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Certain trypanosomatid flagellates, i.e., protozoa of the class Mastigophora, order Kinetoplastida, family Trypanosomatidae, have been
known to parasitize plants for almost 70 years. That flagellates may be
pathogenic to their host plants was suggested several times by the investigators of these parasites and rather good evidence was presented that
some plant diseases are caused by flagellates. However, because these
parasites could not be isolated in pure culture and could not be inoculated
into healthy plants so that they could reproduce the disease, as Koch's
postulates dictate, flagellates have not yet been fully accepted as plant
pathogens. Yet, the pathogenicity of mycoplasmas and rickettsialike
bacteria in plants is almost universally accepted although the same
Koch's postulates are equally unfulfilled with these organisms as they are
with the flagellates. Since the evidence supporting the pathogenicity of
flagellates is no less than that available for mycoplasmas and rickettsialike bacteria it is reasonable to assume that at least some
flagellates are considered capable of causing disease in plants and it is
apparent that the role of flagellates, as well as the role of other protozoa,
in plant pathology deserves more attention than it has received in the
past.
The protozoa are mostly one-celled, microscopic animals, generally
motile, and have typical nuclei. They may live alone or in colonies, may
be free living, symbiotic, or parasitic. Some protozoa subsist on other
organisms such as bacteria, yeasts, algae, and other protozoa, some saprophytically on dissolved substances in the surroundings, and some by
photosynthesis as in plants. Protozoa move by flagella (class Mastigophora, the flagellates), by pseudopodia (class Rhizopoda, the amoebae), by cilia (class Ciliata, the ciliates), or by movements of the cell itself
(class Sporozoa, a diverse group of parasitic protozoa).
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Of the protozoa, apparently only the flagellates have been reported as
associated with plant diseases so far, but there are no good reasons why
the other classes might not be found in the future to also be parasitic on
plants.
The Mastigophora, or flagellates, are characterized by one or more long
slender flagella at some or all stages of their life cycle (Figs. 2, 3, 257, and
258). The flagella are used for locomotion and food capture, and perhaps
as sense organs. The body of the flagellates usually has a definite long,
oval, or spherical form that is maintained by a thin, flexible covering
membrane or, in some groups, it may be armored. Flagellates generally
reproduce by longitudinal fission (Figs. 3, 257C, and 258B). Although
many flagellates are saprophytic and some contain plastids with colored
pigments, including functional chlorophyll, others are parasites of man
and various animals and some cause serious diseases. The best known
flagellate pathogenic to humans is the blood parasite, Trypanosoma, the
cause of sleeping sickness in Africa, which is transmitted by tsetse flies.
Flagellates were first found to be associated with plants in 1909, when
Lafont reported that Phytomonas davidi parasitizes the latex-bearing
cells—the laticifers—of the laticiferous plant Euphorbia (Euphorbiaceae).
Since then several other species of Phytomonas have been reported from
plants belonging to the families Asclepiadaceae (e.g., P. elmassiani on
milkweed), Moraceae (e.g., P. bancrofti on a ficus species), Rubiaceae (e.g.,
P. leptovasorum on coffee), and species of unknown identity on coconut
palm and on oil palm. All plant flagellates belong to the order Kinetoplastida, family Trypanosomatidae. The plant-infecting Phytomonads are ap
parently transmitted by insects but so far insect vectors are known only for
P. elmassiani. Many of the investigators who studied the flagellates in
laticiferous plants feel that although the flagellates parasitize the plants—
since they live off their latex—the plants do not become diseased and,
therefore, the flagellates are not pathogenic to these plants. According to
some reports, however, symptoms apparently do develop in some
flagellate-infected laticiferous plants, which would indicate that the
flagellates are pathogenic to their hosts.
The nonlaticiferous hosts, coffee, coconut palm, and oil palm are apparently
infected by pathogenic Phytomonas species and develop characteristic
FIGURE
257.
Electron micrographs of the trypanosomatid flagellate Phytomonas in the phloem
of young inflorescences of coconut palms affected with hartrot. (A) Cross section
of a differentiating vascular bundle in a palm that had early symptoms of the
disease. Recently matured sieve elements are filled with flagellates,- M, immature
metaxylem; S, immature sieve elements (scale bar 10 μπι). (Β) Cross section of the
phloem in a palm that had advanced symptoms of the disease, showing C,
companion cell; F, fiber,- P, phloem parenchyma cell; S, sieve elements free of
flagellates (scale bar 5 μπι). (C) Cross section of a flagellate undergoing
longitudinal fission (scale bar 0.5 μπι). (D) Longitudinal section of a sieve element
filled with the flagellates. Arrows point to the D N A portion of kinetoplasts (scale
bar 1 μπι). (Ε) Similar to Β but at a higher magnification; C, companion cell; P,
parenchyma cell (scale bar 2 μπι). (Photos courtesy Μ. V. Parthasarathy, from
Science 1 9 2 : 1 3 4 6 - 1 3 4 8 . Copyright © 1976 by the American Association for the
Advancement of Science.)
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FIGURE
258.
Flagellates associated with the coffee wilt disease. (A) Single protozoon in
vascular vessel of diseased Coffea liberica. (B) Flagellates in vessel of C. liberica,
one of them in the process of division. (C) Long and thin flagellates in vessels of
coffee tree showing advanced symptoms of the disease. (Photos courtesy J. H. van
Emden.)

internal and external symptoms, and severe and economically important
diseases. Flagellates apparently cause the phloem necrosis disease of
coffee, the hartrot disease of coconut palm, and the marchitez sorpresiva
(sudden wilt) disease of oil palms.
• Phloem Necrosis of

Coffee

It occurs in Surinam, British Guiana, and probably Brazil, San Salvador,
and Colombia. It affects trees of Coffea liberica. Infected trees show
sparse yellowing and dropping of leaves and, as these increase gradually,
only the young top leaves remain on the otherwise bare branches. As the
roots begin to die back, the condition of the tree worsens and the tree dies
(Fig. 259A). Sometimes, in the beginning of the dry season, trees wilt and
die within 3 to 6 weeks (Fig. 259B). Internally, the roots and trunk of trees
show multiple division of cambial cells and production of a zone of smaller
and shorter phloem vessels of disorderly structure right next to the wood
cylinder (Fig. 259C, D). At this stage the bark in the roots and in the trunk
is firmly attached to the wood and cannot be separated from it.
The pathogen, Phytomonas leptovasorum, is a trypanosomatid flagel
late. When symptoms first appear there are only a few, big (14 to 18 x 1.0
to 1.2 /xm), spindle-shaped flagellates in the phloem (Fig. 258A, B). As
multiple division of cambial cells and abnormal phoem production be
come apparent and many leaves turn yellow and fall, the flagellates are
numerous, slender, and spindle shaped, 4 to 14 χ 0.3 to 1.0 /im (Fig.
258C). A few shorter (2.0 to 3.0 /mi) forms of the flagellate, called
"leishmania forms," also appear in the oldest sieve tubes. When the
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FIGURE
259.
Coffee wilt of Coffea liberica caused by the flagellate protozoon Phytomonas
leptovasorum.
(A) Affected tree during rainy season. Note loss of leaves and
yellowing but no acute wilting. (B) Affected tree at the onset of the dry season.
Note sudden wilting. (C) Cross section of abnormal phloem tissue from
flagellate-affected and wilting coffee tree. (D) Cross section of healthy phloem
tissue of coffee tree. (Photos courtesy J. H. van Emden.)
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FIGURE
260.
" H a r t r o t " of coconut palms caused by flagellate protozoons. (A) Malayan Dwarf
palms, 3 years old, suffering from " h a r t r o t " disease. Note broken leaves and the
collapsed spear. (B) Unopened inflorescence of Mayalan dwarf showing necrotic
spike tops. It is inflorescence No. 1, and the first symptom of the disease. (C)
Inflorescence showing necrotic spike tops. (D) Ceylonese dwarf-yellow, 4 years
old, suffering from " h a r t r o t " disease. Note nuts on the ground, one of the first
symptoms. (Photos courtesy W. G. van Slobbe.)
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multiple division develops into a multilayered sheath around the wood
cylinder that extends from the roots up to 2 meters above the ground line
and the tree is almost dead, there is a great abundance of small (3 to 4 χ
0.1 to 0.2 μ,πι), "spaghetti" flagellates only in the living tissues of the stem,
while previously occupied cells are evacuated.
The flagellates can be traced from the roots upward into the trunk
where they seem to migrate vertically in the phloem and laterally
through the sieve plates into healthy sieve tubes. They also seem to move
downward into unaffected roots. Flagellates could not be found in the tree
outside areas with multiple division.
The disease can be transmitted through root grafts but not through
green branch or leaf grafts. Following grafting of healthy trees with roots
infected with flagellates, the flagellates can be observed in the previously
healthy roots within a few weeks, the tree begins to develop external
symptoms 4 to 5 months later, and it then dies shortly afterward. The
disease spreads in the field from one tree to another, and healthy trees
often become infected when transplanted in areas from which a diseased
tree had been removed. No vector of the disease is known.
• Hartrot of Coconut

Palms

Hartrot has been known in Surinam since 1906, sometimes under the
names lethal yellowing, bronze-leaf wilt, Coronie wilt, and "unknown
disease." Many of the symptoms of hartrot (Fig. 260, A-D) are similar to
those caused by the lethal yellowing disease of coconut palms in the
Caribbean, West Africa, and Florida, but the causes of the two diseases
seem to be unrelated. Trees affected with lethal yellowing contain only
mycoplasmas and no flagellates, while trees affected with hartrot contain
only flagellates and no mycoplasmas.
Flagellates of the genus Phytomonas occur in mature sieve elements of
young leaves and inflorescences of hartrot-affected coconut palms (Fig.
257). In advanced stages of the disease, 10 to 100 of the mature sieve
elements contain flagellates and many of them are plugged with flagel
lates which are usually oriented longitudinally within the phloem. The
flagellates measure 12 to 18 x 1.0 to 2.5 μπι. The number and spread of
the flagellates in sieve tubes increase proportionally with the develop
ment of the disease.
No vector and no means of transmission of the disease are known yet.
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