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Abstract: 

Since MLOs cannot be cultured in vitro little is known about them and the plant diseases they 

are associated with. A number of criteria such as disease response to tetracycline treatment, 

transmission by grafting and insect vectors, and observation of the organism in phloem cells 

of diseased plants are used to study these associations. These criteria form the basis of this 

study which investigates an association between sweet potato 'little-leaf (SPLL) and a MLO 

in the Northern Territory . Characteristics of this disease-plant interaction were also 

determined by plant growth and cultivar susceptibility trials. 

Mycoplasma-like bodies were observed in the phloem sieve cells of both graft inoculated plants and 

field infected plants using electron microscopy. The phloem tissue of diseased plants that was treated 

with a fluorescent DNA stain exhibited a distinct intense fluorescence that indicated the presence of 

MLOs. Using this method it was shown that the phloem tissue of diseased plants was not uniformly 

infected although adjacent cells of a continuous strand of phloem were infected. 

Disease symptoms were alleviated following treatment with tetracycline at concentrations of 10 and 25 

ug/mi. At these concentrations the maximum mean number of symptomless leaves as a percentage of 

the total numbers of leaves increased until week 3 and 4 respectively, after which the mean percentage 

of symptomless leaves declined indicating that this disease response was temporary. In this study, the 

increase in the number of symptomless leaves is defined as symptom remission in leaves that were 

present at the time of treatment, and the suppression of symptoms in new leaves formed after 

tetracycline was applied. 



The MLO vector Orosius argentatus was collected from Trianthemaportualcastrum (pigweed) that 

invaded SPLL infected local sweet potato crops. Specimens of Orosius argentatus collected from this 

weed, which also showed 'little-leaf symptoms, transmitted a MLO to Catharanthus roseus healthy test 

plants during transmission trials. The greening of flowers observed in these test plants was similar to 

symptoms observed in Catharanthus roseus that had been infected with SPLL using the parasitic vine 

dodder. 

Sweet potato plants (cv. L0323) graft inoculated with SPLL infected scion material produced less total 

dry weight than control plants. At the final harvest six months after inoculation, the leaf area of 

diseased plants was reduced by 95%. A 75% reduction in the mean number of tubers per plant was 

also recorded in diseased plants. In cultivar susceptibility trials symptoms of the disease were observed 

in all seven sweet potato varieties that were graft inoculated with the disease. 

These results characterise the response of sweet potato to this disease in the Northern Territory and 

provide evidence for an association between 'little-leaf symptoms in sweet potato and a MLO. This 

work also reports the first transmission of a MLO by field collected Orosius argentatus in the Northern 

Territory. 
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Chapter 1: General Introduction 

I Introduction 

In 1990 a disease causing stunting, little-leaf, vein clearing and proliferation symptoms was observed 

in sweet potato (Ipomea batatas) crops near Darwin (Gibb and Conde pers. corn.). It is thought that 

the disease is associated with a mycoplasma-like organism (MLO) (Conde unpublished, Gibb and 

Padovan, 1993) however this association has not been studied in Australia. Similar disease symptoms 

in sweet potato have been associated with infection by MLOs in Tonga ( Kahn et al., 1972), the 

Solomon Islands (Dabek & Gollifer, 1975; Dabek & Sagar, 1978; Jackson and Zettler, 1983) and 

Vanuatu, New Caledonia, and Niue (Pearson et al.,, Internal Report). In Papua New Guinea Pearson et 

al., (1984) recorded additional symptoms of leaf curl, and a reduction in tuber yield and internode 

length. Characterisation of sweet potato little leaf (SPLL) disease in the Northern Territory is reported 

in this thesis. 

II Characteristics of Mycoplasma-like organisms (MLOs). 

It is not possible to discuss all the biological characteristics of MLOs in this introduction so only 

specific information relating to MLOs in sweet potato or studies in Australia are reviewed. MLOs are 

wall-less procaryotes that belong to the class - Mollicutes, order - Mycoplasmatales. In 1967, Doi and 

colleagues observed MLOs in the phloern elements of diseased plants, since then many diseases 

originally thought to be caused by viruses are now associated with infection by MLOs. MLOs have 

been recorded throughout the world as the causal agent of a wide range of plant diseases notably the 

"yellows" group, and are discussed in detailed reviews by Hull (1971), Ploaie (1981), Markham (1982) 

and Whitcomb et al., (1982). MLOs are phloem limited organisms which occur in random cells along 

a strand of vascular tissue with little or no movement into adjacent tissue (Behncken, 1983). It is 

thought that MLOs inhibit sap flow and the transport of photosynthates which results in destruction of 



chlorophyll and tissue chiorosis (Sutic etal., 1991) Kirkpatrick (1989) suggests this mechanism may 

also explain why the root systems of many MLO-infected plants become necrotic and die. 

Currently MLOs are still named using the common name of the plant in which disease symptoms are 

observed, for example tomato big bud, legume little leaf, and aster yellows. Proof of pathogenicity 

via Koch's postulates has not been possible since plant pathogenic MLOs cannot be cultured in-vitro. 

Information on the morphology and phylogeny of MLOs is still being elucidated. Current molecular 

studies of the MLO genome may in the future determine their phylogeny and the genetic relatedness of 

MLOs from different countries or sources (Arora and Sinha, 1988; Archer and Daniels, 1982, 

Kirkpatrick, 1989). Evidence of their association with plant diseases is supported by symptoms, plant 

host range, in situ observations of the organism, sensitivity to tetracycline, and transmission via 

grafting, parasitic plants or leaflioppers.. 

III Observations in situ 

The electron microscope studies of Doi etal., (1967) showed pleomorphic wall-less organisms were 

present in the phloem of yellows infected plants (Kirkpatrick, 1989). Since this discovery, the 

recognition of MLOs as plant pathogens has relied heavily on transmission electron microscopy 

(TEM) to detect the presence of MLOs in plants that exhibited symptoms of disease (Waters, 1982). 

The detection of MLOs in cells of leathoppers used in transmission trials has also been used to support 

both MLO pathogenicity and leafhopper vector status. 

An inability to culture MLOs, or to extract these organisms for observation using light microscopy 

meant that they had to be observed in situ. Light microscopy was used in conjunction with various 

staining techniques to indirectly detect the presence of MLOs (Kartha et al., 1973), although very little 

information on their ultrastructure could be ascertained. In addition to the limited resolution of light 

microscopy, MLOs are difficult to study in situ because they are contained under positive hydrostatic 

pressures in the cell contents of continuous phloem conduits. Any disruption to the phloem releases 

this pressure 'explosively' which affects MLO morphology and distribution (Water, 1982). Fortunately 
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some of these problems are avoided using TEM and scanning electron microscopy (SEM) techniques 

providing that initial tissue fixation is adequate. 

A wide range of MLO profiles in electron micrographs initially appeared confusing with the most 

common profile being circular. Serial sectioning (Florance etal., 1978) and scanning electron 

micrographs established that MLO shape is highly pleomorphic. Kirkpatrick (1989) describes general 

MLO morphology as multibranched and filamentous, with filaments often oriented parallel to the 

length of the phloem element so that cross sections through a phloem cell suggest that MLOs are 

spherical or oval. Four forms of MLO have been recognised on the basis of their size, shape and 

internal structure and it is proposed that these forms represent developmental stages in the growth of 

MLOs in vivo (Sinha etal., 1969; Kirkpatrick 1989). Many other properties of MLOs, for example 

the lack of a rigid cell wall, have been elucidated using electron microscopy and these findings are 

reviewed by Kirkpatrick (1989) and Maramorosch (1976). 

Fluorescent microscopy using the DNA-binding fluorochrome 4'-6-diamidino-2-phenylindole (DAPI) 

is a highly sensitive method for detecting MLOs in a wide range of plants (Hiruki, 1988). DAPI binds 

preferentially to MLO -DNA forming a complex that exhibits a strong fluorescence. Increased 

staining efficiency has been achieved by including the use of pectinase to induce tissue separation 

before DAPI is applied to the tissue (Cazelles, 1978). In unstained plant tissue there are certain 

substances that exhibit natural autoflorescence, for example xylem elements and the walls of 

sclerenchyma and collenchyma cells. Thus this technique involves a comparison between the 

fluorescing tissue of plants with and without symptoms. In a time course study by Hiruki (1988), 

Catharanthus roseus plants were graft inoculated with four MLO isolates and during a 7 week period 

internode sections from treated and control plants were examined using the DAPI test. In addition to 

detecting the presence of the MLOs, results showed that the amount and intensity of the fluorescence 

in phloem cells of the diseased plants was related to the severity of symptoms. Although this 

technique cannot differentiate between MLOs it is a rapid test for detecting the presence of MLOs in 

diseased phloem tissue, and has been adopted for the mass-screening of 365 South Pacific sweet potato 

cultivars (Pearson eta.!, internal report). 
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IV Response of MLOs to Tetracycline 

Tetracyclines inhibit protein synthesis in procaryotic cells and it is thought that a similar mechanism is 

responsible for MLO sensitivity to this group of antibiotics. The ability of tetracycline to induce 

symptom remission, and the reappearance of normal growth following treatment has been taken as 

evidence that MLOs and Rickettsia-like organisms observed in diseased plants are the causal agents 

(Behncken, 1983) . Parallel electron microscopy has confirmed an association between tetracycline 

induced symptom remission and the disappearance of MLOs in treated phloem (Maramorosch, 1984). 

Similar studies with insect vectors show a correlation between symptom disappearance and reduced 

vector efficiency (Kirkpatrick, 1989). 

Experimental application methods include injection (Capoor et al., 1973), soil drenches, foliar sprays, 

leaf dip (Frederick, et al., 1971) and root dip (Davis et al., 1968). In sweet potato, Kahn et al., (1972) 

and Pearson et al., (1984) tested the response of'little-leaf symptoms' to oxytetracycline and 

tetracycline using foliar sprays and root dipping. Similar results were obtained with both forms of 

tetracycline and it was reported that the amount of symptom remission varied depending on 

tetracycline concentration and the mode of application. Their results plus additional evidence from 

electron micrographs and fluorescent microscopy have been presented to support an association 

between a MLO and the disease little leaf of sweet potato in Papua New Guinea and Tonga. 

V Graft Transmission of MLOs. 

Graft transmission is the only successful method of mechanically transmitting MLOs other than use of 

the parasitic plant dodder. Graft transmission of MLOs is used experimentally for inoculating healthy 

plants however it is not possible to quantify inoculum levels. Various types of grafts have been used 

for example, Jackson and Zettler (1983) achieved transmission of SPLL from I. batatas to I. erico!or, 

I. indica, I. ni!, I. purpurea, I. setosa and I. tri!oba using wedge grafts. Van Velsen (1967) used 

approach grafts to transmit SPLL from I. batatas to I. nibro-coeni!ia, I. purpurea, and I. setosa, and 

tuber grafts between I. batatas. Both researchers noted a variation in the time period between 
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inoculation and symptom expression for plants of the same species. This variation could be attributed 

to different inoculum levels in the scion and different rates of healing of the graft union. Rates of 

healing depend on plant age and vigour as well as environmental factors and graft technique (Hartrnan 

et al., 1990). In a study by Kuske et al., (1992) it was shown that two strains of the western aster 

yellows MLO moved from ungrafted shoots to grafted shoots approximately I week after the graft 

unions had healed. 

VI Insect Vectors 

Insect vectors of MLOs are leathoppers (Cicadellidae), planthoppers (Fulgoridae) and psyllids 

(Psyllidae) (Maramorosch, 1981). Osmelak (1984) suggests that a more correct grouping of MLO 

vectors would be the superfamilies - Cicadelloidea, Fulgoroidea, Cercopoidea and Psylloidea which 

includes other documented vectors such as a cixiid O!iaus atkensoni (Myers) and a cercopid Philaenus 

apumarius (L.) One hundred and thirty species of leathoppers (Cicadellidae) are known to transmit 77 

disease agents of which 31 are MLOs (Harris, 1980). Comprehensive lists of leafhopper vectors and 

the pathogens they transmit are provided by Chiykowski (1981) and Nielsen (1979). 

The mode of transmission of MLOs by leathoppers is circulative and the pathogen multiplies in the 

vector (Chiykowski, 1981). Leafhoppers require a minimum inoculation access period before they can 

become infective and the period during which the MLO multiplies in the insect vector is called the 

pathogen incubation period. Chiykowski (1991) reports that the acquisition efficiency of adults and 

nymphs differ between genera or species of leathoppers. His results showed that Paraphiepsius 

irroratus (Say) adults and nymphs were equally efficient in the acquisition of clover phyllody (CP-

MLO) however nymphs of Macrostelesfascfrons (Stal) were less efficient than adults, and for 

Aphrodes bicinctus (Shrank) adults were more efficient than nymphs at acquiring CP-MLO. Pathogen 

incubation period was similar for all three leathoppers (33.5 days) and percentage transmission was 

dependent on the length of the acquisition access period. In a separate experiment, his results showed 

that the transmission efficiency of Paraph/epsius irroratus was two to three times greater when fed on 

CP-MLO infected Matricaria. maritima L., TrfoIium. repens L., and Trfolium pratense L as 

compared to Callistephus chinensis Nees and Chrysanthmum carinatum L., and Chiykowski concluded 
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that the right selection of MLO infected plant source and leafhopper combination, was a prerequisite 

for obtaining a true assessment of the vector's ability to transmit a particular MLO. 

Leathoppers can move over distances which vary from a few miles to several hundred miles. Such 

movement is either local, between plants in a field, or dispersive which is from breeding areas or 

overwintering sites to a crop. The extent of leafhopper movement is dependent on vector longevity, 

host range, host preference and availability, and climate (Chiykowski, 1981). Leafhoppers moving 

into the crop after initially acquiring the pathogen from infected weeds or crops outside the area, are 

considered to be the prime source of infection. Leafhopper longevity is influenced by moisture, food 

plant availability, temperature and seasonal conditions (Delong, 1967). Details on the biology of 

leafhoppers and their role as vectors of plant pathogenic MLOs, are provided by Delong (1971), Nault 

etal., (1976), Maramorosch etal., (1979), Whitcomb etal., (1982) and Maramorosch etal., (1988). 

In the Pacific, insect transmission of SPLL was successful using the leafhopper, Orosius !otophagorum 

ryukyuensis (Ishihara) (Jackson etal., 1983) and the mind Ha!ticus tibia!is (Van Velsen, 1967). 

Jackson et al., (1987) achieved a 50% transmission rate of SPLL to I. batatas using Orosius 

lotophagoruin ryukyuensis and he attributes a high incidence of witches' broom infected sweet potato 

plants on the Guadalcanal Plains, to a disproportionately high dry season population of this leafhopper. 

Since planting material from the Choiseul, Nggela and Russell Islands originated from the 

Guadalcanal, he suggests that a long history of inter-island exchange of planting material could be 

responsible for the outbreaks of sweet potato witches' broom in the Solomon Islands. Previous 

transmission trials with whiteflies, P!anococcus citri and Bemesia labaci, aphids - Myzuspersicae 

Sulz. and Aphis gossypii Glov., delphacids Tarophagusproserpina Kirk., Javase!!apel!ucida Fabricius 

and Laode!phax striate!lus Fallen and a cicadellid Eusce!isp!ebejus were unsuccessful (Van Velsen, 

1967; Dabek and Sagar, 1978). Transmission trials in Korea using Myzus persicae and Cicade!la 

viridis were also unsuccessful (So, 1973). 



VII MLOs in Australia 

According to Grylls (1979) the earliest recorded plant disease that was later associated with a MLO 

was rosette of tomato, which was renamed tomato big bud by Samuel etal., (1932). Grylls highlights 

the fact that Samuel and colleagues presented their paper to call attention to "morphological and 

anatomical changes which differ from those associated with any other virus disease", and concludes 

that in retrospect this was significant since the disease is now associated with a MLO (Bowyer, 1969). 

It is also interesting to note that Samuel's group suggested that in relation to effects on the host plant, a 

parallel could be drawn between tomato big bud and cranberry false blossom, a disease that was 

transmitted by the jassid Euscelis striatulus and was also later associated with infection by a MLO 

(Chiykowski, 1981). 

Other MLO associated plant diseases in Australia are legume little leaf, lucerne witches' broom, purple 

top wilt of potato, clover phyllody, strawberry little leaf, papaw yellow crinkle, big bud of tobacco, 

rubbery wood of apple (Osmelak, 1984), bunchy top of peanut, virescence of choko and sesame, 

phyllody of foxglove (Behncken, 1983) and Australian Grape Vine Yellows (Magarey etal., 1988). 

Many records of MLO associated diseases in ornamental and weed species remain unpublished. 

Although SPLL has been observed in the field in Australia (Gibb, Conde pers. comm, Behcknen, 

1983), no work which characterises this disease-plant association has been published 

Early detailed studies of MLO associated diseases are reported for tomato big bud (TBB) , legume 

little leaf (LLL) and lucerne witches' broom (LWB). Using electron microscopy Bowyer etal., (1969) 

observed mycoplasma-like bodies in phloem cells of green Catharanthus roseus petals experimentally 

infected by insect transmission of LLL. Pleomorphic mycoplasma-like bodies were characterised by 

their limiting unit membranes 70-90 A thick, central regions containing possible nuclear fibrils, and 

peripheral cytoplasmic areas containing apparent ribosomes, evidence that was similar to the findings 

of Doi etal., (1967). MLO bodies were also found in the salivary glands and alimentary canals of the 

infective leathopper, Orosius argentatus (Evans), and in LLL infective dodder (Bowyer et al., 1971). 

Electron micrographs of MLOs in phloem cells of diseased grape vines (cv. Riesling) has also 



provided evidence to support the theory of an association between Australian Grape Vine Yellows 

symptoms and MLO infection (Magarey etal., 1988). 

Bowyer etal., (1971) used tetracycline (achromycin or aureomycin) to suppress symptoms of LLL in 

tomato, aster and Nicotiana glutinosa. Tetracycline- induced symptom suppression was correlated 

with the absence of mycoplasma-like bodies in symptomless new growth, and with the failure of 

leathoppers to acquire LLL from such growth even though LLL infectivity persisted in symptomless 

shoots after tetracycline treatment ceased. Bowyer etal., (1974) suggested that the time interval 

before symptom development could represent a pathogen incubation period in which the organism 

multiplies and re-infects the plant. 

Comparative symptology, pathogen incubation period within the host plant, and insect transmission 

were initially the only tools available for distinguishing between MLOs associated with plant diseases. 

Bowyer et al., (1974) used these criteria to differentiate between TBB, LLL and LWB. They 

concluded that a severe strain of LWB was indistinguishable from LLL and that the common names of 

the diseases do not necessarily reflect differences among the associated MLOs. If the pathogen 

incubation period and comparative symptomology are to be used as criteria for differentiating between 

MLO strains, then the work of Day etal., (1951) and Helms (1957) should be taken into consideration. 

Day etal., (1951) reported that the feeding tracks of the vector Orosius argentatus terminated in 

phloem tissue in varying frequencies depending on the species of plant. The results of Helms (1957) 

indicated that the age of the test plants, and the time of year when trials were conducted, influences 

both pathogen incubation period and the type of symptoms observed. Transmission trials conducted at 

different times by Helms (1957) showed a variation in pathogen incubation period from I to 10 months 

using dodder, and from 3 weeks to 8 months using graft transmission. She concluded that transmission 

trials should be carried out in parallel. Similar concerns regarding the influence of variablility in plant 

host environment and inoculum concentration have been expressed by Kuske etal. (1992). 



VIII Insect Vectors of MLOs in Australia 

Since early studies on leafhopper transmission in Australia, very little work has been done to identify 

vectors, although this is possibly due to a lack of information regarding the leafhopper fauna of 

Australia (Grylls, 1979). Transmission studies during the 1950s-1960s, as reported by Grylls (1979), 

identified the leafhopper Orosius argenlatus (Evans) , formerly known as Thamnotettix argentata 

(Evans) to be the vector of tomato big bud (Hill, 1941), lucerne witches' broom (Helson, 1951), potato 

purple top wilt (Norris, 1964), legume little leaf (Hutton and Grylls, 1956) and papaw yellow crinkle 

(Greber, 1966). 0. argentatus is present in every state of Australia (Hill and Helson, 1949) and it has 

a wide host range with different plants serving as hosts for different stages of its' lifecycle (Helson, 

1942). Batrachomorphuspunctatus and two unidentified species of Euscelis are also listed as vectors 

that belong to the Cicadellidae. No vector species have so far been identified from the other main 

group of plant disease vectors the Delphacidae, which is due partly to a lack of knowledge regarding 

their distribution, host plant range and taxonomy (Grylls, 1979). Osmelak (1984) proposes that all 

insects which are known to transmit plant diseases in Australia should be considered as potential MLO 

vectors. He compared Australian genera of the superfamilies Cicadelloidea and Fulgoroidea with 

reports of known vectors of plant diseases from around the world and lists 22 genera which he 

considers contain potential MLO vectors. 

VIII! Objectives of the thesis 

Since SPLL was detected in the Northern Territory in 1990, studies have begun to characterise the 

disease-plant interaction. The objective of this thesis was to study the interaction and provide results 

that demonstrate an association between a MLO and little leaf disease symptoms in sweet potato 

grown in the Northern Territory. The MLO was observed in situ using fluorescent and electron 

microscopy. The effect of antibiotics on symptom expression was also tested. Growth studies were 

done on inoculated plants and new cultivars of sweet potato were graft inoculated to determine their 

susceptibility to SPLL. Leafhoppers were collected from sweet potato crops at Coastal Plains 

Research Station (NT DPI&F) and caged on healthy plants in an attempt to identify vectors of the 



disease. Feeding trials were conducted using field collected Orosius argentatus to test for MLO 

transmission and plants showing symptoms were screened for MLOs using fluorescent microscopy. 

10 
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Chapter 2: General Materials and Methods 

I Introduction 

Since MLOs cannot be cultured in vitro it was necessary to propagate the MLO in sweet potato plants 

by graft transmission. Diseased plants for trial work were obtained using graft inoculation thus a 

supply of healthy sweet potato plants was also needed. The methods for both MLO maintenance and 

sweet potato propagation are discussed in this chapter, any variations to these methods are reported in 

the appropriate trial which are discussed in the following chapters of this thesis. 

II Source of infected and healthy sweet potato plants 

Vegetative runners of SPLL infected plants (cv. L0323) were collected from sweet potato plants 

growing at the Northern Territory Department of Primary Industries and Fisheries (N.T. D.P.I&F) 

Coastal Plains Research Station (CPRS), 60 kilometres southwest of Darwin. These runners were 

trimmed and potted into a tropical soil mix (Conde pers. corn.) These plants were maintained in a 

shadehouse at NTU and watered by overhead irrigation. This material was used as a source of scion 

material in graft transmissions (Chapter 2, Section III). 

Healthy sweet potato cuttings were obtained from disease-free stock plants housed in an insect proof 

glasshouse at the CPRS. One stock plant of each cultivar was maintained in the shadehouse at NTU 

and all healthy plants were propagated either from these plants or the original pathogen-free stock 

plants at CPRS, or from the tubers of these stock plants. 

III Maintenance of the MLO in sweet potato 

SPLL infected plants were maintained in the shadehouse as a source of inoculum. To establish a 

continuous supply of infected material, SPLL infected scion material was wedge grafted onto healthy 

L0323 rootstock. This method was later modified by using the cultivar Collyarnbally as a rootstock in 

place of L0323 because infected plants with a Collyambally rootstock appeared to survive longer than 

those with an L0323 rootstock. These infected stock plants were used as a source of infected scion 
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material for cultivar susceptibility trials and growth studies (Chapter 4). In these trials, disease 

transmission was achieved by side grafting. In this technique diseased scion material which consisted 

of a growing tip and two nodes with 0-4 leaves was inserted into the side of the stem of healthy sweet 

potato plants. The insertion was made within the first internode above the soil surface. Grafted plants 

were grown in 50% shade and the humidity was increased by placing grafted plants in a mist tent, or 

by covering pots with plastic bags which were removed after 10 days. On average only 70 percent of 

grafts were successful so when propagating plants for disease inoculation, this success rate was taken 

into consideration so that a minimum number of inoculated plants could be obtained. 

IV Crowing sweet potato plants 

All healthy sweet potato plants were propagated from cuttings (Chapter 2, Section II) that consisted of 

a growing tip and two nodes with 0-4 leaves. Cuttings were placed in propagating trays containing 

50% sand and 50% perlite so that roots could form. Table I is a production schedule that shows the 

time taken for each step. Healthy plants for insect rearing were produced from tubers that had been 

harvested from the original stock plants that were maintained at NTU. Tubers were planted 

horizontally in 5L pots so that half of the tuber remained visible. After 3 weeks numerous tip cutting 

were obtained. The production of cuttings from tubers rather than stock plants is recommended as 

many tip cuttings are obtained from a smaller number of stock plants, and the plants produced are 

more vigorous and less variable (Traynor pers. corn.) This method of propagation is also listed in 

Table 1. 
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Table. I Shedule for propagation of sweet potato 

Day Cuttings from stock plants Cuttings from tubers 
Stages: Stages: 

0 Cuttings placed in trays***  mix - 50:50 Cuttings placed in mix - 50:50 sand 
sand and perlite trays*** and perlite 

7 Roots formed liquid feed Roots formed liquid feed 

14 Repot cuttings mix -2:2:1:1 Repot cuttings mix -2:2:1:1 
sand, peat, sand, peat, 
vermiculite and vermiculite and 
perlite plus base perlite plus base 
fertiliser fertiliser 

21 Ready for use Ready for use 

*** This step was eventually eliminated and healthy cuttings were rooted directly in pots. This step 

was only necessary when propagating diseased sweet potato cuttings from field collected plants for 

tetracycline sensitivity trials (Chapter 5). In the growth trial and cultivar susceptibility trial (Chapter 

4) disease transmission was achieved via graft inoculation. 

13 
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Chapter 3 Observations in situ 

Introduction 

Electron microscopy has been used by many researchers to detect the presence of MLOs in the phloem 

cells of diseased plants and in the salivary glands of insect vectors (Florance etal., 1978; Singh etal., 

1990; D'Agostino, 1991; Singh etal., 1992). The most commonly encountered MLO profile in 

electron microscopy studies of plant tissue is circular and is characterised by a single membrane that 

contains cytoplasm, ribosomes and DNA (Water, 1982). Electron micrographs show that the 

concentration of mycoplasma-like bodies in infected cells varies from very few to dense aggregations 

(Behncken, 1983). Changes in MLO morphology with increasing age and expected transitory 

morphological changes, complicate the interpretation of MLO morphology (Waters, 1982). 

Maramorosch (1988) in a study of the older leaves of plants chronically infected with yellow-types 

diseases describes changes in MLO morphology such as degeneration, swelling, granulation and the 

formation of inclusion bodies, condensation of cytoplasmic contents, rupture of the plasma membrane 

and formation of cellular debris. Distribution of MLOs in the phloem is also often sparse and erratic, 

with highest titers usually found in or near the meristematic tissue of newly infected shoots 

(Kirkpatrick, 1989). 

To study the ultrastructure of MLOs in sweet potato plants, leaf and stem sections containing vascular 

tissue were fixed in gluteraldehyde concentrations ranging from 2% and 4% to 8%, and post-fixed in 

osmium tetroxide concentrations of 1%, 2% and 4% (Kahn etal., 1972; Pearson etal., 1984; Jackson 

etal., 1983). Pleomorphic bodies with diameters ranging from 60-900 nm were observed in diseased 

tissue (Pearson etal., 1984; Dabek et al., 1978), and all authors reported the lack of a cell wall and a 

concentration of MLOs near the sieve plate of phloem cells. Dabek etal., (1975) and (1977) provided 

details of MLO ultrastructure in diseased sweet potato phloem cells. They describe the presence of a 

tn-laminar membrane composed of a clear layer separating two electron-dense layers which contains 

ribosome-like material and central fibrillar strands. MLO number varied per cell from occasional to 

numerous. Pearson etal., (1984) reported mycoplasma-like bodies with a double unit membrane but 

14 
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noted that inadequate tissue fixation rarely revealed details of membrane structure. While electron 

microscopy is an important tool for observing MLOs in situ the time required to process each sample 

precludes its' use as a routine diagnostic test (Pearson et al., internal report). 

To detect MLOs in sweet potato plants from Papua New Guinea, Pearson etal., (1984) adapted a 

fluorescent detection method of Cazelles (1978) which involved enzymatic digestion of leaf petiole 

sections and a 1 hour fixation period in glutaraldehyde in cacodylate buffer. Autofluorescence from 

cell nuclei and the spiral thickening of the xylem was observed in both healthy and diseased plants. In 

diseased plants an additional distinctive fluorescence from the phloem was most intense near the sieve 

plate. Dale (1988) reviews various protocols that have been used by researchers and he proposed a 

simplified technique that reduced herbaceous tissue fixation time from 2 hours to 20 minutes. 

Both electron and fluorescent microscopy were used in trials described in this chapter to observe and 

detect the presence of MLOs in SPLL infected sweet potato plants so that evidence could be provided 

to support an MLO-disease association. Phloem from both healthy and diseased plants was examined 

using both techniques. DAPI staining and fluoresence microscopy was used in subsequent trials for 

the rapid detection of MLOs in plants showing symptoms (Chapter 6). 

II Methods 

I Electron microscopy 

Leaf veins of two healthy and two graft inoculated diseased sweet potato leaves (showing symptoms) 

were detached and cut into 5 mm transverse sections. These sections were placed in 0.1 M phosphate 

buffer and recut to 2 mm lengths. These sections were then placed into 2.5 % gluteraldehyde in 

cacodylate buffer (pH 7.2), vacuum infiltrated for 10 minutes and fixed for 3 hours at room 

temperature. After 3 changes of cacodylate buffer the sections were stored overnight and post-fixed 

for 2 hours at room temperature in 1% osmium tetroxide the following day. The tissue was then rinsed 

3 times in buffer before being processed through a dehydration series of 30, 50, 70, 80, 95, 100, 100 % 

ethanol (15 minutes each solution). To the 100% ethanol solution, 10% SPURRS resin was added 

dropwise over several hours until the sections were covered with resin. The ethanol was allowed to 
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evaporate slowly by placing the sections in a fume cupboard overnight. The sections were then 

transferred to fresh 50 % SPURRS medium (with accelerator) and placed on a rotator for 48 hours 

during which time the sections were transferred twice to fresh 100% SPURRS medium which 

contained accelerator. Sections were vacuum infiltrated for 10-20 minutes during each transfer. On 

day 5 the specimens were placed in flat embedding moulds and covered with fresh 100% SPURRS 

medium. The moulds were placed in an oven and polymerised at 700C for 78 hours. 

Specimens were sectioned manually with glass knives so that the cutting face of each specimen 

exposed the vascular tissue of the leaf vein. Sections were cut through the vascular tissue using a 

LKB Ultratome microtome and collected on formvar-coated carbon stabilised copper grids. The 

sections were negatively stained with lead citrate and uranyl acetate using a standardised method 

(Brazier, pers. comm.). Phloem cells of both healthy and diseased leaves were examined for the 

presence of mycoplasma-like bodies using an JEM I200EX (JEOL) electron microscope. 

2 Fluorescent Microscopy 

Eight petioles were removed from 5 healthy and 5 graft inoculated diseased sweet potato plants that 

showed symptoms. From each petiole, 4 sections each 1-2 mm long were cut and placed in the well of 

a microtitre plate (Titertek, USA) that contained 100 ul of 3% glutaraldehyde in 0.1M cacodylate 

buffer (pH 7.2). The sections were fixed in the buffered glutaraldehyde for 1 hour at room 

temperature. The fixative was removed from the wells and replaced with a buffered macerating 

enzyzme solution (10% macerozyme (macerase), 1mM Calcium chloride and 0.6M Mannitol, adjusted 

to pH 5.5). The sections were vacuum infiltrated for 5 minutes and incubated in the solution for 1 hour 

at 37°C. 

Sections were removed from the solution as required and placed on a clean glass microscope slide. 

Sections were observed through a dissecting microscope and vascular bundles were removed from the 

surrounding macerated parenchymatous tissue with a scalpel. The vascular tissue was then gently 

teased apart using fine forceps or a piece of mounted wire. The section was then flooded with fresh 

buffer (without enzyme) and floated onto a drop of DAPT (10 ug/ml) on a new glass slide, stained for 

16 
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five minutes and then flooded with buffer to remove excess DAPI. Using a Olympus Vanox T. AH 2 

microscope, the vascular tissue of both control and diseased plants was examined under transmitted 

fluorescent illumination from a mercury lamp burner. Photographs were taken of the sections using 

the attached automatic photomicrographic exposure system. 

III Results 

1 Electron microscopy 

Pleomorphic mycoplasma-like bodies were seen in the phloem cells of diseased tissue but were not 

observed in healthy tissue. Bodies ranged in size from 352 nm to 529 nm and had a circular profile 

(Fig. 1 and Fig. 2). Some of the bodies appeared to be bounded by a membrane but tissue fixation was 

not adequate enough to allow the determination of such detail. Electron dense material was also 

present in the centre of diseased phloem cells. 

2 Fluorescent microscopy 

Phloem parencyma cell nuclei were observed as fluorescent elongated spots and xylem also fluoresced 

brightly in both healthy and diseased plant tissue. In disease tissue an additional distinct fluorescence 

outlined the phloem cell and was brightest in the area adjacent to the sieve plate. The cell contents 

also fluoresced and often appeared to be granular. In healthy tissue, the cell outline was opaque and 

non fluorescent, and fluorescence was only observed from cell nuclei. In diseased vascular tissue 

fluorescence was not evenly distributed across all strands of phloem cells although most cells of OiC 

continuous strand were exhibiting fluorescence. 



Figure 1. Transmission electron micrograph of mycoplasmalike organisms (arrowheads) in the sieve 

elements of diseased sweet potato. Mycoplasmalike bodies in this micrograph range from 294 nm - 

470 nm. The phloem cells of healthy plants were also observed using the electron microscope and 

mycoplasmalike bodies were not present in these cells. 

Scale bar = 200 nm 
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Figure 2 Transmission electron micrograph of a phloem cell from SPLL infected sweet potato, 

showing two mycoplasma-like bodies (arrowheads) adjacent to the phloem cell wall (CW) The 

mycoplasma-like body (MBl) is 478 nm in diameter and the mycoplasma-like body (MBII) is 480 nm 

in diameter. 

The phloem cells of healthy plants were also observed using the electron microscope and 

mycoplasmalike bodies were not present in these cells. 

Scale bar = 500 nm 
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Fig. 3 Fluorescent microscopy of phloem cells from diseased sweet potato stained with DAPI to detect 

the presence of MLOs. Intense fluorescence from phloem cells (fp) indicates the prescence of MLOs. 

The opaque cell outline of non-fluorescing phloem cells (nfp) indicates that not all the phloem of 

diseased plants is infected. Nuclei (n) of phloem parenchyma cells appear as out-of- focus elliptical 

fluorescent spots. 

20 
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IV Conclusion 

Mycoplasma-like bodies were detected in phloem cells of SPLL infected sweet potato plants using 

electron microscopy and fluorescent microscopy. Few bodies were observed per cell which is not 

unexpected due to the sparse distribution of MLOs as mentioned previously. Waters (1982) states that 

'good fixation' should not disturb cells and that membranes should be regular in width, continuous and 

sharply defined without discontinuities. The membranes that bound the mycoplamsma-like bodies in 

fig. 1 and 2 are mostly discontinuous and not clearly defined. While MLOs are known to degenerate 

and change their morphology, it is unlikely that these changes are responsible for the lack of 

membrane definition. The lack of definition is most probably due to a mistake made during fixation. 

Instead of transferring sections to fresh 50% SPURR's resin, 50% SPURR's medium was used which 

included accelerator. This made the subsequent transfers into 100% SPURR'S medium difficult as the 

resin was becoming viscous and it is possible that the resin would not have penetrated the tissue as 

easily. Unfortunately there was not enough time during this project to prepare new specimens for 

observation. Densely stained material in the centre of phloem cells is also likely to be an artifact of 

staining. However, the small circular bodies present in the phloem cells of SPLL infected plants (Fig. 

I & 2) are similar to the mycoplasma-like bodies reported elsewhere in a wide range of MLO infected 

plants including sweet potato (Waters, 1982; Pearson et al., (1984); Kahn et al., 1972; Jackson et al., 

1983; Dabek et al.,(1975); and Dabek et al.,(1977). 

Intense fluorescence at the sieve plate of diseased phloem cells is considered to be due to an 

accumulation of MLOs since sieve plates of healthy phloem cells did not fluoresce. Phloem tissue was 

not uniformly infected although adjacent cells of a continuous strand of phloem all fluoresced. This 

erratic distribution of MLOs in phloem tissue and the appearance of fluorescing phloem cells in 

diseased tissue especially in the vicinity of the sieve plate is consistent with the results of Pearson et 

al., (1984) and many other researcher who have used the DAPI staining method to detect the presence 

of MLOs. While this detection technique is rapid compared to electron microscopy it still requires the 

comparison between healthy and diseased tissue to ensure the correct interpretation of fluorescence in 

diseased phloem cells 
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Chapter 4: Plant Growth and Cultivar Susceptibility Trials 

Introduction 

Ipomea batatas, a member of the family Convolvulaceae, is a perennial cultivated as an annual 

(Norman et al., 1984). It has a herbaceous vine-like habit with stem lengths up to 5 metres and long 

internodes. Variation in these characteristics, and in tuber skin and flesh colour form the basis of 

cultivar groups. Generalised crop growth cycles show that root number reaches a plateau or peak 

within 4 weeks of planting and tubers (secondary thickened adventitious roots) form within 8 weeks of 

planting (Norman etal., 1984). Tubers form in the top 20-25 cm of soil with weights varying from 0.1 

- 0.5 kg to several kilograms in exceptional cases. Tuber elongation is completed in 16 weeks 

although tuber width may increase from 24 weeks until maturity. A plant can produce from 1-10 

tubers which is inversely related to mean tuber weight (Cobley, 1976). In Darwin, sweet potato can be 

grown all year although the crop must be irrigated during the long dry season. The crop growth cycle 

is similar to other tropical regions with tubers ready for harvest in 5-6 months (Blackburn, pers. corn.) 

In Papua New Guinea, plant growth studies were done to determine the effect of SPLL on the yield of 

sweet potato cv. Laloki 2 (Pearson etal., 1984). Results from experimental plots showed a direct 

correlation between the severity of the disease, and reduction in both number and yield of tubers. 

Reductions of 72% in tuber number and 76% in yield occurred with a 50 -90% reduction in healthy 

foliage. Pearson concluded that the effect of the disease was to inhibit tuber production rather than to 

reduce tuber size, and he suggested that late infections would probably have little effect on yield. In an 

internal report, Pearson reported that Jackson (1984) recorded losses in tuber production of 32%, 45% 

and 95% in planting points with one, two and three diseased plants respectively. 
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Studies of the susceptibility of sweet potato cultivars to SPLL have used the appearance of symptoms 

following inoculation as a criteria to determine susceptibility (Jackson et al,, 1983). While this criteria 

can be used for plants that show symptoms, it cannot be assumed that symptomless plants are 

resistant. Tolerance (infection without symptoms) has been reported in tomato big bud graft 

inoculated Lycopersicon peruvianum (L.) Mill and two selected F5 hybrid progenies (Thomas et al., 

1992). Indicator plants (cultivated tomato) that were graft inoculated with 18 week old scion material 

from symptomless L. peruvianum all showed typical symptoms of tomato big bud. 

Symptoms of SPLL were observed in December 1990 in varietal field trials at CPRS in the 

commercial cultivars NO and L0323. Leaf size was reduced in diseased plants although no other 

effects on plant growth were known. The susceptibility of seven recently introduced cultivars of sweet 

potato had been determined. Trials described in this chapter aimed to investigate the response of the 

commercial cultivar L0323 to infection by SPLL and to test the susceptibility of the seven recently 

introduced cultivars. These cultivars are listed in Table 2 and since they are new introductions to the 

Northern Territory information regarding the tuber type has also been included (Traynor, pers. corn.). 



Table 2: Cultivars used in susceptibility trials 

Cultivar Name Tuber flesh colour Tuber skin colour 

L0323 pale orange orange 

Rojo Blanco white purple 

Beerwah Gold orange orange 

NC-3 orange orange 

Resisto orange dark orange 

One Moon white pale purple 

Red Abundance white dark purple 

Collyambally white white 

24 
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II Methods 

1 Plant growth trial 

Forty healthy L0323 plants were propagated (Chap. 2, Section II) and potted into 5 litre pots. After 

one week of growth, plants that had 3-4 nodes were selected for graft inoculation. SPLL infected 

L0323 scion material, approximately 60 mm in length was used to graft inoculate 20 L0323 plants. 

Twenty healthy control plants (L0323) were mock inoculated with healthy L0323 scion material. All 

plants were placed in a mist tent for 14 days and then moved to the shade house and fertiliser was 

added. 

Four diseased plants and four healthy control plants were destructively harvested at 1 month intervals 

over a period of 5 months from September to January. Growth measurements were recorded 

separately for the scion and main plant. However, for statistical analyses these measurements had to 

be combined because scion death had occurred in a number of healthy control and diseased plants after 

they were removed from the mist tent. 

Growth measurement: 

Stem length, stem diameter, leaf number and internode length were recorded for each plant, internode 

length being the mean of 40 randomly sampled intemodes per plant. 

A AT  Area meter (Delta-T Devices, United Kingdom) was used to measure both the area of each leaf 

and total leaf area of each plants. After week 4, total leaf area was estimated by measuring the leaf 

area and dry weight of 10 randomly selected individual leaves. Using individual leaf weights, leaf 

number could be calculated from total leaf dry weight. Total leaf number was then multiplied by the 

mean leaf area of 10 replicate leaves to give an estimation of total leaf area. These calculations were 

repeated for each sample using the 10 individual leaf weights. Mean total leaf area was recorded. 

The stems and leaves of each sample were placed in paper bags and oven dried at 70 °C for 48 hours 

and then weighed. The intact potting mix and roots were removed from the pot and partitioned into 

sections at 10 cm depths from the soil surface. Each section was placed into a sieve (25 mm2) and 
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washed with running water for 5 minutes. Forceps were used to remove roots from the sieve during a 

standard 5 minute period. Paper bags containing the roots were oven dried at 70 °C for 48 hours and 

then weighed. 

2 Cultivar susceptibility trial 

A total of 99 plants, 11 plants of each of the 9 cultivars listed in Table 2, were propagated using the 

method described in Chapter 2, Section I. The plants were potted up, graft inoculated with diseased 

sweet potato scion (Chapter 2, Section II) and each plant was covered with a plastic bag to increase the 

humidity while the graft union healed. Ten days after inoculation the plastic bags were removed, and 

eight plants showing successful graft unions were selected and observed until symptoms were 

observed in growth above and below the graft union. Day 0 of the observation period begins on the 

day that plants were removed from the mist tent. No plants were showing symptoms on this day. 

Since scion death occurred in some plants after Day 0 the condition of the scion was also recorded as 

scion death could affect the transmission of the MLO to the test plant. 

3 Statistical analyses 

Dry weight data was log10 transformed and then treatment effects were assessed by analysis of 

variance of overall treatment means. The analysis of all other growth measurements was performed 

on untransformed data. 
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in Results 

1 Observations of SPLL symptoms in both field and shadehouse grown plants 

Plants observed in both the shadehouse and the field showed a distinct variation in symptoms 

depending on the time of year and climatic conditions. Major disease symptoms that were common to 

both seasons were vein clearing, shoot proliferation, reduction in leaf and plant size (Fig. 4 and 5). 

Pre-dominant symptoms of SPLL during the dry season (May-October) were a characteristic witches' 

broom appearance of growth that had a more erect habit with leaves that were usually thicker, 

chlorotic and smaller in size as compared to diseased leaves present during the wet season (Nov - 

April). A greater reduction in leaf area and an increase in leaf chlorosis during the dry season meant 

that diseased sweet potato plants could be easily observed in sweet potato crops during this season. 

Sweet potato plants responded to wet season climatic conditions (increased humidity, reduced light 

intensity and higher temperatures) by producing larger leaves and more succulent growth. SPLL 

symptoms in diseased sweet potato plants during the wet season also differed as vein-clearing was 

visually more distinct and the reduction in leaf size was less pronounced. The characteristic witches' 

broom appearance of stems during the dry season was not as commonas in the wet seasonand detection 

of diseased plants in the field was difficult in a well advanced crop. 

Due to a lack of facilities it was not possible to run a controlled experiment in a series of growth 

cabinets, however two diseased plants showing typical 'dry season' SPLL symptoms, and two healthy 

control plants were grown in a controlled environment cabinet ( Heraeus Votsch HPS 1500/2000) for 4 

weeks under typical 'wet season' conditions (temperature 28-34 °C, high humidity (not recorded) and 

a 14 hr daylight, 8 hr night cycle). Plant growth changed in both diseased and healthy control plants, 

from typical dry season morphology to the more herbaceous growth habit observed during the wet 

season. SPLL symptoms in the diseased leaves also changed with vein clearing becoming very 

pronounced. The reduction in leaf size of diseased plants as compared to healthy plants in the cabinet, 

did not appear to be as great as the reduction in leaf size between healthy and diseased plants grown in 

the shadehouse under dry season conditions. 



Figure 4 . Diseased sweet potato plants (D) with small leaves, vein clearing and axillary shoot 

proliferation, surrounded by healthy sweet potato plants (H). 
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Figure 5. A leaf of a diseased sweet potato (cv. L0323) showing vein clearing (VC) and chiorosis. 
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2 Plant growth measurements 

Dry Weight Response to SPLL 

The disease SPLL reduced the total dry weight (TDW) of infected sweet potato plants (P<.000 1)(Fig. 

6) as compared to the TDW of healthy control plants which increased over the 5 month period At the 

Imal harvest mean diseased sweet potato TDW was 19.08 grams per plant as compared to 115.06 

grams for healthy control plants, a reduction of 83 % in total TDW. This effect of the disease was due 

to a reduction in total root dry weight (P< 0.0001) (Fig 7) and leaf dry weight (P<.0.0018) (Fig. 8). 

Consequently the root to shoot ratio of diseased and healthy control plants was significantly different 

(P<0.0001) (Fig.9). The root-to-shoot ratio decreased for diseased plants over time as compared to an 

overall increase in the root-to-shoot ratio of healthy control plants. This overall increase in the root-to-

shoot ratio of healthy control plants during the 5 months was the result of normal root and tuber 

production. The overall treatment means, regardless of time, for stem dry weight of diseased and 

healthy control plants were not significantly different. 

Tuber Formation 

In healthy control plants, a rapid increase in the mean dry weight of roots at the 10 and 20 cm depth of 

soil in the 3rd, 4th and 5th month (Table 3) indicates that tubers were formed in the top 20 cm of the 

soil. Tubers were first harvested from both healthy control and diseased plants 3 months after they 

were inoculated. A comparison of the mean root dry weight at each depth, of both healthy control and 

diseased plants regardless of time, indicates that the disease caused a reduction in the root dry weight 

of diseased plants. The disease (P< 0.0047) reduced the mean number of tubers harvested from 

diseased plants over the 5 months period as compared to healthy control plants. At three, four and five 

months after inoculation the mean number of tubers harvested per diseased plant was reduced by 40 %, 

90 % and 75 %, respectively (Fig 10). 



Figure 6 Total plant dry weight of SPLL inoculated and healthy control sweet potato plants. 

Diseased plants (R2= 0.65, N= 20, P<0.021) 

From a total of 40 healthy sweet potato plants (cv. L0323), 20 plants were graft inoculated with SPLL 

infected scion material (cv. L0323), and the remaining 20 plants were mock inoculated with healthy 

scion material (cv. 1-0323). Four diseased plants and four healthy control plants were destructively 

harvested at 1 month intervals over a period of 5 months from September to January. The dry weights 

of the roots at 10 cm depths, and the stems were recorded for each plant. 

The dry weights of the four healthy control (•) and diseased (0) plants at each monthly harvest are 

represented. A first order regression equation was fitted to the dry weights of both healthy control and 

diseased plants and these equations are represented by the lines shown on the graphs. 

Figure 7 Total root dry weight of SPLL inoculated and healthy control sweet potato plants (cv. 

L0323). 

Diseased plants (R2 0.76, N20, P<0.017) 
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Figure 8. Leaf dry weight of SPLL inoculated and healthy control sweet potato (cv. L0323). 

Diseased plants (R2  0.281, N20, P<0.016) 

From a total of 40 healthy sweet potato plants (cv. L0323), 20 plants were graft inoculated with SPLL 

infected scion material (cv. 1-0323), and the remaining 20 plants were mock inoculated with healthy 

scion material (cv. L0323). Four diseased plants and four healthy control plants were destructively 

harvested at I month intervals over a period of 5 months from September to January. The dry weights 

of leaves was recorded for each plant. 

The dry weights of the four control (•) and diseased (0) plants at each monthly harvest are 

represented. A first order regression equation was fitted to the dry weights of both healthy control and 

diseased plants and these equations are represented by the lines shown on the graph. 
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Figure 9. Root-to-shoot ratio of SPLL inoculated and healthy control sweet potato plants (cv. L0323) 

From a total of 40 healthy sweet potato plants (cv. L0323), 20 plants were graft inoculated with SPLL 

infected scion material (cv. L0323), and the remaining 20 plants were mock inoculated with healthy 

scion material (cv. L0323). Four diseased plants and four healthy control plants were destructively 

harvested at I month intervals over a period of 5 months from September to January. The dry weights 

of the stem, leaves and roots was recorded for each plant. 

The root-to-shoot ratio was calculated for each plant by dividing total root dry weight by the dry 

weight of stem and leaves. A mean root-to-shoot ratio was calculated for the four diseased and four 

healthy control plants. The symbols at each harvest represent these means. 
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Table 3. Dry weight of roots of SPLL inoculated and control L0323 plants harvested at 1 month 

intervals. Data are the means of 4 plants ± SD. Statistical analyses were performed on log-

transformed data. 

Month Root Dry Weight (g) 

Diseased 10 cm depth 20 cm depth 30 cm depth 

3.52 ± 1.098 6.47 ± 0.914 5.77 ± 1.222 

2 2.00 ± 0.5 15 8.48 ± 1.576 7,45 ± 1.200 

3 0.68 ± 0.054 2.66 ± 0.532 6.85 ± 3.668 

4 2.16 ± 0.881 9.61 ± 6.725 8.64 ± 5.026 

5 1.84 ±0.931 3.90±1.64 2.91 ± 1.397 

Healthy 
control 

1 1.60±0.204 7.65±3.133 5.25±2.00 

2 2.69 ±0.763 18.50± 14.346 11.41 ± 1.419 

3 3.25±1.383 39.53±11.477 11.20+2.118 

4 8.50±5.670 159.72±49.556 7.55±0.359 

5 15.40±7.017 62.59±18.717 18.29±3.942 

Statistical 
Significance  

Treatment .0028 .0001 .0119 

Time ns .0199 ns 

Interaction .0206 .0004 .0309 
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Figure 10. Mean tuber number per plant for SPLL inoculated and healthy control sweet potato plants 

(cv. 1,0323), harvested at weekly intervals 

From a total of 40 healthy sweet potato plants (cv. L0323), 20 plants were graft inoculated with SPLL 

infected scion material (cv. L0323), and the remaining 20 plants were mock inoculated with healthy 

scion material (cv. L0323). Four diseased plants and four healthy control plants were destructively 

harvested at 1 month intervals over a period of 5 months from September to January. The number of 

tubers produced by each plant was recorded at each harvest. The mean number of tubers produced per 

plant was calculated and this is represented as shaded bars for healthy control plants and unshaded bars 

for diseased plants. 
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Figure 11 Tubers produced by a healthy control and SPLL inoculated sweet potato plant (cv. L0323), 

3 months after inoculation. 





Figure 12 Roots produced at the base of the pot by a healthy control and SPLL inoculated sweet 

potato plant (cv. L0323) 4 months after inoculation. Roots of the diseased plant are browner than the 

roots of healthy control plants which indicates that some of the roots of the diseased plant are dying. 
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Response of leaves to SPLL 

Regardless of time, the overall mean for the leaf dry weight (LDW) of diseased plants was less than 

the mean LDW for healthy control plants This response in diseased plants was due to a reduction in 

total leaf area and in specific leaf area (Table 4). The number of leaves per diseased plant was greater 

than the number of leaves on healthy control plants (P< 0.0001) and both the average weight and size 

of diseased leaves was reduced (Table 4). At the fmal harvest there was a 95% reduction in the 

average size of diseased leaves as compared to leaves of healthy control plants. 

Response of stem morphology to SPLL 

Disease, and time had an effect on stem length (Table 5) with approximately a 100 % increase in total 

stem length of diseased plants as compared to healthy control plants at the final harvest. Branching of 

the main stem was greater in diseased plants and internode length was reduced (Table 5), thus diseased 

plants had a much bushier growth habit than healthy control plants (Fig 13). The diameter of the main 

stem of diseased plants was also thicker than those of healthy control plants (Table 5). 

Cultivar susceptibility 

Disease symptoms were observed in all plants of each cultivar 8 weeks after the plants were inoculated 

with SPLL infected scion material. On observation symptoms were seen in leaves below the graft 

union first (data not shown) which tends to indicate that symptom expression ocurred in leaves below 

the graft before it ocurred above the graft. 
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Table 4. Leaf characteristics for healthy control and diseased plants harvested at one month intervals. 

Statistical analyses were performed on log-transformed data except for all parameters except leaf 

number when untransformed data was used. 

Treatment Month Total Leaf Area 
(m2) 

Leaf number 
per plant 

Average leaf 
area (cm2) 

Specific Leaf 
area 

(cm2  g -1) 
Diseased 

0.154 ± 0.008 58.0 ± 18.069 26.83 ± 5.309 454.746 

2 0.259±0.038 199.75 ±7.122 13.00± 1.818 382.353 

3 0.044±0.009 133.50 ±28.520 3.33 ± 0.126 237.857 

4 0.278±0.062 482.00± 151.241 6.21 ± 0.498 414.000 

5 0.030±0.019 76.67 ±31.866 2.84±1.352 236.667 

Healthy 

1 0.180 ± 0.031 46.50 ± 7.984 39.00 ± 3.527 481.481 

2 0.196±0.049 49.00± 16.798 26.03±9.376 313.614 

3 0.269±0.012 82.50±8.607 33.48±3.042 393.882 

4 0.225 ± 0.034 59.50 ± 8.539 38.02 2.880 487.436 

5 0.284 ± 0.044 7.25 ± 1.121 56.68 ± 1.725 390.897 

Statistical 
Significance  

Treatment .0018 <.0000 .0001 .0001 

Time .0282 .0015 .0002 .0001. 

Interaction .0001 .0020 .0001 .0621 



Figure 12. Plant growth trial showing diseased (D) and healthy control sweet potato plants (cv. 

L0323) 4 months after inoculation. Diseased plants have a much bushier growth habit and a greater 

number of smaller leaves as compared to healthy control plants. 

From a total of 40 healthy sweet potato plants (cv. L0323), 20 plants were graft inoculated with SPLL 

infected scion material (cv. 1,0323), and the remaining 20 plants were mock inoculated with healthy 

scion material (cv. 1,0323). Four diseased plants and four healthy control plants were destructively 

harvested at 1 month intervals over a period of 5 months from September to January. Growth 

measurements were recorded for each plant. 
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Table 5: Growth Measurements of stem diameter, length and stem branching, and internode length for 

healthy control and diseased plants harvested at one month intervals Data are the means of 4 plants ± 

SD. Statistical analyses were performed on untransformed data. 

Treatment Month Total stem length 
(m) 

Stem diameter 
(mm) 

Branching 
(order) 

Internode 
length (mm) 

Diseased 

1.49 ± 0.121 4.75 ± 0.250 1.00 ± 0.000 39.30 ± 4.317 

2 4.47 ± 0.939 5.50 ± 0.645 2.25 ± 0.250 42.22 ± 2.215 

3 2.45 ± 0.485 6.00 ± 0.000 3.25 ± 0.479 22.75 ± 2.026 

4 13.45 ± 2.215 6.25 ± 0.479 4.00 ± 0.000 23.58 ± 1.557 

5 13.38 ± 0.067 8.00 ± 1.00 4.00 ± 0.000 22.04 ± 2.217 

Healthy 
control 

1 2.03 ± 0376 4.50 ± 0.289 1.00 ± 0.000 47.24 ± 8.920 

2 2.22±0.316 4.50±0.289 1.00±0.000 36.50± 1.776 

3 3.55 ± 0.631 4.25 ± 0.250 2.00 ± 0.000 43.29 ± 6.500 

4 2.635±0.812 4.75±0.250 2.50± 0.289 27.95± 1.849 

5 6.51 ± 0.795 7.75 ± 0.479 2.25 ± 0.250 39.49 ± 2.849 

Statistical 
Significance  

Treatment .0001 .0015 <.0000 .0021 

Time .0001 .0001 <.0000 .0020 

Interaction .0001 ns .0033 .0281 
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IV Conclusions 

Both disease and time had a significant effect on the growth of infected sweet potato plant. Total plant 

and root dry weight and leaf dry weightwas reduced in diseased plants compared to healthy controls. 

Total leaf area and specific leaf area were also reduced and the growth habit of infected sweet potato 

plants was significantly altered as compared to healthy control plants. Changes in the specific leaf 

area of the diseased plants could be due to an increase in leaf density and leaf thickness. Since 

Kirkpatrick (1989) reported that starch often accumulates in the leaves of MLO-infected plants, it is 

possible that starch accumulation could cause an increase in leaf density. Few comments in the 

literature have been made regarding the interaction between the disease and time, or its' effect on plant 

growth. Substantial variability between replicates makes the interpretation of trends within treatments 

impossible without further complex statistical analysis. The R-squared values for the regressions of 

total plant and root dry weight and leaf dry weight indicate that not all variablility in these three 

Cr growth measurements can be attributed to the treatments. The variability between the dry weights of 

diseased or healthy control plants at any particular time indicates that there was considerable 

variabilility between replicates. Variability in the growth of sweet potato plants is not uncommon 

(Blackburn pers. com.). In studies of the growth and development of short and long season sweet 

potato in sub-tropical Australia, Huett (1976) reported that the yield of single sweet potato plants is 

inherently variable. Unfortunately this inherent variablility in sweet potato growth was not known 

before this experiment was conducted otherwise a higher number of replicates would have been used. 

Tuber formation was reduced in diseased plants and the browning of roots observed at the base of pots 

containing diseased plants (Fig. 8) is probably due to the disease. Kirkpatrick (1989) suggested that 

root death in MLO-infected plants is due to impaired phloem function which reduces the transport of 

carbohydrates from the leaves to the roots. Infection by MLOs is often followed by the collapse of 

primary phloem and the proliferation of secondary phloem (Kirkpatrick, 1989; Schaper et al., 1982). 

Proliferation of secondary phloem is one possible explanation for the higher stem diameters recorded 

in this trial, in SPLL inoculated plants as compared to healthy control plants (Table 5). Since the stem 

dry weights of both healthy control and diseased plants were similar, it is possible that the many 
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axillary shoots which accounted for an increase in the total stem length of diseased plants, were lighter 

or thinner than the secondary branches of healthy control plants. 

All seven sweet potato cultivars recently introduced to the Northern Territory, which are being studied 

at the DPI&F Coastal Plains Research station, are susceptible to SPLL. The cultivar Collyambally 

appeared to take slightly longer to show symptoms as compared to the other 6 other cultivars and 

L0323 (data not shown), and for this reason it was used as a rootstock for the maintenane of the 

disease throughout this study (Chapter 2, Section II). However it cannot be assumed that 

Collyambally was showing any form of resistance or tolerance to SPLL. The time period between 

inoculation and the first appearance of symptoms (pathogen incubation period) should not be used to 

assess resistance or tolerance because the healing of the graft union, and thus MLO transmission, is 

affected by the species of the rootstock. It is also not possible to quantify the amount of inoculum in 

the SPLL infected scion material. 

The results of these trials, indicate the possible economic cost of this disease to the Northern Territory 

sweet potato industry. Although field yield trials with diseased sweet potato plants are needed to 

confirm the losses in tuber formation recorded in this trial, these results are similar to those reported by 

Pearson et. al., (internal report) in Papua New Guinea, Tonga and the Solomon Islands. 
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Chapter 5: Disease response following treatment with tetracycline. 

I Introduction 

Symptom remission following tetracycline treatment has been used as evidence to support the 

hypothesis that little leaf symptoms in sweet potato are associated with a MLO (So, 1973; Dabek et 

al., 1978; Kahn et al., 1972). Pearson et al., (1984) treated diseased sweet potato cuttings with three 

concentrations of tetracycline and recorded the percentage of plants showing symptomless new growth 

over time. They concluded that symptom remission was temporary and symptoms re-established over 

a period of weeks depending on the concentration of tetracycline. Symptom remission in these studies 

was recorded as symptom development in new growth and does not take into consideration symptoms 

in existing leaves. Dabek et al., 1978 in a study of the response of witches' broom chlorotic little leaf 

to tetracycline in sweet potato, also considered the presence or absence of symptoms in new growth to 

represent symptom remission. In 1968, Davis and colleagues studying the aster yellows disease in 

celery, chrysanthemum and aster plants, observed that previously yellow leaves developed chlorophyll 

and new growth tended to be symptomless after treatment with tetracycline. Davis specifically 

referred to the suppression of development of symptoms in new growth and the remission of 

symptoms in existing leaves. Although these results were not quantified, both aspects of symptom 

remission were considered. If the nature of induced symptom remission in MLOs is to be understood 

then both new growth and existing leaves should be observed when studying symptom remission. 

In the experiment described in this chapter, the effect of tetracycline on SPLL symptoms was tested to 

determine whether symptom remission occurs. Both new growth and pre-existing leaves were 

observed and the number of symptomless leaves was recorded as a percentage of the total number of 

leaves. 
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H Method 

The root dip method as described by Pearson et al., (1984) was used to treat both healthy control and 

diseased sweet potato plants. A total of 80 rooted cuttings of healthy control and diseased L0323 

(Chapter 2, Section 2) were placed in 250 ml beakers containing 100 ml of tetracycline solution at 0, 5, 

10 and 25 ug/ml. Ten healthy control and 10 diseased L0323 cuttings were treated with each 

concentration of tetracycline.. After 48 hours the plants were potted in sterile potting mix and pots 

were randomly placed on the shadehouse bench. Over the next 6 weeks plants were observed weekly 

and the number of symptomless leaves, and the total number of leaves were recorded. Day 0 was the 

day that plants were treated with tetracycline, no records were made on this day as all diseased cuttings 

showed symptoms. 

Transformed data (percentage of symptomless leaves) was analysed using a two factor analysis of 

variance to determine whether there was a significant effect of tetracycline concentration and time on 

the percentage of symptomless leaves. Fitted treatment means were then compared using the students 

T-test (Table 6). 

III Results 

There was no affect of tetracycline treatment on the growth of healthy control plants. Both 

tetracycline concentration (P<0.000) and time (P<0.0009) had a significant effect on the percentage of 

symptomless leaves and there was an interaction between time and treatment (P<0.0386). There was 

no significant difference between the 0 and 5 ug/ml tetracycline treatments nor was there a difference 

between the 10 and 25 ug/ml treatment (Table 6). The means of the percentage of symptomless leaves 

for 0 and 5 ug/ml treatments were however significantly different to the means for the 10 and 25 ug/ml 

treatments (Table 6). 



Figure 14. The relationship between tetracycline concentration, mean percentage of 

symptomless leaves and time, for sweet potato plants (cv. L0323) observed weekly after graft 

inoculation with SPLL. 

Two week old rooted cuttings of healthy and diseased sweet potato (cv. L0323) were soaked in 4 

concentrations of tetracycline for 48 hours. Day 0 was the day that plants were treated with 

tetracycline and no records were made on this day as all diseased cuttings showed symptoms. 

The number of symptomless leaves as a percentage of the total number of leaves was recorded for 

each plants at weekly intervals for 5 weeks, as shown on the figure. Each point is the mean percentage 

of symptomless leaves of 10 diseased plants. 
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Table 6.: Statistical analysis of symptomless leaves as a percentage of the total number of leaves of 

diseased L0323 plants treated with 3 concentrations of tetracycline and observed at 1 week intervals. 

Raw data means are presented, statistical analyses were performed on arcsin transformed data. 

Tetracycline concentration followed by a letter indicates that means within this concentration were not 

significantly different (P>0.05). 

Tetracycline Concentration 0 ug/ml 5 ug/ml 10 uglml 25 ug/ml 

Mean percentage of 
symptomless leaves 

35.09 35.10 76.73 73.61 

Statistical significance A A B B 
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At week 1, symptomless leaves were recorded for all tetracycline treatments including 0 ug/ml . The 

maximum mean percentage of symptomless leaves of plants treated with 0 and 5 ug/ml of tetracycline 

occurred at week 1, as compared to week 3 and 4 for treatments 10 and 25 ug/ml respectively. If 

these maxima are compared regardless of time, the means of 10 and 25 ug/ml of tetracycline are not 

significantly different to each other and neither are the maximum means for treatments 0 and 5 ug/ml 

(Table 7 and Fig. 13). These results correlate with the analysis of variance of overall fitted treatment 

means mentioned previously (Table 6). 

At the end of the six week period over which the experiment was run, the fmal mean percentage of 

symptomless leaves of plants treated with 25 ug/ml was significantly different to that for the 0 and 5 

ug/ml tetracycline treatments but was not different to the mean for the 10 ug/ml treatment (Table 7). 

Table 7. A Fisher and Scheffe's PLSD comparison of (1) the maximum mean percentage of 

symptomless leaves for each tetracycline concentration regardless of time, and (2) final mean 

percentage of symptomless leaves for each concentration of tetracycline at week 6. 

Tetracycline 
concentration 

ug/ml 

Mean 
Difference 

Fisher PLSD of 
transformed 
maximum mean 
percentage of 
symptomless leaves 

Mean 
Difference 

Fisher PLSD of 
transformed means of 
percentage symptomless 
leaves at Week 6 

0 vs 5 .143 .4905 -.2139 .5330 

0 vs 10 -.6049 .4905* -.4989 .5839 

0 vs 25 -.6290 .5064* -.8408 .6124* 

5 vs 10 -.7480 .5032* -.2850 .5330 

5 vs 25 -.7720 .5187* -.6269 .5641* 

10 vs 25 -.0241 .5187 -.3420 .6124 

* significant at 95 % 

The mean percentage of symptomless leaves of plants treated with 0 and 5 ug/ml of tetracycline 

decreased from a maximum of 52.21 % and 55.83 % in week Ito 7.72 % and 22.39 % in week 6. 

With tetracycline treatments of 10 and 25 ug/ml, the mean percentage of symptomless leaves did not 
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reach a maximum until 3 and 4 weeks after tetracycline treatment. After weeks 3 and 4 the number of 

symptomless leaves progressively decreased although at week 6 more than half the total number of 

leaves of plants treated with 25 ug/ml remained symptomless. 

IV Conclusion 

It is possible that the biological manipulations in this experiment, such as propagation of the diseased 

plants, potting plants into potting mix containing fertiliser and regular irrigation could explain the 

amount of symptom remission that was observed in week 1 in the treatment 0 ug/ml of tetracycline. 

Suppression of symptoms has been noted in field collected plants that have been divided, potted up and 

maintained in the shadehouse. Such remission is temporary and subsequent symptom expression can 

often be more severe then observed in the field. Markham (1982) suggests that variations in the most 

characteristic and obvious symptoms may occur as a result of the initial challenge to infection, or as a 

consequence of favourable conditions and a flush of plant growth. The presence of symptomless 

leaves at 0 ug/ml of tetracycline could also possibly be explained by a time lag between expansion of 

new leaves and the development of visible symptoms. MLOs have been detected in plants at least 2 

weeks before the development of visible symptoms (Kuske etal., 1992). Since symptom remission 

recorded for the 0 ug/ml treatment is an important indicator of the effect of the biological 

manipulations on symptoms it shouldn't be ignored because it contributes to our understanding of the 

MLO-plant interaction. 

The maximum mean percentage of symptomless leaves for each tetracycline concentration occurred at 

a different week after application which is consistent with the significant effect of time, determined 

statistically. At weeks 3 and 4 when the symptom remission for the 10 and 25 ug/ml tetracycline 

treatments was at a maximum of 91 and 93% respectively, remission in the 5 ug/ml treatment was less 

than 30 %. The maximum mean percentage of symptomless leaves observed in the 5 ug/ml treatment 

was at week 1 but this was not different to the 0 ug/ml treatment and was probably due to repotting 

effects, and new leaves that were yet to express visible symptoms, as discussed previously. So 

effectively there was no tetracycline induced symptom remission with this treatment. 
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Since maximum remission for the 25 ugiml treatment occurred one week later than the maximum for 

the 10 uglml treatment then one could speculate that the higher concentration afforded 'protection' 

over a longer period. More experimental evidence would however be needed to support this 

speculation. At week 6 both these tetracycline treatments were still suppressing symptom 

development because over 50 percent of leaves were symptomless. 

It can be concluded that symptom remission of SPLL occurred at the higher concentrations of 10 and 

25 ug/ml of tetracycline and that symptom remission was temporary. The amount of symptom 

remission at the end of the six week period appeared to be related to the concentration of tetracycline 

used in the treatment. Symptom remission in this trial was measured as an increase in the percentage 

of symptomless leaves and this increase could be attributed to the suppression of symptoms in new 

growth or the remission of symptoms in leaves that existed before the application of tetracycline. It is 

not possible to differentiate between the two since measurements were of both pre-existing and new 

leaves. In future trials, new leaves and existing leaves should be recorded separately and leaves should 

be identified so that it is possible to progressively monitor symptom expression over time. This 

revised method of recording is feasible since the maximum total number of leaves of any one plant at 

the end of the six week period was 50. 
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Chapter 6: Leafhopper manipulation and transmission trials 

Introduction 

Vector-pathogen relationships are important components of the epidemiology of many plant diseases 

and may be especially useful in characterising procaryotic pathogens that have not been cultured in-

vitro (Purcell, 1982). Purcell considers that in some MLO associated plant diseases, insect vectors are 

necessary as intermediate hosts and the relationship may be intimate and complex with varying 

degrees of vector specificity. Not only is it important to identify leaftiopper vectors responsible for 

disease transmission, it is also useful to gain an understanding of their biology and the mechanisms of 

transmission so that the disease can be controlled. In Australia, research into insect vectors and the 

plant diseases that they transmit is relatively scanty and little has been published that is of specific 

value in the establishment and maintenance of cultures of leaflioppers (Grylls, 1979). 

Since both leathopper nymphs and adults can acquire and transmit MLOs, disease free colonies are 

usually established by transferring newly-hatched unfed nymphs to healthy control seedlings, a second 

transfer is preferable to ensure that all leathoppers are disease-free (Grylls, 1979). A range of healthy 

control plants may be needed for colony establishment since preferred food plants are not always the 

plants on which successful nymphal development and egg laying occurs. Greenhouse studies of the 

host range of Dalbulus maidis (DeLong and Wolcott) by Pitre (1967), showed that oviposition was 

restricted to 20 species of Graminaceae although successful development of nymphs was only 

recorded on corn. Thirty -three different species of plants were also acceptable as food plants. 

Chiykowski, (1981) defines food plants as those that are not normally used for oviposition while host 

plants are those that are used for oviposition and on which successful nymphal development occurs. 

Leafhoppers feed on plant sap contained in xylem, phloem and parenchyma cells, and cannot survive 

long periods without liquid foods (Delong, 1971). Their eggs are usually found in young stems or leaf 

veins on the underside of leaves where higher humidity favours leafhopper development. Humidity, 

good light and effective air movement through cages are considered to be the essential requirements 

for artificial rearing of leathoppers (Grylls, 1979). Nymphs usually pass through 5 instars the latter of 
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which have wing buds, complete wings being only present in adults. The number of generations per 

year of a given species is largely dependent on geographic location, availability of host plants and 

seasonal conditions (Delong, 1971). In Australia, information on the biology of leaffioppers is from 

temperate regions, and in the tropics even basic information on species distribution is scarce (Grylls, 

1979). 

The transmission characteristics of a small range of leafhopper transmitted MLOs have been studied in 

detail (Golino etal., 1987; Chiykowski 1973; Sinha etal., 1980). These studies depended entirely on 

the establishment and successful maintenance of a colony which is often only established after 

preliminary transmission trials. Such trials are often conducted with Ieafhoppers that have been 

collected in the field during a search for disease vectors. Once circumstantial evidence of disease 

transmission is obtained, then it is necessary to rear a colony of disease-free vector species so that 

further transmission trials can be done using insects that have acquired only that disease which they 

have been given access to in the experiment. In Australia in the I950s-60s, Hill and Helson 

demonstrated that a field collected leafhopper transmitted yellow dwarf of tobacco, big bud of tomato 

and witches' broom disease of lucerne. All these diseases were later associated with MLOs. Once a 

colony of the leafhopper vector was established, further transmission trials provided evidence of plant 

host range which was used to characterise the disease-plant interaction. 

The aim of the experimental trials in this chapter is to study the transmission of SPLL in the Northern 

Territory and to obtain evidence for leafhopper transmission of the disease. While it would have been 

preferable to monitor and survey the population of leafhoppers in the sweet potato crop at CPRS in 

addition to the collection of live specimens, it would not have been possible to complete the work in 

the time frame of this honours project. Field collections provided information on some of the 

leafhopper species present so that particular species could be selected for rearing and disease 

transmission trials. Catharanthus roseus (periwinkle) was used as a test plant in transmission trials 

rather than sweet potato because it flowers continuously under long daylength conditions and it is easy 

to propagate (Markham, 1982). The results of these trials and field observations are presented in this 

chapter. 



II Methods 

Insect Collection 

Leathoppers were collected from CPRS and 3 locations in the Darwin area (Table 8) from September 

1992 to January 1993. Collections were made using a standard aspirator or aluminium framed cages 

(Fig 14) that had removable plastic trays. At each site leafhoppers were collected from a range of 

plant species and it was found that greater numbers were collected early in the morning or late 

afternoon. Cages were placed over a selected area of the crop and the plants were beaten so that any 

insects present would fly to the top of the cage. Plastic trays containing both control sweet potato 

plants and field collected plants were placed underneath the cages, and transported back to Darwin. 

Table 8 Location of leafhopper collection sites. 

Name of site Location of site Plant associated with leafhoppers 
CPRS 90km south west of Sweet potato, Trianthema 

Darwin, DPIF research portulacastrum, grasses 
farm.  

Berrimah Darwin city region, Eggplant, grasses, weeds 
Padovan farm. 

Casuarina Northern suburbs of Trianthema portulacastrum 
Darwin, N.T Uni. 
CY grounds, Horticulture 
Department.  

Berry Springs A growers farm, Grasses, weeds in particular 
60km south of Darwin Alysicarpus vaginalis 
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Figure 14 Cages used for leathopper collection and rearing 

These cages were initially used for collecting leathoppers in the field, and then later for rearing trials 

using the leathopper Orosius argentatus. 
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All insects other then leafhoppers were removed from the cages using an aspirator, the remaining 

leafhoppers were counted and a specimen of each species was removed, photographed through a zoom 

steromicroscope (SZH-Olympus) with a PM-IOAK photomicrographic system. Specimens were 

numbered and then sent to Dr Murray Fletcher in Sydney for identification. 

The cages, containing the remaining leafhoppers were housed in both shadehouse and controlled 

environmental conditions (25-280  C, 70 % humidity, 14 hr day/lO hr night). Food plants were 

regularly replaced and the cages were observed twice a week. 

Insect Rearing and Manipulation 

Specimens of Orosius argentatus were collected from Trianthema portulacastrum (pigweed) plants at 

both CPRS and NTU Casuarina sites. A range of plants were propagated so that a greater diversity of 

healthy food plants could be placed in the rearing cages (Table 9). A variety of these plants were 

placed in each cage, and a plant was only removed when it appeared to be dying. Any plants that were 

removed from the cages were sprayed with an insecticide, maintained in the shadehouse and were 

monitored for symptoms. 

Table 9. Leafhopper food plants 

Plant Name Propagation Method 

Tomato seed 

Eggplant seed 

Sweet potato cuttings 

Trianthemaportulacastrum field collected plants 

Catharanthus roseus seeds and cuttings 

Sudax seed 

An artificial diet of 0.5% sucrose (Thomas et al., 1977, and Mitsuhashi, 1979) was placed in some of 

the rearing cages to provide the leafhoppers with an additional source of liquid food. 
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For rearing trials, nymphs of Balciutha incisa were either transferred to a second cage or to plastic 

cylinders as it was easier to observe their movements. These cylindrical rearing cages, adapted from 

Pitre's (1967) design, were made from Mylar plastic and were 33 cm high and 11 cm wide. The top of 

the cylinder and two side windows were covered with a fine nylon fabric mesh to provide adequate 

ventilation, one of the holes also acted as an insect introduction hole. The cylinders were placed over a 

single potted plant and pushed 5 cm into the soil, pots were stood on dishes and were watered from 

below. The plant in the cylinder could be replaced by disturbing the leafhoppers and forcing them to 

the top of the cylinder, the cylinder could then be removed to another plant. These cylinders were also 

used for transmission trials. 

Transmission Trials 

Using a cage, leaflioppers were collected at the Casuarina site of the NTU from Trianthema 

portulacastrum (pigweed) plants that showed 'little-leaf symptoms. Specimens of Orosius argentatus 

were collected from the cage using an aspirator, and introduced into a plastic cylinder that contained a 

2 week old Catharanthus roseus plant. At least 10 specimens were introduced into individual cylinders 

via the nylon mesh introduction hole. A total of 20 cylinders were placed in the controlled 

environment room (Fig. 15). Leathoppers were given access to the C. roseus plants for 7 days, plants 

were then sprayed with an insecticide and transferred to the shadehouse where they were monitored for 

symptom expression. 

4 Fluorescent microscopy of transmission trial test plants that showed symptoms 

Plants that had been fed on by leathoppers were prepared for fluorescent microscopy as described 

previously (Chapter 3, Section 11.2) 
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Figure 15 Plastic cylinders containing two week old Catharanthus roseus and at least 10 specimens of 

Orosius argentatus collected at the NTU Casuarina site from pigweed showing little-leaf symptoms. 
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III Results 

Insect Collection and Field Observations 

Very few leathoppers were observed feeding on the sweet potato crop at CPRS although they were 

observed on a range of weeds that invaded the crop. Only 10-20 leathoppers were caught using an 

aspirator during each field visit in September, October and November. Early in December larger 

numbers of leathoppers were observed on invading weeds. 

In late December and early January high numbers of only one species of leafhopper were collected 

from Trianthema portulacastrum, a weed that was invading the sweet potato crop. These specimens 

were identified as Orosius argentatus (Evans) (Fig. 16). Details of the identification of leathoppers 

and the site at which they were collected are listed in Table 10. 

Table 10 Identification of leafhoppers and the sites which they were collected. 

Leafhopper Family, Tribe Site 

Orosius argentatus (Evans) Cicadellidae, Euscelini CPRS, Casuarina 

Cicadulina bipunctella (Matsumura) Cicadellidae, Macrostelini CPRS, Casuarina, Berrimah 

Balciutha incisa (Matsumura) Cicadellidae, Macrostelini CPRS, Casuarina, Berrimah 

Balciutha chloe (Kirkaldy) Cicadellidae, Macrostelini CPRS 

Peregrinus maidis (Ashmead) Delphacidae, Casuarina 

Sogatella kolophon (Kirkaldy) Delphacidae, Berry Springs 

Cemus sp. Delphacidae, CPRS 

Toya sp. Delphacidae, CPRS 
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Figure 16. Orosius argentatus was collected at both CPRS and Casuarina (NYU) sites from pigweed 

showing 'little-leaf symptoms. This leathopper is a vector of 5 MLO-associated diseases. It was 

observed in high numbers at both these sites during December and January 1993. 
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Insect rearing and observations 

No symptoms were recorded in any of the food plants removed from the cages. Specimens of Orosius 

argentatus were observed feeding on the artificial sucrose diet that was placed in the cages although it 

did not increase leafhopper longevity compared to specimens in cages without the artificial diets. 

The leafhopper Baiclutha incisa was successfully reared on a range of plants in the cages as well as in 

the plastic cylinders. No attempt was made to obtain a MLO-free colony. Both nymphs and adults 

that were fed on SPLL infected sweet potato plants failed to transmit the disease in preliminary 

transmission trials (data not shown) No further transmission trials were conducted and the colony was 

not maintained due to the time involved in leafhopper manipulations. Rearing and transmission trials 

were confmed to Orosius argentatus because it is a known MLO vector. 

No specimens of Orosius argentatus survived longer than 25 days in the cages and no nymphs were 

observed in the original field collections or in the rearing cages. Both males and females were present 

in field collections, males were approximately 3.3 mm long while females were slightly larger at 3.5 

mm. Males and females were identified by their genitalia, females possess an ovipositor while the 

abdomen of the male is deeply segmented to the apex of the abdomen (Fig. 17). 



Figure 17. Males and females of Orosius argentatus were identified by their genitalia, females possess 

an ovipositor while the abdomen of the male is deeply segmented to the apex of the abdomen. 

Both males and females were present in field collections, males were approximately 3.3 mm long 

while females were slightly larger at 3.5 mm. 
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3 Transmission Trials 

In feeding trials using leaflioppers collected from pigweed, 4 out of 20 plants produced flowers that 

had green (virescent) petals which were leaf-like (phyllody). These symptoms were observed eighteen 

days after the inoculation feed and after a further 5 months 3 additional test plants produced virescent 

flowers (Fig. 18). In deformed virescent flowers the gynoecium was distorted and pushed through the 

calyx prior to flower opening (Fig. 19). Symptoms were not observed on all branches of infected 

plants. Vegetative growth of infected branches had a bushy appearance due to the proliferation of 

axillary buds. 

4 Detection of MLOs in test plants using fluorescent microscopy 

Mycoplasma-like bodies were detected in the phloem of the first 3 test plants that showed symptoms. 

Since the phloem of healthy control Catharanthus roseus plants had not been previously observed 

using fluorescent microscopy, sections of these plants were also examined. The cell outline of healthy 

cells was opaque and sieve plates were non-fluorescent. 



Figure 18 Test plants showing symptoms of flower greening (virescence) and phyllody, after being 

caged in plastic cylinders with specimens of Orosius argentatus that had been collected from pigweed 

showing 'little-leaf symptoms 
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Figure 19. a) The flower bud of a healthy control Catharanthus roseus plant 

b) Deformed flower bud of C. roseus showing symptoms after being fed on by 0. 

argentatus. The gynoecium was often distorted and pushed through the calyx prior 

to flower opening. 
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IV Conclusions 

In field collections of leafhoppers from sweet potato crops at CPRS there were high numbers of the 

known MLO vector Orosius argentatus, which transmits tomato big bud, lucerne witches' broom, 

potato purple top wilt, legume little leaf and pawpaw yellow crinkle i.e. (Chapter 1). Of the five 

additional species collected at CPRS only one species has been reported as a vector, Cicadulina 

bipunctella transmits maize wallaby ear virus, leaf gall and orange leaf of rice. Although species of 

the genus Balciutha have not been recorded as vectors and are predominantly grass feeders, they 

belong to the tribe Macrostelini which contains 2 genera of well known MLO vectors, Macrosteles 

Fieber and Dalbulus Delong. Balciutha sp. were frequently observed feeding on sweet potato plants 

and thus they cannot be excluded as potential MLO vectors. 

The occurrence of high numbers of Orosius argentatus on pigweed at both the CPRS and Casuarina 

sites from December to January is similar to population peaks recorded in temperate regions 

(Osmelak, 1987; Helson, 1951). Osmelak (1987) and Helson (1951) reported a seasonal abundance of 

this vector in tomato and tobacco crops in Victoria from October to March, with peaks in November, 

December and January. Both researchers suggest that these crops are not preferred host plants and that 

the leafhopper moves into the crop due to the death or drying up of winter and early spring weeds. 

They also reported that Orosius argentatus overwinters as adults or late instar nymphs and that 

oviposition starts with the appearance of suitable summer host plants. Although the Northern Territory 

does not have distinct temperature differences that can be equated to a southern winter, a prolonged 

dry season from April to November would reduce the availability of alternate host plants and may 

explain why only adults were collected from November 1992 to January 1993. Seasonal variablility in 

the onset of the wet season would determine the reappearance of suitable hosts plants and the start of 

oviposition. 

Irrigation of sweet potato crops during the dry season allows the growth and invasion of grasses and 

pigweed which possibly provides a source of host plants for insects. Little-leaf symptoms were 

observed in pigweed at both sites in November 1992, and plants were potted up and introduced as food 

plants into the rearing cages. Thus if oviposition had already started on the pigweed one would expect 
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to observe nymphs in the rearing cages but no nymphs were observed. A shed cuticle which was noted 

may indicate growth while in the cage or it may simply reflect the change of a late instar nymph to an 

adult. The onset of heavier rains in February 1993 coincided with the dying out of the pigweed and a 

reduction in the numbers of Orosius argentatus collected in late February. 

The lack of success in rearing Orosius argentatus can probably be attributed to the limited range of 

host plants supplied. A list of food, host and oviposition plants of Orosius argentatus published by 

Hill (1942) indicates that of the plants supplied in these rearing trials, oviposition and successful 

nymphal development has only been recorded on eggplant, although eggs of another species of 

Orosius have been collected from sweet potato plants in the Solomon Islands (1983). Helson (1951) 

reported that Orosius argentatus failed to breed on tomato and dies rapidly if fed exclusively on this 

plant. At no time in the rearing trials were adults fed exclusively on one plant, and plants were 

replaced sequentially so that if eggs had been laid they would not be all be removed from the cage. 

Osmelak (1987) extracted from published information a list of vector host plants which support 

successful nymphal development, he also indicates which of those plants have been infected by 

yellows diseases. Although many of the plants would not grow in Darwin, this information would 

provide a valuable starting point for further rearing trials. Suitable food or host plants that have been 

recorded in the Pacific for the closely related species Orosius lotophagorum ryukyuensis should also 

be trialed in addition to a range of local weed species. 

No pathogens or parasites were observed in the rearing cages and it is unlikely that this would have 

caused the death of the leaffioppers. Leafhopper numbers dropped slowly in the cages regardless of 

the collection date and no leafhopper survived longer than 25 days. Fungal hyphae was observed 

protruding from the gut of a live specimen of Orosius argentatus 2 days after it was collected from the 

CPRS site in the last collection in late February. The fungus was identified as Myothecium rosidum 

(identified by Mr M. Priest, NSW Dept. Agriculture) and until further pathogenicity tests are 

conducted it can not be assumed that this fungus is a pathogen of leathoppers. Soper (1976) does not 

list this fungus in his discussion of the pathogens of leathoppers and plant hoppers. The pupal case of 

a dryinid wasp was also observed protruding from the thorax of a specimen of Orosius argentatus 
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which was examined on the same day that the specimens were collected from the field. Dryinids are 

well known parasites of many flugoroids (Freytag, 1976). 

Transmission trials could not be conducted with leathoppers that had been fed exclusively on SPLL 

because a disease-free colony of 0. argentatus was not established beforehand. However, a 

transmission trial was conducted using 0. argentatus collected from pigweed at the NTU Casuarina 

campus because symptoms of 'little-leaf were observed in pigweed at this site and at CPRS, and 

MLO-DNA detected in pigweed at both sites was similar to MLO-DNA detected in SPLL infected 

sweet potato (Gibb etal., 1993). Catharanthus roseus was chosen as a test plant for this transmission 

trial because it flowers frequently (Chapter 6, Section 1), and leafhoppers had been observed 

frequently feeding on these plants during rearing trials (Chapter 6, Section 111.2). Younger C. roseus 

plants were used in transmission trials as compared to those used in rearing cages because it has been 

reported that the younger the plant is at the time of infection the more severe are the symptoms 

(Markhan, 1982) 

Due to symptoms that developed in the test plants and the detection of MLOs in the phloem of these 

plants using fluorescent microscopy, it can be concluded that field collected specimens of Orosius 

argentatus were infected with MLOs, and that transmission of these organisms to test plants produced 

symptoms of flower virescence and distortion. Our group has successfully infected Catharanthus 

roseus plants with SPLL from infected sweet potato using the parasitic plant Cuscuta austra!is, and 

symptoms of flower virescence and distortion was similar to those observed in test plants from the 

insect transmission trial. 
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Chapter 7 General Discussion 

I Introduction 

A number of criteria were used to demonstrate an association between MLOs and disease in plants 

(Chapter 1) and these were used to study the etiology of SPLL in the Northern Territory. In this study 

fluorescent and electron microscopy were used to observe MLO bodies in both the phloem of plants 

that were graft inoculated with SPLL infected scion material, and in the phloem tissue of field infected 

sweet potato plants. The consistent association of MLOs with diseased tissue satisfies the first of 

Koch's postulates which states that the pathogen must be found associated with disease in all the 

diseased plants examined. Further evidence in support of a MLO-SPLL association has been provided 

by a remission of symptoms following tetracycline treatment (Chapter 5), leafhopper transmission 

trials and the results of plant growth studies (Chapter 4). Plant growth studies indicate that the plant-

disease interaction is characterised by a reduction in both plant dry weight and tuber number in 

addition to a reduction in leaf size. These results lead to further questions concerning the criteria used 

to characterise SPLL in sweet potato crops and it is these questions that are discussed in this chapter. 

II Tetracycline induced symptom remission 

Pearson etal., (1984) studied the response of'little leaf' diseased sweet potato to tetracycline by 

measuring the percentage of plants showing healthy new growth. Both Pearson's work and the results 

presented in chapter 5 of this thesis indicate that there was symptom alleviation after treatment with 

tetracycline. This study showed an effect when 10 ug/ml and 25 ug/ml of tetracycline were used to 

treat plants however Pearson reported an affect not only at these levels, but also at 5 ug/ml. 

In Pearson's work, measurements were not taken until 14 days after treatment when new growth first 

appeared. When no tetracycline was used in the treatment he reported no change in the diseased 

plants. In this study , symptom expression was recorded in both pre-existing and new leaves, and 

some symptom alleviation was recorded in plants subjected to the treatment with no tetracycline. The 

level of symptom alleviation in this treatment was not different to that of plants treated with 5 ug/ml of 
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tetracycline which again is different to Pearson's work. These differences may be due to the types of 

leaves measured i.e. pre-existing and new leaves as opposed to only new growth, and/or differences in 

climatic and management practices i.e. MLO curing due to heat (Zelcer et al., 1972) and different soil 

mixes. Since Pearson et.al., (1984) measured new growth and not existing leaves, symptom 

alleviation could only be measured in new growth when these new leaves emerged, i.e. 14 days after 

treatment. However in this study, because both existing and new leaves were recorded, symptom 

alleviation was first measured 7 days after treatment. Symptom alleviation may have occurred earlier 

than this but measurements were first recorded 1 week after diseased runners were treated. 

Pearson's measurement of 'symptom remission' in new growth only means that this phenomenon could 

only be studied in these new leaves and not in pre-existing leaves. By ignoring pre-existing leaves it is 

implied that they have no role in symptom remission which is not necessarily true. In the study 

described in this thesis both new growth and existing leaves were monitored. Contrary to Pearson, 

symptom remission in this study is considered to have occurred in pre-existing leaves, and symptom 

suppression occurred in new growth. The term remission implies that symptoms which were present 

have gone, which relates to pre-existing leaves and not new leaves. Symptoms in new leaves could not 

be observed before treatment because these leaves had not yet grown so symptoms cannot be in 

remission, rather they have been suppressed relative to the healthy controls. 

In 1971, Bowyer et al., suggested that roots and original infected stems of plants treated with 

tetracycline act as a reservoir of MLOs, and that a 2-4 week period between the last application of 

tetracycline and the reappearance of symptoms represented an incubation period required by surviving 

organisms to multiply and systemically reinfect the plant. In subsequent trials when indicator plants 

were grafted with detached symptomless shoots, all indicator plants became infected. Bowyer 

concluded that MLOs were translocated to new tissue while it was developing during treatment with 

tetracycline. Obviously pre-existing leaves as well as roots and stems have a role to play in disease 

development in new growth even when the older leaves are being treated with tetracycline. The 

method of recording the effect of tetracycline on disease symptoms proposed in Chapter 5, Section 3, 
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provides information on both the remission of existing symptoms and the suppression of symptom 

development in new growth. 

III The plant growth trial and inherent variabilility in the growth of sweet potato 

The results of the plant growth trial indicate that the effect of SPLL on sweet potato plants is a 

reduction in both total plant weight, tuber number per plant and leaf area. However, as mentioned 

previously (Chapter 4, Section IV), not all the differences between growth measurements for diseased 

and healthy control plants can be attributed to the disease. There is also considerable variabilility 

between the growth measurements of diseased or control plants at any particular harvest. Some of 

these difference are due to the inherent variability of sweet potato plants and had this been known 

before the trial a higher number of replicates would have been chosen. This inherent variabilility is 

also a problem to sweet potato growers who want a high consistent yield throughout a crop each year. 

A method of overcoming such variability in the growth of individual plants has been adopted by 

growers. Instead of taking cuttings from stock plants, as was done in this plant growth trial, growers 

are advised to select marketable tubers from previous crops and to plant them in beds so that cuttings 

can be harvested from these tubers for the seasons crop. This method reputedly decreases the 

variability between plants and maintains a more consistent yield throughout the crop, and between 

successive crops (Blackburn pers. corn.) Propagation of sweet potato cuttings from tubers is described 

in Chapter 2, Section II, and it was used for propagating sweet potato plants for leafhopper rearing 

trials in this project. This method also produces many tip cuttings as compared to one stock plant and 

this provides a larger number of the same type of cuttings without having to maintain so many stock 

plants. Inoculum levels cannot be quantified in scion material used to inoculate plants and thus it is 

preferable that the growth of test plants be as uniform as possible. Therefore the method of 

propagation of tip cuttings from tubers as described in (Chapter 2, Section IV) is recommended. 

IV The MLO vector Orosius argentatus and SPLL 

To ensure control of this disease in the field, transmission of SPLL by Orosius argentatus needs to be 

confirmed. The possibility that Orosius argentatus is not the only andlor the most efficient vector 
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should be considered. The study by Day (1951) ofjassid feeding in a range of leafhoppers including 

Orosius argentatus, showed that the frequency of feeding tracks terminating in the phloem tissue 

depended on the plant species and leafhopper age. The highest frequency recorded for Orosius 

argentatus was 54 % by adults feeding on Malvaparvflora (L.). Since leathoppers transmit MLOs by 

feeding on sap in the phloem of MLO-infected plants and then healthy plants, the low termination of 

the feeding tracks of 0. argentatus in Day's study tends to suggest that this leafhopper may not be an 

efficient vector of SPLL. A comprehensive survey of the leafhopper population in sweet potato and 

adjacent weeds at CPRS would provide information on other leafhoppers present. From this survey it 

would be possible to determine how many generation of 0. argentatus are present within one year or 

one crop cycle. 

Results produced by Dr Gibbs laboratory (Chapter 6) indicate a similarity between the MLO detected 

in SPLL infected sweet potato and pigweed. It is possible that leathoppers feed on pigweed and infect 

the sweet potato crop, or alternately the disease is transmitted to the pigweed from diseased sweet 

potato. A third possibility is that leaffioppers that have acquired the MLO from a natural reservoir 

outside the crop transmit the disease to both pigweed and sweet potato. Information on leafhopper 

populations within the crop and adjacent areas throughout the year would be a starting point for 

understanding the epidemiology of the disease. 

If a disease-free colony of 0. argentatus was established at the Northern Territory University, then 

transmission of SPLL by this leafhopper could be verified, and leathoppers from this colony could be 

used to investigated the plant host range of both 0. argentatus and SPLL. It is quite probable that this 

leafhopper requires different plant hosts compared from those reported in temperate regions (Hill, 

1943; Helson, 1942 and Osmelak, 1984). If the theory that "0. argentatus moves into the crop once 

preferred host weeds die" is to be considered, then a knowledge of the insects plant host range would 

be needed. While the use of molecular techniques to detect MLOs, such as the amplification of MLO-

specific DNA sequences using the polymerase chain reaction, will undoubtedly answer many of the 

remaining questions related to MLO associated plant diseases, the recent detection of aster yellows 
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MLO-DNA in a nonvector leaffiopper (Vega et.aL, 1993) indicates that both biological methods and 

molecular techniques will need to be conducted in parallel. 

Currently the only cost effective method of controlling MLO-associated diseases in crops is by 

controlling the leafhopper vectors if they are known. Osmelak (1984, and 1988), in studies of tomato 

big bud and the vector 0. argentatus, concluded that appropriate insecticide application would depend 

on being able to determine the stage at which crops were susceptible to disease transmission by the 

vector, and that the number of leafhoppers trapped in the crop were significant for effective 

transmission. So far, preliminary results by Gibb et al., (1993) have not detected any difference 

between MLOs from plants within the Northern Territory. So the MLO transmitted by 0. argentatus, 

which produced green flower symptoms in Catharanthus roseus test plants in this study, is probably 

the same MLO that is associated with 'little leaf symptoms in sweet potato. This is the first report of 

transmission of a MLO by field collected Orosius argentatus in the Northern Territory. 



73 

Bibliography 

Archer, D.B. and M.J. Daniels 1982: The Biology of Mycoplasmas pp.9-35 in: Plant and Insect 
Mycoplasma Techniques. M.J. Daniels and P.G. Markham eds. Flaisted Press, New York. 

Arora, Y.K and R.0 Sinha 1988: Plant Pathogenic Mycoplasmas:Morphological and Biochemical 
Characteristics pp  3-28 in: Mycoplasma Diseases of Crops. K. Maramorosch and S.P 
Raychaudhuri eds. Springer-Verlag, New York. 

Behncken, G. M. 1983. Mollicutes and Rickettsia-like Bacteria in Plants. pp.229-245 in: Bacterial 
Disease of Plants. P. C. Fahy and G. J. Persley, eds. Academic Press, New York. 

Bowyer, J. W. 1974. Tomato Big Bud, Legume Little Leaf, and Lucerne Witches' Broom: Three 
Diseases Associated with Different Mycoplasma-Like Organisms in Australia. Australian 
Journal Agricultural Research, 25: 449-57. 

Bowyer, J.W., J.G. Atherton, D. S. Teakle, and G. A. Ahern 1969. Mycoplasma-Like Bodies in Plants 
Affected by Legume Little Leaf, Tomato Big Bud, and Lucerne Witches' Broom Diseases. 
Australian Journal of Biological Science, 22: 271-274. 

Bowyer, J.W. and J. G. Atherton 1971. Effects of Tetracycline Antibiotics on Plants Affected By 
Legume Little Leaf Disease. Austalian Journal of Biological Science, 25: 43-51. 

Capoor, S. P. and M. J. Thirumalachar 1973. Cure of Greening Affected Citrus Plants by 
Chemotherapeutic Agents. Plant Disease Reporter. Vol. 57, No. 2 pp.  160-163. 

Chiykowski, L. N. 1975. Factors Affecting the Infection of Plants with Clover Phyllody Agent 
Transmitted by Macrostelesfascfrons. Annals of the Entomological Society of America. 
Vol. 66 (5), 987-990. 

Chiykowski, L. N. 1981. Epidemiology of Diseases Caused by Leafhopper-Borne Pathogens pp. 105-
159 in: Plant Diseases and Vectors: Ecology and Epidemiology. K. Maramorosch and K. F. 
Harris eds., Academic Press, New York. 

Chiykowski, L. N. 1991. Vector-pathogen-host plant relationships of clover phyllody mycoplasmalike 
organism and the vector leathopper Paraphlepsius irroratus. Canadian Journal of Plant 
Pathology 13: 11-18 

Cobley, L. S. 1976. An introduction to the botany of tropical crops. Longman, London 

D'Agnostino, G. 1991. Ultrastructural Features of Primula Yellows Mycoplasma-like Organism 
(MLO) in Cryosections of Catharanthus roseus Leaves. Journal of Structural Biology, 107: 
56-64. 

Dabek, A. J.and D. E. Gollifer 1975. Mycoplasma-like Organisms in Ipomoea Batatas in the Solomon 
Islands. PANS. Vol. 21 No. 4, pp.  3 84-387. 

Dabek, A. J. and C. Sagar 1978. Witches Broom Chlorotic Litttle Leaf of Sweet Potato in 
Guadalcanal, Solomon Islands, possibly caused by Mycoplasma-like Organisms. 
Phytopathologische Zeitschrfl, 92: pp  1-11 

Dale, J.L. 1988: Rapid Compression Technique for Detecting Mycoplasmalike Organisms in Leaf 
Midrib Sieve Tubes by Fluorescence Microscopy. Phytopathology Vol. 78, No. 1 pp.  1  18-120. 



74 

Davis, R., R. F. Whitcomb and R. L. Steere 1968. Remission of Aster Yellows Disease by Antibiotics. 
Science. Vol. 161, pp.793-794  

Day, M.F., H. Irzykiewicz, and A. McKinnon 1951. Observation on the feeding of the virus vector 
Orosius Argentatus (Evans), and comparisons with certain other Jassids. Australian Journal 
of Scientific Research. 5: 128-142 

Delong, D. M. 1967. The Bionomics of Leathoppers. Annual Review of Entomology 16: 179-210 

Frederick, R. J., M. Klein, and K. Maramorosch 1971. Acquistition and Retention of Tetracycline-
hydrochloride by Plants. Plant Disease Reporter. Vol 5, No.3 pp  223-226. 

Florance, E. R. and H. R. Cameron 1978. Three-Dimensional Structure and Morphology of 
Mycoplasmalike Bodies Associated with Albino Disease of Prunus avium . Phytopathology. 
Vol 68 pp.75-80. 

Gibb K. and A. Padovan 1993. Detection and genetic relationships between mycoplasma-like 
organisms infecting crops in northern Australia. Abstract 2.2.23 page 47. Conference 
Proceedings of the 6th International Congress of Plant Pathology, July 28-August 6, 1993. 

Golino, D. A., G. N. Oldfield, and D. J. Grumpf 1987. Transmission Characteristics of the Beet 
Leafhopper Transmitted Virescence Agent. Phytopathology. Vol. 77, No. 6, 953-957. 

Grylls, N. E. 1979. Leafhopper Vectors and the Plant Disease Agents they Transmit in Australia pp 
179-2 14 in: Leafhopper Vectors and Plant Disease Agents. K. Maramorosch and K. F. Harris 
eds. Academic Press, New York. 

Harris, K. F., and K., Maramorosch 1980. Aphid, Leafhoppers and Planthoppers. Chapter 1 in: 
Vectors of Plant Pathogens. Springer Verlag. New York. 

Hartmann, H. T., D. E. Kester and F. T. Davies JR. 1990. Plant Propagation: Principles and Practices. 
Prentice-Hall International, London. 

Helms, K. 1956. Witches' Broom Disease of Lucerne. Australian Journal ofAgricultural Research. 
Vol. 8, No. 2 pp.  135-147. 

Helson, B. A. H. 1942. The Leaf Hopper Thanmnotettis argentata Evans, a Vector of Tobacco Yellow 
Dwarf. Journal of the Councilfor ScientifIc and Industrial Research. Vol. 15, No. 2 pp.175-
184. 

Hill, A. V. and G. A. Helson 1949. Distribution in Australia of Three Virus Disease and of their 
common Vector Orosius Argentatus (Evans). Journal of the Australian Institue of 
Agricultural Science. Sept-Dec pp.  160-161. 

Hiruki, C. 1988. Fluorescence Microscopy of Yellows Disease Associated with Plant Mycoplasma-like 
Organisms pp. 77-102 in: Mycoplasma Diseases of Crops. K. Maramorosch and S.P 
Raychaudhuri eds. Springer-Verlag, New York. 

Hull, R. 1971: Mycoplasma-Like Organisms in Plants. Review of Plant Pathology, Vol. 50, No.3.pp. 
121-130. 

Jackson, X.H and F.W. Zettler 1983 : Sweet Potato Witches' Broom and Legume Little-Leaf Diseases 
in the Solomon Islands. Plant Disease, Vol. 67 No. 10. 

Kahn, R.P, R. H. Lawson, R.L. Monroe, and S. Hearon 1972 : Sweet Potato Little-Leaf(Witches'-
Broom) Associated with a Mycoplasmalike Organism. Phytopathology, Vol. 62:903-909. 



75 

Kartha, K. K., Cousin M. T. and E. F. Ruegg 1973. A Light Microscope Detection of Plant 
Mycoplasma Infection by Feulgen Staining Procedure. Indian Phytopathology, Vol XXVIII: 
5 1-56. 

Kirkpatrick, B.C. 1992 Strategies for Character/sing Plant Pathogenic Mycoplasma-Like Organisms 
nd Their Effects on Plants. pp.241-293 in: Plant-Microbe Interactions: Molecular and 
enetic Perspectives Volume 3. T. Kosuge and E.W. Nester eds. McGraw-Hill Publishing, 
ew York. 

Kuske, C. R. and B. C. Kirkpatrick 1992. Distribution and Multiplication of Western Aster Yellows 
Mycoplasmalike Organisms in Catharanthus roseus as Determined by DNA Hybidization 
Analysis. Phytopathology Vol. 82, No. 4, p457-462. 

Lee I. and R. E. Davis 1992. Mycoplasmas Which Infect Plants and Insects. pp.  379-390 in 
Mycoplasmas: molecular biology and pathogenesis. J. Maniloff, R. N. McElhaney, L. R. 
Finch and J. B. Baseman eds. Amercian Society for Microbiology, Washington. 

Magarey, P. A. and M. R. Wachtel 1988. Australian Grapevine Yellows: new findings. The 
Australian Grapegrower and Winemaker, April: 25-26 

Maramorosch, K. and S. P. Raychaudhuri 1988. Mycoplasma Diseases of Crops: Basic and Applied 
Aspects. Springer-Verlag, New York. 

Maramorosch, K. and K. F. Harris eds. 1981. Plant Diseases and Vectors: Ecology and Epidemiology. 
Academic Press, New York 

Maramorosch, K. and K. F. Harris eds. 1979. Leafhopper Vectors and Plant Disease Agents. 
Academic Press, New York. 

Maramorosch, K. 1976. Plant Mycoplasma Diseases. pp.  150-171 in: Physiological Plant Pathology. 
R. Heitefuss and P. H. Williams eds. Springer-Verlag, New York. 

Markham, P.G. 1982: The 'Yellows' Plant Diseases:Plant Hosts and their Interaction with the 
Pathogens. pp.  82-105 in: Plant and Insect Mycoplasma Techniques. M. J. Daniels and P.G. 
Markham eds. Haisted Press, New York. 

Nault, L. R. and J. G. Rodriguez (eds.) 1976. The Leathoppers and Planthoppers. John Wiley and 
Sons, New York. 

Nielsen, M. W. 1979. Taxonomic Relationships of Leafhopper Vectors of Plant Pathogens pp. 3-27 
in: Leafhopper Vectors and Plant Disease Agents. K. Maramorosch and K. F. Harris eds. 
Academic Press, New York. 

Norman, M. J. T., C. J. Pearson and P. G. E. Searle 1984. The ecology of tropical food crops. 
Cambridge University Press, Cambridge. 

Osmelak, J. 1984 Aspects of the control of tomato big bud disease and the vector Orosius argentatus 
Evans) in Victoria. Masters Thesis: Melboune University. 

Pearson, M. N., P. J. Keane and K. Thiagalingham 1984. Little Leaf: A Disease of Sweet potato in 
Papua New Guinea Probably Caused by Mycoplasma-Like Organisms. Phytopathologische 
Zeitschrfi, 109: 269-276. 

Pearson, M. N. and G. V. H. Jackson 198?. Internal Report. 

Ploaie, P. G. 1981. MycopIasmalike Organisms and Plant Diseases in Europe. pp.6 1-104 in: Plant 
Diseases and Vectors.' Ecology and Epidemiology. K. Maramorosch and K.F. Harris eds. 
Academic Press, New York. 



76 

Raychaudhuri, S. P. S. Rishi, and N. Rishi 1988. Chemotherapy. Basic Research Approaches 391-416 
in: Mycoplasma Diseases of Crops: Basic and Applied. K. Maramorosch and S. P. 
Raychaudhuri eds. Springer-Verlag, New York. 

Samuel, G. , J. G. Bald and C. M. Eardley 1932. "Big Bud", A Virus Disease Of The Tomato. 
Phytopathology, Vol. 23: 641-653. 

Schaper U. and E. Seemuller 1982. Condition of the Phloem and the Persistence of Mycoplasmalike 
Organisms Associated with Apple Proliferation and Pear Decline. Phytopathology, Vol. 72, 
No. 7, 73 6-742. 

Singh, S. and I. D. Garg 1990. Mycoplasma-like Organism in the Salivary Glands of Insect-Vector of 
Potato Marginal Flavescence Disease. International Journal of Tropical Diseases. 8: 27 1-273 

Singh, S. J. and H. K. Joshi 1992. A New Record of Witches' Broom on Orobanche cernua.Plant and 
Parasitising Little-Leaf Disease Egg-Plant. International Journal of Tropical Diseases. Vol. 
10: 73-77. 

Sinha, R. C. and L. N. Chiykowski 1980. Transmission and morphological features of mycoplasmalike 
bodies associated with peach X-disease. Canadian Journal of Plant Pathology. Vol. 2, 119-
124. 

Sinha, R. C. andY. C. Paliwal 1969. Association, Development, and Growth Cycle of Mycoplasma- 
Like Organisms in Plants Affected with Clover Phyllody. Microbiology. 39, 759-767 

Sutic, D. D. and J. B. Sinclair 19XX. Anatomy and Physiology of Diseased Plants. CRC Press.. 

Waters, H. 1982. Light and Electron Microscopy pp.101-131 in: Plant and Insect Mycoplasma 
Techniques. Archer, D.B. and M.J. Daniels eds. Halsted Press, New York. 

Whitcomb, R. F. and L. M. Black 1982. Plant andArthropodMycoplasmas: A Historical 
perspective.pp. 40-77 in: Plant and Insect Mycoplasma Techniques. M. J. Daniels and P.G. 
Markham eds. Halsted Press, New York. 

Van Velsen, R. J. 1967. "Little Leaf', a Virus Disease of Ipomoea Batatas in Papua and New Guinea. 
Papua and New Guinea Agricultural Journal, Vol. 18. No. 4 pp126-128. 

Zelcer A., G. Loebenstein, and M. Bar-Joseph 1972. Effects of Elevated Termperature on the 
ltrastructure of Mycoplasmalike Organisms in Periwinkle. Phytopathology Vol. 62, 1453-
457. 



—I-- 
(cc 

N®RIO
T 1993 CHIS 

, -  " wk ChjBhoim, Mar13r1. - - 

ot 

0004140  

- 

NWtT j 

Northern Ierritory University 

ct- 

000414093 1 


