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ABSTRACT

Heffes, T. P., P. L. Coates-Beckford, and H. Robotham. 1992. Effects of Meloidogyne incognita and Rotylen-
chulus reniformis on growth and nutrient content of Vigna unguiculata and Zea mays. Nematropica 22:139-148.

In a greenhouse experiment, seedlings of cowpea (Vigna unguiculata cv. Yvon Clay) and corn (Zea mays
cv. X306B) were grown for 6 weeks in pots receiving initial inoculum (Pi) of 0, 100, 1 000, or 10 000 eggs
of Meloidogyne incognita race 1 or immature, vermiform Rotylenchulus reniformis race A. Final nematode
populations, plant growth, and concentrations of 11 plant nutrients within shoots and roots were measured.
Each nematode reproduced on both hosts but final populations were larger on cowpea than on corn. Both
nematodes stunted the growth of each host. Leaves of corn plants inoculated with 1 000 M. incognita eggs
or with 10 000 vermiform R. reniformis showed symptoms of nutrient deficiency. For each host-parasite
combination, there were more differences in nutrient concentrations in roots than in shoots, when infected
and noninfected plants were compared. Specific effects of nematode parasitism on host nutrient concentra-
tions differed with the host and the parasite. However, when affected, concentrations of potassium were
always lower and those of aluminium and vanadium were always higher in nematode-infected than in
noninfected plants. In most cases, nematode infection resulted in a decrease in the concentration of iron in
roots and shoots.

Key words: corn, cowpea, macronutrient, Meloidogyne incognita race 1, micronutrient, pathogenicity, popula-
tion development, Rotylenchulus reniformis race A, Vigna unguiculata, Zea mays.

RESUMEN

Heffes, T. P., P. L. Coates-Beckford y H. Robotham. 1992. Efectos de Meloidogyne incognita y Rotylenchulus
reniformis sobre el crecimiento y contenido de nutrientes de Vigna unguiculata y Zea mays. Nematrépica
22:139-148.

En un ensayo de invernadero, plantulas de chicharo (Vigna unguiculata cv. Yvon Clay) y maiz (Zea mays
cv. X306B) fueron inoculadas con una serie de 0, 100, 1 000 o 10 000 huevos de Meloidogyne incognita raza
1 o estadios vermiformes inmaduros de Rotylenchulus reniformis raza A. Después de 6 semanas se midieron
las poblaciones de nematodos, el crecimiento de las plantas y las concentraciones de 11 nutrientes in las
raices y hojas. Cada nematodo se reprodujo en ambos hospedadores y las poblaciones finales fueron mayores
en maiz que en chicharo. Ambos nematodos causaron una reduccién en el crecimiento de cada hospedador.
Las hojas de las plantas de maiz inoculadas con 1 000 huevos de M. incognita o con 10 000 estadios ver-
miformes de R. reniformis mostraron sintomas de deficiencia de nutrientes. Para cada combinacién parasito-
hospedador, las diferencias fueron mas manifiestas en las concentraciones de nutrientes en las raices que
en el follaje cuando se compararon plantas infectadas con las no infectadas. Cuando afectadas por infeccién
con nematodos, las concentraciones de potasio siempre fueron mas bajas y las de aluminio y vanadio siempre
mas altas en plantas infectadas en comparacién con las no infectadas. En la mayoria de los casos, la infeccién
con nematodos result6 en una reduccién de la concentracién de hierro en las raices y en el follaje.

Palabras clave: chicharo, desarrollo poblacional, macronutriente, maiz, Meloidogyne incognita raza 1, micronu-
triente, patogenicidad, Rotylenchulus reniformis raza A, Vigna unguiculata, Zea mays.
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INTRODUCTION

Cowpea [Vigna unguiculata (L.) Walp.]
and corn (Zea mays L.) are grown on small
farms throughout Jamaica. Corn is
grown mainly for animal feed, and
cowpea for human consumption. Each
corn crop may require 90, 68, and 68 kg/
ha of nitrogen, phosphate, and potash,
respectively (27). Cowpea crops, how-
ever, are not usually fertilized. Two of
the most frequently occurring nematodes
in Jamaica, the root-knot nematode
[Meloidogyne incognita (Kofoid & White)
Chitwood] and the reniform nematode
(Rotylenchulus  reniformis  Linford &
Oliveira), parasitize both corn and
cowpea in Jamaica (12). The root-knot
nematode is pathogenic to both hosts
(12,13) and the reniform nematode is
known to be pathogenic to cowpea. The
effects of the reniform nematode on
Jamaican-grown corn cultivars are not
known (12).

Parasitism by root-knot nematodes
may affect the nutrient status of suscepti-
ble, tolerant, and resistant hosts
(2,8,10,14,16,17,18,20,24). The following
studies were carried out to examine re-
production by M. incognita and R. renifor-
mis and their effects on cowpea and corn
cultivars grown in Jamaica.

MATERIALS AND METHODS

Populations of M. incognita race 1 (9)
and R. reniformis race A (4) were main-
tained on tomato (Lycopersicon esculentum
Mill. cv. Rutgers) and pigeon pea
[Cajanus cajan (L.) Millsp.], respectively,
in a greenhouse. Inoculum of M. incog-
nita consisted of eggs from tomato roots
(19). Inoculum of R. reniformis consisted
of immature, vermiform stages from pi-
geon pea rhizosphere soil (3). The
methods used for evaluating the effects
of nematodes on the growth and nutrient

status of the plants were described in de-
tail by Heffes et al. (10).

Two seeds of ‘X306B’ corn or ‘Yvon
Clay’ cowpea were planted 1.5 cm deep
in 2.5-cm-diam plastic pots containing 1
L of steam-sterilized sand. One seedling
was removed from each pot after
emergence. Seven days after planting, 10
randomly selected pots with each host
were inoculated with 100, 1000, or
10 000 eggs (Pi) of M. incognita by pour-
ing 20-ml suspensions in a 2-cm-deep
hole adjacent to the seedling. The hole
was then filled with sterile sand. Six addi-
tional pots of each host were similarly in-
oculated with R. reniformis. Ten control
pots for the M. incognita study received
20 ml of supernatant from centrifuged
egg suspensions and six control pots in
the R. reniformis study received tap water.

For each host inoculated with each
nematode, six pots with each Pi were ar-
ranged in a completely randomized de-
sign in a greenhouse with a daytime tem-
perature range of 28-30 C. For each host
inoculated with M. incognita, the remain-
ing four pots of the 10 inoculated at each
Pi were randomly arranged in another
group. Each pot was given 25 ml of Long
Ashton nutrient solution (11) at the time
of inoculation and thereafter once each
week, until harvest, 6 weeks later.

For the groups with six replicates of
each treatment, data taken for each plant
included plant height at inoculation and
harvest, number and area of leaves pro-
duced, oven-dry weights of shoots and
roots (after 70 C for 5 days), and the
number of root galls present. The
number of egg masses on each root sys-
tem were counted (10) only for the
groups of M. incognita-inoculated pots
with four replicates per treatment. Egg
mass and gall production were rated by
the indices 0, 1, 2, 3, 4, and 5, represent-
ing 0, 1-2, 3-10, 11-30, 31-100 and >
100 egg masses or galls per root system,
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respectively. Nematodes in the soil in
each pot were extracted (3) and their
populations were estimated (10).

Nutrient analyses were performed on
the dry plant organs (10). Nitrogen was
determined as nitrate in cowpea (7) and
as ammonium in corn (26). Phosphorus
was determined by the method of Rees
and Sidrak (23). Potassium, magnesium,
calcium, manganese, sodium, cobalt,
iron, zinc, aluminium, and vanadium
were determined by instrumental neu-
tron activation analysis (1), as described
by Heffes et al. (10).

Analyses of variance were performed
on the data and treatment means were
compared by the least significant differ-
ence test (LSD).

RESULTS

Nematode  population  development:
Meloidogyne incognita and R. reniformis re-
produced on cowpea and on corn but at
each Pi the final soil population density
(Pf) of each nematode was greater on
cowpea than on corn (Table 1). For every
host-parasite combination the greatest
rate of population increase (Pf/Pi) oc-
curred at Pi = 1 000. At Pt = 10 000, the
Pf was smaller than the Pi in all instances
except for cowpea inoculated with R. re-
niformis. In M. incognita-inoculated pots,

the mean egg mass index was larger for

cowpea than for corn at each Pi. For both
hosts, indices were similar at Pi = 1 000
and 10 000 and greater than at Pi = 100.
Plant growth: Meloidogyne incognita and
R. reniformis adversely affected most
growth parameters of both hosts. The
only exceptions were the number of
leaves produced, the shoot/root weight
ratio of corn when infected by either
nematode, and that of cowpea when in-
fected by R. reniformis (Table 1). Shoot
lengths, leaf areas, and plant weights of
inoculated plants always were suppressed

at Pi = 10 000 and in most instances at
Pi = 1000. At Pi = 100, adverse effects
were noted only for the dry shoot weight
of M. incognita-infected corn, dry shoot
weights of R. reniformis-infected cowpea
and corn, and shoot length of R. renifor-
mis-infected corn. In contrast, M. incog-
nita-infected cowpea plants had larger
leaf areas than the control plants at Pi =
100 and 1 000. Galls formed on the roots
of M. incognita-infected plants at all Pis.
The root-knot indices were greater for
cowpea than for corn at each Pi (Table 1).

Nutrient content of cowpea: Plants in-
fected with M. incognita showed nutrient
concentrations different from those of
the controls more  frequently than did
plants infected with R. reniformis (Tables
2 and 3). When compared with controls,
nitrogen was significantly increased in
cowpea shoots at M. incognita Pi = 100
and 1000. In M. incognita-inoculated
plants, at Pi = 1000 and 10 000, shoot
concentrations of phosphorus, calcium,
magnesium, and aluminium exceeded
concentrations in controls whereas
sodium, iron, and zinc concentrations at
Pi = 10 000 were significantly lower than
in controls (Table 2). In shoots of R. re-
niformis-inoculated plants (Pi = 1000
and 10 000), nitrogen concentrations ex-
ceeded those of controls, and potassium,
sodium, and iron concentrations were
negatively affected (Table 3).

In roots infected with M. incognita

- potassium and cobalt were the only ele-

ments  unaffected by  nematode
parasitism (Table 2). Concentrations of
iron were lower whereas those of eight of
the remaining nine elements were higher
at Pi = 10 000 than at Pi = 0; nitrogen,
calcium, manganese, and aluminium con-
centrations were increased also at Pi =
1 000, and nitrogen at Pi = 100. In roots
infected with R. reniformis (Pi = 10 000),
concentrations of nitrogen, calcium,
manganese, iron, and aluminium were
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increased compared to the controls
(Table 3); nitrogen and manganese con-
centrations were increased also at Pi =
1 000. At Pi = 1000 and 10 000, potas-
sium and sodium concentrations were
lower than in controls. The five remain-
ing elements showed no significant dif-
ference in concentrations between in-
fected and noninfected roots (Table 3).

Nutrient concentrations of corn: At Pis of
1 000 and 10 000, shoots of M. incognita-
infected corn had lower concentrations of
nitrogen, phosphorus, potassium, mag-
nesium, iron, and zinc but higher concen-
trations of manganese and sodium than
did controls (Table 2). Most effects on
nutrient concentrations in roots were
similar to those in shoots (Table 2).

In corn plants inoculated with R. 7e-
niformis, the concentrations of potassium,
magnesium, and iron in shoots and roots
were lower at Pi = 10 000 than at Pi =
0; root concentrations of magnesium
were reduced also at Pi = 1 000. In con-
trast, the concentrations of nitrogen (at
Pi = 1000) and aluminium (at Pi = 100
significantly exceeded concentrations at
Pi = 0 (Table 3).

Shoot/root ratios of mnutrients: There
were no significant differences for any
element except sodium and zinc in M. in-
cognita-infected cowpea, and iron in R. re-
niformis-infected corn (Table 4). The val-
ues for sodium and iron were lower and
that of zinc higher than the control val-
ues.

Foliar symptoms of nutrient deficiency:
Only shoots of corn inoculated with
either nematode showed macroscopic
symptoms of nutrient deficiency apart
from stunting. At Pi = 1 000 and 10 000,
the leaves developed chlorotic margins
typical of potassium deficiency (15) and
yellow streaks typical of magnesium defi-
ciency (15) within 1 week of inoculation
with M. incognita. Subsequently, a purple
colour developed which spread from the

margins to the midribs, typical of phos-
phorus deficiency (15). Plants infected
with R. reniformis at Pi = 10 000 exhibited
symptoms of potassium and magnesium
deficiency within 6 weeks of inoculation.

DISCUSSION

Both cowpea and corn supported re-
production of M. incognita and R. renifor-
mis but cowpea was a much better host
for both nematodes. At high population
densities, both nematodes were
pathogenic to corn and cowpea resulting
in stunting of shoots and roots. The large
galls on cowpea caused root weights of
infected plants to be greater than those
of the controls. Pathogenic effects of both
nematodes on corn were expressed
within 6 weeks of inoculation by foliar
nutrient deficiency symptoms.

Increases in the nutrient concentra-
tion of nematode-infected plants have
been noted by other workers for nitrogen
(10,25), calcium (8,10,16,17,18,20), mag-
nesium (8,10), manganese (10,20), sodium
(10,16,25), zinc (10), aluminium (10), and
vanadium (10). Decreases have been ob-
served for nitrogen (10,22), phosphorus
(5,10), potassium (6,10,14,21), calcium
(4,16,22,24,25), magnesium (10,14),
manganese (10), sodium (10,16), iron
(2,10,14), zinc (2,10,14,19), and cobalt
(10). We observed a marked difference
between the effects of parasitism by M.
incognita on the nutrient status of cowpea
and corn. Whenever M. incognita affected
host nutrient status, similar responses in
both hosts were noted only for iron and
zinc in the shoots, and for manganese,
sodium, iron, and vanadium in the roots
(Table 2). For each host, there were more
nematode-specific  differences  than
similarities in effects on nutrient concen-
trations (Tables 2 and 3). These observa-
tions agree with those of Heffes et al. (10),
where the effects of parasitism by M. in-
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cognita on most nutrient concentrations in
shoots and roots of Amaranthus viridis L.
and Hibiscus sabdariffa L. showed no dis-
tinct pattern. However, a few consisten-
cies are apparent in our results.
Whenever affected, the concentrations of
potassium in the present and in the previ-
ous study (10) were always lower and
those of aluminium and vanadium were
always higher in nematode-infected than
in noninfected plants. In addition, iron
concentrations in roots and shoots of A.
viridis and H. sabdariffa cv. Red inoculated
with 10 000 eggs of M. incognita were al-
ways lower than ‘those in control plants
(10). In the present study, iron concen-
trations, similarly, were reduced in the
roots and in the shoots of cowpea and
corn when inoculated with M. incognita
and when inoculated with R. reniformis
with only one exception: the concentra-
tion of iron in cowpea roots infected with
R. reniformis was increased.

Although nematode reproduction on
cowpea was greater than on corn, the up-
take of most nutrients by cowpea roots
did not appear to be affected severely
and several nutrients were present in
higher concentrations in infected than in
noninfected plants. In contrast, the
majority of nutrients in infected corn
roots occurred in lower concentrations
than in the controls; hence, nutrient up-
take by corn may have been seriously hin-
dered by nematode parasitism. Translo-
cation of nutrients did not appear to be
a factor limiting the growth of either host
as there were few instances of significant
differences in the shoot/root ratios of ele-
ments between infected and noninfected
plants. Several factors other than nutri-
ent uptake and translocation could be in-
volved in adverse effects of nematode
parasitism on cowpea, including water
uptake, carbohydrate partitioning, and
phytoalexin autotoxicity.

The initial Pis of both nematodes in
this study were similar to those occurring
in many tropical soils. to which inorganic
fertilizers can be added to improve crop
growth. Our results confirm that
nematodes may interfere with the effi-
cient use of fertilizers by plants, be they
dicotyledons or monocotyledons. In addi-
tion, the effects of nematode parasitism
on nutrient content in general appear to
be varied and not readily predictable.
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