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Abstract

The effect of Meloidogyne graminicola on root morphology and growth of rice and the Echinochloa
colonum grass was investigated under glasshouse conditions. Invasion by nematode juveniles reduced
total root length and the length of axes and laterals in both hosts, while the number of axes (nodal) in
infested rice roots increased due to nematode invasion. On infested roots of both hosts, the laterals grew
in clusters and appeared earlier than on uninfested roots. When a root was invaded by the nematodes and
a gall formed, the growth of the root was checked and secondary laterals grew on the gall. Upto 11.6% in
rice and 27.3% of total laterals in E. colonum were growing on the actual galls formed due to nematode
invasion.
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Introduction

Root-knot nematode Meloidogyne species may impair plant growth by inhibiting -
new root development, suppressing the rate of root extension and causing degenera-
tion of existing roots (Hussey, 1985; Shane & Barker, 1986). The rice root-knot
nematode Meloidogyne graminicola damages root growth by delaying new root devel-
opment, suppressing the rate of root extension and altering the root growth pattern
Soomro & Hague, 1992a, 1992b). This abnormality in root growth leads to reductions
in root length and nutrient uptake.

This study was conducted to compare the plant growth in general and root growth
in particular of rice (Oryza sativa L.) and its weed Echinochloa colonum L., infested
with a common nematode parasite, Meloidogyne graminicola Golden & Birchficld
1965. : '

Materials and Methods

Seedlings of rice (cv Jaya) and E. colonum were raised in seed trays for 10 days
and then transplanted into 9 cm plastic pots filled with sterile soil (loam + sand 2:1).
Ten days later, when the seedlings had established, they were inoculated with 2800
freshly hatched juveniles of M. graminicola per pot which had been cultured on E.
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colonum in a glasshouse. Uninoculated pots served as control. Replication was 4-fold
for 2 harvests, at 10 and 20 days after inoculation (20 and 30 days after transplanting).
The experiment was conducted in a completely randomised design under glasshouse
conditions where the temperature ranged between 27°C and 15°C and the plants
were watered every day as required.

At each harvest, shoot height and shoot and root weights were recorded; roots
were washed carefully and any adhering debris picked off with forceps. The roots
were analysed by a modified "line intersect” method as used by Soomro & Hague
(1992a, 1992b). After root analyses, a representative root system from each treatment
was selected for photography in order to illustrate the growth pattern of roots
(Soomro & Hague, 1992a, 1992b).

For quantitative estimation of nematodes in roots, the roots were fixed in F.A.
4:1, stained in acid fuchsin in lactoglycerol and cleared for 24 hours in water-glycerol
(50:50) solution (Bridge et al., 1982). Cleared roots were then cut into 0.5-1 cm pieces,
placed in a glass vial with small amount of water and macerated using a "Silverson
Laboratory Homogeniser" at amximum speed for 30 seconds. The suspension was
made up to a suitable volume and nematodes were counted in three 5mi aliquots
under a binocular microscope (Soomro & Hague, 1992a).

Resuits

Whole plant growth: General pattern of growth and development of rice and E. colo-
num irrespective of nematode infestation was different. Whole plant growth of both
the hosts was affected by nematode invasion, but the degree of response was related
to plant species (Table 1). E. colonum was more sensitive to M. graminicola invasion
than rice (for example, fresh shoot weight of infested E. colonum 20 days after inocu-
lation was 36.9% smaller than uninfested as compared to a 2.6% reduction in rice),
yet it grew significantly bigger (p=0.01) than even uninfested rice plants. The most
significant effects of M. graminicola invasion were recorded 20 days after inoculation.
Shoot heights, and shoot and root weights of E. colonum were also sngmficantly
reduced by nematode invasion (Table 1).

Root growth and development: The adverse effect of nematode invasion on the growth
and development of rice and E. colonum roots was significant (Figs.1,2). Total root
length, length of axes and laterals, total number of root tips and the number of pri-
mary laterals was significantly reduced by nematode invasion in both hosts. But the
number of secondary laterals, axes, laterals/cm of an axis and the number of second-
ary laterals per one primary lateral after 20 days was increased by 58.5, 2.8, 19.5 and
116 % respectively (Table 1).

Normal branching pattern of roots in both plant species was altered and the
laterals grew in clusters (Fig.3). Upto 11.6 and 27.3% laterals in rice and E. colonum
respectively were growing on actual galls caused by the nematode invasion. When a
main root was invaded and a gall formed, growth of that root was checked; this
probably triggered the production of new axes, and relatively more secondary and/or
tertiary laterals grew in clusters on or just above the gall. These secondary and tertiary
laterals on infested roots appeared earlier than on uninfested healthy roots.
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RICE E. colonum

Fig.1. Root systems of rice and Echinochloa colonum uninfested and infested with Meloidogyne gramini-
cola, 10 days after inoculation.

Nematode invasion: Number of nematodes invading roots was estimated only at first
harvest, the results showed that total number of nematodes and the number of
nematodes/1 cm of root was significantly greater (p=0.01) in E. colonum than in rice
(Table 2).

Discussion

Nematodes may affect plants by altering their morphology and/or physiology. In
the presest study, M. graminicola inhibited the extension of axes, which stimulated
emergence of new axes and laterals. When an axis was invaded by the nematode, it
ceased to elongate, this rather triggered the emergence of new axes and lower order
laterals growing in clusters on and/or around galls. These results confirm earlier
reports by Soomro & Hague (1992). Results contrasting to these findings were re-
ported by Rawsthorne & Hague (1985, 1986) who found that Heterodera avenae af-
fected the seminal root growth of oats and barley by inhibiting both root extension
and lateral production. The effect of H. avenae invasion on cereal root axes was
measured by Price et al., (1983) who found that the nematode hindered the extension
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Fig.2. Root systems of rice and Echinochloa colonum uninfested and infested with Meloidogyne gramini-
cola, 20 days after inoculation.

~ of axes, but after 2-3 days the roots attained the normal growth rates. Price (1979)
concluded that the observed effects were a consequence of mechanical damage
and/or impedence of root system by nematode invasion. Similar results were reported
by Soomro & Hague (1992b) on wheat infested with M. graminicola. However, such a
result was never observed on rice or E. colonum infested with M. graminicola in the
present study, which supports our previous findings (Soomro & Hague, 1992a).
Delayed emergence rather than inhibition of lateral roots has been reported by
numerous workers (Slinger & Bird, 1978; O’Brien & Fisher, 1981). Some prolifera-
tion of laterals following nematode invasion, has also been observed (Bridge &
Hague, 1974; Price, 1979; Rawsthorne & Hague, 1985), and thé clumping of laterals
was reported by Soomro & Hague (1992a), while Roy (1973) observed production of
*hair like" laterals on galls caused by M. graminicola. In this work also, the laterals
grew on galls but were relatively thick and may grow longer depending on the envi-
ronmental factors (eg. temperature) and time of observation. The growth of extra
laterals on galls contributed to total root numbers and their length in infested root
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Fig.3. Rice and Echinochloa colonum roots showing the changes in branching pattern and clumping of
laterals as a result of Meloidogyne graminicola invasion.

systems. Thus 20 days after inoculation there were more root tips (laterals) on infest-
ed roots (Table 1), as a result, the length of uninfested and infested roots did not
differ from each other. The emergence of extra roots helps the plants grow better,
and once the crucial point is overcome by the plant, it can grow and produce even
though the branching pattern has been changed. Similar results were recorded by
Niblack et al., (1986) on soybean infested with M. incognita and H. glycines, while
Shane & Barker (1986) found that the root-knot nematode M. incognita reduced the
number and length of soybean roots. -

The response of plants to parasitism by Meloidogyne species can be demonstrated
in terms of whole plant (as in present work), but also in terms of plant cells in the
immediate vicinity of parasite (Bird, 1974). Plant’s response to a parasite depends on
the chemical composition of the plant or tissues attacked and on the qualitative -
composition of nematode secretions and excretion which are related to the nematode .
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Table 2. Number of nematodes in roots 10 days after inoculation
(means of 3 replicates).

Rice  Echinochloa colonum

Total Number of nematodes 4040 8900,
Nematodes/cm root 0.7 2.2
Nematodes/g root 1,816.0 1,878.0NS

** = Significant at 1% level, NS = Not significant at 5% level.

species (Giebel, 1974), and, although other cogent explanations for stimulation and
inhibition of growth in infested plants exist (Bridge & Hague, 1974; Rawsthorne &
Hague, 1985), it is likely that growth regulatory substances play a dominant role. Thus
the stimulation and clustering of laterals on roots infested with M. graminicola report-
ed here could be due to the effect of some plant growth regulating substances secret-
ed by the nematodes.

Plant growth regulators (PGRs) have been recognised to be involved in gall
formation by Meloidogyne spp., and auxins have been identified in galls (Balasubra-
manian & Rangaswami, 1962; Setty & Wheeler, 1968). Viglierchio & Yu (1968)
detected auxin in juveniles and egg masses of some Meloidogyne species, but Sand-
stedt & Schuster (1966) concluded that the auxins were not released from the plant
tissue, nor were they secreted by the nematodes (M. incognita); instead, they suggest-
ed that the nematodes enabled the plant tissue to retain and use endogenous auxins,
which otherwise would have been transported to the basal ends of excised tobacco
tissue. PGRs may characteristically be associated with a particular nematode species,
regardless of whether the healthy host normally contains auxins (Viglierchio & Yu,
1968). In other report, Viglierchio (1971) suggested that although the kind of auxins
are characteristic of the species of root-knot nematode, they can be moderated by the
host if it is normally high in auxin content. This may explain the differences in re-
sponse of various hosts to M. graminicola in this work and that of Soomro & Hague
(1992a).

On the other hand, auxins have been reported to stimulate lateral growth of
plants (Deveson, 1987). Torrey (1986) in a review also indicated that plant hormones
such as IAA, related auxins or ethylene might be involved or serve as the limiting or
triggering components controlling cell division in root tissues, thus leading to initia-
tion of lateral roots.

Ethylene has been found associated with gall formation on excied tomato roots
infested with M. javanica (Glazer et al., 1983). Stimulation of lateral growth was
reported following pruning or wounding of root tissues of various plants by Biddign-
ton & Dearman (1984), and Wiedenroth & Erdman (1985). McCully (1975) suggested
that when the main roots are curved in the region of lateral formation by any means,
all the laterals develop on the convex side of curvature and in many cases the laterals
are clumped and grow longer than single laterals. The tendency to clumping of later-
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als could be due to ethylene which stimulates initiation of lateral primordia following
wounding (McCully, 1975). Supporting evidence (Dawkins ef al., 1983) has indicated
that increases in ethylene levels in impeded roots could be the result of either elevated
endogenous ethylene production by the plant or by soil micro-organisms. Inhibition of
axis root extension, emergence of new axes and stimulation in lateral production of
barley roots occurred when the roots were exposed to ethylene, suggesting that ethyl-
ene may be involved in production of lateral roots (Crossett & Campbell, 1975).

There have been few studies of the effect of nematodes on morphology of whole
root system and in future, work could be done on characterising the changes in plants
caused by different types of endoparasitic nematodes in the genera of Meloidogyne
and Heterodera. Further work on the effects of nematode infection on plant growth is
necessary, particularly with reference to plant growth hormones such as auxins and
ethylene, to find out more about root growth and the tolerance of various host plants
to nematodes.
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