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ABSTRACT

Galhano, C. 1. C, M. F. Ryan, M. S. N. de A. Santos, and G. Staritsky. 1997. Interactions between tannia
(Xanthosoma sagittifolium) and the root-knot nematodes, Meloidogyne megadoraand M. javanica. Nema-
tropica 27:7-17.

Research was conducted to: 1) evaluate the host suitability of tannia to Meloidogyne megadora and
M. javanicaand 2) investigate the activity of corm extracts of tannia against these species. M. megadora
failed to reproduce in tannia obtained either by vegetative or in vitro propagation. Tannia obtained
by vegetative propagation also was a non-host for M. javanica, but plants produced through in vitro
propagation allowed development and some reproduction. Few M. megadora ]2 penetrated tannia
roots 2 days after inoculation (DAT) and there was no further development. M. javanica]2 penetrated
the roots but development was suppressed. Only one female with eggs was observed 45 and 60 DAI
and adult males (3) were first observed 35 DAL Tannia corm extract inhibited hatching and caused
mortality of M. megadora dose-responsively.

Key words: corm extract, hatching, host suitability, Meloidogyne javanica, M. megadora, mobility, mortal-
ity, nematode development, root-knot nematodes, root penetration, tannia, Xanthosoma sagittifolium.

RESUMEN

Galhano, C. I. G, M. F. Ryan, M. S. N. de A. Santos y G. Staritsky. 1997. Interacciones entre tannia
(Xanthosoma sagittifolium) y los nematodos agalladores: Meloidogyne megadoray M. javanica. Nematré-
pica 27:7-17.

Se realizaron experiencias para; 1) evaluar la capacidad hospedante de tannia en relacién a M. me-
gadoray M. javanicay 2) investigar la actividad de los extractos de bulbos de tannia contra estas espe-
cies. M. megadorano se reprodujo en tannia obtenida mediante propagacién vegetativa o in vitro. La
tannia obtenida por propagacién vegetativa tampoco funcioné como hospedante para M. javanica.
Sin embargo las plantas producidas mediante propagacién in vitro permitieron el desarrollo de esta
especie y alguna reproduccién. Unos pocos nematodos de M. megadora]2 penetraron las raices de tan-
nia dos dias después de la inoculacién (DAI) sin ocurrencia de desarrollo posterior. M. javanica ]2
penetr6 las raices pero su desarrollo fue reprimido. Solo se observé una hembra con huevos, a los 45
y 60 DAI, mientras que tres (3) machos adultos fueron observados a los 35 DAL Los extractos de bul-
bos de tannia, inhibieron la brotacién de M. megadoray causaron mortalidad, dosis asociada.
Palabras claves: capacidad hospedante, desarrollo del nematodo, eclosién, extracto de bulbo, Meloido-

gyne javanica, M. megadora, mobilidad, mortalidad, nematodos agallador, penetracién de la raiz, tan-
nia, Xanthosoma sagittifolium.

*Part of an M.Sc. thesis submitted by the first author to the Universidade de Coimbra, Portugal.
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INTRODUCTION

Root-knot nematodes, Meloidogyne spp.,
are among the most wide-spread and eco-
nomically important plant-parasitic nema-
todes in the world (Sasser and Carter,
1985). They damage a wide variety of
crops, especially in tropical and sub-tropi-
cal regions (Sasser, 1990). Their control in
these regions is complicated by the lack of
winter freezing, vegetative propagation of
plants, wide host range, and continuous,
year long cultivation. For economic rea-
sons, nematode control is usually by crop
rotation, use of resistant cultivars and trap
and antagonist crops (Luc et al., 1990).

In the Democratic Republic of Sao
Tomé and Principe (DRSTP), coffee plants
are severely attacked by root-knot nema-
todes (Lamberti, 1984). One of the root-
knot species parasitizing coffee is M. mega-
dora Whitehead (Abrantes et al, 1995).
However, coffee plants seem to be parasit-
ized less if Xanthosoma sagittifolium (L.)
Schott (Araceae) is present (Santos,
unpubl.). Xanthosoma has about 40 species
and many cultivars. These plants have
common names such as tannia, tanier, yau-
tia, malanga and new cocoyam (hereafter
tannia). Tannia is an important food crop
for indigenous people, especially as a
source of carbohydrates. It can be vegeta-
tively propagated from pieces of main
corms or lateral cormels or tops of main
corms with 20-30 cm of leaves (Jatala and
Bridge, 1990). '

Three species of root-knot nematodes,
M. arenaria (Neal) Chitwood, M. incognita
(Kofoid & White) Chitwood, and M. javan-
ica (Treub) Chitwood are associated with
tannia (Jatala and Bridge, 1990; Runkula-
tile and Teri, 1990). Reports indicate that
nematodes can damage tannia; however,
the crop is generally tolerant to Meloido-
gyne, except when initial nematode popula-
tions are high (Jatala and Bridge, 1990). In

DRSTP, root-knot nematodes were not
detected in tannia roots (Santos, unpubl.).
This work was conducted to: 1) evalu-
ate the host suitability of tannia to M. mega-
dora and M. javanica; and 2) investigate the
activity of corm extract of tannia on hatch,
mortality, and mobility of these species.

MATERIALS AND METHODS

Nematode inoculum: The population of
M. megadora was obtained from coffee
plants, Coffea arabica L. cv. Catuai amarelo,
in DRSTP and increased on ‘Bencanta
trepar’ bean, Phaseolus vulgaris L. (Almeida
and Santos, unpubl.). The population of
M. javanica also was obtained from
infected coffee roots, Coffea arabica L. cv.
Caturra vermelho and Caturra amarelo in
DRSTP. It was maintained on tomato
plants, Lycopersicon esculentum Mill. cv. Rut-
gers. All plants were maintained in a
greenhouse at 17-29°C, 64-80% humidity,
and a 12 hr photoperiod. Egg inocula were
collected by a sodium hypochlorite
method (Hussey and Barker, 1973).

Host suitability: Tannia was propagated
and rooted vegetatively and in wvitro
(Staritsky et al., 1986) from pieces of corms
of plants collected in DRSTP. Plantlets of
tannia, vegetatively propagated, with simi-
lar root system development, were trans-
planted singly to 10-cm-diam pots
containing a 1:2 mixture of sterilized sand
and field soil. Each plant was inoculated
with 5000 eggs. Plants were maintained in
a greenhouse at 17-29°C, 64-80% humidity,
and a 12 hr photoperiod, watered daily,
and fertilized once a week with a water-sol-
uble N:P,O;K,O (7%:6%:16%) fertilizer
(Hyponex®).

Plantlets of tannia obtained by in vitro
propagation were similarly transplanted.
Since these plantlets were not as vigorous
as those obtained by vegetative propaga-
tion, they were inoculated with only 1000
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eggs. After inoculation, plantlets were cov-
ered with transparent plastic to ensure
high air humidity. Plants were maintained
in a growth chamber at 30°C, 70% humid-
ity, and a 16 hr photoperiod.

To check inoculum viability, bean
plants ‘Bencanta trepar’ were inoculated
with 5000 eggs/plant of M. megadora and
‘Rutgers’ tomato plants were inoculated
with 5000 eggs/plant of M. javanica. Cor-
respondingly in the growth chamber test,
the same two plant species were inoculated
with 1000 eggs/plant. All treatments were
replicated five times. Three plantlets of
bean and three plantlets of tomato were
left uninoculated to test soil contamina-
tion. Plants were watered when needed
and fertilized with Hyponex® once a week.

Plants were harvested 60 days after inoc-
ulation, and the soil was carefully removed
from roots by washing. Egg masses were
stained with a phloxine B solution (0.15 g/
L tap water) for 15 min, then counted. The
number of galls per root system was also
counted and gall and egg mass indices were
assigned to each plant root system (Hart-
man and Sasser, 1985). Final population
densities (Pf) were determined as the total
number of eggs and juveniles extracted
(Hartman and Sasser, 1985). Reproduction
rates (Pf/Pi) were calculated (Oostenbrink,
1966) and host suitability was determined
according to Zhang and Schmitt (1994).
Root systems in which there were no egg
mass formation were carefully washed and
stained with acid fuchsin (Byrd, et al., 1983)
to aid examination and assessment of nem-
atode development (Triantaphyllou and
Hirschmann, 1960).

Penetration  and  development: Tannia
plants used in these studies were obtained
by in vitro propagation from one original
plant and transplanted to 10-cm-diam pots.
Second-stage juveniles (J2) of M. megadora
and M. javanica were obtained from egg
masses taken from infected coffee and

tomato roots, respectively. Egg masses were
placed in a square of muslin supported on
a sieve with 30 wm openings placed in a 5-
cm-diam Petri dish; tap water was added
until the muslin was just submerged. Juve-
niles collected during the first 24 hr were
discarded and the subsequent J2 collected
every 24 hr were used for inoculum. Eight
days after transplanting, 52 tannia plants
were inoculated with M. megadora J2 (100
J2/pot) and another 52 plants were inocu-
lated with M. javanica J2 (100 J2/pot).
Plants were covered with transparent plas-
tic and pots were placed in a growth cham-
ber at 30°C, 70% humidity, and a 16 hr
photoperiod.

To determine nematode penetration,
groups of 4 plants inoculated with each
species were harvested 6, 12, 24 and 48 hr
after inoculation. Root systems were
stained with acid fuchsin and numbers of
J2 inside the roots were counted under a
stereomicroscope.

For developmental studies, plants were
removed 48 hr after inoculation from the
pots and the root systems carefully washed
in sterilized distilled water to remove any
J2 from the root surface. Root systems of 4
plants were stained with acid fuchsin. The
other plants were transplanted into 10-cm-
diam pots containing the soil mixture used
in the tests. Plants were covered with trans-
parent plastic and replaced into the same
growth chamber. On each harvest day (4,
6, 8, 12, 16, 20, 30, 45 and 60 days after
inoculation (DAI)), four plants inocu-
lated with M. megadora and four inoculated
with M. javanica were harvested. Roots
were gently washed free of soil and stained
with acid fuchsin (Byrd et al., 1983). Nema-
todes were removed from root tissues with
the aid of a stereomicroscope and develop-
mental stages identified (Triantaphyllou
and Hirschmann, 1960).

Plant extract preparation: Extracts were
obtained from plants of tannia with more
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than 5-cm-long corms collected in DRSTP.
The plants were maintained in pots with a
sterilized soil:sand mixture (1:1) in a
greenhouse at 19-28°C, 60-80% humidity,
and a 12 hr photoperiod.

Plants were harvested and corms were
washed under running tap water to
remove soil particles, roots, and scales.
Corms were then soaked in soapy water for
20 min, cut into pieces approximately 0.5-1
cm thick and dried in the shade. These
pieces were then ground in a blender and
the powder was stored in a plastic bag in a
refrigerator until needed. Six batches of
powdered corms (25 g) were each ex-
tracted with dichloromethane (30 ml) in a
100 ml Erlenmeyer flask, covered with
parafilm and continuously stirred for 24
hr. The extract was filtered under vacuum
through a porcelain funnel with a single
layer of Whatman no. 1 filter paper. The
powder retained in the filter paper was
extracted again with dichloromethane for
another 24 hr and filtered. The final
extract was obtained after solvent evapora-
tion under N,. Solutions of 100, 10 and 1
mg/L of extract were prepared with dis-
tilled water.

Influence of corm extract on Meloidogyne
spp.: For hatching studies, average sized
and freshly picked egg masses of M. mega-
dora and M. javanica were transferred to
50-mm-diam Petri dishes (1 egg mass/Petri
dish), each containing 5 ml of corm
extract. Hatch in distilled water served as
control with four replicates of each extract
concentration. Petri dishes were placed in
the dark at 20 + 2°C. Eggs were exposed to
extractfor 1, 2, 3,4, 7, 14, and 28 days. The
cumulative number of ]2 after 28 days were
subjected to one-way analysis of variance.

For mortality studies, J2 obtained as
previously described were transferred with
a needle to h0-mm-diam Petri dishes (25
J2/Petri dish), each containing 5 ml of
corm extract. Distilled water served as con-

trol with four replicates of each extract
concentration. Petri dishes were placed in
the dark at 20 * 2°C. Nematodes were
exposed to the extract for 3, 12, 24, 48, and
168 hr, then counted. Inactive nematodes
were considered dead when they assumed
a slightly C-shaped position and failed to
react to touch with a needle after being
transferred to water (Hasan and ]Jain,
1984). Percentage mortality was corrected
using Abbott’s formula (Abbott, 1925).
Cumulative mortality, after 7 days, was sub-
jected to one-way analysis of variance.

For mobility studies, J2 were obtained
as described above. Agar plates were made
by pouring 2.5 ml of 2% agar into 50-mm-
diam Petri dishes. Concentric reference
circles of 10, 20, 30, and 40 mm in diam
were drawn on paper placed under each
Petri dish. Agar blocks (1 mm?®) cut from 5
mm thick gel of 2% agar were placed in
Petri dishes for 24 hr with 10 and 100 mg/
L corm extract. Blocks were then placed
singly in the center of the agar plates. One
juvenile was placed on the 10-mm-diam
reference circle. Tracks on agar surface
were observed and drawn under a stere-
omicroscope and juvenile position was
recorded each 5 min for 30 min using 5
replicates for each treatment. Distilled
water served as the control. Distance trav-
elled was estimated using a curvimeter;
data obtained in the different time inter-
vals were subjected to repeated-measures
analysis of variance (ANOVA). Number of
turns greater than 45° also were recorded
and these data were subjected to a one-way
analysis of variance. All data were trans-
formed to log,, (X + 1) prior to ANOVA.

RESULTS

Host suitability: M. megadora did not
reproduce on any tannia plants obtained
either by vegetative or ¢n vitro propagation,
indicating tannia was a nonhost to this
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nematode (Table 1). Tannia obtained by
vegetative propagation was a nonhost to
M. javanica, although slight galling and a
little reproduction occurred on in wvitro
plants. Neither M. megadora nor M. javan-
ica were found in stained roots of vegeta-
tively propagated plants. Bean and tomato
inoculated with 5000 eggs/plant were
heavily galled and many egg masses were
obtained. Those two plant species inocu-
lated with 1000 eggs/plant did not survive
the growth chamber conditions.

Penetration and development: Two days
after inoculation, a few (x = 3) M. megadora
J2 were observed in roots of tannia plants
(data not shown). Two J2 infected the
roots of one replicate 8 DAI and three J2
infected the roots of one plant at 12 DAI.
No M. megadora nematodes were found in
tannia roots at 4, 6, 16, 20, 30, 45 and 60
DAL

Twelve hrs after inoculation, an M. jav-
anica J2 had penetrated the roots of one

tannia plant. Penetration continued
throughout the next 36 hrs of observation.
Thereafter, the mean number of nema-
todes in the roots, at the different observa-
tion times, varied between 21 and 26 (Fig.
1). No visible morphological changes in
the J2 occurred during the first 4 days. At 6
DAI, a significant increase in body width
and growth of the genital primordium was
observed. Second-stage juveniles were sex-
ually differentiated 12 DAI, after which
gonads recurved towards the posterior end
of the body and the body continued to
enlarge. Third-stage juveniles were not
observed. Fourth-stage females (x =2) and
males (x = 4) were seen at 16 DAI and at 20
DAI, respectively. The first adult female (x
= 10) and one egg mass were observed at
20 and 45 DA, respectively. Adult males (x
= 3) were first observed at 45 DAI. At 60
DAI, most nematodes were adult females
or males (x = 11 and 7, respectively); only
one female had eggs.

Table 1. Host suitability of tannia plants, obtained by vegetative propagation (vp) and in vitro propagation (ivp),
to Meloidogyne spp. in greenhouse evaluations, at 17-29°C, 60 days after inoculation with 5 000 eggs per plant, and
in a growth chamber, at 30°C, 60 days after inoculation with 1 000 eggs per plant, respectively.

M. megadora M. javanica

Plant GI¥ EMI* R} HS GI" EMI* R} HS
Tannia (vp) 0 0 0 NH 0 0 0 NH
Bean 5 5 47 GH

Tomato 5 5 50 GH
Tannia (ivp) 0 0 0 NH 2 2 1.1 FH
Bean — — o

Tomato —_ — — —

Data are means of five replicates.

“Gall (GI) and egg mass (EMI) indices based on a 0-5 scale: 0 =0, 1 = 1-2, 2 = 3-10, 3 = 11-30, 4 = 31-100, 5 > 100

galls or egg masses/root system.

*Reproductive factor (R) = final population (P,)/initial population (P,).
"Host suitability (HS): GH = good host (R, > 5); FH = fair host (5 2R, > 1); PH = poor host (1 =R, > 0); NH = non-

host (R, =0).
‘— Host plants did not survive in growth chamber.
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Fig. 1. Post-embryonic development of Meloidogyne javanica in tannia roots at 30°C. A) second-stage juvenile not
sexually differentiated; B) Second-stage female juvenile; C) Fourth-stage female juvenile; D) Adult female without
eggs; E) Adult female with eggs; F) Second-stage male juvenile; G) Fourth-stage male juvenile; H) Adult male.
(Tannia plants were inoculated with 100 J2/plant; data are means of four replicates).

Influence of corm extract on Meloidogyne
spp.: No hatch of M. megadora occurred
during the first 14 days incubation of egg
masses in corm extract or water. The
cumulative hatch of J2 after 28 days was
inversely dose-responsive with the minima
at 100 mg/L and the maxima in the con-
trol (Table 2). However, there was a signifi-
cant reduction in hatch only at 100 mg/L.

“In contrast, some eggs of M. javanica
hatched within 1 day of exposure to all
extract concentrations. Although hatch
was always less than in the controls, inhibi-
tion was not consistently dose-responsive

(data not shown). There were no signifi-
cant differences among extract concentra-
tions and control.

Mortality of J2 was directly related to
dosage of extract (Fig. 2). Corm extract
was most effective against M. megadora at
100 mg/L eliciting 78.7% cumulative mor-
tality over the 7 day exposure (actual val-
ues corrected by Abbott’s formula in Fig.
2A). The 10 and 1 mg/L concentrations
resulted in 26.8 and 6.4% mortality,
respectively (correction for control mortal-
ity was 6%). A 12 hr exposure was required
to induce mortality. Mortality of M. mega-
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Table 2. Effect of Xanthosoma sagittifolium corm
extract on hatch of Meloidogyne megadora J2.

Extract concentration

(mg/L) Cumulative hatching
0 4184 2
1 356.4a
10 248.1 ab
100 62.8b

"Data are means of four replicates. Means in column
followed by the same letter do not differ significantly
(P < 0.05) according to Tukey’s Honestly Significant
Difference Test.

dora J2 was 31.2% after 48 hr exposure in
100 mg/L of extract. Thereafter, mortality
was high in the control so the impact of
the extract was more difficult to assess.
Cumulative mortality in 100 mg/L was sig-
nificantly different from that which
occurred in the control and in the other
extract concentrations. Cumulative mortal-
ity in 10 mg/L was different from that
which occurred in the control (data not
shown).

In the experiment with M. javanica ]2,
corm extract also was most effective at 100
mg/L with a 76.3% cumulative mortality
(actual values corrected by Abbott’s for-
mula in Fig. 2B). At 10 and 1 mg/L of
extract the cumulative mortality was 13.8
and 4.3%, respectively. Mortality was first
observed 3 hr after exposure at 100 mg/L
of extract. Cumulative mortality at 100
mg/L was different (P = 0.05) from that
which occurred in the other treatments
(data not shown).

Meloidogyne megadora moved greater dis-
tances (P < 0.05) on control agar than on
agar containing blocks saturated with 100
mg/L extract solutions (Table 3). The
highest extract concentration also inhib-
ited the number of turns >45° made by the
nematode. When in the presence of

extract solutions, M. javanica J2 showed
neither significant inhibition nor stimula-
tion of distance traveled compared to J2
exposed to water. However, exposure to 10
mg/L extract solution reduced the turn-
ing behavior of the nematode. Total dis-
tances covered by M. javanica J2 (36.0,
13.1, 16.2 mm for 0, 10, and 100 mg/L
extract, respectively) were always higher
than those of M. megadora J2 (6.6, 3.3, 0.7
mm, respectively).

DISCUSSION

The nonhost status of tannia to M.
megadora is consistent with field observa-
tions in DRSTP. Accordingly, tannia might
be suitable for inclusion in a crop rota-
tion/antagonist program. In addition, M.
Javanica did not reproduce on plants prop-
agated vegetatively. However, the nema-
tode did develop and reproduce on tannia
propagated in vitro. The loss of resistance
may be due, at least in part, to the growth
regulators which were used in the in vitro
propagation. Growth regulators have
been reported to affect plant resistance to
nematodes (Cook, 1991). Alternatively,
plants obtained in vitro were maintained at
higher temperature (30°C) than those
propagated vegetatively, which could influ-
ence resistance of tannia to M. javanica.
Temperature-sensitive resistance is reported
for other rootknot nematodes on a variety
of crops (Cook, 1991).

All plants collected from DRSTP are
locally known as “matabala vermelha” but
we cannot exclude the possibility that the
plant used for vegetative propagation was a
cultivar different from that employed for
in vitro propagation. Twenty-one lines of
tannia are highly resistant to M. javanica
(Egunjobi, 1985). This is the first report of
tannia nonhost status to M. megadora.

The few M. megadora juveniles that pen-
etrated tannia failed to establish and either
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abandoned the roots or failed to develop
further. The effect of temperature on the
life cycle of M. megadora merits further
attention. Rates of penetration by and sex-
ual differentiation of M. javanica in in vitro
produced tannia were consistent with
those reported from other hosts such as
soybean (Ibrahim et al, 1987). Sixty DAI
only a few J2 developed to adults (10
females without eggs, one with eggs, and 7
adult males). However, some males could
have left the roots. These results agree with
those from the experiment on host suit-
ability using in vitro propagated plants that
proved to be fair hosts. Further studies are
needed to determine whether environ-
mental and nutritional stresses induce
male development in M. javanica as in
other species (Cook, 1991).

Hatch of M. megadora was inversely
dose-responsive to tannia extract. Since M.
megadora hatched only after 14 days expo-
sure to extract or water, extract concentra-
tions may have maintained their activity
unlike other plant extracts that weaken
with time, probably due to degradation
(Nandal and Bhatti, 1986). Although
cumulative hatch of M. javanica in extract
was always less than in control, the effect
was not dose-responsive. Future work
should employ a known number of eggs at
the same stage of development (Sasanelli
and D’Addabbo, 1993). In the mortality
experiments, the extract probably killed
the J2 of both species in a pattern that was
both dose- and time-responsive. Nema-
todes were considered dead when they
failed to move after being touched with a
needle following transfer to distilled water
(Hasan and Jain, 1984). Nevertheless, it
could be argued that they were only para-
lyzed. Future observations will entail
longer periods of time.

Standard deviations of means in the
mobility studies were very high and no
definitive conclusions could be derived

from these preliminary studies. However,
our data seem sufficient to justify investi-
gating tannia in field plots and to seek the
plant constituents active against hatch, sur-
vival and mobility of M. megadora and to a
lesser extent against M. javanica.
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