
MYCOPLASMA-ASSOCIATED DISEASES OF TREES
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Abstract
A review is presented of tree diseases that may be caused

by mycoplasmas. The symptoms of some mycoplasma-asso-
ciated diseases of trees are discussed. Current need for re-
search in this area is appraised.

Although mycoplasma-caused diseases of ani-
mals have been known since 1898, it was not
until 1967 (11) that anyone suspected that
mycoplasmas caused plant diseases. Because a
number of important tree diseases may be
caused by mycoplasmas, foresters and other ar-
borists should become aware of developments in
this field. This article presents a review of tree
diseases that may be mycoplasma-caused and
an appraisal of the current status of research in
this area.

There are several reasons why mycoplasmas
have been overlooked as possible causal agents
of tree diseases. First, mycoplasmas are the
smallest known living cells (Fig. 1), and they are
very nondescript in form. Their cells are sur-
rounded by an elastic membrane, but lack a cell
wall. Internally, small, dark-staining bodies are
present, which are assumed to be ribosomes or
sites of protein synthesis. Instead of a distinct nu-
cleus, mycoplasmas have strands of DNA that ap-
parently serve as the genetic material of the cell.
Mycoplasmas usually take on yeast-like shapes
or form long filaments. We are not sure how plant
mycoplasmas reproduce, but one theory is that
most divide by binary fission like bacteria.

A number of tree diseases have been assumed
to be caused by viruses because their symptoms
were typical of virus diseases, no other or-
ganisms could be found, and transmission could
be demonstrated by grafting.

To prove that a virus is the definite disease-
causing agent, it is necessary to find the virus in
the plant or isolate the virus from it and be able to
reproduce the disease by inoculation with pure
preparations of the virus.

Uncertainty in determining whether myco-
plasmas cause plant diseases stems from the dif-
ficulty in culturing them in cell-free media. There
are a number of reports that plant mycoplasmas
have been maintained in pure culture (16, 31,
51), but many are so far inconclusive because of
other researcher's inability to duplicate the re-
sults (8). Currently, the most accepted reports of
the successful culturing of plant mycoplasmas
are those of citrus stubborn disease and of corn
stunt (4, 56). These organisms, however, called
Spiroplasmas, may be different from the or-
ganisms commonly considered as mycoplasmas.

Tetracycline antibiotics have been known for
some time to be active against animal myco-
plasmas. Symptom remission has been obtained
in plants that have mycoplasma-associated dis-
eases by treating them with tetracyclines (15,
28, 38, 49). This is good circumstantial evidence
that mycoplasmas are indeed the cause of these
diseases. In addition, mycoplasma-like bodies in
treated plants become disrupted as a result of
the treatment. Mycoplasmas have been found in
the tissue of suspected insect vectors (7, 25).
Some vectors treated with tetracyclines have
been "cleaned up" and are unable to transmit an
infectious agent.

The fact that mycoplasma diseases, such as
pear decline (21, 22, 26, 33, 39, 40), are sus-
ceptible to control with tetracycline antibiotics is
encouraging. There is no known control of virus
diseases of trees.

Symptoms of Mycoplasma-Associated Tree
Diseases

There is no one set of symptoms that typify
mycoplasma-associated diseases of trees. The
most recurrent symptom, so far, is a "witches'-
broom" type of growth (Fig. 5). Brooms are
commonly formed because of a shortening of
stem and leaf intemodes, resulting from a loss in
apical dominance. Also, terminal growth may be-
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come more upright; there may be overgrowth of
the stem; and leaves and roots, as well as stems,
may form brooms.

Depending on the particular disease, foliage
may become yellow or reddish and dwarfed, and
in some cases, even greener. Some foliage may
become wrinkled or strap-shaped. Death of the
phloem may occur, and there may be dieback of
either terminal branches or roots. Starvation and
decline symptoms may appear. Flowers may re-
vert to leaves (phyllody), drop, proliferate, be-
come dwarfed, or even enlarge.

To date, mycoplasmas are implicated as the
possible cause of at least 23 tree diseases, as
shown in the following table:

MYCOPLASMA-ASSOCIATED
DISEASES OF TREES

DISEASE
Areca catechu Yellow

Leaf (India)
Apple Chat Fruit

(France)
Apple Proliferation

(France)
Apple Rubbery Wood

(England)
Ash Witches' Broom

(USA)
Black Locust Witches'

Broom (USA, Europe)
Citrus Greening (South

Africa)
Citrus Likubin (USA)
Citrus Littleleaf (Israel,

Brazil, USA)
Citrus Stubborn (USA)
Coconut Palm Lethal

Yellowing (USA,
Jamaica)

Dodonaca viscosa Spike
(India)

Elm Phloem Necrosis
(USA)

Mulberry Dwarf (Japan)
Papaya Bunchy Top

(Puerto Rico)
Paulownia Witches'

Broom (Japan)
Peach Western X (USA)
Pear Decline (USA)
Pecan Bunch (USA)
Prunus X Disease (USA)
Sandal Spike (India)
Walnut Bunch (USA)
Willow Witches' Broom

(USA)

VECTOR

—

—

—

—

—

—

psyllid
psyllid

psyllid
—

—

—

leafhopper
leafhopper

leafhopper

—
leafhopper
psyllid
_
leafhopper
leafhopper
—

—

REFERENCE

(36)

(2)

(1,16)

(2)

(2)

(49)

(28,30)
(5,7)

(52,58)
(13,14,15,25,29,34)

(3,19,33,42)

(unpublished)

(57)
(11,26)

(53)

(11)
(17,18,32,35,39)
(21,22,39,40)
(27,48)
(18)
(9,10,24,37,38,44)
(47)

(23)

In this paper, we will discuss briefly those dis-
eases affecting forest and ornamental trees.
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Ash Witches'-Broom
Hibben & Wolanski (20) found witches'-brooms

on declining white ash (Fraxinus americana L) in
New York State. Symptoms included small,
chlorotic, sometimes deformed leaves that were
often simple rather than pinnately compound,
shortened internodes, abnormally erect
branches, and shoot growth from axillary and ter-
minal buds that normally remain dormant until the
following year. The exact relationship between
the witches'-broom and ash decline was not de-
termined.

Hibben & Wolanski (20) found mycoplasmas
associated with the brooms. They found no
viruses associated with the affected tissue, and
they were unable to transmit the infectious agent
mechanically by sap inoculations. They were able
to transmit the agent to Vinca rosea through
dodder, from V. rosea to V. rosea by grafting, and
from V. rosea to Daucus carota through dodder.
Graft transmission of ash witches'-broom from
ash to ash was reported in 1973 by Schall &
Agrios (46).

Black Locust Witches'-Broom
Witches'-broom of black locust was first re-

ported in 1898 and was assumed to be a virus
disease. This disease occurs throughout the USA
and several European countries.

Symptoms first appear when inflorescences
emerge from the spathe with necrotic tips. Fruit
trees. Occasionally the crowns of trees are af-
fected. Brooms commonly develop late in the
season from the growth of normally dormant axil-
lary buds in leaf axils, grow into the fall, and fre-
quently are winter-killed.

Seliskar et al. (49) found mycoplasma-like
bodies associated with sieve elements and com-
panion cells in phloem of stems, roots, and
petioles of black locust showing witches'-broom
symptoms.

Symptoms first appear when inflorescenes
emerge from the spathe with necrotic tips. Fruit
drops in all stages of development, and yellowing
begins in the lower fronds. The disease pro-
gresses until the bud becomes necrotic, and the
tree dies. Cessation of symptom development
and resumption of normal growth have been
achieved through treatment with tetracycline anti-
biotics (33). Mycoplasmas were found in infected
coconut palms by Beakbane et al. (3) and Par-
thasarathy (41).

Elm Phloem Necrosis
Elm phloem necrosis was described as a virus

disease on Ulmus americana L. and U. alata
Michx. in 1938 (54). After it was discovered in
Ohio, elm phloem necrosis has subsequently
been found in most of the central and southern
United States. Recently, it has been found in
Pennsylvania and New York (50,51). Epidemics
of elm phloem necrosis have resulted in the
death of thousands of trees within a community.
Currently there are epidemics in New York (50),
Pennsylvania (51), and Mississippi (12).

Symptoms of elm phloem necrosis appear as a
general decline of the tree (Fig. 4). Leaves turn
yellow or bronze and remain small. The entire
crown is affected. Small feeder roots die, and in
later stages of the disease the inner phloem at
the base of the stem turns butterscotch brown
(Fig. 2). If pieces of affected phloem are placed in
a closed container and warmed, a distinctive
wintergreen odor is emitted. Phloem necrosis can
be transmitted by the whitebanded elm leaf-
hopper (Scaphoideus luteolus (Fig. 3).

Wilson et al. (57) found mycoplasma-like
bodies associated with elm tissue showing symp-
toms of elm phloem necrosis. Filer (12) has re-
cently been able to get remission of symptoms of
phloem necrosis by treating trees with tetracy-
cline antibiotics. Some trees failed to show symp-
toms for three years after treatments.

Coconut Palm Lethal Yellowing
Lethal yellowing is a serious disease of coco-

nut palm (Cocos nucifera L.). It has been known
for some time in Jamaica and has recently be-
come an important problem in southern Florida.

Paulownia Witches'-Broom
Paulownia witches'-broom is the most serious

disease of Paulownia in Japan, causing severe
damage in plantations in central and southern
sections.
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Axillary buds and shoots grow from May or
June into late fall on part or all of the tree. Twigs
and branches become weak and brittle. Leaves
on diseased branches become abnormally thin,
narrow, rough, and chlorotic. One- and two-year-
old trees usually die within two years; older trees
may survive for several years.

Doi et al. (11) found numerous mycoplasma-
like bodies in sieve tubes severely affected by
the disease. No bodies were found in new,
healthy twigs that grew on branches infected by
witches'-brooms the previous year.

Pecan Bunch Disease
Pecan bunch is a widespread yellows-type dis-

ease, occurring throughout the commercial range

of native pecan, (Carya illinoensis (Wangehn.) K.
Koch). First reported in 1937 in Louisiana, the
disease has since been discovered in eight
southern states and is serious on a number of
widely planted horticultural cultivars and native
hickory species.

Characteristically, infected trees produce one
to many witches'-brooms in the crown (Fig. 5).
Brooms arise from the indeterminate growth of
normally dormant axillary buds. They come into
leaf before normal foliage, continue growth late in
the fall, and are often killed by winter cold.

Although pecan bunch has been assumed to
be virus-caused, the consistent association of a
mycoplasma with diseased, but not healthy, trees
strongly points to a mycoplasma etiology (48).

F1G.4 .TYPICAI STARkSHON
SYMPTOMS OF E l M PHLObM
NECROSIS.

1

H C 3 SUPHOIDEUS 1UT t 01US
LEAFHOPPER VECTOR OF t l M
PHLOEM NECROSIS PATHOCEN.

NVMPH

FIG 5. WITCHES' BROOMS "
OH PECAN AfFECTED
(VI TH BUNCH DISEASE
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Mulberry Dwarf
This disease is of considerable economic im-

portance in Japan, where the mulberry is a food
source for silkworms. Early symptoms consist of
a wrinkling of the leaf, whose surface becomes
firmer to the touch, without any color change.
Later leaves are smaller and more deeply in-
dented, acquire a hard texture, and become
yellowish-green. Intemodes are shortened, and
new shoots are weak and slender. Finally, the
tree assumes a dwarfed witches'-broom appear-
ance. Root development is less vigorous in af-
fected trees.

Doi et al. (11) found various shapes of myco-
plasma-like bodies in sieve tubes of diseased
trees, and sometimes in the adjacent phloem
parenchyma cells. Ishiie et al. (26) noted symp-
tom remission of mulberry dwarf when plants
were treated with tetracycline antibiotics.

Sandal Spike
Spike disease is the most serious disease of

sandal {Santalum album L.) in South India. In its
first stages, only parts of the tree may be
affected, but in two to three years the entire tree
will die. Leaves become very narrow and stand
out stiffly from the branches, giving them a spike-
like appearance. There is a shortening of the in-
temodes. One of the first symptoms is a rever-
sion of flowers to leaf-like structures (phyllody).
There is a reduction in the perianth and stamen
and a leaf-like enlargement of the pistil.

Mycoplasma-like bodies have been found as-
sociated with sandal spike disease (9,24). Tetra-
cycline antibiotics have caused symptom remis-
sion (38,44). Mycoplasmas have been isolated
from diseased tissues (37), but this work needs
confirmation.

Walnut Bunch Disease
Bunch disease of walnut was first reported in

1932 in a nut orchard in Delaware. It was doubt-
less present long before this, however. Photo-
graphs of diseased trees taken in Georgia in
1914 (on file with the U.S. Dept. of Agriculture)
clearly show bunch symptoms. The disease is
widespread in the eastern United States and is
found on Japanese walnut, butternut, English wal-

nut, and native black walnut. Black walnut is the
most resistant, and sometimes symptoms are
masked in affected trees. Conversely, Japanese
walnut is highly susceptible, and diseased trees
die back over a period of several years.

Symptoms first appear as small brooms, which
arise from the precocious development of axillary
buds, which normally remain dormant. Like pecan
bunch, brooms start growth early in the spring
before normal foliage and continue late into the
fall. As do a number of yellows-type diseases,
walnut bunch causes a brittleness in the wood,
which may affect the usefulness of the tree for
veneer.

The disease can be transmitted by grafting, but
no natural vector is known. The disease was
once thought to be virus-caused, but the recent
discovery of mycoplasmas in diseased trees (47)
raises doubt as to a virus etiology. Seliskar (47)
found mycoplasmas in the phloem tissues of pe-
tioles, roots, and stems of diseased, but not
healthy trees. They were most abundant in
petioles of highly symptomatic twigs in brooms
and rarely found in nonsymptomatic portions of
diseased trees.

Willow Witches'-Broom
A witches'-broom disease has recently been

reported on scattered trees of Salix rigida Muhl.
in New York, New Hampshire, and Massachu-
setts. Usually no more than one affected plant is
found at each location. The disease is charac-
terized by the early breaking of axillary buds and
consequent growth of numerous spindly, erect
branches. The leaves are stunted. The witches'-
brooms commonly die in winter.

Holmes et al. (23) found typical mycoplasma-
like bodies in phloem elements of diseased, but
not healthy trees.

Current Status of Research
Current evidence that mycoplasmas cause tree

diseases is circumstantial. The culturing of myco-
plasmas that cause a few tree diseases has ap-
parently been accomplished, but needs verifica-
tion. Once we were able to fulfill Koch's postu-
lates, the causal relationships of mycoplasmas
can be delineated.
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Assuming that we will soon be able to show
that mycoplasmas do unequivocally cause tree
diseases, more information is still needed to con-
trol these diseases effectively. What is the rela-
tionship of the various mycoplasmas? Are they
host-specific? Do they have alternate hosts? Do
they attack herbacious plants as well as trees?
Other than by insects, how are they spread?
Where do they overwinter? Are there saprophytic
plant mycoplasmas? Are some trees attacked
simultaneously by viruses and mycoplasmas (6)?
We need answers to these questions in order to
develop intelligent control procedures. Viruses
have been found that are associated with myco-
plasmas (43). We need to determine whether
mycoplasmas are the disease-causing agents or
sometimes only vectors of plant pathogenic virus.

Undoubtedly, mycoplasmas will be found asso-
ciated with additional tree diseases. There are a
number of prospects, such as boxelder witches'-
broom and numerous other witches'-brooms of
hardwoods and conifers. No mycoplasma has yet
been found associated with a disease of coni-
ferous trees.

The interaction of mycoplasmas with other dis-
ease-causing agents also needs to be deter-
mined. There is the possibility that mycoplasmas
may serve as antagonists to other pathogens.
They also might predispose trees to other
diseases. The factors that predispose trees to
mycoplasmal infections need to be determined.

It is obvious that our understanding of myco-
plasma-associated diseases of trees is rudimen-
tary. However, recently increased research in
this area should soon provide us with answers to
some of our questions.

Literature Cited

1. Amici, A., E. Refatti, R. Osier, and S. Pellegrini. 1972. Corpi
referibili a micoplasmi in piante di melo affette dalla mallattia
degli scopazzi. [Mycoplasma-like bodies in apple trees with
proliferation (witches'-broom) disease.] Riv. Patol. Veg.
8(1):3-19. Illus.

2. Beakbane, A.B., M.D. Mishra, A.F. Posnette, and C.H.W.
Slater. Mycoplasma-like organism associated with chat fruit
and rubbery wood diseases of apple Malus domestica
(Borkh) compared with those in strawberry with green petal
disease. J. Gen. Microbial. (in press).

3. Beakbane, A. Beryl, C.H.W. Slater, and A.F. Posnette.
1972. Mycoplasmas in the phloem of coconut, Cocos
nucifera L, with lethal yellowing disease. J. Hort Sci. 47(2):
265. Illus.

4. Chen, T.A. and C.H. Liao. 1975. Corn stunt spiroplasma:
isolation, cultivation, and proof of pathogenicity. Science
88:1015-1017.

5. Chen, M., T. Miyakawa, and C. Matsui. 1970. Mycoplasma-
like bodies associated with likubin-diseased Ponhon citrus.
Phytopathology 61:598.

6. Chen, M., T. Miyakawa, and C. Matsui. 1971. Simultaneous
infections of citrus leaves with tristeza virus and myco-
p/asmalike organism. Phytopathology 62:663-666.

7. Chen, M., T. Miyakawa, and C. Matsui. 1973. Citrus likubin
pathogens in salivary glands of Diaphorina citri. Phyto-
pathology 63:144-195.

8. Davis, R.E. 1973. Etiology of the yellows diseases: A di-
versity of causal agents? In: 2nd Int. Congr. Plant Pathol.,
Minneap., Minn., Sept. 5-12, 1973. (Abstr. #0580).

9. Dijkstra, J., and T.S. le. 1969. Presence of mycoplasma-
like bodies in the phloem of sandal affected with spike dis-
ease. Neth. J. PI. Path. 75:374-378.

10. Dijkstra, J., and J.P.H. Van DerWant. 1970. Anatomical
aspects of sandal plants affected with spike disease. Neth.
J. PI. Path. 76:174-178.

11. Doi, Y., M. Teranaka, K. Yora, and H. Asuyama. 1967.
Mycoplasma- or PLT group-tike micro-organisms found in
the phloem elements of plants infected with mulberry
dwarf, potato witches' broom, aster yellows, or Paulownia
witches' broom. Ann. Phytopathol. Soc. Japan 33:259-266.

12. Filer, T.H., Jr. 1973. Suppression of elm phloem necrosis
symptoms with tetracycline antibiotics. Plant Dis. Reptr
57:341-343.

13. Fudl-allah, A.E.A., and E.C. Calavan. 1972. Effects of
sugars, tryptone, PPLO broth, yeast extract, and horse se-
rum on growth of the mycoplasmalike organism associated
with stubborn of citrus. Phytopathology 62:758 (Abstr).

14. Fudl-allah, Abd El-shafy A., and E.C. Calavan. 1973.
Effect of temperature and pH on growth in vitro of a myco-
plasmalike organism associated with stubborn disease of
citrus. Phytopathology 63:256-259.

15. Fudl-allah, A.E.A., E.C. Calavan, and E.C.K. Igwegbe.
1972. Culture of a mycoplasmalike organism associated
with stubborn disease of citrus. Phytopathology 62:729-
731.

16. Giannotti, J., G. Morvan, and C. Vago. 1968. Micro-
organismes de type mycoplasme dans les celles liberien-
nes de Malus, sylvestris L. atteinte de la malodie des pro-
liferations. C.R. Hebd. Seanc. Acad. Sci., Paris, Sect. D
267:76-77.

17. Granett, A.L. 1973. Transmission of X-disease from choke
cherry to Vinca rosea. 1973. In: 2nd Int. Congr. Plant
Pathol., Minneap., Minn., Sept. 5-12, 1973. (Abstr. #0645).

18. Granett, A.L, and R.M. Gilmer. 1970. Mycoplasmas as-
sociated with X-disease in various Prunus species. Phyto-
pathology 61:1036-1037.

19. Heinze, K., H. Petzold, and R. Marwitz. 1972. Beitrag zur
Aetiologie der Toedlichen Vergilbung der Kokospalme.
[Etiology ot lethal yellowing disease of coconut palm.]
Phytopathol. Z. 74(3):230-237.

20. Hibben, C.R., and B. Wolanski. 1970. Dodder transmis-
sion of a mycoplasma from ash witches'-broom. Phyto-
pathology 61:151-156.



12 Wilson and Seliskar: Mycoplasma Diseases

21. Hibino, K, G.H. Kaloostian, and H. Schneider. 1971.
Mycoplasma-like bodies in the pear psylla vector of pear
decline. Virology 43:34-40.

22. Hibino, H, and H. Schneider. 1970. Mycoplasma-like
bodies in sieve tubes of pear trees affected with pear
decline. Phytopathology 60:499-501.

23. Holmes, F.O., H. Hirumi, and K. Maramorosch. 1972.
Witches'-broom of willow. Salix yellows. Phytopathology
62:826-828.

24. Hull, R., R.W. Home, and R.M. Nayar. 1969. Mycoplasma-
like bodies associated with sandal spike disease. Nature
224:1121-1122.

25. Igwegbe, E.C.K., and EC. Calavan. 1970. Occurrence of
mycoplasma-like bodies in phloem of stubborn-infected
citrus seedlings. Phytopathology 60:1525-1526.

26. Ishiie, T., Y. Doi, J. Yora, and H. Asuyama. 1967. Sup-
pressive effects of antibiotics of tetracycline group on
symptom development of mulberry dwarf disease. Ann.
Phytopathol. Soc. Japan 33:267-275.

27. KenKnight, Glenn. 1973. Symptoms, spread, and control
of bunch disease of pecan. In: 2nd Int. Congr. Plant Pathol.
Minneap., Minn., Sept. 5-12, 1973. (Abstr. #0931).

28. Lafleche, D., and J.M. Bove. 1970. Structure de la type
mycoplasme dans les feuilles d'orangers atteints de la
maladie du "greening". C.R. Hebd. Seac Acad. Sci., Paris,
Sec.D270:1915-1917.

29. Lafleche, D., and Jim Bove. 1970. Mycopfasmes dans les
agrames atteints de "greening" de "stubborn" ou de
maladies simlaires. Fruits 25:455-465.

30. Lafleche, D., and J.M. Bove. 1971. Mycoplasmalike or-
ganisms associated with stubborn of citrus and myco-
plasmalike structures associated with greening and related
diseases of citrus, p. 3. Int. Org. Citrus Virol-News Letter
No. 5 (July).

31. Louis, C, and J. Giannotti. 1973. Morphology and struc-
ture of plant mycoplasmas cultivated in vitro. In: 2nd Int.
Congr. Plant Pathol., Minneap., Minn., Sept. 5-12, 1973.
(Abstr. #0646).

32. MacBeath, J.H., G. Myland, and A.R. Spurr. 1972. Mor-
phology of mycoplasmalike bodies associated with peach
X-disease in Prunus persica. Phytopathology 62:935-937.

33. McCoy, R.E. 1972. Remission of lethal yellowing in coco-
nut palm treated with tetracycline antibiotics. Plant Dis.
Reptr. 56:1019-1021.

34. Mclntosh, Arthur H., and Karl Maramorosch. 1973. Spiro-
plasma citri in experimentally inoculated plants. In: 2nd Int.
Congr. Plant Pathol., Minneap., Minn., Sept. 5-12, 1973.
(Abstr. #0642).

35. Nasu, S., D.D. Jensen, and J. Richardson. 1970. Electron
microscopy of mycoplasma-like bodies associated with
insect and plant hosts of peach western Xpdisease. Vi-
rology 41:583-595.

36. Nayar, R. 1971. Etiological agent of yellow leaf disease
of Areca cathecu. Plant Dis. Reptr. 55:170-171.

37. Nayar, R.M., and H.S. Ananthopadmanaba. 1970. Isola-
tion, cultivation, and pathogenicity trials with mycoplasma-
like bodies associated with sandal spike disease. J. Ind.
Acad. Wood Sci. 1:59-61.

38. Nayar, R.M., and H.S. Ananthopadmanaba. 1970. Electron
microscopy of alternate hosts of snadal spike pathogen and
of tetracycline-treated spike-infected sandal trees. J. Ind.
Acad. Wood Sci. 1:62-64.

39. Nyland, G. 1971. Remission of symptoms of pear decline
in pear and peach X-disease in peach after treatment with
a tetracycline. Phytopathology 61:904-905. (Abstr.).

40. Nyland, George, and William J. Moller. 1973. Control of
pear decline with a tetracycline. Plant Dis. Reptr. 57:634-
637.

41. Parthasarathy, M.N. 1973. Mycoplasmalike organisms in
the phloem of palms in Florida affected by lethal yellowing.
Plant Disease Reporter 57:861-862.

42. Plavsic-banjao, B., P. Hunt, and K. Maramorosch. 1972.
Mycoplasmalike bodies associates with lethal yellowing
disease of coconut palms. Phytopathology 62:298-299.

43. Ploaie, P.G. 1971. Particles resembling viruses asso-
ciated with mycoplasma-like organisms in plants. Rev.
Rown. Biol.-Bolanque 16:3-6.

44. Raychaudhuri, S.P., S.K. Ghosh, V.V. Chenulu, and A.
Varma. 1973. Sandal spike and its possible control. In: 2nd
Int. Congr. Plant Pathol., Minneap., Minn., Sept. 5-12, 1973.
(Abstr. # 0480).

45. Saglio, P., R. Dalibart, G. Dupont, D. Fournier-Lafleche,
J. Latrille, J.C. Vignault, and J.M. Bove. 1973. Culture of
plant mycoplasmas: Isolation, growth and characterization
of Spiroplasma citri. In: 2nd Int. Congr. Plant Pathol., Min-
neap., Minn., Sept. 5-12, 1973. (Abstr. #0581).

46. Schall, R.A. and G.N. Agrios. 1973. Graft transmission of
ash witches'-broom to ash. Phytopathology 63:206-207.

47. Seliskar, Carl E. 1973. Association of a mycopiasma/ifce
organism with walnut bunch disease. In: 2nd Int. Congr.
Plant Pathol., Minneap., Minn., Sept. 5-12, 1973. (Abstr.
#0933).

48. Seliskar, Carl E., Glenn E. KenKnight, and Carol E.
Bourne. Mycoplasmalike organism associated with pecan
bunch disease. Phytopathology, (in press).

49. Seliskar, C.E., C.L. Wilson, and C.E. Bourne. 1973. My-
coplasmalike bodies found in phloem of black locust af-
fected with witches'-broom. Phytopathology 63:30-34.

50. Sinclair, W.A., R.J. Campana, P.D. Manion, W.E. Fry, W.
Merrill, and L.P. Nichols. 1971. Elm phloem necrosis in
Pennsylvania. Plant Dis. Reptr. 56:159-161.

51. Sinclair, W.A., R.J. Campana, P.D. Manion, W.E. Fry, W.
Merrill, and L.P. Nichols. 1971. Elm phloem necrosis in
Pennsylvania. Plant Dis. Reptr. 55:1085.

52. Smith, Kenneth M. 1972. A textbook of plant virus dis-
eases. Academic Press, N.Y. & London, 684 p., 115 fig.

53. Story, G.E., and R.S. Halliwell. 1969. Association of a
mycoplasma-like organism with the bunchy top disease of
papaya. Phytopathology 59:1335-1337.

54. Swingle, R.U. 1938. A phloem necrosis of elm. Phyto-
pathology 28:757-759.

55. Varma, V., V.V. Chenulu, S.P. Raychaudhuri, Nam
Prakash, and PS. Rao. 1969. Mycoplasma-like bodies in
tissues infected with sandal spike and brinjal little leaf.
Ind. Phytopathol. 22:289-291.

56. Williamson, D.L and R.F. Whitcomb. 1975. Plant myco-
plasmas: a culturable spiroplasm causes corn stunt dis-
ease. Science 188:1018-1020.

57. Wilson, C.L, C.E. Seliskar, and C.R. Krause. 1972. Myco-
plasmalike bodies associated with elm phloem necrosis.
Phytopathology 62:140-143.

58. Zelcer, A., M. Bar-Joseph, and G. Loebenstein. 1971.
Mycoplasma-like bodies associated with little-leaf disease
of citrus. Israel J. agric. Res. 21(4): 137-142.


