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ABSTRACT

Orion, D., Y. Levy, Y. Israeli, and E. Fischer. 1999. Scanning electron microscope observations on spi-
ral nematode (Helicotylenchus multicinctus)—infested banana roots. Nematropica 29:179-183.

Banana (Musa sp., Cavendish sub-group, cv. Grand Nain [AAA]) roots infested with the spiral
nematode, Helicotylenchus multicinctus, were collected from a four-year-old banana plantation in Zem-
ach Banana Experiment Station. Root segments with lesions were processed for observation by scan-
ning electron microscopy. Electron micrographs of root cortical tissue reveal that the nematodes are
localized at a depth of only 4-6 cells from the epidermis. The nematodes migrate in the root cortical
parenchyma parallel to the root longitudinal axis and lay eggs within the tissue. Histologically, the
root lesion consists of a defined group of parenchymal cells which collapse in reaction to the nema-
tode invasion. In most cases the spiral nematode was accompanied by mycelia of various fungi.

Key words: banana, Helicotylenchus multicinctus, host-parasite relationship, Musa spp., scanning electron
microscopy.

RESUMEN

Orion, D., Y. Levy, Y. Israeli y E. Fischer. 1999. Observacién al microscopio electrénico de barrido de
raices de banano infestadas con el nematodo espiral (Helicotylenchus multicinctus). Nematropica
29:179-183.

Raices de banano (Musa spp. sub grupo Cavendish, cv. Grand Nain [AAA]) infestadas con el ne-
matodo espiral, Helicotylenchus multicinctus, fueron recolectadas en una plantacién de cuatro afios, en
la estacién experimental Zemach Banana. Fragmentos de raices con lesiones fueron procesados para
su observacién en el microscopio electrénico de barrido. Las microfotografias del tejido cortical de
la raiz, revelaron que los nematodos estan localizados a una profundidad de solo 4-6 células de la epi-
dermis. Los nematodos migran en el parenquima cortical de la raiz, paralelo al eje longitudinal de la
misma y ovipositan dentro del tejido. Histolégicamente, la lesién de la raiz, consiste de un grupo de-
finido de células parenquimales que colapsan en reaccién a la invasién del nematodo. En la mayoria
de los casos, el nematodo estuvo asociado a micelio de varios hongos.

Palabras claves: banano, Helicotylenchus multicinctus, microscopia electrénica de barrido, Musa spp., re-
lacién hospedante-parasito.

INTRODUCTION

The spiral nematode, Helicotylenchus
multicinctus, is considered to be a serious
nematode parasite of banana in several
banana-growing regions in the world,
including the Jordan Valley in Israel

(Gowen and Queneherve, 1990). The eco-
nomic importance of this nematode was
demonstrated over 40 years ago by the con-
siderable increase in banana yield following
its suppression with the fumigant nemati-
cide dibromochloropropane (Minz, Ziv
and Strich-Harari, 1960). A few studies
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demonstrated the damage inflicted by the
nematode as the appearance of longitudi-
nal necrotic lesions followed by decay of
the entire root (Zuckerman and Strich-
Harari, 1963). Because nematode-infected
roots decay rapidly, an association between
the spiral nematode and soil-borne fungi
was postulated (Blake, 1966). H. multicinc-
tus on Arabidopsis thaliana roots in the labo-
ratory behaves as an ectoparasite and under
these conditions it completes its life cycle in
six weeks time (Orion and Bar-Eyal, 1995).
Itis known that H. multicinctus colonizes the
cortical parenchyma of banana roots
(Blake, 1966; Stover, 1972); however, histo-
pathological description of the parasitized
roots is lacking. This paper provides clear

evidence in a large range of magnifications
of the interactions between banana spiral
nematode and the host root tissues.

MATERIALS AND METHODS

Musa sp., Cavendish sub-group, cv.
Grand Nain (AAA) roots showing promi-
nent lesions were collected in Zemach
Banana Experiment Station in August 1998
from a fouryear-old Grand Nain (AAA)
banana plantation. The roots were cut into
1-2 cm long segments, fixed for 48 hours in
formalin-acetic acid-alcohol solution (FAA),
dehydrated in ascending alcohol series
and embedded in polyethyleneglycol (MW
6 000) blocks. The embedded roots were

Fig. 1. Longitudinal section of the spiral nematode, H. multicinctus—infected banana root. The nematodes are lo-
cated in the cortical parenchymal tissue at the depth of 6 cells from the epidermis.

Fig. 2. Spiral nerhatodes in the root cortical tissue aligned parallel to its longitudinal axis.

Fig. 3. A spiral nematode in the stage of passing from one cell to another one through the transverse cell wall.
Fig. 4. Cross section in spiral nematodes-infected banana root. A female and its eggs within a cortical cell.
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transverse and longitudinal hand-sectioned
with a razor blade, and prepared for obser-
vations in a scanning electron microscope
following a procedure previously described
(Orion and Lapid, 1993). Observations
were made with a Jeol SEM at 10 KV.

RESULTS

Three phases of the interaction of the
spiral nematode H. multicinctus and the
banana root tissues could be distinguished
in this study:

1. Nematode behavior. The nematode pene-
trates into the cortical parenchyma and
colonizes the tissue at a depth of 4-8 cells
(Fig. 1). There, the nematode aligned

100 um

itself parallel to the root longitudinal
axis, probably feeds on the cell content,
and moves from one cell to the neigh-
boring one through the transverse cell
wall (Figs. 2, 3). The nematodes are not
evenly distributed in the infected tissue
and in quite a few cases several individu-
als are located in the same site adjacent
to non-infected cells (Figs. 1, 2). Eggs
were observed adjacent to the female
body (Fig. 4) indicating that nematodes
can complete the life cycle in the root
cortical parenchyma.

Root reaction. Infected roots are easily
recognized by the appearance of dark
brown longitudinal lesions on the sur-
face of the banana root. A cross section

Fig. 5. Cross section of a lesion. The cells in the vicinity of the spiral nematode (arrow) are in a state of collapse

(rectangle).

Fig. 6. Cross section of a lesion at higher magnification. Note the deformed cell walls in the nematode-infected

region.

Fig. 7. Cross section of a healthy banana root. Note the isodiametric cortical parenchyma cells.
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of a lesion reveals that the cells adjacent
to the nematode-infected cell are signif-
icantly deformed as if they are collaps-
ing (Figs. 5, 6) compared to the isodia-
metric parenchyma cells in an unin-
fected root (Fig. 7). The deformed cells
are distributed at a distance of 3-5 cells
from the nematode, and in cross section
this group of cells appear as a triangular
sector in the round root.

3. Association between the spiral nematode and
unidentified soil-borne fungi. Fig. 8 shows a
coiled nematode in contact with sparse
hyphae, while an adjacent cell contains
a greater profusion of fungal hyphae.
Figs. 9, 10 show a close contact between
the nematode and the hyphae, however
the nature of this association was not
determined.

DISCUSSION

The spiral nematode, H. multicinctus, is
a migratory endoparasite of a number of
plant species, although bananas is one of
its best hosts (Mateille, et al, 1994). The
nematode feeds and reproduces within
banana roots (Zuckerman and Strich-
Harari, 1963); however, it can also survive
and complete its life cycle as an ectopara-
site (Orion and Bar-Eyal, 1995). On
banana the nematode invades the cortical
parenchyma of the roots, where it feeds,
reproduces and migrates. A similar behav-
ior is also characteristic of other migratory
endoparasites on banana such as the bur-
rowing nematode (Radopholus similis) and
the lesion nematode, Pratylenchus spp.
(Blake, 1966; Pinochet, 1998) whose migra-

Fig. 8. Cross section of a lesion. Note the association between the nematode and the fungal hyphae.
Figs. 9, 10. A close association between individuals of the spiral nematode and fungal hyphae.
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tory habitats are limited to the root cortical
tissues. In contrast to these two genera
which attack the entire banana root cortex,
the spiral nematode colonizes only the
superficial cortical layers. This may explain
the greater virulence of lesion and burrow-
ing nematodes compared to the spiral
nematode. The response of the collapsed
banana cortical cells to the attack of H. mul-
ticinctus resembles that observed for Praty-
lenchus mediterraneus on Vicia sativa cortical
roots cells (Orion and Lapid, 1993). So far,
however, no evidence of the physiological
mechanism involved in this response has
been reported. The interaction between
plant parasitic nematodes and soil-borne
fungi has been documented since the early
days of nematological research. However,
the limited scope of this study does not
allow any speculation on the relationships
between banana spiral nematode and the
fungi observed in the banana root tissue.
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