Grylls (1956) also observed that non-symptomatic parts of diseased plant
flowered and set seed normally. The maintenance of the same level of seed
production by mature plants regardless of SLL infection is probably due to thi s
ability to partition off diseased branches at the main stem, a characteristic which
was also observed in almost all mature plants that exhibited SLL symptoms over
the two years of this study. Phytoplasmas are phloem limited pathogens but are
capable of movement through sieve plates as well as horizontal movement into
adjacent companion cell s and phloem parenchyma (Bowyer & Atherton, 1970;
Rudzinska-Langwald &

Kaminska,

1999).

Whether the restriction of

phytoplasmas to a single branch is due to slow movement through the sieve
plates leading to blockages, possibly compounded by the high titre of the
organism, or a defence response by the plant, is unknown. Since the movement
of phytoplasmas in mature plants was observed to cease where the di seased
branch joins the main stem, regardless of the size of the branch, it seems likely
that it is a plant defence response rather than a physical blockage which would be
expected to be affected by the length of phloem traversed and the size and
frequency of sieve plates. Also if the vascular system of the plant was obstructed
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other symptoms such as yellowing would be expected in the diseased tissue.
This is not commonly observed. Whichever is the case the Jack of symptoms
over an entire mature plant makes it possible for stylo to maintain expected
levels of seed production even when disease incidence is high.

The 2000 season produced an asymptomatic yield approximately three times that
of the 1999 season. Production is highly variable between seasons but this large
difference could also be due to the late harvest in 1999. Thomson and Medeiros
( 1981) found that by September, the amount of fallen seed from Sec a was
increasing. It is therefore possible that by the time the plants were harvested in
1999 much of the seed would have fallen. The disease incidence in 1999 was
also much lower than observed in 2000. Numbers of insect vectors may have
been responsible for this difference, although not enough is known about
phytoplasma transmission and the biology of the likely vectors to draw any
conclusions. However, it is worthwhile to note the following; firstly the 2000
season was planted much later than the 1999 season, and secondly, styl o had
been grown at the site chosen for this trial for several years before this study so
there should have been no difference in incidence due to carryover of disease in
volunteer plants.

As stated previously agronomists encourage growers to plant early and keep the
season short. While this advice has been found to be effective in dealing with
other pathogens this study has shown that the length of the season is unlikely to
decrease losses due to SLL.

Planting early, however might be a useful

management strategy as the effect in the 2000 season would suggest that later
planting would lead to increased disease incidence. Our data indicate that plant
maturity has an effect on the impact of the disease. It appears that once the plants
are mature enough to set seed then that process is not adversely affected by SLL
possibly because the non-symptomatic part of the plant is able to compensate for
the reduced productivity of the symptomatic parts.
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CHAPTER6:

GENERAL DISCUSSION

Members of the genus Stylosanthes play an important role in beef production in
tropical areas of Australia. To support the widespread use of this legume in pasture
improvement, seed production on the Atherton Tablelands in north Queensland has
gradually increased, providing a significant income to a small number of specialist
seed producers in the area. In the past the main disease concern for both pastoralists
and seed producers has been the fungal disease anthracnose (Lenne, 1994). However,
in the 1997 season an apparently new disease causing the "reversion" of
inflorescences to a vegetative state was observed, occurring at an alarming level in
commercial seed crops that year. Preliminary studies indicated that this disease was
associated with a group of non-cultivable, phloem limited bacteria-like pathogens
called phytoplasmas. These organisms have been associated with a range of plant
diseases worldwide, including another disease of stylo called "little leaf' (Davis et a!.,
1997b & 2003; Lee et al., 2000; Lenne, 1994; Lenne & Calderon, 1984; Schneider et

al. , l999b; Seemiiller et al. , 1998).

Early studies demonstrated that little leaf affects a large range of pasture legumes,
including Stylosanthes spp., inducing symptoms such as reduced leaf size, shoot
proliferation and floral abnormalities, with symptoms often occurring in a single
branch (Bowyer, 1974; Bowyer et a!., 1969; Hutton & Grylls, 1956). This early
research also found that the leafhopper Orosius argenta/us, which is thought to
colonise stylo crops (R Hopkinson, pers. comm.), is capable of transmitting little leaf
disease to a range of host plants (Bowyer, 1974; Bowyer eta/., 1969; Hill & Helson,
1949; Hutton & Grylls, 1956). Recent studies using molecular tools have identified
several phytoplasma strains associated with little leaf diseases in a large range of
legumes (Davis et al., 1997b & 2003; Padovan & Gibb, 2001; Schneider et al. , 1999b,
Wilson et a/., 2001 ), though which of these strains was responsible for the disease

77

investigated in earlier studies is unknown. Even so this early work has provided a
useful insight into the biology of little leaf disease, identifying an insect vector of at
least one of the phytoplasmas involved, and determining the susceptibility of a range
of stylo species (Bowyer, 1974; Bowyer eta!., 1969; Hutton & Grylls, 1956).

This project grew out of concerns from both commercial seed producers and members
of the Queensland Department of Primary Industries (QDPI) about the effect of "little
leaf' and "reversion" diseases on stylo seed production in north Queensland. The
agreed objectives were to:
1. Describe the ''little leaf' and "reversion" syndromes and identify all the
phytoplasma strains associated with these diseases.
2. Determine if the major stylo species and cultivars grown in Australia are
susceptible to phytoplasma associated diseases.
3. Study the epidemiological characteristics of this disease and determine if this
information could be utilised to predict the impact of SLL on crop
productivity.
4. Consider the implications of these findings on what we know about the
biology of the different pathogens involved in SLL disease.
5. Determine if phytoplasma associated diseases can significantly reduce the
yield of commercial seed crops.
6. Consider the implications of these findings on current management practices.

During the 1997 season a large number of plants with "reversion" were observed.
After this project began in 1998, "reversion" as described in 1997 was rarely seen,
and certainly the characteristic elongated vegetative spikes growing out of what had
been inflorescences, was not frequently observed in commercial crops. The research
presented here indicated that several phytoplasma strains were associated with both
the "little leaf' and "reversion" symptoms, with no particular phytoplasma strain
clearly associated with either disease syndrome. This suggests that rather than being
caused by a new pathogen, the symptoms associated with "reversion" are an advanced
form of phyllody, a type of floral deformation that is commonly observed in
association with "little leaf' disease of this host. As a result it was suggested that the
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term stylosanthes little leaf (SLL) disease be used to refer to all phytoplasma related
diseases of the genus Stylosanthes which are characterised by both floral and
vegetative symptoms that occur at varying levels of severity

SLL disease in Queensland is associated with three phytoplasma strains, SPLL-V4,
PLL, and StLL. Two of these (PLL and SPLL-V4), are closely related to the sunn
hemp witches' -broom phytoplasma (Seem \.iller et al. , 1998) which is a member of the
peanut witches'-broom group (PnWB; Lee et al., 2000), while the third pathogen
(StLL) is most closely related to the loofah witches broom (LfWB) phytoplasma from
Taiwan (Schneider et a/., 1999b). Both LfWB and StLL are missing the tRNA11e
coding region within the 16S-23S intergenic spacer (Ho et al., 200 1). LfWB is a
di stant relative of the elm yellows, ash yellows and clover prol iferation groups,
although it is sufficiently different from members of these groups to justify classifying
it as a separate clade (Seemi.iller et a!. , 1998).

Members of the PnWB group are

common in Australia, with several new strains and many new hosts identified by
Davis et a/. ( 1997b & 2003) and Schneider et a!. ( 1999b). No relatives of StLL have
been detected in Australia, although one StLL variant has been identifi ed in the
herbaceous weed Bonamia pannosa (Padovan & Gibb, 200 1). ln addition, the host
range of this pathogen appears to be limited, having been detected in only six plant
genera (Davis et al. , 2003; Padovan & Gibb, 2001; Schneider eta/., 1999b).

The clarification of the relationship between " reversion" and "little leaf' and the
recognition that both of these diseases are part of a complex involving a range of
phytoplasma strains and associated symptoms, was an important step in determining
the affect of SLL disease on stylo seed crops. However the host range of this disease
in the genus Stylosanthes, particularly in recently developed commercial seed lines,
was unclear. To determine the extent of susceptibility within this genus the incidence
ofSLL disease was monitored in more than 20 stylo taxa, including many commercial
cultivars and some representatives of the original introductions from which the
commercial varieties were derived.

This research showed that most lines were

susceptible to SLL disease although the incidence varied greatly between taxa. This
finding supports that of Hutton and Grylls ( 1956) who observed that a wide range of

Stylosanthes spp. were susceptible to "legume little leaf' disease although several
species, including S. guianensis, exhibited some level of field resistance.

S.
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guianensis was included in this study, and was observed by Hutton and Grylls (1956)
to be among those with the lowest incidence of SLL disease. The reason for the
observed high variability in disease incidence between stylo taxa is unknown. It has
been suggested that the host range of the pathogens transmitted by 0. argentatus is
determined by the feeding preferences ofthe insect (Hill & Mandryk, 1954). If this is
the case, then it is possible that differences in plant characteristics such as stem
hairiness, the amount and composition of viscous exudate produced and growth habit
could have had a significant effect on the feeding activity of the vector(s) of SLL
disease, resulting in highly variable disease incidence data.

When SLL incidence in the commercial cultivar S. scabra cv. Seca was compared
with that for the descendents of the original S. seabra accessions imported from Brazil
(CPI numbers 40292 and 93116), SLL disease incidence was signi ficantl y greater in
the commercial cultivars than in the imported lines from which they were selected.
This suggests that there has been a genetic drift towards greater susceptibility to SLL
disease during the selection process.

This problem must be addressed in further

breeding programs if SLL disease is not to become a serious concern for commercial
seed producers. In addition. the components of the cultivar Siran, which is a mixture
of three stylo lines designed to have a broader resistance to anthracnose than Seca
(Edye, 1997a; Hacker, 1997), were found to be particularly susceptible to SLL
disease. Thus Siran, which is intended to be a replacement for Seca should it be
susceptible to new races of anthracnose (English, 1999), could be so seriously
affected by SLL disease that the commercial production of seed would be
significantly reduced.

To study the epidemiological characteristics of SLL disease, the appearance of
diseased individuals within a plot of 2500 S. scabra cv. Seca plants was intensively
mapped over two seasons. There is no evidence that SLL disease is seed transmitted.
However to try and ensure that all plants were disease free at the beginning of this
study the experimental plots were all planted from asymptomatic seedlings raised for
6 weeks in an insect free glasshouse. After transplanting in the field all plants were
monitored at approximately weekly intervals for the appearance of SLL disease
symptoms and other abnormal growth characteristics. No symptoms were observed
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for at least 6 weeks after transplanting. To ensure that all plants with SLL disease
were identified, any plants that appeared to have SLL disease symptoms or were
exhibiting unusual growth characteristics were tested for phytoplasmas by PCR. The
study area for this tri al was similar to that of a commercial seed crop so it was too
large to permit a detailed description of symptom progression over time, monitoring
the spread of individual phytoplasma strains, or secondary phytoplasma infection of
asymptomatic branches of affected plants.

The distribution of diseased Seca plants at the end of both seasons was analysed by
ordinary runs (Madden et al., 1982) and beta-binomial distribution (Hughes &
Madden, 1993 & 1997). The data suggested the presence of clusters of diseased
individuals (data not shown). However studies of SLL disease distribution throughout
the season using the programs FOCI (Nelson, 1996) and STCLASS (Nelson, 1995)
indicated that these disease clusters did not grow over time. This is not unexpected
given the mobile nature of the leafhopper vector and the lengthy incubation time
needed after acquisition before the insect is capable of transmitting the pathogen to a
new host (Bowyer, 1974). During this time it is likely that the insect would have
moved to another location some distance from where it acquired the pathogen. Thus
it is difficult to determine if diseased plants act as inoculum for subsequent infections
within the crop because there is no spatial relationship between these infected
individuals.

If 0. argentatus does colonise stylo stands, as is suggested by the

presence of large numbers of both adults and nymphs in commercial crops (R.
Hopkinson pers. comm.), it is likely that individual leafhoppers would remain within
the crop long enough to acquire and transmit the pathogen, resulting in the
accumulation of infective vectors during the season, leading to increased disease
incidence.

The movement of leafhopper vectors both within and between crops is important in
understanding disease epidemiology. Very little is known about the migratory habits
of the leafhopper 0. argentatus but the pattern of disease spread can provide some
information about the source of the infective vectors and their movements within and
between crops (Berger & Ferriss, 1989; Gottwald et a/., 1996; Pethybridge et a/.,
2000 & 2002; Polston et al., 1996). When mapping SLL disease, new diseased plants
generally occurred in small randomly positioned clusters with all the affected
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individuals that made up the cluster showing symptoms within a few weeks of each
other. This suggests that these small clusters of diseased plants became infected more
or less simultaneously and then the vector(s) move elsewhere, resulting in disease foci
that do not expand over time. The random spread of disease clusters could result from
a group of hoppers, some of which are infective, arriving within the crop together and
feeding on individual plants, or alternatively a very few infective individuals landing
and feeding on a small cluster of plants to which they transmit the pathogen (Berger
& Ferriss, 1989). However further investigation of the migratory and feeding habits

of this leafhopper are needed to provide insight into the mechanism of disease spread.

The appearance of SLL disease in the trials grown for this study indicates that there
was migration of infective vectors into the crop from some suitable host plant. A key
focus in many epidemiology studies is the search for alternative hosts that can act as
sources of inoculum for commercial crops (Carraro eta/., 2002; Groves eta/. , 2002;
Opoku et a!. , 2002; Padovan & Gibb, 2001), although in many of these reports the
identity and significance of alternative hosts is not full y resolved. Determining the
source of SLL disease is less problematic since this trial, and many commercial stylo
crops in north Queensland, are surrounded by volunteer and naturalised stylo plants
which make up much of the understory of dryland forests in the area.

This

uncultivated stylo is likely to act as an alternative host for both the vector(s) and the
pathogens associated with SLL disease so sources of inoculum for this study were
abundant. However future studies of SLL transmission should investigate the role of
naturalised stylo and other herbaceous species as alternative hosts of these pathogens.

Various vectors, including 0. argentatus, have been found to transmit several
different, but generally closely related, phytoplasmas (Bowyer, 1974; Granados &
Chapman, 1968; Klein et al., 2001; Lee et al., 1998), so it is possible that the
phytoplasma strains associated with SLL disease, particularly PLL and SPLL-V4
which are closely related, are transmitted by the same vector. However, even if the
vector species for some, or all, of these pathogens were the same it is uncertain that
their transmission characteristics would be identical (Granados & Chapman, 1968;
Lee et a!., 1998).

Differences in transmission characteristics of the various

phytoplasma strains associated with SLL are likely to change the dynamics of the
SLL disease epidemic depending on which strain is most abundant, making
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epidemiological studies of individual phytoplasma strains difficult. However. some
aspects of thi s disease could be studied in relation to specific phytoplasma strains. In
particular the symptoms induced by the different pathogens and their virulence was
investigated, providing some insight into the biology of these organisms.

This is

especially useful since the phytoplasmas associated with SLL have been di stinguished
based on differences in their ribosomal gene sequences, the significance of which is
uncertain (Botti & Bertaccini, 2003; Fox eta!., 1992; Stani uli s eta!., 2000).

Initially it was thought that the agents associated with SLL disease could not be
distinguished based on the symptoms they induce, but further investigation revealed
subtle differences in the floral symptoms that was consistently associated with the
presence of a particular phytoplasma strain. Specifically, SPLL-V4 was associated
with virescence, while PLL was associated with phyllody. This finding is similar to
that of Padovan and Gibb (2001) who noted an association between SPLL-V4 and
virescence, and TBB and phyllody in papaya affected by papaya yellow crinkle
disease. The association of different symptoms with the TBB, SPLL-Y4 and PLL
phytoplasmas suggests that these organisms are not as closely related as indicated by
ribosomal gene comparisons, a phenomenon that has been noted by other researchers
(Botti & Bertaccini, 2003; Fox et al., 1992; Staniulis eta!., 2000). This finding also
implies that the phytoplasma strains PLL and TBB which both cause phyllody, may
be more closely related to each other than either strain is to SPLL-V4. This finding is
not unexpected given that the genomes of SPLL- V4 and TBB have been shown to be
significantly different in previous studies of these organisms (Padovan et a!. , 2000;
Schneider et a/., l 999a).

Further investigation of the biology of the phytoplasmas associated with SLL disease
was achieved by comparing the virulence or aggressiveness of the different
pathogens, an approach that has been used in other host-pathogen systems (Berges &
Seemiiller, 2002; Harrison eta/., 2002; Sinclair & Griffiths, 2000). The number of
deaths and the time from symptom expression to death were measured as indicators of
phytoplasma virulence. However the number of deaths due to phytoplasma disease
during this study was low (less than 5%) so statistical analyses of the distribution of
these deaths between phytoplasma strains was not possible. Analysis of the average
time between symptom expression and death for each phytoplasma type was also
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inconclusive. This was mainly because of the small number of deaths but also because
of the extreme variability in the time between infection and symptom expression
(Hutton & Grylls, 1956), the time between surveys (7 days) and the accuracy of
symptom recognition in the field. Interestingl y the average survival of stylo plants
positive for SPLL-V 4 and PLL is similar to that observed by Padovan and Gibb
(2001) in papaya plants positive for SPLL-V4 and TBB respectively.

Although differences in the virulence of the individual phytoplasma strains associated
with SLL were not detected in this study, it was noted that mixed infections of two
phytoplasma strains (StLL with either PLL or SPLL-V4) were significantly (p = 0.01)
more likely to die after becoming symptomatic than plants affected by any of these
pathogens individually. Similarly, the average time between symptom expression and
death for mixed infections tended to be shorter than that determined for plants
affected by the individual phytoplasmas strains although these values were not
significantly different (p

=

0.05). Other researchers have noted differences in the

severity of symptoms due to mixed phytoplasma infections (Staniulis et al. , 2000)
although no differences in symptoms were noted during this study.

The small number of deaths due to SLL suggests that this disease would not seriously
affect the seed yield of commercial crops. However the potential for leafhoppers
colonising the crop to acquire and transmit the disease within stylo stands could lead
to significant amounts of disease by the end of a season. To determine the possible
impact of high levels of SLL the seed yield of plants affected by SLL was compared
to that of plants that remained asymptomatic throughout the season. The effect of
SLL di sease was dependent on the developmental stage of the plant at the time of
infection, i.e. plants that became diseased before fl owering was well established had
significantl y lower seed yield than those that became diseased later in the season.
This means that the longer the onset of disease is delayed then the less likely it is to
adversely affect seed yield. The ability of plants that became diseased when mature
to produce similar amounts of seed to asymptomatic plants is probably due to the
ability of unaffected parts of diseased plants to compensate for the lack of production
of the diseased part, a characteristic that has also been observed in other extensive
cropping systems (McKirdy et at., 2002). This phenomenon was not studied in detail
during thi s project although previous studies by Hutton and Grylls (1956) reported the
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restriction of symptoms to a single branch while unaffected branches set seed
normally, a finding that is in agreement with the work presented here.

Results from these studies indicate that current management practices, based largely
on anecdotal evidence, provide the best guide for optimum stylo seed production. The
tendency for seed producers to select for earlier flowering varieties will help to reduce
the impact of SLL by decreasing the time when they are most vulnerable to the
disease i.e. from emergence to established flowering. Treating this crop as an annual
is also beneficial since it prevents the accumulation of disease between seasons and
limits the carry over of vector insects into the new crop. Epidemiological studies
indicated that this disease does not spread between neighbouring plants confirming
the involvement of a mobile aerial vector in the transmission of SLL. The potential
for this insect to colonise stylo stands does suggest that insecticide application might
be a useful tool for limiting disease incidence. However, the small number of deaths
due to SLL disease combined with the minor effect this disease has on seed yield
means that changes to crop management under normal production conditions are
unnecessary. In cases where harvest is delayed because the initial seed set is lost due
to frost or other unexpected environmental conditions a single application of
insecticide might be useful to reduce the vector population and therefore slow the
spread of SLL disease, an approach which has also been suggested to control the
spread of the aster yellows phytoplasma between subsequent lettuce crops (Zhou et

al., 2002).

The main findings of this study were:
•

A range of abnormal growth characteristics are associated with several
different phytoplasma strains.

As there is no clear association between

symptoms and a particular organism the name Stylosanthes little leaf disease
was suggested to refer to all phytoplasma associated diseases of plants of the
genus Stylosanthes.
•

Of the phytoplasmas associated with SLL disease one was found to have a
significantly different gene arrangement in one of its two ribosomal operons.
The only other phytoplasma found to have a similar arrangement of genes
within this operon is Loofah witches' broom from Thailand.
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•

Screening of commercial stylo cultivars found that most are susceptible to
the disease.

These finding also suggest that the breeding programs

established to develop anthracnose resistance may have inadvertently
increased susceptibility to SLL disease.
•

Spatial and temporal studies of SLL disease support the involvement of a
highly mobile aerial vector. No evidence of disease spread from one plant to
its neighbours was found.

•

Seed yield was only affected by SLL disease when plants became diseased
before flowering was well established indicating that high levels of disease
late in the season, when flowering is well underway, is unlikely to
significantly reduce seed yield.

The work presented in this thesis has successfully addressed the concerns of industry
groups and QDPI staff about the impact of SLL disease on stylo seed production in
north Queensland. However this research has also revealed some areas in which more
research is necessary including:
•

the role of volunteer and naturalised stylo, and other alternative hosts in the
maintenance of both the pathogen and vector between growing seasons.

•

the ability of 0. argentatus to transmit the different phytoplasma strains
associated with SLL disease and their ability to transmit multiple
phytoplasmas simultaneously.

•

transovarial transmission of these pathogens by their vector and the effect of
this phenomenon on the potential value of insecticides to control SLL
disease.

•

the colonisation of stylo crops by 0. argentatus and the breeding cycle and
migratory habits of this insect.

•

the effect of environmental conditions on leafhopper populations.

•

the clarification of the genetic relationships between SPLL-V4, PLL and
other closely related phytoplasmas.

•

the implications of these findings on persistence and quality of stylo m
improved pastures. In particular the effects of seed yield reduction, build up
of inoculum and vectors, and effect of pathogen on plant nutritional value
and palatability.
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