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Abstract: Early infection of Meloidogyne graminicola significantly reduced the growth of rice plants. In
genera length and fresh weight of shoot and root decreased significantly with earliness in time of inoculation.
Seedlingsinoculated 24 h after germination recorded minimum growth of the plant, whereas growth parameters
increased with increasing gap in time of inoculation. Onset of yellowing was observed on day 8 in the seedlings
inoculated 24 h after germination while seedlings inoculated 2 days after 1* inoculation expressed it on day 10.
Seedlings inoculated 14 days after 1% inoculation exhibited least effect of M. graminicola on the growth
parameters followed by those inoculated 12 and 10 days after 1% inocul ation. Nematode biomass in the roots
of inoculated seedlings decreased with increasing gap in time of inoculation whereas root biomass consistently
increased. The nematode-to-root biomass ratio was lower in the seedlings which were inoculated after 24 h of
germination and 2 days after 1% inoculation which resulted into wilting. Nematode-to-root biomass ratio
increased with increasing gap in time of inoculation that led to delay in onset of yellowing. Time of inoculation
was positively correlated with shoot length (R* = 0.90), root length (R?= 0.77), fresh weight of shoot (R* = 0.96),
fresh weight of root (R? = 0.97) and nematode-to-root biomass ratio (R?* = 0.20) while it was negatively correlated
with number of root galls (R* = 0.75), number of females (R*> = 0.82), total population (eggs + juveniles) of
nematodes (R* = 0.77) and nematode biomass (R? = 0.82).
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INTRODUCTION

Plant pathogens cause negligible to severe effect on
the growth and yield of crops. However, severity of
disease depends on the susceptibility of genotypes,
virulence of pathogen, conducive environment and time
of infection. Among these determinants, time of infection
in combination with favorable environmental conditionis
amagjor factor that leads to seriousness of adisease. Like
other phytopathogens, plant parasitic nematodes may
cause complete destruction of crops when plants are
infected at seedling stage [1]. Root-knot nematodes,
Meloidogyne spp. mostly attack young roots of plants;
hence, age of host becomes a predominant factor in
infection and pathogenesis [2]. The amount of plant
damage caused by a nematode is apparently related to the
time of infection and age of the plant. Shane and Barker

[3] reported that early infection of soybean seedlings by
M. incognita severely reduced the growth of seedlings
than late inoculated. Bergeson [4] also reported that
inoculation of tomato seedlings in the cotyledon stage
with M. incognita caused 81% reduction in growth, but
had no adverse effect on seedlings in the 3-4 petiole
stage. Similarly, Riedel [5] reported that 24-48 hours old
onion seedlings were more severely damaged by
Ditylenchus dipsaci than 72-96 hours old seedlings.
Kumar and Singh [6] have also quoted that infection of
young plants by nematodes at early stage is more
devastating.

Root-knot nematode, Meloidogyne graminicola [7]
isaserious pest of rice and has become amajor constraint
to rice production throughout the world [8-18]. The root-
knot disease of rice caused by M. graminicola is
characterized by abnormal swelling of roots (known as
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root-knots or galls), yellowing, stunting and wilting of the
plants. During our routine observations it was noted that
seedlings infected immediately after germination showed
severe stunting irrespective of number of root gals.
Seedlings with a single root gall also caused severe
stunting and wilting [19]. Such galls of course were
invaded by large number of second stage of juveniles (J,).
From these observations it was hypothesized that
severity of disease may be related to time of infection. To
prove this hypothesis an experiment was conducted to
explore the relationship between time of infection and rice
seedling growth. Further nematode-to-root biomass ratios
were also determined to find relationship with symptoms.

MATERIALSAND METHODS

The rice seeds (var. Ratha) were sown in several
earthen pots each containing one kg steam sterilized soil.
Ten seeds were sown in each pot after four days of
soaking to ensure 100% germination. After 24 h of
germination five pots were inoculated with active
juveniles of M. graminicola @ 2000 J, per pot. This
treatment represented 1% inoculation. Subsequently other
sets of five pots were inoculated at an interval of two
days for each inoculation. For each treatment five pots
were used as replication. Five uninoculated pots served
as control. The pots were kept in a randomized block
design and irrigated to maintain moisture to field capacity.
30 days after 1% inoculation, observations on number of
root galls, length of shoot and root, fresh weight of shoot
and root per seedling were recorded. Further populations
of eggs, J,and females were also recorded.

After recording data on growth parameters and
number of galls, root systems of each inoculated seedling
were placed in boiling 0.1% (w/v) acid fuchsine in lactic
acid, glycerol and distilled water (1:1:1) for staining roots
[20]. The stained root system of each seedling was placed
in a separate culture tube and kept at room temperature.
Thereafter, root galls of each root system were cut with a
sharp blade and placed on a slide containing 2-3 drops of
clear glycerol solution (equal parts glycerol and water).
The galls were then teased with fine needles for release of
the different stages of nematodes and their number was
counted. After removing the gall debris from the slide,
juveniles were covered with cover glass supported by bits
of glass wool. Measurements of different stages of
juveniles were taken from such slides. The biomass of
nematodes was calculated by taking a minimum of 20
nematodes of each stage. For total biomass of the
nematodes in a root system the number of nematodes
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showing different size was recorded. Further the number
of eggs in a gall was also recorded. After counting the
number of nematode in each developmental class, their
measurements and the mean nematode biomass was
calculated by the formula given by Andrassy [21] with
slight modification.

_ a’b
(1.6)(1,000,000)
Where
G = Biomass(ug)
a = thegreatest body width (um)
b = body length (um)

constant for correcting volume of nematode; and
1,000,000 is a factor for converting um?® to ug

For calculating the biomass of females, biomass of
neck and head and of the body was calculated separately.
The width of the female body below the neck was
measured at three points and the biomass was calculated
with the average width to get the redlistic value.

In order to determine the nematode-to-root biomass
ratio in infected rice seedlings, estimation of the biomass
of nematodes and associated roots were made 30 days
after 1% inoculation. The fresh weight of infected roots
was considered the root biomass. Nematode biomass was
then subtracted from infected root biomass to calculate
net root biomass. The net root biomass of the inoculated
seedlings was divided by the corresponding nematode
biomass to obtain the nematode-to-root biomass ratio.
This ratio was calculated from 10 rice seedlings and
averaged. Onset of symptoms was also recorded.

Statistical Analysis: Plant response against the time of
inoculation and biomass of nematodes were subjected to
regression and correlation analysis.

RESULTS

From the observations it is evident that the growth
parameters of rice seedlings were significantly affected by
time of infection of M. graminicola. In general length &
fresh weight of shoot and root decreased significantly
with earliness in time of inoculation. Time of inoculation
was positively correlated with shoot length (R? = 0.90),
root length (R*= 0.77), fresh weight of shoot (R? = 0.96),
fresh weight of root (R* = 0.97) and nematode-to-root
biomass ratio (R*= 0.20) while it was negatively correlated
with number of root galls(R?=0.75), number of females
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Fig. 1(ai): Relationship between growth of rice seedlings and time of infection with Meloidogyne graminicola

(R* = 0.82), tota population (eggs + juveniles) of
nematodes (R? = 0.77) and nematode biomass (R? = 0.82)
(Fig. 1). Seedlings inoculated 24 h after germination
recorded minimum growth of the plant, whereas growth
parameters increased with increasing gap in time of
inoculation. Onset of yellowing was observed on day 8in
the seedlings inoculated 24 h after germination while
seedlings inoculated 2 days after 1¥ inocul ation expressed
it on day 10. Seedlings inoculated 14 days after 1%
inoculation exhibited least effect of M. graminicola on the
growth parameters followed by those inoculated 12 and 10
days after 1% inoculation. The seedlings inoculated 4, 6
and 8 days after 1* inoculation were also adversely
affected however, the magnitude of symptoms like drying
of leaves decreased with increasing gap in time of
inoculation. Nematode biomass in the roots of inocul ated
seedlings decreased with increasing gap in time of
inoculation whereas root biomass consistently increased.
The nematode-to-root biomass ratio was lower in the
seedlings which were inoculated 24 h after germination
and 2 days after 1* inoculation which resulted into wilting.
Nematode-to-root biomass ratio increased with increasing
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gap in time of inoculation that led to delay in onset of
yellowing. From the observations it is evident that the
symptom manifestation is outcome of nematode-to-root
biomass ratio which is determined by time of infection.
This observation suggests that if time of infection is
delayed by any management practice the severity of
disease can be reduced.

DISCUSSION

The observations on time of inoculation of M.
graminicola in rice seedlings clearly indicated that it
plays an important role in determination of extent of loss.
Severity of disease increased with earliness in infection
which is evident from growth parameters. Shane and
Barker [3] reported that early infection of soybean
seedlings by M. incognita severely reduced the growth
of seedlings than the late inoculated plant. Maximum
reduction in growth parameters was recorded in those
seedlings which were inoculated 24 h after germination
while in subseguent inoculations the growth parameters
were gradualy reduced with same level of inocula
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This indicates that gap in time between seed germination
and infection determines the root growth and their
corresponding shoot growth. In the early inoculated
seedlings the root biomass was minimum while the
number of galls per seedling was higher with higher
biomass of nematodes. Thus the nematode-to-root
biomass ratios were lower in seedlings which were
inoculated 24 h after germination or 2 days after 1%
inoculation while in subsequent inoculations, ratios
increased with increasing gap in time of inoculation. In
early inoculated seedlings nematode established in the
growing radicals, lateral roots or seminal roots inhibiting
the growth of root system. Because of higher biomass of
nematodes in poor root system, the absorption and
uptake of water and nutrients must have been greatly
reduced resulting in drastic reduction in growth
parameters. Hussey [22] mentioned that nematodes
remove plant nutrients, alter nutrient flow pattern and
retard root growth, al of which may contribute to
suppressed plant growth and yield. It is well established
that photosynthates of infected plants are utilized by the
growing nematodes established in the root system
[23, 24]. In contrast, the seedlings getting late infection
due to late inoculation recorded lower reduction in the
growth of plants and reduced the number of galls and
nematode population hence, lower nematode biomass. In
such seedlings absorption of water, uptake of nutrients
and utilization of photosynthates by nematodes are less
affected. The best developed root system of the late
inoculated seedlings is able to support both the plant
growth as well as nematode without causing much
adverse effect on seedlings. Thus the manifestation of
symptoms is attributed to nematode-to-root biomass ratio
within the root system [19]. Increase in nematode-to-root
biomass ratio with increasing gap in time of inoculation
supports the present findings. Bergeson [4] also reported
that sensitivity of susceptible tomato plants to
Meloidogyne species decreases rapidly with increase in
age of the plant. In fields it is usually noticed that some
times good growing plants register higher number of root
gals than the severely diseased plants which is
essentially due to difference in time of infection i.e. late
infection. Early infection of M. graminicola may also
predispose rice seedlings to premature death. Present
work also exhibited that young plants are more vulnerable
to nematode damage which supports the finding of other
workers[5, 22, 25-27]. Thus this study gives a sound base
for the management of rice seedlings from M. graminicola
because if rice seedlings could be saved from early
infection it may prevent a heavy economic damage dueto
this nematode pest.
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