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Little-Leaf Disease of Brugmansia candida,
A New Disease Associated with

Mycoplasma-Like Organisms*

Chuji HIrRukr**

Abstract

Little-leaf, a new disease of Brugmansia candida was found in Brisbane, Queensland, Aust-
ralia. Petiole and stem tissues of both affected and healthy plants as well as tomato plants,
graft-inoculated and uninoculated, were subjected to histochemical examination and electron
microscopy for possible association with mycoplasma-like organisms (MLO). Pleomorphic
bodies of MLO were detected in the phloem elements of the diseased specimens but not in
healthy plants. In fluorescence microscopy with a DNA specific stain, DAPI (47, 6-diamidino
-2-phenylindole :2HCI), these MLO fluoresced specifically. Disease specific accumulation
of callose in affected phloem cells was detected after staining hand sections with aniline
blue.

(Received April 9, 1986)
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Introduction

The genus Brugmansia'”, often treated as a section of Datura, is distributed in central
and South America, Asia and North Africa. It is represented in Australia only by a
few species in cultivation!®. B. candida Pers. is a woody shrub or small tree growing to
a height of about 3 to 5 m. Because of its showy flowers, pendulous with peduncles 3
to 6 cm long, it is frequently planted as ornamental plant in gardens. The genus Datura
and its relatives contain tropane alkaloids, especially scopolamine,?? and cases of poison-
ing in humans, especially children, are common in the cultivated Brugmansia species,
which have also received attention recently through their use as hallucinogenic drugs'®.

In February, 1985, B. candida cv. Angel’s Trumpet cultivated in the Brisbane Botanic
Gardens, Mt. Coot-tha Road, Toowong, Brisbane, Queensland, was found to display little-
leaf symptoms, characteristic of a mycoplasma disease. In an attempt to determine if
mycoplasma-like organisms (MLO) were associated with the disease, healthy plant ma-
terial and diseased specimens were subjected to both electron and light microscopy.

This paper reports the results of the observations as well as evidence of graft trans-
mission of the disease agent.

* Supported in part by research grants (A3843, ICO153) from the Natural Sciences and Engineer-
ing Research Council of Canada.
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Materials and Methods

B. candida little-leaf agent. Samples of B. candida showing little-leaf symptoms as
well as samples of healthy plants were collected from the Brisbane Botanic Gardens.
The pathogen was graft-transmitted to healthy tomato (Lycopersicon esculentum L. cv.
Grosse Lisse). Infected plants which displayed big-bud symptoms were tested for the
presence of viruses by electron microscopy and by mechanical inoculation to indicator
plants Nicotiana glutinosa L., N. clevelandii Gray, Gomphrena globosa L., Chenopodium quinoa
Willd., C. amaranticolor Coste and Reyn., Vigna unguiculata (L.) Walp. cv. Blackeye and
Phaseolus vulgaris L. cv. Bountiful.

Graft transmission. Healthy tomato plants, about 15 cm high, grown from seed were
excised at about 5 cm from the soil level and were wedge-grafted with a scion from
diseased B. candida. The grafted plants were covered with a plastic bag to maintain
high relative humidity for about a month. A union was considered successful if the
scion survived for four weeks in the greenhouse.

Histochemistry. Two histochemical techniques were used for locating MLO or MLO-
infected cells in hand sections, about 25 um thick, of stem and petiole tissue samples.
For DNA staining, sections were fixed in 5% glutaraldehyde in 0.1 M phosphate buffer
pH 7.0 for 2 h. After rinsing, they were stained in a solution (1 pg/ml) of 4/, 6-
diamidino-2-phenylindole-2HCl (DAPI, Sigma Chemical Co., St. Louis, MO, USA.). Sec-
tions mounted in the DAPI solution were examined for DNA-specific fluorescence. For
aniline blue staining, hand sections were fixed either in boiling water for 2-3 min or in
a 5% glutaraldehyde solution for 2 hr, rinsed, and stained in 0.01% aniline blue in 1/15
M K,HPO, pH 8.0 for 20 min. The sections were mounted in a drop of aniline blue
and examined under an Olympus Reflected Light fluorescence microscope, BHS-RF-A
with an HBO 100W/2 mercury lamp, an excitation filter UGl a dichroic mirror U(DM
—400+L—410) and a barrier filter L-420.

Electron microscopy. Small pieces, about 2 mm X2 mm, of main veins from healthy
and little-leaf diseased plants were cut and fixed in 3% glutaraldehyde in 0.025 M
Sorensen’s buffer containing 0.24 M sucrose overnight at room temperature, then washed
four times in (.025 M Sorensen’s buffer containing 0.25 M sucrose and twice in 0.025
M buffer alone at 4 C. The material was postfixed in 1% osmium tetroxide in (.25 M
Sorensen’s buffer containing 0.25 M sucrose for 4 h at 4 C, dehydrated at room temper-
ature through a graded acetone series, and placed in two changes of propylene oxide.
After removal from propylene oxide, the tissue was embedded in Spurr’s resin?®. Sec-
tions were cut on an LKB Ultrotome III equipped with a glass knife, and stained with
uranyl acetate and lead citrate. Micrographs were taken with a Hitachi H-180 electron
microscope at 120 kV.

Results

Symptomatology
B. candida plants with little-leaf symptoms showed severe stunting, extremely short
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internodes and general yellowing of leaves, which were smaller in size and more numer-
ous than normal. The development of the little-leaf symptoms was irregular and se-
verely affected branches were often suppressed under apparently normal looking branches
(Figs. 1 and 3). Affected plants rarely produced flowers and even when flowers were
formed, their development was morphologically abnormal and their colour was greenish,
whereas healthy plants produced vigorous green leaves and numerous, attractive flowers
(Fig. 2).

Symptoms of tomato plants artificially inoculated by grafting were cessation of apical
growth, reduction in internode growth, and general yellowing of leaves. Floral buds were
never formed after inoculation. Secondary shoots formed after graft-inoculation devel-
oped big-bud symptoms (Fig. 4).

Graft transmission of the B. candida little-leaf agent to tomato plants

Of 5 grafts from little-leaf affected B. candida plants to tomato plants, 3 were suc-
cessful and developed disease symptoms in 4 weeks. Five tomato plants were grafted
with healthy B. candida scions, and all five remained healthy.

Histochemistry

After staining with DAPI, stem-internode sections from healthy B. candida plants
showed two kinds of UV fluorescence: small fluorescent spots scattered outside of xy-
lem elements and autofluorescence of xylem walls (Fig. 5a). No abnormal fluorescence
was observed in the phloem elements. In comparable sections from infected plants, pale
to bright yellow fluorescence was observed in both the external and internal phloem el-
ements. DAPI staining of the nuclei was seen as small, faint fluorescent spots. Xylem
elements had bluish autofluorescence (Fig. 5b). After staining with aniline blue, sections
of petioles from healthy and diseased plants showed characteristic differences in the
accumulation of callose in the phloem elements (Figs. 5c, 5d).

Hand-sections from graft-inoculated tomato plants which displayed typical big-bud
symptoms suggested substantial concentration of MLO in both external and internal
phloem elements in DAPI staining. DAPI fluorescence was intensive and widely distrib-
uted in the phloem regions (Fig. 6).

Electron microscopy

Many of the sieve elements observed in both naturally infected B. candida plants and
experimentally infected tomato plants contained numerous, typically pleomorphic MLO
(Fig. 7). No helical forms were observed. Neither viruslike particles nor other plant
pathogens were found. MLO were not found in sections from healthy B. candida and to-
mato plants.

Other tests

No evidence of virus infection was obtained by bioassays and electron microscopy.
Further light microscopic examinations of diseased leaf, stem and root tissues did not
yield evidence of infection by other pathogens such as bacteria, fungi and nematodes.

Discussion

In this investigation, the association of MLO with the little-leaf disease of B. candida
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was established by graft-transmission and by electron microscopy as well as by histo-
chemistry with DAPI and aniline blue as fluorochromes. This is the first report of an
MLO-associated disease affecting B. candida.

DAPI was first synthesized as a trypanocide®. The value of DAPI as a fluorescent
DNA probe was quickly recognized!®!%2%2” and DAPI has been widely used for practical
diagnosis of diseases of trees and shrubs®®!%29 as well as herbaceous species!®1820,29
thought to be associated with MLO. DAPI is particularly useful for those MLO diseases
from which causal agents have not been isolated. While there is no problem with DAPI
concerning background fluorescence due to nonspecific reactions, there are certain reac-
tions of host components with DAPI that are possibly influenced by host species and
perhaps plant age or physiological condition of the host plant. In this investigation,
small fluorescent spots were found scattered in the sections from healthy plants (Fig.
5a). A similar observation was previously reported on Hydrangea sp.?®. Since DAPI is
highly specific to DNA, host organelles such as nuclei,? mitochondria,?” plastids®? and
DNA viruses'? are stained by DAPI and detected as fluorescent foci. Generally speak-
ing, however, in histochemical studies, sections are examined at low magnifications and
small faint fluorescent spots do not interfere with assessment of the results.

When aniline blue was used as a fluorochrome, differentiation between healthy (Fig.
5¢) and diseased plants (Fig. 5d) was done quickly and easily. Similar results were ob-
tained with a variety of hosts®%2%. Careful fixation was an important factor in avoid-
ing callose accumulation in healthy plant samples that is unrelated to MLO infection!®
14,15)

On the basis of the characteristic growth habit, particularly abundant production of
abnormally small leaves, the name “little-leaf” is proposed for the abnormality of B.
candida reported in this paper. Since B. candide is not native to Australia, its cultiva-
tion in Australia appears to be limited to display gardens and experimental plots. No
information is available on the geographical distribution of the disease other than that
it is present in Queensland, Australia. However, B. cendida is no doubt highly suscep-
tible to MLO infection.

The interrelationships of MLO observed in B. candida and those previously reported
from other plant species in Queensland such as tomato and legumes,” eggplant!¥ and
native rosella hibiscus (C. Hiruki unpublished data) have not yet been established. It
will be of interest to investigate leafhopper-vector relationships® as well as a possible
relationship between this disease and both eggplant little-leaf and potato purple top,
since the disease agents of these three diseases cause similar big-bud symptoms of
tomato.

The excellent technical assistance of T. Tribe and Gina Figueiredo is gratefully acknow!l-
edged. Facilities for greenhouse work and fluorescence microscopy were provided by the
Department of Microbiology, University of Queensland, Australia. The author was the
holder of a Visiting professor ship from the Awustralian Government. Special thanks are
due to R. McKinnon, curator of the Brisbane Botanic Gardens for providing specimens for
this investigation. Transmission electron microscopy was done at the Laboratory of Plant
Pathology, University of Tokyo, Japan.
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Explanation of plates
Plate I

Fig. 1. Little-leaf symptoms of Brugmansia candida.

Fig. 2. Healthy Brugmansia candida with numerous flowers.

Fig. 3. A close-up photograph showing little-leaf symptoms of a severely affected shoot
of Brugmansia candida.

Fig. 4. Big-bud symptoms of tomato (large arrow) after graft-inoculation with a scion
(small arrow) from a little-leaf diseased Brugmansia candida. An arrow head
shows the graft-union.

Plate 1T
Fig. 5. Fluorescence micrographs of Brugmansia candida.
(a) A healthy stem section stained with DAPIL
(b) A stem section from a little-leaf diseased plant stained with DAPI.
(c) A healthy petiole section stained with aniline blue.
{d) A petiole section from a little-leaf diseased plant stained with aniline blue.
Bars represent 100 pm.

Fig. 6. Fluoresecence micrograph of a transverse section, stained with DAPI, of tomato
graft-inoculated with the little-leaf agent from Brugmansia candida. Bar repre-
sents 100 pm.

Fig. 7. Electron micrograph showing mycoplasma-like organisms in a transverse section

of the sieve tube of young stem of little-leaf diseased Brugmansia candida. Bar
represents 1 pm.
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Plate 1T
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