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Trypanosomatid Flagellate in the Phloem of

Diseased Coconut Palms

Abstract. Ultrastructural observations of the phloem of coconut palms affected
by “hartrot’" disease in Suriname have revealed the presence of the plant-infecting
flagellate Phytomonas in mature sieve tubes. The occurrence of these flagellates dur-
ing the earliest svimptoms of the disease and the correlated increase and spread of
the flagellates in the phloem as the disease progresses suggest that the organisms

may be pathogenic to the patms.

Although the existence of the plant-in-
fecting trypanosomatid flagellate Phytom-
onas (1) has been known for nearly 70
years, relatively little is known about the
flagellate’s relationship to its hosts. The
flagellate has been found chiefly in laticif-
erous plants (2), and in those plants it is
apparently confined to the latex-bearing

cells—the laticifers (3). Most investiga-
tors suggest that the flagellate is non-
pathogenic to its laticiferous plant hosts
(2, 4). However, a few reports from Eu-
rope and elsewhere do suggest that the
flagellate may be pathogenic to some of
its latex-bearing hosts (5). The lygacid
hemipteran Oncopeltus is known to be



the insect host that commonly transmits
the flagellates to milkweeds (6).

The first report of Phytomonas infec-
tion in a nonlaticiferous plant was made
more than 45 years ago by Stahel (7).
who demonstrated its presence in the
sieve tubes (8) of coffee plants (Coffea
liberica) suffering from a wilt disease in
Sutiname. We now report a second in-
cident of a trypanosomatid infection in a
nonlaticiferous plant, and a ultrastructur-
al study, perhaps the first, of the plant-
infecting flagellates in situ.

Our findings also suggest that the tryp-
anosomatid is associated with “‘hart-
rot” (9), a disease that has killed thou-
sands of economically important coco-
nut palms in Suriname.

Samples of young leaves and in-
florescences from eight coconut palms
(Cocos nucifera) that showed different
stages of hartrot were collected at three
different localities in Suriname together
with comparable samples from three
healthy ones. Our electron-microscopic
observations of phloem have revealed
the presence of flagellated organisms
in mature sieve elements of the dis-
cased palms but none in the healthy
ones. The flagellates were present only
in the enucleate mature sieve elements
and not in any nucleate cell of the host
(Fig: 1., a. b. and e). Samples from
palms in advanced stages of the dis-
ease had flagellates in 10 to 100 percent
of the mature sieve elements in all the
vascular bundles examined (/0). Many
sieve tubes of the protophloem and early
metaphloem were plugged by the flagel-
lates (Fig. 1, a, b, and d). The flagellates
were nucleate, 1.0 to 2.5 um in diameter
and 12 to 18 um in length, were uni-
flagellate, and were usually oriented lon-
gitudinally within sieve tubes (Fig. 1d).
On the basis of size, morphology. and ul-

Fig. 1. Electronmicrographs of the trypano-
somatid flagellate Phytomonas in the phloem
of young inflorescences of coconut palms
affected by hartrot. (a) Transverse section
of a differentiating vascular bundle in a palm

that had early symptoms of the disease. Ar-

rows indicate recently matured sieve elements
filled with the flagellates; M, immature meta-
xylem; S, immature sieve clements (scale
bar, 10 wm). (b) Transverse 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 um).
(c) Transverse section of a flagellate that was
apparently undergoing longitudinal fission
(scale bar, 0.5 wm). (d) Longitudinal section
of a sieve element filled with the flagellates.
Arrows indicate the DNA portion of kineto-
plasts (scale bar, 1 wm). (e) Similar to (b) but
more magnified; C, companion cell; P. paren-
chyma cell (scale bar, 2 um).

Fig. 2. Transverse section of the flagellates showing the pellicular membrane (PM). pellicular
microtubules (MT), mitochondrion (M), nucleus (N), kinetoplast (K), and an opaque granule

(unlabeled arrow) (scale bar, 2000 A).

trastructure, the flagellate could be read-
ily classified as a mastigophoran proto-
zoon belonging to the order Kinetoplas-
tida, family Trypanosomatidae, genus
Phytomonas. The flagellates in the palm
sieve tubes are similar in size range and
in morphology to P. davidi Lafont (/1)
and P. elmassiani Migone (/2, 13) that in-
fect laticiferous plants and to P. lepto-
vasorwm Stahel found in the phloem of
diseased coffee plants (7). Since the cri-
teria for establishing species for this ge-
nus are still a problem (/3), further stud-
ies are needed before we can determine
the species of Phytomonas that infect the
coconut palms.

The ultrastructure of the flagellates in
general was similar to that of P. elmas-
siani which infects milkweeds (/4). A
row of pellicular microtubules is present,
adjacent to the pellicular membrane (Fig.
2). The microtubules are oriented paral-
lel to the longitudinal axis of the orga-
nism. Transverse section of the flagellar
axenome at the distal portion exhibits
the typical nine groups of two micro-
tubules. The structure of the nucleus and
the size of the DNA portion of the kineto-
plast (15) of Phytomonas (Figs. 1d and 2)
in palm sieve tubes were not identical
with those of P. elmassiani. Chromatin
in the nuclei of the flagellates we exam-
ined was usually concentrated at the pe-
riphery of the nucleus. Well-defined nu-
cleoli were observed in only a few of the
organisms. The DNA band of the kineto-
plast was about twice the width of that
seen in P. elmassiani (14). As reported in
P. elmassiani, no Golgi bodies were evi-
dent in the organisms. Several electron-

opaque bodies of unknown nature were
usually present in the cytoplasm (Fig. 2).
Transectional views of flagellates that
were apparently undergoing longitudinal
fission were occasionally observed (Fig.
lc).

Sieve elements of palms infected with
the flagellates contained few plastids in
contrast to those that did not contain the

" organisms. The plasmalemma of infected

sieve elements appeared to be intact but
an amorphous electron-opaque material
was frequently present between the cell
wall and plasmalemma of the infected
elements. Although the diameter of
sieve-plate pores in sieve tubes of young
inflorescences and leaves of coconut
palm was 0.3 to 1.0 um, the flagellates
were apparently able to pass through
sieve-plate pores and promote progres-
sive infection.

On the basis of our preliminary study
alone it is obviously not possible to deter-
mine the relation between Phytomunas
and the coconut palm. We realize that
the presence of the flagellates may be the

‘result rather than the cause of the hart-

rot disease and that the causal relation-
ships need to be proved according to
Koch’s postulates. However, the ab-
sence of organisms other than flagellates
in the earliest symptom of the disease
and the correlated increase and spread of
the flagellates in sieve tubes as the dis-
ease progresses suggest that the flagel-

“lates are pathogenic to their hosts and

hence the possible causative agents of
hartrot. The distinct correlation between
the presence of the flagellates in sieve
tubes and the wilt of coffee plants in




Suriname (7) further supports the idea
that Phytomonas may be pathogenic to
its plant hosts if it infects the food-con-
ducting tissue. It is possible that infec-
tion of the flagellates in laticifers is not in-
jurious or is less injurious to the host
plants since laticifers are mainly ex-
cretory structures. It is of interest that
the two reports of Phytomonas infection
in nonlaticiferous plants are both from
Suriname, and are both associated with a
disease. Vectors of the trypanoscmatids
that infect the phloem of coffee and the
coconut are yet to be determined.

Even if Phyiomonas is proved to be
nonpathogenic to coconut palms. their
présence in sieve tubes is of biological
significance. The flagellates can thrive
under three apparently different environ-
mental conditions. In addition to their in-
sect hosts. they thrive in laticifers that
chiefly contain particles belonging to the
hydrocarbon familes of terpenes (/6) and
in sieve tubes that contain mostly sugars.

Although some aspects of the relation-
ship of Phyiomonas to its laticiterous
plant host have recently been studied (2.
6. 13, 17). httle is known about the rela-
tion of the fagellate to its nonlaticif-
erous plant host. Further study of the
biology of this curious trypanosoma-
tid is essential to prove its apparent path-
ogenicity to some plants.
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