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Summary. An experiment was carried out in a glasshouse to investigate the effect of increasing densities of
three Venezuelan populations of Meloidogyne incognita on growth of rice. Initial nematode densities were 0,
0.25, 0.5, 1, 2, 4, 8, 16, 32, 64 and 128 eggs and juveniles/cm? soil for the population from Zulia and 0, 2, 8, 32,
64 and 128 eggs and juveniles/cm?® soil for the populations from Barinas and Lara. Tiller height was recorded
at five different plant stages and fresh plant weight and nematode populations in roots and soil per pot were
determined at harvest. The population from Lara State was the most aggressive; all plants in pots inoculated
with 128 nematodes/cm?® soil were yellowing at emergence and died 40 days later. Tolerance limits, derived ac-
cording to Seinhorst, for shoot weight and tiller height of rice were 8 and 6.6, 6.6 and 4, 2.4 and 3.5 eggs and
juveniles/cm? soil for the Zulia, Barinas and Lara populations, respectively. A minimum relative yield of 0 could
have been achieved at 512-420 and 156-226 eggs and juveniles/cm? soil, for plant weight and shoot height, for
the Zulia and Lara populations, respectively. Maximum reproduction rates of the nematode were 50, 19.5, and
57-fold and the equilibrium densities were 119, 256 and 62 eggs and juveniles/cm? soil, respectively, for the
populations from Zulia, Barinas and Lara.

In Venezuela 173,000 ha per year are Materials and methods
cropped with rice mainly in the States of Co-

jedes, Guarico and Portuguesa (Anonymous, Populations of Meloidogyne incognita (Ko-

1997). Two crops per year may be practiced,
one under rainfed conditions, from May to Oc-
tober, and another under irrigation, from No-
vember to April.

Among the several nematodes reported in
association with rice in many countries Meloido-
gyne incognita has been reported to damage
this crop in Costa Rica and Cuba (Bridge et al.,
1990). This species is very common in Venezue-
la; therefore an experiment was undertaken in
1998 to relate different densities of three Vene-
zuelan populations of M. incognita with the
growth of rice.

foid et White) Chitw. were collected from sweet
potato [Ipomea batatas (L.) Lam.] at Barinas (Ba-
rinas State), tomato (Lycopersicon esculentum
Mill.) at Anzoategui (Lara State) and guava (Psid-
ium guajava L.) at Mara municipality (Zulia
State), the last identified as race 1 according to
Taylor and Sasser (1978) by Crozzoli and Casas-
sa (1998). All populations were reared on toma-
to cv. Rutger in a glasshouse maintained at 25+3
°C. Three months later, when a large number of
egg masses had formed, the plants were uproot-
ed, and the roots gently washed in running wa-
ter, cut in 0.5 cm long pieces and mixed. To es-
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timate the amount of eggs and second stage
juveniles available, five 10 g root samples infest-
ed with each population were processed by the
sodium hypochlorite method (Hussey and Bark-
er, 1973). Appropriate amounts of infested roots
were then thoroughly mixed with steam steril-
ised sandy soil (89% sand) to provide popula-
tion densities of 0.25, 0.5, 1, 2, 4, 8, 16, 32, 64
and 128 eggs/cm? soil for the Zulia population
and 2, 8, 32, 64 and 128 eggs/cm? soil for popu-
lations from Barinas and Lara States; the infested
soil was then used to fill 3 dm? clay pots. There
were six pots for each nematode population and
density. Six pots were not infested and served as
control. Pots were sown with eight seeds of the
rice (Oryza sativa 1.) cultivar Llano 5, usually
cropped locally, on 6 June and thinned to four
plants per pots one week after seed germina-
tion. Six additional pots for each nematode pop-
ulation were also infested with 128 eggs/cm?
soil, but were left uncropped to determine the
decline of the nematode population in the ab-
sence of a host. All pots were arranged on
benches in a glasshouse at 25+3 °C according to
a randomised block design.

During the course of the experiment a ferti-
liser solution was applied to pots soon after
seed germination and then every twenty days.
The pots were watered as required.

The growth of plants was monitored by
measuring separately the height of all tiller per
plant on 24 June, 6 and 20 July, 10 August and
1 September. At the same time observations
were made on the presence of symptoms of
nematode attack (yellowing and death of the
plants). At harvest (September 1) the fresh
weight of each plant was measured and averag-
es per plant and per pot were calculated.

To determine the increase of nematode pop-
ulation, the roots in each pot were washed free
of the adhering soil, dried, weighed and cut in
approximately 0.5 cm long pieces. A 20 g root
sample was then processed by the sodium hy-
pochlorite method (Hussey and Barker, 1973)
and numbers of eggs counted. Further, the soil

in each pot was mixed and eggs and juveniles
of the nematode extracted from 500 cm3 by
Coolen (1979) method as modified by Di Vito er
al. (1985).

Data on the tiller height were used to con-
struct growth curves of rice (Figs. 1-3), while
data on fresh weight and height at harvest were
used to derive curves to relate nematode popu-
lation densities with the yield of rice (Figs 4-6)
according to Seinhorst’s model (Seinhorst, 1965;
1986b). Also, a relation between populations of
the nematode at sowing (P and at harvest (Pf)
was derived according to Seinhorst (1970,
1986a) (Fig. 7).

Results

At emergence most of the seedlings in the
pots inoculated with 128 eggs/cm? soil of the
Lara population of M. incognita were yellowing
and all plants had died by 20 July. At the same
population density no plants had died in the
pots inoculated with the population from Bari-
nas and dead plants were observed in four pots
inoculated with the populaiton from Zulia.

To built growth curves, average total tiller
height was calculated for each population and
density, at different dates; then the ratios
between each of these average values and
those observed at harvest (1 September) in the
pots inoculated with ineffective population den-
sities were calculated and presented graphically
(Figs 1-3).

In the pots inoculated with the nematode
population from Barinas, no growth reduction
was observed up to a density of 32 eggs/cm?
soil (Fig. 1). Growth of rice at 64 and 128
eggs/cm? soil was clearly delayed since June 24
and at harvest it was 81% and 68%, respectively,
of that of unaffected pots. From Fig. 1 it ap-
pears that at these nematode densities the plant
could have reached the same size as those in
less infested pots if they had been allowed to
grow for a longer period.
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Until 8 August rice growth was not affected
by the Zulia population up to 64 eggs/cm? soil
(Fig. 2). Thereafter, the growth remained unaf-
fected in pots inoculated with 0-16 eggs of the
nematode/cm? soil but it was suppressed in
those inoculated with 32 or 64 eggs/cm3 soil in
which the average total tiller height per plant at
harvest was 80% and 72%, respectively, of that
of the previous nematode densities. At 128
eggs/cm? soil plant growth was always less than
that at all other nematode initial densities and
reached a maximum of 28% at the end of the
experiment. It appeared, however, that plants in
pots infested with >32 eggs/cm3 soil would not
reach the normal plant size even if allowed to
grow longer.

With the Lara population the growth of
plants was not affected until 10 August by den-

sities up to 32 nematode eggs/cm3 soil (Fig. 3).
In pots with 32 eggs/cm? soil plant growth was
only 79% of that in less infested pots. Growth
reduction was very obvious soon after germina-
tion, at larger nematode densities. At harvest the
growth of rice in pots with 64 eggs/cm? soil
was only 0.5 of that of lower densities. At the
largest nematode density, there was some plant
growth (max 2%) but only until July 7.

Averages of growth parameters (weight and
height of the shoots) fitted the equation
y=m+(1-m)z"T, proposed by Seinhorst (1965,
1986b). In this equation y is the relative yield
(the rate between the avearge, of the growth pa-
rameter considered, at P and that at P< D), m the
minimum relative yield (the value of y at the
largest P), P the nematode population density at
sowing, T'is the tolerance limit (the magnitude of
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Fig. 1 - Growth curves of rice cv. Llano 5 in soil infested with increasing population densities of Meloidogyne incognita from
Zulia. Relative plant shoot height is the ratio between average tiller length at harvest of plants in pots not affected by the ne-
matode and averages observed at different dates in pots infested with increasing population densities of the nematode. Fi-
gures next to curves are population densities/cm?3 soil at sowing (P9).
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Fig. 2 - Growth curves of rice cv. Llano 5 in soil infested with increasing population densities of M. incognita from Barinas.
Relative plant shoot height is the ratio between average tiller length at harvest of plants in pots not affected by the nemato-
de and averages observed at different dates in pots infested with increasing population densities of the nematode. Figures
next to curves are population densities/cm?3 soil at sowing (P).
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Fig. 3 ~ Growth curves of rice cv. Llano 5 in soil infested with increasing population densities of M. incognita from Lara. Re-
lative plant shoot height is the ratio between average tiller length at harvest of plants in pots not affected by the nematode
and averages observed at different dates in pots infested with increasing population densities of the nematode. Figures next
to curves are population densities/cm3 soil at sowing (P5).
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P above which yield reduction begins to occur),
and z a constant<1 with zT=1.05. Fitting aver-
age growth parameters per pots or per plants
were similar and therefore only data of average
per plant are presented.

Data of growth parameter of the Zulia popu-
lation fitted the above equationi reasonably well,
with the exception of data of shoot weight of
plants grown in pots infested with 8 nema-
todes/cm? soil which is not reported (Fig. 4).
Tolerance limits derived with this fit were 8 and
6.6 eggs and juveniles of the nematode/cm? soil
for shoot weight and height, respectively. The
estimated minimum yields (m) were 0 at Pi of
512 and 420 nematodes/cm? soil for shoot
weight and shoot height, respectively. Data of
the other populations fitted much better to the
Seinhorst equation (Figs. 5, 6). With the Barinas
population the derived tolerance limits of rice
to the nematode were 6.6 eggs and juve-

niles/cm3 soil for shoot weight and 4 eggs and
juveniles/cm3 soil for shoot height (Fig. 5). The
estimated minimum yields were 0.4 and 0.6, re-
spectively, and were estimated to occur at 420
and 256 eggs and juveniles/cm3 soil. In pots in-
fested with the Lara population the tolerance
limits of rice to M. incognita were 2.4 eggs and
juveniles/cm3 soil for shoot weight and 3.5 eggs
and juveniles/cm3 soil for shoot height (Fig. 6).
With this population a minimum yield of 0 was
estimated to occur at 156 and 226 eggs and
juveniles/cm? soil for weight and height of the
shoots, respectively.

The population of M. incognita determined
at harvest also fitted the model

Pf=axy(1-g™ (-Clogg) ™ + (1-20) Pi+ sx(1-y) Pi

proposed by Seinhorst (1970, 1986a). In this
model Pi is the soil population density of the
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Fig. 4 - Curves according to Seinhorst (1965, 1986b) relating population densities at sowing (P9 of a population of M. inco-
gnita from Zulia and relative height and fresh weight of plants of rice cv. Llano 5, in pots.
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Fig. 5 - Curves according to Seinhorst (1965, 1986b) relating population densities at sowing (P9 of a population of M. inco-
gnita from Barinas and relative height and fresh weight of plants of rice cv. Llano 5, in pots.
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nematode at the time of sowing rice, Pfis the
nematode population density determined at har-
vest, a is the maximum reproduction rate of the
nematode, y is the proportion of food supply
available to the nematode at a given Pi (general-
ly equal to y of the previous equation), x is the
proportion of the nematode population that
could potentially infest the roots (for this nema-
tode juveniles+hatchable eggs, max=1), s is the
rate of the nematode egg population that is not
stimulated to hatch in the absence of the host
plant. In this experiment it was assumed that all
eggs hatched even in soil with poor or no roots.
Moreover, the nematode population observed at
harvest, in the plots infested with 128 nema-
todes/cm? soil and left fallow was negligible
(max 0.6 eggs/cm? soil). Then in this experiment
xwas=1 and s was=0 from which it came that
the second ‘and third addenda of the equation,
which represent the proportion of Pf derived
from Pi that could not reproduce, was also=0.
Therefore, the population of the nematode ob-
served at harvest (Pf) derived only from new
generations of the nematode, whose magnitude
depended on the reproduction rates of the nem-
atode and was proportional to the amount of
food supply (3). According to curves in Fig. 7,
the maximum reproduction rates of M. incognita
were 50-fold for the population from Zulia, 19.5
for the population from Barinas, and 57-fold for
the population from Lara State. The equilibrium
densities of the nematodes were 119, 256, and
62 eggs and juveniles/cm? soil, respectively.
Moreover, the maximum nematode densities that
rice could have supported, assuming that no
damage had occurred, were 423, 393 and 300
eggs and juveniles/cm3 soil for the Barinas, Zu-
lia and Lara populations respectively.

Discussion and conclusion
Usually under field or microplot conditions

tolerance limits of crop plants to Meloidogyne
spp. are rather low: about one egg or much less

per cm? soil (Sasanelli, 1994). In our experi-
ments the least tolerance limit of rice to M. in-
cognita was 2.4 eggs and second stage juve-
niles/cm? soil for the Lara population but as
high as 8 eggs and juveniles/cm? soil for the
Zulia population. Moreover, the minimum yield
was estimated =0 for the Lara and Zulia popula-
tions, but it occurred at 156-226 eggs and juve-
niles/cm? soil for the former population and
420-512 eggs and juveniles/cm3 soil for the lat-
ter. With the population from Barinas the toler-
ance limit was intermediate (4-6.6 eggs and
juveniles/cm? soil), while the minimum yield
was estimated to be not less than 0.4-0.6 even
at 256 eggs and juveniles/cm? soil. Thus it is
clear that populations of different geographical
origin of this species of root-knot nematode
may greatly differ in their virulence to rice.
Whether this is the result of differences in races
is not known since only the race of the Zulia
population has been determined (Crozzoli and
Casassa, 1998).

Di Vito et al. (1996) reported a tolerance lim-
it of Asian rice to M. javanica of 0.26-1 egg and
juvenile/cm? soil and minimum yields of 0 at
16-64 egs and juveniles/cm? soil. In this experi-
ment the tolerance limit was not less than 2.4
eggs/cm? soil and a minimum of 0 occurred at
a Pi of not less than 156 eggs and juveniles/cm3
soil. This indicates that M. incognita is less
pathogenic than M. javanica to rice. However,
in Nigeria Babatola (1984) observed a varying
degree of susceptibility to M. incognita among
rice cultivars; this author also observed a grain
yield decrease of over 60% in soil infested with
eight eggs and juveniles/cm? soil, a level that in
this experiment caused a yield loss of no more
than 8% with the Lara population, which was
the most aggressive one.

The results of our experiment indicate that
where Venezuelan populations of M. incognita
infest rice they are not likely to cause severe
damage to upland rice under field conditions as
large population densities are uncommon.
Among the other Meloidogyne spp, reported to
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Fig. 7 - Relationship between population densities of three Venezuelan populations of M. incognita inoculated at sowing
(P and those observed at harvest (Pf), on rice cv. Llano 5 grown in pots in a glasshouse.

be severe pests of rice (Bridge et al., 1990), on-
ly M. arenaria (Loof, 1964) and M. javanica
(Yépez and Meredith, 1970) are known to occur
in Venezuela, but they are not widespread.
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